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1 1  

ABSTRACT 

Exper i m e nts were conducted i nvest igat i ng t h e  acqui s i t ion ,  by goa t s ,  o f  

re s i stance to Ha emonchus contor/us and  Trich ostron gylus colubriform is . Nei the r  

5 .5 o r  1 4  months  o ld  Saanen goats  given a t r i ck le  i n fect ion wi th  H. contortus ,  

which  was t e rm inated  with an the lmin t ic  aft e r  10 and 1 4  weeks respect ive ly,  

showed  s ign i ficant  res i s tance to a chal lenge i n fect i o n .  Serum pepsi nogen l eve l s  

rose s ign i fican t ly as a resu l t  o f  i n fect ion .  Se rum gas t r in  leve l s  a lso rose as a 

re su l t  o f  i n fect ion b u t ,  fo l lowi ng chal lenge,  were  genera l ly h igher  fo r n aive 

goats than previous ly i n fecte d  goats .  There were no s ign i ficant corre l a t ions  

b etween worm counts ,  gas t r in  and  peps i nogen l eve l s  a t  the  t i m e  o f  s laughter .  

By con t rast ,  a h igh  level of  res i s ta nce to T. colubriformis d evelop e d  in  

9 m o nths  o ld  Saanen  goats  given t r ickle and two cha l l enge i n fect ions .  Goats  

exposed  on ly to t h e  two chal l enge i n fect ions  d eveloped worm b u rdens  

i n t e rmed ia te  be tween ,  a n d  s igni ficantly d i fferent  from both  t r ickle - i n fecte d  and  

previous ly  u n i n fecte d  goats given ju s t  the  second  cha l lenge .  Both  pr i m i ng 

i n fect ions  were removed wi th  anthe lm i n t ic .  G lobu le  l eukocyte ( GL)  cou n t s  i n  

t h e  proximal  sm al l  i n tes t i n e  of  t r ickle - i n fecte d  goats  were s ign i ficant ly h i gh e r  

t han  i n  goats given a s i ng le  chal lenge i n fect ion ,  wh i l s t  count s  for the  group 

g iven  two chal l enge i n fect ions  were  in te rmed ia te  a n d  no t  s ign ificant ly d i ffe re n t  

fro m  o ther  t rea tments .  Nematode fecun d i ty ( eggs p e r  fema le )  and  m al e : fema le  

ra t io s  were  a l so  s ign ificant ly decreased i n  the  previo us ly i n fected goats .  

Ninety four  percent  o f  a l l  T. colubriformis were  fou n d  i n  the  proxi mal  

5 0 %  of  the  sm al l  i n te s t i ne  i n  both young goa t s  and  o lder  goats .  Male : fema le  

r a t i o s  i ncreased and  eggs/female  nematode  d ecreased w i th  d i s tance down the  

s m a l l  i n tes t i n e .  Only abou t  50% of adu l t  T. colubriformis were  recovered from 

\ 
recently k i l l ed  goats  by open ing and m assaging t h e  smal l  i ntes t ine  u n de r  

I, r u n n i ng wate r .  

Ant ipa ra si te  act iv i ty of  in tes t ina l  mucus  from groups of  Angora-cross  

goats  k i l l ed  9 ,  18  or  27  days after  i n fect ion wi th  T. colubriformis , i ncreased  

s ign ificant ly  i n  infect ed  versus  un infected goats  w i th  no d iffe rence b e tween 

i n fected groups .  However,  the estab l i shment  rate  (57-67 % )  s uggests  l i t t l e  

i m m u n i ty was  be ing expressed .  Fo l lowing i n fect ion ,  p roxi m al sma l l  i n t e s t i na l  

GL count s  fe l l  wi t h  t ime  b u t  there was  s t i l l  a c l ear  negat ive re la t ion sh ip  

b e tween  GL counts  a n d  worm b u rdens .  M ucos a l  m ast  ce l l  and  eos inoph i l  

coun t s  s howe d  no s ign i ficant  t rends re lat ive t o  d u ra t ion  of  i n fect ion o r  worm 
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b urden .  D i fferent ia l  ce l l  count s  were  m ade us ing  a monoclonal  a n t i b o dy to  

sheep  m as t  ce l l s  developed with d i am i nob e nzi di n e ,  comb ined  wi t h  haem atoxy l i n  

and  B iebri ch's scar le t .  This  me thod was shown to  be super ior  t o  o t h e rs t r i e d .  

In  Angora-cross goats k i l l e d  sequen t i a l ly aft e r  removal o f  an  i n fect i o n  wi t h  T. 

colubriformis, proxi ma l  smal l  i n t es t ina l  GL counts  increased  w i t h  t i m e .  

However,  an t iparas i te  activity of  i n test i n a l m u c u s  was cons i s tent ly  low.  GL 

cou n ts in all  t h ese Angora -cross goats were g e n era l ly h igher  fu r ther  down the  

i n te s t i ne  b eyond the  locat ion of  a l a rge propo rt ion  of  t h e  T. colu briformis 

b u rden .  

I n  Ango ra goa t s  fi t ted  wi t h  i l ea l  can n u lae  and  i n fect e d  w i t h  T. 

colubriformis , ant iparas i te  activity of  i l ea l  con ten t s  i ncreased s ign i fi ca nt ly w i t h  

t i m e  afte r  i n fect ion i n  a l l  goats .  H oweve r ,  the  e s tab l i shment  r a t e  ( 1 0 . 6 -6 1 .8 % )  

i n d icated on ly a moderate  degree of  res i s tance was  b e i ng expressed a l t hough 

a l a rge proport ion of es tab l i shed  worms were i nh ib i t ed  L3 s .  
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CHAPTER ONE 

LITERATURE REVIEW 

1 . 1  GASTR OINTESTINA L  N E MATOD E  INFE CTIO N S  IN GOATS 

As provi ders o f  m i lk ,  meat ,  ha i r  and  sk ins ,  goats are  i m m ensely  

i m po rtant  i n  the  wo r ld .  In  m any developing coun t r i es they are  t rad i t iona l ly 

h e rded and fed pri nci pa l ly o n  b rowse .  This presumab ly reduces the  r isk of  

them acq u i r i ng  the  l a rge n um b e rs of  gastro i n tes t i n a l  nematodes usua l ly 

associ ated wi th  grazi n g  pastu res .  Carrying fodder  to goats which a re  housed 

o r  o therwise confined  can h ave s im i l a r  effects .  When fed on  n at u ra l  or  

i m p roved pas t ures, n e m atode parasi t i sm i s  recogn i sed  as b e i ng of major  

i m po rtance i n  a l l  age-g roups and  cl i n i ca l  observat ions  suggest t ha t  goa t s  fai l  t o  

d i sp lay the  l eve l  of  res i s tance to  nematode i n fect ion that  i s  seen i n  sheep 

graz ing under  s imi lar  condi t ions .  The i n t r igu ing ques t ion  which prom pted th is  

research i s  why th is  m i ght  b e  so .  There has been l i t t le  r esearch on  the  s ubject . 

I n deed ,  much of the  i n fo rm at ion on nem a to de i n fections  i n  goats i s  

fragm entary and d ifficul t  t o  in tegrate i n t o  a genera l  i n te rpretat ion  o f  t h e  

i m m uno logical  phenomena  which modulate  gastroi n te s t i na l  pa rasi t i sm i n  th i s  

species .  

1 . 1 . 1 .  N E MATODE S P E CIES INFE CTIN G GOATS 

The species of  n em atode occur ring  in the gastro i n tes t ina l  tract of goats 

are  essent ia l ly  the same as  those found in sheep (Bruns  don, 1 960;  Beve r idge et 

a l. , 1 987 ;  Chart ier  and  Reche,  1 992) .  Goats in New Zea land  com m o n ly suffe r  

fro m  c l in ical  pa rasi t i sm d u e  to i n fect ions with H. contortus,  T. colubriformis a n d  

Ostertagia spp.  (Buddie  e t  a l., 1 988 ;  B ru nsdon,  1 986 ) .  There  i s  no evi d ence for 

s t ra in  adaptat ion specifical ly  to goats o r  sheep, a t  l e ast for H. contortus 

(Rahman and Col l ins ,  1 99 1 b ;  Le lambre and Roya l ,  1 97 6 ;  Preston and Al lonby,  

1 97 8 )  a l though som e m inor  d iffe rences i n  i n t ens i ty of  i n fect ion h ave  been 

reco rded b etween sheep and goats .  For example ,  in  compar ison with sheep,  

Nematodirus eggs are  rare ly reco rded in d iagnost ic  faecal samples  in New 

Zea land  ( McKenna,  p e rs .  com . )  a lthough Craig ( 1 982)  consi d e rs Nem atodirus 

spp.  to b e  i m po rtant paras i tes  of goats i n  Texas . Trichostrongylus capricola i s  

more  com mon ly found  in  goats  than i n  sheep in  Spa in  (Tarazona et a l. ,  1 982)  

and  was  found  to  b e  common i n  a survey of  fe ra l  goats i n  New Zealand 

( Brasse l l  and Brunsdon,  1 980 ) .  Husse in  et  a l. ( 1 985 )  demonst ra ted  that  
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Ha emonchus longistipes,  a l though norm al ly a paras i t e  of  cam e ls, readi ly 

e stab l i shes  in goats b u t  not sheep .  

1 . 1 .2 D EV E LOPMENT O F  R E S I STANCE TO GASTR OINTES TINAL 

N E M ATO D E S  

There a re  a number  of  observat ional  s tudi es  which genera l ly suggest that  

goats  m ust  deve lop some i m m u ni ty to gastroin tes t i n a l  nem atodes .  Assoku 

( 1 9 8 1 )  mon i to red faecal  egg co unts of  goats in Ghana  and observ e d  they 

decl i ned  ove r  the  fi rst two years  of  l i fe .  Edwards and  Wilson ( 1 958)  concluded 

that  i m m u n i ty to gast ro i n t es t ina l  nem atodes gradua l ly i ncreased wi th  age in  

West Afr ican Dwarf goats .  Pom roy et  a l. ( 1 98 6 )  m a de compar isons  b etween 

n i n e  m o n ths  old New Zea land feral  wethers,  12 m o n t hs old New Zeal a n d  fe ra l  

wethers  and adul t  New Zealand fe ral  does a l l  b e i n g  natu ra l ly exposed to 

i nfect ion  on the sam e pas tu re .  The does had s ign ificant ly l ower faecal  egg 

counts  on two occas ions  when  they were exami n e d .  Although the  des ign of th i s  

s t u dy i s  confo unded by  any e ffect of  sex,  the  resu l t s  suggest the  acqu i s i t ion  of  

a m easure  of  resistance to i n fect ion w i th  age . A t e n dency for estab l i s h m en t  

r a t e s  of  H. contortus to  decrease w i t h  t ime  dur ing a t r ick le  i n fect ion  (B lackburn  

et a I., 1 99 1 )  a lso suggests  the  developm ent  of  some  res i s tance .  

Fu r ther  evi dence to suppo rt the contenti o n  that  goats  m ust  b e  able  to 

deve lop  some res istance to gastro i ntest ina l  nematodes is the report that Angora 

goats  could be read i ly  se lected for i ncreased res i s tance to H. contortus 

( Wa rwick et aI. , 1949)  and that  there  were di ffe rences  in res i stance to th i s  

n e matode b e tween b r eeds .  East  Afr ican goats appeared  more  suscept ib le  to  

t h i s  n e m atode than Ga l l a  and  Saanen goats (Preston and  Al lonby,  1 978) o r  

G a l l a  X Saanen  goats ( Gr i ffi n  e t  al. , 1 98 1 ) .  The find ing  that  estab l i shm ent  of  

H. contortus was  increased i n  these  crossb red goats i f  t h ey were  concu r rent ly  

i n fe cted  wi th  Trypanosoma congolense, also supports the view that  they were 

n o r m a l ly ab le  to deve lop some resi stance ( Gr i ffi n  et  al. , 1 98 1 ) .  

Some s tudies,  where  goats o f  u nspeci fied b reeds  were vaccina ted  wi th  

i rrad ia ted  l a rvae of H. contortus, demonstrated substant ia l  protect ion  to 

cha l lenge i n fections ( Malviya and Tewar i ,  1 983 ;  Prasad and S ingh,  1 983a,  

1 983b ) and fu rther support  the con t ent ion  that  a t  l east  some goats  are  able to 

deve lop  some resistance .  However, deta i l s  of  these  3 exper iments  are l i m i ted 

and do not  i nd icate i f  goats were  treated wi th an an the lm i n tic  after  vacci n at ion  

wh ich m ay have  influe nced the i r  ab i l i ty to reject a cha l l enge i n fect i o n  ( see  

Secti o n  1 .2 . 1 ) .  
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Other  s tu dies h ave fa i l ed to demonstrate any development  o f  r e s is tance 

(Jansen ,  1 982 ;  McCul loch and  Kas imba la ,  1 968)  o r  have shown a n  increased egg 

co u n t  with age (Ri chard et a J. ,  1 990) .  B runsdon ( 1 9 8 6 )  genera l ly found no 

d i ffe rence in faecal egg co u n ts between young goats in t he i r  fi rst  y e a r  of l i fe 

a n d  t hose o n e  year o lde r .  Rahman and Col l i n s  ( 1 990a)  mon i tored  does and 

k i ds fo r a lmost  one y e a r  and  found the  m ean faecal egg cou n t  o f  the  does  to  

be  s igni ficant ly h igh e r  than  the  k ids .  Howeve r ,  as  t h e se does were a m i lk ing 

b reed ,  they were pres u m a b ly lactat ing fo r at l east part  o f  th i s  t ime and, i n  

add i t i on ,  goats  were given an the lmint ic  t reat m e nt i f  t h e i r  egg  coun t s  r eached 

2000 eggs per  gram ( epg) b u t  no i ndicat ion was  g iven  as  to how many goats o f  

each age w e r e  t reated .  Kett le  e t  al. ( 1 98 3 )  fou n d  no re la t ionsh ip  b etween age 

a n d  faecal egg count on  17 da i ry goat farms .  H e re aga i n  no al lowance appears 

to  have been  made fo r t he  lacta t ional s tatus  o f  t he  goats .  

Recen t  research on  the  use o f  novel  ant igens  as  paras i te  vacci nes  has 

s h ow n  that  young goats  can b e  substan t ia l ly protected agai nst  H. con tortus by 

a vaccine  compris ing ant igens  from the m i crov i l lous  m e m b rane  of t h� gut o f  

t h i s  paras i te  (Jasmer  and McGui re ,  1 99 1 )  t o  which the  host  i s  not  n o rmal ly 

exposed o r  not  by t h i s  route .  Th i s  i s ,  however, unusua l  and  may b e a r  l i t t l e  

r e l a t ionsh ip  to respo ns iveness  to  n atural ly acq u i red i n fect ions .  

1 . 1 .3 .  THE E FFECT O F  NUTRITION 

Goats kept on a low plane o f  nutr i t ion  were found  to have h ighe r faecal  

egg counts than those  on a h igh p lane o f  nu t r i t ion  fo l lowing i n fection  with H. 

contortus, suggesting  a d ifference i n  wo rm n u mb e rs and/or worm fecundi ty 

a t t r ibu tab le  to an  effect on host  i m m u n i ty (Preston and  Al lonby, 1 97 8 ) .  These 

egg counts w e re not,  however ,  corrected fo r dry mat te r  i ntake whi ch m ay have 

a ffected them to som e exten t .  In con t rast ,  B lackb urn  et al. ( 1 99 1 )  found no 

s ign i ficant e ffect of the p lane  of nut r i t ion  on the estab l i shment  of  H. contortus 

i n  goats .  

1 . 1 .4. C O M PARIS O N S  BETWEEN SHEEP AND G OATS 

Compar isons b e tween  sheep and goats show sheep deve lop a more  

e ffective immune response to gastrointes t ina l  nem atodes .  Pom roy et  a l. ( 1 986 )  

compared  adu l t  Rom n ey sheep and New Zea land  fera l  goats grazing a m ixed 

grass and clover sward with no b rowse ava i l ab le  and found  s ign i ficant  

diffe rences  in  faecal egg  counts  b etween  them .  The  faecal  egg  counts  of  goats 

were  sufficie nt ly high to requ i re  them to be given regu lar  an the lm in tic  
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t rea tment  b u t  this was no t  so with the sheep.  B runsdon  ( 1 986)  observed  faecal  

egg coun t s  of lambs to  fal l  spontaneously at about 10 months of  age whereas  

those  of  goats  continued  at significantly higher  l eve ls .  However,  worm b u rdens 

in those sheep and goats which died  of parasitism had a simila r  gen e ric 

com position and we re simila r  in m agnitude when adjus ted  fo r liveweigh t  of  the  

hos t ,  suggesting goats  are  not  more susceptib l e  to gast rointestina l  n e m atodes 

per se. Watson and Hosking ( 1 98 9 )  com pared young goats and l ambs  which 

were  a l lowed to graze na tu ra l ly infected pasture  as  we l l  as  b eing given  pu lsed 

infections  of  T. colubriformis. After  23 weeks,  the  young sheep had wo rm 

b urdens  which were significant ly lower  than those of  the  young goats .  

Le lambre ( 1 984 ) compared yea rling Me rino an d Angora wethers at 

diffe rent  stocking rates on sown pasture .  The sheep  developed an  e ffective 

im m une response and had significantly fewer H. con tortus, T. colubriformis and 

O. circumcincta but  significantly more Trichostrongylus axei. The goats a lso 

proved to be more sensitive to the  e ffect of stocking rate ,  suggesting that as 

they  are forced to graze c loser  to the ground or to b e  less discriminating in 

their grazin g, they ingest m o re infective larvae and  t h erefore  deve lop higher  

worm b u rdens .  

Contrasting resu l t s  indicating that  sheep deve lop higher  worm b u rdens 

than goats have a lso been  reported .  Al-Quaisy et a l. ( 1 987 ) infected  Awassi 

sheep  and an  Iraqi Saanen- type goat with a sheep-derive d  st rain of  H. contortus 

a n d  found the  fo rm e r  had higher  worm b u rdens .  This m ay be a reflection o f  

hos t-st rain adaptation which has n o t  b e e n  shown e l sewhere ,  or  a real  reflection 

of a superior host resis tance in the goats .  Patho logical changes were ,  however ,  

m o re m a rked in the goats than  the  sheep (Al-Zub aidy et  af. , 1 987) .  

Stanton  ( 1 989)  com pared 6-7 months o ld  goats  and sheep  given  t rickle  

infections  of  H. contortus and  T. colubriformis . Goats  had fewe r wo rms than 

t h e  sheep overa l l  and this was particu larly eviden t  fo r H. contortus . A seco n d  

experim ent  compared similar aged goats a n d  s h e e p  b eing n atu ral ly infected o n  

pas ture .  Under  these conditions ,  despite having larger  nematode b u rdens  than  

t h e  sheep, goats still showed some indication o f  developing resis tance to  H. 

contortus a ft e r  1 0  weeks .  This author  suggested tha t  par t  o f  the  exp lanation fo r 

the  difference in relative response b etween  the pen  and  fie ld  experim ent s  might  

b e  due to the  rapid adaptation of  the  goats in the  fi r s t  expe rim en t  to pen  

conditions  compared to the  sheep and/or a difference in  thresho ld  worm 

b urdens  b ecause the  n atu ra l ly  infected anim als  received a m uch sma l l e r  

cha l l enge than  those in  the  pen experiment .  The n e matode st rains were  the  
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same fo r b oth experi m ent s .  Because there  has b een  no  evi dence to su pport the  

r e q u i rement  fo r a t h resho ld  of  worm expos u r e  to i n duce res i s tance  fo r H. 

contortus i n  sheep ( see  S ect ion  1 . 2 . 5 ) ,  o ther  reasons a r e  l i ke ly to apply for th i s  

speci es a t  l eas t .  

1 . 1 .5 .  P E RIPARTURIENT R E LAXATIO N  O F  R E SISTANCE (PPR) 

Lloyd ( 1 987) i n d icated that goats showed a PPR b ut did not  s u pport the  

c la i m  wi th  data . Rah m a n  and  Col l ins  ( 1 992)  fo und a s igni ficant d i ffe rence in  

faecal  egg cou n ts b e tween l actat ing and  non- lacta t i ng goats .  However ,  the  

groups were  g razed s eparately  a l though pastures  had  a s im i l a r  grazin g  h i story .  

S i m i l a r ly ,  V lassoff ( 1 992)  and  Pomroy ( un pub l i sh e d )  have noted  tha t  l actat ing 

does  have h igher  faecal  egg counts than d ry does .  Others have not  observed 

th i s  (Aken et al. , 1990) .  On b a lance,  the  weight  of  evi dence suggests t h at the re 

i s  a re laxa t ion  o f  immun i ty i n  lactat ing goats s im i l a r  to that  o f  sheep  b ut 

it" i s  l i kely to b e  less cIearcut b ecause o f  the  re lat ive ly  greater  

suscept ib i l i ty o f  dry does to i n fect ion .  

The following sections o f  the literature review are confined to dealing specifically with 

H. contortus and Trichostrongylus colubriJormis as these are the two species used in 

experiments for this thesis. There is very little published information on host­

nematode relationships of goats and of necessity this review will concentrate on 

information published for sheep. Similarly, in those parts of this review addressing 

immune mechanisms it will be necessary to discuss relevant information available 

from studies of host-parasite systems in rodents as well as in non-caprine ruminants. 

1 . 2  T H E  D E V E LOP M E N T  O F  R E SISTANCE TO HAEMONCHUS CONTORTUS 
I N  S H E E P  

The  establ ish m e n t  and pers is tence of  res i s tance to H. contortus i s  

com pl ex bu t  for conven i ence a n  at tempt w i l l  b e  made  to exam ine  e ach o f  t h e  

m ajor  com ponents wh ich have led  t o  a degree of  unde rstanding of  t h e  ove ra l l  

p ic ture  in  re lat ion to  th i s  extensively s tudied host -pa ras i te  system.  

1 .2 . 1  T H E  E FFECT O F  AGE 

The methods and  resu l t s  of  m any experi m ents  i nvest igat ing the  

developm ent  of  hos t  res i s tance to H. contortus i n  sheep are  summari sed  in  

Append ix la .  I t  can b e  seen  tha t  a l though l arge numbers of  pe r m utat ions  of  
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age ,  b re ed,  i m m uniza t ion  and  chal lenge have been  used ,  a gene ral pat tern  has  

e m e rged.  Where sheep are  ra i sed wo rm-free,  they can  develop an  e ffective 

i m m une  response from approx im ate ly 7-8 months of  age . However ,  even at th i s  

age ,  not a l l  sheep wi l l  do  so re l iab ly (Mul l igan et  af. , 1 96 1 ;  Ben i tez-Us h e r  et  af. , 

1 97 7 ;  Altai f and  Dargi e ,  1 978b)  and cl i nica l  haemonchos is  can occu r i n  adu l t  

sheep  at pastu re .  The reason that  younger  sheep fai l  t o  develop an  e ffective 

i m m u n e  response is  not c lear .  

Several  experi m en t s  h ave shown that  i f  t h e  in i t i a l  sensltlsmg i n fect ion 

is  not  removed befo re chal lenge ,  the  level  o f  protect ion estab l i shed  is  

cons iderably greater and may even develop a t  a yo u nger age than wou l d  

o t h e rwise  b e  expected ( B a rger ,  1 988 ;  Ben i tez-Us h e r  etal. , 1 977;  Luffa u  e t  af. , 

1 98 5 ) .  In te rest ingly, i n  one  st udy i n  which protect ion  appa rent ly fo l lowed 

i ni t i a l  i n fect ion at 2-3 months  of  age (Chr i s t ie  and Brambe l l ,  1 96 6 ) ,  t he re i s  

som e evi dence that  not a l l  worms were  removed by the  a nthe lmi n t ic  t rea tment  

g iven pr io r  to chal lenge .  I n  contrast ,  Dineen and Wagland ( 1 966b ) fou n d  that  

s i gn i ficant  protection was ev ident  on ly i f  the sens i t i s i ng i n fect ion was  removed.  

They cons idered this  to  be evidence of immuno logical  exhaust ion i nduced by 

the substant ia l  pr imary worm b u rden wh ich was estab l i shed  and that r emoval 

of the i n fect ion and associ ated de lay i n  cha l l enge a l lowed the  a n i ma l  to 

recover .  Subsequent  expe r im ents  provided fu rth e r  evi dence fo r this ( Wagland 

and D ineen ,  1 967) .  The d iffe rence between these and the  other exper i ments  

m ent ioned  above is  the  s ize  o f  the sens i t i s ing i n fecti o n ,  which was  g e n e ra l ly 

s m a ll where  res i stance was observed to b e  associa ted  w i t h  an exi s t ing  b u rden 

and thus u n l ike ly to "exhaust"  the immune  response .  

There i s  a suggest io n ,  b ased on worm cou n ts 26  days after  i n fect ion ,  that  

o l d e r  sheep ( >  12 months  of  age)  may be  i n h e rently l ess suscept ib l e  to H. 

contortus than lambs ( ::; 9 months  of  age ) (Knight  and  Rodgers ,  1 974)  a l though 

a n  a l te rna tive explanat ion  m ay be  that  the  immune  response i s  estab l i shed  more 

rap i dly in  these  older sheep .  

1 .2 .2  T H E  E FFECT O F  G E N ETI C FACTORS 

Male  sheep have genera l ly shown an  i ncreased suscept ib i l i ty to i n fect ion 

w i t h  H. contortus as wi th  o the r  t r ichostrongy l ids ( reviewed by Barger ,  1 993 ) .  

Th ere  i s  good ev idence that some b reeds o f  sheep  are much be t te r  than 

o t h e rs a t  res i s t ing H. contortus afte r  pr ior  sens i t i sa t ion  ( reviewed by Gray,  

1 99 1 ;  see  Appendix 1 a ) .  However,  the  rankings i n  var ious  exper iments  are not 
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always cons i s tent .  Those b reeds that  a re  usua l ly  found  i n  t ropical  a r e as ,  such 

as S t  Croix, Red Masai  and Florida Native,  gen era l ly tend to b e  more r es i s tant  

than  those from more tempe rate c l imates .  However, mos t  experi m en t s  do not  

take account  o f  s ire var ia t ion  and s i ng le  compar i sons  b etween  b reeds  should 

be treated wi th  caut ion  (Gray, 1 99 1 ) .  I ndeed,  w i th i n -breed va r i a t ion  i s  of  

approxim ate ly equal  m agn i tude  to var iat ion among b r eeds ( Gray et  a I.,  1 987) . 

In  recent years ,  s e l ect ion wi th in  b reeds has  b een  used to i m pr ove the  

i m m u n e  response to  gas t ro in tes t ina l  nematodes ,  part icu l a rly H. contortus ,  with  

cons iderab le  success ( Woolaston,  1 990) .  

Several  workers have shown decreased suscept i b i l i ty to H. con tortus o f  

sheep o f  var ious  b re eds wi th  HbA haem oglob i n  genotype compared to  those 

wi t h  HbAB o r  HbB ( Evans et al. ,  1 963 ;  J i lek a nd B rad ley,  1 969 ;  Al lonby  and 

U rq u hart ,  1 976;  Preston and Al lonby,  1 979) but  others have fai l ed  to d o  so (Le  

Jam b re ,  1 978 ; Albers and Gray, 1 986 ;  Kassai e t  aI. , 1 990;  Luffau e t  a l. ,  1 990; 

B r ad ley et aI. , 1 973 ) .  The reason for this dich otomy of results i s  not  readi ly  

expla ined .  

1 . 2 .3 T H E  E FFECT O F  N UTRITION 

An i nadequate diet m ay b e  detr im enta l  to  the  deve lopm ent  a nd/or the  

m a i n ta ina nce o f  resi s tance to  H. contortus al though t h e re i s  some e q uivocal 

ev idence .  Abbott and Holmes  ( 1 990) successfu l ly  protected 7 m o n th o ld  

Scot t i sh  B lackface sheep by vacci nat ion with i r rad ia ted  la rvae,  rega rd less of  

whether  t hey were  on  a l ow or  h igh  prote in  d ie t .  In  contrast ,  Rob e rts and  

Adams ( 1 990) ,  using Aus t ral i an  Mer inos ,  showed s ign i ficantly i ncreased egg 

co unts  in penned sheep fed a sma l le r  rat ion a l though no a l lowance was made 

fo r faecal  concentrat i on i n  th i s  com par iso n .  Go rdon ( 1 948)  a l so demo n strated 

that  Aust ra l i an  Merinos fed o n  a lower p lane of  nu t r i t ion  were s lower  t o  expe l  

an  exi s t ing H. contortus b u rden and then  developed m uch l arger b u rdens  when  

re i n fected .  S i m i lar ly ,  Preston and Al lonby ( 1 978)  found  tha t  sheep  o f  seve ra l  

b re e ds fed a l ow pro te in  d ie t  had h igher  faecal egg counts  and were s l ower to 

expel t h e i r  nem atode b u rdens  than an ima ls  on a h igher  prote in  d ie t .  

1 . 2.4 "SELF- CURE" 

The term "se lf-cu re"  h as been  used to descr ibe the ab rupt rej ect ion o f  

es tab l i shed  a d u l t  H. contortus fol lowing  t h e  in take  o f  i n fective la rv a e .  The 

t e r m  (as  no ted  by Stewart ,  1 950)  was fi rst used i n  th i s  context by Sto l l  ( 1 929 )  
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to  descr ibe  t h e  sudden d rop  i n  faecal  egg coun t s  i n  a p a i r  of  twi n l ambs  grazi ng 

con tami nated  pastu r e .  Gordon ( 1 948)  subse q u ent ly  used the t e rm i n  

con nect ion  wi th  dram at ic  fa l l s  i n  H. contortus faeca l egg cou nts  o f  sheep a t  

pas ture  which coinci ded  w i t h  per iods when t h e  pasture  had "freshened"  afte r  

r ai n .  This  wou ld  e q uate  wi th  i deal  condi t i ons  fo r t h e  developm e n t  an d/or 

m i g rat ion  of  i n fect ive  l a rvae  onto herb age .  These  sheep were not  r e si stant  to 

r e i n fect ion as  the i r  faecal  egg cou nts subseq u e nt ly rose to very high l evels  and  

severa l  d ied  of  acute  haemo nchosi s .  

Gordon ( 1 967)  fou n d  the  m ajor i ty of  sheep  express ing " se l f-cu re"  

r ej ected the  exi st ing i nfect i o n  but  al lowed estab l i s h m e n t  of  the  new i nfect ion -

s o  ca l led "classical se l f-cu re" .  A m uch sma l l e r  percentage a l so  res i s ted 

es tab l i shment  of  a n ew i n fect i on .  As  few as  250 i n fective l a rvae h ave been  

fou n d  to i n duce "self-cu re"  b u t  the  success of  s uch sma l l  chal lenges a ppears  to 

be greater  in  sheep ca rry i n g  a l a rge worm b u rden ( Gordon,  1 967) . Most  

repor ted  exper imen t a l  i nvest igat ions i nto "sel f-cure"  have used la rge chal lenges .  

Under  grazing  condi t i ons  in  Austra l ia  na tura l ly occu r r i ng "se lf-cu re"  is sporadic 

and u npredictable,  and re la ted  to the  weather  cond i t ions  refe r red  to  earl i e r  

( Gordon ,  1 94 8 ;  Di n e e n ,  1 97 8 ) .  

T h e  phenomenon of  " se l f-cure"  h a s  been  observed i n  l a m b s  as  young a s  

4 m o n t h s  ( Lopez a n d  U rquhart ,  1 96 7 ) .  These p a rt icu l a r  an ima ls  subsequently 

developed very h igh worm b u rdens ,  support ing Gordon's ( 1 948 )  concl u s ion  that  

"se l f-cure"  i s  not  a " m a n i festat ion of  res istance by the  host " .  

S tewart  ( 1 953 ) showed that " se l f-cure "  was closely associ a ted  wi th  

i m m ediate  hypersens i t ivi ty i n  as much as b lood h i s tamine  leve ls  were observed 

to r i se  and  ant ihist a m i n e  drugs  essent ia l ly prevented  the  sudden fa l l  in  egg 

counts .  However, parente ral  t reatment  of  sheep with h i s tamine  had no effect 

on egg coun t s ,  although no m easurements  of  h i s t am ine  l evels  in the c i rcu la t ion  

o r  t h e  abom asum were  reported .  

There appear to  b e  no  reports  o f  "se lf-cure "  in  goats .  

1 .2 .5  POPU LATION DYNA M I C S 

Var iab le  estab l i shmen t  rates of  H. contortus i n  young lambs  o r  n aive 

o lde r  sheep have been  reported .  Mostly they are in the range of  4 0 %  - 60% 

( B a rger  and Le Jambre ,  1 988  ; D ineen  and Wagland ,  1 966a ;  Barger  et aI., 1 985 )  

bu t  some  are  as high as 8 3 %  ( Coadwel l  and Ward ,  1 98 1 ) .  I n  sheep which have 
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had  sufficent  exposure to i nduce an  i m m u n e  response ,  t h i s  estab l i shment  rate 

genera l ly fal l s  as host  i m m u n i ty develops . In Aust ra l i an  M e rinos,  i t  h as been  

fou n d  to fa l l  to  levels  o f  3 . 5% o r  l e s s  (Barger  et al. , 1 985 ;  Barger  and Le  

Jam b re ,  1 98 8 ) .  In both  reports ,  analys is  shows tha t  e s tab l i shment  of  i n fective 

l a rvae  i s  not i nfluenced by the rate of l a rval  i n take .  The propo r t ion  of 

es tab l i sh ing  l a rvae that are  i n h ib i t ed  at the ea rly four th  s tage (EL4)  i ncreased 

a s  res i s tance developed a l though as l a rva l  estab l i s h m e n t  fal l s  so even tu al ly do 

n u m b e rs of  EL4 (Barger  et  al. , 1 985 ) .  Others,  however ,  have  not  fou n d  EL4 

n u m b e rs to i n crease with the  developm ent  of  res i s tance ( Coyne and Smi th ,  

1 99 2 ) .  

Al though D i n e e n  e t  al. ( 1 965 )  proposed t h a t  a t hreshold o f  a n tigenic  

i n form at ion  was requ i red  b e fore  the  i m m u n e  system s ta rted to m o b i l ize  an 

e ffect ive response agai nst  H. contortus,  there  has  been no  m ent ion  of  th i s  in  

subsequent  investigat ions  of  popul at ion dynamics  ( B a rger  et  aI. , 1 985 ;  Barger  

and  Le Jambre ,  1988 ;  S m i t h ,  1 988;  Coyne  et  al. , 1 99 1 ; Coyne and Smi th ,  1 992) .  

Paras i t e  fecund i ty does not  appear to b e  a ffected b y  developing 

res i s tance ( Coyne and Smi th ,  1 992;  Coyn e  et  aI. , 1 99 1 ) a lthough fem a l e  worms 

r ecovered fro m  resi s tant  sheep have b ee n  noted to b e  s l ight ly  shorter  (Coyne 

and Smi th ,  1 992) .  Var iab le  es t imates of  fecun d i ty from 4700-12000 

eggs/fema le/day have b een  m a de ( Coyne  and Smi th ,  1 992 ;  D ineen  et al. , 1 96 5 ) .  

Ano the r  param eter t h a t  h a s  b een obse rved t o  va ry w i th  res is tance fo r other  

t r ichostrongy l i ds i s  m a l e : fema le  rat io  ( see  Sect ion  1 .3 . 5 )  but  th i s  was  obse rved 

to r ema in  constant with t i m e  fo r H. contortus, suggest ing that developing 

res i s tance did not k i l l  m a l e  worms prefe rent ia l ly  ( Coyne et  al. , 1 99 1 ) .  

The i ns tantaneous death  rate of  H. contortus has  b een  est im ated a t  

b etween 0 . 0 1  and 0 .07 worms per  worm per  day  ( B a rg e r  and Le Jambre ,  1 988 ;  

Coyn e  et  al. 1 99 1 )  and whi ls t  the  l at ter  report  fo und m orta l i ty i ncreas ed wi th  

s ize  o f  i nfect ion  in the absence of  fu rther  l a rval i n take,  the  fo rmer  fou n d  i t  had 

no  e ffect . The death rate  of  o lder  wo rms was  a lso observed to i ncrease  as  the 

rate  of  l a rval  i n take increased (Barger and Le Jamb re,  1 98 8 ) .  The lowe r figure 

of  0 . 0 1  gives a predicted ha l f- l i fe of  69 days wi th  a m ean l i fe expectancy fo r 

i n div idua l  worms of  1 00 days (Barger  and  Le Jambre ,  1 988 )  whi l s t  for a death 

ra te  o f  0 .07  m ean l i fe expectancy i s  only  calcula ted  as  1 3 .3  days ( Coyn e  et  al. , 

1 99 1 ) .  

In spi t e  o f  the  low estab l i shment  rate  i n  adu l t  sheep  and the  e ffect that  

h igh  l a rva l  i ntakes have on  the  death ra te  o f  the  nematodes ,  i t  i s  s t i l l  



1 0  

conceivab l e  that  s ign i ficant  b u rdens could  estab l i sh  i n  adu l t  sheep i f  l a rva l  

i n takes  a re  h igh and con t i nue  fo r long enough,  par t icu la rly when com b i ned wi th  

subopt imal n utr it i on .  Th i s  cou ld  account  fo r the occu rrence o f  c li n i ca l  

haem onchos is  i n  adult  Austra l i an M e rinos  a s  reported ,  fo r example ,  b y  Gordon 

( 1 94 8 ) .  

I n  t h e  absence of  re infect ion ,  the durat ion  o f  res is tance fol lowing 

removal o f  the  in i t i a l  sens i t i s ing i n fect ion is  re l a t ive ly sho rt .  Wag land  and 

Dineen  ( 1 967 )  showed a reduct ion i n  protect ion a fte r  1 05 - 1 1 1  days ;  o t h e rs have 

shown no protect ion afte r  9 weeks (Coyne and S m i t h ,  1 992 ) and 1 2  weeks 

(Jackson et al. , 198 8 ) .  

Although i t  h a s  b een  s ugges ted that the  cha l lenge  i n fect ion n e e ds t o  b e  

subs tant ia l  to  induce a protective immune  response (Jackson e t  aI. , 1 988 ) others  

have found  a chal lenge as  low as 3000 l a rvae i s  su fficent  to e l i ci t  p ro tect ion 

( D i neen  and Wagland ,  1 96 6b; Wagland and D i n e e n ,  1 96 7; Donald et aI. , 1 969 ) .  

1 .3 THE DEVELOPM ENT OF R E S I S TANCE TO TRICHOSTRONGYLUS 
COLUBRIFORMIS I N  S H E E P  

Many factors have b een found t o  i n fl u ence t h e  estab l i shm ent  and  

pers i st ence o f  resi s tance to T colubriform is . The re su l t s  of  a l a rge n u mb e r  o f  

s tud ies  a r e  summari sed  i n  Appendix l b .  

1 .3 . 1  T H E  EFFECT O F  AGE 

Most of  the reports  noted in  Appendix 1 b i n d icate that an age o f  around 

5 -6  months  i s  needed fo r the  development of  some m easure of  an  e ffective 

i m m u n e  response.  This  is  cons is tent  wi th the  genera l  observat ion t h a t  l ambs  

younger  than 6 months  of  age  a re usua l ly l ess capab l e  o f  deve loping a strong 

p ro t ective i m m unity to  t r ichostrongy l ids than o lder  l ambs  (Donald and Wal l e r ,  

1 98 2 ) .  However, evi dence fo r an effective immune  response ha s  been  observed 

as e a rly as 1 2 - 1 7  weeks of  age (Douch ,  1 988 ;  C h i ej i n a  and Sewel l, 1 974a ;  

D i n e e n  et  al. , 1 978;  D i n e e n  and  Windon,  1 980) .  By 1 0  months  of  age ,  sheep 

can  mount  a very effective i m mune  response reject i ng  > 90% of  a cha l l enge 

i n fect ion ( Gregg et  af. , 1 97 8 ;  Gregg and D i n e e n ,  1 978) .  Nev e r th eless ,  

exam inat ion  of  faecal egg co u n ts from routi n e  l abora to ry submiss io n s  in  New 

Zea land  suggests  that i t  takes several  months  m o re for young sheep to express 

the  sol id i m m uni ty seen in mature adul t  sheep u n d e r  field condi t ions  ( Stafford  

et al. , 1 994 ) .  Such a gradua l  matu rat ion o f  the  i m m une response  to T 
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coZubriformis i s  not gen e ra l ly seen under  experi m enta l  condi t ions  and  m ay b e  

a r e flect ion o f  a vari e ty o f  factors  affect ing res i s tance ,  inc lud ing n ut r i t ion .  

Under  New Zealand pas tora l  condi t ions  i t  i s  not  l i kely to  b e  due to i n adequate  

expo s u re to t r i chostrongy l id  l a rvae .  

The presence o r  absence o f  worms does not  appear t o  a ffect the  

res i s tance of  young lambs to  cha l lenge i n fect ion  as  i t  does  fo r H. contortus 

( B a rger ,  1 98 8 ) .  

Dobson e t  aZ. ( 1 990c) noted t h a t  age a t  the  comm encem e n t  o f  a 

con t i n o us p r ima ry i n fect ion  a ffected the  rate  of  development  of  th i s  i m m u n e  

response .  I n  sheep aged 3 6  weeks,  estab l i shment  o f  a chal lenge i n fect ion 

decreased to n egligi b l e  l eve ls  by 5 weeks  whereas  i n  12  week-o ld  s h e ep th i s  

took  9 weeks .  

1 .3 . 2  T H E  E F FECT OF G E N ETIC FACTORS 

There appear to  b e  no pub l i shed reports  o f  b reed com par i sons  o f  

res i s tance t o  T coZubriformis ( Gray, 1 9 9 1 ) .  

Genet ic  variab i l i ty i n  t h e  response of  sheep t o  T coZubriform is wi th in  

b r e e ds a l lowed separat ion  of  l ambs  in to  "responde rs" and  "non-responders" 

fo l lowing vacc ination with i rradiated la rvae and subsequent cha l lenge ( Di neen  

et aZ. , 1 97 8 ;  Windon and D ineen ,  1 980 ) .  Breed ing  l i n es have s i n ce been  

es tab l i shed  to se lect fo r i ncreased and decreased res i s tance to T coZubriformis 

a n d  t h e  h e ri t ab i l ity o f  responsiveness ,  based  o n  faecal  egg counts ,  has  been  

shown  to b e  0 . 39± 0 .27  ( Wi n don  et aZ. , 1 987) . These  two  l i nes  are  con ti n uing  

to d iverge a l though the  m ost  dramat ic  response  was seen i n  the  fi rst  

gene ra t ion .  Female lambs a re  more  immuno logica l ly  r esponsive b ei n g  e i ther  

more  res i s tan t  than m a l es i n  the  "h igh  responder "  l i ne  o r  less res i s t ant than  

m a l es in  the  " low responder"  l i n e  ( Wi ndon 1 990 ) .  No m ent ion  has been  made 

o f  t h e  i m m u n e  response  of  adu l t  an ima l s  i n  these se lect ion l i nes .  In  flocks 

s e lected for or agai nst res i s tance to H. contortus in l ambs  th i s  is  also r eflected 

i n  the same q u a l i t ies  of adult  sheep (Gray, 1 99 1 ) .  

There i s  evidence t o  suggest that  se lect ing an im a ls  for res is tance to one  

par t i cu la r  n e matode speci es con fe rs res i stance to some  other  gene ra and  

spec ies  though  not  necessar i l y  to the  same exten t .  You n g  sheep  se lected for 

i ncreased o r  decreased res ist ance to H. contortus a lso showed a d ifference i n  

faeca l  egg counts fol lowi ng  i n fect ion  wi th  T coZubriformis ( Woolas ton et aZ. , 
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1 990 ) .  Th e resul ts  fol lowi ng Haemonchus i n fect ion of  l i n es of  sheep s e lected 

fo r r es i s tance to T. colubriformis i s  l e ss convinc ing but s igni fi cant  cross­

protect ion was, however ,  achi eved to i n fect ions  with Trichostrongylus rugatus, 

Trichostrongylus axei and  Ostertagia circumcin cta ( Wi n do n  et a Z. , 1 98 7 ) .  

The lymphocyte a n t i g e n s  SY l a  and SY1b  h a v e  b e e n  found t o  b e  p resent  

wi th  h igher  frequency in  " high responder" sheep than in  " low responder"  sheep 

in  T. coZubriformis se lect ion l i ne s .  These ant igens  a re  thought to b e  coded fo r 

by genes  c lose ly associ a ted  wi th  the MHC (Out te r idge et a l.,  1 985 ;  Out ter idge 

et a l. , 1 988) . 

Windon et al. ( 1 984 ) demonstrated ewe l ambs  wer e  more res i s tant  than  

r a m  lambs  fo l lowing v acci nat ion  with h igh doses  o f  i r rad iated l a rvae bu t  no  

d i ffe rence was  observed fo l lowing vacci n at ion w i th  l ow  doses .  Dobso n e t  a Z. 

( 1 990d) ,  however,  cou l d  fi n d  no  evi dence that  host  sex p lays a s ign ifica n t  ro le  

in  determ in ing  the deve lopment  of  the i m m u n e  response against  T. 
colubriform is .  Neverthe l ess ,  exper im ents  with labo ratory an im a ls i n dicate  that  

m a l e  an imals  a re  genera l ly  m o re susceptib le  to n e ma tode  i n fect ion  than females  

( B a rger ,  1 99 3 )  

1 .3 .3 T H E  E FFECT O F  N UTRITION 

Wagland  et al. ( 1 984)  showed that young l a m b s  on a h igh  p lane d i et had 

s m a l l e r  T. coZubriformis b u rdens  than  those on a l ow p lane  diet, suggest ing that  

n u t r i t ion  m ay b e  a s ign i ficant  factor i n  the  developm ent  or m a inten ance of  an  

i m m une  response .  Th i s  i s  cons is tent  w i th  numerous  fie ld  repo rts o f  poo rly fed 

adu l t  sheep developing substant ia l  worm b u rdens .  

1 .3 .4.  POPULATION DYNA M I C S  

D ECLINE I N  WORM ESTABLISHMENT 

Th ere  is a th res ho ld  of worm exposure tha t  has to be  passed  b e fore  

subs tan t ia l  res i stance to es tab l i shment  occurs ( D i n een ,  1 963 ;  Dona ld  et  a l. , 

1 964 ) .  I n  lambs  sens i t i sed  wi th  i rradiated l a rvae,  Windon et a l. ( 1 984 )  

e s t im ated the  t hreshold vaccin e  dose to b e  about  4400 i rradiated l a rvae given 

twice . As o n ly female  worms  es tab l i sh  after  i r rad ia t ion ,  t h i s  was cons idered to 

equa te  to a worm burden of  approxim ate ly 2-4000 worms ( Dobson et  a Z. ,  

1 990a) .  Dobson et a Z. ( 1 990a, 1 990d) es t ima ted  the  t hreshold t o  b e  

approxim a t ely 2900-3500 es tab l i shed adul t  worms b ut t he  var iab i l i ty a round th i s  
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t hresho ld  was l a rge part icu la r ly a t  lower i n fect i o n  ra tes .  Wal l e r  a n d  Thomas 

( 1 98 1 )  observed a s i m i l a r  threshold  phenom enon  for Trichostrongylus vitrinus 

i n fect ions  in l ambs .  

E m e ry e t  al. ( 1 992 a )  extended th is  concept to o n e  of  "wo rm- days" o f  

exposure and  calcu lated,  fro m  publ i shed report s ,  a figure  of  a round  1 . 8 X 1 05 

"wo r m -days" .  I n  one i n fect ion  a l lowed to cont i n u e  fo r 8 weeks, sheep  were 

exposed to 7 .2  X 105 "wo rm-days" and  di splayed so l id  res i stance.  However ,  a 

s e r i e s  o f  l arval infect ions  t ru ncated at 4 days exce eded th i s  figure b u t  d id not  

p ro tect sheep .  The authors  suggested th i s  may i n dicate  a need for exposure to 

a cr i t ica l  amount of  ant igen which is  produced i n  l a rg e r  quant i t i es  by  adul t  

worms .  Howeve r, th i s  concept  is  on ly usefu l  i f  du ra t ion  of  i n fect i o n  i s  the 

pr i nc ipa l  factor in induc ing res is tance and ignores  changes be tween la rval and 

a d u l t  ant igens  ( see b e low fo r d iscuss ion on  stage-speci fic  i m m u ni ty ) .  

Res is tance to T colubriformis i s  i n i t i a l ly expressed as a suppress ion o f  

e s tab l i shment  o f  larvae wh i l s t  adu l t  worm numbers a r e  u naffect�d ( G ib son  et 

a i. ,  1 970 ;  Gibson and Parfit t ,  1 972,  1 973 ;  Chiej i n a  and  S ewel l ,  1 974a;  Dobson 

et aI. , 1 990c ) .  Decreased fecundi ty of  female  wo rms ( Gibson and Par fi tt 1 972,  

1 97 3 ;  Ch iej i n a  and S ewel l  1 974a;  Dineen  and Wi ndon  1 980b ; Dobson  et  

a l. 1 990a)  and a decrease in the  rat io of  male to  fem a l e  worms ( D i n e en and  

Win don ,  1 980b ; Douch , 1 989)  a l so  occu r .  Event u al ly adu l t  wo rms are  expe l l ed .  

An i n tegrated se r ies  o f  models  to descri b e  the  populat ion dyn a m ics of  

T colubriformis in  sheep  has  recently b een pub l i shed  ( Dobson e t  a l. , 1 990d) 

b ased  on  seve ra l  re lated exper im ents  (Dobson et a i. , 1 990a, 1 990b , 1 990c) 

s u m m a ri sed  in Append ix  l b .  These showed that o n ce the threshold was 

ach i eved there  was a s i m i l a r  rate of  decl i ne of  estab l i shm ent  at the th ree  dose 

ra tes  i nvest igated ( 1 000, 3 1 60 or  1 0,000 L3 per week ) .  Once sheep a re fu l ly  

i mm u n e  they reject most  l a rvae wi th in  3 days of  i n fect i o n  (McClure  et  a l. , 1 992 ; 

Em e ry et aI. , 1 992a) 

REJECTI ON OF ADU LT WORMS 

Dobson et  al. ( 1 990c) observed that reject ion  of  adu l t  wo rms occu rs over 

a per iod  of  about  9 weeks comm encing when es tab l i s h m e n t  of  incoming  l a rvae 

dec l i nes  to approxim ate ly  1 %.  Death rate of  worms i ncreases expo nent ia l l y  

over  th i s  9 week per iod  and i s  l a rgely contro l l ed  by host -derived factors and  not  

worm age . A notab le  fea ture  was  the  la rge var iab i l i ty i n  the  onset  o f  rej ection ,  

s upport ing the  not ion  of  genetic i nfluences o n  the  onset of  the  i m m u n e  
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response .  In  sheep exposed to a low rate of  i n fect ion ,  t h e  t ime  t o  reach 

t hresho ld  l eve ls  is  longer and therefore expu l s ion  of adu l t s  i s  delayed re la t ive 

to s h e ep given higher rates of  i n fect ion .  Th i s  pat tern  of populat ion dynam ics 

i s  cons i s tent  w i th  the e a r l i e r  work of  Chiej ina  and S ewe l l  ( 1 974b )  i n  which  they 

s howed that  worm b u rdens  were cum u lat ive for 4 to 8 weeks aft e r  which 

e s tab l i shment  decli ned to n egl ig ib le  l eve l s .  This was fo l l owed by a fal l  i n  adu l t  

worm n u m b e rs between 8 to  15  weeks .  O nce the  t h resho ld  i s  exceeded ,  adu l t  

worm expu l s ion  wou ld  seem to be  i ndependent  of  i n fect ion rate  and  wo rm 

b u r den ,  which i s  con t ra ry to ear l i e r  op in ions  ( D i n e e n ,  1 963 ; Donald et a I. , 

1 96 4 )  that  sugges ted i n fect ions b elow the  thresho ld  would  b e  con t i n ua l ly  

t o l erated .  

STAGE-SPECIFIC IMMUNITY 

I m m u n i ty i nduced by L3 and early L4 T. colubriformis appears to 

e ffect ive ly protect sheep aga ins t  l a rval  cha l lenge b ut is l ess effect ive aga ins t  

adu l t  worms (Emery et  a l. ,  1 992a ) .  Sheep i m m u n i sed  by t ransfe r  o f  adu l t  T. 
colubriformis did  not reject a chal l enge un t i l  7- 1 0  days post - infect ion wh ich i s  

m u ch l a t e r  t h a n  expecte d .  This  i ndicates t h e  stage-specific nature  of  t h e  

r ej ect ion p rocess (Em e ry 1 992b ) .  

N EMATODE FECUNDITY 

Al though Chiej i n a  and S ewel l  ( 1 974b ) suggested t h at decreased fecundi ty 

p rece ded expu ls ion,  Dobson ( 1 990d) suggested t hey com m e nced essent i a l ly a t  

t h e  same t ime .  Peak egg product ion  has  been es t imated  from mode l s  to b e  

a pp roxi mate ly 600-700 eggs p e r  female  p e r  day (Dobson e t  a l. , 1 990a)  but  a t  

h i g h e r  i n fect ion rates t he  t h resho ld  exposure  for the  developm ent  o f  re s i s tance 

m ay b e  reached befo re fem a l e  worms have reached m a t u r i ty t h us l i m i t i n g  the i r  

egg product ion .  No dens i ty-dependent  effects on fecund i ty have been  o b served 

(Dobson ,  1 990d) .  

ARRESTED DEVELOPMENT 

Arrested deve lopm ent  of  exsheathed L3 i s  gene ra l ly accepted to  b e  a t  

l east  partly a conseque nce of  the  immune  response  ( Eysker ,  1 978 ;  Seaton  et  a l. , 

1 98 9 )  and  has b een shown to  increase as hosts  b ecom e  more  res is tant  ( Dobson 

et a I. ,  1 990b ) .  
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The fol l owing sections deal with the immune mechanisms involved in the host's 

response to gastrointestinal nematodes by firstly considering the cellular response. 

Most of the work is based on parasitic infections of rodents although information 

from experiments with ruminants is included where possible. 

1 .4 T C E LL S  

Acqu i red immun ity  to gastroi ntes t ina l  nem atodes  has been  shown to b e  

u n d e r  lym phocyte con t ro l ,  par t icu lar ly T cel l s .  T h i s  has  been  demonst rated by 

a doptive t ransfe r  of lym phocytes  from imm une to  na ive a ni m als  i n  a var ie ty o f  

host -nem atode systems ( Wagland and Dineen ,  1 96 5 ;  Nawa a n d  M i l l e r , 1 97 8 ;  

G r e n c i s  and  Wakel in ,  1 982 ;  S m i th e t  a l. , 1 984, 1 98 6 )  . . 

Of  the  various subsets  o f  lymphocytes,  T- he Jpe r  ( T  H )  cel ls  which express 

CD4 + ce l l - su r face markers ,  have been shown to p lay a p ivota l  role in m ediat ing  

th i s  i m m u n e  response to  gastro intes t ina l  nem atodes ( G i l l  et  a l. , 1 993 ) .  TH ce l l s  

have b een  divided i n to a t  leas t  4 subgroups i n  m i ce :  THP,  THO, TH I and  TH2 ,  

e ach h av ing d is t inct cytoki n e  secret ion patterns  ( reviewed by Mosm ann  and  

Moore , 1 99 1 ) .  THI and  TH2 s ubsets  w i th  s im i l a r  cytok i n e  secret ion pat terns to  

those  i n  m ice have a l so  b e en iden t ified  i n  humans  ( revi ewed by Rom agnan i ,  

1 99 1 )  i n d icat ing th is  c lass ificat ion may be  gene ra l ly  val i d .  I t  has  been 

suggested  that  T H I  ce l l s  are  i m portant  i n  the con t rol  o f  i n trace l l u l a r  paras i tes  

w h e reas  T H2 ce l l s  a re m o re i nvolved wi th  ext race l l u l a r  o rganisms,  pa rt icu lar ly 

h e l m i n ths  (Janeway et a l. , 1 988 ;  F inke lman and U rb a n ,  1 992 ) .  THI cel ls  are 

i nvolved wi th  delayed hype rsens i t iv i ty responses  wh i l s t  the character i s t i c  host  

responses to  he lm in th  i n fect ions ,  i nc lud ing m astocytos is ,  eos inop h i l i a  and  

i ncreased IgE and  IgG1  synthes i s  a l l  appear to  be  i n duced by T H2  cel l s  and  the  

cy toki nes  they produce ( see  Tab l e  1 . 1 ) ( Finke lman e t  a l. ,  1 99 1 ) .  

Cross- inh ib itory behavi our  i s  evi dent  be twe en  T H I  and TH2 subsets  and  

th i s  i s  cons i s tent  wi th the  i nh ib i t ion of  delayed hype rsens i t ivity responses  which 

occurs  dur ing  a strong ant i body response ( Mosm a n n  and Moor e ,  1 99 1 ) .  

Gen e rat ion  o f  the appropri a te  T H cel l  response would  appear to b e  i m portant  

in  the  ab i l i ty of  differen t  inbred s tra ins  of  m ice to con t ro l  Trichuris muris ( El se  

a n d  Grencis ,  1 99 1 )  and  Leishmania major ( reviewed by Locks ley a nd Scott ,  

1 99 1 ) .  However, exper im ent s  i n  which var ious cytok ines  have b e e n  b locked 

w i th  monoclonal  antibod ies h ave shown that this does not necessar i ly i n terfere  

w i th  worm rejection ( reviewed by F inke lman et  a l. , 1 99 1 ) .  Nev e rtheless ,  

F i n k e l m an and Urban ( 1 992)  proposed that T H2 r esponses a re  genera l ly  
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protective a n d  TH1 are genera l ly  harmfu l  t o  anim als  infected with in t estinal  

h e l minths ,  and  vice versa fo r in t race l l u l a r  pa rasit e s .  

Cytoki ne 1 Role/fu nc t i o n  

I L -4 induces IgE and  IgG1 pro duction (Coffm a n  et aI. , 1 98 6 ;  

Snappe r and Pa u l ,  1 987) 

I L -5 induces eos inophilia (F inke lman et aI. , 1 99 1 )  and  prom otes 

IgA production (Haig and Mil l e r , 1 990) 

I L -3 + I L -4 IL-4 augments  I L -3 initia ted mast  ce l l  p roliferation ( S mith and 

Rennick ,  1 986 ;  Ih le  et aI. , 1 98 3 ;  Mos m a n n  et  a I. , 1 986 ;  Rennick 

et aI. , 1 985 ; Madden et aI. , 1 99 1 )  

1 .  I L = Interleukin 

Ta b l e  1 . 1  Recorded role s  or functions of T H2 cytokines  

1 .5 EOS I NOPH I LS 

1 .5 . 1  I NTROD UCTION 

I ncreased numb e rs of eosinophils in eithe r  tissue s  and/o r b l o o d  are 

com m on ly associated wi th parasitic infections  ( Mil ler ,  1 984 ) .  Eosinophils 

diffe ren tiate in the b o n e  mar row or within o ther  haemopoietic foci a n d  a re 

t h e n  recruited  to various tissues  as differentiat ed ce l l s  (Haig and Mil l e r ,  1 990) .  

The  m ain cytokine that specifica l ly stim ulates  prolifera tion and diffe ren tiation 

o f  committed eosinophil progenitors is I L -5 ( see  S ection 1 .4 ) .  A l a rge variety 

o f  eosinophil chemotactic factors  which recruit eosinophil s to particul a r  tissue 

sites have been  describe d  including eosinophil chemotactic facto rs of 

anaphylaxis fro m  mast ce l l s , histamine,  l eukotriene B4, IL -2 ,  lym phocyte 

chemoattractan t  factor ,  p late let  activating factor  ( PAF) and excretory-sec retory 

m o lecu les  from nematodes (Kay, 1 985 ; Wardlaw et aI. , 1 986 ;  Wel l e r ,  1 992 ;  

K lesius,  1 993 ) .  Most eosinophils are found  in tissues  and  not  the  circ u lation 

( M cEwan,  1 992 ) .  Research over the  last  1 0 - 1 5  years  in particular ,  has revealed 

the extraordinary functiona l  compl exity o f  these ce l l s .  
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1 .5.2  I N F LAMMATORY M E DIATOR S 

Wi th in  the i r  cytoplasm , eos inophi ls  have n u m e rous  granu les  con t ai n i ng 

prefo r m ed i nflam matory m edia tors which i nclude eos inoph i l  major  bas ic  

p ro te i n ,  eos inophi l  ca t ion ic  prote in and eosi noph i l  peroxi dase .  Those 

m en t i o n e d  have been shown to  be di rectly toxic to h e l m i nths  (But te rworth et 

a f. , 1 97 9 ;  McLa ren et af. , 1 98 1 ;  Wassom and Gle ich ,  1 97 9 ;  D u ffus  et a f. , 1 980 ;  

McEwen ,  1 99 2 ) .  Eos inoph i ls a lso have the  capacity to exhib i t  a respi ratory 

b u rs t  ( S p ry,  1 985)  which,  i t  has  been  suggested,  m ay p lay a ro le  i n  dam agi ng 

h e l m in t h s  (Kazu ra et a Z. , 1 98 1 ) .  

As wel l  as preformed  m edi ators,  eos inophi l s  can also g e nerate 

l e u kotr i enes ,  pa rticu larly l e ukotr iene C4 (LTC4) (J6 rg et a Z. , 1 982 ;  Shaw et a Z. , 

1 98 5 ;  Kaj i t a  et a Z. 1 985 ;  Wel l e r  et aZ. 1 983 )  and PAF (Lee  et aZ. ,  1 984)  fol lowing 

appropr ia te  s t imulat ion o f  IgG and IgE surface receptors (Moqb e l  and 

M acDonald,  1 990) .  These  m ay have adverse effects o n  n e m atodes .  Secret ion 

o f  l e u kotr ienes  is an aspect  o f  eos inophi l  activi ty tha t  has received l i t t le  

exper i m enta l  a t tent ion b ut may contr ibute  to  the  i m m u n e  response aga inst  

h e l m in t h s  i n  the  lumen of  the  gast ro intest ina l  t ract ( see  Sect ion 1 .8 ) .  Thi s  

poss ib i l i ty has b een disregarded by some autho rs, for example ,  H aig and Mi l l e r  

( 1 990 ) ,  when summari s ing  the  ro le  of  eosi nophi ls  aga ins t  he lm i nths ,  r e ferred 

on ly  to the i r  potent ia l  to damage or  k i l l  t i ssu e-dwel l i ng paras i tes .  

1 .5 .3 EOSI NOPH I L  MODULATION OF I NFLAM M ATION 

Eos inophi ls have the ab i l i ty to modulate  react ions  due to IgE-me diated 

m as t  ce l l  degranu lat ion ( H enderson et  a f. ,  1 982 ;  But te rworth ,  1 984 ;  Kay, 1 98 5 ) .  

However ,  t o  describe the  role of  eosi noph i l s as  "downregu lators"  of m a s t  cel ls  

has  b e e n  cons i dered an  ove rs impl i ficat ion of  t h e i r  ro le  in hypersens i t iv i ty 

responses  (Rothwel l ,  1 989 )  given the i r ab i l i ty to a lso generate l eukotr ienes  and 

PAF w h i ch can  mediate i n flamm atory reactions ( see  S ect ions  1 .5 and 1 . 7 ) .  In  

add i t ion ,  eos inoph i l  major  b as ic  prote in  can act ivate  mast  cel l s  fo r h i s tamine  

re l ease  ( O'Donnel l  et af. , 1 983 ) .  It i s  cons idered more  l ike ly tha t  eos i n ophi ls  

wi l l  actua l ly  con tr ibute to i n flam matory i nj u ry in  response to i n fect ious agen ts 

ra ther  than  act prim ar i ly  a s  "downregulators"  (Spry ,  1 985 ) .  The s i tua t ion i s  

fur t h e r  compl icated by t h e  fact that  eosinophi l s  do  not  com prise  a u n i fo r m  ce l l  

pop u l at ion  ( see  below ) .  
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1 .5 . 4  P H E NOTYPIC H E TEROGEN EITY 

Eosinoph i ls may be s eparated th rough dens i ty gradients  i n t o  two 

popu la t ions  refe rred to as  n o rm odense and hypodense .  Hypodense eos i nophi ls  

a re  m o re act ive metabo l i ca l ly ( Wi nqvist  et al. , 1 982 ) ,  express more  IgG, IgE 

and  comple m e n t  receptors  ( Par i l lo  and Fauci , 1 978 ;  Winqvist  et  ai ,  1 982 ;  

Capron e t  aI. , 1 985) ,  are  more abundant  i n  paras i t i sed  hos t s  (Whi te  e t  aI. , 1 986 )  

a n d  produce more LTC4 ( Kaj i ta et a I. , 1 985 ) .  This  he te roge ne i ty may  have 

s o m e  re levance,  therefo re ,  to the i r  role in immune  responses to h e lm i n ths .  

1 .5 . 5  ANTI - H E LMI NTH ACTIV ITY 

A role in k i l l ing he lmi nths  has been demonstra ted  in vitro associated 

with degranu la t ion of  eos inoph i l s  and  release of  m edia tors  onto the  s u rfaces 

of Schistosoma manson i (McLaren and Te rry,  1 982 ;  But terworth,  1 984 ) ,  

Trich inella spiralis larvae ( Grove et al. , 1 977;  Desse i n  e t  a I. , 1 98 1 ) ,  Strongylus 

vulgaris l a rvae (Klei  et a I. ,  1 99 2 ) ,  Angiostrongylus cantonensis ( Yosh i m u r a  et aI. , 

1 98 4 )  and Dictyocaulus viviparus l a rvae (Duffus ,  1 98 9 ) .  Hypodense eosi n ophi l s  

are more efficient  in  in  vitro assays in  k i l l i ng T spiralis l a rvae (Hamada et  aI. , 

1 992)  and  S. m ansoni sch is tosomules  (Capron  et a l. , 1 98 4 ) .  

Eos i noph i ls express low affini ty FcE-RII recepto rs fo r IgE o n  thei r 

s u r faces ( Capron et al. , 1 986 )  as  wel l  as receptors for IgG ( Capron et aI. , 1 98 1 ) ,  

IgA ( Spry et al. , 1992) and  var ious  com plement  com ponents  inc luding C3 a ,  C3b, 

C4 and C5a (Gerard et al. 1 988 ;  Mul ler- Eberhard, 1 988 ;  Goe rs et al. , 1 984;  

Anwar  and Kay,  1 977 ) .  Attachment  of  eosi noph i l s  to  he lminths  m ay be  

m ed ia ted  by these  var ious  l igands  e i ther  a lone  o r  in  com b i n at ion (B utte rworth,  

1 984 ) .  D i fferen t  i nflammatory mediators  have been shown to be  se le ctively 

re l eased  depending on the receptors i nvolved ( revi ewed by McEwan 1 992) . 

Although eos inophi l s  a re  often found i n  the paras i t i sed gas t ro i n t est i na l  

m ucosa,  nem atodes in  the  l umen  are un l ikely to com e  in to  physical con tact with 

s u ffic ien t  numb ers to suffe r  from s ign ificant dam age th rough degran u lat ion 

onto the ir  cut icles (Moqbel  and  MacDon ald,  1 990;  D u n n  and Wright ,  1985 ;  

Rothwel l ,  1 989 ) . I n  addi t ion ,  deplet ion of  eosinophi l s  i n  i n fected m ice had no 

i n fl u e nce on  the  expUls ion  of  T spiralis (Grove et a l. , 1 977)  or  H. polygyrus 

( U rb a n  et al. , 1 99 1 )  suggest ing that  ne i ther  physical  con tact nor  product ion of  

m e di ators fro m  eosinoph i l s  a re  essent ia l  fo r protect ion from at  l eas t  these 

gas tro in tes t i n a l  nematode i n fect ions .  



1 . 5 . 6  E O S I N O P H I L  R E S P O N S E S  

GAS TROI NTESTINAL N E M ATODES 

I N  

1 9  

R U M I N A N T S  W I T H  

I n  ruminants,  the  eos inophi l  responses  to t r ichostrongy l ids have been 

i nves t igated ma i nly in  sheep  but  no cons is tent  pat tern  has  been  fou n d .  Th is  

l ends  support to the  view that  these ce l l s  are  not e s sen t ia l  fo r the  effect iven ess 

of t h e  i m m u n e  response to gastroi n tes t ina l  nem atodes ,  b u t  does not exclude 

t h e i r  i nvolvement .  

An increase i n  eos i n oph i l s  in  gastro in tes t ina l  t i ssue has been descr ibed 

in  adul t  sheep showi n g  ev idence of an effect ive  i m m u n e  response  to H. 

contortus and T. coLubriform is ( O 'SU l l ivan and Dona ld  1 9 7 3 ) .  A s im i l a r  m arked 

i ncrease  in abom asal eos i noph i l s  occurred in adu l t  sheep  fol lowi ng i n fection 

w i t h  H. contortus but, i n  young lambs « 14 weeks ) ,  t h e re was on ly a s l ight 

i ncrease  in the 6 weeks fol l owi ng i n fect ion  ( S a l m a n  and Duncan ,  1 984 ) .  

H oweve r ,  i n  a longi tud inal s tudy of  H. contortus i n fect ions  i n  4 m o nth-old 

l a m b s ,  eosinoph i l  i nfi l t ra t ion  o f  the  abomasal  mucosa i ncreased ma rked ly 4 to 

6 days post- in fect ion whi ls t  there was a n  a lmost  complete  abse nce of  

eos inoph i l s  from control  worm - free sheep ( Charles ton ,  1 96 5 ) .  I n  anothe r  ser ies  

o f  expe r iments  i n  which l ambs  were  given n i n e  weekly  doses  of  i r radi a ted H. 
contortus l a rvae from two weeks of age and then  cha l l enged, there  were  more 

eos inoph i l s  i n  the  abom asum in  vaccinated an ima l s  but  no  apparent  di fference 

i n  H. contortus numbers  ( Sa lm an and Duncan,  1 985)  i n dicat i ng th i s  ce l lu la r  

response  was  not necessar i l y  associated wi th  a protect ive immune  response .  

S ign i ficantly h ighe r  eos inophi l  counts  i n  i n test i n a l  t i ssue deve loped i n  

5 - 10  m onth-o ld  sheep vacci nated against  T. coLubriformis and given e i t her  an  

homo logous o r  mixed fi e l d  cha l l enge compared wi th  previo usly na ive controls 

given a s i m i l a r  chal lenge ( Douch et al. 1 986 ;  Douch,  1 98 9 ) .  I n  con trast ,  Gregg 

et a l. ( 1 978)  fou nd no d i fference in i ntest ina l  eos inophi l  counts betw e e n  9 - 12  

m o nths-o ld  she ep, which had b een  successfu l ly vacc ina ted  w i th  i r ra d i a ted T. 
colubriformis, and naive con trols  fol lowi ng cha l lenge .  Howeve r, a c i rcu lat ing 

eos inoph i l i a  was noted i n  the controls  pr ior  to cha l lenge which sugges t s  that  

some u n re lated s t imulus  was respons ib le  and poss ib ly  masked any effect of the 

paras i te s .  I m m une sheep given a t r ickle i n fection wi th  T. coLubriformis had an  

eos inoph i l i a  fo r the  first  s ix  weeks  which then res ided to normal  l eve l s  for the  

r e m a i n i n g  four  weeks of  the exper iment  (Kimambo et a L. ,  1 988b)  which s u ggests 

eos inoph i l s  had no role i n  the  cont inued res is tance of these  sheep. No t i ssue 

eos inoph i l  counts  were r eported for th i s  exper iment  to see  i f  ci rcu la t ing  levels 

were  r e fl ected in the m ucosa .  An attempt to vacc inate  young l ambs  ( u p  to 1 6  
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weeks-of-age)  agai nst T colubriformis did not resu l t  in a d i ffe rence i n  t i ssue  

e os i noph i l  cou nts between vacci n ated lambs wh ich b ecame res i stant  

( " respo nders") and those that  d i d not  (Douch,  1 98 8) .  S i m i lar ly ,  on ly a weak 

non-s ign i ficant pos i t ive corre la t ion  was found between t i ssue  eos inoph i l  and 

worm counts in "responder" l ambs  which had b een vacc ina ted  and subseq u en tly 

cha l l e nged w i th T. colubriformis (D ineen  et al. , 1 978 ) .  

H igher  c i rculat i n g  eos inoph i l  co unts  fol lowi ng  i n fect ion w i th  T 
c olubriformis h ave been  observed i n  sheep genet ica l ly s e l ected to b e  h igh 

"responders" (Dawki ns et a l. , 1 989 ;  B uddIe et al. , 1 992 ) .  For random-bred 

sheep,  howeve r ,  the co r re la t ion  b etween ci rcu la t i ng eos inoph i l  cou n ts and 

faeca l  egg coun ts i s  less  c lea rcut than  the d ifference b etween  genet ica l ly 

se lec ted  l i n es ( Dawkins  et a l. ,  1 989 ;  Rothwell  et a l. , 1 993 ) .  

I t  i s  i n te rest ing t o  note that h igher  t i ssue eos i noph i l  cou nts have been  

repo rted from goats than from sheep  given the  same  expe r i m en ta l  

t richos t rongy l i d  i n fect ions  (S tan ton ,  1 989 ;  Al-Zub a i dy et a l. , 1 987) . As in  

sheep,  there would seem to b e  a tendency for younger  goats  ( l ess than about 

8-9 m onths  o ld)  not  to develop an  eos inophi l  response  to nematode i n fect ions 

( Fi tzs i mmons ,  1 966 ;  Fitzs i mmons  et  a l. ,  1 96 8 ;  B lackb u rn et a l. ,  1 992 ) .  H owever, 

Rahm a n  and Col l ins  ( 1 990b ) found  T colubriformis i n fect ions  resu l t e d  in an 

eos i noph i l i a  in 3 -4 month-o ld  goats b ut no  di fference was noted  between two 

i n fec t ion  rates .  In  genera l  l i t t l e  wo rk has been  done w i th  goats .  

1 .6 MAST CELLS 

1 .6 . 1  I NTRODU CTION 

M ucosal mastocytos i s  i s  a common seque l  to gastro i n t es t ina l  

n e m atod ias i s .  These ce l l s  are  cons ide red  to be  i m por tan t  as a s o u rce of  

i m m une  medi a tors,  bo th  generated d e  novo a n d  prefo rm ed, wh i ch a re 

poten t i a l ly capable of  contr i b ut ing to the expu l s ion  of  gastro in tes t ina l  

n e m atodes .  The  major  m edi ators which are preformed  and s tored  wi th i n  

cytop lasmic  granules i nc lude h i s tam i ne,  5-hydroxyt ryptam i n e  ( 5 -HT) , 

chondro i t i n  su lphate and  var ious  proteases,  whi l s t  those  generated de novo 

i nc lu d e  Leukot r i ene B4 ( LTB4) , LTC4, pros taglandi n s  and  PAF. Med ia tors wi th 

known o r  potent ia l  act iv i ty aga i ns t  h e l m in ths are cons i de red  in  deta i l  la ter  in  

t h is revi ew. M ast cel l s  a re  a l so known to be able  to s ecrete a va r i e ty of  

cytok in es a l though the i r  ro l e  i s  s t i l l  u nce rta in  (Go rdon et a l. ,  1 990) .  
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Mast cel l s  express h igh-affini ty recepto rs for IgE and low-affin i ty 

receptors  for IgG. Although d i fferen t  m ediators have b e e n  reported to be  

re l eased  fo l lowing b inding  and  crossl i nk ing of  these receptors ,  the  profi le  of  

m ed ia tors i s  cons idered m o r e  i n d icat ive of  the  m ast  ce l l  phenotype ( see  be low) 

than the receptor i nvolved (Caste l l s  et  ai. , 1 992 ) .  An increase i n  IgE receptors 

h a s  b e e n  observed fol lowing i n fect ion of  rats w i th  N brasiliensis ( C h e n  and 

E nerback ,  1 99 2) .  In  addi t i o n  to  these  Ig receptors ,  a var ie ty of  o ther  facto rs 

can  i nduce m ediator re lease  i nc lud ing n e u ropept ides ,  C3a and  C5a comp lement  

com po n ents ,  I L - 1  and several  ce l l -de rived "h i s ta m i n e  re leas ing factors"  ( see  

revi ews by Hunt ley, 1 992 and Si ragan ian ,  1 988 ) .  More recently s tem ce l l  factor ,  

a l i gand  fo r the  c-kit tyros ine  k inase receptor on mast  cel ls ,  has b een  shown to 

be able  to i nduce mediato r re lease  per se as wel l  as  greatly enhanci ng  IgE­

dependent  med iator re lease  ( B i schoff and Dah inden ,  1 99 2 ;  de Pau l i s  et a l. ,  

1 99 2) .  

M ast ce l l s  are der ived from plur ipotent ia l  haemopoiet ic  s tem ce l l s  that  

are located i n  bone marrow (Ki tamura  et  al. ,  1 98 1 ) and  i t  i s  thought that  the  

ce l l s  wh ich seed t issues from the  bone  m arrow are  prob ab ly  progeni t o r  ce l l s  

(Jar re t t  and  Haig, 1 984 ) .  Mast ce l l s  are not ,  however ,  a homogeneous  ce l l ­

type .  

1 .6 . 2  P H E NOTYPIC HETEROGE N EITY 

M axi mow, in 1 905,  (ci ted by Enerback, 1 98 6 )  is cred i ted with t h e  fi rst  

o b s e rvat ion  of  mast  cel l  he te rogene i ty as he  noted that  mast  cel ls  i n  rat 

i nte s t i na l  mucosa d iffered m orphological ly from those occu rr ing e l sewhere .  

Mas t  ce l l s  have usual ly been c lass ified,  part icula rly i n  roden ts,  in to  two main  

catego r i es based on the i r  loca t ion :  mucosal mast ce l l s  (MMCs)  fou n d  i n  the  

m ucosa of  the gastro intes t i nal and  respi ratory t racts, and  con n ective t i s sue  m ast  

ce l l s  ( CTMCs)  found elsewhere  in  the body such as the  sk in  and serosa .  Some 

of  the  pr incipal  features o f  these  i n  rodents  a re s u m m a rised i n  Tab l e  1 .2 .  

Wit h i n  m ucosae ,  MMCs a re usua l ly i n  t h e  lam i n a  propr ia  (Ga l l i ,  1 99 0 ) .  

H owever ,  class ificat ion b ased so le ly on  loca t ion  i s  n o t  en t i rely 

sa t i s factory ,  even i n  rodents  (Aldenb urg and Ene rb eck, 1 98 8 )  and does  not  

s e e m  to  b e  appl icable to  m ast ce l l s  from humans  ( Schwartz,  1 98 9 ) .  
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Mast Cell Cell mast cel ls 

MorphololY Sm all  cells with few Larger cells of uniform 
vari able sized granules ' sh ape and m any 

uniform size granules'  I 

M igratory Yes '  No' 

capaelty 

Proteollycan Chondroitin sulph ate '  Hepari n '  Chondroitin SUlph a te' Heparinu Chondroitin sUlphateU 
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An a l t e rna tive c lass ificat ion ,  based on  the i r  a b i l i ty  to b i n d  cat ion ic  dye s  

such as  t o l u i dine  b lue fol lowi n g  fixa t ion  in  4 %  fo rma lde hyde,  has  b e e n  used i n  

m any s pec ies  i nc luding h u m a n s  (Ene rback e t  af. , i 986 ) ,  s h e e p  ( C h e n  et a Z. ,  

1 990b ) ,  cat t le  ( Chen et al. , 1 990a)  and  pigs (Ash raf  et a l. ,  1 98 8 ) . Mast ce l l s  

which a re  fo rmal in-sens i t ive and lose  the i r  cat ion ic  dye-b i n d i ng ab i l i ty are  

gene ra l ly cons i dered to cor re spond to MMCs and  those  wh ich do not to  

CTMCs .  

1 .6 .3  F I XAT I O N  AND STAI N I N G  

O n e  o f  the  prob lems  for those engaged in  research on  m ast  cel l s  (and  i n  

t u rn  fo r those  revi ewi ng the  l i t e ra ture  on them)  i s  t ha t  they  a re  d ifficul t  to fix  

and s ta in  for i dent i ficat ion  and re l i ab le  cou nt i ng .  The m ost  com mon approach 

to i den t i fy i n g  mast cel ls  is  to  m ake use of  the m etachro m at ic  s t a i n i ng of  t he i r  

cytoplasm i c  granules .  Th is m etachromas ia  depends o n  the  n um b e r  of  fre e  

acid i c  po lyan ion ic  groups of  t h e  proteoglycan a n d  the i r ava i lab i l i ty aft e r  

fixa t ion .  When a bas ic  b l u e  dye b inds t o  these an ion ic  groups i n  clo se  

prox i m i ty ,  aggregation of  the  dye  occurs  w i th  a subsequent  spectra l  sh i ft fro m  

b l u e  to  purp le  (Askenase,  1 980 ) .  

However,  t he  level  o f  s t a i n i ng of MMCs achieved,  and  the  ease  wi th  

wh ich they can be  i den t ified,  i s  very dependent  on  the fixat ive  used .  For rat  

t i ssues ,  E n e rback ( 1 966 )  chose i soton ic  fo rmaldehyde acet ic  ac id ( IFAA) as t h e  

prefe r red  m ast  cel l  fixative and  proposed i t  a s  an a l terna tive to Carnoy 's  fl u i d .  

I t  w a s  shown t o  be super ior  to  4 %  formaldehyde,  var ious  concentrat ions o f  

e thano l  and  Bouin ' s  fl u i d .  He fo und both  Carnoy ' s  flu id  and  bas ic  lead acetate  

a l lowed some m etach romat ic  s t a i n i ng a l though the  s ta i n i ng t ime he used was 

on ly  4 m i nu t e s .  Sub sequent ly ,  Enerb ack ( 1 986)  showed that  t i ssue preservat ion  

i s  adequa te  i f  fixation t ime  i n  I FAA i s  restr icted to 12  to  24  hou rs ,  fol lowed by  

t ransfe r  to  70% ethanol  for 1 2  hours b e fo re paraffin emb e dding and  process ing .  

The u ptake of  to lu id ine  b l u e  afte r  a ldehyde fixat ion  can b e  im proved by  

pro longed s ta in ing  (e .g .  5 to 7 days)  a t  a very low pH ( Ene rb ack and Wi ngren 

1 980 ) .  The a b i l i ty of  to lu id ine  b l u e  to sta in CTMC was shown to b e  l a rg e ly 

u n a ffected by the  choice of  fixative (Enerb ack, 1 9 6 6 ) .  

S ince 1 966,  t h e  m ajor i ty  of  au thors have u s e d  Carnoy 's  flu id  whe n  

coun t i ng i n tes t inal m ast  cel ls  i n  rodents  (Mi l l e r  e t  al. , 1 98 1 ;  M ur ray e t  a l. ,  

1 96 8 ) .  More  recent ly,  4 %  paraforma ldehyde has b een used b ecause  i t  i s  as 

sa t i s factory as  Carnoy's flu id  and a l so a l lows s ta in ing  for eos inophi l s  a n d  
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i m m unocytoch e m i stry fo r rat  mast ce l l  prote i nase II (RMCP II  ) (N ewlands et 

a l. 1 984 ) .  

I n  r u m i n ants ,  corrosive for m a l i n  ( = sub l i m ate forma l )  has  b e e n  used b y  

s evera l  workers  wish ing t o  count  MMCs ( M i l l e r  et al. ,  1 967 :  M u r ray e t  a I. , 1 96 8 ;  

D ineen  and  W i n don 1 980a) a n d  l e a d  acetate  by others  ( Gregg et a I. , 1 97 8 ;  

O 'Su l l ivan a n d  Donald,  1 97 3 ) .  Corros ive  fo rmal in  i s  cons i dered  a super io r  

fixative fo r achieving b ri l l i an t  s ta i n i n g  w i t h  acid dye s  a n d  enhanced 

m etach romas ia  (Dru ry and Wal l ington ,  1 96 7 ) .  IFAA has  a l so b e e n  used fo r 

count ing  MMCs i n  sheep and cat t l e  ( Ch e n  et aI. ,  1 990a, 1 990b ) a l though i t  

resu l ts  i n  poo r overal l  fixat ion  ( M i l l e r  e t  aI. ,  1 967 :  M urray e t  al. , 1 96 8 ) .  A s  i n  

rodents ,  4 %  parafo rma ldehyde h a s  b ee n  used more  r ecent ly  t o  a l low 

comco m i ta n t  s ta in ing  of MMCs wi th  to lu i di n e  b lue  and i m m unocytochemis t ry 

for sheep m as t  cel l  prote i n ase (SMCP)  ( Huntley et al. , 1 992 ) .  

I m m unocytochemica l  i den t i fica t ion  o f  mast  ce l l s  u s i ng m onoclon a l  

an t ibod ies  to specific proteases h a s  resu l ted  i n  m o r e  MMCs b e i ng i dent ified  i n  

h u m an (Wal l s  e t  al. , 1 990 ) a n d  m ouse t i ssues  (Mi l l e r  unpub l i shed, c i ted by  

Rothwel l  1 98 9 )  than  by  o the r  procedures .  Howeve r, i n  sheep  s l igh t ly h igher  

MMC counts  were  achi eved wi th  to lu id ine  b lue  than  w i th  a m onoclona l  

an t ibody to S M CP a l though the  s tat i s t ica l  s ign i ficance of  th i s  d i fference was  

not  i nd ica ted  (Hunt ley et  a l. , 1 992 ) .  

1 .6.4 M A S T  C E LL PROLIFERATI O N  A N D  D I FFERENTIAT I O N  

I t  has  b een demonstrated tha t  rodent-derived MMC popula t ions  a re 

sens i t ive in vitro to  growth factor/s from T cel l s  wh ich were  subsequently 

i den t ified  as  I L -3 potent ia l ly  augm ented  w i th IL-4 (Schrader  et a l. , 1 98 1 ;  Razi n  

e t  al. , 1 98 1 ;  Tert ian  e t  al. , 1 98 1 ;  I h l e  e t  a l. ,  1 983 ;  Schrader ,  1 98 6 ;  Ha ig  et a l. , 

1 982 ;  H a maguchi  et al. , 1 987) .  Exper i m ents  i n  rats i n fect e d  w i th  nematodes 

a lso suggest  that  the MMC response  wh ich usual ly  occurs is  T cel l  med ia ted  

(Mayrhofe r  and F isher ,  1 979 ;  Ru i tenbe rg and Elge rsma,  1 97 6 ) ,  a t  l e ast  part ly ,  

th rough the  ac t ion  of  IL-3  (Abe and  Nawa, 1 988 ) .  

O n  the  o ther  hand, CTMCs exh i b i t  no apparent  dependence on  T cel l s  

in  vivo (Ru i tenberg and Elgersm a,  1 97 6 ;  Mayrhofe r  and F i she r, 1 979 ) .  The 

presence of fib roblasts appears cr i t ica l  fo r the deve lopment  of  CTMCs in vitro ,  

at  l eas t  for m ouse-derived ce l l s  ( Levi -Sch affer et al. ,  1 986 ;  D ayton  et al . ,  1 988 ;  

Ja rboe  et a l . ,  1 98 9 ) .  The  fi b rob l ast -de rived factor respons ib l e  awa i ts 

iden t ifica t ion  ( Gal l i ,  1 990) bu t  i s  known not  to b e  I L -3 or  I L -4 (Jarboe et al. , 
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1 989 ) .  I t  has  not been  poss ib l e  to demonst ra te  th i s  dependence i n  rat syste m s  

( B ro i de e t  a!. ,  1 989 ) . 

A compl icat ion i s  t hat d ifferent ia t ion  o f  m ast ce l l s  i s  a ffected  by t h e  

m icroenv i ronmental  condi t ions  i n  which they a re  fo und .  C e l l s  w i t h  M M C  

character i s t i cs a r e  capab l e  o f  t ransforming to  those w i t h  CTMC character i s t i cs 

and  vice versa (Kanakura  et a!. ,  1 988 ;  Kob ayash i  et af. , 1 986 ;  Sonoda et a l. , 

1 98 6 ) .  

M o re recently s t e m  cel l  factor h a s  b een shown t o  b e  essent ia l  fo r mas t  

ce l l  deve lopment  (Ga l l i  e t  al. , 1 99 2 ) .  

There  is  some co nt rove rsy as to whe ther  o r  not  ma tu re  m ast ce l l s  a r e  

capab le  o f  divis ion ( G a l l i  e t  af. , 1 982 ;  Ham aguchi et al. , 1 987;  Kanakura e t  a l. , 

1 98 8 ) .  M i l l e r  and Jar ret t  ( 1 97 1 )  reported both  m a t u ring  and fu l ly granu la ted  

MMCs in  ra t s  i n  m i tos is  1 0  to 1 4  days aft e r  an i n fect ion wi th  N. brasiliensis 

coinc id ing wi th  rapid expans ion of MMC n u m b e rs and expUls io n  of wo rms .  

Howeve r ,  i t  i s  poss ib le  that  these  "m itot ic" ce l l s  were  con fused wi th  r e fo rm i ng 

m ast  ce l l s .  Fol lowi ng  degranulat ion ,  m ast ce l l s  b ecome consi de rably s m a l l e r  

a n d  u n d e rgo nuclear  and  cytoplasmic  b lastogenes i s  w h e r e  nuclea r ch rom a t i n  

b ecomes  completely condensed .  After  granu l es have refo rmed,  t h e  n ucl ear  s i ze  

i n creases  and chrom at in  d isperses  (Dvorak, 1 98 9 ) .  

1 .6.5  T E M P O RAL R E LATI O N S H I P S  B ETWE E N  MASTOCYT O S I S  A N D  

N EM AT O D E  I NFECTI O N S  

Mastocytos is  i s  cla i m ed to be  a lmost i nvar i ab ly p rovoked by n e m atode 

p a ras i t i sm (Mi l l er ,  1 98 4 ) .  Infect ion o f  rodents  wi th  N. brasiliensis ,  T. spiralis 

a n d  T. muris genera l ly resu l ts in ea rly expu ls ion  o f  a pr imary i n fect i o n  and  

rap id  expu ls ion of  a chal l enge i n fect ion ( Lloyd and  Soulsby,  1 987 ) .  The 

t e m po ra l  re lat ionsh ips  b e twe en mastocytosis  and  expuls ion of  these nem atodes 

from rodents  vary accord ing to d iffe rent  expe r i m enters with peak n u m b e rs 

b e ing  present  before ,  coinc id ing wi th ,  or  a fte r  nematode expuls ion (Ke l l e r ,  

1 97 1 ;  Kel ly  and Ogi lvie ,  1 972;  Nawa and M i l l e r , 1 979 ;  Ja rrett  e t  al. , 1 96 7 ;  

Alizadeh a n d  Wakel i n ,  1 982 ;  Tronch i n  et af. , 1 97 9 ;  B rown e t  af. , 1 9 8 1 ;  Lee and  

Wake l in ,  1 982) .  For N. brasiliensis i n  rats ,  th i s  t e m po ra l  re la t ionsh ip  h as a l so  

b een  obse rved to vary wi th  d i e t  ( Wel ls ,  1 962, 1 36 8 )  a n d  lactat ional  s tatus  (Ke l ly 

a n d  Ogi lvi e ,  1 97 2 ) .  
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I n  s tud ies  wi th  m ast ce l l -deficient  W/W' m ice, which lack fu ncti ona l ly 

norma l  c-kit receptors on ce l l s  i n  the  mast cel l  l i neage (Ga l l i  et ai. , 1 992 ) ,  i t  

h as been  shown that expu ls ion  of  a p ri m a ry N. brasiliensis i n fect ion i s  de layed 

( Crowle and Reed,  1 98 1 ;  Mi tche l l  et al. , 1 983 )  a l though these m i ce a re  as  

r e fracto ry as  contro l s  to second  and th i rd  i nfect ions  ( C rowle and  Reed ( 1 9 8 1 ) .  

Recons t i tu t ion  o f  the i r  m ast  ce l l  p recurso rs wi th  bone  m arrow o r  sp leen  ce l l s  

s t i l l  resu l ted i n  a de layed expu ls ion o f  a p r imary i n fecti on  ( C rowle ,  1 983 ) .  

A de layed expu ls ion  of  adu l t  worms was  a l so  demonstrated when  W/ W' 
m ice were i n fected wi th  T. spiralis (Kam iya et al. , 1 98 3 ;  H a  et a l. , 1 98 3 ;  

Al izadeh a n d  Murre l l ,  1 984 ;  O k u  e t  a l . ,  1 984 )  o r  Strongyloides ratti (Nawa e t  a l. , 

1 985 ) .  Howeve r ,  un l i ke  the  s i tuat ion  obs e rved wi th  N. brasiliensis i n fect ions ,  

the  expUls ion of  a second i n fection o f  T. spiralis was a lso de layed (Al i zadeh and  

M urre l l ,  1 984 ) and expu l s ion  o f  T. spiralis and  S .  ra tti was  as rapi d as  i n  norma l  

m ice fol lowing r econst i tu t ion  w i th  bone  m a rrow from congenic  m ice ( H a  e t  a I. , 

1 98 3 ;  Oku et ai. , 1 984 ; Nawa et al. , 1 985) . The reason for the  d i fference i n  

response b etween these two nem atodes and  N. brasiliensis i s  n o t  c lear  b u t  

suggests that  contro l  m echan i sms  may vary b etwee n  host-paras i te  systems .  

In  contrast  to  i n fect ion o f  mice  wi th  N. brasiliensis, T. spira/is and T. 
m uris, pr im a ry i n fect ions  o f  Heligmosomoides polygyrus i n  m ice are  ch ronica l ly 

m ai nta ined  for from 4 weeks to 8 m onths ,  w i th  subsequent  cha l lenges  b e i ng 

expe l led  a t  var ious t imes  a fte r  re in fect ion depen ding on  the  host 's  genotype 

( revi ewed by Mon roy and Enri q u ez,  1 992 ) .  As such, this  host-paras i te  

re la t ionsh ip  more c lose ly resem bles  t r ichostrongy l id  i n fect ions  of  rum inants 

than i n fect ion o f  rodents  with nem atodes s uch as T. spiralis and N. brasiliensis .  

D ur ing  a pr im ary i n fect ion o f  H. polygyrus,  there i s  a non-speci fic suppress ion 

of  mucosa l  mastocytos is  which i s  att r ib uted to lymphocyte suppress ion ( D eh lawi 

et a i. , 1 98 7 ) .  Mo reove r ,  eventua l  expu l s ion  of a pr imary i n fect ion  i s  no t  

associ ated wi th  a mastocytos is  (Deh lawi e t  a l. , 1 98 7 ) .  I n  secondary i n fections ,  

a mastocytos is  i s  seen b u t  on ly around developing l a rvae i n  the m ucosa (Adam s  

a n d  Monroy unpub l i shed  c i ted b y  Monroy a n d  Enr iquez,  1 992 ;  D eh lawi  

u npub l i shed  c i ted by Deh lawi et al. , 1 987) .  

Cons idered together ,  a l l  these s tudies  suggest  that MMCs a ppea r  to have 

some role in paras i te  expuls ion but c learly o ther  effector  m echan isms ,  

i n dependent  o f  mast  ce l l s ,  ex i s t  wh ich  are a l so  capab le  o f  expel l ing  i ntesti n a l  

n e m atodes .  
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1 .6.6  M A S T  C E LL PROTEASE R E LEASE 

Release of  proteases from rodent  MMCs has b een observed to coinci de 

w i th  wo rm expu ls ion and m ay b e  a bet ter  i n d icator of  MMC activity than 

changes i n  ce l l  numbers  (Mi l ler  et  aI. , 1 986 ;  M i l l e r  et  al. , 1 983b ;  Woodb u ry et  

a i. ,  1 984; Newlands et  aI. , 1 987; Hunt ley et  a l. , 1 990 ) .  

Mast  ce l l  proteases tend  t o  b e  speci fic for the  species concerned,  and  t h e  

t y p e  o f  c e l l .  For rodents  these are  shown i n  Tab l e  1 .2 .  These specific 

character i s t ics have b een  used to d is t ingu i sh  CTMCs from MMCs and to 

mon i tor  MMC activi ty .  

Sheep mast  cel l  protease (SMCP) has b e en i so la ted  from ovi ne  MMCs 

and  i s  equ iva lent  to  RMCP II o f  ra ts  (Hunt ley et aI. , 1 98 6 ) .  This  enzyme has  

b ee n  detected i n  the  sera  and gastr ic  m ucus of  sheep  i m m une  to H. contortus 

a n d  i n  gastr ic  lym ph of sheep i m m u n e  to O. circumcin cta fol lowing  homologous 

cha l l enges  ( H u nt ley et aI. , 1 987, 1 992 ) .  Th i s  suggests that  a re lease of SMCP 

occu rs  in  response to the  presence of the  paras i te  a n alogous to that  reported 

from rodents .  

The funct ion of  these proteases  i s  not  c lear .  An i ncreased perm eab i l i ty 

o f  i ntes t i na l  mucosa has  been shown to be  h igh ly corre lated wi th  c i rcu la t i ng  

l eve l s  o f  RMCP II ( King  and Mi l l e r ,  1 984)  and  th i s  protease has  a lso been  

reported to b e  effective i n  re leas ing ep ithe l i a l  ce l l s  from in tes t ina l  s l i ces  in 

vitro ( Woodb u ry ,  unpubl i sh ed, c i ted by King and M i l l e r ,  1 984 ) .  King and  M i l l e r  

sugges ted  that  t h e  i ncreased permeab i l i ty m ay b e  d u e  t o  t h e  proteolyt i c  activi ty 

of  RMCP II  on  Type IV col l agen of  ep i the l ia l  basement  m em b ra n e .  H owever ,  

th i s  hypothes i s  i s  based on the  ab i l i ty o f  m ast ce l l  prote i n ase recovered  from 

rat  s ke le ta l  m uscle,  which was  presumab ly rat  m ast ce l l  prote inase  I ( RMCP I )  

from CTMCs, to cleave Type I V  co l lagen ( Sage et al. , 1 979) .  As t h e re a re 

s ubs t rate d ifferences be tween RMCP I and  I I  ( Yoshida et aI. , 1 980) th i s  

hypothes i s  r ema in s  to b e  proved. RMCP I I  has  a l so been  observed to degrade 

co l lagenous  components  of  nem atode cut i cl e  ( McKean and Pr i tchard, 1 98 9 )  

suggest i ng  i t  m i ght have som e  role i n  damaging worms in vivo . 
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1 . 7  G L O B ULE LEU KOCYTES 

1 . 7 .1  I NT R O D U CT I ON 

The fir s t  ful l  descr ipt ion o f  g lobu l e  l eukocytes ( GLs )  was probab ly that  

by  Wei l l  in  1 9 1 9  i n  the  t i ssues  of  dogs ,  cats ,  m ice, rab b i ts and  gu inea  pigs 

(c i ted  by Gregory 1 979 ) .  Tal i a fe rro and Sar les  ( 1 93 9 )  were the  fi rst  to report 

the associ a t ion  of  GLs and paras i t ic  i n fect ions  (Grego ry, 1 97 9 ) .  The i r  presence 

has  subsequen t ly been associ a ted  wi th n e m atode,  t r em atode,  cestode and 

protozoal  i n fect ions i n  a var i ety  of  an imals  (P ierce et a l. ,  1 96 2 ;  Whur, 1 966 ;  

M i l l e r  et al. , 1 967) . Globu l e  l e u kocytes were fi rst descr ibed  from the  goat  by 

H i l l  ( 1 9 5 1 ) .  

Although Somm ervi l le  ( 1 95 6 )  found n o  corre la t ion  b etween  the  loca t ion  

o f  GLs  and  nematodes i n  the  gastro in tes t ina l  t ract o f  sheep ,  o the rs have don e 

so i n  both  rodents and sheep ( Wh u r, 1 966 ;  MacDona ld  et aI. , 1 980;  Dob son,  

1 96 6 ) .  Glob u le  l eukocytes are  character i s t ica l ly fou n d  w i th in  the  epi the l i um 

o f  m ucous su r faces (Mi l l e r  e t  al. , 1 967 ) .  In  the  i n te s t i ne ,  GLs have been  

repor ted  to be  e i ther  concent ra ted  i n  the  m ucosa over  Peyer 's  patches ( Grego ry 

a n d  Nolan ,  1 9 8 1 )  o r  consp icuous ly absent  from th i s  locati o n  (Brown et a l. , 

1 9 8 1 ) .  

1 . 7 . 2  M OR P H O LOGY 

The pri ncipal hi stological  characteri st ic  of GLs is t h e  l a rge aci doph i l ic  

g ranu le s  found wi th in  th e i r  cytoplasm (Murray et  a l. , 1 96 8 ) .  I n  cat t le  and 

s h eep ,  these  granu l es frequent ly i n dent  the  nucleus  ( M urray et al. , 1 96 8 )  which 

i s  l a t era l ly p laced wi th in  t h e  ce l l  (Hunt l ey et al. , 1 98 4 ) .  The s ize o f  the 

g r a nu le s  var i es b etween species  b ut they are genera l ly l a rger  than those in 

M M Cs ( M u rray et aI. , 1 96 8 ) .  

1 . 7.3 D E RIVATI ON 

U l t ras tructura l  exa m inat ion  and h i stochemi s t ry h ave b een used to 

demons t ra te  the de r iva t i on  of GLs from MMCs in rats ,  cattl e  and sheep 

(Ja r re t t  et a I. ,  1 967;  M i l l e r  et a I. , 1 967,  Mur ray et aI. , 1 96 8 ) .  These  au tho rs 

descr i b e d  a spectrum o f  ce l l s  which ranged from typical  MMCs through 

t rans i t iona l  cel l  types to  ma tu re GLs. Trans i t iona l  cel ls conta ined  a m ixture 

of g ranu le types which were u l t rast ructural ly ind i s t ingu i shab le  from those of 



30 

e i ther  M M Cs or GLs . I t  was hypothes i sed  that  MMCs d i scharged amines 

dur ing  t rans i t i on ,  with an accompanying a l terat ion i n  the  re la t ionsh ip  between 

aci d mucopolysacch ar ide and the b as ic  protein of  the  granu les ,  with the  resu l t  

tha t  cytop lasmic  granu les  of  GLs show an  affini ty for ac id  dyes such as  eos i n .  

I n  addi t i on  granu les fused dur ing t rans i t ion  b ecom i ng la rge r .  T h u s  GLs were  

cons idered  to b e, i n  effect,  part i a l ly d ischarged MMCs ( M i l l e r  and Jarrett ,  

1 97 1 ) . H u n t l ey et a f. ( 1 984)  con fi r m e d  these ear l i e r  find ings by  i so lat i ng 

MMCs,  GLs a n d  transi t iona l  ce l l s  from sheep i n fected wi th  O. circumcincta , 

clearly demons t rat ing that they a l l  sha red s im i l a r  g ra n u l e  and  su rface 

propert i e s .  The gradation of  cel l  types b etween MMCs and GLs was very 

obvious i n  these  i so lated cel ls  w i th  the  propo rt ion  of  t rans i t i ona l  ce l l s  

rema in ing  re la t ive ly constant  at approx imate ly 3 1 : to  44% o f  the  tota l  

popu lat i o n  o f  a l l  mast ce l l  types .  In teres t ingly, i n  a contro l  group n atu ra l ly 

i n fected on pasture ,  on ly MMCs a n d  t rans i tiona l  cel l s  b u t  no GLs were  seen .  

The de tection of  RMCP II  i n  both  MMCs and GLs  bu t  not  i n  CTMCs 

(Mi l l e r  et a f. , 1 986) is fu r ther  convinc ing evidence that  GLs are  der ived from 

MMCs.  

Neverthe l ess, as l a te  as 1 982 the  re lat ionsh ip between MMCs and GLs 

was s t i l l  cons i dered specu lat ive by at leas t  some workers ( L e e  a n d  Wake l in ,  

1 982) .  The  observat ion of  m i toses  i n  MMCs and  GLs  i n  paras i te - induced 

m astocy tos i s  in roden ts (Mi l l e r  and Ja rret t ,  1 97 1 ;  Rui t enb e rg and Elgersma 

1 979 ;  Tronch i n  e t  al. , 1 979)  and  two reports o f  GL neoplasms i n  a cat (F inn  

and  Schwartz,  1 972;  Honor  e t  af. , 1 98 6 )  suggest tha t  GLs are  no t  end-stage 

derivat ives  of MMCs . However ,  the re  are no reports o f  GLs be ing  cu l tu red  and 

m ost au thors now accept that they a re e nd-stage cel ls ,  the  funct ions  of  which 

have ye t  to b e  di scove red .  

1 . 7.4 A S S O CI ATI O N  O F  GLOB ULE LEUKO CYTE S WITH M A S T  CELLS I N  

THE R E S P O N S E  TO N EMATO D E S  

C= 
I n  mos t  repo rts i nvolving rodents ,  GLs have been  inc luded  w i th  MMCs 

in  mas t  ce l l  counts and they have b een found to compr ise  the  m ajor i ty of  m as t  

ce l l s  i n  m ice i n fected with T muris (Lee  and Wake l in ,  1 982 )  and  T spiralis 

( Brown et al. , 1981 ) .  In rats infected wi th  N. brasiliensis, GLs were  observed 

to  i ncrease  in para l l e l  with MMCs but were fewer in n u m b e r  (Jar ret t  et  al. , 

1 968 ;  M acDonald et af. , 1 980) whe reas i n  s im i l a rly i n fected m i ce no  increase 

in  GLs occurred  (Mi tchel l  et  al. , 1 983 ) .  



31  

Sommerv i l l e  ( 1 95 6 )  noted the  associa t ion  o f  GLs with ch ron ic  n e m a tode 

paras i t i sm i n  sheep and  postu lated a causal  re la t ionsh ip .  Subseq u e n t  s tud ies  

h ave demonst rated a posi t ive re la t ionsh ip  b etwee n  the  presence of  GLs a n d  the  

i m mu n e  response  of  sheep to T coZubriform is ( Gregg et  aZ. , 1 978 ;  Douch et a I. ,  

1 986 ;  Douch , 1 988 ;  Douch, 1 989 ;  D i n e e n  and Wi ndon ,  1 980a)  and 

Oesophagostomum coZumbianum (Dobson ,  1 96 6 ) .  

I n  con t rast, M M C  counts have genera l ly fa i l ed  t o  co rre la te  wi th  t h e  T 
coZubriformis b urdens o r  the  i m m u n e  s ta tus  of  sheep  (Douch,  1 98 8 ;  Douch et 

a Z. ,  1 986 ;  Gregg et a Z. ,  1 978) .  

Mi l l e r  and  Jarret t  ( 1 97 1 )  proposed tha t  the  propo rt ion  o f  G Ls present  

i s  a n  i n dicatio n  o f  t h e  extent o f  mas t  ce l l  d i scharge that  has  occu r red .  

O ' S u l l ivan and Dona ld  ( 1 973 )  fu r ther  suggested tha t  l a rge n u mbers  o f  GLs  i n  

sheep  are  associ ated wi th  a n  active host response and not  m e re ly the  presence 

o f  n e m atodes .  However ,  l a rge numb ers o f  MMCs and GLs are  not  r equ i red  for 

a n  e ffective i m m un e  response aga ins t  H. contortus (Hu nt ley et a I. , 1 99 2 ) .  

L i t t le  h a s  b e e n  pub l i shed on  GLs i n  goats .  They were found to  b e  m ore  

n u m e rous  i n  da i ry goats  than i n  Mer ino sheep exposed to s i m i l a r  i nfecti o n  

reg i m es b u t  t h e r e  w a s  no  c learcut associa t ion  w i t h  worm b urden ( S tanton ,  

1 98 9 ) .  

A funct ional role for GLs h a s  yet to b e  found even though t h e y  a r e  i n  

a n  i dea l  locat ion  t o  re lease  m ediators i n t o  t h e  l u m en of  t h e  gut .  

Having now considered the various cells involved in the immune response, the 

following sections will consider immune mediators and their role or potential role in 

the response to gastrointestinal nematodes. 

1 .8 T H E  LEUKOTR I E N E S  

1 .8 . 1  I NTRODUCTI O N  

The  su lph i dopept i de l eukotr i enes  C4 ( LTC4) , D4 (LTD4) and E4 ( LTE4) 

a re  t h e  com ponen ts of what was or ig inal ly descr ib e d  as s low react ing  subs tance 

o f  anaphylaxis  (SRS-A) ( Moqbe l  and  MacDona ld, 1 990 ) .  These  

su lph idopept ide l eukot r i enes  ( LTs ) are der ived from a rachi donic  ac id by t h e  
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5- l i poxygen ase pathway ( see Fig 1 . 1 ) . The  re levant  enzym e s  ( 5 - l i poxygenase 

and LTC.  synthase)  for this  pathway and he nce p rod�ct ion o f  LTC., are fo u n d  

i n  a var i ety of ce l l  types a n d  t i ssues includi ng m ast  cel ls ,  eos i nophi ls ,  basoph i l s ,  

monocytes ,  macrophages, bra in ,  rena l  g lo m e r u l i ,  t rachea l  e pi the l i u m  and 

myoca rd ium (see Hansen  1 98 9 ) .  In  the  he l m i n th - i n fected gast ro in tes t i na l  t ract ,  

the m ost l i kely sources are MMCs and eosi noph i l s  (Moqbel and M acDo nald ,  

1 99 0 ) .  

LTI. LTC. 
,-GlIt.myt-Tf,nspeptidaN + 

~ 

F i g u re 1 . 1 .  The 5- l ipoxygenase pathway of  leukotr iene  synthes is  ( from Lam a n d  

Austen,  1 992 ) .  
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1 .8 . 2  B I O LO GI CAL ACTIVITY 

L eukotr ienes are  not s tored preformed i n  granu l es but ra ther  are 

p ro duced de novo and re leased  (Moqbel  and MacDona ld ,  1 990 ; Jones  et af. , 

1 99 0 ) .  The s t imulus  fo r ce l l s  to  produce and re l ease LTs has  on ly been  

i nves t igated in  a few ins tances and  a lthough not  genera l l y  understood, i t  i s  

accepted  t h e y  a r e  produced a ft e r  t ransm embrane  s ign a l l i n g  o r  perturbat ion 

(Moqbe l  and  MacDona ld ,  1 990)  and can i nvo lve an t ibody-cel l  i n t e ract ions 

(Razin et al. , 1 983 ;  Heavey et  a I. , 1 988 ;  Rankin et aI. , 1 982 ;  Rouzer et  al. , 1 982 ;  

S h aw et aI. , 1 985 ) .  Leukot r i ene  C4 appears  to b e  the  dom i n a n t  leukotr i ene  p ro­

duced, at least i ni t ia l ly ,  by  var ious  cel ls  (Jakschik  and Kuo, 1 984 ; Kri l is  et af. ,  

1 98 3 ;  Moqbe l  et al. , 1 986 ;  Moqbel  et al. , 1 987 ) .  

The LTs a re  capab le  of  i nducing con t ract ion  of  a var ie ty of  smooth 

m u scle  preparat ions such as gu i nea  pig i l eum and i so la ted  a i rway smooth 

m usc le  ( Pipe r, 1 984 ) both of  which are  sens i t ive  to p icomo la r  concen t rat ions .  

L e ukotr i ene  b inding appea rs to be  specific, i nvolving saturab le  receptors which 

v a ry i n  densi ty and dist r ib u tion  wi th  the  species and ce l l  type i nvolved (Hansen ,  

1 98 9 ;  Ford-Hutch inson ,  1 98 3 ;  Bi sgaid et  a l. , 1 98 2 ;  P iper, 1 984) .  

P h armaco logical  act ivity var ies  b etween LTs . I n  te rms  o f  spasmogenic  act ivi ty, 

LTD 4  is genera l ly the m ost  potent  and LTE4 the leas t  potent  but these 

d ifferences vary depending on t i s sue  and speci es  (Kr i l i s  et a l. , 1 983 ;  B u rke  et  

a l. , 1 98 2 ;  Dah len  et  aI. ,  1 980;  Hanna  et al. ,  1 9 8 1 ;  rev iewed by Samhoun and 

Pi p e r, 1 98 6 ) .  

Wi th in  t h e  host ,  LTs m ay a lso cont ribute  t o  the  i n fl a mmatory response 

by i nfl ue ncing vascu lar  permeab i l i ty as they have b ee n  shown to be  ab le  to 

augm e n t  vascu la r  permeab i l i ty in gu inea  pig sk in  ( D razen et aI, 1 980) ,  human 

sk in  (So te r  e t  a I ,  1 983 ) and  hamster  bucca l mucosa (Dah len  e t  a I ,  1 981 ) .  They 

have a l so  been noted, in conjunct ion with hydroxye icosate tranoic  aci ds, to 

e n h a nce the  product ion o f  m ucus from goblet  cel ls  ( Moqb e l  and  MacDonald ,  

1 990)  wh ich i s  a wel l -described  host  response to the  presence o f  nem atodes 

( s e e  S ect ion 1 . 1 2 ) .  

1 .8 .3 ANTI-NE MATODE A CTIVITY 

Do uch et al. ( 1 983 ) described  an  assay of  an t i  paras i te  act ivi ty which 

m easu red  the ab i l i ty o f  exsheathed  t r ichostrongy l id  l a rvae to  m igrate out  of an 

agar gel  in which various  test  sub stances were i nc luded .  In sheep con s i de red 
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to  b e  dem ons t rating an effective im m u n e  response  (ju dged by low faecal egg 

cou n ts in the  face of a natu ra l  cha l l e nge) ,  they s howe d  tha t  m ucus from the  

a b o m as u m  and  smal l  in testine was capab le  of  l a rval  migration inhibition ( LM I )  

whilst  m u cus  from sheep considered to b e  showing a poor im m u n e  response  

(ju dged by  high faecal egg counts  in  the  face of  a nat u ra l  cha l lenge)  o r  sheep 

raised he lminth-free demonstrated o n ly s light LMI activity . Components  of  

SRS-A were  considered to b e  giving rise to this LMI activity . I n  a fu r ther  

s tudy,  Do uch e t  at. ( 1 98 6 )  found that  high LMI l evels  were  a lways associa ted 

with  high GL and eosinophil counts  b ut high GL counts  were  som etim es 

associa ted  with low LMI and  eosinophil counts .  I n terestingly, MMC numb e rs 

were  no t  re la ted  to LMI activity . 

Kim ambo and MacRae  ( 1 988)  confirmed t h e  exis tence of  LMI activity 

o f  s m a l l  intestinal m ucus fro m  imm u n e  sheep chal lenged with T. colubriformis 

a n d  a lso  found  that abomasa l  m ucus from these same anima l s  had significant 

LMI activity .  In  addition ,  they extended the use of this techniq ue to 

d e mons t ra te  that  il eal  conten t s  as  wel l  as  m ucus had LMI activity a l though 

Douch et a l. ( 1 983) had previous ly  demonstrated some LMI activity in faeces .  

A l though Douch et  a l. ( 1 983 ) o rigina l ly suggested that  SRS-A was 

responsib l e  for LMI activity , G ray et a l. ( 1 992)  reported  no diffe rence in LMI 

activity o f  in testinal m ucus b etween  genetica lly resis tant  and  s usceptib l e  sheep 

a l though they did find the  resistant  lambs  had higher  levels  of  

su lphido leu kot rienes in in testina l  m ucus .  One possib l e  explan ation is  that  a 

substan tia l proportion of the  LTs assayed were LTE4 and thus  had limited 

spasmogenic activity in the LMI assay .  

An in t e resting question is  whether  o r  not  LTs have a n  effect against 

n e m atodes  in vivo . It is known that  the effect o f  the  im m u n e  response on  

n e m atode l a rvae is a t  l east pa rt ly reversib le .  Rothwel l  ( 1 989 )  reviewed the  

exte n sive l it erature on  worm expu l sion from the  gas t roin tes tinal t ract and  

conc luded  tha t  the expulsio n process did no t  appear to invo lve irreversib le 

d a m age to  worms.  Active l a rvae have been recovered fro m  the  faeces of  

im m un e  sheep (Chiejina and Sewe l l ,  1 974b) and a t  l e ast  some of the  la rvae 

recovered  from the caecum o f  a resis tant  sheep estab l ished when given to  a 

susceptib l e  sheep (E l liot ,  1 98 1 ) .  Similarly,  adu l t  T. spiralis and S. ra tti 

recovered  d u ring the expu l sion phase  successfu l ly  re-estab lished fol lowing 

transpla nta tion into naive hosts  (Kennedy and B ruce , 1 98 1 ;  Moqbel  et a I. ,  

1 9 8 0 ) .  Binding of LTC4 reaches an  e quilib rium ,  is sa turab le  and  reve rsib le  ( see  

L ewis a n d  Austen ,  1 98 8 ) ;  nem atodes could, therefore ,  conceivab ly recover  from 



3 5  

t h e i r  effect when rem oved  from t h e  sou rce.  Cons i s ten t  with t h e  a rgument  tha t  

pa ra lys is  by  LTs i s  an  e ffector m echanism in  express ion of  res i s tance to 

n e m atodes ,  i s  the observat ion that  i ngest io n  o f  dy'e by N. brasiliensis, which 

requ i res m uscular activi ty ,  decl ined with paras i te  age in vivo bu t  not in vitro 

( B ot tj e r  and  Bone, 1 9 85a ,  1 985b)  suggest ing the  developing i m m u n e  response 

was  affect ing  m uscu la r  act iv i ty .  However,  i t  was a l so  suggested  by  th is  same  

group o f  researchers ,  tha t  th i s  reduced feed ing  cou ld a l so b e  caused  b y  

a nt ibody (Bottjer  e t  a I. , 1 985 ) .  

1 . 9 B I O G E N I C  AM I N E S  - H I STA M I N E  A N D  S -HYDR OXYTRYPTA M I N E  ( 5 -

H T )  

As MMC num b e rs i ncrease so do t i ssue h i sta m i n e  leve l s  b ecause ,  in  most  

a n i m al s ,  i t  i s  essent i a l ly o n ly found i n  MMC granu les  a l though i n  rodents  a 

s u b stant ia l  proport ion of  s tored h i s tamine  i s  a lso found i n  en te rochromaffin­

l i ke  ce l l s  i n  the m ucosa ( Chuang e t  a l . ,  1 992 ) .  5 -HT i s  found pr imar i ly i n  

e nt e rochrom affin ce l l s  i n  the  gastro in test in a l  t ract and  i n  rodents  i t  i s  a l so 

fou n d  i n  mast  cel ls ( S i ragan ian ,  1 98 8 ) .  Reported i ncreases i n  t i s sue  a m i n e  

l eve l s  a re  "not subs tant ia l "  i n  a var iety o f  laboratory an i mal -nem a tode mode l s  

a n d  tend to peak a fte r  expuls ion has  occurred ( revi ewed by  Rothwel l ,  1 98 9 ) .  

The  r o l e  of  amines i n  the  expuls ion of  nematodes  i s  di fficult t o  es tab l i sh .  

T h e  pharmacological  effects o f  h i stam i n e  act i ng th rough H I  receptors 

a r e  genera l ly  wel l  estab l i shed .  These  i nclu d e  smooth m uscle cont ract ion ,  

i ncreased perm eab i l i ty o f  b lood  vessels  and  i ncreased exocrin e  secret ions  

( Go rm a n  and Hal l iwe l l ,  1 989 ) .  H i s tamine  m ay a l so  serve as a m essenge r i n  

i mm u n e  and non- i m m u n e  i nter -ce l l u l a r  s igna l l i ng .  I t s  effect is  l a rge ly  

de te rm i n e d  by the recepto r  type on  the  target ce l l ,  w i th  s ignal l ing th rough H I  

receptors  usually having a s t imulatory effect and  t h rough H2 receptors an  

i n h i b i to ry effect ( reviewed by Fal us and M e retey ,  1 992) .  The effects of  

h i s t am ine  on  HZ receptors include i nh ib i t ion o f  lymphocyte pro l i fera t ion ,  ce l l  

m e dia ted  toxici ty, l ymphokine  product ion  and  i nduct ion of  T suppressor  ce l l s  

( Be fus and  B i enenstock, 1 982 ;  S i ragan ian ,  1 98 8 ) .  However,  McE lroy and  Befus 

( 1 987 )  t reated rats wi th  ci m et id ine ,  an  H2 a n tagon i s t ,  and demonstrated they 

h a d  l a rge r  N. brasiliensis b u rdens at 4 to 5 days a ft e r  a pri m a ry i n fect ion  which 

i s  contra ry to expectat ions  and suggests tha t  some  other  u ndeter m i n e d  

h i s t am i ne-dependent m echanism,  act ing  through H2 receptors,  i s  i nvo lved.  

The b iologica l act ions  of  5-HT i n clude s t i m ula t ion  of  secre t ion  of water  

and sodiu m  in roden t  sma l l  i ntes t ine  and con tract io n  of  rodent sma l l  i n tes t ina l  



36 

smooth m u sc le ,  as  we l l  as  the  ab i l i ty to  act  as a n e u rot rans m i t t e r  ( Moqbe l  and  

M acDo n a l d, 1 990) .  

I ncreased levels o f  h i s ta m i n e, LTs b u t  not 5 -HT, have been  found  i n  

i n tes t in al m ucus o r  contents associ a ted  wi th l a rval reject ion  o f  T colubriformis 

i n  sheep  (Jones  et 0 1 . ,  1 990;  Stee l  et 0 1 . ,  1 990)  al though LTC4 is re leased i n  

re l at ive ly greater  quant i t i es than  h i st am ine (Jones and  E m e ry ,  1 9 9 1 )  and i s  

re lat ive ly  m o re spasmogenic (Hansen ,  1 98 9 ) .  However ,  Douch et 01 .  ( 1 984)  

fou n d  h i st am i n e  leve ls i n  b lood  and i ntes t ina l  contents  d id  no t  corre late  w i th 

LMI act iv i ty  of  in tes t ina l  and  ab omasa l  m ucus i n  sheep  a n d  concl uded i t  was 

not d i rect ly i nvolved i n  wo rm expu l s i on .  As noted e a rl i e r ,  in the se l f-cure 

response of sheep to H. con tortus ( see  Section 1 .2 . 4 ) ,  h i s t am ine  has b e en 

i mpl ica ted  as  the effector  che m i cal ( S t ewart ,  1 953 ) .  

Ora l  t reatment  o f  mice i n fect e d  with T spiralis wi th  h i s t amine  resu l ted  

i n  decreased paras i te  fecundi ty ( S tewart  et  0 1 . ,  1 985)  and i n fus ion  of  gu inea  pig 

s m a l l  i nte s t i ne  with h i s tamine  and 5 -HT resul ted i n  the  expU l s ion  o f  some of  

the  T coiubriformis present  b u t  on ly  from 5 to 9 days a ft e r  i n fect ion  (Rothwel l  

et  a i. ,  1 974 ) .  These in vivo exp e ri m en ts are somewhat fragm en ta ry and do not  

prec lude h i stam i ne having some poss ib l e  i n di rect e ffect on  the nematode v ia  

othe r  ce l l s .  

There  have been  on ly l i m i te d  s tud ies  on the d i r ect e ffect of  b iogenic  

a m i nes  on  n e m atodes .  Observat ions  i nc lude :  st im u la t ion  of  i ngest ion by T 
coiubriformis , as demonstrated  by uptake of the dye rhoda m i n e  B, fo l lowing  

incubat ion  wi th  histam ine, dopam i n e  and 5-HT (Bone  and  Bot tj e r, 1 985 ) ;  

cont ract i o n  o f  the  vulva and vagina o r  spicule extens ion fo l lowing i ncub atio n  

wi th  5 -HT ( C ro l l, 1 97 5 ) ;  posi t ive chemotaxis fo r m a l e  N. brasiliensis b y  

h i st a m i n e  a n d  5 -HT ( Ward e t  0 1 . ,  1 9 84 ) ;  a n d  no e ffect o n  m o rta l i ty or  egg 

lay i n g  fo l lowing i ncubat ion of  H. contortus with h is tam ine  ( Stewart ,  1 95 3 ) .  

Rothwel l  ( 1 989 )  revi ewe d  t h e  n u m erous pub l icatio n s  u t i l i s i ng drugs to  

mod i fy worm expUls ion and concluded  tha t ,  despite many  re se rvat ions ,  drugs 

which a ntagonised the  activi ty of h i s tamine  and 5-HT gene ral ly  inh i b i t  

expu l s ion .  

S o m e  n e m atodes have been  shown t o  conta in  5-HT, i nc luding T. 
coiubriformis (Fransden and Bone ,  1 9 87 ) ,  ascarids (Mi sh ra et 0 1. ,  1 984)  and  

Caenorh a bditis elegans (Horvitz e t  ai. , 1 982 ) .  Ascaris suum had  a l so  been  shown 

to b e  a b l e  to ab sorb 5-HT ( C hauduri et 0 1. , 1 988 ) .  If th i s  abso rption is  a 
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g e n e ra l  phenom enon and 5-HT has  a functional  ro le ,  it is  conceivab le  that an 

over load o f  5-HT cou ld  have a de t rim enta l  effect on the parasite (Rothwel l ,  

1 98 9 ) .  Histamine has also been fou n d  in ascarids ( Mis h ra et a I. , 1 984 )  al though 

its function is not  clear;  as with 5 -HT, any ove r load of his tamine may affect its 

n o r m a l  functioning in the n e m atode . 

1 . 1 0  P R O S TA G LAN D I N S  

The prostaglandins a re  a family of  m ediators which h ave a variety of  

fun ctions .  Prostaglandins E 1 ,  E2 and  prostacyclin have pot e n t  vasodila tory 

actions  a n d  are  ab l e  to inhibit his tamine re lease ,  whil s t  t h romboxane is a 

potent  vasocons t rictor  ( Moq b e l  and  MacDonald ,  1 990) .  

Sing le  in t raduodenal  injectio n s  o f  p rostaglandin E 1  and  prostaglandin E2 

were  fou n d  to b e  highly effective in causing expu l sion o f  N. brasiliensis from 

rats ( Ke l ly  et al . ,  1 974 ) .  Din een  and Kel ly ( 1 97 6 )  recorded peak levels of 

prostagl a n din E on day 7 of N. brasiliensis infections in rats, which gene ra l ly 

coin cide d  with the onset  o f  expu lsion as  wo rms were  m oving towards the  

pos terior sma l l  intestine before  their numb ers declin e d  rapidly  from day 1 0 . 

Kassai et a l. ( 1 980) ,  however, failed  to replicate these  e ffects .  Simila rly,  

Rothwel l  et al .  ( 1 977 ) failed to  demonst rate  any involvem en t  of p rostaglandins 

in t h e  expu l sion of  T. colubriformis from guin ea pigs ,  as did D u toit et al .  ( 1 97 9 )  

wit h  T. spiralis i n  rats o r  mice . These con tradicto ry ob s e rvations  indicate that  

the  ro le  o f  prostaglandins in  the  im m une  response to nem atodes  needs fu rth e r  

inve s  tiga tio n .  

Jones  a n d  Emery ( 1 99 1 )  demons t rated there  was an  increase  in t h e  l eve l s  

o f  prostacyclin a nd thromboxane  B2 in  sheep  in fected with T. colubriformis . 

Both  a ffect smooth muscle ( Monca da and Vane ,  1 979)  b u t  t h eir effects o n  

n e m atodes  a re n o t  known .  

1 . 1 1 P LATE LET-ACTIVATING FACTOR (PAF) 

Pla te le t -activating factor ( PAF) was o rigina l ly describ e d  as a solub l e  

degranu la tion p roduct of  rab bit b asophils in vitro which aggregated rabbit 

p la te le t s  ( B e nveniste et ai, 1 97 2 ) .  Additional  effects have since b e e n  describ ed .  

I t  i s  known to in duce b ronchoconst riction but  the  m echanism i s  not  entirely 

c l ear .  Other  e ffects o f  PAF include :  causing microvascu l a r  l eakage at 

subs ta n tial l y  lower concent rations  than  histamine ( H u mphrey et al. , 1 98 2 ) ;  

i nducing m ucus s ecretion i n  fer re t  t rachea a lthough this e ffect m ay be  indirect 
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( Wi rtz e t  aI. , 1 986 ) ;  and  i n duci ng LTC4 re lease  from ra t  sma l l  i n tes t ine  (Hseuh 

et a i. ,  1 986 ) .  I t  is  a l so  a very potent  eos inoph i l  chem otact ic agen t  ( Wa rdlaw et 

a i. , 1 98 6 ) .  

A large number  o f  d ifferent  c e l l  types from a var i ety o f  species are 

known to secrete PAF in  response to  a var i ety of  s t i m ul i .  These i nc lude 

p la telets ,  n e ut rophi l s ,  monocytes ,  macrophages,  basophi l s ,  ep ide rma l  ce l l s ,  m as t  

ce l l s ,  eos inophi l s  and  endothe l ia l  ce l l s  ( reviewed by Barnes et a i ,  1 988 )  o f  which 

the  last  three are most l i kely to be of  re levance to gastro in test i na l  h e l m i n ths  

(Moqbel  and  M acDona ld,  1 990 ) .  

Release from MMCs and eos inophi l s  fo l lows ant ib ody-m ediated 

activat ion (Mencia-Huerta et  aI. , 1 983 ; Cham pion et  aI. , 1 988 ) .  Endothe l ia l  

ce l l s  w i l l  produce PAF fo l lowi ng s t imu lat ion by h i s tamine  and LTs (Ba rnes  et  

aI. , 1 98 8 ) .  Fo l lowi ng int rave nous ch a l l enge o f  N. brasiliensis - i m m une rats  wi th  

worm ant igen ,  PAF was  observed i n  the  in tes t i nal  contents ,  a long wi th  LTC4 

and RMCP I I  but its role i n  the i m m u n e  response i s  uncerta in  (Moqbe l  et al. ,  

1 98 9 ) .  The di rect e ffect of  PAF on nem atodes has not been  invest igated .  

1 . 1 2  M U C U S  TRAPPING 

Many n e m atode l a rvae,  especia l ly those of  the  t r i chostrongy l i ds ,  en ter  

the  g land c rypts o f  the abomasum or  in tes t ine  to develop. They  wi l l ,  

u n avoidably ,  com e  i n to contact at an  ea rly s tage  wi th  the m ucus l aye r  l i n i n g  the  

epi the l i u m .  I t  has been  suggested that  m ucus t rappi ng of  l a rvae wi th  

subsequent  fai l u re of  these  l a rvae to estab l i sh  in  the i r  respective n iches,  in  and  

on  the  epi the l i um, m ay be  a s ignificant  com ponent  of  the  gastro in tes t ina l  

i m m u n e  response to nem atodes (Dobson ,  1 967 ;  Mi l l e r  et aI. , 1 983a ;  M i l le r ,  

1 984 ; M i l le r ,  1 987 ) .  Howeve r ,  m ucus t rapp ing  has  been  shown to b e  not  

essent ia l  fo r expu ls ion  of  T. spiralis (Be l l  et  a I. ,  1 984 ;  Car l i s le  et aI. , 1 99 1 a, 

1 99 1  b )  o r  N. brasiliensis ( M i l l e r  et al. , 1 98 1 ) .  

Adu l t  n e m atodes genera l ly res ide close t o  the epi the l ia l  su r face and  thus  

have con t inua l  contact with the mucus l ayer  ( M i l ler ,  1 984) .  As l i qu i d  feeders 

they w i l l  a lmost  certa in ly i ngest mucus and consequent ly any i m m u n e  m edi ators 

o r  a n t ibodies  in m ucus have access to both the  cut ic le and the in tes t ina l  t ract 

of the n em atode .  Whether  o r  not this is of  any s ign i ficance is not known.  

Hyperp las ia  o f  gob let  ce l l s  has been descr ibed from a l a rge var i e ty of  

d i fferen t  host -nem atode i n fect ions  (Wel l s ,  1 963 ;  Uber  et aI. , 1 980; Al izadeh and 
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Wakel in ,  1 982 ; Ca r rol l  et aI. , 1 984;  Dobson,  1 967;  Jackson et a I. , 1 98 3 ;  Angus 

and Coop, 1 984 ) which i m pl ies  an i ncrease in mucus secret ion .  Howeve r, no 

corre la t ion  has been found between res i s tance t6 T. colubriformis and the 

n um b e r  of  gob let  cel ls  i n  sheep (Douch et a l. , 1 98 6 ) .  There are also some 

except ions where gob let  cel l  hype rplas i a  has  not been  obs e rved, i n cl u ding  S. 

ra tti i n fections  i n  rats  (Mimori et al 1 982)  and  T. colubriformis i n  gu inea pigs 

(Rothwell  u n p u b l i shed, cited in Rothwel l  1 98 9 ) .  It has yet to be  determined 

what factors  m ediate  gob let ce l l  hype rp las ia  and mucus secret ion  i n  n e m atode­

i n fected a n i m a ls  (Tse and Chadee,  1 99 1 )  or ,  if  there i s  an  i ncrease in m ucus 

product ion ,  whether  it affects the paras i tes . Changes from aci d  to n eutra l  

m ucin  i n  gob le t  cel ls  have also been obse rved (Kon inkx et a I. ,  1 988 ;  Salmon and 

D u ncan ,  1 98 5 )  which may have as yet  undetermin ed · e ffects ,  and cou ld  a l so 

i n fl uence the  s tab i l i ty of some i nflamm atory m ediato rs such as LTs . 

1 . 13  S PE C I FI CITY OF N E MATODE EXPULSION 

The ro le  of a nt ibodies  as  di rect effectors i n  the expu ls ion o f  i n tes t ina l  

n e matodes i s  u nclear .  Ant ibody react ions per se  have not  b een  revi ewed 

pr inc ipal ly b ecause they a re not cons idered to have a d i rect e ffector ro le  in the 

exp ress ion o f  res istance, a l though they are  i nvolved wi th  an t ibody-dependent  

cel l -m ediated cytoxicity mechanisms .  Many poten t ia l  e ffector  ce l l s  have 

receptors for speci fic immunoglob u l in s  such as those for I gE on mas t  cel l s .  

Although some studies  of  host/nematode sys tems i n  laboratory an ima l s  have 

demonstrated passive t ransfe r  of  protect ion wi th  serum from i m m u n e  an i mals ,  

o thers have not  ( reviewed by Mi l ler , 1 984 ) .  Pass ive t ransfe r  of e i ther  i m m une 

serum or  ce l l - free i n test ina l  lymph was shown not to be protective against T. 
colubriformis i n  sheep (Adams et al. ,  1 980) .  O f  in terest i s  the  report  by Jones 

and Ogi lvie ( 1 97 1 ) who noted that effective passive protect ion  to N. brasiliensis 

was abol i shed i n  i rradiated recip ient  rats ,  suggest ing that  i t  was not  an t ibodies  

per se that  were the effective com ponent  i n  the expu l s ion  p rocess .  

Nevertheless ,  the  appearance o f  nem atode speci fic ant ibodies  i n  i n tes t ina l  

m ucus i s  st i l l  p roposed as be ing  par t  o f  the m echan i sm fo r the  reject ion  of  T. 
colubriformis from sheep (McClure  et a l. , 1 992 ) 

There i s  c lear evi dence that  reject ion o f  one nematode species m ay a ffect 

another ,  i nd icat ing the non-specific nature  of the actual expu l s ion  process .  I n  

sheep i m m u nized wi th i rradiated T. colubriformis and subsequent ly cha l lenged 

wi th  this  and related i n tes t ina l  t richost rongy l i ds, s igni fican t  protectio n  was 

a fforded to an homologous chal lenge ( 8 1  % ) .  The levels  of  p rotect ion against  

Trichostrongylus vitrinus ( 3 4 % )  and Nematodirus spathiger ( 1 4 % )  were not 
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s ign i ficant  when  these were given sepa rately (a l though the fo rmer  was 

approch i ng s ign i ficance ( p = 0 .07» b ut when a l l  th ree species we re given 

s i m u ltaneous ly  the level  of  protect ion  achi eved was approxi m ate ly 1 00 %  fo r a l l  

( D i n een et a l. 1 977 ) .  These findings a l so indicate that exp u l s ion  i s  t r iggered 

by speci fic  an t i gens which a re only sha red between nematodes  to a v e ry l im i ted 

exten t , i f  a t  a l l ,  such as between c lose ly re lated Trichostrongylus species .  

D ouch ( 1 989)  fur ther  i nvest i gated the  level  o f  cross -protect io n  in  sheep 

i m m un i sed  on ly  agains t  T. colubriformis .  Fol lowing  na tu ra l  cha l l enge on  

pasture ,  subs tan t i a l  protect ion  was evi dent  to T. colubriformis ( 9 1  %) ,  T. vitrinus 

( 5 6 % ) ,  N. spathiger ( 9 1  % ) ,  Ostertagia spp ( 42 % )  and T. axei ( 6 7 % )  b u t  not to 

Cooperia spp . .  Al though not as con vi nc ing as the resu l t s  shown by D i neen et 

al. ( 1 977 ) ,  they st i l l  support the hypothes i s  that the expu l s ion  p rocess i s  non ­

speci fic. The  s igni ficant  reduction i n  b u rdens  of  abomasal  species  "upstream"  

from the i n tes t ine  suggests that  a response  was poss ib ly generated  by la rvae 

m igrat ing t h ro ugh the abomasum wi th  o r  without cross-recogn i t ion  of T. axei 

a nt igens .  I t  was also consi dered poss ib l e  that  the ce l l u l a r  re sponse from the 

i n tes t ine  m ay extend in to  the abom asu m .  

Cross - inh ib i tory activ i ty o f  i n test i n a l  mucus from sheep i m m u n e  t o  T. 
colubriformis has  been dem onstrated in vitro to i n fective l a rvae o f  re lated 

t r i chostrongy l id  speci es  (Do uch et  aI. , 1 983 ;  Kimambo and M acRae ,  1 988)  

which aga in  supports the non-speci fic  n a t u re of  the expuls ion process .  

There are  reports  of  ant ibodi e s  apparent ly cont r ibut ing  di rect ly  to ant i ­

paras i te act iv i ty .  For example ,  IgG 1 would  appear  to suppress  feed ing  by T. 
colu briformis in vitro poss ib ly due to an t ibody b i n di ng to the  s toma ,  cut icl e  and  

excretory pore  o f  the  wo rm (Bottjer  e t  al. , 1 985)  and  as McClu re e t  a l. ( 1 992)  

demonstrated that  IgGl levels increased i n  i n test ina l  m ucus in  i m m un e  sheep 

i n fected with T. colubriformis, i t  i s  poss ib le  they have a di rect e ffect on  the 

paras i te .  In vitro ovipos i t ion by T. colubriformis was also reduced by IgG from 

i m m une goats  ( 90 days post - infect ion ) (Bone  and Klesi us, 1 98 6 )  and  as  reduced 

fecundi ty is  a noted feature associ ated with a deve loping i m m u n e  response,  th i s  

m ay b e  of  pract ical  s igni ficance.  Such exam ples ,  howeve r ,  do no t  exp la in  the  

non-speci fic  n a t u re of  the expuls ion process .  

1 . 1 4  HYPOTH E S I S  FOR WORM EXPULS I O N  

I t  i s  c l ea r  tha t  i n fections  with n em atodes generate a n  i m m une response 

which wi l l  be a ffected by age,  genet ic  facto rs and nu t r i ti o n .  Al though a 
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con s i de rab le  amount  of research has  been conducted,  m uch of  th is  has  used 

n e m atode i n fect ions of rodents .  Nematodes such as T spiralis , T muris, S .  ratti 

and  even N. brasiliensis and H. polygyrus have ' d ifferent  l i fe cycles and  

develop m e n t  patterns com pared  to  t r ichostrongyl id  i n fe ct i o ns of  rum i nants  and 

som e m o dels  a re  of nem atodes  in  abnormal  hos ts .  The resu l t  i s  that  some of  

these  re search findings shou ld  be  extrapolated to r u m i n a n ts with caut ion . 

C l e arly, m ajor  humo ral and  ce l lu lar  changes fol low n e m atode i n fect ions 

re su l t i ng  in the p roduct ion o f  an tibod ies  and var ious i m m u n ological m ediators .  

A hypoth et ical cha i n  of  events  for the host  reponse to  l u m en dwel l ing  

t r i chostrongyl i d  nematodes could  b e  as fo l lows: 

Excretory-secretory prod ucts from nematodes cross t he  m ucosa and are  

presen ted  to T ce l l s  and in  some way tr igger an  appropr ia te  TH subset .  The 

re su l t i ng production o f cytok i nes  subsequently dr ives  t he  i m m u ne response wi th  

m a stocytos i s ,  i ncreased t i s sue  eos inophi l s  and i ncreased IgE, IgGJ and  IgA 

producti o n .  The re i s  also an  i ncrease in  gob let  cells and  presu mably m ucus 

secre t ion  as well  as pathological  change i n  the m ucosa i t s el f. Release of 

i n fl a m m atory m ediators wil l  fo l low appropriate t r igge r ing  by ant igen cross­

l i n k i ng an t ibody on cel l -m e m b ra n e  receptors o r  o ther  s t i m u lat ion  of  o ther  cel l­

m em b r a n e  receptors .  Nem atodes,  especial ly i ncoming  l a rvae ,  wil l  be  exposed 

to some o f  the  i n flammatory m ediators  re leased such as  LTs . A fur ther  l ine of 

defence could  be the m ucus  laye r .  Ant ibody m ay also contr ibute  di rectly by 

b i n d i ng to  the stoma,  excreto ry pore or  cut icle  and, in some  as yet undefined 

m an n e r, h ave a de leter ious  e ffect .  

S t u dies  on the host-parasi te re lat ionsh i p  b etween goats and 

gast roin t es t ina l  nematodes p rovi des an  ideal  opportun i ty to  con t rast the  host  

response w i th  that  of sheep, e speci al ly as sheep gene ra l ly b ecom e res is tant  to 

t h e s e  n e m atodes whereas goats appear to have a more  var iab le  host response .  

B ecause of  the dear th  of  i n format ion on  host -pa ras i te  re lat ionsh ips 

be tween  h e l m i nths  and goats  th i s  s tudy comm enced by i nvest igat ing the  ab i l i ty 

o f  goats  to develop res istance to some gast roi n test ina l  n e m atodes .  Th i s  then  

prov ided  some i n format ion to a l low fu r ther  study on  the  an t iparasi te activity 

of i nt e s t i nal m ucus and/or contents  and the m ast  cel l  response to i n fect ions 

w i th  T colubriformis . 



CHAPTER TWO 

FAI LU R E  OF YO U N G  G OATS TO ACQ U I R E  R E S I S TANCE TO 

HAEMONCHUS CONTORTUS 

2 . 1  I NT R O D UCTION 
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Haemonchus contortus is an i m portant  paras i te  of goats  a n d  sheep .  I t  has  been 

s hown t hat sheep can develop apprec iab le  host  res i s tance to th i s  nem atode 

fro m  about seven to eight months  of  age (see Sect ion  1 . 2 ) .  Wh ether  or  not 

goats  develop m easurab l e  host  res ista nce to th is  n e m atode is  uncert a i n .  This  

chapter descr ibes two expe r im ents des igned to i nvest iga te  th i s .  

2 . 2  M ATERIALS AND M ET H O D S  

E x p e r i m e n t a l  S c hed u le 

- E x p e r i m e n t  2 . 1  

Thi r teen Saanen wethers  were  ra i sed  wo rm-free and  fe d a pe l le ted  rat ion 

of l ucerne ,  ba r ley and b ran  (see Appendix 2a  fo r fo rm u la t ion ) .  Ten goats, 

vary ing  i n  age by up to 4 2  days,  were pa i red by age and  random ly a l located to 

e i t h e r  group 1 . 1 or 1 . 2 .  At the  beg inn ing of the expe r im ent ,  the goats '  mean 

age  was  approxi mately 5 Y2 months  ( 1 57 days ) .  The th ree remai n i ng goats  (A,  

B and  C )  were used to moni tor  the l evel of  H. con tortus i n fect ion d u ri ng the  

m a i n  exper imen t .  

The  i so la te of H. contortus used was obta i ned  from a goat which had  

been  grazed wi thout con t act w i th  sheep. Adu lt  n e m atodes were obta i n ed post­

m o r tem,  ground  to re lease  t he i r  eggs and cul tured in verm i cu l i te to produce the 

i n i t i a l  i n fective la rvae .  These were cycled th rough a fu r ther  wo rm-free goat to 

produce the i n fective l a rvae needed for the experi m e n t .  Larvae were stored at 

1 0°C and were less than 2 months  old when used .  

Group 1 . 1  and goats  A, B and
, 
C were dosed o ra l ly  by syr inge wi th  200 

l a rvae,  three  t i m es per week fo r 10 weeks.  Th i s  was approxim ately 23 la rvae/kg 

m ea n  i n i t i a l  l iveweight p e r  week .  Fou rteen weeks a ft e r  t he  fi rst dose of la rvae 

h ad b e e n  given ( day 84 ) ,  goats A and B were k i l l ed  to assess parasite b u rdens .  

The r e m a i n i ng 1 1  goats were dosed twice, two days apart ,  wi th  l evamiso le  
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hyd roch lor ide  ( 1 5mg/k g ) .  Goat  C was k i l l ed  two days a fte r  the  second dose of  

l evamiso le  to check the  e fficacy of the  an the lmi nt ic .  

At  the  b eginn ing of  week 1 5  (day 98 )  Groups 1 . 1  and  1 . 2 were  cha l lenged 

w i th  1 0 ,000 i n fect ive la rvae,  g iven by stom ach tube and  k i l l ed  30 days  late r .  

- E x p eri m e n t 2.2 

Fifteen  Saanen wethers  were raised wor m -free as  above and then fed on 

m e a dow- hay duri ng the exper imen t .  They were 1 4  months  old at the b eginn i ng 

o f  t h e  expe r im ent  wi th  only 6 days d ifference in  age b e tween them.  

The  H. contortus i so la te  used  was a labo ratory s t rai n of  ovi n e  Or Ig in  

wh ich  was  ki ndly provided by Dr  P. Douch from t h e  Wal lacev i l l e  Ani m a l  

Research Centre ,  Uppe r Hu t t .  Th i s  was a lso cyc led th rough a fu rth e r  worm ­

fre e  goat to p rovide the  i n fective l a rvae n eeded fo r t h e  expe r iment .  Larvae 

were s tored a t  l OoC and  were  l ess than 2 months  o ld  when used.  

Goats were  random ly a l located to e i ther  Group 2 . 1  ( n  = 8) or  G roup 2 . 2  

( n = 7 ) .  Goats i n  Group 2 . 1  w e re dosed by stom ach t u b e  with 825 la rvae once 

p e r  week  for 1 4  weeks w i th  the  exception o f  week 4 ,  when  only 300 la rvae were  

given ,  and week  5 when  no  la rvae were give n .  Ove ra l l  th i s  was  a l so 

approxi ma tely 23 larva e/kg m ean  i n i t ia l  l i veweight  per  week as  i n  Exper im ent  

2 . 1 .  One  goat (goat 27)  became severely anaemic .  To ensu re i t s  su rvival ,  i t  

was dosed o ral ly  with ivermect i n  ( Ivomec Liqu idR,  M e rck Sharp & Dohm e  N .Z .  

Ltd ;  300mcg/kg) in  week  12  b ut s t i l l  received l a rvae fo r the  remai n ing two 

w e eks .  

Al l  15  goats were  dosed  w i th  ivermectin a t  t he  b eg inn ing of  week 1 5  ( day 

9 8 )  and  cha l lenged wi th  1 5 , 000 la rvae, given by s tomach tube ,  6 wee ks l a te r  

( day 1 40 ) .  Twenty-e ight days a fter  ch al lenge a l l  goats were k i l led .  

B ecause packed cel l  vo lumes  (PCVs) of  a l l  an i ma l s  were at the  lower  

l i m i t  of  normal  va lue ,  s e ra from five goats were  assayed fo r vi tam i n  B 1 2  leve ls  

in  week  1 1 . These  showed a m ean value of  1 1 5 pmol/l i t re which i s  cons idered 

m a rg ina l  in  sheep though no norma l  va lues  for goats  were avai l ab l e .  

Consequent ly,  a l l  goats  were  treated w i th  2mg  hyd roxocob a lam in  ( CobalexR, 

Syntex Laboratories ( N Z )  Lt d )  in  weeks 1 2  and 2 1  of the  expe r imen t .  
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Pa ra s i t o l ogy 

Faecal  egg counts  were e s t ima ted  three t i m es' a week i n  Exp e ri m e nt 2 . 1  

and  once a week  i n  Exper i m ent  2 .2  by a modi fied McMaste r  tech n i que where  

e ach egg coun ted  represented 50  eggs/g. At  cri t ical  t i m es ,  samples  tha t  y ie lded 

ze ro coun t s  were  also exam ined us ing  a s i m ple flotat ion m e thod o n  2g of faeces 

( Se e  Appen dix 2b  fo r egg count i ng tech n i ques ) .  

Wo rm co unts were carr ied o u t  us ing  standard procedu res .  I n  Expe r imen t  

2 . 1 ,  co unts  were  est i m ated from 10% a l i quots of the  tota l  wash i ngs s i eved 

t h rough a 53  �m mesh to reta in  a l l  l a rva l  and adul t  s tages .  In  Exper iment  2 .2 ,  

a 1 % a l i q uo t  o f  the  washi ngs was s i eved as  fo r Expe r im ent  2 . 1  and  a fu rth er  9 %  

was s i eved t h rough a 250 �m m es h .  I n  Expe r iment  2 .2 ,  t h e re fo r e ,  counts of  

fou rt h  s tage la rvae were  based on  1 % a l i quots .  Al l  adu l t  n e m atodes were 

coun ted  by sex .  Ten percent a l i quots o f  both the  smal l  and  l a rge i n tes t ine  were  

a lso exa m i n e d  after s iev ing th rough a 250 �m mesh .  

Afte r  washing,  the  abomasum was diges ted in  pepsi n : HCl  so lu t ion  ( see  

Appendix 2c ) .  The same proport ions  as  fo r the  was h i ngs were  examined  fo r 

l a rvae i . e .  1 0 %  i n  Expe r iment  2 . 1  and  1 % in  Expe r imen t  2 . 2 .  

H a e m a t o l ogy 

App roxi m ately 1 0  m l  of b lood were col l ected from the jugu l a r  ve i n  once 

a week i n  bo th  expe r iments .  Th ree m l  was co l lected i n to EDTA and t h e  

r e m a i n i ng 7 m l  a l lowed t o  clot fo r se rum t o  be  col lected .  

Aft e r  r ed  b lood ce l l s  were  lysed, to ta l  wh i t e  ce l l  n u m b e rs were  est i m a t ed 

by an  au tomat i c  counter  (Ce l l -Dyn 900 Haematology Analyzer ,  Seq uoia-Tu rne r, 

Ca l i forn ia ,  U . S .A . ) .  Blood smears  were  m ade a t  the  t i m e  of  b lood col l ect ion 

and s ta ined  w i t h  Modified Wright ' s  Stain (S igma Chem ical  Company,  Missouri ,  

U . S . A . ) .  Absolute  d ifferent ia l  wh i te  cel l  counts were  e s t ima ted  fo l lowi ng 

ident i ficat ion of  100 cel ls  in each smear .  

Packed cel l  vol umes ( PCVs)  were est i m ated by  a s tandard 

microhaem atocr i t  m ethod .  I n  Expe r i m e n t  2 . 1 ,  an  addi t ional  3 ml  b lood sample 

was col l ec ted  3 days la ter  each week for an addi t ional  PCV est i m at ion .  
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S e r u m  P rote i n s  

Alb u m i n  and tota l  prote ins  were es t imated week ly  i n  both exper iments 

w i th  an autom ated b iochem ical  ana lyser ( Worth i ngton D i agnost ics Systems I nc . ,  

San  Fra nc isco, U . S .A. ) .  

Pe p s i nogen 

I n  both exper im ents ,  se rum peps inogen levels  were es t imated at i n tervals  

a s  possi b l e  i n d icators of  m ucosal damage .  Th e m ethod used was a mod i ficat ion  

of  that  o f  Uete  e l  a l. ( 1 969 ;  see  Appendix 2d fo r me thod ) .  

G a s tri n 

Gastr i n  was measu red by radio imm unoassay as  descr ibed  by S i mpson et 

a l. ( 1 993 )  u s i ng rab b i t  an t i -human gast r in  ( G 1 7 )  a n t i body .  The m i n i m a l  

de tecta b l e  l eve l  o f  t h e  assay i s  reported a s  1 . 6 fm o l/m l ,  the  coefficient  o f  

var i a t ion  w i th i n  assays a s  1 0 %  and between assays as  2 1  % ( n = 72 ) .  This  an t i ­

h u m an gas t r i n  ant ibody shows equa l  a ffi ni ty fo r t h e  su lphated and non ­

su lphated fo rms  of human ,  ovi ne and porcine gas t r i n  whether  in  the G34, G 1 7  

o r  G 1 4  act ive molecu la r  fo rms  (Hansky and Cai n, 1 96 9 ) .  Although i ts use  i n  

goats  has  not b een forma l ly va l idated the am ino aci d s e q u ence o f  gast r i n  ( G 1 7 )  

i s  t h e  same fo r sheep a n d  goats  (Anderson,  1 98 5 ;  Bonato et al. , 1 98 6 ) .  

Assays were k indly perfo rmed b y  Mr J .  Elgar, D ept of  Phys io logy and 

Anatomy, Massey Univers i ty .  

S t a t i s t i c a l  Ana lysis  

Exper imen tal groups were compared separate ly  during t r i ckle and 

cha l l enge i n fections by analys is  o f  var iance u s i ng the s tat i s t ical  software 

package SAS vers ion 6 .04 ( SAS I nst i tute  I nc. ,  U . S . A. ) .  A major  poi n t  of 

i n t e rest  is  the change i n  var i ous parameters over the i n fect ion per i ods.  I n  

o rd e r  t o  exa m i n e  th is ,  the i n dependent  var iab les  mode l led  were group, t ime ,  

goa t s  ( n ested wi th in  g roup)  and  the  in te ract ion b etwee n  group and  t i m e .  The  

e rro r  te rm fo r overal l  compar i son of the  dependent  va r i ab le  b etween  gro ups 

was  goats  nes ted  wi t h i n  groups;  the er ror  te rm fo r the  i n t e ract ion  of  group w i th  

t ime  was  the  res idual  e r ror ( see  Cody and  S m i t h ,  1 987) .  A s ign ificant  

i n t eract ion i n d icates that  the  change wi th  t ime was d i fferent  fo r the two 

t r ea t m ents  o r ,  more figurat ive ly, that when graphed the  two l i nes  were not  
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para l l e l .  A s ign i ficant  d ifference b etween groups i n dicates the  overa l l  var ia t ion  

b etween  groups was  greater  than the  vari a t ion  wi th in  groups .  

Resu l ts  fo llowing  chal l enge were a lso an alysed by  m u l t iple regress ion 

us ing Stat i st ix vers ion 4 .0  (An alytical  Softwa re ,  U . S .A. ) i f  an a lys is  o f  var iance 

had shown t h e re was no in teract ion between g roup and t i m e .  I nc lus ion of  

i n t e ract ion  te rms  in  t he  mu l t ip le regress ion was prevented i n  a l l  cases  due to  

prob lems  with m u lt ico l l i near i ty .  Some com par i sons were a lso m a de by two 

sample  t - tests  us ing S ta t i st ix  vers ion 4 .0 ,  as  we re  co rre la t ions  between some  

parameter s .  Wo rm counts were  sq uare root t ransformed ( x + O . S )  pr ior  to 

ana lys i s  to s tab i l ize t h e  var iances.  

2.3 R E S U LTS 

Pa ra s ito l ogy 

- Experi m e n t  2 . 1  

T h e  pattern of  faecal egg co unts  i s  shown i n  Figure 2 . 1  ( s e e  Appendix 

2e  fo r raw data ) .  St rongylate  eggs were fi rst detected i n  one  goat in  Group 1 . 1  

twenty-two days aft e r  the  fi rst dose of la rvae and  by 2 6  days i n fect ions  were 

patent  in  a l l  goats .  At the  ti m e  of  anthe l m i nt ic  t rea tment ,  the  a ri thmet ic  m ean 

egg count  of  goats in  Group 1 . 1  was 800 epg ( range SO  to 1 6S0  epg ) .  By 30  

days  aft e r  cha l l enge,  eggs were  detected i n  four  of  five goats i n  Group 1 . 1  and  

i n  a l l  goats i n  Group 1 . 2 .  Goat 9 had very low faecal egg co unts  t h roughout  

the  expe r iment  and these  are  shown sepa rate ly i n  F igure  2 . 1 .  Smal l  n u m b e rs 

of  Nem atodirus eggs were seen occas iona l ly .  

Tota l  worm coun t s  ( i nc luding those  fo r goats A ,  B & C)  a re  given I n  

Tab l e  2 . 1 .  Although m ean worm counts  of  Group  1 . 1  a re lower  than  those  of  

Group 1 .2 ,  wh en  analysed by  Student ' s  t - tes t  ( see  Tab le  2 . 2 ) ,  t he  d iffe rence was 

not s igni ficant  ( p > O .OS ) .  No nem atodes were found in  goat C fo l lowi ng 

l evamiso le  t rea tment .  Th ere was also no d ifference i n  the m al e : fema le  rat io  

b etween the  two gro ups ( p > O .OS ) .  No n e m atodes were seen i n  the  smal l  o r  

l a rge i n tes t ina l  samples .  
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G o a t  Tag Total  Tot a l  To tal ;Total  m a l e :  

L4 fem a l e s  m a les n e m a todes fem a l e ·  

G roup 1 . 1  

1 10 650 720 1 3 80 1 . 1 1  

4 - 1 5 2 0  1 3 1 0  2830 0.86 

6 - 420 3 1 0 730 0.74 

9 - 200 270 470 1 . 3 5  

1 2  - 1 73 0  1 790 3 5 20 1 .03 

Ari t h metic 1786 

mean 

G roup 1 .2  

3 - 380 250 630 0.66 

5 10 1490 1 440 2940 0.97 

7 - 2200 2200 4400 1 . 0  

8 1 0  1920 1 9 1 0  3840 0.99 

1 0  - 1 760 1950 3 7 10 / - I I  
Ari t h metic 3 104 

mean 

Goat A - 280 4 10 690 1 . 46 

Goat B 30 140 160 330 1 . 1 4  

Goat C - - - -

1 .  based on  adul t  nem atodes only 

Ta b l e  2 .1 . H. contortus b u rdens fo r Expe r iment  2 . 1  
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53 . 706 

T 

- 1 . 35 

T E S T S  F OR EQUAL I T Y - - - - - - -

OF VAR I AN C E S  1 . 04 

5 
5 

O F  

8 

S . D .  S . E .  

1 6 . 2 76 7 . 2787 
1 6 . 5 6 9  7 . 4 1 00 

P 

0 . 2 1 3 7 

NUM O F  D E N  O F  P 

4 4 0 . 4866 

CASES I N C L U D E D  1 0  M I S S I N G C A S E S  0 

Ta b l e  2.2. Stat ist i cal  ana lys is  of  two sample  T- tes t  o f  the  
tota l  worm co unts o f  Expe r iment  2 . 1  

-Exper i m e n t  2 . 2  
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The pat tern  of  faecal egg counts i s  shown in F igure  2.2 (see  Appendix 

2 f  fo r raw da ta ) .  St rongy la te  eggs were detected in the  faeces of two goats  i n  

Group 2 . 1  at  t h e  beginning o f  t h e  fi fth  week afte r  t h e  fi rs t  dose of  l a rvae b u t  

i t  w a s  n o t  u n t i l  t h e  1 1  th  wee k  t h a t  a l l  goats i n  Group 2 . 1  h a d  detectab le  eggs 

in t h e i r  faeces .  By week 1 4 ,  t h e  a r i thm et ic  mean faecal egg cou n t  of  Group 2. 1 ,  

excl ud ing  the  goat dosed wi t h  iverm ect in ,  was 1 207 epg ( range 450-3000 epg ) .  

Aft e r  t rea tmen t  wi th  iverm ect in ,  a l l  egg counts  fe l l  t o  zero .  Fo l lowi ng  

cha l l enge ,  no  eggs were  de tected by day  28 when a l l  goats  were  k i l l ed .  

Subsequ en tly i t  was found tha t  most  of  the  wo rms recovered were im m ature 

adu l t s  and contained few eggs . As i n  Expe ri m e n t  2 . 1 ,  sma l l  numbers o f  

Nem atodirus eggs we re seen occas iona l ly .  

Tota l  worm co unts  are g iven i n  Tab le  2 .3 .  No evi dence o f  acqu i red host  

res i s tance in  Group 2 . 1  was seen .  I n deed the mean Haemonchus b u rden i n  

Group 2 . 1  was h igher  than tha t  i n  Group 2 .2 .  The n u m b e rs of  L4 Haemonchus 

were h i g h e r  than i n  Exper imen t  2 . 1  b u t  they were s t i l l  a s m a l l  proport ion of  the  

ove ra l l  worm popula t ion .  Fou rt h  stage l a rvae con ta ined  t h e  crystal  format ions  

descr i b e d  by Bl i tz  and Gibbs  ( 1 97 1 ) sugges t ing they were  i nh i b i ted .  No worms 

were seen  in the small  or  large in tes t inal samples .  
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Figu re 2. 1 .  Faecal egg counts ( m e a n  ± s . e . )  from Experim ent  2 . 1 .  Group 1 . 1  
= t r ickle-i nfected; Group 1 .2 = control;  LL = last l a rval dose o f  trick le­

i n fection;  LEV = levamisole  t reatment ;  CH = al l  goats challenged wi t h  

10,000 H. contortus L3s .  
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Figure 2.2. Fa ecal egg cou n ts ( m e a n  ± s . e . )  from Exper im ent 2.2 .  Group l . 1 
= tri ckle-infected; Group 2 .2 = control ;  IV = iverm ectin treatm ent;  CH = 

all  goats challenged with 15,000 H. contortus L3s .  



s o  

Goat Tag Total L4 Total  Total Tot a l  m ale: 

re males males nematodes re male'  

G ro u p  2.1  

19 - 1 040 740 1 780 0 . 7 1  

2 0  - 530 670 1 200 1 .26 

22 1 720 1 780 3500 1 .03 

2 3  2 3 1 0  2 1 20 4430 .92 

24 400 990 1 030 2420 1 .04 

26 1 00 850 720 1670 .85 

27 1 790 1 8 1 0  : 36002 1 .0 1  

29 400 360 760 0.90 

A rithmetic mea n 2420 

Gro u p  2.2 

1 5  200 1 3 1 0  1 380 2890 1 .05 

1 6  - 720 830 1 550 1 . 1 5  

2 1  800 9 1 0  990 2700 1 .09 

2 S  100 430 360 890 0.84 

2 8  320 200 520 0.63 

32 1 00 370 4 1 0  880 1 . 1 1  

33 1 00 1 950 1 580 3630 0 .81  

Arithmetic mean 1823 

1 .  based on adu l t  nem atodes only 

2.  goat which requ i red a n the lm in t ic  t rea tment  In week 12 of 

t r i ckle i n fect ion 

Ta b l e  2.3 . H. contortus b u rdens In  Expe r imen t  2 . 2  

H a e m a to l ogy 

- Pa cked c e l l  vo l u m e  

pevs a re shown fo r Expe r i m ents  2 . 1  and 2 .2  i n  Figu res  2 . 3  and  2 .4  and  

s ta t i s t i ca l  a n a lyses i n  Appendices 2g and  2h respect ive ly .  
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Figure 2.4. Packed cell  vol u m es ( m e a n  ± s . e . )  from Exper i m e n t  2.2.  Gro u p  

� . 1  = t rickl e - i n fected; Gro u p  � .2 = control;  IV = ivermecti n treatment;  CH 
= a l l  goats chal lenged with 15,000 H. contortus L3 s.  
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In Exper imen t  2 . 1 ,  pevs gradu a l ly  diverged dur ing  the  t r i ck le  i n fect ion  

wh ich i s  refl ected i n  the s ign ifican t  i n t e ract ion ( p < O .O l )  and  t h e  ove ra l l  

s i gn i ficant ly  lower  va lues  fo r the  i n fected  goats ( p < O .OO l ) .  At  the  end  of the  

t r i ck le  i nfect i o n  (day 68 )  i n fected goats  had  a s ign i fi cant ly  lower  p e v  ( p < O . O l ) 

b u t  not at t h e  t ime  of an the lm i nt ic  t rea tment  ( day 85 ;  p > O .05 ) o r  a t  the  t ime  

o f  cha l l enge ( p > O .05) .  Fo l lowi ng cha l l e nge t here was  some  var i a t ion  i n  pevs 
be tween the  two groups which i s  refl ected i n  the s i gn ificant  i n t e ract ion 

( p < O .05)  be tween t ime and group.  Mu l t i p le  regress ion ,  to look fo r l i near  

e ffect,  was  not  at tempted due  to  th i s  i n te ract ion .  

I n  Exper im ent 2 .2 ,  p e v s  a l so decl i n e d  i n  Group 2 . 1  dur ing  t h e  t r ickle 

i n fect ion ,  e speci a l ly in  the goat which was dosed with ivermect in  in week 1 2 .  

Overa l l  t he re  w a s  a s ign ificant in teract ion  be tween group a n d  t i m e  ( p < O . O l )  

and  a s ign i ficant  d ifference between groups ( p < O.OO l ) . At the  end  o f  the  

t rick le  i n fect i o n  there was a s ign i ficant  d i ffe rence ( p < O .05 )  b etween the  two 

groups which di sappeared,  as in Exper im ent  2 . 1 ,  by the  t i m e  of the  cha l l enge 

i n fect ion .  Fol lowi ng the chal l enge there  was a s ign ificant decl i n e  in pevs with 

t i m e  (p < O .OO l ) .  There  was a lso a s ign i ficant  e ffect of group (p < O .05 )  fo l l owing 

cha l l enge a l though at s l aughter  there  was no  d i fference b etween the  two g roups 

( p > O .05 ) .  The s ign i ficant e ffect of group,  l ack of  in te ract ion,  b u t  absence of 

d i ffe rences a t  the b egi n n i ng and end o f  the chal l enge i n fect ion  reflects the 

a lm ost  para l l e l  decl i ne  of  pevs i n  both groups as seen i n  Figure 2 . 4 .  

- D i ffe re n t i a l  w h ite b l o o d  ce l l c o u n t s  

Changes  in  co unts fo r the var ious  types of ce l l s  and th e i r  s ta t i s t ica l  

an alyses  a re  shown in Appe ndices 2g and 2h for Exper imen ts 2 .1  and 2 .2  

respect ive ly .  

In  Exper iment  2 . 1  dur ing the t r ick le  i n fecti on,  no  s igni ficant  e ffects of 

i n fect ion w e re seen on tota l  white ce l l ,  neut rophi l ,  m onocyte o r  b asophi l  

coun t s .  There  was,  however, suffici en t  var ia t ion  o f  eos inoph i l  counts  w i th  t ime  

to gene rate a s igni ficant in te raction ( p < O .05 )  between group and  t ime  which 

p robab ly reflects the h igher  eos inophi l counts  fo r Group L I on day 56  and 

perhaps 78 and/or the  h igher  co unts  for group 1 .2 seen on days 1 and 7 ,  bu t  two 

samp le  t - tes ts  on these days showed no s ign i ficant  d iffe rences b etwee n  groups 

( p > O .05 ) .  

Fol lowi ng  cha l l enge i n  Expe r i m ent  2 . 1 ,  a group's  previous i n fect ion 

h i s to ry had no  s ign i fica nt effect on any ce l l  count  except fo r b asoph i l  counts  
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fo r which the re  was a s ign i ficant e ffect of group ( p < O .05 )  wh ich  r e fl ects the 

h igher  counts  seen fo r Group 1 .2 .  Eosi noph i l  counts  were  i n creas ing  and  the  

e ffect o f  t ime was approach i ng s igni ficance ( p = O.06 ) but  there  was co ns iderab le  

va r ia t ion  b etween  co unts .  

I n  Expe r i ment 2 . 2  dur ing the  t r ick le  i n fection ,  no  s ign i ficant  e ffects o f  

t r ea tmen t  were  seen  fo r total  wh i t e  ce l l ,  neutroph i l ,  m onocyte a n d  basophi l  

counts .  Fo r lymphocyte counts ,  the  d i ffe rence between the  two g ro u ps changed 

with t i m e  w h ich is  reflected i n  a s ign i ficant  i n t eract ion ( p < O .O l )  b e tween group 

and  t i m e .  For eos inoph i l  co unts, t he  re la t ionsh ip  betwe en  the  two g roups a l so 

changed wi th  t i m e  as co unts in Group 2 . 1  i n i t i a l ly rose,  fe l l  b ack to low levels  

around day 63 and then rose and  fe l l  agai n .  Th i s · i s  reflected in both a 

s ign i ficant  i n t e ract ion ( p < O . O l ) be tween  group and t ime ,  and  a n  ove ra l l  h igher  

eos i nop h i l  count  ( p < O.05)  fo r Gro u p  2 . 1 .  

Fol lowi ng  ch a l l enge I n  Exper i m ent 2 .2 ,  eos i noph i l  counts  rose 

s ign i ficant ly  ( p < O .OO l ) in  both gro ups  and there was no s ign i ficant  d i fference 

b etween t h e m .  Lymphocyte counts showed a downward t r end  a fte r  chal lenge 

t end ing to conve rge towa rds the end  of  the  exper iment .  Al though lym phocyte 

counts fo r Group 2 . 1  we re s l ight ly ,  but  not  s ign i ficant ly ,  h igher  than  Group 2 . 2  

o n  the  d a y  o f  cha l lenge,  ove r t h e  post-cha l l enge pe rio d  b o t h  the  downward  

t r end  w i th  t i m e  ( p < O.05)  and  the effect o f  groups were  s ign i ficant  ( p < O .O l ) .  

No s ign i ficant  b e tween-group effects were  seen fo r counts  o f  o the r  ce l l  types .  

Tota l  wh i te ce l l  counts i n  Group 2 .2  tended to decrease wh i l s t  t hose in  Group  

2 . 1  fluctua ted  even  though they rema ined  h igher .  These t r ends a re  reflected 

in a s ign i ficant  i n teract ion (p < O .05 )  b etwe en t ime and group .  

Serum P ro te i n s  

T h e  changes i n ,  a n d  s tat i st ics for,  tota l  prote in  and  alb u m i n  l evels seen 

d u r i ng the  two exper im ents  are  shown in  the  figures  and  tab l es in  Append i ces 

2g and  h fo r Exper iments  2 . 1  and 2 . 2  respect ively .  

In Exper iment 2 . 1  during the  t r ick le  i n fect ion ,  there  were no s ign i ficant 

e ffects o f  group for e i ther total  protein or  a lbumin .  Fo l lowi n g  cha l l e nge, total  

prote ins ,  when cont ro l led fo r t ime ,  we re s ign i ficantly h igher  ( p < O .O l ) for 

Group 1 . 1  b ut no d ifferences were seen b e tween groups for a l b u m i n  a l though 

t hey d id  decrease s l ight ly wi th  t ime ( p < O . O l ) .  
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In  Exper iment  2.2 dur ing  the t r ickle i n fect i on ,  total p rot e i ns and a lbumin  

l eve l s  genera l ly  d iverged s l ight ly, w i th  Group  2 . 1  b e i ng lowe r i n  bo th  cases .  

Th i s  i s  reflected i n  a s ign i ficant  in te ract ion  b etween t ime and  group ( p < O .O l )  

fo r both  these  parameters .  Fo l lowi ng chal lenge,  both  a lbumin  a n d  tota l  prote in  

s h owed a s l igh t  b ut s ign i ficant decrease wi th  t i m e  ( p < O .OO I ) .  Fo r a lb u m i n  the  

d i ffe rence b etween the  two groups fl uctuated enough to resu l t  i n  a s ign i ficant 

i n t e ract ion  ( p < 0.05 ) .  Although alb u m i n  of  Group 2 .2 was lower t h a n  Group 

2 . 1  a t  s laughter ,  th is  d i fference was not  s ign i ficant ( p < 0.05 ) .  

Pe p s i nogen 

Serum peps inogen leve ls  for Expe r imen t  2 . 1  are shown in  Figure 2 .5 .  and  

the i r  s ta t i s t ica l  analyses in  Appendix 2g .  Dur i ng the t r ickle i n fect ion ,  t he  mean 

va lues  for Group  1 . 1  i ncreased to  a m ax imum at the t ime  of  a n t h e l m i n t ic  

t rea tment  wi th  a subs id i a ry peak a t  around 5 weeks .  Ove ral l  there was a 

s ign i ficant i n te ract ion be twe en t ime  and  group ( p < O .OO I ) a n d  a s ign i ficant  

d i ffe rence ( p < O .OOl ) b e tween the 2 groups .  The  peps i nogen l evels  d u r ing the  

p r i m ary i n fect ion  per iod were  a l so an alysed by pa i red  t- tests  to  de term i ne when 

the d i ffe rence b ecame  s ign i ficant .  A conservat ive approach was used to 

calculate the t-stat ist ic  because of  the  prob lems  i n  us ing mu l t i ple  sequent ial 

pa i red  t - tes ts  where successive data sets  are  not i n dependent .  Th i s  i nvolved 

u s i ng the l a rgest  observed s tandard  devia t ion  for each group du r i ng  the 1 0  

w e e k  peri o d  as  t h e  s tan dard devia t ion  fo r a l l  pa i red  observat ions  du r ing  th i s  

per iod .  Eve n  w i th  th i s  more  con se rvat ive assessment ,  the  d i fferences i n  

peps inogen va lues  between Group 1 . 1  and  Group 1 .2 were s ign i ficant ( p < 0 .05)  

from the  four th  week unt i l  the goats were dosed with leva m iso le .  

Peps i nogen levels fo r Exper im ent  2 . 2  a re shown in  F igure  2 . 6 .  a n d  the i r  

s ta t i s t ical ana lyses i n  Appe nd ix 2h .  Levels  p lateaued i n  Group  2 . 1  fro m  about 

week 6 at a m ean level  o f  approx imate ly 0 .7  IU.  When analysed as for 

Expe ri men t  2 . 1 ,  there was a s ign i ficant i n teract ion between t i m e  a n d  group 

( p < O .OO l )  and an overa l l  s igni ficant d i fference ( p < O .OO I )  b e twe e n  the  2 groups .  

When sequen t i a l ly com pared as  i n  Exper imen t  2 . 1 ,  peps i nogen values for the 

two groups were  s igni ficantly d ifferent  ( p < 0 .05)  from week 4 of  the  i n fect ion  

per iod  unt i l  a l l  goats were dosed wi th  iverm ecti n .  
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Figu re 2.6.  S e rum pepsinogen val u es ( m ean ± s .e . )  from Expe r i m ent 2 .2 .  

Group 2 . 1 = trickle-i n fected; Group 2 .2 = control ;  I V  = ivermectin 

treatm ent ;  CH = all  goats challenged with 1 5,000 H. contortus L3s .  
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On the day  o f  chal l enge in  both expe r im ents .  the peps inogen va lues  in  

t he  t r ick le - i n fected a n i m als  had  d ropped to  l evels  not s ign i fi can tly d i ffe rent 

( p > O .05 )  from t hose of  con t rols .  Fo l lowing cha l lenge. peps i n ogen va lues  rose 

s teeply and s ign i fica n t ly ( p < O .OO l )  in a l i near  fash ion  in both exp e r i m ents .  

The re were  no  s ign i ficant d i ffe rences b e twee n  gro ups i n  the i r respective 

exp e r i m ents .  

Data from both expe ri m ents cons i dered  separate ly o r  com b i ned  showed 

no  s ign i ficant  corre la t ion  be tween pepsi nogen and faecal egg cou n ts a t  t he  end 

o f  the  t r i ck le  i n fect ion  (Table  2 . 4 )  o r  b etween te rm ina l  peps i nogen and  tota l  

worm counts ( Table 2 . 5 ) .  

G a s t r i n  

Serum gast r in  l eve l s  fo r Experi m e nts  2 . 1  and 2 .2  are  shown i n  Figu res 

2 . 7  and 2.8 and the i r  s tat i s t ical ana lyses in  Append ices 2g and 2h respect ively .  

Overa l l  there  were s ign ificant ly h igher  ci rcu l a t i ng gas t r in  l evels i n  i n fected 

a n i m a ls  dur i ng the tr ickle i n fect ions in  Expe r iment  2 . 1  ( p  < 0 . 0 1 ) and  

Exper imen t  2 . 2  ( p < 0.05 ) .  I n  Expe r iment  2 . 1 ,  but  not  2 .2 ,  there  was  a l so a 

s ign i ficant  i n t e ract ion  b etween group a n d  t i m e  ( p < O .OO l ) . 

Fo l lowing  cha l lenge,  gast r in  l eve l s  were genera l ly h igher  fo r t he  na ive 

goats  than  the  previ ously i n fected  an ima l s .  Analys is  showed a s ign i ficant  effect 

of  t i m e  and  group fo r Expe r iment  2 . 1  ( p < 0.05 ) .  Fo r Expe r iment  2 .2 t h e re was 

a s ign i ficant i n te ract ion between t ime  a n d  group ( p < O .O l )  in Exp e ri m en t  2 .2 

wh ich  reflects the  greater  r i se  of  values fo r Gro u p  2 .2  than Group 2 . 1 . At the  

t ime o f  s laughter ,  the d ifference b etween  the two groups in  Experi m e n t  2 . 2  was 

approach i ng s ign i ficance ( p = O . l )  when a nalysed by a two samp le  t - tes t  and  

overal l  the  d i fference between the two groups fol lowing cha l lenge was 

s ign i ficant ( p < 0 .05 ) .  

Corre la t ions be tween gas t r in .  peps i nogen a n d  faecal egg counts  a t  the 

end of  the t r ick le  i n fecti ons are shown in  Tab l e  2 .4 and  fo r gastr in ,  peps i nogen 

and worm counts  a t  the t i m es of  s laughter  in Tab le  2 . 5 .  No ne  of  these  

corre la t ions  were  s ign i ficant .  



450 ---..- G roup1 . 1  
400 

- 9- - G ro u p 1 . 2  
350 

- 300 
E ::::-
0 250 E --
c 200 � -.. 
as 

1 50 T Q 

1 00 

50 

0 
0 7 14 21 21 15 42 48 18 

LL 

1 

IS 70 

d ays 

LEV C H  

1 t 

I 

5 7  

/K sa -if  1 \ 
II .L - \ 

77 14 .1 II 1 05 1 1 2  1 1 . 1 28 1 SS 

F i g u re 2.7. Serum gastr in  values (mean ± s . e . )  from Experi m e n t  2 . 1 .  Group 

1 . 1  = trickle- infecte d; G roup 1 .2 = contro l ;  LL = last  larval  dose of  t rickle­

i n fection; LEV = l evam isol e  t reatment ;  CH = al l  goats chal lenged wi th  

1 0,000 H. contortus L3s.  

450 
---.- G roup 2.1 

400 I 
-6- - G roup 2.2 I 

I 350 I 
IV C H  I - 300 1 I E t ::::- I 0 250 

J 
E --
c 200 � -.. 
as 

1 50 I Q 
I 

1 00 T T CP� T T 
l-r .L 

I 
50 

14 21 42 58 70 14 II 1 1 2  1 28  1 40 1 14  181 

days 

F i g u re 2.8. Serum gastr in  values (mean ± s . e . )  from Expe r iment  2 . 1 .  Group 

2 . 1 = trickle- infect e d; Group 2 .2 = con t rol ;  I V  = ivermect in  t r e a tm e n t ;  CH 
= al l  goats challenged wi th  15 ,000 H. contortus L3s .  



58 

Co rre l a t i o n s  a t  the end  o f  the  t r i c k l e  i n fect i o n  i n  E x p e r i m e n t  2.1  ( n = 5 ) 

gastr in  faecal egg co unt  

faeca l  egg count  -0 .2 1  

peps i nogen 0 . 75 -0 .24 

C o r re la t i o n s  a t  the end  o f  the  tr ick le  i n fect i o n  in  Exp e r i m e nt 2.2 ( n = 8 )  

gastr in  fa ecal egg count 

faecal  egg count  0 . 1 9  

peps i nogen 0 .04 0 .57  

C o rre l a t i o n s  a t  the  end  o f  the t r i c k l e  i n fect i o n  fo r the  c o m b i ned d a ta of both 

E x p e r i m e n t s  2 . 1  a nd 2.2 

gastr in  fa ecal egg co unt  

faeca l  egg co unt  0 . 1 4  

p e ps i nogen -0 .07 0 .28  

Ta b l e  2.4 Corre la t ions be tween faecal egg co unts ,  peps i nogen values and  

gas t r in  va lues  at  the  end o f  the  t r ick le  i n fect ions .  
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C o r re l a t i o n s  a t  the t i m e  o f  s l a u ghter  i n  E x p e ri m e n t 2 . 1  ( n =  1 0 ) 

gast r in  worm co unt  

worm co un t  -0 .29  

peps i nogen 0 .54 · -0 .24 

C o r re l a t i o n s  at the t i m e  o f  s l a ughte r  in  Exper i m e n t  2 .2  ( n = 1 5 ) 

gast r in  worm coun t  

worm count  -0 .39  

pepS i nogen 0 .24  -0 . 1 0  

Corre l a t i o n s  at the t i m e  o f  s l a u g hter fo r the  c o m b i n e d  d a ta o f  both  

E x p e r i m e nts  2 . 1  a n d 2.2 ( n = 25 )  

gas t r in  worm co unt  

worm coun t  -0 . 3 1  

peps i nogen 0 . 1 0  -0 . 1 1  

Ta b l e  2 .5  Corre lat ions  b e tween tota l  wo rm counts ,  peps i nogen va lues  and  

gas t r i n  va lues  at t he  ti m e  of  s laughter  

2.4 D I S C U S S I O N  

Pa ra s i t o l o gy 

The poor and var iab le  estab l i shm ent of  H. contortus i n  the  control  

g roups i n  both expe r iment s  i s  d i fficul t  to exp la in ,  especi a l ly as i n  Expe r imen t  

2 . 1  a caprine  i so late was u sed ,  and  in  bo th  exper i m ent s  t h e  cha l lenge dose  was 

given by s tom ach tube to  precl ude any effect of the c losure  of  the oesophageal  

groove on  estab l i shm ent . Others have repor ted  low o r  va r i ab le  estab l i shmen t  

ra te s  o f  H. contortus i n  goa t s  ( Colglaz ier  e t  a i . ,  1 96 7 ;  Watson ,  1 986 ;  Al -Quai sy 

et a i . ,  1 987;  McKenna a n d  Watson ,  1 987;  Rahman a n d  Col l i n s .  1 990d;  Rahm an 
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a n d  Co l l i n s ,  1 99 1 a ; Hoski n g  and  Watson,  1 993 » . Howeve r ,  Le lambre and  

Roya l  ( 1 97 6 )  compared goats  a n d  young sheep  graz ing t h e  same i n fested 

past u re and fo und no d i ffe rence in  Ha em onchus ' b u rden s between the two 

s peci es a l though only 3 an i m a l s of each speci es were com pared .  S i m i l a r ly, no 

d i ffe rence in estab l i shment  was seen when goats were i n fected with shee p­

der ived  o r  goat-der ived H. con tortus (Rahman a n d  Co l l i n s ,  1 99 1  b ) .  The very 

l o ng p repatent  per iod seen i n  Exper iment  2 . 2  m ight b e  accounted  for by the  

fact tha t  t he  i so late or igi na ted  from sheep .  Th ere  has  been  one report that  

s uggest a goat-derived s t ra in  deve loped fas ter  than  a sheep- de rived s t ra in 

( R a h m a n  and Col 1 i ns ,  1 99 1  b) but whether this refl ects a d i ffe rence in host­

d e riva t ion  o r  just st rai ns  i s  not cl ear .  

I n  Expe r iment 2 . 1 ,  t h e re was a tendency fo r the prev iously i n fected goats 

to  h ave lower worm burdens  than the con t rols  fo l lowi ng  cha l l enge but, with the  

sma l l  g roup  s izes  and  wi t h i n -group var ia t ion ,  the  d i ffe rence d i d  not reach 

s ta t i st i ca l  s ign i ficance.  At the  t ime  of  cha l lenge ,  these  a n i m als were 

app roxi m ate ly n ine  months  o ld .  By ana logy wi th  sheep ,  one  m ight have 

expect e d  to see som e  measure of acq u i red res i s tance u n d e r  the  regi me of 

i n fect ion  used .  However,  even in Exper im ent  2 .2 ,  where  the an im als  were 1 8  

m o n t h s  o l d  when ch a l lenged ,  t h e r e  was s t i l l  n o  evi de nce of  res is tance hav i ng 

b een  i n d uce d .  The resul ts  cannot be expla ined  in te rms  of the genera l  i nab i l i ty 

o f  goats  o f  th i s  age to effect ively res ist gastro i n tes t i n a l  n e m atode i n fect ions .  

In  a fur ther ,  s imi lar  expe r i m ent  i nvolv ing Saanen wethers but  i n fected w i th 

Trichostrongylus colubriformis ( see  Chapter 3 ) ,  a ve ry h igh  level o f  acqu i red  

re s i s tance to  homologo us cha l l enge at 12  months  of  age  was ob tai ned .  

A poss ib l e  exp lanat ion  i s  the  s i ze  of  the  cha l l enge  dose .  Immune  

excl u s ion  o f  la rvae appea rs to  b e  threshold dependent  a s  i m m  une  sheep 

cha l lenged with lx 105 and  1 x 1 06 l a rvae excl uded most  wh i l s t  those  chal lenged 

with 1 x 1 04 d id not (J ackson et a t. ,  1 988 ) .  Howeve r,  a c loser  exa m i nat ion o f  th i s  

report shows tha t  t he  con tro l  an ima l s ch a l l enged wi th  l x 1 0
4 

had  abou t  a 20% 

e st ab l i s h m ent  rate which i s  lower than  the 40-60% usua l ly seen  i n  na ive sheep 

( se e  S ect i o n  1 .2 . 5 )  and lower  than the  50-60% estab l i shm ent  in  na ive chal lenge­

con t ro l  sheep given 1 x 1 05 or  l x 1 06 la rvae .  The estab l i s hmen t  fo r vaccinat ed  

sheep g iven 1 x 1 0
4 

larvae was 2 1  % which i s  h igher  than  the  1 5 %  and 5% fo r the  

g ro u ps g iven l x 1 05 and 1 x l 06 l a rvae respectively b ut these  two h igher  dose  rates 

a re a r t i fic ia l ly h igh and  lower es tab l i shment  i s  not  s u rpr i s i ng .  No stat i st i cal  

com par i son  between these estab l i s hment  rates was given .  Exa m i nat ion of  

Appendix 1 a  shows that  m ost exper imen tal  chal lenges g iven as a s i ngle  dose 

h ave  b ee n  a round  1 0,000 to  50,000 la rvae as  in  the  expe r i m en ts wi th  goats  
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repor ted  h e r e .  I n  Appe nd ix  1 a  there a r e  seve ra l  reports  o f  exper im ents  where  

the  sens i t i s i ng i n fect ion  i s  removed b e fore cha l lenge and  where  cha l l e nges of  

th i s  same order  have resu l ted  in  s ign i ficant ly  lower  H. con tortus b u rdens  i n  

i m m une  s h e e p  ( Chr i s t i e  e t  al. , 1 964b ;  D i n e e n  a n d  Wagland ,  1 966b ;  D o n a l d  et 

a I. , 1 96 9 ;  Zajac et a I. ,  1 990 ) .  

T h e  response o f  goat 9 in  Group  1 . 1  i s  i n te rest i ng.  Th i s  goat exh i b i t e d  

an  apparent  i n herent  res i stance t o  H. contortus  as i ts faecal egg cou n t  ( shown 

in Figure 2 . 1 )  was cons i s tent ly low and aft e r  cha l l enge this goat had the lowest 

worm b u rden in  this expe r iment .  Genet ic  var i a t ion  has  been observed  in t h e  

response t o  gastro in tes t ina l  nematodes in  o the r  r u m i nants  especi a l ly s h eep ,  a n d  

speci fic b reed ing programs estab l i shed to se l ect . for res i s tant  a n i m a l s  

( Woolaston ,  1 990) .  Other  in d ivi dua l  goats  express ing a h igh  level  o f  host  

res i s tance under  fie ld  con d i t ions ,  have been observed (Soe  and  Pom roy,  

u n pub l i s h e d ) .  These a n i m a ls may represe nt genet i cal ly res i s tant  i n d iv idua l s  

a n d  o ffe r  hope fo r fu t u r e  se lect ion programs .  

The smal l  number  of  Nematodirus eggs obse rved would  prob ab ly have 

resu l ted  from i n fect ion  acqu i red fro m  low l eve l  conta m i nat ion  of  the st raw 

bedd ing  or ,  in Expe r im en t  2 .2 ,  the hay the goats were fe d .  The n u m b e rs were  

evi dent ly too smal l  to  b e  detected by the  exa m i na t ion  of  10% a l i q uots .  

Whether  the present  t r ia ls i nd i cate an i n a b i l i ty of  goats  genera l ly to  

deve lop resi stance to Ha em onchus,  or  a requ i  rement  fo r longer  p r i m a ry 

exposure  to the  pa rasi te ,  or  a la rger cha l lenge to express res i s tance,  i s  

i m poss i b le  to say . Certa i nly,  under  fie ld  con di t ions  i n  New Zealand ,  c l i n i ca l  

haemonchosis  i s  com m only seen in  adu l t  goats  suggest ing t hat e ffect ive  

res i s tance to Haem on chus i s  e i ther  not e as i ly es tab l i shed  o r  i s  d i ffi cult  to  

m a i n t a i n .  I t  wo uld  be i n te res t i ng to know if  these  resu l ts  apply to oth e r  b reeds  

of  goat .  

I n  these expe r im ents ,  the H. contortus b u rden was  remov e d  befo re 

cha l lenge .  I t  h as been  suggested  that goats ,  as  wi th  young sheep ,  m ay 

demonst ra te  a level o f  protect ion i f  the  sens i t i s i ng  i n fect ion  i s  not  removed 

(Hosk ing and  Watson ,  1 993 ) .  The obse rvat ion  that  the  faecal egg cou n ts in  t h e  

present  exper im ents  t e n d e d  t o  reach a peak a n d  then  p lateau u n t i l  an the lm i n t ic 

t rea tment  was g iven,  i s  cons is tent  w i th  such a n  hypothes is .  I n  add i t i on ,  there  

i s  some evi dence tha t  goa t s  may be  successfu l ly  protected fol lowi ng  vacci na t ion  

w i th  i r rad ia ted  H. con torlus ( see  Sect ion  1 . 1 . 2 ) .  Howeve r,  i t  was  not  s tated i f  

t h e s e  sens i t i s i ng infect ions were removed b e fore  cha l lenge .  
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Pe p s i n o ge n 

The m echanism in duci n g  peps inogen re lea se i n t o  c i rcu lat ion i s  not  j u s t  

a s i m ple  lea kage th rough loose ce l l  junct ions  bu t  i s  cons idered  to  b e  

m u l t i factor ia l  and  m a y  i ncl u d e  endocri ne  or  paracr i n e  regu la t ion  (McKe l l a r , 

1 99 3 ) .  I n  Exper iment  2 . 1 ,  va l ues rose to a peak a t  about  week 5 t h en fe l l  

s l i g ht ly  a n d  rose aga in  ( Figure  2 . 5 ) .  The p lateau seen i n  peps inogen va lues  o f  

Group  2 . 1  d u r i ng pri m a ry i n fect ion per iod  suggests t h a t  a s teady s tate  h a d  

deve loped desp i te  con t i nu i n g  i n take o f  l a rvae .  N o  reason can b e  given for t h e  

d i ffe rence be tween exper im en t s .  

Peps inogen responses  a fter  cha l lenge were  s i m i la r  i n  bo th  expe r imen t s .  

They i ncreased rapid ly  and  by 7 days levels  were  s i gn i ficant ly h igher  t h an 

p r e i n fect io n .  This i s  cons i s t e n t  w i th  i ncreases i n  ci rcu l a t i ng peps inogen leve ls  

seen in  sheep occurr ing  soon after  H. contortus L4 l a rvae em erge from t h e  

g l and  crypts on  or a b o u t  d a y  5 ( Coop 1 97 1 ) .  A s i m i la r  rap id  i ncrease h a s  a lso 

b e e n  seen i n  young fi e l d- reared  goats given a s i ng le  m oderate  chal lenge w i th  

H. contortus ( Fox et aI. , 1 99 1 ) .  

Never th eless,  the  i ncreases i n  peps i n ogen va lues  seen I n  bo th  

exper i m ent s  were rela t ively sma l l .  Peps inogen va lues  > 3 .0  I U/l i t re  (Armour ,  

1 970 )  o r  > 2 . 6  I V/l i t re (Brunsdon 1 97 1 )  have b een con s i dered  d i agnost ic of  

os te r tagios i s  i n  cat t le ,  and  s i m i la r  i ncreases have  b een  recorded  from sheep  

w i th  l a rge O. circumcincta b u rdens  (Anderson et a I. ,  1 98 5 ) .  Howeve r ,  m uch 

lowe r l eve ls  of the order  of  0 .4 - 1 .0 IU/l i t re have b e e n  recorded from sheep 

g iven  m ass ive s i ngle i n fect i o n s  wi th  H. contortus ( Coop,  1 97 1 )  and  goats  w i th  

re l a t ively sma l l  H. con tortus b u rdens  ( Fox e t  a l. ,  1 99 1 ) , a l t hough calves i n fected 

wi th  H. contortus did  show a r i se  to  >3 IU/l i t re ( Shoo and Wi seman,  1 986 ) .  

The lack of co rre la t ion  b e tween peps inogen l eve l s  and  faecal egg cou n t s  
p ep s l n O Cj e  ... � 

o r  pos tmor tem worm n u m b e rs suggests A may not  b e  he lpful i n  di agnos i ng 

a b o masa l  paras i t i sm,  o r  a t  leas t  haem onchos is ,  i n  goats . 

G a s t ri n  

The res t ing  val ues  of  < 50 fmol/m l i n  cont rol goats dur ing  both  t h e  

t r i ck le  i n fect i ons  are s i m i l ar  to  those recorded by o t h e rs i n  goats (Fox et a l. ,  

1 99 1 ) , sheep  (Anderson et a l. , 1 98 1 )  and  catt le  ( Be rghen  et a l. , 1 993 ) .  The 

con t ro l  o f  gastr in  product i o n  by G cel ls  i n  the  abom asum i s  comp lex b u t  

product ion  i s  known to  i ncrease  w i th  gastr ic  nema todos i s  a n d  often to  very h igh 
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levels  (Ti tchen ,  1 98 2 ) .  I ncreases in se rum gastr in  h ave b e en obse rved  i n  goats 

i n fected w i th  o. ostertagi (Ma rkovi ts ,  1 987)  and H. contortus ( Fox et a l. ,  1 99 1 ) 

b u t  not  T colubriform is (Re inemeyer  et a l. ,  1 991 ) .  In  both  the  present  

exper iments ,  serum gas t r in  l evels  s lowly i ncreased i n  the  t r ick l e - i n fect e d  goats 

re la t ive  to the con trol  a n i m a l s but were never m o re than 3 X  con t ro l  levels .  

Th i s  i s  s i m i l a r  to the  peak r i se  of  3 . 9X reco r d ed fo r lambs  exposed  to a t r ick le  

i nfect ion o f  2000 O. circum cin cta dai ly (Fox et aI. , 1 98 8 )  bu t  less  than  the  h igh  

va lues  seen when  la rge i n fect i ons  of  Ostertagia speci es  h ave been  g iven to  sheep 

(Ande rson et a I. , 1 98 1 ;  Reynolds  et  a I. , 1 97 9 )  and  calves (P i t t  et a I. ,  1 988;  

H i l de rson el a I. , 1 9 9 1 ) .  The peak observed a t  day 35 i n  Expe r i m en t  2 . 1  m ay 

h av e  b een s i m ply a resul t  of  paras i t i sm as  ci rculat i ng  gast r i n  leve ls  h ave  been 

observed  to peak and  then  gradua l ly fa l l  away i n  sheep g iven a s i ngle i n fect ion 

(Nichol ls  el a l. 1 98 8 )  or  a t r i ckle - i n fect ion ( Fox et at. , 1 98 8 )  of H. conlorlus .  

However ,  a poss i b l e  con t r ibu t ing factor i s  the  t ime of fe ed ing  i n  re lat ion to 

b lood  sampl ing  which may have var i e d ,  as the deci s ion to assay se rum gast r i n  

was  m ade a t  the com plet ion  of  the  expe r iment .  Feed ing can  i ncrease 

ci rcu la t ing  gastr in l evels  by a factor of  2 X  fo r more than an h o u r  in  sheep 

( Reynolds  el a I. , 1 99 1 ) .  In  Experim e n t  2.2 ,  goats were a lways b l e d  b efo re 

fee d i ng and  no  s i m i l a r  peak was seen . 

The pat tern  of  gas t r i n  re lease fo l lowi ng cha l l enge i s  d i fficu l t  to  i n t e rpret  

as  i t  was s l ight ly  d i fferent  i n  the two expe r im ents  a l though leve ls  fo r n aive 

goats  were a lways h igher  than those of previously i n fected an i m a l s ;  t h i s  was 

par t icu lar ly obvious in Exper iment  2 . 2 .  This s uggests  som e condi t i o n i n g  of  the  

gas t r i n  response  by  previous i nfection al though prev ious ly i n fected  goats d id  

not  have  s ign i fi cant ly fewer worms .  Lower  peak gas t r in  levels  h ave a l so  been  

repo rted  i n  sheep re in fected wi th  o. circum cincta a l though t h e  two sheep 

concerned  had substant ia l ly lower  worm co u nts than  sheep i n fected  once 

(Ande rson el a l. , 1 98 1 ) .  

The ove ral l  s izes of  t h e  gastr in  responses fo l lowi ng  cha l l enge, 

par t icu la rly fo r groups 1 . 2 and 2 .2 ,  were s i m i l a r  to those recorded  fo r m uch 

l a rg e r  Haemonchus i n fect ions  in sheep (Nichol l s  el a l. , 1 988 ;  Fox et a I. , 1 988)  

which  suggests that gas t r in  product ion m ay no t  be  re lated to worm b u rden .  

This  i s  cons i s ten t  w i th  the  poo r  corre la t ions  b etwe en faeca l egg  coun t s  and  

gast r i n  a t  t h e  end  of the t r ick le  i n fect ions  and  b etween  to ta l  worm counts  and  

gas t r i n  l eve ls  a t  s laughter .  I t  h as been suggested that  est i m at ing  gast r i n  m ay 

b e  o f  va lue  i n  the  d i agnos i s  o f  capr ine  haemonchos is  b ecause of  the  corre la t ion  

of  peps inogen and  gas t r in  observed i n  goats  ( r = O .77;  p < 0 .00 1 ;  Fox et a l. 1 9 9 1 )  

a n d  sheep ( r = 0 .70 ;  p < O .OO l ;  Fox et aI. , 1 98 8 ) .  However,  these  authors  d i d  not 



64 

present  co rre la t ions  wi th  faecal egg counts  or  any oth e r  paras i to logical  

parameters to suppo rt the  use of  e i t h e r  fo r th is  purpose .  In  the  present  

expe r im ents ,  no s ign i ficant correl a t ions  be twee n  gast r in  and  peps inogen were  

obse rved nor  were there any corre la t ions  be tween e i ther  of  these  two 

parameters a n d  faecal egg counts or worm counts .  Th is  suggests n e i t h e r  m ay 

b e  useful  d i agnost ical ly .  S i m i l a r  poor co rre la t ions b etween  peps i n ogen and  

gas t r i n  responses  have  a l so  been obse rved  i n  paras i t i sed  catt le  (P i t t  e t  a l. ,  1 988 ;  

B e rghen et  a i. ,  1 993 ) .  

H a e m a t o l ogy 

The dec l ines  in PCY in  i n fect ed  goats noted  dur ing the t r ick le  i n fect ions  

i n  both  expe r im ents  and  after  chal l enge i n  Expe r im ent  2 . 2  w e re sma l l  b u t  a re  

cons i s ten t  w i th  the  b lood-sucki ng nature  of  H. con tortus . The fa i l u re to observe 

d i ffe rences b etween the two groups fo l lowing cha l l enge refl ects the s i m i l a r i ty 

i n  worm b u rdens  as  b lood loss would  b e  expected to b e  a d i rect funct ion  of  

worm n u m b e rs .  Others have observed the  fa l l  i n  PCY i n  goats i n fected  w i th  

Haemonchus to  be  re la ted  to  faeca l egg  coun t s  (Arzoun e t  a l. , 1 983 ) .  The 

greater  fa l l  fo l lowing chal l enge in  Expe r i m e n t  2 . 2  than i n  Experi m e n t  2 . 1  m ay 

h ave been  i n fl uenced by the d i ffe rence i n  p lane of  nu t r i t ion  i n  t he  two 

expe r i m e nts as  worm b u rdens were s i m i l a r  i n  bo th .  I t  a lso suggests  tha t  the  

feed i ng act iv i ty of  t h i s  s t ra i n  was  not a ffected by i ts  ovi ne or ig in  even  though 

egg product ion  was restr icted .  Rahman and  Co l l i n s  ( 1 99 1 b )  observed that  a 

goat -der ived s t ra in  caused a greater  fa l l  i n  PCY than a sheep s t ra in  ( "McMaster  

susceptib le " ) ,  but  the la t ter  had been a l aborato ry s t ra in  fo r m a ny years which 

m ay h ave reduced i t s  pathogen ic i ty (Ande rson ,  pers. comm. ) .  

Th e most notable  change reco rded i n  wh i te cell  counts  was t h e  r i se  i n  

eos inoph i l  n u m b e rs s e e n  in  Expe ri m e nt 2 . 2 .  In teres t ingly, d u r i n g  the  t r ick le  a n d  

cha l lenge i n fect ions  i n  Exper iment  2 . 1 ,  eos i noph i l  counts d i d  not  i ncrease 

s ign i fican tly ove ra l l ;  th i s  i s  s i m i la r  to the  l ack of  an eos i noph i l  response 

recorded by Rahman and Col l ins  ( 1 99 1 b )  i n  young goats .  Th e r i se  seen d u ri ng 

the  t r i ck le  i n fect ion i n  Expe ri m ent  2 . 2  i nd icates  that the i m m une  syste m  was 

respond ing  to the i n fect ion  i n  these o lder  goats even though t h i s  was not 

re flected i n  cont rol o f  wo rm numbers afte r  cha l lenge.  Th e absence of  a 

d i ffere nce b etween the  two groups afte r  cha l l enge i n  both exper im ents  i s  

cons i s tent  wi th  t h e  lack of  a n  effective i m m un e  response,  a l though t h e  r i se  

observed in  previously na ive goats i n  Group 2 .2 suggests an  eos i noph i l  response 

i s  not  necessa r i ly dependent  on previ ous exposure  to i n fect ion .  
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Rahman and Co l l i n s  ( 1 99 1 b )  reported that  to ta l  w h i te ce l l  co unts  fel l  

s i g n i ficant ly i n  goats i n fect e d  w i th  H. contortus and  th i s  w a s  p resum ab ly due  to 

t h e  fa l l  i n  lym phocyte cou n t s  recorded .  A s im i l a r  s ign i ficant  fal l  i n  lym phocyte 

cou n t  was seen in o lder  goats in Expe r iment  2.2 a ft e r  cha l lenge but not i n  

Expe r i m e n t  2 . 1  a l though t h e  t r e n d  was i n  t h e  same  d i rect io n .  The b io logical  

s i g n i ficance of  this  i s  not  c l ea r .  Rahman and  Co l l i n s  ( 1 99 1 b )  a l so  reported a 

s i g n i ficant  r i se  in  neut roph i l  counts  bu t  th i s  d i d  not  occu r i n  the  present  

expe r i m en t s .  

I n  both  exper iments ,  t he  observed fa l l s  i n  s e ru m  a l b u m i n  l evels  are 

m a i n ly  a t t r ib utable to b lood  loss .  Howeve r,  fu rt h e r  loss  of  a l b u m i n  may result  

from m ucosal  leakage due to dam age to the m ucosa or separat ion of  the  zona 

occludens between the ep i the l i a l  ce l l s .  The pat tern  of tota l  prote i n  levels  

fol lowing  cha l lenge was d i ss i m i la r  be tween the two expe r i m ents  and i s  not 

r e a d i ly explai ned .  In te rest i ngly ,  a feature  of  tota l  se rum pro te ins  and a lbum ins 

i n  these exper imen ts i s  the smal l  var ia t ion between i n div i dua l  goats wh ich 

m akes group d i fferences m ore  read i ly apparent .  



CHAPTER TH R E E  

DEV ELOPM E NT O F  R E S I STANCE T O  TRicHOSTRONGYLUS 
COLUBRIFORMIS I N  GOATS ( E X P E R I M ENT 3 . 1 )  

3 . 1  INTR O D U CTION 
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It has been  shown tha t  sheep can deve lop  res i s t ance to  Trich ostrongylus 

colubriformis from 5 - 6  mon ths  of age ( see Sect ion  1 . 3 ) .  This  res i s tance i s  

i n i t i a l ly expressed over  a p e riod  of several weeks w h e n  l a rval  estab l i shmen t  

fa l l s  wh i l e  adu l t  wo rm n u m b e rs are  un affected .  Fo l lowi ng th i s  i s  a pe r iod  

d u r i ng wh ich  adult  wo rms  are  a l so  expe l led  (Dobson  e t  a l. , 1 990a ) .  A si m i l a r  

pa t t e rn has  b e e n  obse rved fo r o t h e r  Trichostrongylus s p p .  i n  sheep ( Wa l l e r  and  

Thom as ,  1 98 1 ) .  Other  obse rved effects o f  deve lop i ng  res i stance aga i ns t  T. 
colubriformis are  decreased fecund i ty of  female  n e m at odes  ( Gibson and  Pa rfi t t ,  

1 97 2 ,  1 973 ;  Ch iej ina a n d  Sewe l l  1 974b ; Dineen  a n d  Windon ,  1 980b ; Wag land  

et a l . ,  1 984 ) ,  a decrease  i n  t h e  ra t io  of  ma le  t o  fem a l e  worms  ( D i n een and  

Wi n don ,  1 980b ) ,  and  an  i ncrease i n  numb ers of  i n h i b i t e d  L3 s ( Dobson e t  a l. ,  

1 990b ) .  

Th i s  chapter reports  a n  exper imenta l  i nves t i ga t ion  i nto t h e  estab l i shment  

o f  re s i s tance to T. colubriformis i n  young goats .  

3.2 M ATERIALS AND M E T H O D S  

E x p e ri m e nta l sc hed u l e  

Saanen  wethers were ra i sed  nematode-fre e i n  p e n s .  A t  t h e  b eg inn ing  o f  

t h e  expe r imen t  they were  approxi m ate ly 9 months  o l d  w i t h  a range o f  3 0  days 

b e tween  the youngest and o l d es t .  These an ima l s  were  ra i sed  as a group w i th  

t hose  u sed  i n  Experim en t  2 .2 .  

The  T. colubriformis used were  an i so l a t e  o f  ovi ne  or ig in  passaged 

t h rough a goat  to prov ide  i n fective larvae.  Th e i so la te  was k i n dly provi ded  by 

Dr P. Douch,  Wallacevi l l e  An ima l  Research Cen t re .  L a rvae were stored at  

room t e mperature  and were less than two months old when used.  Viab i l i ty was 

assessed  by observing m o t i l i ty .  At a l l  t i m es i t  was con s i dered  to b e  very h igh  

( > 90 % ) .  
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I n i t i a l ly  10 goats, i nc lud ing  three sets of twins ( from a pool o f  32  goat s ) ,  

were  s elected for the t r i a l .  One  s ib l i ng  from each twi n was  randomly a l locat e d  

to e i t h e r  Group 1 or G r o u p  2 .  Th e rema in i ng 4 goats were t h e n  rando m ly 

a l located to m ake two e q u a l  groups .  

Two fu r ther  goats  ( A  and B)  were inc luded i n  Group 1 to assess the 

accu m u la ted  b u rden acq u i red  fo l lowi ng the i n i t i a l  i n fect i o n  per iod .  

Gro up 1 goa ts w e re dosed by  s tomach-t ube  once  a week for 10  wee ks 

w i t h  1 0 ,000 T. colubriform is i n fective l a rvae .  Group 2 were  not  i n fected.  In  

week 1 1 , goats  A and  B were k i l l ed  to de term i n e  worm counts  and  the 

r e m a i n i ng 10 goats were dosed wi th  300mcg/kg ivermect i n .  Faecal egg counts 

o f  t h e  i n fected goats fe l l  to  zero .  

Two weeks later (week 1 3 ) ,  each goat  in  Groups 1 and 2 was chal lenged 

w i t h  50,000 i n fective l a rvae given by stom ach tube .  Twenty e ight  days  la ter  

(week  1 7 ) ,  u n l i ke the a n i ma l s  o f  Group 2 ,  a l l  a n i ma ls  i n  Group 1 had  zero 

faecal  egg cou nts .  To con fi rm th i s  u nexpectedly  unequ ivocal resu l t ,  the  1 0  

goats  i n  Groups 1 and 2 were  agai n dosed wi th  300 mcg/kg iverm ect i n  togeth e r  

w i t h  a fu rth e r  5 goats ( Group 3 )  randomly se lected from t h e  rem a i n i ng 

n e m atode-free  goats .  I n  week 1 9, a l l  1 5  goats were  cha l lenged wi th  50,000 

i n fect ive l a rvae and k i l l ed  28 days late r .  

Pa ra s i to l ogy 

Faecal egg counts  were est i mated  weekly th roughout  the exper iment 

u s i n g  a m o d i fi e d  McMast e r  tech n i que  (see  Appen d ix  2b ) .  I n  week 1 7 , the faeces 

of goats in Group 1 were also exam i n ed by s imp le  flotat i o n .  

A t  necro psy, 6 x 1 -2 c m  b locks of  s m a l l  i n t e s t i n e  a t  one m etre i n t e rva ls 

d i s t a l  to  the  py lo rus and 2 x 1 -2 cm b locks at 1 m e t re i n t e rvals  proxi m a l  to the  

i le ocaecal j unct ion were  removed for h i stological  s tud i e s .  Resul ts  o f  these  w i l l  

be  reported i n  Chapter 7 .  The  remai n i ng sma l l  i n tes t i n e  was  open e d  and  

wash e d  thoroughly under  runn i ng water .  A 1 % a l i quot  of  the  wash ings was 

s i eved  t h rough a 53 �m m esh to reta i n  al l  adult  and la rval stages .  A fu rth e r  

9 p e rcent  a l i q uot  was s i eved  th rough a 2 5 0  �m m esh . Cou nts of  la rval stages 

were thus based  on 1 percen t  a l i quots and adu l ts  on  10 p e rcent a l i quots .  The 

abomasum was a lso ope ned  and washed thoroughly .  10 percent  a l i quots of 

t hese  abom asa l  wash ings were counted  a fter s i ev i ng th ro ugh a 250um mesh .  

Ma le  and  fem ale  adult worms  were counted  separate ly .  The numbers o f  eggs 
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in utero per  female worm were counted in  50  wo rms  from each goa t .  A l l  

wash ings we re prese rved i n  1 0 %  fo rma l i n .  

H a e m a t o l ogy a n d  s e r u m  p ro te i n s  

Ten m l  o f  b lood w e re col lected  each week from Groups 1 a n d  2 a n d  from 

w e e k  18  onward,  from Gro u p  3 .  Alb u m i n  and  to ta l  p ro te in  were  e s t ima ted  a s  

descri b e d  i n  Chapte r 2 .  I n  add i t i on  5 m l  of b lood  were  col l ected  i n to EDTA 

fro m  each goat i n  G ro u ps 1 and  2 i n  Week  1 0  fo r d i ffe rent i a l  whi te  ce l l  cou n ts .  

S t a t i s t i c a l  a n a lysis  

Stat i s t ica l  compar i sons  of  wo rm cou nts a n d  eggs per fema le  were m ade  

by ana lys i s  o f  vari a nce u s i ng S ta t i s t ix  vers i o n  4 .0 :  worm coun t  data were  

t ransfo rm e d  square root  (x  + 0 .5 )  b e forehand .  M a l e  to fem ale  ra t io  data we re 

a na lysed by the Man n -Wh i tney V- test  by compa r ing  Group 3 vs (Groups 1 + 2 ) .  

S e r u m  prote in  data were analysed a s  i n  S ect ion  2 .2 .  Haem atological  

compar i sons  were m ade  with two-sample t - tests  u s ing  Stat is t ix  vers ion 4 .0 .  

3 .3 R E S U LTS 

Pa r a s i t o l ogy 

Ari thm et ic  m ean faecal egg counts  ( ±  range)  a re shown in F ig  3 . 1  wi th  

raw data i n  Appendix 3 a  and  termina l  egg cou n t s  a ft e r  the  second cha l lenge in  

Tab l e  3 . 1 .  Tota l  T. colubriformis b u rdens ,  eggs/fema le  and  male  to fem ale 

rat ios ,  where i t  was poss ib l e  to calculate the m ,  are  a l so  shown i n  Tab l e  3 . 1 .  

Faeca l  egg counts  i n  Group 1 rose s teeply,  peaked i n  week 7 and  then  t ended  

to gradua l ly fal l  unt i l the  goats were  t reated w i th  iverm ect in  a l though there  was 

on ly  a sma l l  d i fference in m ean egg counts  between weeks 5 and 1 1 .  No eggs 

were  detected in the fa eces of any goat in Group  One 28 days a fte r  the fi rst 

cha l lenge i n fect ion (week 1 7 )  by e i ther  the m o d i fi e d  McMaster  techn ique  o r  

s i m ple  flota t ion .  T h e  worm counts o f  goats A a n d  B (Table  3 . 1 )  i nd i cate that  

m oderate  b u rdens es tab l i shed in  Group 1 duri ng  the  i n i t ia l  i n fecti o n  per iod .  

Wo rm b u rdens  of a l l  groups were  s ign i ficant ly  d i ffe rent from each other  

( p < 0 .05 ) .  
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F i g u re 3 . 1 .  Faecal egg counts  ( ±  range)  of  Expe r iment  3 . 1 .  Group 1 ( n  = 5 ;  

e . . . .  e )  t r i ck le  i n fected w i t h  1 0,000 T colubriformis per  week  x 1 0  and 

cha l l enged twice ;  Group 2 (n = 5 ;  • - - - - . ) cha l lenged twice ; G roup  3 (n = 

5 ;  • . ) chal l enged o nce . Each chal lenge com pr i sed  50,000 T 
colubriform is . 
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Eggs per, M a le: F i n a l  en 
G ro u p  Goat Worm cou nts female fem a l e  c o u n t  

ratio (eggs/g) 

S ma l l  I ntestine Abomas u m  Total  

L4 Adult  Adult  

1 3 0 0 0 0 · . 0 

5 0 4 0  0 40 · . 0 

6 0 0 0 0 · 0 

9 0 720 10 730 5 . 4  0 . 76 50 

10  0 990 0 990 8.7 0 .77 1 00 

352'  

2 1 0 2470 0 2470 4.2 0.47 1 50 

2 700 2400 0 3 1 00 6 .7  0 .59 200 

4 0 8860 0 8860 8. 1 1 . 1 5 350  

8 0 5 700 0 5 700 6.6 0 .75  350  

1 1  0 1 0460 1 0  1 0470 1 3 . 3  0 . 7 0  1 1 50 

6 1 20' 

3 7 0 1 0430 0 1 0430 16 .5  0 .94  2 1 00 

1 7  0 102 1 0  0 1 02 1 0  16 .8  1 . 1 1  2450 

1 8  0 1 5 200 50 1 5250 12 .5  1 . 1 0  1 200 

30 0 1 2060 60 1 2 1 20 13 .3  1 . 1 1  1850  

3 1  0 1 3850 10 1 3860 18 . 1  1 .09 2 700 

1 2374' 

A 0 6260 0 6260 5 .6 1 .05 950 

B 0 9490 0 9490 6.9 1 . 1 5  1 200 

Ta b l e  3 . 1 .  T colubriformis worm cou n ts, eggs per  fem a l e, m a l e : fema le  rat io s  

and  fi n a l  egg counts of  Groups 1 ,  2 a n d  3 ( #  = ar i thmet ic  m e a n )  

The n u mbers o f  eggs p e r  fem a le  nematode were s ign i fi can t ly lower i n  

Group 2 t h a n  i n  Group 3 ( p < O .0 1 ) .  A s ign i ficant ly l owe r m a le  to  fem ale  rat io  

( p < O . 0 5 )  i s  a l so appa rent  i n  G roups  1 and  2 comb ined  com pa r e d  with Gro u p  

3 .  C o r r e l a t i o n  coefficients  between var ious  termina l  paras i to logica l  paramete rs  

a re s h own in  Table  3 . 2 .  
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worm count  eggs/g eggs/fema le  

eggs/g 0 . 7 9  

eggs/fema le  0 . 8 1  0 . 96  

m al e : fema le 0 .76  0 .65  0 . 67 

Ta b l e  3 . 2  Corre la t ion coe ffi cients  at t he  t i m e  o f  s laughter  for goats wi th  a n  

egg count  > 0  epg. A l l  co rre lat ions  a re  h ighly s ign ificant  ( p < O . O I ) .  

H a e m a t o l o gy 

In  week 10 there  were s ign i ficantly (p < O . OOI ) more  c i rcu la t i ng 

eos inoph i l s  i n  Group 1 ( m ean 0 .59xl 09/1 ± s . e .  0 .07x l 09) than  2 ( m ean 0 .05xl 09/1 

± s . e .  0 .02xl 09) bu t  no d i ffe rences between  them for total  n eutrophi l ,  

lym phocyte ,  m onocyte or  basophi l counts .  

S e r u m  P rote i n s  

Means  a n d  s tandard  er rors for total  p ro te i n  and  a l b u m i n  l eve l s  a r e  

s hown i n  figures  in  Append ix  3b ,  as  a re  the i r  re spect ive s tat i s t ica l  a nalyses .  

D u ring  the  tri ck le  i n fect ion no d i fference i n  tota l  p ro te in  l eve l s  b etwe e n  

Gro ups 1 a n d  2 w a s  seen .  Fo l lowing t h e  fir s t  cha l l enge,  a s ign i ficant  

i nt e raction  b etween group and  t ime ( p < O . O I )  was gene rated  by the  more  rapid  

i n i t i a l fal l  i n  levels  in  Group 1 .  Fol lowing  the second cha l lenge the  fl uctuat ions  

were  sufficien tly d iffe ren t  b e tween groups to  generate a s ign i ficant  i n t e ract ion 

b etween t i m e  and  group ( p < O .O I )  but  no obvious  pat tern  was apparent  except 

for a decl i n e  with t ime  which wou ld  be reflected  in t h e  s ign i ficant  effect o f  

t i m e  ( p < O .OO I ) .  

D u ring  the  tri ckle i n fect ion ,  a lbumin  levels  dec l ined  i n  the  i n fected 

goats ;  th i s  i s  reflected in  a s ign ificant i n t e ract ion ( p < O . OO I )  be tween t ime and 

group and  s ign ificantly lowe r l evels  ( p < 0 .05 ) ove ra l l  i n  Group 1 .  At Week  1 1 , 

a " two-sample  t - tes t  s howed the  a lbumin  levels  o f  Group 1 were s ign i ficant ly 

lower  ( p < O .O I )  than those o f  Group 2 .  

The d i fference in a lb u m i n  l eve ls  b e tween the  2 groups had d im in i shed  

b y  the  t i m e  o f  the  first  cha l lenge ( Week 13 )  a l though s t i l l  s ign i ficant ( p < 0 . 05 ) .  

Fol lowing  t h e  fir s t  cha l l enge,  a lb u m i n  levels  i n  Group 1 w e re s ign ificant ly lower 
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( p < 0 .05)  ove ra l l  a l though l eve l s  i n  Group 2 decl i ned  wh i l s t  those o f  Group 1 

s tab i l i zed  so that  by the  end o f  th i s  firs t  cha l l enge ( Week 1 7 )  t hey were  not  

d i fferent ,  i n deed  va lues  fo r Group 1 were  h igher  than Gro u p  2 b u t  not  

s ign i ficant ly so .  This  convergence was a l so  reflected i n  a s ign ificant  i n t e ract ion  

(p < O .OO l )  b etwe en group and  t i m e .  

A t  the  t i m e  o f  the  second  cha l l e nge,  a l b u m i n  l eve l s  o f  G r o u p  2 were 

s ign ificant ly lower  than those i n  Groups 1 and  3 bu t  by the end o f  the 

exper i men t  th is  d i fference was no longer apparent  ( p > 0 .05 ) .  There  was a 

genera l  decl i n e  overa l l  in  a lbumin  leve ls  wi th  t ime  fo l lowi ng the  seco n d  

cha l l enge which i s  reflected i n  t h e  s ign i ficant  e ffect o f  ti me  ( p < O .OO l )  and  a 

s ign ificant i n t e racti on between t ime and  group ( p < O ;OO l )  which presumab ly 

refl ects the  greater  fa ll in  Group 3 goats  than  in  Group 2 an ima l s  wh ich was i n  

t u r n  greater  than  i n  t hose i n  Gro up 1 .  A co rre lat ion b etween  the  fa l l  i n  

a l b u m i n  l eve l s  d u ri ng the  seco n d  cha l l enge a n d  var ious  t e rm ina l  paras i to logical  

parameters  showed a s ign i ficant corre la t ion  with m a l e  to  fem a le  rat io 

( r = 0 . 73 1 5 ;  n = 1 2 ;  p < O .O l )  but  not with worm count ,  egg cou n t  or eggs per  

fem ale  wo rm . 

3 . 4  D I S C U S S I O N  

The d eve lopment  o f  subs tant ia l  res i s tance t o  T. colubriformis i s  c learly 

ev ident .  Group 1 goats apparen t ly s t ro ngly res i s ted  the fi rs t  cha l lenge 

( fo l l owing  the 1 0-week in fect ion per iod)  as  seen by t h e i r  fa i l u re to  deve lop 

patent  i n fect ions ,  and a lso the  seco nd  cha l lenge as i n dicated by post  mortem 

worm cou n t s .  Group 2 ,  which had  previous ly only expe r ienced  a si ngle  

i n fect ion wi th  50,000 l a rvae, had worm b u rdens  in termed ia te  b e twe e n  Gro ups 

1 and 3 fo l lowi ng the seco n d  cha l l enge .  This sugge sts that Group 2 an im als  

had deve loped part ia l  res is tance at a rate consistent  with the t i m e  fra m e  for the 

d evelopm ent  o f  host res is tance to T. colubriformis i n  sheep (Ch i ej ina  and Sewel l ,  

1 974b ;  Dobson et  al. ,  1 990a ) .  The lower fecu nd i ty and  male to fem a l e  rat io are 

a lso cons i s t en t  with trends note d with developing res i s tance to  s i m i l a r  

i n fect ions  i n  s h e e p  ( s e e  D i neen  and  Wi ndon ,  1 9 80b;  Dob son e t  aI. , 1 990a ) .  

The t endency o f  Group 1 faecal  egg counts  to peak and  decl i n e  s lowly 

d u r i ng the t r ick le  i n fect ion s uggests  Group 1 goats were a l re ady express i ng  a 

m easure  o f  res i s tance dur ing  th i s  peri o d .  Th is  pattern i s ,  however,  not  

d i s s i m i l a r  from that noted for both  exper imen ts i n  Chapter  2 where  no  

d i ffe rence i n  worm coun t  was  noted  a ft e r  cha l lenge .  I f  t h e  th re sho ld  for 

d evelopm en t  o f  res i s tance i n  goats  i s  s i m i la r  to that  for s heep,  i t  wou l d  b e  
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expecte d  to be eas i ly su rpassed in the seco n d  week of the t rick le  i n fect ion  w i th  

1 0,000 l a rvae/wee k .  Therefore ,  l a rval estab l i s h m e n t  wou ld  b e  expecte d  to fa l l  

from We ek  2 wi th  adu l t  wo rm b u rdens  eventua l ly · peak ing a n d  then  fal l i ng .  

Faecal  egg  count s  wou l d  fol low adu l t  worm b u rd e n s  wi th  the add i t iona l  factor  

of  d ecl i n i ng fecu n dity con tr i b ut ing  to the i r  more  rapi d fa l l .  Th e gradual  

decl ine  i n  faecal  egg counts  i n  the  present  expe r iment  i s  s i m i l a r  to that  

descr ibed fo r a t r ickle i n fect ion o f  2000 L3/day i n  s heep ( Dobson et  a l. ,  1 990a) .  

The ove ra l l  mean estab l i shment  rate i n  na ive goats o f  approxi m ate ly 2 5 %  

i s  lower than  the  65% ( range 30-80 % )  repo r ted  i n  sheep  (Dobson et a l. ,  1 990a ) .  

However ,  t he  i n t est i n e  was processed i m m edia te ly  a fte r  death  a n d ,  a l though 

washed  v igo rou s ly,  i t  was  not  d iges ted .  Som e worms wou l d  not  h ave b e e n  

d i s lodged ( see  Chapter  4 )  and  th i s  would have re duced the  overal l  recov e ry .  

Nev e rthe l e ss ,  t he  estab l i shm ent ,  as  recorded ,  was  s im i l a r  to that  reported  by 

oth e rs i n  goats ( Rah man  and  Col l ins ,  1 990c ) .  I t  might  a lso b e  expected tha t  

a pe rcentage of the worm populat ion i n  t he  re s i s tan t  goats wou ld  b e  i nh ib i ted  

as t h i rd s tage  l a rvae (Dobson  et a l. , 1 990b ; Eysk e r  1 978 )  bu t  none  were  seen .  

Presumably these  l a rvae wou l d  b e  not  e as i ly re leased  w i thout  d iges t ing  the  

m ucosa .  I t  has  a l so  b een  no ted  tha t  i n  t he  presence o f  forma l in ,  which was 

u s e d  to preserve wash i ngs i n  th is  exper im ent ,  t h i r d  stage la rvae coi l  t ight ly a n d  

a r e  d i ffi cu l t  t o  see  (Dobson e t  al. , 1 990a ) .  

T h e  resu l t s  o f  t h i s  exper iment  con t rast  w i t h  those descr i bed  i n  Chapter  

2 i n  which a s imi lar  expe r imenta l  des ign was used  to i nvest igate the  

development  o f  res is t ance to H. contortus .  The d i fference i n  t he  response  to  

these  two nematodes i s  d i fficul t  to expla i n  and  c lear ly fu r ther  work i s  needed .  

I t  i s  i n te res t ing  to note  that on a property where  fie ld  obse rvat ions  o f  faecal  

egg cou nts  suggested the  acqu i s i t ion  of a m ea s u re o f  host  res i s tance wi t h  age 

( Po m roy et a l. , 1 986 ) ,  H. contortus i s  rarely seen ( Pom roy, unpub l i s h e d ) .  These 

resu l ts  a lso  con t rast wi th  those of  Watson and Hosking ( 1 98 9 ) ,  who fa i l e d  to 

demonst ra te  any evi dence of  host res is tance in s l ightly younger ,  6-8 month -o ld ,  

Saanen  goats  which were grazed on past u re and  a lso received pu l sed  i n fect ions  

of  T. colubriformis. In deed ,  the goat  egg counts  were con t i nu ing to c l imb a t  a 

s teady rate  th roughout  the i r  exper iment .  

I n  young sheep,  the co rre lat ion b etween  faecal egg  counts  a n d  worm 

b urdens  h a s  b een var iab ly reported to b e  not  s ign i ficant ( Sangster  et a l. , 1 979)  

o r  h ighly s igni ficant  (Douch et  ai. , 1 984 ) .  In  the  present  expe r iment  t he  s t rong 

corre lat ion i s  s im i l a r  to the la t ter  report  i n  s h e ep bu t  may be  due ,  i n  part ,  to 
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a qu i rk  of t h e  data  in  that  the  an ima l s  fa l l  i n to t h ree c lus ters  which wou l d  have 

a l a rge i n fl u e nce on the overa l l  corre la t ion . 

The i n crease  i n  eos inophi l  cou n ts i n  i n fected goats seen  a t  Week  1 0  i s  

cons i st en t  w i t h  t h e  eosi noph i l i a  genera l ly a s socia ted  wi th  t r i chos t rongyl i d  

i n fect ions  i n  o t h e r  ruminants  and  s i m i l a r  t o  t h e  findi ngs i n  Expe r i m ent  2 . 2  and  

i s  i n dicat ive o f  a n  active immune  response ( see  Sect ion 1 . 5 . 6 ) .  

The d ecrease i n  levels  o f  a lbum in i n  t h i s  expe r imen t  i s  s i m i la r  t o  tha t  

reco rded in  sheep  i n fect ed  wi th  T. colubriform is (Coop e t  a l. ,  1 97 6 ) .  Th i s  m ay 

b e  a t t r ib u tab l e  to leakage of  p lasma prote ins  t h rough damaged ep i t he l i um  and  

loose  t ight -ce l l  junct ions  (Barker ,  1 975b ;  B arker, 1 973)  and  an i ncreased 

catabol ic  rate of  a lbumin  which i s  pre s u m ab ly requ i red  to  compensate  fo r loss  

o f  e n dogeno u s  n i trogen ( S tee l  et  a f. , 1 980;  Pa rk ins  et  a l. , 1 98 9 ;  Bown et a I. ,  

1 99 1 ) .  Fa l l s  i n  a lbumin  l evels  were genera l ly l a rger in  goats  wi t h  h igher  wo rm 

b u rdens  a l though th is  t rend was not s i gni ficant ,  at leas t  not  as  m easu red  at  the 

t i m e  o f  s l a ughter .  In te rpretat ion of  the  decl i ne  i n  a lb u m i n  l eve ls  i s  

com pl icated by the  tende ncy fo r a l l  l eve ls  to fa l l  over the  cou rse  o f  the  

exper imen t .  The reasons fo r th i s  a re unknown . However,  a com m e rc ia l  

s tandard and  a poo led  se rum sample  which were  analysed on  each s a m pl i ng day 

d i d  not  vary appreci ably ind icat ing i t  was no t  a fau l t  wi t h  t h e  assay .  The 

s ign ificant co r re la t ion  b etween a lb u m i n  leve ls  and ma le  to  fem al e  ratio is 

i n t e res t ing .  It  suggests  that males m ay be more affecte d  by  the i m m u n e  

response wh ich i s  a lso associ a ted  wi t h  d ecreased a lbumin  l eve l s .  

The reasons  fo r t h e  i n teract ions  b e tween t ime  a n d  g r o u p  fo r tota l  

pro te i n  leve l s  part i cula rly aft e r  the  second cha l lenge i s  no t  cl ea r .  I n  part ,  i t  

wi l l  be  because  leve l s  o f  o ther  se rum protei n s  ( e .g .  glob u l i ns )  which  were no t  

m easu red,  may have r i sen  d u ring i n fect ion ,  as  has  been repor ted  to occu r i n  

sheep  ( Stee l  e t  a l. ,  1 980) and th i s  may  m ask  changes in  the  a lb u m i n  com ponent 

of tota l  prot e i n .  
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C HAPTER FOUR 

THE D I ST R I B UTI ON O F  TRICHOSTRONGYLUS COLUBRIFORMIS IN T H E  

SMALL I NT E S T I N E  ( E X P E R I M E N T  4. 1 )  

4 . 1  I N TR O D U CTION 

In o r d e r  to s tudy the m ast  ce l l  response  in t h e  i ntes t i n a l  m ucosa a n d  

l a rva l  m i g ra t ion  inh ib i tory act iv i ty o f  s m a l l  i n tes t ina l  mucus ,  s o m e  appreci at io n  

o f  t h e  d i s t r i b ut ion  o f  T. colubriformis i n  the  sma l l  in tes t i n e  was  requ i red .  No 

i n format ion  on th is  in goats h a d  b e e n  pub l i shed  when  t h e  i nvest igatio n s  

descri b e d  i n  t h i s  chapter  were carr i e d  o u t .  The paper b y  Rahman  and  Col l i ns 

( l 9 90c)  appeared subsequ ent ly . 

The d i s t r ibut ion o f  T. colubriformis i n  sheep has  b ee n  we l l  descr ib e d. 

A l though ear ly  reports cons i d e r e d  T. colubriformis to b e  norm a l ly d i s t r ibu ted  

i n  t he  proxim a l  sma l l  in tes t ine  (Tet l ey ,  1 937 ;  Somm e rvi l l e ,  1 96 3 ) ,  a l a te r  m o re 

defin i t ive se t  o f  experim ents  (Barker ,  1 974)  found m axi m u m  n u m b e rs occur red  

in  the  fi rs t ,  s econd and t h i rd m et res  o f  the sma l l  i n te s ti n e  of  e ight ,  t h ree a n d  

t h ree  l a m b s  respectively with over 9 0 %  of  t h e  wo rm b u rd e n  i n  t h e  first  s ix  

m et res .  Th i s  i s  s imi lar  to the later  report of  Rahman and Co l l i n s  ( 1 9 90c) who 

exa m i n e d  t h e  d i s t r ibut ion  of  T. colubriformis i n  young goats  a n d  found  the  

m ajor i ty were  located i n  the p roxi m a l  3 met res  o f  t he  s m al l  i n tes t i n e .  Ti m e  

a fte r  i n fect ion  appeared t o  h ave no  i nfluence on  th i s  d i s t r i b u tion  i n  e i the r  

goa t s  (Rahman  and  Col l i n s ,  1 9 90c)  o r  s heep (Barker ,  1 97 5 c ) .  

4 . 2  M AT ER IALS AND M ETH O D S  

Exper i m e n t a l  sched u l e  

Yo u n g  goats ( kid s)  

Ten 5 month-o ld  7/8 Angora X 1/8 New Zea land  fe ra l  kids were 

purchase d  comm ercial ly .  They had  been  ra i sed  on  pas tu re .  A l l  were  t rea ted  

w i th  iverm ect in  ( > 0 .2mg/kg) a n d  shown to b e  worm - free  by a faecal flotat ion 

o f  2 gms  of  faeces seven days  la ter .  They were housed in  concrete  pens w i th  

s t raw b ed d i ng and fed meadow hay  ad lib . 

O n  D ay 1 a l l  10  goats were  i n fected with 20,000 v i ab l e  T. colubriformis 

l a rvae given by stom ach tube .  This  amounted  to approxi m ate ly  1 250 l a rvae/kg 
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l i veweigh t .  The  larvae used had been  cu l tured  fo ur  months  prev io us ly and  

s tored  at l OoC . Viab i l i ty was  assessed  by  la rval m ot i l i ty and  es t i m a t e d  at 9 6 % .  

All goats  were k i l l ed  on  Day 2 8  wi th an  overdose of  pen tob a rb i ton e .  

O l d e r  goats 

These were the goats in Groups A. l a n d  B . 4  in  Exper imen t  7 . 1  (n = 8 ) .  

They were  i n fected a n d  k i l l ed  a s  descri b e d  i n  S ect ion 7 . 2 .  

Pa ra sito logy 

You ng goats 

Th e in tes t ine  was  l igated at the abomasa l  py lorus  and removed .  The 

s m a l l  i n tes t ine  was separated from the mesen te ry with sci ssors and t h e n  gent ly  

la id  ou t  with s ufficent  tens ion  to reduce s l ack but  avo id  s t re tch i ng .  The 

i n te s t i ne  was  then d iv i ded  i n to 1 m etre l engths  and  s tored frozen a t  -20°C.  

Tot a l  in tes t ina l  l engt hs  were recorded .  After  thawi ng,  these  m e t re l e n gths  were  

opened  longi tud i nal ly and  imm ersed i n  1 50ml s  o f  pepsi n/HCl ( see  App e n d ix 2c)  

fo r 2 hours  at 3 7°C . The d igested mater ia l  was then s i eved t h rough  a 53 j.Lm 

s i eve to reta in  a l l  larval  and  adult  s tages .  T. colubriform is were then coun ted  

i n  a 1 0 %  subsample .  Ma le s  and fem ales  were  counted separate ly w i th  five 

m a l e s  per  met re  reta i n e d  to confirm the  s peci es  was  T. colu briformis , and t en  

fem ale s  b e i ng re ta ined  per  m e t re to count eggs in u tero . Metre segm e n ts were  

coun ted  i n  sequ ence un t i l  the sum of  the  las t  two count s  was  less  t h a n  1 % o f  

the  tota l  counted s o  fa r .  

O l d e r  goa ts  

See  Sect ion  7 .2  

S t a t i s t i c a l  a na l y s i s  

To m ake va l id  compar isons b etwee n  goats  and  es t imate  the  m e a n  

d i s t r ibu t ion  a n d  because  t h e  total  smal l  i n tes t i n a l lengths v a r i e d ,  i t  was 

n ecessa ry to s tandard i se  worm co unts  relat ive to the total  i n test ina l  l ength by 

convert ing the  counts  per  metre to numbers  o f  n e m atodes in each s u ccess ive 

one- ten th  o f  the total  length .  How this  was achieved i s  bes t  expla i n e d  wi th  an 

examp le .  S uppose the tota l  i n tes t ina l  l ength was 17 m;  counts  for the  proxi m a l  

o n e- ten th  ( 1 .7 m )  were d e rived from a l l  of  those  from t h e  fi rs t  1 m coun te d  a n d  
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70% o f  those  from the  second  m et re .  Counts  fo r the  second  t en th com pr i sed  

the  rema in ing  30% fro m  the seco n d  m etre ,  a l l  o f  t hose fro m  the  t h i rd  and  40% 

o f  those from the  four th ;  and so o n .  Th i s  had  the  effect of  s l igh t ly s m o o t h i ng 

out  t he  t r e n ds evident  a long the i n t es t i n e .  In  t he  o lder  goats  th i s  was  even 

more  so ,  b ecause i t  was necessary to pool the  d igests  o f  the s econd and th i rd  

met res as  t hey had both  b een scraped to col lect m ucus,  and  these  scra pi n gs h ad 

been  com b i n e d .  These  worm counts  were then  conve rted to a proport ion o f  the  

to ta l  worm count  i n  each goa t .  

I t  was  not  poss ib l e  to  a l locate eggs per  fem a l e  to one - t en th  propo rt ions  

of  l e ngth as  above and  t hese were  cons idered  per  m et re .  

L inear  regress ion was  used to analyse the  eggs per fema le  worm data  and  

the  separa te  regress ion  l ines  fo r both  g roups o f  goats  were compared as  

descr ibed  by Zar ( 1 984 ) .  Male to fe m a l e  rat io  was ana lysed  by ana lys i s  of  

var iance .  Data  we re ana lysed us ing  Sta t i s t ix  vers ion  4 .0 .  

4.3 R E S U LT S  

Length o f  s m a l l  inte s t i n e  

The m ean l engths  ( range)  fo r the young and  o lder  goat s  were  1 6 .75  

m etres  ( 1 4 .5 - 1 9 . 5 )  and  1 7 .75 m et res  ( 1 5 .0 -23 .0 )  re spectively.  A two sample  t ­

tes t  showed t h e i r  was  no  s igni ficant d iffe rence be tween the two  age  g roups  

( p = 0 .43 ) .  

Pa ra s i to logy 

The ar i thmet ic  m ean worm count in young goats ( ±  s . e . )  was 1 4 ,270 ( ±  

3 8 6 . 2 )  and  i n  o ld  goats 2 3 , 1 2 6  ( ±  1 3 87 .8 ) .  Al tho ugh the var ia t ion  b etween  

worm co unts  was qu i te  sma l l  w i th in  age  groups,  i t  d i d  vary b etween  t h e  two age 

groups,  with on ly one count overlapping.  Al l  males i d e n t i fi ed we re  T 
colubriformis . 

The d i st r ibut ions  o f  the  proport ion  o f  worm counts  by propor t ion  o f  

l ength a r e  s hown i n  Fig .  4 . 1  for young goats  a n d  Fig .  4 . 2  for o l d e r  goats  wi t h  

t h e  m e a n s  fo r t h e  two shown together  i n  F i g .  4 . 3 .  M o s t  wo rms  a r e  

concentra ted  i n  t h e  proxi mal few met res o f  t he  s m al l  i n te s t ine  w i t h  n u m b e rs 

decreasi n g  wi th  d i stance from the pylorus .  
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Figure 4. 1 .  The distr ibut ion of the proportion of worm counts  by  the propo rtion of s m a l l  i ntest ina l  le ngth fo r young goats 

(n  = 10) i n  Exper iment  4 . 1 .  
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Fi gu re 4.2. The d is tr ibut ion of the proportion of worm counts  by the propo rt ion of smal l  i n test inal  length  fo r older goats 

(n  = 8 )  i n  Expe ri m ent 4 . 1  
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F i g u re 4.3. The mean d is t r ibut ion o f  the proport ion o f  worm counts  by the  

proport ion o f  sma l l  i n test i nal l ength for young goats ( n  = 1 0 ) and  o lder  goats 

(n = 8) in  Experi m e nt 4 . 1 .  

The d i s t r ibut ion  o f  nematodes i n  both groups o f  goats  is  obv ious ly very 

s i m i l a r .  As some  o lder  goats e .g .  Goats 1 4  and  1 5 , had a s l ight  t endency to 

have m o re worms fu rther down the smal l  in tes t ine ,  the l i ne s  fit ted th rough the 

m eans  are s l ight ly d i fferent .  

The mean  proport ions o f  nematodes found  per one - tenth propor t ion  of  

the  sma l l  i n tes t ine  for a l l  goats a re shown i n  Appendix 4 a .  From th i s  i t  can be 

seen that a t  least 94 % of  a l l  T. colubriformis were found in the proxi m a l  50% 

of the  smal l  i n test i ne .  
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M a l e  t o  fe m a l e  ra t i o  

Data were  only analysed fo r t h e  fi rst  s i x  ten ths  o f  t h e  sma l l  i n t e s t i ne  as 

t h e re w e re l i m i ted data  beyond th i s ,  e speci a l ly in young goats .  Pa ram et r i c  

a nalys i s  was  not  poss ib le  b ecause o f  t he  h ighly s ign ifica n t  d i ffe r e nce i n  the  

var iances  ( p < O .OOO l )  as determ i ne d  by Bart le t t ' s  t e s t .  Th ese  ra t ios  were  

ana lysed by a Kruskal -Wal l i s  non-paramet r i c  ana lys i s  o f  va r i a nce and fo und  to 

b e  s ign ificant  ( p < 0 .001 ) .  Data for the two age groups were con s ide red 

toge ther  as  t h ey appeared to be s i m i l a r  and  the  i ncreased group s ize a l lowed 

greater  s ta t i s t i ca l  power .  

Non-parametr ic  m u l t iple compar isons were conducted In  a fash ion  

para l l e l i ng  the  Tukey t e s t  by  usi ng rank  s u m s  i ns tead o f  m eans  ( Z a r, 1 984 ) .  

These  a re  shown in Tab le  4 . 1 .  Th e re were  s ign i ficant d i ffe rences  b e twe en  one  

ten th  propor t ions  i nd ica t i ng there  was a h igher  ra t io  o f  m a l e s : fe m a le s  fur ther  

down the  sma l l  i n tes t ine .  

Le ngth M e a n  m a l e : fe m a l e  M e a n  R a n k  S a m p l e  
( i n  te n t h s )  ratio ra n k  o rd e r  s i ze 

1 . 875 38 . 7" 3 1 8  

2 . 852 35 . 1 "  2 1 8  

3 . 837 30.4" 1 1 8  

4 1 . 1 3  57 .9"b  4 1 8  

5 1 . 49 76 . 8b 6 1 6  

6 1 . 55 75 . 5 b  5 1 2  

Tota l 50.5 1 00 

Ta b l e  4. 1 .  Mul t i ple com pari son o f  m a l e : fema le  rat io  fo r a l l  goats  ( n = 1 8 ) .  
Mean  ranks  w i th  d ifferent  superscr ipts  a r e  s ign i ficant ly d iffe ren t  ( p < 0 .05 )  

E g g s  per  fe m a l e  nematode  

Scat ter  plots  fo r eggs per  fema le  n em atode and  d i s tance are  s hown i n  

F igures  4 . 4  a n d  4 .5 fo r young a n d  o lde r  goats respect ively .  Data  were  on ly 

i nc luded  fo r those  met re segments  where  at least  1 0  fema le  nem a to des were 

ava i l ab le .  Compari son o f  regress ion  l i n e s  fit ted th rough th is  data  s how they 

a re  d i ffe ren t  ( p < 0 .00 1 ) .  I n  both age groups eggs per  fema le  n e m atode  dec l in e d  

w i t h  d i s tance from t h e  pyl o rus ( p < O .OO l ) .  
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Fi gu re 4.4 .  Scatter  plot of  eggs/fe m ale  by di stance down the  sma l l  i n tes t ine  for 
young goats  i n  Experiment 4 . 1 .  Each symbol  m ay represent > 1 data po int .  
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Unear regression (s.e.): eggslfemale "' 1 4.0 (0.3) - 0.7 (0.03) X metre 

Fi gu re 4.5.  Scat ter  plot of  eggs/fem ale  by d i stance down the smal l  i n tes t ine  for 
o lde r  goats  i n  Experiment  4 . 1 .  Each data  poin t  m ay represent > 1 data po int .  
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4.4 D I S C U S S I O N  

The d i s t r ibu t ion  o f  T. colubriform is reported h e re i s  con s i s t en t  w i t h  t h e  

fi n di ngs  o f  Rahman and  Col l ins  ( 1 990c) a l though they express e d  t h e i r  d i s tances 

from the py lo rus  in m etres  and gave no  i n dicat ion o f  the tota l  l e ngths  o f  the 

s m al l  i n te s t i n e s .  I n  sheep,  both Tet l ey ( 1 937 )  and Som m e rv i l l e  ( 1 96 3 )  

descr ib e d  t h e  d i st r ibut ion  o f  T. colubriformis as  "norma l "  i m p ly ing  t h a t  few 

worms were  found  i n  tha t  region of t h e  sma l l  i n te s t ine  i m m e di a te ly pos ter ior  

to  the  py lorus  a l though exam ina t ion  o f  da ta  i n  the  former  repor t  s hows th i s  i s  

a misuse  o f  the  term i n  the  s t r ic t  s ta t i s t i cal sense  as  most n e m atodes  were  

found  i m m e di a te ly pos ter ior  to  t h e  pylo rus . Som m e rv i l l e  ( 1 96 3 )  d id  no t  

present  da ta  to  support  h i s  descr ip t ion  o f  the  d i s t r ibu t ion  a s  " no rmal " .  The 

d i s t r i bu t ion re ported by Barker ( 1 974 ) in  sheep i s  cons i s ten t  w i th  the  fi n dings  

repor ted  h e re and  by Rahman and  Col l i n s  ( 1 990c) which i s  that  the  maxi m u m  

n u m b e r  o f  T. colubriform is was usua l ly fou n d  i n  t h e  anter ior  m et re  o r  one - te n th 

por t ion  o f  t h e  s m all i n te s t i ne .  

Th e rea son  fo r T. colubriformis choos ing t h i s  an te r io r  s i t e  i s  u nce rta i n .  

Davey ( 1 93 8 )  hypothes i sed  that  they m ay lodge i n  the  firs t  pos i t ion  they fi n d  

su i t ab le .  However,  Barker  ( 1 974)  a rgued  t h a t  the  propor t ion  o f  l a rvae which 

u l t im at ely  es tab l i sh i n  the  fi rst  two m e t re s  i s  lower than i n  succe e d i ng m et res  

where  a p la teau  o f  estab l i shment  of  ava i l ab le  l a rvae occu rs, and that  th is  lower 

estab l i s h m e n t  m ay b e  b ecause some la rvae had  not com ple te ly exsh ea thed  

b e fore  leavi ng  t h e  abomasum.  Both  these  hypotheses ass u m e  l i t t l e  mov e m e n t  

o f  a d u l t s  pos t - i n fect ion even though t h ey may be  long- l ived .  The exte n t  t o  

wh ich adu l t  T. eolubriform is move i n  t h e  i n tes t ine  i s  no t  known.  

Barker  ( 1 974) found  the re was  no i nfl uence of crowd ing  on 

es tab l i sh m e n t .  This  i s  cons i s ten t  wi th  the  l ack of  var iat i on i n  d i s t ri b u t ion  

repor ted  h e re given the  var ia t ion in  to ta l  worm counts  from 1 2 ,360  to  2 5 ,880.  

Coun t i ng  eggs in utero i s  an  es tab l i shed  measurement  of t h e  fecu nd i ty 

o f  nem atodes .  The reduct ion i n  eggs pe r female  wi th  i ncreas ing  d i st ance fro m  

t h e  pylorus  s uggests tha t  loca t ion  i n  t h e  anter ior  s m al l  i n t e s t i ne  i s  more  

su i tabl e .  A decr ease i n  fecundi ty wi th  d i s tance from the  reg ion of  t h e  s m a l l  

i nt es t in e  w i t h  most  wo rms ,  was  a l so  noted  by  Sukhdeo ( 1 99 1 )  for T. spiralis i n  

ra t s .  Be ing  l ocated i n  the i r  p refer red  s i t e  i m pl i e s  opt i m al phys io logical  

cond i t ions  which would a l low m ax ima l  metabol ic  act iv i ty inc lud ing  egg 

product ion .  Davey ( 1 93 8 )  observed T. colubriformis was m o re t o l e ran t  of low 

pH and b i l e  sa l ts  than Nematodirus spa thiger, Nematodirus fi lie 0 llis and Cooperia 
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curticei w h i ch are found  fu rt h e r  down the sma l l  i n tes t ine  where the pH is 

neu t ra l  a n d  more stable and the  con centrat ion o f  b i le  salts  is  lowe r .  Davey 

( 1 93 8 )  d i d  not,  however ,  estab l i sh opt imum concent ra t ions  fo r e i t he r  the 

i n te s t i na l  pH o r  bi le sa l t  con cent ra t ion  to i n dicate why th i s  a n te r ior  pos i t i o n  

w a s  the  p r e ferred  s i t e  fo r T colubriformis . Sukhdeo and  C r o l l  ( 1 98 1 )  s howed 

that  b i l e  was i m portant  for t he  estab l i shmen t  o f  H. polygyrus in  m i ce and t h at 

l a rvae  wo u l d  preferent ia l ly es tab l i sh  i n  regions  to wh ich the  b i l e  had  b e e n  h a d  

b e e n  red i rected surgi ca l ly .  

I t  has  been observed that  decreased fecund i ty of  T colubriform is i s  o n e  

e ffect  o f  a n  im mune response b y  t h e  host  ( see  Sect ion 1 . 3 ) .  T h e  s ign i ficant  

d i ffe rence i n  eggs per fe male  n e m atode between the two d i fferen t  ages of goa t s  

suggests  s o m e  evi dence o f  an immune  response i n  the o lder  a n i m a ls  which 

cou l d  be expected,  a l though the  estab l i shment  rate was s i m i l a r  in  both g roup s .  

However,  i n co rporated  wi th  t h e  d i fference i n  age o f  goats  i s  t h e  d iffe re nce i n  

cha l l enge g iven  to  the two groups o f  goats  w i th  the  resu l t i ng var ia t ions  i n  tota l  

worm b u rd e n s .  These two groups  were  a l so  i n fected a t  d i ffe ren t  t imes  w i th  

d i ffe ren t  b atches of la rvae a l though they were  the  same  s t ra i n .  I t  was  no t  

pos s i b le to separate these two con fo und ing  var iab les  from the  avai l ab le  da ta .  

However,  n o  dens i ty dependen t  e ffects  on fecund i ty have  b ee n  no ted  for T 
colubriformis (Dobson et a I. , 1 990a) a n d  i t  i s  reasonab le  to a s s u m e  the  e ffect  

seen was due to an i m m u n e  response in  the  o lder  goats .  

Tet ley  ( 1 937) and  Som m ervi l l e  ( 1 963 )  noted one sheep of  ten and five 

of 26 respect ive ly in  which the d i s t r i bu t ion was not "norma l "  i n  tha t  worms were  

uneven ly d i s t r ib uted a long the smal l  i n te s t ine .  I n  the present  exp e rim ent  there  

i s  a v e ry cons i stent  d i s t r ibut ion  fo r the  young goats bu t  two o lder  goats  ( Goats  

14  and 15)  were pa rt icula rly notab le  i n  having T colubriformis p resent  a long 

the  whole  l ength of the i r  sma l l  i n tes t ine  with the t e rm ina l  o n e- tenth  h avi n g  

more  than  o n e  percent o f  t h e  tota l  w o r m  count .  Howeve r, even i n  these  two 

o lde r  goats the general  pattern  of mos t  worms  b e i ng concentrated in t h e  

a n t e r i o r  s m a l l  i ntest i ne w a s  s t i l l apparent  and  no obvious  secondary peaks  

fu rth e r  down occurred .  Th e reason for t he  errat ic  d i s t r ibu t ions  noted by Tet ley  

( 1 93 7 )  and S o m m ervi l le  ( 1 963)  was not  determ i ned .  I t  has  b e en observed  that  

T colubriformis redi s t r ibuted  i n to the  cauda l  smal l  i n tes t ine  of  gu inea  p igs ,  

probab ly  a s sociated with a deve loping i m mune  response  ( Connan ,  1 96 6 ) .  The 

s l ight  change in  d i s t r ibut ion noted i n  these  goats  m ay be a m a n i fes ta t ion  of  t h i s  

same phenom enon a s  i t  w a s  o n l y  fou n d  i n  t h e  o lder ,  presum ab ly m ore  i m m u n e  

goats .  
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The occu r rence of a h i gh e r  m a l e : female  rat io  fu rth e r  down the i n tes t ine  

probab ly refl ects a greater  adapt i b i l i ty o f  ma le  nem ato d es to the  les s  than  

opt i m um co nd i t ions  encounte red fu r ther  down the  
'
i n t e st i n e .  



CHAPTER FIVE 

A S T U DY ON THE H O ST R E S P O N S E  OF F I E LD - R E A R E D  GOATS TO 

I N FECTION WITH TRICHOSTRONGYLUS COLUBRIFORMIS A N D  

R E PEATA B I LITY O F  FAECAL E G G  COUNTS OV E R  S U C CE S S IV E  

I N FECTI O N S  ( EXPER I M E NT 5 . 1 )  

5 . 1  I N T R O D U CTI ON 

8 6  

This  exper iment  prov ides  i n fo rm at ion  on  the  re spons e  o f  adu l t  fie ld­

reared  Angora goats to T colubriformis .  I t  was a l so  u s e d  to assess  t he  

repeatab i l i ty o f  faecal egg count s  ove r  s uccess ive i n fect i on s  a n d  h ence 

d et e r m i n e  how useful  t he  egg count  o f  one i n fect ion wou l d  be for e s t ima t i ng 

the  worm count ,  or  at least  the  rank ing of  worm count s  i n  a group,  i n  a 

subsequen t  i n fection .  A prob lem wi th  assess ing LMI o f  i n t e s t i nal m ucus a n d  

re la t ing  tha t  to worm counts  i s  t he  d i fficulty i n  est im at i ng t h e  n u m b ers  o f  

wo r m s  r e m oved wi th  these  m ucus  samples .  Th i s  i s  par t icu lar ly  so w h e n  goats 

are  k i l l e d  w i th i n  the prepatent  per iod  as in Exper i m e n t  7 . 1 .  

5 .2 M AT E R IALS AND M ETH O D S  

Ex p e r i m e n t a l  sc hed u l e  

Twe n ty -n ine  1 8  month  to 2 year -o ld  7/8 th Angora  X 1 /8 t h  New Zea land  

fera l  we the r  goats were  p u rchased from a com m e rci a l  far m .  O n  a r riva l  t hey 

were  t r ea ted  with > 300 j.1g/kg iverm ect in  to remove exi s t i ng  worm b u rdens .  

They  were  housed  i n  concrete  pens  w i th  s t raw b edd ing  a n d  fed h ay ad lib . .  

Al l  goats were i n fected  w i t h  3 5 ,000 i n fective larvae  on  t h ree  occas ions .  

The firs t  two i n fect ions  were t e r m i n at e d  a fter  2 1  a n d  28 days  re spect ive ly w i th  

a t reat m e n t  o f  300 j.1g/kg iverm ect i n .  A l l  goats were  k i l l ed  28  days  a fte r  t he  

t h i r d  i n fect ion wi th an  overdose o f  pentobarb i tone .  A three  week  per iod  was 

al lowed b etween success ive i n fect ions .  Goats were  housed  for a lmos t  two 

months  b e fore  the fi rs t  i n fect ion .  

The same  isolate o f  T colubriformis was  used  as  i n  Experim en t  3 . 1 .  

Larvae were  cul tu red  separate ly  fo r each i n fect ion ,  s tored  a t  l Ooe a n d  were  l e s s  

t h a n  o n e  m o n th-old at t he  t im e  of  u se .  As  b e fore ,  mot i l i ty was  used  as a 

measure  o f  v i ab i l i ty and  assessed  as � 95% i n  a l l  i n fect ions .  
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Pa ra s ito l ogy 

Faecal  egg cou nts were e s t i m a t e d  weekly us ing the tech n i q ue d escri bed  

i n  Append ix  2 b .  

A t  s l a ughter ,  the  s m a l l  i n t e s t i ne  was removed a n d  separa ted  from the 

m esen te ry with sci ssors . 1 -2 cm segments  o f  smal l  i n tes t i n e  were  r e m oved for 

h i s to logical  exam inat ion at t he  s a m e  locat ions  as i n  Expe r imen t  3 . 1 .  The 

h i s tological  resu l t s  will be repo rted in Chapter  7. 

The r e m ai nder  of the sm al l  i n t e s t i ne was opened  a n d  washed  tho roughly . 

The t i s sue  was then frozen u n t i l  i t  was  later  d igested i n  peps i n : H C I  fo r two 

hours  as descr ibed  in Append ix  2c. O ne-tenth of the  wash i ngs a n d  d igest was 

removed fo r counting and s ieved sepa rate ly using the proced u re descr ibed  fo r 

Exper im e n t  2 . 2 .  Larvae were,  t he refo re ,  es t imated from 1 % a l iq uots  and  adu l t s  

f rom 1 0% a l i quots .  Count ing  was h i ngs and d igests  separate ly  a l lowed a n  

assess m e n t  o f  the propo rtio n  o f  t h e  nem atode b u rden recovered  b y  each 

proced u r e .  Adults  were co unted  sepa rately by sex.  

The n umber  of  eggs per fem ale nem atode was e s t i m at e d  In  50 fem a l e  

n e m atodes  randomly se l ected from e ach goat .  

The abomasums were a l so removed and washed  thoroughly with a 1 0 %  

al i quo t  b e i ng s i eved th rough a 250 � m  mesh a n d  al l  nem atodes  recovered b e i ng 

cou nt e d .  

S t a t i s t i c a l  a na lys is  

The rankings o f  the  th ree  se ts  o f  egg counts  were com pa r e d  by Spearm a n  

ran k  co r re la t ions .  Faecal egg co unt s  were compared  by  ana lys i s  o f  var iance o f  

sq uare  r o o t  t ransformed  data (x + 0 . 5 ) .  This  t ransformat ion  w a s  necessary t o  

n o r m a l i s e  t he  d ist r ibut ion  o f  cou n t s .  Th ese ana lyses w e r e  c a r r i e d  o u t  u s i ng 

S ta t i s t i x  vers ion  4 .0 .  The Kendal l  coefficient o f  con cordance ,  wh ich a l lows 

compar i son  of more than two ranks was calcul ated as desc r ibed  by Zar ( 1 98 4 ) .  

5.3 R E S U LTS 

R aw data on wo rm counts  and faecal egg counts  a re  shown in  Appe ndix  

S a .  Spearman  rank co rre la t ions  for t he  egg counts  of  t he  th ree  i n fect ions w e re 

de te r m i n e d  and  are  shown i n  Tab l e  5 . 1 .  As egg cou nts  for t h e  fi rs t  i n fect ion 
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are on ly ava i l a b l e  up to Day 2 1 ,  t he se  final  egg count s  a re cor re la ted  wi t h  both 

Day 21 and Day 28 coun t s  fo r the seco n d  and  th i rd i n fect i on s .  

I n fect ion  1 I n fe c t i o n  2 I n fect ion  2 I n fe c t i o n  3 

- Day 2 1  - D a y  2 1  - D a y  28 - Day 21 

I n fe c t i o n  2 0 .45 "  

- D a y  2 1  

I n fe ct i o n  2 0 . 7 1 " " "  0 . 6 1 " " "  

- D a y  2 8  

I n fect i o n  3 0 .49 " "  0 . 6 6 " " "  0 . 75 " " ·  

- Day 21  

I n fe c t i o n  3 0 .59 · ·  0 . 68 · · ·  0 . 74 · · ·  0 . 78 · · ·  

- D a y  28 

Ta b l e  5 . 1 .  Spearman rank co rre la t ions  b e tween  egg coun t s  fo r 3 s u ccessive 

i n fect io n s .  ( * = p < 0 .05 ; * *  = p < 0 .01 ; * * *  = p < 0 .00 1 ) .  

The Kendal l  coeffici en t  o f  concordance ( W )  fo r fi n a l  egg count s  

( W = 0. 7 9 ;  df=28 ;  p < O . OO I )  fo r each  i n fect ion showed t h e re was  a v e ry s trong 

associ a t ion  b e tween t h em but  the  same analys i s  o f  2 1  d ay egg cou n t s  showed 

they were not  s igni ficant ly  associ a ted  ( W = O . 1 3 ;  d f=28 ;  p > 0 .05 ) .  

Ar i thm et ic  m ean egg counts  ( ±  s tandard  e r ro rs )  a n d  s ta t i s t ica l  

s i gn i ficance o f  com pa r i sons  of  square root  t ransfo rm e d  cou n t s  a re shown in  

Tab l e  5 . 2 .  

Wo rm counts ,  eggs p e r  fem ale ,  egg co unts ,  m al e : fema le  ra t ios  a n d  t h e  

ra t io  o f  worm recove ry be tween  d igests  a n d  was h i ngs a re shown i n  Append ix  

5 a .  The a r i thmet ic  m ean wo rm coun t  (±  s tandard  e r ror )  was 1 3 , 650  ( ±  1 037 )  

wi t h  a range from 1 620 to  24 ,7 1 0 .  Th i s  represen t s  a m ean e s tab l i shmen t  of  

39% ( ra nge 0 .05% to 7 1 . 5 % ) .  In  a l l  a n ima l s ,  subs tan t i a l  n u m b e rs o f  n em atodes 

w e re recovered  i n  t h e  d iges ts ,  i n  m any cases more  than  fou n d  i n  t h e  washi ngs .  
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N M e a n  sta n d a rd 
(eggs/g) e rror 

1 s t i n fect ion 

- Day 21 2 9  3357"& 330  

2 n d  i n fect ion  

- Day 2 1  29  1 485b 2 6 1  

- Day 28 29  3826"  479 

3 rd infect i o n  

- D a y  2 1  2 9  1 272b  2 3 7  

- Day 28 2 9  2560· 344  

Ta b l e  5 , 2 ,  Ari thmet ic  m ean egg counts  for the th ree i n fec t ions .  Means  which 

s hare the s a m e  superscr ipt are  not  s ign i fi cant ly d ifferen t  ( p > 0 .05 ) when  square 

root t rans fo r m e d  data  were co m pared .  Data were not  com pa r e d  wi th in  an 

i n fect ion . 

Corre la t ions  between t e rm i nal  paras i tological  para m e t e rs a re  shown i n  

Tab le  5 . 3 .  

Wo rm c o u n t  M a l e : fe m a l e  E gg s/fe m a l e 
ra tio 

M a l e : fe m a l e  0 .46 '  
ra t i o  

Eggs/fe m a l e  0 . 4 6 '  0 .46 '  

1 st i n fect ion 0 . 3 7 '  0 .4 1 ' 0 . 44 ' 
- F E e  Day 2 1  

2 n d  i n fection  0 .30 0 .35  0 . 6 6 "  
- F E e  Day 2 1  

2 n d  i n fect ion 0 .4 1 '  0 .49 "  0 . 72 ' "  
- F E e  Day 28 

3 rd i n fect ion 0 .49"  0 . 58"  0 . 78'" 
- FEe Day 2 1  

3 rd i n fect ion 0 . 56"  0 . 53"  0 . 84 '" 
- F E e  Day 28 

Ta b l e  5 .3 Corre lat ions  between pa ras i tological  pa rameters fo l lowi ng the t h i rd 
i n fect ion ( * = p< 0.05 ;  * *  = p < O . O l ; * * *  = p < O .OO l ;  FEC = faecal  egg coun t ) .  
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5 .4  D I S C U S S I O N  

The abse nce of  Day 28 egg counts  fo r t h e  fi rst i n fect ion  i s  u n fo rtunate 

b ut ,  i n te res t i ngly ,  the  m ean egg co unt  a t  Day 2 1  i s  s i m i l a r  i n  magn i t u d e  to the 

D ay 28 counts  fo r the next two i n fect ions  and  s ignificant ly h igher  t h a n  the ir  2 1  

day cou n t s .  Th i s  suggests  that  t h e re was  greater  suscept i b i l i ty to  t h e  fi rst  

i n fect ion  and es tab l i shm ent  at t h at t i m e  m ay have b een grea ter ,  fecund i ty 

h igher ,  patency achieved sooner ,  o r  some  comb i nat ion o f  these .  I n d e e d ,  the 2 1  

day count s  i n  t he  fi rst i n fect ion  were remarkably  h igh given t h a t  t h e  goats  were 

fi e l d- reared  and a t  least 18 months  old ,  and so might have b een  expected to 

h ave a cq u i re d  a substant ia l  l eve l  of res i s tance .  The i r  a pparen t ly h i g h  l eve ls  o f  

s uscepti b i l i ty s uggests they h a d  n o t  d o n e  s o  or  t h a t  the  two m on t h  per iod 

b etween  hous ing and fi rst  i n fect ion was  su fficient  for s o m e  re l axat ion of  

res i s tance to occur  as  seen with res i s tance to H. con tortus i n  sheep a ft e r  about  

n i n e  weeks  ( se e  Sect ion 1 .2 . 5 ) .  However ,  i m m une  s h e ep have  b e e n  shown to  

m ain ta in  the i r  so l id  res is t ance to  T colubriformis ove r  a worm -free  per iod  o f  

24  weeks b e fore  being rechal lenged (Kimambo et al. , 1 988b)  s o ,  by  ana logy,  i t  

cou ld  b e  expected that goats would b e  ab le  to ma in ta in  t h e i r  r e s i s tance for at 

l east  two m o nths .  Whatever the  explanat ion ,  as s hown in Exp e ri m ent  3 . 1  

(Group 2 ) ,  a reasonab le  degree o f  res i s tance wou l d  b e  expecte d  t o  develop 

fol lowing a s i ngle  i n fect ion of  T colubriformis which co u l d  exp l a i n  the lower 

faecal  egg cou n ts in  the s econ d  and th i rd  i n fections .  

In  young sheep,  s ign i ficant  rank corre lat ions o f  egg count s  for successive 

i n fect ions  with T colubriformis or N. spa thiger have been  repo rt e d  (D ineen et 

a I. , 1 96 5 ;  Windon et a l. ,  1 980;  Douch et a I. , 1 984)  but the i n fo r m at ion  fro m  

goats i s  m o re l im i ted .  I n  young goats up to two years  o f  age t h e  corre lat i ons  

of  egg  coun t s  one  week  apart  was  very h igh ,  whereas  a poor  co r re lat ion was 

observed  be tween egg counts  s ix  months  apart (Vlassoff, 1 99 2 ) .  No explanat ion 

was  o ffe r e d  bu t  i t  i s  possi b le that  ext raneous facto rs  such as n u t r i t ion  etc . ,  m ay 

h ave a ffected  th e i r  degree o f  host  res is tance o r  that  d i ffe re n t  speci es  o f  

n e matodes  were dom inant  a t  d ifferen t  t im es .  

A l though there  was s t rong concordance b etween fi na l  egg counts of  the  

th ree  i n fect ions and  a reasonably h igh corre lat ion of  fina l  egg cou nts w i th  

worm counts ,  these  re lat ionsh ips do  not  seem p reci s e  enough  to a l low egg 

counts  from a previous  i n fect ion to be used as a pred ictor  o f  worm b u rden  i n  

a subsequen t  i n fect ion  where  associ at ions  betwee n  worm b u rd e n  (which m ay b e  

d i fficu l t  to  assess accurate ly)  a n d  o t h e r  param eters such as  L M I  a r e  o f  i n te rest .  
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I t  i s  c l ear  tha t  wash ing  a n  opened sma l l  i n tes t ine  under  r u n n i ng water  

wh i l s t  massag ing  m anua l ly wi th  fingers  i s  no t  very e ffective i n  rem oving T. 
colubriformis from a very recent ly k i l l ed  goat  as ,  on ave rage,  on ly abou t  50% 

o f  the  n e matodes  were removed - t h e  rema inder  were  presum ably  s u ffi ci en t ly 

a nchored b e tween  e pi the l ia l  ce l l s  to res i s t  d i s lodgement .  O t h e rs have repo rted 

a poor recovery of T. colubriform is from sheep by on ly wash ing  ( Coop  et a l. ,  

1 97 6 )  a l though B a rker ( 1 974)  fo und no adva ntage in  d ige s t i ng over  j u s t  flush ing 

and  knead i ng t h e  intest i ne .  Ro u t i ne  d i agnost ic  worm cou n ts a r e  us ual ly 

per formed  on  i n tes t ines  from an ima l s  wh ich have died or ,  if  k i l l ed  fo r the 

purpose ,  are not processed fo r some t i m e  a ft e r  death,  thus a l lowing some 

autolys i s  o f  the ep i the l ium to occu r and a m uch higher recovery to  be achi eved .  

The m ea n  estab l i shment  i n  t h i s  expe r iment  of  39% i s  h igher  than  that  

reporte d fo r the  control goats  in  Expe r imen t  3 . 1 .  Howeve r, a s  the  i n te s t i ne  was 

not d iges ted  in the latter ,  it m ay be a s sumed  that  the recove ry from t h e  con trol  

goats  in that exper iment  represents  on ly about half o f  those actua l ly p resent .  

Th e r e a l  e s tab l i shment  i n  tho s e  control  goats was probab ly abou t  50%.  

Although t h e  mean es tab l i shment  o f  3 9 %  in  the  presen t  expe r imen t  i s ,  

t h e refo re ,  probab ly s l igh t ly lowe r ,  i t  s t i l l  suggests that  few goats  had  developed 

the  degree of res i stance seen  i n  Exper imen t  3 . 1  or  which wou ld  be expected in 

sheep of a s i m i l a r  age and expo s u re to T. colubriformis (Dobson  et af. , 1 990a, 

1 990d) .  The range in es tab l i shment  of the t h i rd i n fect ion from 0 . 0 5 %  to  7 1 . 5 %  

does i nd ica te  tha t  some goats had  developed so l id  host  res i s tance wh i l s t  oth e rs 

s howe d  no ev idence o f  any,  desp i te  t h e i r  s im i l a r  h i s tor ie s  a n d  exposure to 

exper i m en ta l i n fect ion .  There may have been some e ffect of n u t r i t ion  as the 

goats  in the p resent  expe r iment  were on ly fed hay whi l s t  those in Exper iment  

3 . 1  were  on  a concen t rate  d ie t ,  b u t  the  most  l i kely explana t ion  i s  t h e  d i fference 

i n  b re e d  of goat .  

The cor re lat ions b e twee n  eggs/female ,  egg co unts ,  ma le : fe m ale  rat io a n d  

worm cou n t s  a r e  a l l  cons i s ten t  w i t h  the  m o r e  res i s tant  a n i m a l s  h aving sma l l e r  

wo rm b u rdens ,  relat ively fewer ma les and  decreased fecu n d i ty pe r  fem ale  worm . 

Th i s  fo l lows the  pat tern  fo r the  development  o f  res i s tance prev iously ou t l i ned  

for T. colubriform is i n  sheep  ( see  Sect ion 1 . 3 )  and  shown i n  Exper iment  3 . 1 .  

The corre la t ion  be tween te rmina l  egg count  and  worm count  ( r = 0 .56 )  i s  lower  

than  that  i n  Expe r iment  3 . 1 .  Th i s  may b e  due to the  d i ffe rence in  exper imenta l  

de s ign  or  m ay be  analo gous to the  poorer  corre lat ions  seen  in  o lder  than  in  

yo u nger  sheep  (McKenna 1 98 1 ) .  Th i r d  s tage  l a rvae were  de tec ted  o nly i n  th ree  

goats  a n d  in  two o f  these  L4s were  a l so  found .  This  i n d ica tes  tha t  very few 

l a rvae  were  inh ib i ted  and  rema ined  so unt i l  s laughter  a ft e r  2 8  days .  As i n  



92 

sh eep,  t h e  p roport ion  of  i n h ib i t i ng l a rvae would  be expecte d  to i n crease as 

overa l l  es tab l i s h m ent decreased ( Dobson et a l. ,
. 

1 990b ) ,  b u t  t h e r e  i s  no 

i nd icat ion  that  t h i s  occu rred in these  goats .  I m m un i ty of the hos t  h as been 

con s i dered  to be  the  ma in  cause  o f  Trichostrongylus sp .  i n h i b i t i n g  in  sheep 

( Eysker ,  1 97 8 ;  S eaton et  a i. , 1 989 ;  Dobson et a l. , 1 990b ) .  

The T. colubriformis bu rden i n  t h e  abomasum was approx i m a te ly  0 . 6% 

o f  the  to ta l  wh ich  i s  con s is tent  w i th  that  reported fo r sheep ( B a rker ,  1 974)  but  

less  than the  m ean figure  of  2 .2% ( range 0 - 7 .8%)  previo us ly  repor ted  for 

goats (Rahman  and  Col l i ns ,  1 990c) . H owever, fo r p ract ica l  pu rposes, the 

abomasa l  b u rden  of  T. colubriformis was smal l  and was ignored  in  subsequent  

experi m e nts .  
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CHAPTER S I X  

TH E U S E  O F  A M O N O C LONAL ANTI B ODY A N D  TRA D I T I O N A L  

STA I N I N G  M ET H O D S  IN COUNTING MAST C E L L S  AND E O S I N O PH I LS 

I N  I NTESTINAL M U C O S A  ( E X P E R I M E N T  6 . 1 ) 

6 . 1  I NTR O D U CTI O N  

The  purpose of th i s  expe r i m e n t  was  to  estab l i s h  t h e  usefu lness  of  a 

m onoclona l  an t i bo dy for detect ing m ast ce l l s ,  i nc lud ing GLs , a n d  eos i noph i ls 

i n  goat i n t e s t i na l  t i ssue .  This  monoclona l  an t ibody has  been  shown to  de tect 

a com po n e n t  of the  granu le  wall of some  cel l s  of the  mye lo id  l i n e  of sheep 

inc lud ing  m as t  ce l ls and  eos i noph i l s  ( Sh aw et  ai . ,  1 9 9 4 ) .  The p rob lems  of  

s ta i n i ng m as t  ce l l s  have been  d i scussed i n  Sect ion  1 . 6 . 3 .  I n  recent  t im es, 

i m m un ocytoc h e m i stry has  been  used  to  i den t i fy M M Cs,  o ften  w i t h  be t te r  

success t han  w i th  t rad i t iona l  fixat ive/s ta in  com b i na t ions  ( Wa l l s  e t  a l. ,  

1 990 ) ( M i l l e r  u n pub l i shed ,  ci ted  by Rothwel l  1 989 ) .  

I n  t h i s  experi ment  two fixat ion  procedu res and  th ree  s ta i n i ng methods 

were  com pa r e d .  

6 . 2  M AT E R IALS A N D  M ETH O D S  

Goats  

Fou r  goats  we re used .  Goats  1 to 3 were  adu l t  Ango ra fem ales which 

had  been  reared  under  conven t ional pasture condi t ions .  Goat  4 was  an Angora 

X New Zea land  fera l  wether  which had been use d to cycle T. colubriformis 

con t i n uous ly  for two years .  I t  had  b e en kept i n  a pen w i th  ad lib. hay dur ing  

t h i s  t i m e .  

F i x a t i o n  

All  goats were  k i l led  w i th  an overdose o f  pentob arb i t o n e .  Th e i r  sm al l  

i n t e s t i nes  were removed imm edi ate ly aft e r  dea th .  One set  of  t i s sues  was  taken 

approxi m a t e ly 1 to 2 me tres from the  py lorus and  a secon d approxi m ately 1 to 

2 m et res  d i s tal to th i s .  At each s i te ,  two approxi m a t e ly 1 .5 cm b locks of  

i n te s t in e  w e re remove d .  Each was opened a long i t s  m es e n t e r i c  border  and  

s tap led  t o  a pi ece o f  card  wh ich was then  floated t i s sue  s ide  down i n  fixat ive .  

One  b lock was fixed i n  10% neu t ra l  b u ffered  for m a l i n  and  the o the r  in  an  i so-
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osmot ic  so lu t ion  of 0 . 6 %  forma l i n  + 0 . 5 %  acet ic  aci d ( I FAA ) ( E n e rb ack, 1 96 6 ) .  

Fou r  to 1 2  h o u rs l a t e r  the  t i ssues  fixed i n  I FAA were t ransfer red  t o  70% 

alcohol as descr ib e d  by Enerback e/ a l. ( 1 98 6 ) .  

Afte r  approxi mate ly 2 4  hours ,  t i s sues  were removed fro m  t h e  c e n t re o f  

b o t h  b locks and  rou t i ne ly emb edded i n  para ffi n .  

S t a i n i ng 

S ect ions  were  cut  at  3 �m from b locks or i enta ted to g ive a t ransverse 

sect ion of the i n te s t i ne .  

Form a l i n - fixed t i s sue  

One  sect i o n  from each fo rm a l i n - fixed t i s sue  block was s t a i ned  w i t h  G i l l 's 

haem atoxy l i n  and eosin ( formal i n/HE) - see  Appendix 6a  fo r m e t h o do logy. 

A seco n d  sect ion  ( formal i n/MAB ) was probed w i th  a m u r i n e  m onoclonal  

an t ibody (MABC8)  ra ised aga ins t  sheep m ast cel ls  wh ich was k i n dly  p rovided 

by Dr P. Douch .  S ta i n i ng was ach i eved by prob ing the  t i s sue  w i t h  a 1 : 1 0 

d i l u t ion  o f  t h e  supe rnatant  from the  m o use hyb ri dom a ce l l  cu l t u re ,  de tect ing 

the a t tache d  an t ibody with horse - rad i sh  peroxidase - labe l l ed  rab b i t  an t i mouse 

polyclona l  a n t i body and then  deve lop ing  the  subsequ e n t  react i on w i t h  peroxide 

us ing  d i a m i nobenz id ine  (DAB) which gives a b rown coloura t i o n .  This  was 

fol lowed by coun ters ta i n i ng w i th  Weiger t ' s  haem atoxy l i n  com b i ned with 

B ieb r ich ' s  scar let as described  i n  Luna ' s  method fo r e ry t hrocytes and 

eosi noph i l  granu les (Luna ,  1 96 8 ) .  Precise m ethodo logy i s  given in Appendix 

6c.  

A t h i rd sect ion  was s ta ined  with to lu id ine  blue ( fo r m a l i n /TB) - see 

Appendix 6b  for methodo logy . 

I FAA- fi xed t i s s u e  

O n e  s ect ion  was  s tai n e d  w i th  to lu id ine  b lue  ( IFAA/TB ) .  

A second sect ion  was probed with the  monoc lona l  ant ibody 

( I FAA/MAB) ,  except tha t  t h e  MABC8 was used at  a d i l u t i on  o f  1 : 1 60 and 1 :200 

t o  avo i d  overst a i n i ng .  In addi t ion ,  a ft e r  deve lop ing w i th  DAB the  sect ions  

were  i m m e rsed i n  3% K2Cr207 at  60°C fo r 1 5  m i n utes  b efor e  counters ta in i ng 
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w i t h  Luna ' s  me thod .  Th e KZCrZ07 acts as a mordant  ( D r u ry a n d  Wal l i ngton,  

1 967 )  with eos i noph i l  granu les  to ass i s t  uptake o f  B ieb r ich 's  scar le t .  

C e l l  d e fi n i t i o n s  

T h e  c e l l s  o f  i n terest w e r e  MMCs,  GLs and  eos inoph i l s .  Each techn ique  

a l lowed i den t i ficat ion of  d i fferent  featu res o f  som e o f  these  ce l l s .  They were 

i den t i fied  u s i ng the fol lowi ng cr i te r i a .  

To l u i d i ne b l ue  ( see  Figu res 6 . 1  and  6 . 2 )  

Ce l l s  were  cons idered  to b e  MMCs  and  coun ted  i f  they  compr i sed  a 

subs tant ia l  co l lect ion o f  dense b lue -v io l e t  metach ro m at i ca l ly s ta i n e d  granu les .  

Th ese were  v e ry obvious agai nst  t he  pale  b l u e , l i ght ly sta i n e d  background .  Not 

a l l  MMCs coun ted  had a nuc leus  v i s i b l e .  GLs were i den t ified  i n  IFAA/TB 

sect i o ns by t h e i r  i n traepi the l i a l  locat ion  a n d  by the prese nce o f  a s m a l l  number  

o f  i n t ens ely s ta i ned b lu e -vi o let  g ranu l e s  w i th in  a n  o the rwise  uns ta ined 

cytop lasm . Eos i noph i l s were  not i den t ifiab le  wi th  th i s  sta i n .  I n  fo rmal i n/TB 

sect ions  GLs d i d  not sta i n  and  were  not  counted .  

M a st c e l l  monoc l o n a l  a n t i body cou nte rsta i n ed w i t h  Lu n a ' s  m ethod 

A .  Fo rma l i n  fi x a t i o n  ( see Figure 6 . 3 )  

T h e  MMCs appeared brown and  granu lar  whi l s t  G L  gran u l es which were 

l a rge a n d  u nevenly s ized,  had a dul l  redd i sh-b rown co loura t ion  due to the  

com b ina t ion  o f  DAB and  B i eb rich ' s  sca r le t .  Eosi noph i l s  were  i d e nt i fied by the  

presence o f  smal l  even -s ized granu les  wi th  a s i m i l a r  du l l  r edd i sh -b rown 

colo u rat i o n .  The presence of a l i gh t  b lue  polymorph ic  n ucleus was an 

add i t iona l  feature that usua l ly ass i s ted  d i fferent ia t ion  of  eos i noph i l s  from sma l l  

MMCs .  

B .  IFAA fixati o n  ( see  F igure  6 . 4 )  

T h e  MMCs had  a less gran u lar  appearance t h a n  i n  for m a l i n -fixed t i s sue .  

GL granu le s  d id not  sta i n  w i th  B i eb r ich ' s  scar le t  and  the  ce l l s  were i den t ified  

by  the  presence o f  la rge DAB -s ta ined  granu les  and  the i r i n traepi the l i a l 

locat io n .  
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F i g u re 6 . 1 .  Tissue fixed i n  IFAA and  stai n e d  w i th  tol u i di n e  b l u e  (430  x 

m agn ificat io n ) .  MMC = m ucosal  m ast  ce l l ;  GL = globule  l eukocyte .  

Figu re 6 . 2 .  Tissue  fixed  i n  form a l i n  a n d  sta i ned  wi th  to lu i d i ne b lue  (430 x 

m ag n i fication ) .  MMC = m ucosal  m ast ce l l ;  GL = globule  l eukocyte .  
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Fi gu re 6.3 . Ti ssue fixed i n  form a l in ,  probed wi th  the  m o noclona l  M ABC8, 

s ta i n e d  wi th  d iaminobenz id ine  and countersta i n e d  with We iger t 's haem atoxy l in  

and  B i e b rich 's  sca r let  ( 430 x magnificat io n ) .  MMC = m ucosal  m ast  ce l l ;  GL 

= glob u le  l eukocyte ;  E = eosinoph i l .  

... 

G L  

"' M M C  

Fi gu re 6.4.  Tissue fixed i n  IFAA, probed with the  monoclona l  MABC8,  s ta ined 

wi th  d i am inob enzidi n e  and countersta ined  wi t h  Weiger t ' s  haem atoxy l i n  and 

B ieb r ich 's scar le t  (430 x m agni ficat ion) .  MMC = m ucosal  mas t  ce l l ;  GL = 

globu le  l eukocyte; E = eos inoph i l .  
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F l u o re scence  m i c ro s copy w i t h  h a e m a toxy l i n  and e o s i n  ( see  Figures  6 . 5  

and  6 . 6 )  

Ce l l s  were co ns ide red  t o  b e  GLs a n d  were co un ted  i f  th ey h a d  a least  

t h r e e  l a rge fluorescent  granules  o f  un even s ize .  Eos i noph i l s  and MMCs could  

no t  b e  i de n t i fi e d  wi th  th i s  tech n i q u e .  Al though eos i noph i l  granules  d i d  

fluore sce ,  t h ey d i d  so poorly and  w e r e  o ften  d i  ffi c u l t  to see  and  w e r e  not 

cou n t e d .  

Cou nt i ng 

All  ce l l s  were counted at a m agn i ficat ion o f  5'00 X US ing a grat icu le  

eyep iece which  covered  an area of  0 . 408 mm 2 • 

Ce l l s  i n  20 fie lds  were incl uded  i n  each count  and  five counts  were made  

per  t i s sue  sect i o n .  The search pa t te rn  adopted  was  a ba t t l emen t  type and  

m oved progress ively and  syste mat ical ly across the  sect ion . Only ce l l s  in  the  

m ucosa were  co un ted .  The  except ion to t h i s  co un t i ng ro u t i ne  was  t h e  

fo rma l i n/TB sect ion wh ere  on ly one  count o f  2 0  fi e l d s  p e r  sect ion was m ade  

and  on ly MMCs  were  co un ted .  

Haematoxyl i n  and  eos in  (H&E)  s ta i ned  sect ions  were  exa m i ned  under  

i nc iden t  fl uorescence (Olympus BH2 -RFL) us ing  a w ide  band  pass  490 nm 

wave l e ngth exci t e r  fi l t e r  which comb i ned  wi th  the  use  o f  5 1 5  nm and  530 nm 

b a r r i e r  fi l t e rs ,  caused the eos i n -s ta ined granu les  in  glob u le  l eu kocytes  to 

fluore sce b righ t  ye l low. The same m agni ficat ion  and  grat icu le  eyepi ece were 

u sed  as  b e fo r e .  

S t a t i s t i c s  

Cel l  counts  were co mpared  by  analys i s  of  var i ance ( SAS vers ion 6 .04)  

wi th  t h e  respect ive ce l l  counts  as t h e  i n dependent  var i ab le  ana lysed  aga ins t  the  

two class  var iab les ,  t i s sue  b lock and fixative/s ta in  comb i na t ion .  Corre la t ions  

were  a l so  an alysed ( S ta t i s t ix  vers ion 4 . 0 ) .  

6.3 R E S U LTS 

The ce l l  counts ,  corre la t ion  coeffici ents  and s ta t i s t i cal ana lyses  for t he  

va r ious  fixat ives and  s ta i n i ng tech n i ques ,  except fo rma l i n/TB , are summar i sed  

i n  Tab l es 6 . 1  and  6 . 2  respect ive ly .  
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Figu re 6.5 .  Ti ssue  fixed  i n  formal in ,  s ta i ned  wi th  haematoxy l i n  and  eos in  and  

observed  wi th  fluo rescence m icroscopy ( 2 1 5  x m agni ficati on ) .  

F i g u re 6.6.  Ti ssue fixed i n  fo rma l in ,  s ta ined  wi th  haem atoxy l i n  and  eos in  and  

observed w i th  fluorescence m icroscopy (430  x m agn i ficat i o n ) .  



Goat Tissue Mucosal mast cells G l obule leukocytes Eosinophils 
N o. block 

formalin I FAAI formalin I FAA forma l i n  I FAA 

mab + mab + tol. mab + haem. & mab + tol. mab + mab + 
Luna'sl Luna's blue} Luna's eosin4 Luna's blue Luna's Luna's 

1 1 1 08 . 6  1 6 4 . 2  1 3 3 . 6  4 5 . 8  44.8 3 6 . 8  2 5 . 5  4 2 5 . 2  3 56. 1 
( 1 2 . 7 % ) � ( 8 .4 % ) ( 1 2. 5 % ) ( 58.0% ) ( 3 7 . 2 % )  ( 68.6 % ) ( 50.4 % ) ( 3 1 . 5 % )  ( 2 1 . 2 % )  

2 1 64 . 4  209 . 5  1 9 4 . 8  1 00.5 85.0 1 07 . 1  9 5 . 6  7 2 9 . 6  4 7 2 . 0  
( 1 3 .9% ) ( 1 3 . 4% ) ( 1 3 .8% ) ( 39 .5 %) ( 2 1 . 7%)  ( 1 8 .9% )  (25 .0%) ( 1 9 .4 % ) ( 1 9 .4 %)  

2 1 228.9 2 70.6 25 1 .9 5 5 . 4  7 2 . 5  67 .6  3 4 . 8  1 59 . 3  1 07. 1 
( 1 0.4 % )  ( 1 1 . 7 % ) ( 1 5 . 9 % )  ( 4 2 . 3 % )  ( 28.7 % )  ( 24 .0 % )  ( 58.0% )  ( 26.8 % ) ( 1 8 . 2 % ) 

2 203 . 7  266.9 28 1 . 8 1 08. 1 1 1 3 . 0  1 00.0 5 4 . 7  1 75 . 5  1 3 1 . 6 
( 1 5 . 1  % )  ( 1 1 . 5 % )  ( 1 2 . 5 % ) ( 24.5 % )  ( 7 . 9 % ) ( 3 3 . 3 % )  ( 3 3 . 0% )  ( 23.8 % )  ( 20.9 % ) 

3 1 1 5 2 . 7  207.6 200.0 2 3 3 . 8  208.3 7 5 . 2  7 5 . 3  1 2 1 . 6 80.7  
( 1 2. 0% )  ( 1 3 . 8 % )  ( 1 6. 1  % )  ( 3 4 . 7 % )  ( 24.8 % )  ( 3 4 . 7 % ) ( 2 5 . 8 % )  ( 4 3 . 2 % )  ( 5 4 . 9 % ) 

2 1 5 2 . 7  2 3 2 . 1 1 7 2 . 5  1 46. 1 1 3 7.5  1 29 . 2  1 0 1 .  7 5 8 . 8  1 0 1 . 2 
( 1 8 . 8 % ) ( 1 3 . 5 % )  ( 1 5 .4 % )  ( 7 . 0% ) ( 1 5 .6 % ) ( 1 3 . 4 % )  ( 4 1 . 4 % ) ( 26.5 % ) ( 38.9 % ) 

4 I 2 1 5 . 7  226.0 3 1 9 . 8  2 3 3 . 3  1 99 . 0  2 1 9. 6  1 3 2 . 1 1 80.6  148 .5  
( 1 4. 5 % )  ( 1 0. 7 % )  ( 1 0. 2 % )  ( 1 5 .8 % )  ( 1 4. 3 % )  ( 1 1 .4 % )  ( 8 .3 % )  ( 2 7 . 3 % )  ( 26.3 % )  

2 2 3 7 . 5  2 3 3 . 3  2 7 5 . 7  23 5 . 3  228.7  1 88 . 2  1 5 2 . 7  465 . 9  3 3 8 . 9  
( 6 . 3 % )  ( t  1 .0 % )  ( 1 0. 0% )  ( 9 .8 % )  ( 24.7 % )  ( 1 8 .6 % ) ( 1 2 .9 %) ( 1 9 . 8 % )  ( 3 7 . 3 % )  . .  

Ran king i n  3 b 2b l '  I b 2bl 3 1 41 I '  2'  
dec reasi n g  order 
within cel l types6 

mean CV' 1 3. 0  1 1 . 8  1 3 . 3  29.0 2 1 .9 2 7 . 9  3 1 .9  27 .3  29.6  
... ey: 1 Iso-os m o t i c  lorm aldehyde (0.6%) a nd ace t ic aCid 

2 Tissue i n i t i a l l y  p robed w i t h  sheep m as t  c e l l  monoclon a l  a n t ibody, d e tected w i t h  d i a m i n obe nzidene a n d  c o u n t e r s t a i n e d  with Lu n a 's m e t hod 
3 Tol u id i ne blue 
4 H a e m a toxyl i n  and eosin 
5 M e a n  cell  count  per  m m 2  ( coe ffi c e n t  o f  v a r i a t ion ) 
6 Th ose col u m n s  w i t h i n  c e l l  t ypes s h a r i n g  t h e  s a m e  l e t t e r  a re not  s ign i ficant ly  d i ffe r e n t  ( p < 0.05 ) 
7 M e a n  coe ffice n t  of var iat ion % 

Ta b l e  6. 1 .  Compa r i son  o f  m e a n  ce l l  counts  ( n = 5 )  pe r mm
2 

fo r d iffe ren t  fixat ive/s ta in  comb i n a t i on s  

-
<:> 
<:> 
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M ucosal  m a s t  cel l s  G l o b u l e  l e u kocytes Eosi n o p h i l s  

form a l in /  I FAA/' form al in/ I FAA/ I FAA/ form a l in/MAS 
MAB MAB !VIAB M A B  TB 

M M C s  

I FAA/MAB 0.79 " 

I FAA{fB 0.90" 0.67'  

G Ls 

I FAA/MAB 0 . 7 3 '  

IFAA{fB 0. 8 1 "  0 . 9 2 "  

form al in/  0 . 9 9 "  0 . 7 2 '  0.80" 
H E  

Eosinoph i l s  

IFAA/MAB 0 . 9 8 "  

Ta b l e  6.2.  Corre la t ion  coefficients  be tween  m ean  cell  cou nts  using d i fferent  

fixat ive/s ta in  comb ina t ions  (n  = 8;  * = p < O .05 ;  * * = p < O . O l ) 

M u c o s a l  m a st ce l l s  

.. 

I n  the  mucosa,  MMCs were found  only w i t h i n  the  lam i n a  prop r i a .  They 

appeared  to vary in s i ze depending on the i r loca t ion  wi th  those near t h e  base  

of  the  m ucosa b e ing l a rger  and genera l ly s t a i n i ng more i n te nse ly than  MMCs 

i n  the  v i l l i .  Th is  vary ing  i n tens i ty of  sta i n i ng was s im i l a r  fo r fo rmal i n/MAB, 

I FAA/MAB and I FAA/TB . After  fo rmal in  fixat ion ,  both granu les  and cell  wa l l  

were d i s t i nctly s t a i ned .  Wi th I FAA fixat ion ,  the s t a i n i ng of  i n d iv idua l  ce l l s  was  

m o re d i ffuse and  there was  often some fa in t  background  s ta in i ng .  Neve r the less  

s ign i fica ntly ( p < O .05 )  m o re MMCs were  coun ted  in  I FAA-fixed sect i ons .  

However ,  the  CVs were  s im i l a r  fo r a l l  proce dures  ( see Tab le  6 . 1 )  i n d ica t ing  

t hat the  tech n i q u es were o f  s im i la r  repeat a b i l i ty .  

MMC cou nts i n  fo rmal i n/TB sect ions averaged on ly 23% ( range 9 -44 % )  

o f  those  i n  I FAA/TB sect ions and the  cel ls  seen  were  often unevenly a n d  pale ly  

s t a i ned .  

A sma l l  number  o f  sma l l  cel ls  w i th  3 to 5 met achromati ca l ly  s t a i ned  

g ranu le s  i n  a pa l e  b l u e  cy toplasm,  were  a l so  observed i n  the  l a m i n a  propr i a of  
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some I FAA/TB s ect ions .  Th e i r  i den t i ty i s  u n known but  th ey were d i s t i nct ly  

d i ffe ren t  from MMCs a n d  GLs, and  we re no t  cou n t ed .  

G l o b u l e  leu kocytes  

In a l l  t issue sec t ions  examined ,  GLs were nea r ly always loca ted  in the 

ep i t he l i um which ass i s ted  wi th  i de n t i fy i ng t h e m ,  par t i cular ly with both s t a i n i n g  

com b i n at ions  of  I FAA- fixed t i ssues . GLs i n  fo rma l i n/TB sect ions  d id  n o t  sta i n  

a n d  could  no t  be  recogn i sed  wi th  cer ta i nty a n d  s o  were no t  cou n t ed .  

GL counts  in  fo rma l i n/MAB sect ions were s ign i ficant ly h igher  t h a n  w i th  

bo th  sta i n i ng t ech n i q u es on I FAA-fixe d t i s sue .  Fo r al l  fixa t ive/sta i n  

comb i na t ions ,  t h e  CVs were s im i l a r  b u t  ge n e ra l ly l a rger than  fo r MMCs .  

As  t hey were u n s ta ined  apart  fro m a few sma l l  gra n u les ,  GLs  I n  

I FAA/TB sect ions  were very di fficul t  t o  i d e n t i fy i f  obscured by overly i n g  ce l l s .  

I n  I FAA/MAB sect ions ,  because of  t he  fa i l u re of  G L  granu les to  t a k e  up  

B i e b r i ch ' s scar le t  t he re were  d i fficu l t i es i n  separat ing  MMCs  fro m  GLs, 

par t icu larly for cells located at or  about the b asement  m e m b rane  of t h e  

ep i t h e l i u m  and  where GLs were n o t  locate d  i n  the  ep i the l i u m .  

Eo s i n o p h i l s  

Eosi noph i l s were u n eve n ly d i s t r ibu ted  t h roughout  t he  m ucosa a n d  were 

o ft e n  presen t  in  clus ters  w i t h i n  the  lamina propr i a .  They were n eve r seen  i n  

t h e  ep i the l i u m .  

Fo rmal i n/MAB resu l ted  lfl s ign ificant ly  ( p < O .05) h igher  cou n ts t h a n  

I FAA/MAB. 

If sect ions  were s ta i ned  as fo r GLs in fo rma l i n/MAB, eos inoph i l s  were 

wel l - s ta i n e d .  If  ove rsta i n ed with DAB they co u ld  be  confused  with MMCs .  

Wi t h  I FAA-fixed t i s sues  they s ta i n ed less sa t i s facto rly wi t h  B ieb ri ch ' s  scar le t  

even  w i th  t he  use of  a m o rdan t .  

B a s o p h i l s  

Occas iona l ly, ce l l s  w i t h  polymorph ic  n ucl e i  a n d  granu les  t ha t  s ta i n e d  

w i t h  DAB b u t  n o t  B iebr i ch 's sca r le t  were observed i n  t h e  l am ina  propr i a .  The i r  
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m o rpho logy was  con s i s t e n t  wi t h  that  of  b a s o p h i l s .  MABCS i s  known t o  be  a l s o  

a b l e  to  s t a i n  n e u t roph i l s  a n d  b asoph i l s  b u t  t h i s  s t a i n i ng appears t o  b e  fi x a t i o n  

d e p e n d e n t ,  a t  l ea s t  fo r t h e  fo r m e r  ( S haw e t  a l . ,  1 9 94 ) .  L u n g  t i s s u e s  fro m  a g o a t  

w i t h  a m ass ive  i nfi l t r at i o n  o f  n e u t roph i l s  were  fi x e d  a n d  s t a i n e d  a s  fo r t h e  

fo rma l i n /MAB p roce d u r e .  T h e r e  was n o  u ptake  o f  M A B  by t h e  n e u tr o ph i l s  

i nd icat i n g  t h at t h e  po lym o rphonuc lear  c e l l s  o b s e rved  I n  t h e  i n te s t i n e  w e r e  

p r o b a b ly b as o p h i l s .  There  w e r e  t o o  few o f  t h e m  to  m ake  co u n t s  a n d  

m ean i n g fu l  c o m par i sons  . 

. 4 D I S CU S S I O N  

T h e  m o rpho logy o f  m ast  ce l l s  s ta i n i ng w i t h  M AB C 8  w a s  v e ry s i m i l a r  t o  

t h a t  o f  c e l l s  s ta i n i n g  w i t h  t o l u i d i n e  b lue  i n  I FAA-fixed t i s su e .  T h e  loca t io n ,  

va r i a t i on  i n  s i ze ,  a n d  i n t e n s i ty o f  s ta i n i ng were  a l so  very s i m i l a r .  Th i s ,  

c o m b i n e d  w i t h  t h e  s ign i fi ca n t  corre l a t ions  b etwee n  c e l l  counts  u s i n g  t h e  v a r i o u s  

t e ch n i q u e s  ( s ee Tab l e  6 . 2 ) ,  i nd icates  tha t  MABC8 w a s  detect i ng a s i m i la r  

c o m p o n e n t  o f  M MCs,  G L s  a n d  eos inoph i l s  i n  g o a t s  as  i n  s h e e p .  T h e s e  fi n d i ngs  

wou ld  s uggest  a sub s t a n t i a l ,  bu t  perh aps not  abso lu te ,  genet i c  conse rvat i o n  o f  

t h i s  com po n e n t  b etwe e n  these  two spec ie s .  Thus ,  MABC8 can  b e  u s e fu l l y  u s e d  

t o  i de n t i fy t h es e  ce l l  types i n  goats .  Howeve r,  i t  o nly  a pp e a rs to  b e  a b l e  t o  

d e tect  M M Cs w i t h  cy top lasm i c  gran u l e s .  Recent ly  d e rived M M C s  o r  ce l l s  

wh ich  h ave degranu la ted  a n d  a r e  i n  t h e  ear ly  s t ages o f  r e fo r m i n g  g r a n u l e s  

wou ld  b e  d i ffic u l t  to de tec t .  

In  fo r m a l in/MAB s ta ined  sec t ions ,  t h e  d i s t i nc t ion  b etwe e n  M M Cs a n d  

G L s  w a s  c l ea r -cut  as  t h e  GL granu les  s ta i n e d  a d u l l  reddi s h - b rown .  However ,  

oversta i n i n g  wi th  DAB i n h i b i t ed the  u ptake of  B i eb ri ch ' s  scar l e t .  Th i s  

e m phas i se s  t h e  n ecess i ty to ensure  suffici e n t  DAB uptake to  a l low M M C s  to  be  

i d e n t i fi ed ,  pa r t i cu la rly t hose  pa ler - s ta in i ng s m a l l e r  ce l l s  i n  the  v i l l i ,  wh i l s t  

avo i d i ng ove rs t a i n i n g .  T h e  com b i n a t ion  o f  MAB CS di l u t i on a n d  D A B  s t a i n i n g  

dura t ion  a s  d e t a i l ed i n  Appendix 6 c ,  produced r e l i a b l e ,  repeatab l e  r e s u l t s .  

A s  m i ght  b e  p red ic ted  fro m  o th e r  r e p o r t s  ( see  S e ct i o n  1 . 6 . 3 ) ,  t h e  

m aj o r i ty o f  m a s t  c e l l s  i n  t h e  m ucosa d i d  n o t  s t a i n  w i t h  t o l u i d i n e  b lu e  a ft e r  

fo r m a l i n  fixat io n .  However ,  t h e  d i s t i nct i o n  b etween  MMCs t h a t  a re  s e n s i t i ve 

to  fo r m a l i n  fixa t ion  a n d  those  that  a re n o t  i s  n o t  c learcu t .  Many m as t  cel ls 

tha t  were  coun ted  w i t h  fo rma l i n/TB were  o n ly fai n t ly a n d  i r regu la r ly s t a i n e d  

com pared  t o  M M C s  i n  I FAA/TB t i s sues ,  s ugge s t i n g  t h a t  t o l u i d i n e  b lu e  u p t a ke 

i n  t h e  fo r m a l i n  fixed - t i s sue ,  even i n  ce l l s  tha t  d i d  s ta in ,  was part ly  i n h i b i t e d .  
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As can b e  s een fro m  the  n u m b e rs o f  M M C s  and GLs coun ted ,  t h e re i s  

a reverse  rank i n g  of  s u p e r i o r i ty o f  fixat ive/s t a i n  c o m b i n a t i o n s  ( s e e  Tab le 6 . 1 ) .  

Th i s  i s  n o t  l i k e l y  to b e  due to m i s cl a s s i fica t io n  as t h e  two c e l l  typ e s  a r e  

e s sen t i a l ly fo u n d  i n  d i ffe r e n t  l oca t ions ,  e v e n  t h ou gh a few ce l l s ,  p a r t i cu la r ly 

a r o u n d  the b a s e m e n t  m e m b rane  in g l a n d  c ryp t s  cut tange n t i a l ly ,  c o u l d  b e  

c o n fused ,  e spec i a l ly w i t h  the  I FAA/MAB com b in a t i o n  where  G L  g r a n u l e s  do 

not  s t a i n  wi th  B i eb ri ch ' s  sca r l e t .  B ecause  o f  the c l a r i ty o f  s t a in i ng a n d  ease of  

c o u n t i ng ,  fo r m a l i n/MAB was the  super i o r  com b i n a t i o n  o f  those t e s t e d  for 

c o u n t i n g  a l l  t h r e e  ce l l  types s i m u l taneous ly .  

I t  was  apparent  t h a t  I FAA resu l ted  in  b e t t e r  preserva t i o n  of  e pi t o p e s  fo r 

t h e  m o noc lona l  an t i b o dy a s  i t  was necessary t o  use  a m uch lower  d i l u t i o n  

( 1 : 1 60 to  1 : 200 ) .  

Tran s i t i o n a l  c e l l s  b etween MMCs a n d  GLs were rare ly o b s e rv e d  i n  any  

com b i n a t i o n .  S o m e  o f  t h e  t r ans i t i ona l  ce l l s  n o t e d  by  H u n t ley e t  at. ( 1 9 8 4 ) had  

o n ly one  or  two g ra n u l e s  wi th  a d ifferent  s t a i n i ng pa t tern ,  w i t h  t h e  r e m ai n d e r  

b e i n g  e i t h e r  typi cal MMC o r  GL g ra n u l e s .  Such  c e l l s  wo u ld  b e  d i fficu l t  to  

d e t ec t  i n  t i s sue  s ect i o n s .  I n  fo rma l i n /MAB sec t i ons ,  the  uptake  of  B i e b r ich ' s  

scar l e t  by  GL granu les  was too var i a b l e  t o  be  sure  i f  s o m e  g ranu l es  w e r e  not  

s t a i n i n g .  D o u ch et a l. ( 1 9 8 6 )  promoted  t h e  u s e  of  fl u o r e s e nce of  g r a nu l e s  

t o  count  G L s  i n  for m a l i n/HE t i s s u e s .  T h e s e  a u thors  con s i d e r e d  t h a t  ce l l s  

con ta i n i ng even  o n e  fl u o rescent  g ranu l e  were  " i m m a t ure"  GLs  w h i ch wou ld  

p r e s u ma b ly e quate  t o  t rans i t i ona l  c e l l s .  Howeve r,  the  use  o f  t h i s  c r i t e r i o n  i n  

goa t s  wou ld  resu l t  i n  a l a rge number  o f  o ther  ce l l  types ,  such  a s  s o m e  

lym ph o cytes  o r  eos i n op h i l s  w i t h  eos i n o p h i l i c  cy top las m i c  g r a n u l e s  w h i ch a lso 

fl uo resce ,  b e i n g  inc luded  in  the GL co u n t .  
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CHAPTER SEV E N  

T H E  DYN A M I CS O F  LARVAL M I G RATI O N  I N H I B ITORY ACTIVITY, 

MAST CE L LS AND E OSI N O P H I L  COUNTS I N  G OATS I N F E CTED W I T H  

TRICHOS TRONG YLUS COLUBRIFORMIS 

7 . 1  I NT R O D UCTI O N  

The object ives  o f  the  exp e r i m en t s  i n  th i s  chap te r  were  to  i nves t i ga te  t h e  

dyn a m i cs o f  l a rval  m i g ra t ion  i n h i b i tory act iv i ty  o f  a b o m a s a l  a n d  i n t e s t i n a l  

m ucus ,  as  w e l l  as  m as t  c e l l  and  eos inoph i l  coun ts i n  goats  i n fected w i t h ,  o r  

recov e r i n g  fro m  i n fec t ions  wi th  T colubriformis . Th i s  i n fo rm at i o n  w a s  t h e n  

i n tegra ted  w i t h  that  o b t a i n e d  fro m  h i s to log i ca l  s tud ies o f  goats  u s e d  i n  

exper i m ent s  p revi ous ly  descr i b e d  i n  Chap t e rs 3 a n d  5 .  I n  a d d i t i o n ,  i n fo r m a t i o n  

o n  t h e  deve lopment o f  T colu briform is i n  goats  w a s  o b t a i n e d .  

7 . 2  MATE RIALS A N D  M ETH O DS 

7.2 . 1 Expe r i m e nt 7 . 1 : C o m p a r i s o n  o f  LM I ,  m a st c e l l  a nd eo s i n o p h i l  c o u n t s  a t  

i nterva l s  d u r i n g  a n d  a fter i n fect ion w i t h  T. colubriformis 

Ex p e r i m e n t a l  S c hed u l e  

T h e  exp e r i m e n t  was d iv ided i n to two par t s .  Part A was d e s i g n e d  t o  

exa m i n e  t h e  dyn a m i cs o f  eos i noph i l  a n d  m as t  c e l l  n u m b e rs i n  t h e  m ucosa ,  a n d  

an t ipa ra s i t e  ac t iv i ty o f  i n te s t i na l  m ucus i n  a n i m a l s  fol lowi n g  t e rm i n a t i o n  o f  a 

T colubriformis i n fe ct i o n .  Pa rt  B was des igned  t o  i nvest igate  changes  i n  t h e s e  

s a m e p a r a m e t e r s  i n  goats  which we r e  s u b s e q u e nt ly  re i n fect e d  w i t h  T 
colubriformis . The schedu les  fo r i n fect i o n  a n d  s l aughter  a re shown i n  Tab l e  

7 . 1 .  

Two groups o f  1 ye ar-o l d goats  were  purchased  fro m  separa te  

com m e rc ia l  sources .  O n e  g ro u p  of  twelve 1 /2 Angora  X 1 /2 New Zea land  fe r a l  

w e t h e r s  w a s  u s ed fo r Part A and  a seco n d  grou p  o f  twenty  fou r  3/4 A n g o r a  X 

1 /4 New Z e a l a n d  fe ra l  wethers  was used  fo r Par t  B .  A l l  goats  h a d  b e e n  grazed  

con t i n o us ly  t h rough o u t  l i fe .  They were t r ea ted  w i th  iver m e ct i n  ( > 0 . 2  m g/Kg) 

o n  a r r iva l  and then housed  in pens and fed a d i e t  o f  m eadow hay a d  lib . 
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Day Pa rt A Part B 

0 a l l  goats i n fected w i th  a l l  goats i n fected w i th  
3 5 ,000 L3 35 ,000 L3 

28  3 goats k i l l ed  (G roup A I ) ;  a l l  goats t r ea ted  w i th  
remai n d e r  t reated w i th  ivermect in  (0 .2 m g/kg) 
ivermect i n  (0 .2mg/kg) 

35 3 goats k i l l ed  (Gro u p  A2 ) 

42 3 goats k i l l ed  (Group A3 ) 

49  3 goats  k i l l ed  (Group A4 ) 

58 ( day 0, 2nd  3 goats ki l led  ( G roup  
i n fect ion )  B l . 1 ) ;  1 5  i n fec ted  w i t h  

35 ,000 L3 and  6 l e ft 
un i n fected 

67 ( day 9 ,  2 n d  5 i n fected (Group B2 ) a n d  
i n fect ion ) 2 un i n fected goats  ( Group 

B l .2 )  k i l l ed  

76 ( day 1 8 , 2nd  5 i n fected (Group B3 ) and  
i n fect ion ) 2 un i n fected goats ( Group 

B l .3 )  k i l l ed  

85 ( day 27 ,  2nd  5 i n fected (Group B 4 )  and  
i n fect i o n )  2 un i n fected goats ( G roup 

B l . 4 )  k i l l ed  

Ta b l e  7 . 1  Expe r imen tal  schedule  fo r Expe r i m e n t  7 . 1  

Fo r Pa rt A, t h e  1 2  goats were ra ndomly a l located t o  fo u r  gro ups o f  t h ree 

(Grou ps AI , A2, A3 , A4 ) .  Fo r Pa rt B ,  goats were rest ri ct ively ra ndomised  in to  

expe r imen tal groups on the  bas i s  of  fa ecal  egg  counts 28 days  a ft e r  t h e  fi rst 

i n fect ion ( see  Table  7 . 1 ) .  

Po st -mortem proce d u re a n d  se lect ion o f  b l ocks  fo r h i sto logy 

Goats were k i l led  wi t h  an overdose of  pentobarb i to n e  and were 

i m m ed i ate ly necrops i e d .  Six X 1 -2cm b locks o f  smal l  i n tes t ine  were  taken at 

one m etre  i n tervals  d is ta l  to the py lorus  as  in Expe r iment  3 . 1  and labe l l ed  M l  

to  M6  respect ively . Two X 1 -2cm b lo cks were taken a t  o n e  m et re  i n t e rvals 

prox i m al to t he i l eocaecal valve and labe l l ed  M - l  and M-2 respect ive ly .  B locks 

were fixed a n d  processed as fo r fo rm a l i n - fixed t i ssue in Sect ion 6 .2 .  



1 0 7  

I n  o r d e r  t o  co l l ect m u cus fo r LMI assay ,  t h e  s e co n d  a n d  t h i rd m e t re 

segment s  were  i m m edi a t e ly s tored  o n  i c e .  They were  fl u shed  wi th  2 5 m l s  o f  

co ld  P B S  a n d  t h e n  o p e n e d  l ong i tud ina l ly .  The m ucosa was gen t l y  scraped  w i th  

a rounded  p i ec e  o f  pe rspex to  co l l ect i n t e s t i n a l  m ucus .  Th i s  was  d i l u t ed  1 : 1  by  

vol u m e  w i th  P B S ,  m ixed by s t i r r i ng  a n d  then  s i eved th rough a 2 5 0 j..Lm ape r tu re 

s i ev e .  Th e m uc u s + PBS fi l t rate was c e n t r i fuged a t  200  g fo r 5 m i n u t e s .  The 

superna tan t  was  recove red a n d  s tored fro z e n  ( fo r  LMI assay )  a t  -20oe a s  were  

the  s e d i m en t ,  r e s i d ue fro m  the  s i eve a n d  t h e  flu s h ings  ( fo r  p a r a s i t e  co u n t i n g ) .  

T h e  r e m a i n d e r  o f  t h e  s m a l l  i n te s t i n e ,  now l iga ted  i n t o  o n e  m et re l eng ths ,  a s  

w e l l  as  t h e  scraped  second a n d  t h i rd m e t r e  s e g m e nts,  was a l s o  s to red  a t  -20oe 

for worm coun t i n g .  

Ti s sue  b locks w e r e  re m oved fro m  t h e  py l orus  (Abo-P)  a n d  fun d u s  ( A b o ­

F )  o f  t h e  a b o m a s u m ,  s t a p l e d  to  c a r d  a n d  fi x e d  a s  for the  s m a l l  i n t es t i n e .  The 

r e m a i n d e r  of the abomasum was q u ick ly  r i n s e d  in  PBS and  the n the who le  

s u r face was scraped as  descr ib ed above t o  co l l ec t  m ucus wh ich  was  d i l u t e d  1 : 1  

b y  vo lum e wi t h  P B S  a n d  s tored  a t  -20oe . 

Pa ra s i to l o gy 

Faeca l  egg co unts  were  es t im at e d  week ly  ( see  Append ix  2 b  fo r m et h o d) . 

Fo r a l l  goats ,  wo rm counts  a n d  eggs  p e r  fem a le  wo rm were  es t i m a t e d  a s  

i n  Sec t i on  4 . 2 .  T h e  fl ush i ngs ,  s i eve res i d u e  a n d  sed imen t  a ft e r  m u cus  col l e ct i o n  

fro m  m e t res 2 a n d  3 w e r e  poo led ,  s i eve d and  s u b sequent ly processed  as  fo r t h e  

r e m a i n d e r  o f  t h e  s m a l l  i n tes t i n e .  For u n i n fect ed  goats ,  t h e  fi rs t  6 m et res  

i n c l u d i n g  t h e  fl u s h i ngs ,  s i eve res i d u e  and  s e d i m e n t  a fte r  m ucus  c o l l e c t i o n  were  

exa m i n e d .  

La rva l m i g ra ti o n  i n h i b i t i o n ( LM I )  

Fo r s i m p l i ci ty,  m ucus + P B S  w i l l  b e  r e fe rred t o  as  m u cus .  S a m p l e s  were 

s tored a t  - 200e fo r about  8 m o nths  b e fore  a ssay .  LMI act iv i ty o f  m ucus  was 

assayed as  descr i b e d  in  Appendix  7b . Ten contro l  ge l s  wi th  PBS a s  the t e s t  

s ub s tance  were  a l s o  run  on  each  occas i o n  for com par i son  o f  l a rva l  recovery .  

LMI was expressed as a n  LMI - i ndex which was  the rat io of the m e a n  n u m b e r  

o f  l a rv a e  m ig r a t i ng from t h e  tes t  g e l s  to  t h e  m e a n  n u m b e r  o f  l a rvae  m igra t ing  

fro m  P B S  con t r o l  ge l s  i . e .  t h e  low e r  the  LMI- i ndex the  g rea te r  the  LMI 

ac t iv i ty .  Th is  i s  d i fferen t  from the  way in  which LMI act iv i ty  was o r ig i na l l y  
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descr ibed  b u t  w a s  necessa ry as  m o r e  l a rvae m igra ted  fro m  t h e  t e s t  g e l s  than  

contro l s  o n  s evera l  occas ions .  

H i s to l ogy 

H&E s ta i n e d  s ecti o n s  of each t i ss u e  b lock  were  p re p a red .  GLs were 

coun ted  a t  5 00X i n  2 0  fi e l ds o f  0 .03 1 m m! u s i n g  fl uo rescence m i c rosco py a s  i n  

S e c t i o n  6 . 2 .  I n  a d d i t i o n ,  M MCs,  GLs a n d  e o s i n oph i i s  were  c o u n t e d  i n  M l ,  M2 ,  

M 3  a n d  M-l  u s i n g  t h e  sheep  m ast  ce l l  m o n oc lona l  an t ib o dy ( M AB C 8 )  as  

descr i b e d  in  Sec t ion  6 . 2 .  

7.2 .2  E x p e r i m e n t  7.2:  G L  n u m be r s  i n  t i s s u e s  fro m E x p e r i m e nt  3 . 1  

Th is  exp e r i m e n t  conce rns t h e  GL n u m b e rs i n  i n t e s t i na l  t i s s u e s  from 

a n i m al s  u sed  i n  the  exp e r i m e nt descri b e d  in  Chapter  3 .  Group  1 was  t r i ck le­

i n fec ted  and subseq uent ly  g iven two c h a l l e n g e s  wi t h  T colubriform is . G ro u p  

2 rece ived o n ly the  two cha l l enges  w h i l s t  G ro u p  3 received o n ly t h e  s e co n d  

c h a l le n g e .  B lo c ks o f  s m a l l  i n tes t ine  w e r e  r e m oved  a t  n ecropsy a s  p rev ious ly 

descri b e d  ( Sec t ion  3 .2 )  and  fixed i n  1 0% n e ut ra l  b u ffered fo rm a l i n .  S e ct ions  

w e r e  cu t  a n d  s ta ined  w i t h  H&E as  descr ib e d  i n  Sect i o n  6 . 2 .  GLs  w e r e  coun ted  

a s  i n  Expe r i m e n t  7 . 1 u s ing  fl uo rescence m i croscopy . Count s  w e re made  i n  2 0  

fi e l ds exa m i n ed i n  a s e r i es o f  passes across  t h e  sect ions .  

7.2 .3 E x p e ri m e n t  7 . 3 :  G L  n u m b e r s  i n  t i s s u e s  fro m  a n i ma l s  u se d  i n  E x p e ri m e n t  

5 . 1  

Th i s  experi m ent  concerns  t h e  GL n u m b e rs i n  i n t e st i n a l  t i s s u e s  fro m  

a n i m a l s  u sed  i n  t h e  expe ri m e n t  desc r i b e d  i n  Chapter  5 .  1 -2 c m  b lo c ks o f  s m a l l  

i n te s t i n e  w e r e  taken a s  prev ious ly descr ib e d  (Sec t ion  5 . 2 )  a n d  fi x e d  i n  1 0% 

n eu t r a l  b u ffe r e d  fo r m a l i n  as  descr ib e d  i n  Sec t ion  6 . 2 .  G L  cou n t s  w e re m ade 

on H&E s t a i n e d  sec t ions  as  descri b ed for Exper im en t  7 . 1 .  

7 .2 . 4  E x p e r i m e nt 7.4:  S t a b i l ity o f  L M I  a c t i v i ty w i t h  s torage 

Two a d u l t  goats which had b e e n  g raz ing  pasture  a n d  w e r e  n at u ra l ly 

i n fecte d  with nem atodes ,  were s l aughtered .  The  sma l l  i n t e s t i n e s  were  

i m m e d i a te ly r e m oved a n d  s tored  o n  i ce  and  the i r  con t e n t s  recovered  and  

poo led .  These  were m ixed by a 5 m i n u te ag i t a t i on  wi th  a s t o m acher  (Co lwarth 

S t o m ac h e r  400,  S eward, U n i ted  Kin g do m )  and then frozen  i n  a l i quo t s  a t  -20°C.  
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At va ryi n g  i n t e rva l s  ( see  Tab le 7 . 5 )  s a m p l e s  were  thawed  a n d  assayed fo r 

L M I  act ivi ty as  descr ibed  i n  Appen dix 7b . Ten cont ro l  a n d  tes t  g e l s  were  run 

on each occas i o n .  

7.2.5  S tat i st i c a l  a na l y s i s  

As a p p r o p ri a te ,  data  were  ana ly sed  b y  a n alys i s  o f  v a r i ance ,  Tukey t e s t  

for p a i r e d  c o m p a ri sons ,  pa i red  t - te s t s ,  l i n e a r  r egres s ion  a n d  corre l a t i o n  us ing  

S t a t i s t ix ,  ve rs i o n  4 . 0 .  Power  an a lys i s  was  u n d e rtaken us ing  Pow e r  A n a ly s i s  and  

S a m p l e  S i ze ,  v e r s i o n  1 . 0 (K l i ntze ,  Utah ,  1 99 1 ) .  

7.3 R E S U LTS 

7 .3 . 1  E x p e ri m e n t  7 . 1  

O n e  c o n t r o l  goat  i n  G r o u p  B 1 . 3 d i e d  d u r i n g  the  exper i m e n t .  A l l  data  

fo r t h i s  a n i m a l  were  exc luded from a na lys i s .  

Pa ra s i to l ogy  

Wor m  counts  a re  shown in  Tab l e  7 . 2 .  C o u n t s  were  a n alysed 

u n t ransfo r m e d  as  t ransformat ion  d id not  i m p rove t he i r  n o r m a l i ty .  Tot a l  worm 

cou n t s  of  the  4 i n fected groups d id  not  d i ffe r  s ign i ficant ly ( p  > 0 . 05 ) .  

C o m p a ri s o n  o f  m al e : fema le  r a t i o s  s hows that  the r a t i o  for G r o u p  B 2  was 

s i g n i ficant ly l ower  than  G ro u ps B3 and B4 ( p < 0 .05 ) but  t h e r e  was n o  

s i gn i fica n t  d i ffe re nce b e tween these  l a t t e r  two g ro ups ( p > O . OS ) .  

Faeca l  e g g  coun t s  a re  shown i n  Appe ndix 7a .  For s t a t i s t i ca l  a na lys i s  t h ey 

were  t r a n s fo rm e d  !og lO(x + 1 )  t o  n o rm al i s e  t h e i r  d i s t r i b u t i o n s .  C o u n t s  for Days  

2 1  and 28  of  t h e  second i n fect io n  were  n o t  s i gn i fi ca nt ly  d i ffe re n t  ( p > 0 .05 ) 

a l t houg h  o n ly 4 pa i rs o f  data  were  ava i l ab l e .  Mean n u m b e r  o f  eggs p e r  fem a l e  

i n  t h e  fi rs t  m e t re o f  t h e  i n tes t ine  from G ro ups A 1 ,  B 3  a n d  B 4  w e r e  a ls o  n o t  

s i g n i fic a n t ly d i fferen t  ( p > O . O S )  w h e n  compared  b y  ana lys i s  o f  v a r i a nc e .  

Addi t i o n a l  pa ras i to log ica l  r e su l t s  for Groups A 1  a n d  B 4  from t h i s  

exper im e n t  a r e  given i n  Exp e r i m e n t  4 . 1  ( o l de r  goats ) .  
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Group L3 L4 Adults  M ale: female Total Estab l i s h m e n t  Eggs/female 
( s.e.) ( s.e.) ( s.e.) ( s.e.) n ematodes % in metre 1 

(s.e.) ( s.e.) ( s.e.) 

Al ( n = 3 )  0 0 23530 0 .85" 23530' 67' 1 3 . 5 '  
( 1 600.7 )  (0 . 06 1 )  ( 1 600.7 )  ( 4 . 5 )  ( 2 .34)  

A2 ( n = 3 )  0 0 3 - 3 NA NA 
(3 . 3 )  ( 3 . 3 )  

A3  ( n = 3) 0 0 3 - 3 NA NA 
( 3 . 3 )  ( 3 . 3 )  

A4  ( n = 3 ) 0 0 0 - 0 NA NA 

B l  ( n = 8 )  0 0 4 4 NA NA 
(2 . 6 )  (2 .6 ) 

B2 ( n = 5 )  206 1 0,090 9658 0 .49' 1 9954'  57 '  0 
( 2 0 1 . 4 )  ( 2564 . 4 )  (2064.4 ) (0 . 1 1 3 )  ( 1 076 . 5 )  ( 3 . 1  ) 

B 3  ( n = 5 )  0 2 2 2 1 90 0 .84'< 22 1 92'  63'  1 2 .2' 
( 2 )  ( 2948.4 ) ( 0 .052)  ( 2949 . 1 )  ( 8 . 4  ) ( 2 .72 )  

B4  ( n = 5 ) 0 0 22890 0 . 90'< 22890' 65 '  1 4 .3'  
( 2 1 60.0)  ( 0.03 1 )  ( 2 1 6 0.0) ( 6 . 2 )  ( 1 .75 )  

Ta b l e 7.2.  Wo rm co unts ,  estab l i s h m e nt and eggs per fem a le fo r Experi m e n t  

7 . 1 .  Wi t h i n  co lumns ,  groups shar i ng the  s a m e  superscr ipt  a r e  n o t  s i gn i ficant ly  

d i fferen t  when  com pared by analy s i s  o f  var i ance and  Tu key te s t  ( a = 0 .05 ) .  NA 

= not  appl i cab l e .  

La rva l m i g ra t i o n  i n h i b i t i o n  

The mean  recove ry of  larvae of  those  pre sent  i n  PBS  cont rol ge ls  (±  s . e . )  

was  5 7 %  ( ±  0 . 2 % ;  n = 60 ) .  When gels were l e ft fo r a fu r ther  30  hours on ly 

ano the r  8 %  ( ±  0 .2%;  n = 1 0 )  were  recovered .  

The number  o f  larvae recovered u s i ng abom asal  and i n t e s t i na l mucus as  

t e s t  subs tances ,  exp ressed as a propo rt ion  of  larvae recove red  from PBS contro l  

ge l s ,  i s  the  LMI- index.  These  are shown fo r Pa rt A i n  F igure  7 . 1  and  Part B 

i n  F igure  7 . 2 .  I t  can be seen tha t ,  i n  genera l ,  when no worms  were  presen t ,  

l a rval  recover i e s  we re h igher  from gels  w i t h  m ucus t h a n  from con tro l  ge ls .  Th i s  

was  par t icu lar ly  evi dent  wi th  ass ays o f  abom asal LMI i n  bo th  Pa r t s  A a n d  B .  
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F i g u re 7. 1 .  Experiment 7 . 1 :  LMI - in dex ( m ean ± s . e . )  o f  goats  i n  Part  A .  A l l 

goats  i nfected  wi th  35 ,000 T. colubriformis and treated with ive rmect in  28 days 

l a t e r .  Groups A I ,  A2, A4 and A4 k i l l e d  0 ,  7, 1 4  and 2 1  days a ft e r  ivermect i n 

t rea tment  ( n  = 3 for each group) . 

1 .5 

1 .2 

)( 0.9 CD 
"C) C .. 
-

::::E 
.... 0.8 

0.3 

0.0 
Abomasum Small I ntestine 

� Group 11 � Group B2 EZZZ.2l Group U L:::J Group B4 

Figu re 7.2. Experiment 7 . 1 :  LMI - index (mean  ± s . e . )  o f  goats  i n  Part B .  

G ro u p  Bl  (n  = 8)  k i l led  on  day O .  Al l  o ther  goats i nfected wi th  35 ,000 T. 
c olubriformis and ki l led 9 ,  1 8  or  27 days l ater  from Groups B2 ( n  = 5 ) ,  B3 ( n  

= 5 )  a n d  B 4  ( n  = 5 ) .  
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Th e re were  n o  s i g n i ficant  g r o u p  d i fferences  I n  a b o m asa l  LMI I n  e i t h e r  

p a r t . 

I n  Par t  A there  was  no  d i ffe r e n ce i n  i n t e s t i n a l  LMI  b e twe e n  goats  k i l l e d  

a t  t h e  t i m e  o f  a n the lm in t i c  t re a t m e n t  a n d  those  k i l l e d  a t  a n y  o f  t h e  s u b s e q u e nt 

t i m e  i n t e rv a l s .  I f  anyth ing ,  the  propo r t i onate  l a rval  recov e r i e s  fro m  m ucus g e ls 

were  ac tua l l y  h i gher  fo r G r o u p  A1 t h a n  fo r Groups  A2 , A3 a n d  A4 . 

I n  Par t  B ,  ana lys i s  o f  var i ance  o f  i n tes t i n a l  L M I  s h owed tha t  t h e  

d i ffe rence  i n  LMI- index b e twe e n  i n fec ted  and  u n i n fected g o a t s  was  appro a ch i n g  

s i g n i ficance  ( p = O .09 ) .  A s  t h e r e  w a s  n o  s ign ificant  d i fference  i n  i n tes t i n a l  LMI­

i ndex b e twee n  the  u n i n fected goa t s  in  Parts  A and  B ( n = 1 7 ) these  were poo l e d .  

S u b s e q u e n t  com par i son  showed a s i gn i ficant  d i ffe rence  ( p < O . 0 5 )  b etwe e n  

i nfec ted  a n d  u n i n fected goats  b u t  n o t  b e tween t h e  3 i n fec ted  g r oups  o f  Part B .  

C o r r e l a t i o n  coeffici ent s  o f L M I - i ndex wi th  pa ras i to lo gica l  pa ramete rs a re 

g iven i n  Append ix  7c.  O f  n o t e  a re :  

( i )  t h e  g enera l  l ack of  s ig n ifican t  corre l a t i o n s  b e tw e e n  i n te s t i n a l  LMI ­

i nd ex a n d  tota l  worm cou n t  o n  a n  i n divi dua l  g roup  b as i s  a l though a l l  a r e  

p o s i t ive ;  

( i i )  t h e  s ign ificant  pos i t i ve  co r re l a t i on  b etwee n  i n t e s t i n a l  LMI - i n dex and  

to ta l  worm coun t  fo r t h e  c o m b i n e d  da ta  of  Groups  B 2 + B3 + B4 ;  

( i i i )  t h e re were n o  s ign i fica nt  corre la t ions  b e twee n  a b o m a s a l  LMI - i ndex 

a n d  any paras i to log ical  pa r a m e t e r ;  

( i v )  t h e  s ign ificant  n eg at ive cor re la t ion b e tween m a l e : fe m a l e  ra t io  a n d  

i n t e s t i n a l  LMI - i n dex i n  G r o u p  B 2 .  

M u co s a l  m a s t  c e l l s  

M M C  counts a r e  shown I n  F igures  7 . 3  a n d  7 . 4  fo r P a r t s  A a n d  B 

respect ive ly .  
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Figure 7 . 3 .  Exper iment  7 . 1 :  M ucosal mast  cell counts ( m e a n  ± s . e . )  o f  goats  

in  Part  A .  Al l  goats i nfecte d  wi th  35 ,000 T. colubriformis and t reated wi t h  

ivermect i n  2 8  days l a ter .  Grou ps A I ,  A2, A4 and A4 k i l l ed  0 ,  7 ,  1 4  a n d  2 1  days 

a ft e r  ivermect i n  treatment  ( n  = 3 for each group) . 
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Figure 7 .4. Experiment  7 . 1 :  M ucosal mast  cell counts ( m e a n  ± s . e . )  o f  goats 

i n  Part  B. Group Bl (n = 8 )  k i l l ed  on day O. All o ther  goa ts i n fected with 

35 ,000 T. colubriformis a n d  k i l l ed  9,  1 8  or  27 days la ter  from G ro ups B2 (n = 

5 ) ,  B3  ( n  = 5 )  and B4 ( n  = 5 ) .  
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As no s ign ificant  t rend  wi th  t ime  was apparent  fo l lowing l i near  

regress ion  ana lys i s ,  da ta  from Groups B l . I  - B l .4 were  com b ined  to  fo rm 

Group B l .  

Li near  regress ion s howed no s ign i ficant rela t i o n s h i p  be tween co unts fo r 

each m e tre o r  the  sum o f  the  fi rst  three  me t res  (MM C 1 2 3 ) ,  and  days aft e r  t he  

e n d  o f  t he  fi rs t  i n fect ion fo r Pa rt A ,  o r  days a fter  r e i n fec t ion  fo r Pa rt B .  

Corre la t ion  coeffic ien ts fo r MMC co unts  wi th  wo rm cou nts  and  LMI ­

i n dex fo r Pa rt B are give n i n  Appendices  7 c  and  7 d .  Of  note  a re :  

( i )  mos t  correl a t ions  are  not s ign i ficant ; 

( i i )  the  s ign ificant negat ive co rre lat ions  be twe en M I  MMC and abom asal  

LM I - i ndex fo r Gro u ps B2 + B3 + B4 (Appendix  7c ) ;  

( i i i )  t he  s ignificant  negat ive co rre la t ions  be tween  M1  MMC and Group  

B4 worm count (Appe nd i x 7d) . 

G l o b u l e  leu kocytes 

As shown prev ious ly ( Sect ion 6 . 3 ) ,  when raw GL co unt s  were corrected  

to co u n ts/m m 2 and  com pared  by pa i r ed  t - tes ts  t he re  was  no s ign i fican t  

d i ffe rence be tween co unts u s i ng H&E sta i n ing o r  m o noclonal  ant i body 

( p > O . 0 5 )  whether  compared  in  a l l  goats  (n = 3 5 )  or i n  Pa rt A ( n = 1 2 )  o r  Part B 

( n = 23 )  an alysed sepa rate ly .  The co rre lat ion coe ffici en t s  b e tween both  coun t i ng 

m e t hods  fo r each met re  segm ent  i n  th i s  exper im ent  are  also al l  h ighly 

s ign i fi cant  ( see  Appendix 7 e ) .  

Pa rt A 

Globule  leukocyte co un t s  fo r each metre  were gene ral ly lowest in  Group 

Al  ( see  Figu res 7 . Sa and  7 . Sb ) .  Fo l lowing anthe l m i n t i c  t rea tment  GL counts  

t e n d e d  to  I ncrease .  Th i s  i s  par t icu lar ly apparent  fo r t he  fi rst t h ree  m etres .  

Ana lys ing  counts  obta i ned  us ing  the  monoclon al  an t i body, there was  a 

s i g n i ficant  l i n ea r  reg ress ion  ( p < O .OS )  wi th  "day aft e r  an the lm i n t i c  t rea tment "  

fo r M I ,  M3 and  the sum o f  m e t re s  1 to  3 (GL1 2 3 ) .  Us ing  counts  obta ined  wi t h  

H & E  s ta i ned  t i s sues there  was on ly a s ign i ficant  l i n e a r  regress ion  ( p < O .05)  for 

M 3  w i t h  GL123  approac h i ng s ign i ficance ( p = O .07) . The  d i fference be tween 
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Figu re 7 .S a .  Experiment 7 . 1 :  Globu le  l eukocyte counts ( m ean ± s . e . )  o f  goats  

i n  Part  A;  s ta ined us ing a monoclonal  antibody. All goats infected wi th  35 ,000 

T. colubriformis and treated wi th  ive rm ectin 28 days la ter .  Groups A I ,  A2, A4 

a n d  A4 k i l l ed  0, 7 ,  14  and 2 1  days a fter  iverm ect i n  t reatm ent (n  = 3 fo r each 

gro u p ) .  
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F i g u re '.S b .  Experiment  7 .2 :  Globu l e  leukocyte  counts  ( m ean ± s .e . )  of  goats 

i n  Part A; sta in e d  with H & E. All  goats i n fected  with 35 ,000 T. colubriformis 

a n d  treated with iverm ect i n  28 days later .  Groups AI ,  A2, A4 and A4 k i l l ed  

0, 7,  14  and  21  days after  iverm ect i n  treatment  (n  = 3 for each group) .  
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s t a i n i ng  m e t hods probab ly resu lts fro m var ia t ions  in  ce l l  d i s t r ibu t ion  wi th in  and 

be tween sect ions .  

Pa rt B 

No trend was evi dent  i n  counts  i n  un i n fected goats  over t i m e  and so  data 

from Groups B 1 . 1  - B 1 . 4 were  comb in ed as Group B1 fo r compar i son .  

I n  genera l ,  i n  i n fected goats ,  GL counts  in  t he  fi rst s ix  me t res decreased 

w i t h  t ime aft e r  i n fect ion (F igu res 7 . 6 a and 7 . 6b ) but  group vari ances were  la rge 

so tha t  d ifferences b e tween groups were non-s ign i fi can t  a l though approach i ng 

s i gn i ficance w i t h  cou nts co m b i n ed over t he  fi rs t  3 m e t res (monoclonal  an t ibody 

sect ions  p = O . l ;  H & E  sect i ons  p = O .06 ) .  The on ly i n d iv idual  group d i ffe rence 

t h a t  was s ign i ficant was be tween Groups B 1  and B4 fo r M 1 .  

L inear  regress ion o f  G L  co unts  by " day a ft e r  i n fect ion"  reve aled a 

s i gn i ficant  regress ion ( p < O .05 ) fo r M 1  and M2 as wel l  as GL123  fo r counts  

m ade wi th  both  the monoclonal  ant i body and H&E s ta in ing .  In  add i t ion ,  wi th  

H & E  s ta i n i ng, th ere was also a s igni ficant regress ion fo r counts  in  M3 and one 

approach ing  s ign ificance ( p = O .07) in  M4 . 

Corre la t ions o f  GL counts  wi th  wo rm co un t s ,  LMI - i ndex and MMC 

cou n ts fo r Pa rt B are l i s ted  in Appe ndices 7c, 7d and 7f. Of note a re :  

( i )  the s ign ificant  posi t ive corre lat ion fo r p roxi mal  sma l l  i n te s t ina l  

sec t ions  in  Group B2 wi th  abom asal LMI - i ndex and the  s ign i fica nt 

negat ive corre la t ions  fo r proxi mal  small i n tes t i n a l sect ions w i th  in tes t i na l  

LMI- i ndex fo r Group B3  and the  comb i n ed counts  fo r Groups B 3 + B4 

( Appendix 7c) ;  

( i i )  the  cons is ten t ly negat ive co rre lat i ons  w i th  worm counts  fo r proxi ma l  

sma l l  in tes t ina l  sect ions  w i th  many bei ng s ign i ficant (Appendix 7 d ) ;  

( i i i )  the  gen eral  lack of co rre lat ion w i t h  M M C  counts  except fo r 

s ign ificant  pos i t ive corre lat ions  wi t h  MMC counts  of Group B 4  and M-1  

of  the  comb ined co u n ts of Groups B2 + B3 + B4 (Appen dix 7f) . 



240 

220 
1 1 7  

200 

Ii" 
1 80 E 

E 
1 60 :::::, 

to • 1 40 

t-
1 20 0 � :::I 
1 00 .!! 

.!! 
80 :::I 

.0 
.2 80 at 

40 

20 

0 

metre segments d own the small Intestine 

� Group .' � Group ll2 rzz:zLl Group B3 c=::J Group B4 

F ig u re 7 . 6a . Exper iment  7 . 1 :  Globu le  l e u kocy t e  counts  ( m ean ± s . e . )  o f  goats 

i n  Par t  B ;  stain e d  using a m o noclona l  a nt ibody .  Group B l  ( n  = 8 )  k i l l ed  o n  
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2 7  d ays l a te r  from Groups B2 ( n  = 5 ) .  B3  ( n  = 5 )  a n d  B4 (n  = 5 ) .  
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F i g u re 7.6b.  Experim e n t  7 . 1 : Globu le  l e u kocyte counts ( m ean ± s . e . )  o f  goats 

in Par t  B ;  s ta in e d  with H & E .  Group Bl ( n  = 8) ki l led on day O. All o the r  

goats  i n fect e d  with 35 ,000 T. colubriformis a n d  k i l l ed  9 ,  1 8  o r  2 7  days l a te r  fro m  

Groups B2 ( n  = 5 ) ,  B 3  ( n  = 5 )  a n d  B4 ( n  = 5 ) .  
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E o s i n o p h i l s  

Counts  a re shown i n  F igures  7 . 7  a n d  7 . 8 .  I t  c a n  b e  seen  t h a t  fo l l ow i n g  

removal  o f  t h e  n ematode  b u rden ,  counts  i nc reased  s l ight ly  b e fo re d r o p p i ng t o  

l ower  l eve l s  b y  days 1 4  a n d  2 1 .  Th i s  con trasts  w i th  t h e  cons i s ten t ly l ow count s  

seen  i n  Par t  B .  Co un t s  fo r each  o f  the  fi rst  3 m e t re - sect i o n s  i n  Par t  B d id  n o t  

d i ffe r  s i gn i fican t ly .  

Corre l a t i o ns b e tw e e n  eos inoph i l  cou n t s  a n d  LMI - in dex, worm coun t s ,  

M M C  counts  and  GL count s  are l i s t ed  i n  Appen d i ce s  7c ,  7d a n d  7f. O f  no te  

a re :  

( i )  t h e  genera l  l ack o f  corre l a t i o n s  w i t h  LMI - index except  fo r t h e  

s ign i fi ca n t  pos i t ive  corre la t ions  for counts  i n  prox i m a l s m a l l  i n t e s t i n a l  

sect io ns w i t h  a b o m asal  LMI - i n dex fo r Gro u p  B2 (Appen d ix 7 c ) ;  

( i i )  a l l  corre l a t i o n s  b e twe en M l ,  M 2 ,  M 3  a n d  w o r m  c o u n t  were  nega t ive  

bu t  o n ly Ml  Grou p  B 3  and the  comb i n ed counts  o f  Gro u p  B 2  + B 3  + B 4  

fo r M l  were s i g n i fi cant  (Appendix  7 d ) ;  

( i i i ) t h e  s ign i fican t  pos i t ive co rre la t i o n  w i t h  G L  counts fo r M l  a n d  M 3  

Group  B 2 ,  M l  Group  B 3  and M l  a n d  M 2  fo r Groups  B 2  + B 3  + B 4  

(Append ix  7£) .  

C o n t r i b u t i o n  o f  vari o u s  p a r a m eters t o  t h e  va r ia b i l i ty o f  worm c o u n t s  

T h e  con t r i b u t i o n  o f  var ious  para m e t e rs t o  t h e  var ia t ion  i n  t o t a l  wor m  

c o u n t s  i n  G roups  B 2 ,  B 3  a n d  B4 w a s  assessed  by l i near  regress i o n .  T h e  

s t e pwi se  regress ion  a n a lys i s  o f  to ta l  worm coun t  w i t h  day post - i n fe ct i o n  ( DAY ) ,  

t h e  s u m  o f  eos i noph i l s  i n  the first  3 m etres  (EOS I 2 3 ) ,  M M C 1 23 a n d  GL1 2 3  i s  

s h own i n  Tab le 7 . 3 a .  M u l t ico l l i n ear i ty preven t e d  i n clus ion  o f  any i n te ract i o n  

t e rm s .  The d o m i n a n t  and  o n ly s ign i fica n t  i n dependent  vari a b l e  i s  GL1 23 .  

A l though  t h e  parti a l  c o r re la t ion  coe ffici e n t  o f  i n t e s t i n a l  LMI - i n dex ( L MI - S I )  

w i t h  t o t a l  worm cou n t  i s  pos i t ive a s  expected,  t h e  par t i a l  F tes t  fo r t h i s  v a r i a b l e  

i s  not  s i g n i fican t  (p > 0 . 0 5 ) .  However,  power a n a l y s i s  for a m u l t i p l e  regress i o n  

w i t h  a s a m p l e  s ize  o f  1 5 , a n  i n i t i a l  R 2  o f  0 . 7  a n d  t h e  des i re  t o  t e s t  i f  a n  

add i t i ona l  va r i ab l e  w i l l  a dd 0 .05 to  t h i s  R 2 w i t h  a = 0 .05 ,  shows t h e  chance o f  

i nc lud ing  an  appro p r i a t e  va r i ab l e  i s  o n ly 3 4 % . 
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F i g u re 7.7.  Exper iment  7 . 1 :  Eos inoph i l  coun t s  ( mean ± s . e . )  o f  goats  i n  Par t  

A .  A l l  goats i n fected w i t h  3 5 ,000 T colubriformis and t rea ted  w i th  ivermect i n  

28 days la ter .  Groups A I ,  A2, A4 a n d  A4 k i l l e d  0 ,  7 ,  1 4  and  2 1  days a ft e r  

ivermect i n  t reatment  ( n  = 3 for each group ) .  
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Figure 7.8.  Exper iment  7 . 1 : Eosinophi l  counts  ( mean ± s . e . )  o f  goats i n  Par t  

B .  Group Bl  ( n  = 8 )  kiHe d  o n  day O .  Al l  o the r  goats i n fected wi th  3 5,000 T. 
colubriformis and  ki l l e d  9 ,  1 8  o r  27 days l at e r  fro m  Groups B2 ( n  = 5 ) ,  B3 ( n  

= 5 )  a n d  B4 ( n  = 5) .  
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Thi s  s uggests  t h e  l i k e l i h o o d  o f  fa l se ly  excl u d i n g  a n  extra va r i a b l e  I n  t h i s  

regress i o n  i s  q u i t e  h i gh g i v e n  t h e  s a m p l e  s i z e .  
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D A Y  = d a y  a f t e r  i n f e c t i o n ; E O S 1 2 3  = S U II o f  e o s i n o p h i l  c o u n t s  i n  t h e  fi r s t  3 lI e t r e s ;  �M C 1 2 3  = S U II  o f  M M e  c o u n t s  i n  t h e fi r s t  3 lI e t r e s ;  G L 1 2 3 = S U II  o f  G L  c o u n t s  ( u s i n g  
lI o n o e l o n a l  a n t i b o d y )  i n  t h e  fi r s t  3 lI e t r e s  

Ta b l e  7 . 3 a .  S te pwi se  regress ion ana lys i s  o f  to ta l  worm co un t s  o f  g o a t s  I n  

Groups  B 2 ,  B 3  and B 4 ,  Expe r iment  7 . 1 .  

C o n t ri b u t i o n  o f  va r i o u s  p a ra m e ters  to t h e  va r i a b i l i ty o f  i n t e s t i n a l  L M I - i n d ex 

The con t r i bu t i ons  o f  var ious  param e t e rs I n  Groups  B2 ,  B 3  a n d  B4  

towards  i n t e s t i n a l  LMI were  assessed  b y  l i n e a r  regress i o n .  The b est  s ub s e ts 

regress ion  a na lys i s  o f  LMI -SI  wi th  DAY, E O S l 2 3 ,  MMC 1 2 3  a n d  G L 1 2 3  i s  

shown i n  Tab l e  7 . 3b . As  b efo re, m ul t i co l l i ne a r i ty prevented inc lus ion  of  a ny 

i n t e ract i o n  t e r m s .  The two s ign i ficant  p red ic tors o f  LMI-SI  a re  G L1 2 3 ,  w i th  

a sma l l  nega t ive  regress ion  coeffici e n t  and  EOS 1 23 ,  which  i s  o n ly jus t  

s i g n i fi ca n t  for a = O .05 ,  w i th  a sma l l  bu t  pos i t i ve regress i o n  coeffic i e n t .  

H o weve r ,  powe r an a lys i s  suggests t h a t  the  l i ke l i hood  o f  i n a ppropr i a te ly  

exc lu d i n g  another  var iab l e  i s  h igh wi th  th i s  s m a l l  s amp le  s i z e .  
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Ta b l e  7 .3 b .  S tepwise regress i o n  a n a l y s i s  o f  LMI- i ndex  o f  s m a l l  i n te s t i n a l  mucus  

o f  goats  in  Groups  B2 ,  B 3  and B4,  Expe r i m en t  7 . 1 .  

7 . 3 . 2  E x p e r i m e n t  7 .2  

Pa ras i to log ical  resu l t s  are  g iven i n  Chapter  3 .  

GL co u n t s  are s hown i n  F igure  7 . 9 .  For M I ,  M 2  a n d  M 3  c o u n ts a re 

g e n e ra l ly h ig h e s t  for Group 1 ,  then  G r o u p  2 wi th  Group 3 b e i n g  l owes t .  Gro u p  

1 co unts  a re s i g n i ficant ly h igher  ( p < 0 .0 5 )  t h a n  those  o f  G r o u p  3 w h i l s t  counts  

o f  G ro u p  2 a re i n te rmed ia te and  n o t  s i g n i fican t ly d i fferen t  ( p > 0 . 0 5 )  fro m  those  

o f  Groups  I or  3 .  

GL count s  a long the i n te s t i ne  i ncrease  to a max Im u rn  a t  m e t re s  3 o r  4 

a n d  then  d e cl i n e .  Howeve r, the  di fferences  b e tween co u n ts i n  t h e  fi rst  five 

m e t res  were  n o t  s ign ificant  in any group .  

L inear  regres s ion  of  GL1 23 by  g roup  shows th e l a t t e r  i s  a s i g n i fican t  

pred ic tor  ( p < 0 .0 5 )  o f  G L  count  ( a djus ted  R2  = 0 . 3 7 ) .  L i n e a r  regress ion  o f  

s q uare  roo t  t r an s fo r m e d  worm cou nt s  b y  g roup a l so  s hows t h e  l a t t e r  i s  a 

s i g n i ficant  p r e d i ctor  ( p < O .O I )  o f  worm cou n t  (adjus ted  R2 = 0 . 85 ) .  I n cl us io n  

o f  G LI 2 3  a s  a n  a ddi t i o n al i n depen d e n t  var i a b l e  o n ly i n creased  t h i s  a djus ted  R 2 
t o  0 . 8 6  a n d  i t s  par t i a l  regress ion  coe ffi c i e n t  was n o t  s i gn i fi c a n t  ( p > 0 . 0 5 ) .  
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H ow eve r ,  a s  b e fo r e ,  power a n a lys i s  for n = 1 5 ,  i n d ica tes  t h a t  t h e  l i ke l i hood  o f  

i n co rrec t ly exc l u d i ng a n  appropr i a t e  extra vari a b l e  i s  h i g h .  Never the le s s ,  t hese  

fi n d i ngs  i nd i ca t e  tha t  h i s tory o f  pr io r  exposure  to  T colubriformis was mos t  

i m po r t a n t  w i th  l i t t l e  add i t i o n a l  vari a t i o n  accoun ted  fo r b y  var i a t ion  i n  G L  

c o u n ts w i t h i n  g r o u ps .  
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F i g u re 7 . 9 .  Expe r i m ent  7 . 2 :  G lobu l e  l e u kocy t e  counts  ( m e a n  ± s . e . ) ,  s t a in e d  

u s i n g  H & E .  Group  1 ( n  = 5 )  t r i ckl e - i n fected w i th  1 0 ,000 T colubriformis p e r  

week  x 1 0  a n d  c h a l l e nged twi ce ;  G r o u p  2 (n  = 5 )  cha l l enged  twic e ;  G r o u p  3 

( n  = 5 )  c h a l l e n g e d  o nce .  Each cha l l enge  compr i sed  50,000 T colu briformis a n d  

a l l  goa t s  k i l l e d  2 8  days a fte r  t h e  fi n a l  cha l l enge .  

7 .3 .3 E x p e r i m e n t  7 . 3  

Paras i t o l og ica l  resu l t s  a re  g iven  in  Chapt e r  5 .  GL c o u n ts a re shown i n  

F igure  7 . 1 0 .  Agai n cou nts  t e n d e d  t o  peak  i n  m e tres  3 and  4 .  



1 23 

240 r-

2 20 i-

200 r-

t:"' 
1 80 e i-

e 
1 80 � i-

., G) 1 40 - i-
>-0 

1 20 0 � 

..., T i-
:::I 

1 00 .! i- ., ,.. 

.! 
80 :::I l-

.Q 
.2 80 CD I ,.. - ,.. 

40 -

20 -

0 
M1 M2 M3 M" M5 Me M-2 M-1 

metre segments down the small intestine 

Figure 7 . 1 0 . Experi ment 7 . 3 :  Glob u le  l e u kocy te  counts  ( m e a n  ± s . e . ) , s ta i n e d  

u s i ng H & E .  All goats ( n  = 2 9 )  cha l l enged wi th  35 ,000 T. colubriform is a n d  

k i l l ed  28  days l ater .  

Corre la t ions of GL counts  wi th  other  var iab les are  given i n  Tab le 7 .4 .  

G L  coun ts,  especia l ly GL123,  a re gene ra l ly s ign i ficant ly n egat ive ly  correla t e d  

w i t h  eggs per  female a n d  t o  a lesser  exte n t  faecal  egg c o u n t s  b u t n o t  w i th  to ta l  

worm cou nt s .  For mu l t iple regress ion  ana lys is ,  worm co u n ts and  egg cou nt s  

w e r·e exam i ne d  for norma l i ty a n d  a n d  the  fo rmer fo u n d  no t  to  requ i re 

t r a ns fo r m at i o n .  Egg counts were t ransfo rmed  to the i r  squa re roots  as th i s  was  

s u pe r io r  to  J og lO transformat ion fo r norma l i s i ng the i r d i s t r i b u t i o n .  Analys is  

s h owed  t h a t  G L 1 23 was not  a s ign i fi ca n t  pred ictor  ( p > 0 .0 5 )  o f  wo rm counts  or  

t h e  squa re  roots  of term i nal egg counts .  
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D ista n ce d o w n  Parasitologi cal  p a ra m eters 
t h e  s m a l l  
i n t e s t i n e  term i n a l  egg total worm counts eggs per fem a l e  m a le : fe m a l e  

counts 

1 m e t re -0.49" -0 .28 -0. 59"  -0.37' 

2 m e t re s  -0 .34'  -0. 1 8  -0 .45" -0. 1 5  

3 m e t res  -0. 18 -0. 1 5  -0 .36 '  -0. 1 1  

4 m e t re s  -0.22 -0.04 -0. 3 8 '  -0.07 

5 m e t r e s  -0.34'  -0.24 -0. 5 1 "  -0. 2 1  

6 m e t res  -0 .28 -0.42'  -0 .35 '  -0. 3 1  

m in u s  2 m e tres  -0 .36 '  -0 .08 -0 .43" -0. 19 

m i n u s  1 m e t re -0.42 . -0. 1 1  -0 .65" -0.24 

sum of c o u n t s  -0.34' -0. 2 1  -0 .49" -0.2 1  
fo r t h e  first 3 

m e tres  
(GL123 )  

Ta b l e  7.4 .  C o r re lat io n s  o f  var i o u s  paras i to log ica l  p a ra m e t ers  w i t h  GL cou n t s  

for Exp e ri m en t  7 ,3  ( n = 2 9 ;  * = p < O. 05 ;  * * = p < O . O l ; a l l  con s i d e re d  a s  one - ta i l ed  

t e s t s ) .  

7 . 3 . 4  E x p e ri m e nt 7.4 

The L M I  activ i ty  at vary ing  i n t e rva ls  IS  shown i n  Tab le 7 . 5  

Days i n  s torage a t  - M ean L M I -index D i fference between D i fference between 
20°C ( sta n d a rd error) m e a n s l  con trol a n d  t e s t  g elsl 

0 0.62 (0 .043) a p < O. O l  

1 4  0.85 (0.047) b c p = 0.06 

5 7  0.54 (0 .03 1 )  a p < O. O I  

1 18 0.67 (0 .043 )  a b p < O. O l  

2 1 1  0.92 (0.03 1 )  c p > O. l  

432  1 .29 (0.07 1 )  d p < O. 0 1 3  

Ta b l e  7 . 5 .  Exper imen t  7.4 - L M I- i ndex of sma l l  i n t es t i n a l  con te n t s  a t  varyi n g  

i n te rva l s  o f  s t orage a t  -20°C.  ( 1  = rows shar ing  t h e  s a m e  l et t e r  a re  n o t  

s i g n i fican t ly d i ffe rent  ( p < O . 05 ) ;  2 = probab i l i ty o f  l a rva l  recov e ry from PBS 

a n d  con t r o l  g e l s  be ing  the  s a m e  on  t h a t  day ;  3 = l a rva l  recove ry fro m  te s t  gels  

> PBS c o n t r o l  ge ls  on  this  occas i o n ) .  
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7 .4  D I S C U S S I O N  

La rva l M i g ra t i o n  I n h i b i t i o n  

I n  Expe r iment  7 . 1 ,  LMI act iv i ty w a s  detected  i n  t h e  s m al l  i n tes t in a l  

m uc u s  fro m t h e  i n fected goats  i n  Pa rt  B b u t  n o t  i n  t h a t  from goats  i n  Group 

A l  w h i ch had received a s ing l e exper i m e n ta l  i n fect i o n  2 8  days previous ly ,  o r  

o th e rs i n  Par t  A fo l lowi n g  rem ova l  o f  the  i n fe ct i o n .  

A s  t h e  assays for LMI act iv i ty were carr i ed  o u t  o n  Pa r t  A a n d  Part B 

s a m p l e s  a ft e r  approxi m at e ly 1 0  a n d  8 m onths  respect ive ly ,  t h e  poss i b l e  effect 

o f  s to rage  on LMI act ivi ty n e e ds to be cons i d e red  at t h i s  p o i n t .  Al though t h e  

i n t e rv a l s  b e tween  assays o f  t h e  p o o l e d  m at e ri a l  i n  Expe r i m e n t  7 . 4  were l onger  

t h a n  i de a l ,  a n d  the resu l t at  d ay 14  a ppears  ou t  o f  l i ne  w i th  t h e  overa l l  t r end ,  

t h e  resu l ts s uggest  that  some  lo s s  o f  act iv i ty i n  t h e  s a m p l e s  i n  Expe r i m en t  7 . 1  

wou l d  h ave  o ccu rred i n  8 - 1 0  m on ths .  I f  tha t  i s  s o ,  t h e r e  m ay h ave b e e n  some 

ac t iv i ty  i n  s a m ples  from Pa rt A goats  at  the t ime  o f  c o l l e c t i o n  and  grea ter  

ac t iv i ty  in  those  from Pa rt B .  Other  workers  u s ing  th i s  as say h ave a l so  s tored  

s a m pl e s  a t  -20°C (Douch e t  a l. ,  1 98 3 ,  1 984,  1 98 6 )  o r  - 1 2 °C ( K i m a m b o  and  

MacRae ,  1 98 8 )  pr ior  to  assay b u t  h ave not  i nd icate d  t h e  per iod  o f  s torage . I t  

wou l d  appear  that  the  age n t ( s )  re spo n s i b l e  fo r t h e  i n h i b i t o ry ac t ivity a re  no t  

s tab l e  under  these  condi t i o ns a n d  t h a t  assays shou ld  be  carr i e d  ou t  as  soon as  

p os s i b l e  a ft e r  co l lect io n .  

I n  s p i t e  o f  t h e  fact t h a t  t h e r e  may have b e e n  l o s s  o f  act iv i ty o f  t h e  

s a m p le s ,  t h e  l eve l  of  i nh i b i t i o n  reco rded i n  i n test i n al m ucus  fro m  t h e  i nfecte d  

goats  i n  G r o u ps B2-B4 ( m ean  3 4 % )  i s  s i m i l a r  to  tha t  repor ted  fo r m ucus from 

r e la t ive ly  re s i s t an t  sheep  wi th  low faeca l  egg counts  (Douch et a I. ,  1 983 ,  1 984 ) .  

H owever ,  t h e  l eve l  o f  es tab l i s h m e n t  o f  i nfect i o n  i n  t h e  goats  ( m e a n  6 3 % ;  range 

3 1 -7 7 % ) was  s i m i la r  to tha t  expected i n  n aive sheep ( Do b s o n  et a I. ,  1 990a )  

s ugge s t i n g  l i t t l e  o r  no res i s tance was b e i n g  exp ressed .  Th i s  l eve l o f  act iv i ty was 

p r e s e n t  o n ly 9 days a fte r  i n fec t ion  and ra i ses  the q u e s t i o n  as to  the ro le  i n  

paras i t e  r ejec t ion  o f  the  i n h i b i t o ry subs tances  b e i n g  assayed .  I n  t h i s  

con n e c t i o n , i t  i s  i n t e res t ing  t o  n o t e  that  no  d i fference  i n  L M I  act ivi ty was 

fo u n d  in n a t u ra l ly i n fect ed  s h e e p  of gene t i ca l ly re s i s tan t  a n d  s uscept i b l e  l i n e s  

b u t t h e  re s i s t an t  ani m a l s  h a d  h i g h e r  leve ls  o f  LTC4/D4/E4 ( Gray e t  a l. , 1 992 ) .  

C l ear ly  fu r t h e r  work i s  n e eded  to de te rm ine  the  b io log ica l  s i g n i ficance o f  LMI  

a s  a s s e s s e d  in  vitro.  
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T h e  a b s e n ce of i n h i b i t o ry act ivi ty fro m  abomasa l  m ucus  i s  not  su rpr i s i ng  

a s  v e ry few a d u l t  T colubriform is wou ld  b e  expecte d  to  h ave been  i n  tha t  organ 

to  s t i m u l a t e  re lease  of  i m m u n e  m ed i a tors .  The passage  o f  l a rvae t h rough the  

a b o m a s u m  m ay have prov ided  s u fficien t  ant igen ic  s t i rn  u l a t ion  to  i n i t i a t e  

m ed i a t o r  r e lease  in  t h a t  o rgan . H owever,  i f  t h i s  occu r red  i t  w o u l d  b e  wi th i n  

t h e  fi r s t  4 8  hours  fol lowi ng c h a l l e n g e  a n d  co u ld  b e  expecte d  t o  h ave subs ided  

b y  Day 9 .  

T h e  grea te r  recovery of  l a rvae  fro m  the  tes t  g e l s  fro m  u n i n fected goats  

in  Exp e r i m e n t  7 . 1  compared  w i th  contro l  ge ls  was u n expecte d .  At  t h e  t ime i t  

was  t h o u g h t  tha t  i t  m ight  h ave  b e en c a u s e d  by evapo r a t i o n  dur i ng  t h e  assay 

i ncreas i n g  t h e  concent ra t ion  o f  P B S  which co uld have a dve rse ly affected t h e  

a c t i v i t y  o f  t h e  l a rvae . T h i s  wou ld  b e  m o re m a rked i n  con t rol  ge l s  i n  wh i ch 

m ucus  was rep laced by P B S .  Howeve r, ev idence that  m uc u s  fro m  a t  l ea s t  som e  

u n i n fec ted  goats  may b e  s t i rn  u l a t o ry i s  presen ted  a n d  d i scussed  fu r ther  i n  

C h a p t e r  8 a n d  th i s  m ay b e  a m o re l i k e ly exp l a n a t i o n .  I t  i s  no tab l e  tha t  t h e  

p o o l e d  s a m pl e  which w a s  a s s a y e d  afte r  b e i ng s to red  fo r approxi m at e ly 1 4  

m o n t h s  (Exp e r i m ent 7 . 4 )  a l so  showed evidence o f  s t i m u la t o ry act iv i ty ( m e a n  

L M I - i n d ex 1 . 2 9 ) ,  perhaps a ft e r  a l l  i n h i b i tory subs tances  h a d  become i nact ive .  

S t i m u l a t o ry act iv i ty has not been n o ted in  previous  repor t s  u s i n g  th i s  assay .  I n  

t h e  o ri g i n a l  report  (Douch et a l. ,  1 98 3 ) 8 9 . 8 - 9 8 . 6 %  o f  l a rvae  h a d  m i grated fro m  

t h e  a g a r  by  1 8  hours which wou l d, t he refo re ,  n o t  a l low s t i m u la tory act iv i ty t o  

b e  d e t e c t e d .  The reason for fewer l a rvae m i g ra t i n g  fro m  a g a r  i n  Exper i m e n t  

7 . 1  i s  u n c l e a r  b u t  has a l lowed t h e  poss i b l e  express ion  o f  s t i m u la tory act ivi ty . 

M u co s a l  M a st Ce l l s  ( M M C )  

M M C  counts  ( exclu d i n g  GLs ) showed no t rends  re l a t ive  to  durat ion  o f  

i n fe c t i o n  o r  s ign i ficant co r re l a t i ons  wi th  worm co unt  o r  LMI- i n dex except for 

G r o u p  B 4  M l  and  worm co unt  ( r = 0 . 92 ;  p < 0 .05 ) .  This  o n e  exce pt ion  i s  l i k e ly 

t o  b e  a chance  event as co r r e l a t i o n s  o f  MMC counts  i n  M2 a n d  M3 wi th  worm 

count  in  that  group a re  J ow .  Th i s  g e n era l  lack o f  cor r e l a t i o n  b e tween  MMC 

c o u n t s  and LMI- i ndex i s  con s i s t e n t  wi th  p revious o b s e rvat i o n s  i n  sheep  (Douch 

et a l. ,  1 98 6 ) .  However,  as  the  m onoc lona l  a n t i bo dy m a i n ly recogn i ses  

c o m p o n en t s  of  t h e  gran u l e  wa l l ,  i f  g ranu les  a re absen t ,  such  a s  i n  i m m ature  or  

fu l l y  d i scharged m ast ce l l s ,  t hese  c e l l s  wou l d  no t  b e  recogn i s e d  b ut m ay s t i l l  b e  

a b l e  t o  secre te  some med ia to rs such  a s  l e u ko t r i enes .  The  negat ive cor re la t ion  

b etwe e n  a b o m asa l  LMI - i ndex a n d  M1  MMC count s  for t h e  com b i n e d  data  of  

Groups  B2 + B3 + B4 i s  i n  t h e  expec ted  d i r ect ion  assum i n g  t h a t  m as t  ce l l s  a re  

the  s o urce  o f  i n h i b i tory sub s tances  b ut ,  as cor re l a t i o n s  w i t h  cou n ts in  M2 and  
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l o w e r  s ect i o n s  a re  n o t  s i g n i fi ca n t ,  and  as  there  a re n o  s i g n i fican t  cor re l a t i ons  

b e twee n  GL count s  i n  the  a b o m as u m  a n d  abomasa l  LMI - i n dex, i t  i s  d i fficu l t  t o  

exp la i n  a n d  m ay s i m p ly b e  due  to  chance .  

G l o b u l e  Leu kocytes (GLs)  

G L  counts  were  s i m i l a r  u s i n g  bo th  co un t ing  t e ch n i q u e s .  In  Exper i m e n t  

7 . 1 ,  r e s u l ts fro m  Pa rt B s howe d mean  GL co u n t s  fo r t h e  fi r s t  3 m etres  

d e c r e a s e d  wi th  i ncreas ing  d u r a t i o n  o f  i nfec t ion  and resu l t s  fro m  Pa rt A s how 

t h ey t h e n  i ncreased fol l ow ing  t h e  r e m oval  o f  an i n fec t io n .  This decl i n e  in GL 

n u m b e rs fol l owing i n fec t ion  is s i m i la r  to that reco rded in p a rt ly i m m un e  young  

l a m b s  g iven  a cha l lenge i n fe ct i o n  o f  T. colubriformis ( G regg e t  al. , 1 97 8 ) .  I n  

con t r a s t , i n  i m mune  s h e e p  cha l l enged  wi th  T. colubriform is , G L  counts  were  

o b s e rv e d  to  i ncrease by day 1 ,  then  decl i n e  to day  5 and s u b s e q u e nt ly recover  

to  be  v e ry h igh at days 8 and  1 4 , wh i l s t  i m m u ne sheep  t h a t  were  n o t  cha l l e nged 

had s m a l l  n u m b e rs pres e n t  (McClure et a l. , 1 9 92 ) .  If  a s i m i l a r  i n i t i al peak  i n  

G L  n u m b ers  occu rred ear ly  i n  Exp e ri m ent  7 . 1  i t  wou l d  n o t  h ave b ee n  o b s e rved .  

H owever ,  i t  i s  c lear  tha t  t h e se goats  d id  not  m o u n t  an e ffect ive i m m un e  

r e s p o n s e  to  t h e  cha l lenge  i n fect i o n s  a l t hough t h e  a pp a r e n t  reduct ion  i n  eggs 

p e r  fem a l e  worm sugges t s  t h a t  at l ea s t  some con t ro l  of fecu nd i ty was b ei n g  

exe r t e d .  Th ey would be m o re a n a l ogous to  the  par t ly  i m m un e  l a m b s  i nvo lved 

in t h e  report by Gregg et  a l. ( 1 97 8 )  than  to  i m m u n e  s h e e p .  An act ua l  fa l l  i n  

G L  n u m b ers  over the 2 8  d ay p e r i o d  was,  n eve r the l e s s ,  s u rpr i s i ng g iven t h at a 

s i g n i fi c a n t  degree  of LM I act iv i ty was detected .  

GLs have been  desc r i b e d  as  part i a l ly degra n u l a te d  M M Cs and an  i nd i rect 

m e a s u re of MMC act ivi ty ( se e  Sec t ion  1 . 7 ) .  Thu s ,  i f  M M C s  a re a p r i n ci pa l  

s o u rce  o f  an t iparas i t i c  ch e m ica l s  s uch as  l e ukotri e n e s ,  a d e cl i n e  in  GL n u m b ers  

sugges t s  t h a t  l i t t l e  MMC d eg ra n u l a t ion  i s  o ccur r i ng .  Another  fac tor  which m ay 

i n fl u e n ce GL n u mbers i s  e pi th e l i a l  ce l l  tu rnover  and  t h e i r  po ten t i a l  rate  o f  l o s s .  

GLs  a re characte r i s t ica l ly l oca ted  i n  the  ep i the l i um a t  a b o u t  the  level  o f  the  

t o p  of  t h e  g land  crypt s .  T h i s  s uggests  they m u s t  b e  m o b i l e  ce l l s  o r  they wou ld  

be  more  evenly  di str i b u te d  a long  t h e  vi l l i .  However ,  i f  i n creased  ce l l  t u r n over  

occu rs  fo l lowin g  i ncreased s l o u gh i n g  o f  ep i thel i a l  c e l l s  due to  paras i t i s m ,  there  

m ay b e  a n  i ncreased l o s s  o f  GLs a s  a res u l t .  A l though  tech n i q u e s  for 

q u a n t i fy i n g  t h e  l osses o f  e pi t h e l i a l  ce l l s  are  not  avai l a b l e  (Park ins  and  H o l m e s ,  

1 98 9 ) ,  i n  t r i chos t rongy l id  i n fec t i o n s  i n  sheep ,  a n  i n cr e a s e d  l o s s  o f  m u c u s  a n d  

e p i t h e l i a l  ce l l s  i s  suspected t o  o c c u r  ( B own e t  a l. , 1 99 1 ) and  a n  i ncreased 

n u m b e r  of  e p i t he l i a l  ce l l s  i n  m i t o s i s  h ave b e e n  o b s e rved  i n  i n te s t i na l  c rypts 

( B a rk e r, 1 975 a ) .  Th e dec l i n e  by Day 5 of GL n u m b e rs in the s m a l l  i n t e s t i n e  
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o f  i m m un e  s h e e p  cha l l e nged  with T colubriformis ( M cC l u re et al. , 1 99 2 )  

sugges t s  t h e i r  h a l f- l i fe i s  s h o r t u n d e r  these condi t i o n s .  As no  i ncrease  i n  M M C  

n u m b e rs occurred  in  the  cha l l e nged goats  i n  Expe r i m e n t  7 . 1 ,  t hen  a d r o p  i n  G L  

n u m b e rs m i ght  b e  expec ted .  

Even though G L  n u m b e rs d e cl i ned  wi th  t i m e  I n  i n fec ted  goa ts i n  

E x p e r im e n t  7 . 1  whi le  worm b u rdens  d id  n o t  d i ffe r  s i g n i fi cant ly ,  there  was s t i l l  

a c l e a r  n egat ive re lat i o n s h i p  b e twee n  G L  co u n t  a n d  w o r m  b u rden  a s  h a s  b e en 

r ep o r t e d  t o  o ccu r in  s h e e p  ( G regg et al. , 1 97 8 ;  D o u ch et al. , 1 986 ;  Douch ,  

1 98 8 ) .  This  was part i cu l a r ly  apparent  fo r GL cou n t s  for t h e  fi rst 6 m e tres  of  

i n te s t i n e  of  goa t s  k i l l ed  a t  Day 1 8  ( G ro u p  B3 ) and ,  to  a l e sse r ex ten t ,  a t  D a y  

2 7  ( Gr o u p  B4 ) .  Th e cor re l a t i o ns fo r Group B 3  a r e  p a rt i cu la r ly h i gh a n d  

c o n s i s t e n t  ( s e e  Append ix  7 d ) ,  m uch m o re so than  fo r G r oups B 2  a n d  B 4 .  I t  i s  

i n t e re s t i n g  to  no te  tha t  t h e  c o r r e l a t i o n  b e twee n  GL c o u n ts i n  t h e  p roxi m al 

i n t e s t i n e  and  LMI- index  i s  a l s o  s t ronger  fo r Gro u p  B 3 .  Th e expl ana t ion  fo r 

t h i s  m ay b e  tha t  D ay 1 8  h a ppened  to co inc i d e  wi th  a t i m e  when  these  

p a r a m ete r s  were opti m a l ly  re la t ed ,  t h o ugh t h e  b i o l og i ca l  i m p l i ca t ions  o f  t h i s ,  

i f  a n y ,  a r e  fa r from cl e a r .  

The s i g n i ficant pos i t ive co rre l at i o n s  b e twe e n  M M C  a n d  G L  n u m b e rs for 

G r o u p  B4 fo r M l ,  M2 a n d  M - l  ( Appendix  7 f) a re c o n t r a ry to  find i ngs i n  s h e e p  

( D ouch  1 98 8 ) .  I f  the re i s  a s h o rt ha l f- l i fe for G L s ,  t h i s  s t ro n g  cor re l a t ion  m ay 

i n de e d  reflec t  m ast ce l l  ac t iv i ty  a t  tha t  t i m e ,  as  re s i d u a l  GLs present  e a r l i e r ,  

c o u l d  have b e e n  lost .  I n  a d d i t i o n ,  as  t h e r e  w a s  o n ly a l i m i t e d  i m m un e  

r e s p o n s e ,  as  i n di cated b y  t h e  h igh n e matode es tab l i s h m e n t ,  l ow M M C  a n d  G L  

c o u n ts a r e  t o  b e  expecte d .  T h e  pos i t ive corre l a t i o n  for t h e  com b i ned  data  o f  

G r o u ps B2-B4 b e tween M - 1  G L  a n d  M M C  counts  m ay r e fl ect a s lower t u rnover  

of  ce l l s  a t  th i s  di stal l oca t ion ,  s ince  no  n e m atodes  a re  l ocated a t  th i s  s i te  a n d  

t h e re s h o u l d  b e  n o  m ucosa l  damage .  H oweve r ,  t h e s e  i ndivi dua l  cases  o f  

s i g n i fi ca n t  corre lat ions  m ay a l so b e  d u e  to  chance . 

O n e  i n t e res t ing  r e l a t i on sh ip  that  i s  d ifficu l t  t o  expl a i n  i s  t h e  s t rong  

p o si t ive  corre la t ion  b e tween  a b o m asa l  LMI - i n dex and  GL cou n ts i n  the  

a b o m asa l  fundus  (Ab o - F )  a n d  most  sect ions  down t h e  i n t es t ine  o f  Group B 2  

g o a t s  ( Append ix  7c) . Th i s  i n d icates  t h a t  where m o re l a rvae were recovered  

fro m  t h e  g e l s  contai n i n g  a b o m asa l  m ucus i . e .  l e s s  i n h i b i t i o n ,  m o r e  GLs  were  

o b s e rved .  Th i s  i s  inco n s i s t e n t  wi th  the  usua l ly descr ib e d  re la t ionsh ip  b etwee n  

G L  n u m b e rs a n d  LMI ( s e e  Sec t ion  1 . 8 ) ,  par t icu lar ly  as  t h e  m ea n  LMI - i ndex was 

> 1 for th is  group .  
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Given  t h e  s i gn ifican t  co r re l a t ion  be tween  w o r m  coun t  a n d  i n te s t i n a l  

L M I - i n dex fo r the  com b i n e d  d a t a  o f  G ro u ps B 2 -B 4  ( r = 0 . 6 7 ;  p < O .O I )  i . e .  h i g h e r  

w o r m  c o u n t  associ a t e d  w i t h  l e s s  i nh i b i to ry ac t iv i ty ,  i t  i s  p e rhaps  s u rp r i s i ng t o  

fi n d  t h a t  b es t -subse t s  l i n e a r  regress i o n  fa i l e d  t o  show such a s i g n i ficant  

r e l a t i o n s h i p .  I t  cou l d  be  a rgued  tha t  a s i m p l e  co r r e l a t i o n  overs i m p l i fi e s  t h e  

s i t ua t i on  b y  o m i t t i ng  o t h e r  factor s  con t r i b u t i n g  t o  wo rm c o u n ts b u t  t h e  

apparen t  i nco n s i stency m ay b e  m o re a r e fl ec t ion  o f  t h e  e ffects  o f  t h e  s m a l l  data  

se t  o n  the  power o f  t h e  reg ress io n .  

The group  m e a n  GL n u m b e rs I n  Expe r i m en t  7 . 2  ( i n  t i s sues  fro m  goats  

in  Exp e r i m e n t  3 . 1 ) , part i c u l a r ly fo r M I ,  M2 and M3,  was i n  the  same re l at ive 

r a n k ing ,  as  the res is tance of the goats  as dete r m i n e d  by  wo rm count s .  C l e a rly,  

an i ncrease  in GL n u m b e r s ,  e s pec ia l ly  in  the  r e gi o n  w h e re m ost  n e m at o d e s  a re 

loca ted ,  occurs  i n  goats  that  deve lop  res i s t an ce t o  T. colubriformis .  The 

i nc r e m e n t  i n  GL n u m b e rs fo r these  proxi m a l 3 m et res  was s i m i l a r  b e tween 

Groups  1 and 2 ,  and b e tw e e n  Groups  2 and 3 wh ich  i s  con s i s t e n t  w i th  Group  

2 b e i n g  o n ly p a rt ly i m m u n e .  The  h igh  n u mb e rs o b s e rved i n  Group  1 a ft e r  28  

d ays  were  seen  d espi t e  v e ry l ow worm number s  be ing  presen t .  Assum i n g  m o s t  

o f  t h e  i n fe ct i o n  w a s  exp e l l e d  very ear ly,  t h i s  s uggests  tha t  t h e  a n t i g e n i c  

c h a l l enge  from the r e m a i n i n g  n e m atodes  w a s  s t i l l  e n o ugh to  s t i m u l a t e  M M C  

p r oduct i o n  a n d  degra n u l a t ion ,  o r  that  t h e  h a l f- l i fe o f  exi s t i ng  G L s  w a s  l o ng e r  

w h e n  few w o r m s  w e r e  p resen t  as  ce l l  t u rnover  i n  t h e  i n fe ct e d  e p i t h e l i u m  wou l d  

b e  s lower .  

The GL coun t s  fo r Group 3 ,  Exp e r i m e n t  7 . 2  ( cha l l enge  con t ro l )  were 

s i m i l a r  t o  those o f  u n i n fec ted  goats  in  Expe r im en t  7 . 1  ( Groups A2,  A3,  A4 and 

B 1 )  wh i l s t  t h e  GL counts  fo r Group 1 ,  Exp e r i m e n t  7 .2  ( t r i ck le - in fect e d  and 

c h a l l enged  twi ce )  a re  a p proxi m ate ly 3 X  h igher .  The s l ight  d i fference in  

c o un t i n g  t ech n ique  b e tween  the  2 exper i m ents  should n o t  a ffect  th is  

com pa r i s o n .  Assum i n g  t h e re i s  n o  e ffect  o f  b re e d ,  t h i s  suggests  t h at Group 3 

g o a t s  d i d  n o t  show a decrease  i n  GL counts  fo l lowi n g  i n fect ion a s  o ccu rred  i n  

Expe r i m e n t  7 . 1 .  Pe rhaps  over  th i s  per iod  o f  2 8  days the  Group 3 goats  were  

a l re ady b eg i n n i n g  to m o u n t  a n  i m m un e  respo n s e  w h i ch co un te red  any  fal l  in  

G L  n u m b ers  tha t  might  have o t h e rwise  o ccu r r e d .  

U n fo rt u nate ly,  m os t  o t h e r  s t u d i e s  i n  rum i n a n t s  w h e r e  G L s  h ave  b e e n  

c o u n ted ,  have n o t  repo r t e d  G L  n u m b ers  i n  t e rm s  o f  t i s sue  a r e a  s o  as  to  b e  

c om pa r a b l e  w i t h  G L  cou n t s  i n  these  exper im en t s .  S tan ton  ( 1 98 9 )  recorded 

l a rger  n u m b e rs o f  GLs in  goats  than  sheep  of  s i m i l a r  ages e i t h e r  expos e d  to  

t r i ck le  i nfect i o n s  with H. contortus and  T. colubriformis or  expos e d  t o  i n fec t ions  
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a t  pa s tu re .  I n  t h e  fo r m e r, t h e  goa t s  ha rboured  fewer n e m atodes  t h a n  s h e e p  

a n d  i n  t h e  l a t t e r  the  reverse w a s  t h e  cas e .  T h e  cou n t i ng p rocedure  u s e d  b y  

S t a n t o n  ( 1 9 8 9 ) ,  which was to  s e l ect fi e l d s  o n ly a t  the  l u m i n a l  s u rface , wo u l d  

h ave  t en de d  to  i n fla te  count s  re la t ive to a random ised  sys tem b u t  t h e  n u m b e rs 

were  s t i l l  cons i derab ly  l ower  than  t hose s e e n  i n  t h e  S a a n e n  goa t s  exh i b i t i n g  

s u b s t a n t i a l  re s i s tance to  T. colubriformis i n  Exp e r i m ent  7 . 2 .  I t  i s  a l s o  

i n t e re s t i n g  t o  n o te t h a t  the  count s  s e e n  i n  t h e s e  re s i s t an t  goats  a r e  s i m i l a r  to  

those  recorded fro m  t h e  a b o m a s u m s  o f  i m m un e  s h e e p  g iven a n  h o mo l ogous  

c h a l l e n g e  w i th  H. contortus ( Hunt l ey e t  a l. , 1 99 2 ) .  

The m ean  es tab l i s h m e n t  o f  t h e  ch a l l enge  i n fect i o n  i n  goa t s  i n  G r o u ps A l  
a n d  B 4  i n  Expe r imen t  7 . 1  a n d  i n  Exp e ri m e n t  7 . 3  were  a pproxi m a te ly 6 7 % ,  5 7 %  

a n d  3 9 %  respect ive ly  27-28  days post - i n fec t i o n . I n te res t i ng ly ,  G L  c o u n t s  r e fl e ct 

t h i s  d i ffe r e n ce as  those  o f  Expe ri m e n t  7 . 3  are  l a rg e r  than  those  o f  Groups  A l  
or  B 4  sugge s t i n g  that  t h e  d i ffe re nce m ay we l l  have been  due t o  d i ffe rences  i n  

l eve l s  o f  res i s tance .  

T h e  r e l at ive p a t t ern  of  counts  i n  the  prox i m a l  i n tes t i n e  i s  s i m i l ar fo r 

m os t  i n fec ted  groups i n  a l l  3 expe r im ents .  C o u n t s  t ended  to i ncrease  down t h e  

i n t e s t i n e  to a p e a k  and  t h e n  d ecrease .  I n  G r o u p  1 ,  Expe r i m e n t  7 . 2  t h ey p e a k e d  

a t  M 3 ,  i n  Exper imen t  7 . 3  at  M 4 ,  for Grou ps 2 a nd 3 i n  Exp e r im en t  2 a t  M S ,  

w h i l s t  fo r G r o u p  Al t h ey con t i n u ed to  i n crease  d own t o  M 6 .  T h e  p a t t e r n  o f  

c o u n t s  i n  Pa rt  B ,  Expe r i m ent  7 . 1  i s  i n te re s t i ng .  I n  add i t i on  to  havi n g  over a l l  

l ower  G L  coun t s  w i t h  i n creas i n g  a g e  o f  i n fe ct i o n ,  the  peak  cou n t  a l s o  t e n d e d  

t o  m ove  d i s t a l ly with i ncreas i n g  a g e  o f  i n fe ct i o n .  Groups  B l  ( u n i n fe c t e d )  a n d  

B2 ( 9  days ) p e a k e d  a t  M 2 ,  B 3  ( 1 8  day s )  a t  M 3 ,  a n d  B4 (27  day s )  at  M S .  Th e 

pa t te rn  i n  t h e  u n i nfecte d  goats  i n  Pa rt  A, Exper i m e n t  7 . 1  i s  l e s s  c 1ea rcut  a n d  

m ay ,  i n  par t ,  b e  due t o  s m a l l e r  g ro u p  s i z e s  a n d/or resu l t  fro m  t h e  r a n d o m  

a l lo ca t io n  o f  g o a t s  to  g roups  which may  n o t  h ave r e s u l t e d  i n  a u n i fo r m  

d i s t r i b u t i o n  o f  goats  w i t h  s i m i l a r  i m m une re spo ns iven e s s .  

I f  GL cou n ts r e fl ect  m a s t  ce l l  s ecre t o ry act iv i ty i n  t h e s e  l o ca t i o n s , t hey  

s ugges t  t h a t  such act iv i ty i s  no t  m axi m a l  wh e r e  m o s t  T. colubriformis a re 

loca ted .  I f  m ed i a tors s uch as l euko t r i enes  a r e  secre ted  i n to t h e  l u m e n  a n d  a r e  

act ive aga i n s t  n ematodes ,  t h e n  i t  m ight  b e  expected t h e y  wou l d  b e  sec re ted  

prox i m a l ly  to  a l low m ax i m u m  contact  w i th  t h e  n e m atodes  as  they  move  d i s t a l l y  

w i th  t h e  con t e n t s .  M ed ia tor s  sec re ted  fu r ther  down t h e  i n t es t i n e  wou l d  n o t  

com e  i n  con tact  with t h e  m aj o ri ty o f  T. colubriformis . S t a n t o n  ( 1 9 8 9 )  a l s o  

repor ted  h i g h e r  G L  counts  i n  s h e e p  a n d  goa t s  d i s ta l  to  t h e  loca t ion  o f  

n e m at o d e  b u rd e n s  t h at apparent ly  s t i m ul ated t h e m  though t h e i r  r e s i s ta n c e  
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s ta tu s  was n o t  c lear ly  e s t a b l i shed .  I n  con t ras t ,  Douch et a l. ( 1 98 6 )  c o n s i d e r e d  

t h a t , i n  i rn rn  u n i sed  sheep ,  the  GL d i s t r i b u t i o n  refl ected the  p r e s u rn e d  T. 
colubriformis d i s t r i b u t i o n ,  bu t  th i s  wou l d  n o t  appear  to  be  t h e  c a s e  i n  goats  

s howi n g  l i t t l e  res i s t a nce to  i n fect i o n .  Th e r e  were ,  however ,  s i m i l a r i t i e s  

b e twee n  t h e  d i s t r i b u t i o n  o f  GLs i n  r e s i s t a n t  s h e e p  and  g o a t s  i n  G ro u p  1 ,  

Expe r i m e n t  7 . 2  w h i c h  suggests  t h a t  i n  r e s i s t a n t  a n i m a l s  G L  d i s t r i b u t i o n  rn ay 

para l l e l  n e rn a to d e  d i st r i b u t i o n . I n te res t i ng ly ,  u n i m rn un i sed ,  n o n - re s i s t an t  s h e e p  

h a d  p e a k  GL n u m b e rs a t  a s l i ght ly  m o r e  d i s t a l  loca t ion  t h a n  i n  i m rn u n i s e d  

r e s i s t a n t  s h e e p  ( D o u c h  e t  a l. ,  1 98 6 ) .  

I f  t h e  p r e s ence  o f  n e m atodes  s t i m ul at e s  i n creased  c e l l  t u r n ov e r  i n  the  

m ucosa  wh ich  re su l t s  i n  a shor ter  ha l f- l i fe fo r GLs ,  t h e  n u m b e r s  of  GLs i n  

reg ions  where  t h e  n e rn atodes  a re rn os t  n u rn e ro u s  rnay  not  r e fl e ct m a s t  c e l l  

act iv i ty .  I ndeed ,  if  t h e  ha l f- l i fe o f  GLs i s  i n  s o m e  way r e l a t e d  to  t h e  n u m b er 

o f  n e m atodes  i n  that  sec t ion  of  s rn a l l  i n t e s t i n e ,  then  l ower n u m b e rs o f  GLs i n  

t h e  firs t  few m et res  wou ld  b e  expected .  T h i s  h i gh l ights  t h e  prob l e m s  o f  u s i ng 

i nt e r m i t t e n t  h i s to log ica l  exa rn i na t ions  to m o n i tor  dynarn i c  s t a t e s  a n d  o f  

a s s u m i n g  m as t  ce l l  s ecre tory act ivity i s  p r o p ort i o n a l  to  t h e  n u m b e r  o f  m a s t  ce l l s  

o b s e rved ,  w h i c h  m ay n o t  b e  so  ( Woodbu ry et a I. , 1 98 4 ) .  

E o s i n o p h i l s  

I n  s h e e p  a s i gn i fi ca n t  POS i t i ve corre l a t i o n  has b ee n  repor ted  b etween  

LMI  act iv i ty of  rn ucus  and  eos inoph i l  ce l l  co u n ts (Douch e t  a i. , 1 9 8 6 ) .  I n  

Expe r i m e n t  7 . 1 ,  e o s i n o p h i l  n u rn b ers  d i d  n o t  appear  t o  b e  s ig n i fi c a n t ly 

co r re l a t ed  wi t h  e i th e r  worm counts  o r  i n t e s t i n a l  LMI- i ndex b u t  d i d  a p p e a r  to  

h ave sorne pos i t ive  r e l a t i o n s h i p  wi th  GL coun t s  in  the proxim a l  s rn a l l  i n t e s t i n e  

o f  i n fec ted  g o a t s  ( s ee  Appen dix 7 f) .  However ,  t h i s  w a s  o n l y  a p p a r e n t  o n  D ays 

9 and 1 8  aft e r  cha l l enge ,  and even tho ugh  e o s i noph i l  cou n t s  r e m a i n e d  a t  

pre i n fect i o n  l eve l s  ove r the  course  o f  t h e  i n fecti o n .  Li n ear  regres s i o n  

s i gn i fican t ly co n n e ct e d  eos inoph i l  counts  t o  LMI - S I  ( p = O .047 )  b u t  t h e  d i rect i o n  

o f  t h e  re la t i o n s h i p  i s  pos i t ive i . e .  rn o r e  eos i n o ph i l s  coi n c i d i n g  w i th  l e s s  

i n h i b i t o ry act iv i ty .  T h e  par t ia l  regres s i o n  coe ffici en t  o f  4 . 6 6x l O·
4 

i s  very s m a l l  

b u t  n ever the l e s s  s ugges t s  that  e o s i n o p h i l s  were  n o t  con t ri b u t i n g  to  L M I .  I f  i t  

i s  a s s u m e d  t h a t  t h e  n u rn b e r  o f  ce l l s  p re sen t  i s  a n  i n di ca t ion  o f  t h e i r  act iv i ty ,  

wh ich  i s  not  neces sa r i ly t rue ,  and  i f  i n te s t i n a l  LMI act iv i ty i s  p r i nc i p a l l y  due to  

t h e  a ct i o n  o f  l eukotr i e n es ,  t hen  th i s  wou l d  s u gges t  that  e o s i n o ph i l s ,  a l though  

k n own to  b e  a b l e  to secre te  l e u kotr i e n e s ,  were  not  do ing  so .  A n a ly s i s  of  

i n t e ract i o n s  was  n o t  pos s ib l e  b u t rn i gh t  expl a i n  th i s  u n expected res u l t .  
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The  t e n d e ncy fo r m o re e osi n o p h i ls to  b e  prese n t  7 days  a ft e r  

a n t h e l m i n t i c  t r e a t m e n t  ( Group A2 ) i n  P a r t  A of  Exper i m ent  7 . 1  a n d  for 

eos i noph i l  co u n ts to  then fal l  away i s  b as e d  o n  very s m a l l  n u m b e rs o f  a n i m al s  

a n d  t h e re a r e  l a rge var i a t ions  w i t h i n  g roups .  T h u s  i t  n eeds  t o  b e  re -ex am i n e d  

b e fo r e  any  conc lus ions  a r e  drawn.  

Pa ras i to l o gy 

Exam i na t i o n  o f  worm counts  of  goats  i n  Part B ,  Expe r i m e nt 7 . 1  shows 

t h e  deve l o p m e n t  of t h i s  i so la te  was very s i m i l a r  to that  descr i b e d  by o t h ers  i n  

goats  ( Fi tzs i m m ons ,  1 96 6 ) ,  sheep  ( M o n n i g, 1 92 7 ;  Barker ,  1 975c )  a n d  ca lves 

( Douvres ,  1 95 7 ) .  The s ign i fi cant ly  l owe r m a l e : fe m a l e  r a t i o  of Group  B 2  

com pa r e d  t o  o t h e r  i n fected groups i n  Pa rt  B ,  i n d icates  t h a t  fem al e s  com pl e t e d  

t h e i r  fi n a l  m o u l t  b e fo r e  m a l e s .  Th i s  wou l d  n o t  a p p e a r  to h a v e  b e e n  n o t e d  by 

o t h e rs s tudy i n g  the  paras i t i c  deve lopmen t  o f  T colubriformis . The s i gn i fi cant  

n egat ive co r r e l a t ion  b e twe e n  m a l e : fe m a l e  ra t io  a n d  i n t e s t i n a l  LMI- i ndex  ( r = -

0 . 95 ;  p < O .O I ) fo r Group B 2  fu rth e r  s u ggests  t h e  i m m un e  response  m ay have 

i n fl uenced  the r e l at ive  developmen t  rate of  m a l e  and  fe m a l e  n e m atodes .  

There  was a l so  n o  s ign i ficant  d i ffe r e nc e  i n  eggs p e r  fem a l e  i n  t h e  fi rs t  

m e t re o f  the  s m a l l  i ntes t i n e ,  b e tween fem a l e  n e m atodes  r e covered  a t  D ay 1 8  

( G ro u p  B 3 )  o r  Day 2 7  ( Group B 4 )  i n d i ca t ing  t h a t  fecund i ty was s i m i l a r  a t  bo th  

t i m es .  Th i s  i s  s u ppor ted  by t h e  fact tha t  faeca l  egg  coun t s  a t  t h e s e  t i m e s  were  

no t  s i gn i ficant ly  d ifferent  ( p > 0 . 0 5 )  a l t h o ugh  on ly  4 p a i rs of co un t s  were 

avai l ab l e .  In  compar i son  wi th  t h e  c h a l l enge  contro l  goats  ( G ro u p  3 )  of  

Expe ri m e n t  7 . 2  ( s ee Chapter  3 ) ,  however ,  t h e s e  mean  eggs  p e r  fe m a l e  cou n ts 

w e r e  s l i ght ly  l ower ( 1 5 . 4  and  1 3 . 2 eggs/fe m a le  respect ive ly)  a n d  were 

s u b s t a n t i a l ly lowe r than  the  m ean  co un t s  in  the  fi rs t  m et re  of  t h e  s m a l l  

i nte s t i n e  fo r t h e  y o u n g  goats  i n  Exp e ri m e n t  4 . 1  ( 2 1 .5 eggs/fe m a l e ) .  T h i s  wou l d  

s uggest  tha t  fec u n di ty  had  peaked b y  D a y  1 8  a n d  was precl u d e d  fro m  reach i n g  

i t s  pot e n t i a l  o f  o v e r  2 0  eggs per  fem a l e  b y  a n  i m m u n e  response . T h a t  eggs 

w e r e  p resen t  in 98% o f  fem a l e  worms i n  the fi rs t  m e t re o f  goats in G r o u p  B3  

k i l l e d  18  days  a ft e r  i n fect ion  a lso i n d icates  the  prepatent  pe r iod  repor ted  h ere 

i s  s o m ewhat  shor te r  than that  sugges te d  by M o n n i g  ( 1 92 7 )  i n  s h eep ,  or  b y  

Rahman  a n d  C o l l i n s  ( 1 990c)  i n  goats . Th i s  m ay j u s t  refl ect  a d i ffe r ence  

b e tween  t h e  s t r a i n s  used .  

The co r re l a t ions  of  to ta l  worm co u n t s  wi th  faeca l  egg c ou n t s  a t  D ay s  2 1  

a n d  2 8  o f  the  fi rs t  i n fect ion  i n  Exper i m e n t  7 . 1  were  poor b e i n g  -0 .4 1 a n d  0 . 5 1  

r e s pect ive ly .  T h e  co rre la t ion  o f  o ther  p a ra m e te rs wi th  t h e s e  egg cou n ts was 
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a l s o  poo re r  t h a n  w i th  fi n a l  w o r m  count s  w h i c h  s u pports  the  conc l u s i o n  r e ached 

in  Chapter  5 t h a t  fa ecal  egg counts  fro m  a p revi ous  i n fect i o n  a re of  l e s s  use  

t h a n  worm c o u n ts where  the  i m m u n e  response  t o  a n  i n fe c t i o n  i s  b e i n g  

i nves t iga ted .  ()e e  p q 
" 
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CHAPTER E I G HT 

TH E DYNAM I C  PATTER N  O F  LARVAL M I G RATI O N  I N H I B I TI O N  

ACTIV I TY I N  I LEAL C O NTENTS O F  G OATS WITH I LE A L  CAN N ULAE 

THAT WERE I NFECT E D  WITH TRICHOSTRONG YLUS COLUBRIFORMIS 
( E X P E RI M E N T  8 . 1 )  

8 . 1  I NTR O D U CT I O N  

The objec t ive o f  th i s  expe r i m e n t  was  to i nves t iga te  t h e  dyna m ic pa t tern  

o f  LMI act ivi ty by m o n i to r i ng th i s  i n  t h e  i l ea l  con t e n ts o f  c a n n u l a te d  goats  

i n fe ct e d  wi t h  T. colubriformis . A p ro b l e m  wi th  Expe r i m e n t  7 . 1  was tha t  

d i fferen t  g ro u ps of goats  were o b s e rv e d  a t  d i ffe r e n t  t i m e  i n t e rvals  and  

i n divi d u a l  var i a b i l i ty w i th in  groups  p r e cl u d e d  some  poss i b l e  changes  b e i n g  s e e n .  

8 . 2  MAT E R I A L S  AND M ETH O D S  

E x p e r i m e nt a l  s c h e d u l e  

S i x  a d u l t  m ixed-age Angora does  w hich h a d  b e e n  i n  t h e  s a m e  flock for 

a t  l ea s t  a y e a r  were used  i n  t h i s  expe r i m e n t .  They were  h e l d  i n  m etabo l i s m  

cra tes  a n d  r e s t r a in e d  w i t h  l ea ther  h a l te r s  t o  p r even t  t h e m  i n t e rfer i n g  w i t h  t he i r  

cann u l a e . They  were fed m a i n ly l uce rne  chaff wi th  s o m e  m ea do w  h ay dur ing  

t h e  fi rs t  i n fec t i o n ,  and chaffe d  m ea do w  h a y  duri n g  t h e  s e co n d .  

The g o a t s  were s u rg i ca l ly fi s t u l a  t e d  a n d  t h e  cannu l ae i ns e r t e d  6 weeks 

b e fore  t h e  s tart  of  the  experi m en t .  

Al l goa t s  w e r e  t r e a t e d  w i th  a c o m b ina t ion  o f  a n th el m i n t i cs p r io r  t o  

s u rg e ry b ut a s m a l l  n u m b e r  o f  eggs w e r e  d e tected i n  the  faeces  o f  G o a t s  3 a n d  

4 o n  Day - 1 3 .  A l l  goats  w e r e  t r ea ted  a g a i n  w h i c h  rem ov e d  t h i s  p e rs i s tent  

i n fec t ion  as  judged by t h e  absence of  eggs in  faeca l  egg counts  and fae c a l  floats  

10  a n d  1 3  days la ter  and  th rough unt i l  the  fi rs t  i n fect ion was p a t e n t .  

O n  D a y  0 ,  a l l  goats  w e r e  i nfec ted  w i t h  3 5 ,000 v iab l e  i n fec t ive  l a rvae o f  

T. colubriform is . These l a rvae had  b e e n  cu l tured  approxim at e ly o n e  month  

b e fo re and  s to red  a t  l O°e. Via b i l i ty was a s se s sed  by  o b s e rv in g  l a rv a l  m o t i l i ty .  
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T h i s  fi rs t  i n fect i o n  was t e r m i n a t e d  w i t h  o ra l  ive r m e c t i n  o n  D a y  2 8  wi t h  

a supp l e m e n t a ry dose o f  oxfe n dazo le  o n  Days 3 8  a n d  3 9  as  G o a t s  4 a n d  5 s t i l l  

h a d  v e ry s m a l l  n u m b e rs o f  eggs i n  t h e i r  faece s .  

O n  D ay 4 8  ( day 0 fo r t h e  s eco n d  i n fect i o n ) ,  the  g o a t s  w e r e  aga i n  

i n fe ct e d  w i t h  3 5 , 000 v iab le  i n fect ive l a rvae  o f  T colubriformis u s i n g  t h e  s a m e 

b atch o f  l a rv a e  a s  fo r the fi rs t  in fect i o n .  

O n  d a y  7 8  (30 days aft e r  t h e  2 n d  i n fect i o n )  a l l  goats  w e r e  k i l le d .  

L a rva l m i g rat ion i n h i b i t i o n  act iv i ty  o f  i l ea l  con t en t s  w a s  d e t e r m i n e d  a s  

descri b e d  i n  Appendix 7b . Th e s e  assays  com m e nced 5 days b e fo re each 

i n fect i o n  and were  then run a t  2 or  3 day  i n t e rva ls  u n t i l  the i n fec t ion  was 

t e r m i na t e d  or  t h e  goats  were ki l l e d .  Al l  assays  were  done on t h e  day o f  

co l l e ct i o n .  

I n  a d d i t i o n  to t h e  6 Angora goats ,  a s ix- m o n th o l d  S a a n e n  w e t he r, ra i sed  

u n de r  w o r m - fr e e  cond i t i o ns,  b eca m e  ava i l ab l e  pr io r  t o  t h e  second  i n fect ion  a s  

a resu l t  o f  a nother  u n r e l a t e d  exper i m e n t  fi n i s h i n g .  I t s  faeces  had  b e e n  

regu lar ly  exa m i n ed b y  faeca l  floa ta t i on  a n d  n o  n e m atode  eggs s e e n .  S m a l l  

i n t e s t i n a l  c o n t en t s  fro m  t h i s  wo r m - free  S a a n e n  goat  were  a l s o  assayed  on each 

occas i o n  d u r i n g  the second i n fec t i on  wi th  the  i n t e n t i o n  of  u s i n g  i t  as  a n  

u n i n fec ted  c o n t ro l .  

Ca n n u l a e  

T-s h a p e d  cann u lae  were co n s t ructe d  fro m  m ed ica l  g r a d e  s i l a s t i c  t u b i n g  

w i th  a n  o u t s i d e  d iam eter  o f  1 2  m m  a n d  a n  i n s i de d i am ete r  o f  6 m m .  The t o p  

o f  t h e  T was  m a d e  wi t h  a 1 /2 sect i o n  approx imate ly  6 -7cm l o n g ,  s u i ta b ly s m o o t h  

a n d  r o u n d e d .  The  body o f  t h e  T wh ich  p ro t ruded t h rough t h e  a b do m i na l  wa l l  

was  5 c m  l o n g  a n d  stopped wi t h  a rubb e r  b ung .  

The  c a n n u lae were i n s e rted  i nt o  t h e  term i n a l  i l eum a pprox i m ate ly  o n e  

m et re p rox i m a l  to  the i l eocaecal  va lve . T h e  b odi es o f  t h e  c a n n u l a e  protruded 

t h ro u g h  the  r ight  m id - lumbar  flank .  These  were  or ig i n a l ly he ld  in  p l ace wi th  a 

d i s c  o f  s o ft p la s t i c  agai n s t  the  s k i n  a n d  a rubb e r  e la s t ra tor  r i ng a b ove tha t  t o  

h o l d  i t  i n  p l a c e .  Afte r  t h e  fis tu l ae  h a d  fi b rosed,  o n ly t h e  e la s t ra to r  r i ng  was 

r e q u i r e d .  
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T h e  c a n n u l a  o f  Goat  6 w a s  l o s t  i n te rna l ly o n  Day 6 o f  t h e  fi rs t  i n fe ct ion . 

I t  was s u b s e q u e n t ly found  a t  n ecropsy t o  b e  lodged about  0 . 5  m et r e s  di s ta l  t o  

t h e  fi s t u l a .  The  i n te s t i ne  at  t h i s  p o i n t  was t h i ckened  a n d  fi rm ly a d h eren t  to  t h e  

abdom i n a l  wa l l .  Th ere was a l s o  an  u l ce r  apparent ly c rea ted  by o n e  o f  the  wi n g s  

o f  t h e  "T" . Th i s  g o a t  appe a red  to c l i n i ca l l y  u n a ffected  u n t i l Day  2 4  o f  the  fi r s t  

i n fec t ion  w h e n  she  beca m e  a n orex ic  and  feb r i l e .  S h e  was  t r e a t e d  wi t h  

a n t i b i o t i cs for 4 d ays  by wh i ch t i m e  b o t h  h e r  t e mpera tu re  a n d  appe t i t e  were  

w i t h i n  n o r m a l  l i m i ts and  r e m a i n e d  so u nt i l  the  end of  the  expe r i m e n t .  A 
r e p l a ce m e n t  cannu la  m ade of  r u b b e r  w i t h  a n  expan d e d  p e rfo r a t e d  e n d  wh ich  

cou l d  b e  c o n s t r i cted to  a l low i t  to  b e  i n s e rted i n to the  fis tu la  w i thout  req u i ri n g  

s u rg e ry was s u b sequen t ly used  i n  t h i s  goa t .  

C o l l e c t i o n  o f  i l e a l  contents  

Dia ly s i s  tub ing  wi th  a fl a t  w id th  o f  23mm ( U n i on C a r b i de 6 - 8000  

m o lecu l a r  we igh t ) ,  proved su i tab le  fo r co l l ec t ing  i l ea l  con te n t s .  Lengths  of  

about  25cm were  knot ted a t  o n e  e n d  and  he ld  i n  p lace  over  t h e  cannu lae  wi t h  

r u b b e r  e l as t ra tor  r i ngs .  Pr ior  to  p l acem e nt ,  t h e  cannu lae  w e r e  m an u a l ly c l ea red  

o f  d iges ta  a n d  flushed  wi th  1 0 m !  o f  s t e r i l e  P B S .  The t ub i n g  was  then  l e ft i n  

p lace  fo r 1 t o  1 . 5 hours .  

The  w o r m - free Saanen  wether  w a s  k i l led  o n  Day 48 .  I t s  s m a l l  i n te s t i n a l  

con t e n t s  w e r e  col l ec ted  a n d  p rocessed  as  descr ibed  for i n te s t in a l  contents  i n  

Exper i m e n t  7 . 4 .  

N e c ro p sy p ro ce d u re 

Goats  were  k i l l e d  wi th  a n  overdose of pentob a rb i t o n e .  They were  

i m m ed i a t e ly n ecrops i ed .  The  sma l l  i n t es t i ne  fro m  each  a n i m a l  was  removed 

and s e p a r a t e d  i nt o  1 m et re  lengths .  S i x  t i s sue  b locks fro m  t h e  p r ox ima l  s m a l l  

i n t es t i n e  a n d  2 fro m  t h e  d i s ta l  s m a l l  i n te s t i n e  were removed,  fixe d  a n d  l ab e l l e d  

a s  descr i b e d  i n  Expe r imen t  7 . 1 .  

M ucus  was col l ected fro m  t h e  s econd and  t h i rd m e t r e  segment s  as i n  

Expe r i m e n t  7 . 1 .  The m ucus + PB S  fi l t ra te  was s tored frozen  a t  -20°C and  i s  

r e fe rred  t o  a s  m ucus i n  the  fol l owi n g  t ex t .  Th e per iod  o f  s to rage  b e fo r e  LMI ­

assay was 4 1  days . Th e o n ly va r i a t ion  fro m  the proced u r e  used  i n  Exper i m e n t  

7 . 1  w a s  t h a t  the  who l e  fi lt ra te ,  no t  j u s t  t h e  s u p e r n a t a n t  fo l lowi n g  

cen t r i fu g a t i o n ,  w a s  used  a s  t h e  t e s t  subs tance .  
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Th e r e m a i nder  o f  t h e  s m a l l  i n t e s t i n e ,  n ow l iga ted  i n t o  1 m et re  l engths ,  

a s  we l l  a s  t h e  scraped 2 n d  and 3 rd m e t re segm e n ts ,  fl us h i n g s  fro m  these  

s e g m e n t s ,  and m a ter ia l  re t a i n e d  on the  s i eve a fter  mucus  p roces s i ng, we re 

s t o r e d  at - 20°C fo r worm cou n t i n g .  

C e l l  c o u n t i n g  

GLs w e r e  counted b y  fl u o rescence  m icroscopy a s  descr i b e d  i n  Sec t ion  6 . 2  

Pa ra s i t o l ogy 

Fae c a l  egg counts  d u r i n g  each i n fec t ion  were  e s t i m a t e d  weekly  u n t i l  

pa te ncy w a s  expected and then  every 2 t o  3 days,  i nc lud i n g  t h e  fi n a l  d a y  o f  each 

i nfect i o n .  I f  counts  reve a led  no  eggs  a faeca l  float  was a l s o  p e rfo r m e d  ( see  

App e n d i x  2 b  for these  m e thod s ) .  

N e m atodes  present  were  cou n t e d  I n  a 1 0 %  a l i q u o t  fo l l owi n g  d i gest i o n  

o f  t hawed i n te s t i na l  s egm ent s  i n  p e p s i n  + H C I  for 2 h o urs  a s  d escr ibed  i n  

Sec t i on  4 . 2 .  The wo rms presen t  i n  a 1 0 %  a l i q u ot o f  t h e  fl u s h i ngs and  s i ev e  

r e s i d u e  fro m t h e  mucus co l l ec t ion  w e r e  a l s o  cou n t e d .  The  fi r s t  3 m etres were  

processed  together  and  then  groups  of  2 m etres  w e re p roces sed  u n t i l  the  l a s t  

2 m et r e s  c o n t a i n ed l ess t h a n  1 % o f  t h e  cumu la t ive  to ta l  w o r m  c o u n t  a l re a dy 

c o u n t e d .  

Ten i n h i b i ted L 3  l a rvae  p e r  g o a t  w e r e  m easured  w i t h  a m icrom e t e r  

e y e p i e c e .  

T h e  n u m b e r  o f  eggs in u tero was counted i n  1 0  fem a l e  worms  t a k e n  fro m 

t h e  fi r s t  3 m e tres i n  each goa t  i f  t h at m any were p r e s e n t ,  o th e rwise  i n  a l l  

fem a l e s  recovered.  

S ta t i s t i c a l  a n a ly s i s  

C or r e l a t i ons ,  an alys i s  of  var i ance ,  Tukey tes ts  for m u l t i p le  compar i son  

and  l i n ea r  regress ions  were  p e rfo rm e d  us i ng  S t a t i s t ix  v e rs i o n  4 .0 .  
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8 .3 R E S U LT S  

Pa r a s i t o l ogy  

Te r m i na l  fae cal  egg cou n t s  fo r e ach i n fe ct i o n ,  eggs  per  fem a l e  worm and 

worm cou n t s  a re  s hown i n  Tab l e  S . 1 .  A n o t a b l e  fea t u re i s  the  h igher  egg 

c o u n t s  ach i eved in the fi rs t  i n fect i o n  compared  wi th  the s e c o n d .  The l a t t e r  

c o i n c i d e d  w i th  a h i gh percen tage  of  i nh i b i te d  L3 recovered  a t  n ecropsy . Th i s  

coun t  o f  L 3 s  wou l d  b e  an u n d eres t i m at e  as  the fl ush i ngs  and  sc rap ings  fro m  

m et re s  2 a n d  3 w e r e  s i eved t h ro u g h  a 2 5 0 j.1 m  s i eve which  m ay n o t  have re t a i n e d  

a l l  L 3  s t ages .  A finer  s i eve w a s  n o t  u s e d  as  the occu r r e n c e  o f  L3s  w a s  n o t 

a nt i c i p a t e d .  

The i n h i b i t e d  L 3 s  h a d  a m e a n  l e ngth  o f  709 j.1m ( n = 60 ;  r a nge  579 -863 j.1 m ;  

s . d .  5 0 . 3 6 j.1 m ) .  Th ey w e r e  predo m i nan t l y  fo und i n  t h e  fi rs t  3 m e tres  o f  the  

s m a l l  i n t e s t i n e  a nd very few b eyond  6 m et re s .  No paras i t i c  s tages  were  

o b s e rv e d  wi th in  g land crypts  i n  a n y  o f  t h e  s ect ions  e xa m i n e d  h i sto log ica l l y .  

Fae ca l  e gg counts  were  h ig h ly corre la ted  w i th  worm counts  ( see  

Append ix  Sb ) b u t th is  i s  exaggera ted  to  s o m e  ex ten t  b y  t h e  r a nges  o f  b o t h  that  

were  s e e n  w i t h  t hese s ix  goa t s .  M a l e : fe m a l e  rat i o s  and eggs/fe m a l e  wo rm were  

a l so  s i g n i fi ca nt ly  cor re la ted  ( p > 0 . 05 )  sugge s t i ng tha t  an  i ncrease  i n  the  

p ro p o r t i o n  o f  m ales i n  t h e  popu la t ion  was associ a ted  wi th  a n  i ncreased egg 

p r oduc t io n  by fema le  wo r m s .  
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G o a t  n u m ber  I 2 3 4 5 6 
Fa eca l  egg c o u n ts 

Fa e c a l  egg c o u n t  2 8  5 0 5 0  9 0 0  2 0 0  2 0 5 0  1 00 1 65 0  
d a y s  a f t e r  t h e  1 s t  

i n fe c t i o n  

Fa e c a l  e g g  co u n t  2 8  2 9 0 0  0 0 5 0  0 2 5 0  
d a y s  a f t e r  t h e  2 n d  

i n f e c t i o n  

Worm counts  
- a d u l t s  2 0 6 6 0  7 60 6 2 0  4 7 0  5 0  3 2 1 0  

(%  e s t a b l i s h m e n t  a s  ( 5 9 . 0 )  ( 2 . 2 )  ( 1 .  8 )  ( 1. 3  ) ( 0 . 1  ) ( 9 . 2 )  
a d u l t s )  

- m a l e : fe m a l e  r a t io of 0 . 88 0 . 4 1  0 . 5 1 0 . 8 8  0 . 6 6  0 . 7 6  
a d u l t s  

-L4s 0 0 0 1 1 0 0 0 

- i n h ib i t e d  L 3 s  9 9 0  2 9 6 0  4 6 8 0  4 6 80 9 5 1 0  6 6 4 0  
(% o f  t o t a l  co u n t )  ( 4 . 6 )  ( 7 9 . 6 )  ( 8 8 . 3 ) ( 8 8 . 9 ) ( 9 9 . 4 )  ( 67 . 4  ) 

- t o t a l  2 1 65 0  3 7 20 5 3 0 0  5 2 6 0  9 5 6 0  9 8 5 0  
(% e s t a b l i s h m e n t )  ( 6 1 . 8 )  ( 1 0 . 6 )  ( 1 5 . 1 )  ( 1 5 . 0 )  ( 2 7 . 3 )  ( 2 8 . 1 ) 

- e g g s/fe m a l e  6 . 1  4 . 3 3 . 8  7 . 8  5 . 0 6 . 9  
( s . e . ) ( 0 . 5 0 )  ( 1 . 1 8 ) ( 0 . 7 7 )  ( 0 . 5 9 )  ( 2 . 0 8 )  ( 0 . 4 5 )  

La rva l Migra ti o n  
I n  h i b i  t i o  n - I n d ex 

- m u c u s  0 . 1 4  0 . 3 5  0 . 2 1  0 . 9 6  0 . 4 4  0 . 2 1  

- c o n t e n t s  0 . 2 0  0 . 4 6  0 . 6 1  0 . 6 1  0 . 2 7  0 . 1 1  
p r e s l a u g h t e r  ( D ay 

7 6 )  

- co n t e n t s 7 days 0 . 4 9  0 . 0 0  0 . 5 0  0 . 1 9  0 . 4 9  0 . 3 9  
a f t e r  t h e  2 n d  

c h a l l en g e  ( D ay 5 5 )  

- m i n i m u m  for 0 . 2 0  0 . 0 0  0 . 2 3  0 . 1 5  0 . 1 0  0 . 1 1  
co n t e n t s  i n  t h e  2 n d  

i n fect i o n  

Ta b l e  8 . 1  Faecal  e g g  coun ts ,  wo rm counts ,  e g g s  per  fem al e  wo rm a n d  l a rva l  

m i gr a t i o n  i n h i b i to ry act iv i ty of  i n t es t i na l  m ucus a n d  i l ea l  con t e n ts of  goa t s  

c h a l l enged  wi th  35 ,000 T. colubriformis, g iven  a n t he l m i n t i c  t rea t m e n t  a fter  28 

days ,  recha l l e nged as b efo re a fter  20  days  and  k i l l e d  a ft e r  a fu rth e r  28 days 
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La rva l m i g ra t i o n  i n h i b i t i o n  

T h e  LMI - i n di ces were  ca l cu la ted  as  i n  Exper i m e n t  7 . 1  a n d  a re s h own i n  

F i g u r e  8 . 1 .  The t e rm ina l  a n d  m ax i m u m  LMI - i nd i ce s  o f  i n t e s t i n a l  con t e n t s  i n  

t h e  s e c o n d  i nfec t i on ,  a s  w e l l  a s  t h e  LMI - i nd ices  o f  m ucus  a r e  l i s t e d  i n  Tab l e  

8 . 1 .  D u ri n g  t h e  firs t  i n fect i o n ,  the  m e a n  LMI - i ndex o f  con ten t s  decreased  

s t e a d i ly over t h e  2 8  day  p e r i o d .  D uri n g  t h e  seco n d  i n fe ct i o n ,  the  LMI - i ndex 

was u nchanged  a ft e r  2 days b u t  t h e n  decreased m o r e  q u i ck ly  than in  the  fi rst  

i n fec t i o n .  Th ereafter, the  m e a n  t e nded  to  p lateau at  about  the lower l i m i t  s e e n  

i n  t h e  fi rst  i n fect io n b u t  w i th  p ronounce d  i n divi d u a l  va ri a t i o n .  

T h e  LMI - i n dex o f  con ten t s  fo r the  three  a ssays  preced i n g  e ach i n fec t ion  

(5 ,  3 and  0 days  b e fore i n fect io n )  were  ana ly sed  s e p a ra te ly  a n d  t h e n  compared  

b etwee n  the  two  i n fect i o n s  by a na lys i s  o f  var iance . N o  s i g n i fi can t  d i ffe r e nces  

( p > 0 .0 5 )  were found  and i n  s u b s e q u e nt ana lyses  D ay 0 figure s  for each 

i n fe c t i o n  were  taken as the  respect ive m ean  o f  t h e i r  th ree p r e i n fect ion  a ssay s .  

Analys i s  o f  var iance  fo l lowed by Tu key's  t e s t  for m u l t ip l e  com pa ri s o n s  

s h ow e d  t h a t  LMI - i n dex w a s  s i g n i ficant ly di ffe r e n t  ( p < 0 . 0 5 )  fro m  re spect ive 

p r e i n fec t ion  leve l s  o n  Days  8 ,  1 7 , 20 ,  23 and 28 fo r the  fi rs t  i n fect io n  and 7 ,  9 ,  

2 1  a n d  2 8  days  after  t h e  second  cha l l enge  ( s e e  A pp e nd ix  8 a  fo r de ta i l e d  

c o m p a r i s on s ) .  

The con s i s tency o f  t h e  i l e a l  contents  v a r i e d  sporad i ca l ly d u ri n g  t h e  two 

i n fe c t i o n  p e ri o d s .  On occa s i o n s, the contents  were a l m ost  c l ear  ( s e e  Fig u re 

8 .2 )  a n d  apparent ly m ucoi d w i th  ve ry l i t t le  d iges ta  p re sen t  ( s ee  F i g u re 8 . 1 ) . 

T h i s  g e n e ra l ly co inci d e d  wi th  a low LMI - i n dex i . e .  h i gh i n h i b i to ry act iv i ty .  O n  

t w o  o c ca s i o n s  dur ing  t h e  seco n d  i n fect io n ,  G o a t  4 had  c l e a r  m uco i d  i n tes t i n a l  

c o n t e n t s  which  a l so  conta i n e d  floccu l en t  m a t e r i a l  i de n t i fi ed h i s to log ica l l y  as 

fi b ri n .  Necrot ic  epi th e l i a l  c e l l s ,  red  b lo o d  ce l l s  and n e m atodes  we re fou n d  i n  

t h e s e  fi b r i n  c lo t s .  
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Figure 8 . 1 .  LM I - i ndex of  i n test i n al  contents  o f  goats  ( n  = 6 )  i n fected wi th  35 ,000 T colubriform is o n  Day 0 and  aga i n  on  

Day 48 af( e r  be i ng  t reated with ive rmect in  on  Day  28 .  WFC = wo r m - free contro l  goat  k i l l ed  o n  D ay 48 .  Mean = mean LM I ­

i ndex o f  6 i n fected goats .  -
A 
-
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F i g u re 8 . 2 .  Compar i son  o f  s a m p l e s  o f  i n t e s t i n a l  con ten t s  o n  day  5 9 .  S a m ple  

fro m  goat  4 (4 th  fro m  l e ft )  shows l a ck o f  d igesta  and  cl e a r  m u c o i d  na tu re of  

con t e n t s .  

C o rre la t ions  b e twe e n  s o m e  LMI va lues  and o t h e r  p a r a s i to log i cal  

p ar a m e t e rs are shown i n  Appe nd ix  8 b .  O f  n ote  are :  

( i )  a n  a l most  s i gn i fi c a n t  nega t ive corre l a t i o n  ( O . 0 5 < p < O . 1 )  b e tween  

t e r m i n a l  L M I - i ndex o f  con te nt s and  tota l  wo r m  count  i . e .  m o re 

i n h i b i t o ry act iv i ty  a ssoc ia ted  with m o re nem a t o d e s  r ecove r e d  at 

n ec r o psy ;  

( i i )  a n egat ive ,  b u t  n o n - s i g n i fi can t  co r re l a t ion  b e tween  m ucus  L M I - i n dex 

a n d  t o t a l  wo rm cou n t ;  

( i i i )  n o  s ign i ficant  co r re l a t i o n s  o f  tota l worm co un t  w i t h  c o n t e nts  LMI­

i n dex  a t  Day  55  ( 7  days a ft e r  t h e  seco n d  cha l l enge  when  the  m ean  i n dex 

was l owest )  or w i t h  m i n i m um con ten ts LMI - i ndex i n  i n d ivi d u a l  goats  b u t  



til .... c 
4.) .... c 0 
(.) 

� 
. .§ 
til 
4.) .... 

. S 
...... 0 
I< 4.) "0 
.S 

I 
-::E 
..J 

1 43 

b ot h  t h e s e  corre l a t i o ns were pos i t ive I . e .  l e s s  i n h i b i to ry act ivi ty 

associ a t e d  wi th  m o re nema todes  recove red at necropsy ;  

( iv )  a poor  co rre la t ion  o f  t e r m i n a l  content s  LMI - i ndex  w i t h  m ucus  LM I ­

i ndex ( s e e  Figure  8 . 3 ) .  

However ,  any corre la t ions  wi th  w o r m  co unt  wi l l  b e  i n fl u e nced  b y  t h e  

h i g h  coun t  fo r G o a t  1 and  re lat ive ly low c o u n t s  i n  o t h e r  g o a t s .  

1 .0 

0.9 

0.8 

0.7 

0.6 0 0 

0.5 
0 

0.4 

0.3 
0 

0.2 0 0 

0.1  
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 .0 

LMI-index of mucus 

F i g u re 8 .3 .  C o m par i son  o f  the  LMI - i ndex o f  in tes t i n a l  m ucus  co l l ec ted  a t  

n e cropsy w i th  L M I - in dex o f  i n test i n a l  con tents  co l lected 2 days  pre - s l aughter .  

The LMI activi t i e s  o f  the s m al l  i n test i n a l  con t e n ts of  t h e  wo rm-fr e e  

S a a n e n  a re shown  in  F igure 8 . 1 .  These a re  a l l  g r e a t e r  t h a n  1 .0 .  Al though 

the r e  i s  p r o n o u nced var i a b i l i ty be tween  assays,  the va l u e s  fo l lo w  a downward 

t re n d  wi t h  t i m e  in  sto rage wh i ch i s  s i gn ifican t  by l i nea r  regre s s i o n  of LMI wi t h  

t i m e  ( p < 0 . 0 5 ;  R 2 = 0 .3 7 ) .  

H i sto logy 

G L  c ou n ts are shown i n  Figure 8 . 4 .  and correl a t i o n s  with o th e r  

param e t e rs i n  Appendix 8 b . Corre l a t i o n s  were tes ted a s  o n e - t a i l e d  t e s t s  for 
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cor re l a t i o ns t h at were i n  the  expect e d  d i rect i o n  and  as  two - t a i l e d  tes ts  

o t h e rw i se .  O f  no te  fro m  Appendix  8 b a re : 
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( i )  n o  s ign ificant  co rre lat i o n s  b e tween  GL coun ts i n  t h e  prox ima l  6 

m e t re s  o f  the s m a l l  i n te s t i ne  a n d  a ny paras i to log i ca l  para m e t e rs except  

fo r s i g n i ficant negat ive corre l a t i o n s  ( p < O . 0 5 )  o f  GL counts  in  M4 a n d  

M 6  w i t h  e ggs p e r  fem a l e ;  

( i i )  a g e nera l  t e n d e ncy for a l l  co r re l a t ions  b etwee n  G L  co u n t s  a n d  LMI ­

i ndex va lues  to  b e  pos i t ive even t h o ugh n o n e  reach e d  s i gn i fi ca nc e  i . e .  

m ore GLs assoc ia ted with l e ss i n h i b i tory act iv i ty ;  

( i i i )  a s i gn i ficant  negat ive c o r re l a t i o n  b e twee n  GL coun ts in  M - l a n d  

t e r m i n a l  faeca l e g g  counts a n d  a du l t  wo rm co u n ts ;  

( i v )  g l o b u l e  l e u kocyte coun t s  a t  d i fferent  l eve l s  i n  t h e  i nt e s t i n e  w e r e  

g e n e r a l l y  s ign i ficant ly corre l a t ed  w i t h i n  goats .  
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metre segments down the small Intestine 

F i gu re 8.4 .  G l o b ule  l e ukocyte  counts ( m e an ± s . e . )  of sect io ns t a k e n  at m et r e  

i n t e rv a l s  down t h e  s m a l l  i n test i n e .  
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.4  DI S C U S S I O N  

I l e a l  con t ents  fro m  i n fected g o a t s  c lear ly  i n h i b i t e d  3 r d  s t a g e  l a rva l  

m o t i l i ty in  vitro . The  l eve l  o f  i n h i b i t o ry act iv i ty i n  i n t e st i n al c o n t e n t s  on ly  

i ncreased s lowly dur ing  t h e  2 8  day per iod  o f  the  fi rs t  i n fect i o n .  In  i m m un e  

s h e e p  m os t  T colubriform is l a rvae a r e  expe l l e d  w i th in  1 d a y  o f  i n fect i o n  

(McClure et a l. , 1 992 ) .  Whe t h e r  any l a rvae we re expe l l e d  fro m  these  g oa ts th i s  

r a pi dly i s  u nk n own,  b u t  3 o f  t h e  6 had l ow egg counts  o f  < 1 00 0  e p g  in  the  fi rs t  

i n fec t ion  s ug ge s t i ng re la t ive ly few n e m atodes  s u rvived t o  p a t e n cy .  H o wever,  

if  the com po n e n t s  respo n s i b l e  for in vitro i n hi b i to ry act iv i ty a re i nvo lved i n  

r a p i d  exp u l s i o n ,  they wou l d  h ave m ade  l i t t l e  con t ri b u t i o n  t o  a ny s u ch rap id  

expu l s i o n  that  o ccurred i n  these  goa t s .  

T h e  l ow faecal e g g  cou nts  a n d  wor m  counts  3 0  days a ft e r  t h e  s econd 

i n fect ion  i n  five o f  the  s ix  goats  s uggests  a l evel  of hos t  r e s i s t a n ce in  these  

a n i m a l s  wh ich  i s  genera l ly  m o re subs tan t i a l  than  tha t  s e e n  i n  c ros sb red  Angora 

goats  in  Expe r i m ents  7 . 1  and 7 . 3 .  Another  param e t e r  w h i ch sugges ts the  

i m m un e  response  i n  these  goats  i s  h avi n g  a n  e ffect  i s  t h e  re l a t ive ly  l ow n u m b e r  

o f  eggs p e r  fem a le  wo r m .  T h e  s i g n i fi can t  pos i t ive corre l a t i o n  o f  e ggs per  

fem a l e  w i t h  m al e : fema le  ra t io  ( see  Appendix  8b ) i s  a l s o  con s i s t e n t  w i th  both  

b e i ng depres sed  in  i m m u n e  s h e ep ( s e e  Sec t ion  1 . 3 .4 )  and  goats  ( see  Expe r i m e nt 

3 . 1 ) .  I f  l a rvae  were expe l l e d  ea rly i n  t h e  s econd i n fe ct i o n  a n d  i t  i s  a s sumed  

t h a t  t h i s  i s  l i nked  to an  i nc rease i n  i n h i b i to ry act iv i ty,  i t  i s  poss i b l e  tha t  

expu l s i o n  o cc u rred  l a te r  than  has  been  s e e n  in  sheep  ( McCl u r e  e t  a l. , 1 99 2 )  

s i n ce t h e  s u d d e n  i ncrease  i n  i n h i b i t o ry act iv i ty (decrease  i n  L M I� index)  

o cc u r re d  b e tw e e n  fo u r  and  seven days a fte r i nfect i o n .  By th i s  t i m e  the  l a rvae 

w o u l d  have e n t e red  t h e  m ucosa and b e  m o u l t i ng t o  L4s ( M o nn i g, 1 92 7 ;  

Douvres ,  1 95 7 ) .  Howeve r,  the  LMI- i n dex p a t t e r n  ove r t h i s  p e r i o d  i n  Goat  1 

wh ich  showed l i t t l e  evi dence o f  acq u i r e d  r es i st ance was s i m i l a r  t o  Goat s  3 and  

5 whi ch d id  show res i s tance .  

The s i t ua t ion  i s  com p l i cated by t h e  occurrence o f  a h igh  p r o p o r t i o n  of  

i n h i b i ted  L3 s tages  i n  the  goats  which were  m o re res i s tan t .  The propo r t i o n  o f  

i nh i b i ted  L 3  s tages  to adu l t s  tha t  e s tab l i s h e d  i s  cons i s t en t  w i t h  t h a t  descr ibed  

in  i m m u n e  sheep  (Dobson  e t  a i. ,  1 99 0a ) .  I t  i s  conceiva b l e  t h a t  t h e  p e rcen tage 

i n h i b i t i o n  m ay a l so  have b e e n  i n fl uenced  b y  t h e  fact that  t h e  s a m e  b atch of  

l a rvae was  used for b o th cha l lenges  s o  t h at the t i m e  i n  s to rage  was  s evera l  

weeks l o n g e r  for the  seco n d .  H oweve r ,  t h e r e  appears to  be no p u b l i s h e d  work 

l i n k i n g  e nv i r o n m enta l  fac tors wi th  i nh i b i t i o n  of th is  paras i t e .  
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The cor re l a t ion  o f  t h e  L M I - i n dex o f  i l ea l  con ten ts a t  Day  5 5  a n d  t h e  

m i n i m u m LMI - i n dex o f  con t en t s  fo r e a c h  goat  i n  the  second  i n fect i o n  wi th  

w o rm count  a t  s l aughter  was i n  t h e  expected d i rect i o n  i . e .  m o re i n h ib i t i o n  

( l ow e r  LMI - i ndex )  associ a t e d  wi th  fewe r  w o r m s .  However ,  b y  t h e  e n d  o f  t h e  

exper i m e n t ,  t h i s  re l a t ionsh i p  s e e m e d  t o  h ave reversed i n  th a t  s o m e  o f  t h e  goats  

which  had  a l ow worm b u rd e n  and prev ious ly  had  m o re m a r k e d  c o n t en ts LMI 

ac t iv i ty ( l ower  LMI - i ndex )  t h e n  the  o t h e rs ,  s howed r e la t ive ly l e s s  a t  the  l a s t  

s a m p l i ng .  A l tho ugh t h e  re la t ionsh ip  i s  n o t  abso lu te ,  t h i s  cou l d  be  t aken to  

i nd i ca te  tha t  c o n t i nued  re l ease  of  m e d i a tors  r e qu i res  m o re a d u l t  paras i t e s  than  

presen t  i n  some of  these  a n i m a l s .  Howeve r, t h e  sma l l  n u m b ers  of  goa t s  s tud ied  

and  t h e  pronou nced i n div idua l  va r i a b i l i ty wh ich  i s  apparen t  ( F i g u r e  8 . 1 )  

p rec l u des  a ny fi rm concl u s i o n s  about  t h i s .  Most  previ o u s  s t u d i e s  i n  s h e e p  have 

b e e n  with a n i m a l s  rece iv ing con t i n u o u s  i n fec t ions  which  wou l d  con t i n u e  to 

s t i m u la te  produc t ion  o f  compone nts  of i n h i b i to ry act iv i ty ( D ouch  et a l. , 1 98 3 ;  

D o uc h  e t  a l. ,  1 984 ; Ki m a m b o  a n d  MacRae,  1 98 8 ;  G ray et a l. ,  1 99 2 ;  G a m b l e  a n d  

Zajac,  1 99 2 )  o r  t h e i r  adu l t  worm b u rd e ns w e r e  l a rger than  th o s e  repo r t e d  h e re 

I n  t h e  m o re r e s i s tan t  goats  ( D o uch,  1 98 9 ) .  

There  i s  a sugges t ion  from faeca l  e g g  counts  that  goa t s  w e r e  m o re 

re s i s t an t  t o  t h e  s econd i n fec t ion  than  t h e  fi rs t  i . e .  tha t  t h i s  fi rs t  expo s u r e  m ay 

h ave p ri m e d  t h e i r  a b i l i ty to  res i s t  t h e  seco n d  cha l l e nge  as  i n  G r o u p  2 goa t s  i n  

Expe r i m e n t  3 . 1 .  The resu l t s  suggest  tha t  t h e  goats  were  n o t  express i n g  t h e i r  

ful l  p o t e n t i a l  r e s i s tance w h i c h  m ay r e fl ect e i t h e r  i nadequa te  fi e l d  expos u re o r  

s o m e  decl i n e  i n  res i s ta nce i n  t h e  p e r i o d  fol l owi n g  r e m ova l  from p a s t u re o r  

b oth ,  a l though  b y  ana logy w i t h  s h e e p  re s i s tance to T colubriform is wo u l d  n o t  

d e cl i n e  ove r  t h e  re l a t ive ly s h o r t  per iod  o f  t i m e  b e twe e n  hous i n g  a n d  t h e  fi rs t  

c h a l l e nge ( Ki m a m b o  el a l. , 1 98 8b ) .  Aga i n ,  b y  ana lo gy wi th  s h ee p ,  m ast  ce l l  

n u m b e r s  m ay h ave decl i n e d  over  the  per iod  b e tween hous ing  and fi rs t  c h a l l enge  

( M cC l u re et a l. , 1 992 ;  H u n t l ey et al. , 1 992 ) .  As t hey a re  cons i d e r e d  to  be  t h e  

s o u rc e  o f  com p o n ents  o f  LMI ,  t h i s  m ay b e  t h e  reason fo r t h e  re la t ive ly g radua l  

deve l o p m e n t  of  LMI act iv i ty afte r  the  fi rs t  cha l l enge .  In  con t ras t ,  t h e  t i m e  

i n t e rva l  b e tween  t e r m i n a t i o n  o f  the  fi rs t  i n fect i on a n d  t h e  s e co n d  c h a l l e n g e  was 

s h o rt so  t h a t  m ast  ce l l  n u m b e rs wou l d  not be expected to h ave d e c l i n e d  

subst a n t i a l ly w h i ch m ay a cco un t  for t h e  m or e  r a p i d  fa l l  i n  LMI- i ndex  a t  t h i s  

t i m e .  

The co r r e l a t ion  b e twee n  te rm i n a l  LMI - i n dex o f  con t e n ts a n d  m uc u s  ( see  

Appe n dix  8 b  and  F igure  8 . 3 )  is  pos i t ive b ut n o t  as  s t rong  as  m ight  h av e  b e e n  

expect e d .  T h e  assay o f  L M I  i n  m ucus a ft e r  4 1  days i n  s torage a t  -20°C wou l d  

n o t  b e  l i ke ly  t o  h ave h a d  a m ajor  e ffect  o n  act iv i ty ( see  Exp e ri m e n t  7 . 4 ) .  Th e 
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fact t h a t  L M I  act iv i ty o f  the i l e a l  con t en t s  wo u l d  pot e n t i a l l y  refl ect  m ed i a tors 

produced t h roughout  the l en gth o f  t h e  s m al l  i n tes t ine  whereas m ucus w a s  on ly  

c o l l ec ted  fro m  the  s econd and  t h i rd m e t re  s e g m ents  m ay we l l  c o n t r i b u t e  t o  the  

weakn ess of  t h e  corre l a t i o n .  Va ri a b i l i ty in  rate o f  pas sage o f  i n te s t i na l  

c o n t e n ts and  t h e  var iab i l i ty i n  the  assay i ts e l f  a re factors wh ich  m ay h ave had  

a n  i n fl uence .  These  m ay a l so  acco u n t  fo r t h e  d i fferences  i n  LMI - i n dex of  

co n t e n t s  b e twe e n  consecu tive days i n  i n div idua l  goats .  

The p ropor t i on  o f  m ucus i n  the  i l ea l  fl u id  wo u l d  appear  t o  h ave a 

p rofo u n d  i n fl u ence  o n  the  LMI act ivi ty o f  t h a t  samp le  and  s ugges t s  t h e  act ive 

co m po n e n ts a re c lose ly associated wi th  the m u cus and/or secre ted  a t  the sam e 

t i m e .  An i n crease  i n  gob le t  ce l l  n u m b e rs a n d  m ucus p ro duct i o n  h a s  b e e n  

r e p o r t e d  from paras i t i sed  sheep  ( see  S e ct i o n  1 . 1 2 ) .  H oweve r ,  t h e  t e n d e n cy for 

recovered  i l e a l  contents  to b e  a l m o s t  c l e a r  o f  d iges ta  o n  o ccas i o n s  was 

u n expected .  These m uco id  sam ples  d i d  not  just  refl ect a s low co l l e c t i o n  o f  

con t e n ts th rough  t h e  fis tu la  as  t h e  co l l ec t i on  t ub es o ft e n  fi l l e d  v e ry r a p i d ly o n  

t h e s e  occas i o n s .  Al l  goats  genera l ly a t e  we l l  dur ing  t h e  s e co n d  i n fe c t i o n  s o  

fl ow o f  r u m i n a l  c o n t e nts  i n to t h e  ab o m a s u m  a n d  even tua l l y  t h e  i l e u m  w o u l d  b e  

expected t o  b e  re la t ive ly cons tant  day - to -day .  The refo r e ,  these  s po ra d i c  c l ea r  

m uco i d  co l l ec t i o n s  i m ply sporad ic  i nc rease s  i n  m ucus product i o n  wh ich  were 

l a rge ly res t r i c ted  to the  t i m e  a ft e r  l a rvae had  re-entered t h e  i n t e s t i n a l  l um e n  

a n d  w e r e  m a t u ri ng a s  adu l t s .  

The a pp e a rance o f  fi b r i n  c lots  which h a d  b o und e p i t h e l i a l  c e l l s ,  red 

b lo o d  ce l l s  and n e m a to des  i n  Goat  4 suggests  cons iderab le  d a m a g e  and p r o t e i n  

l ea kage  i n  t h e  p roxi m a l  i n tes t i n e .  No evi dence  o f  fi b ri n o u s  i n fl am m at i o n  was 

s e e n  h i s to log ica l ly i n  Goat 4 or any o t h e r  goat in these  s e r i e s  of expe r i m e n ts 

t h a t  wou l d  expl a i n  such an  o b s e rvat io n .  Loss o f  ep i th e l i u m  was o b s e rved i n  

s o m e  s e ct i o n s  b u t  was con s i d e red t o  b e  a n  a r tefact produced d u r i n g  s ec t i o n ing .  

N o  p r ev ious  m en t i o n  o f  fi b ri n  c lo t s  i n  t h e  i n te s t i na l  con t e n ts wou l d  a p p e a r  to  

have been  m ad e  i n  s tud ies  o n  t h e  pa tho logy o r  n u t r i t i o n a l  p hys i o logy of  

gas t ro i n tes t i n a l  n e m atode i n fe ct ions  in  r u m i n ant s .  H oweve r,  e pi t h e l i a l  ce l l  

e ros i o n  has  b e e n  observed i n  sheep  i n fected w i th  T. colubriformis (Barker ,  

1 97 5 a ;  G regg et al. , 1 978;  McCl u re et a l. ,  1 992 ) as  we l l  as  e n te r i c  p la sma  los s  

( S t e e l  e t  aI. , 1 99 0 ;  B a rker  1 97 3 ;  Poppi e t  a i. , 1 98 6 ;  B own e t  ai. , 1 99 1 )  s o  i t  i s  

possi b l e  t h a t  s u ffi c i e n t  fi b r inogen  c o u l d  b e  r e leased to  produce vi s i b l e  c lo t s .  

The  i n fl a m m at i o n  was  not  cons ide red  l i k e ly t o  have com e  from t h e  fis tu la  

w o u n d  a s  t h i s  was n o t  obv ious ly i n fl a m e d  a t  t h e  t i m e  a n d  appeared  to  h ave 

h e a l e d  and fi b ro s e d  wel l  when exa m i n e d  a t  n e c ro psy .  
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The re was no s i g n i fi ca n t  di ffe re nce b e tw e e n  GL counts  a t  d ifferen t  m et re  

i n t e rva ls  and  n o  obvi o u s  pa t tern  fo r GL co un t s  down the  sma l l  i n t e s t i n e ,  

con t ra ry t o  w h a t  was s e en in  Exper im ent  7 . 2  a n d  7 . 3 .  Th i s  m ay res u l t  from t h e  

d i ffe r i n g  l eve l s  o f  res i s ta nce to T colubriform is seen  i n  t h i s  g r o u p  o f  6 g o a t s  

wh ich  cou ld  o b scure  any pat te rn . T h e  GL cou n t s  are  o f  s i m i l a r  m ag n i t u d e  t o  

t h o s e  i n  u n i n fected  g o a t s  i n  Exp e r i m ent  7 . 1  a n d  i n  cont ro l  g o a t s  ( G r o u p  3 )  i n  

Exper i m e n t  7 .2 b ut m uch l ower  t h a n  i n  r e s i s t an t  g o a t s  (Group  1 )  i n  Expe r i m e n t  

7 . 2 .  This  l e a d s  t o  the  conc lu s ion  t h a t  n o  o bv io u s  m astocytos i s  occurred  o r  a t  

l ea s t  t h a t  t h e r e  was l i t t l e  convers ion  o f  M MCs t o  GLs . D e s p i t e  t h i s  t h e re was 

obv ious  LMI act iv ity p re sen t  i n  both m ucus and i l ea l  con t e n t s .  M o r e over ,  t h e re 

was g e nera l ly  a pos i t ive ,  a l t hough not  s i g n i fican t ,  co rre la t i o n  b etwee n  L M I ­

i n dex  and  GL cou nts  w h i ch i s  the reverse o f  the  expected re la t i o n s h i p  i . e .  l e s s  

m i g ra t i o n  i n h i b i t i o n  in  vitro assoc ia ted  w i th  h igher  GL counts .  S uc h  a t rend  i s  

con t r a ry to  fi n d i n gs i n  s h e e p  a n d  i n  goats  i n  Exper i m en t  7 . 1  a n d  i s  d i ffi c u l t  to  

expl a i n g ive n  the  hypothes i s  that  m a s t  ce l l s  a re l i ke ly  s o u rces  of  t h e  

componen t s  o f  L M I  a ct iv i ty .  

Th e cor re l a t i ons  o f  GL counts  with eggs per  fe m a l e  and  wi th  m a l e : fe m a l e  

ra t io  a re n egat ive  as  expect e d .  I n t e re s t i ng ly ,  t h ese  corre la t i o n s  a r e  s t ronger  

a n d  o n ly b eco m e  s ign i fi cant  fo r eggs per  fem a l e  i n  t h e  t e r m i n a l  m et re  s e g m e n ts 

o f  t h e  s m a l l  i n tes ti n e , n o t  the  proxim al s eg m e n t s  wh ere  the  n e m atodes  a re  

loca ted .  Th i s  i s  a l s o  d ifficu l t  to  exp l a i n  a n d  m ay b e  s i m ply  a c h a n ce 

occur rence .  

The LMI act iv i ty o f  con ten t s  i s  o f  a s i m i l a r  magn i tude  to LMI  l eve l s  

repor ted  in  i m m u n e  s h e e p  which success fu l ly rejected a da i ly  cha l l e n ge of  T 
colubriformis ( K i m a m b o  and  MacRae ,  1 98 8 ) . I t  i s  a l so  o f  a s i m i la r  m ag n i t u d e  

to  the  L M I  reco rded i n  Expe r imen t  7 . 1 .  A s  a l r e a dy d iscussed i n  C h a p t e r  7 ,  t h i s  

d e g r e e  o f  LMI act iv i ty would appear  to have l i t t l e  e ffect  o n  a d u l t  w o r m s i n  

g o a t s  except p erhaps t o  rest r ict  egg l ay i n g .  I t  i s  d ifficu l t  to  associ a te  L M I  

act iv i ty  w i t h  t h e  tenden cy fo r l a rvae to b e  i n h i b i ted  i n  the i r deve l o p m e n t  i n  

i m m u n e  goats  ( o r  s h e e p ) .  Any such i n fl ue nce w o u l d  n e e d  to  occur  i n  t h e  fi rs t  

t h ree  days wh ich  i s  b e fo re LMI - i ndex had changed subs tan t i a l ly fro m  

p r e i n fect i o n  l eve l s .  Mo reover,  Goat  1 which h a d  t h e  lowest  percen t a g e  o f  

i n h i b i t e d  L3s,  h a d  LMI va lues  s i m i l a r  to  those  o f  o ther  goats  i n  t h i s  p e r i o d  

fo l lowi ng cha l l en ge ,  y e t  these  l a t te r  two g o a t s  h a d  very h i gh d e g r e e s  o f  

i n h i b i t i o n .  

T h e  L M I  act iv i ty  o f  t h e  i l ea l  con t e n ts o f  t h e  worm -fr e e  S a a n e n  goa t  i s  

i n t e r e st i n g .  C o ns ide rab ly  l a rg e r  numb ers  o f  l a rv a e  w e r e  recove r e d  t h a n  from 
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P B S  contro l  g e l s  i n d i ca t i ng s t i m u l a t o ry act iv i ty o f  t h e  con ten t s ,  a ppa r e n t ly  

caused  by som e  agent  that  was l a b i l e  a s  act ivi ty decl i n ed wi th  s torage a t  -20°C.  

S i nce  the an i m a l s were  a l l  on  the  same d i e t ,  a d i e ta ry s o u rce of  th i s  s t i m u l a to ry 

ac t iv i ty i s  n o t  l i ke ly .  U n fo rt u na te ly, o n ly o n e  a n i m a l  was ava i l a b l e  a n d  t h u s  i t  

was  n o t  poss i b l e  t o  repeat  the  i nves t igat i o n .  Never the less ,  i t  i s  i n t e re s t i n g  t o  

n o t e  t h a t  c o n t e n t s  fro m  Goat 1 a l s o  showed s t i m u l a to ry ac t iv i ty a t  th e 

b eg i n n i n g  o f  t h e  expe r i m e n t .  Th e fact t h a t  s t i m u l at o ry act iv i ty decreased  wi t h  

s t o r a g e  i n di c a t e s  t h a t  the  recove ry o f  m o re l a rvae fro m  te s t  than  fro m  P B S  

con t ro l  g e l s  i s  n o t  due  t o  any  e ffects  o f  c h a ng ing  P B S  con c e n t r a t i o n  a s  

s u gges ted  i n  Chap te r  7 .  H owever ,  the r a i s e d  L M I -i n dex i n  con te n ts s t o r e d  for 

432  days ( Ex p e r i m e n t  7 . 4 )  i s  i ncons i s t e n t  w i th  t h i s  t rend . C lea r ly ,  fu rth e r  

i nves t iga t ion  o f  t h i s  s t irn  u l a to ry act iv i ty i s  n e eded .  

I n h i b i t io n  o f  Trich ostrongylus spp .  i s  k nown to b e  a t  t h e  L3 s tage  

(Eysker , 1 97 8 ) .  The m ea s u re m ents  o f  t h e  i n h i b i ted l a rvae in  th i s  expe r i m e n t  

a re  cons i s ten t  w i t h  those  g iven fo r t h e  para s i t i c  t h i rd s tage o f  T colubriform is 

by D o uvres  ( 1 95 7 )  a n d  M o n n i g  ( 1 92 7 ) .  
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CHAPTER N I N E  

G E N E RAL D I S C U S S I O N  

A t  t h e  com m e nce m e n t  o f  t h i s  s t udy l i t t l e  was known a b o u t  t h e  response o f  

goa t s  t o  gas t ro i n te s t i na l  n e m a todes .  The i n i t i a l  a i m  was to  q u a n t i fy t h e  a b i l i ty 

o f  goats  to  deve lop  res i s tance  to H. c o n torl u s  and T colubriform is fo l l ow ing  a 

t r i ck l e - i nfe ct i o n  expos u r e .  Fu r the r  expe r i me nts  were then  d e s i g n e d  t o  

i nvest igate  the  dynamic  pa t tern  o f  some  e l e m e n t s  o f  t h e  h o s t - paras i te  

r e la t i o n s h i p  w i t h  T colubrifo rm is .  

The re su l t s  o f  t h i s  wor k  c lear ly  de m o ns t ra te  tha t  som e goa t s  c a n  deve l o p  

s u b s tan t i a l  res i s tance t o  T c olubriform is . Unfo r t u n a te ly ,  wor m -free  Saanen  

goats  were  o n ly ava i l ab l e  fo r  the e ar ly  expe r i m e n ts a n d  of  neces s i ty ,  l a t e r  

expe r i m e n t s  were  cond ucte d w i th  Ango r a - type goa t s  r a i s e d  under  fi e l d  

con d i t i o n s .  I n te res t i ngly ,  t h e  d i ffe r i n g  r e s u l t s  o b t a i n e d  w i t h  S aane n wethers  

in  Expe r i m e n t  3 . 1  versus  l at e r  exper i m e n t s  w i th  Angora a n d  Angora-cross  goats  

s u ggests  there  m ay be breed  d i ffe r e nce s  in  the a b i l i ty o f  goats  to  deve l o p  

r e s i s t ance t o  t h i s  paras i t e .  I t  was o n ly w i t h  the  o l d e r  d o e s  i n  Expe r i me n t  8 . 1  

t h a t  some  evi d e n ce o f  reasonab ly  e ffe ct ive hos t  r e s i s t ance was s h own by  

A n go r a s .  These  expe r i m e nts  are , of  course ,  n o t  s t r i ct ly  comparab le  g iven  tha t  

t h e  S aa n e n s  we re ra i sed worm -free and  expe r i m en t a l ly exposed  a nd c h a l l e nge d ,  

whe re a s  the Angoras  we re fi e ld - reared  a n d  e vide n ce o f  the i r  r e s i s t ance s ta t us 

was  b ased o n  e s t i m a tes of  l a rval e s tab l i s h m e n t .  That  S a a n e n s  s h o u l d  b e  m o re 

capab le  of deve l o p i ng re s i s ta nce i s  cons i s t en t  wi th  t h e i r  o r i g i n  i n  the  te m pera te  

z o n e s  o f  E u rope where they are l i ke ly to  be exposed  to h i gh leve l s  of  

p a r a s i t i s m .  In  con t ras t ,  Angoras  evolved in  t h e  dry p la teau  o f  Centra l  Anato l i a  

( M ason ,  1 98 1 )  which wou ld  b e  an  a r e a  o f  l ow n e m atode  cha l l e nge  whe re 

r e s i s tance t o  n e m atode paras i t i sm wou l d  not be as  i m por tan t  for s u rv iva l  as i n  

E u r o pe .  H oweve r ,  eve n tho ugh t h i s  q uan t i ta t ive d i ffe r e nce ex i s t s  b e twe e n  

b re e d s  i t  i s  re asonab le t o  assume tha t  the  fun d am e nta l  i m m une  proces se s  tha t  

a re  opera t i ng shou ld  be s i m i lar  wi th i n  t h i s  hos t  speci e s .  

Anot he r  factor wh ich a ppeared to  s h ow some  cons i s t ency b e twe e n  

e x pe r i m e n t s  was the  re la t ive ly  poor r e s i s tance  t o  i nfect i o n  shown b y  Angoras  

when  fi rst  c h a l le nged afte r  re moval  fro m  the fi e ld ,  compare d  t o  l a te r  

c h a l l e nges .  Th i s  was  appare n t  t o  a vary i n g  ex ten t  i n  Exper i m e n t s  5 . 1 ,  7 . 1  a n d  

8 . 1 .  Al though  the i r  ea r l i e r  exposure  to  T c olubriform is i n fect ive l a rvae was 

u n k nown , i t  i s  no t  u nreasonab le  to a s s u m e  i t  wo u ld  have repea ted ly  exceeded 

th e e d  I t'YI o. led +n (,<2 ; h o lol for (o..f a bol./1 + O CJc) 111 c{q /€ 
I (l /' I./(ie ) 9 we. n 4h e 
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c o n d i t i o n s  u n d e r  which they were p revio us ly  grazed.  A s i m i l a r  com pa r i son  can  

be  m ad e  b etween  t h e  S a a n e ns in  Exp e r i m ent  3 . 1 ,  wh ich w e r e  h oused  a n d  

exper i m e n ta l l y  i n fected i n  a very c o n t ro l l e d  m an n e r, w i t h  t h o s e  i n  t h e  r e po r t  

of  Wat s o n  and  Hosk i ng ( 1 98 9 )  wh ich  w e r e  bo th  ra i sed  o n  pas tu re  and  kept  o n  

pas ture  d u r i n g  t h e  expe r i m e n t  a n d  d i d  n o t  express  obvi o u s  res i s t a nce t o  T 
c olubriform is .  Although t h i s  com p ar i s o n  i s  confo u n d e d  by t h e  s l i g h t ly yo unger  

a g e  o f  t h e  g razed  goats ,  i t  does  ques t i on  t h e  e ffect  o n  t h e  s u b s e q u e n t  i m m u n e  

response ,  o f  a rt i fici a l ly ra i s i n g  goats  worm - free  b e fore  expe r i m e n t a l  i n fe ct ion ,  

versus  n at u r a l  i n fect ion  o n  pasture  fro m  b i rt h .  H owever ,  t he re  d o e s  n o t  appear  

t o  b e  any  sugges t i on  fro m  repor t s  o f  exp e r i m e n t a l  work  wi t h  s h e e p  tha t  t h e re 

i s  a d i ffe rence  i n  respons iveness b e twee n  those  w i th  e arly n a t u r a l  exposure  t o  

i n fect i o n  a n d  t hose  ra i sed  wo rm-fr e e .  

S t re s s  o f  b ei n g  h o u s e d  i s  o n e  poss i b l e  reason fo r a dec l i n e  i n  t h e  i m m u n e  

response  o f  t h e  Ango ra a n d  Angora-cross  goats .  Howeve r ,  o n  e a c h  occas i o n  

t h e re w a s  n o  d i scern i b l e  d i ffe rence  i n  d e m eanour  at  t h e  com m e n c e m ent  o f  a n  

exper i m en t  o r  l a t e r  o n .  Pe n n e d  g o a t s  d e m o nstra te  a d o m i n a nce  h i e rarchy t h a t  

i s  m o re obvio u s  t h a n  w i t h  s h e e p  b u t  t h i s  d o e s  not  s e e m  to  c h a n g e  wi th  t i m e  

a ft e r  a n  i n i t i a l ,  reasonab ly b r ief, s e t t l i n g - i n  per iod .  

The  r e s p o nse of  goa t s  to  H. contortus i s  i n  d i s t i nct con t ras t  t o  tha t  to  T 
c olubriformis . The fa i l u re  to  deve lo p  re s i st ance t o  t h i s  abom a s a l  n e m atode  was 

s u rpr i s i n g ,  g iven the response  to  T colubriformis , a n d  c lear ly  war ran t s  fu r ther  

s t u dy .  Th i s  wou ld  seem to  b e  m o r e  l i ke ly  a n  e ffect  o f  n e m a t o de spec ie s  ra the r  

t h a n  t h e  o rg a n  where  t h e  pa ras i t e  r e s ides ,  a s  t h e  response  o f  v a r i o u s  an t igen  

presen t ing  c e l l s ,  T ce l l s  a n d  o the r  c o m p o n ents  o f  the  i m m u n e  re sponse  shou ld  

no t  vary  apprec i ably b e twee n  the  abo m asum a n d  s m a l l  i n t e s t i n e .  Tha t  so l i d  

re s i s t ance s h o u l d  be demons t ra ted  t o  T colubriformis b ut none  t o  H. contortus 

q u es t i o n s  the "commo n a l i ty"  o f  the i m m un e  response to  t h e s e  two re la ted  

t r i chos t ro ngy l i d  n e m atodes .  Howeve r,  t h e  poor es tab l i s h m e n t  o f  bo th  s t ra i n s  

o f  H. c on tortus  i n  contro l s  com p a r e d  t o  t h e  l eve ls  u sua l ly r epor ted  i n  s h e e p  

( s e e  S e c t i o n  1 . 2 . 5 )  does q uest i o n  t h e  app l icab i l i ty o f  t h e s e  r e s u l t s  to goats  

u n de r  fi e l d  c o n d i t ions .  Neverthe le s s ,  h a e m onchos i s  i s  a com m o n  prob lem for 

goats  o f  a l l  ages  in the  fi e l d .  Th e i so l a t e  o f  H. contortus u s e d  i n  Exper im e n t  

2 . 2  does  n o t  a ppea r to  b e  have b ee n  we l l -adapted t o  goa t s .  However,  n o  

spec ific  da ta  a re ava i l a b l e  o n  t h i s  s t r a i n 's d eve l o p m e n t  i n  s h e e p .  L i t t l e  

exper im en ta l  work  has  b ee n  d o n e  w i th  O. circum cincta i n  g o a t s .  Appro p r i a t e  

s t u d i e s  w i t h  t h i s  speci es  w o u l d  a ddress  t h e  i s sue  as  t o  w h e t h e r  t h e re w a s  a 

d i fference  i n  i mm un e  respon s e  b e tw e e n  t h e  s m a l l  i n t e s t i n e  a n d  a b o m as u m .  I t  

w ou l d  a l s o  p rovi de a fur t h e r  con t ra s t  w i t h  d eve l o p m e n t  o f  r e s i s t ance  to  T 
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c o lu briform is a s  w e l l  as  H. con tort u s .  A s  a n o n  b lood-suck i n g  n e m a tode  i t  more  

c lose ly  pa ra l l e l s T colubriform is t h a n  H. con t ortus a n d  wou l d  n o t  b e  s uscept ib l e  

t o  any i m m u n e  m ediators  fou n d  o n ly i n  b lood  which  m ay p o ss i b ly a ffect  H. 
c o n tort u s .  

In  t h e  s tud ies des igned to  m o n i to r  a n t i p a ras i t e  a ct i v i ty o f  m ucus o r  

c o n te n ts a n d  c e l l u l a r  changes  i n  t h e  m ucosa ,  the  c e l l u l a r  changes ,  par t i cu lar ly  

those  of  mast  ce l l s  were  o f  spec i a l  i n t e res t .  Goats  can  c l e a r ly m o u n t  a m a s t  

c e l l  r e sponse  to  the  presence  o f  n e m a t o des which i s  i n d i c a t e d  b y  t h e  n u m b e r  

o f  GLs p r e s e n t  i n  Expe r i m e n t  3 . 1 .  H oweve r, the  re la t i o n s h i p  b e tween GL 

n u m b e rs and a n t i paras i te  act iv i ty o f  i n te s t i nal mucus  was  c o n fo u nded  by a 

t en d en cy fo r GL n u m b e rs to d e c l i n e  w i th  dura t ion  o f  i n fec t i on  w h en Angora ­

type goa t s ,  w i t h  an  apparently l e ss successfu l  i m m u n e  respon s e ,  were  i n fect e d  

wi th  T c olubriform is . The actua l  fun ct i o n ,  i f  any,  o f  GLs i s  s t i l l  u n d e t e r m i n e d  

b u t  i t  s e e m s  u n l i kely tha t  they a r e  s i m ply  e ffete ,  pa rt ly  d e g ra n u la ted  M M C s .  

As i n  s h e ep ,  M M C  n u m b e rs p er s e  do not  appear  t o  v a ry w i t h  t h e  l eve l  o f  

paras i t i s m  which ,  i f  GLs d o  o n l y  come from MMCs,  i l l us t r a t es t h e  defici enci e s  

o f  p o i n t  e s t i m ates  of a dynamic  s t a t e .  There  i s  n o  ev idence  fro m  Exp e r i m e n t  

7 . 1  t h a t  e o s i n op h i l s  m a k e  a s ub st a n t i a l  con t r i b u t i o n  t o  an  i m m u n e  response  i n  

goa t s .  H owever ,  c i rcu la t ing  e o s i n o ph i l  leve ls  were e l eva ted  i n  b o t h  

Expe r i m e n t s  2 . 1  a n d  3 . 1  sugge s t i n g  t h a t  i n  t h e s e  p a rt i cu l a r  S a a n e n  goats  t h e  

n u m b e rs o f  eos inoph i l s  i n  t h e  m ucosa m ay have d i ffe r e d  b e tween t r ick le ­

i nfec t e d  a n d  c o n t rol  groups .  

The LMI assay as  used  here  to s tudy the  h o s t 's response  to T 
colubriform is h a s  the appea l  t h a t  i t  m e a s u res a d i rect  e ffect  o f  p a r t  o f  the  hos t ' s  

respo n s e  on  the nemato d e  i ts e l f. I n  do ing  so ,  the  a s sumpt ion  i s  t h a t  

com po n en t s  o f  the  host ' s  r e s p o n s e  a re  suffici en t ly s tab le  t o  s u rv ive  a t h r e e  h o u r  

i ncub a t i o n  a t  3 7°C duri n g  which t h ey p e r m a nent ly affect t h e  l a rv a e ,  o r  tha t  t h ey 

a l so  pe r s i s t  for many m o re hours i n  agar  dur ing  the  ove rn igh t  i ncuba t ion a t  

r o o m  t e m p era ture .  As b oth l e u ko t r i e n e s  and  com p o n e n t s  o f  L M I  act iv i ty a r e  

con s i d e re d  t o  produce a r eve rs i b l e  para lys i s  o f  l a rvae  ( D o uch  e t  a I. ,  1 98 3 ) t h e n ,  

i f  l eu k o t r i e n e s  are  i nvo lved ,  t h ey m us t  presu m a b ly rem a i n  s t a b l e  i n  the  a g a r .  

T h e  a s say cond i t i ons  a re  obvi o u s ly a r t i fic ia l  and  i t  m ay w e l l  b e  t h a t  compo n e n ts 

o f  t h e  h o s t ' s  i mm u n e  response  d o  n o t  s u rvive unchanged d u r i n g  t h i s  procedu r e .  

The r e  a re n o  reports  o f  anyone  m ea s u r i ng l eve l s  o f  a ny o f  t h e  l i k ely i n div id u al 

com po n e n ts o f  th is  i n h i b i t o ry a ct i vi ty ( e . g .  I eukotr i e n e s )  d u r i n g  t h e  assay o r  i n  

s i m i l a r  con di t i ons .  
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I t  i s  cons i dered tha t  the  e ffector  respo n s e  t o  t h e  presence  o f  T 
colu briform is i s  mu l t i factor i a l  (McClure et a l. ,  1 99 2 ) .  T h e  resu l t s  o f  

Exper i m en ts 7 . 1  and 8 . 1  b o t h  s uggest  t ha t  LMI act iv i ty  does  n o t  n ecessar i l y  

r e fl ect  t h e  a b i l i ty of  the  hos t  to  reject T colubriform is a n d, i n  th i s  respect ,  a re 

s i m i l a r  t o  t h e  resu l ts o f  Gray et a l. ( 1 992 ) .  The rap id  reject i o n  o b s e rved by  

M c C l u re et  a l. ( 1 992 )  i n  i m m une  sheep  m ay not  h ave o ccu rred  i n  these  goa t  

exper i m e nt s  t h u s  al l owi ng n e m atodes  to  es tab l i s h .  Th e s e  s a m e  au thors 

p roposed  tha t  rejectio n  o f  adu l t s  m ay i nvolve o the r m e c h a n i s m s  and  these  m ay 

n o t  b e  m ea s u re d  by the  LMI a ssay .  Ta ken toge ther , t h e r e  i s  cons ide rab l e  scope  

fo r fu r t h e r  d i ssect ion of  t h e  co m p o nents  respon s i b l e  fo r L M I  act iv i ty ( a n d  

p a r a s i t e  reject i o n )  i n  r u m i nan t s .  T h e  puta t ive  fac to r ( s )  which  act u a l ly 

s t i m u la t e  l a rval  m i gra t i o n  fro m  ge l s  dur ing  the  assay i s  a n  exa m pl e  o f  jus t  such  

a c o m p o n e n t .  

The  paras i to log ica l  find i ngs i n  t h i s  s e r i e s  o f  exper i m e nts  genera l ly 

s u gges t  t h a t  T colu briform is deve lops  s i m i la rly i n  s h e ep ,  ca t t l e  and  goats  

a l t h o ugh  t h e  s t ra in  used  h e re i n  goats  m ay pos s i b ly have a s l ight ly  shor te r  

m i n i m u m  prepatent  per iod .  The  e s tab l i s h m e n t  o f  o n ly 25% o f  the  i n fect ive 

dose n o t e d  in  Experi m e n t  3 . 1  afte r  the s tra in  had b e e n  passaged once t h rough  

g o ats ,  compared  w i th  7 1  % ,  3 9 %  and  6 3 %  i n  the  y o u ng goa t s  of  4 . 1  a n d  i n  o lder  

goa t s  i n  5 . 1  and  7 . 1  respect ively ,  fu r ther  sugges t s  th i s  s t ra i n  became b e t t e r  

a d a p t e d  t o  g o a t s  afte r  b e i n g  passaged t h ro ugh t h e m  s evera l  t i m e s .  Howev e r, 

t h e  worm cou n t i ng procedure  used  i n  Expe r i m e n t  3 . 1  d id  n o t  i nc lude peps in  

d i g e s t i o n  and  m ay have  u n d e re s t ima ted  the  i n fect ion  by  as  m uch as  a h a l f. 

T h e  absence o f  i n h i b i ted l a rvae in  Exper i m e n t 5 . 1  c o m p a red t o  the  l a rge 

p e rc e ntage  fo u n d  in  Expe ri m e n t  8 . 1  i s  i n t e res t ing  as  s o m e  goa t s  in 5 . 1  had v e ry 

l ow worm cou n ts .  I f  hos t  reg u l a t i o n  i s  i m por tan t  fo r i nd u c i n g  i n h i b i t i o n  as 

s ugges ted  by Dobson et al. ( 1 9 90b ) ,  then  some i n h i b i t e d  L3s  wou ld  h ave b een 

expecte d  in  t h ese a n i m a l s .  The d i fference b e tween these two exper i m e nts 

s ugges t s  host i m m u n i ty i s  not  n ecessa r i ly i nvo lved,  in a g r e e m e n t  with the  

e a r l i e r  repor t  by Wa l l e r  e t  al. ( 1 9 8 1 ) , a n d  tha t  e nvi r o n m e n t a l  cond i t i ons  for 

fre e - l i v i n g  l a rva l  s tages ( s u ch as  t i m e  in  s torage)  m ay b e  i m por tan t  as  they  can 

b e  fo r o t h e r  n ematode spec ies  ( G i b b s ,  1 986 ) .  The appearance o f  i n h i b i t e d  L4 

H. contortus i n  Expe r i m e n t  2 . 2  i n  t h e  absence o f  de tect a b l e  h ost  res i s tance  a l so 

sugges t s  tha t  e nvi ron m e n t a l  con d i t ions  had i n fl u enced t h e  t endency o f  t h ese 

l a rv a e  to i n h i b i t .  

These  s tud ies  h ave i l l u s t rated t h a t  som e  g o a t s  c a n  deve l o p  so l id  

r es i s t a n ce to  T colubriform is b u t  the  s i t ua t ion  w i th  H. contortus a ppears  t o  be  
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d i ffe r e n t  s ugges t i ng  some  var i a t ion  i n  t h e  i m m un e  respo n s e .  The  work  h a s  a l so  

p rov i d e d  some  i n s ight  i n to  t h e  m ucosa l  m ast ce l l  r e s p o n s e  o f  goats  a n d  the  

p r o d u ct i o n  o f  a n t i  paras i t e  s u b s tances  fro m  t h e  m uc o s a .  I t  prov ides  b as e l i n e  

d a t a  for fu t u re d i rect com par i sons  b e tween  goats  a n d  s h e e p  w h i ch cou l d  b e  

p a r t i c u l a r ly  rewa rdi n g  i n  de t e rm i ni n g  pat te rns  o f  m as t  c e l l  recru i t m en t ,  

m e d i a t o r  r e l ease  and the  ro le  o f  GLs .  
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APPENDIX la  

A table o f  experimental results d etailing the  development o f  resista nce to  H. con/ortus 



Age when Method of sensitising2 Anthelmintic given lime to challenge after Challenge Protection from preed Reference 
sensitised' last sensitising dose' (LJ) challenge' 

7 mths 10,000 LJ - irradiated with no 1 17 days 8000 > 99% not 1 arre I t  et al. , 
I OKR (x-ray) staled 1 959  

7 mths 1 0,000 LJ - irradiated no 1 17 days 8000 > 99% nOI · 

with 20KR (x-ray) stated 

7 mths 1 0,000 LJ - irradiated with no 1 1 7  days 8000 90% (pns) not " 

40KR (x-ray) stated 

7 mths 10,000 LJ - irradiated with no 1 17days 8000 > 99% not · 

60KR (x-ray) stated 

7 mths 1 0,000 LJ no 1 1 7 days 8000 70% (pns) not · 

stated 
8-9 mths 2x10,000 LJ -35 days apart no 29 days 1 0,000 99% not J arre It el al., 

- irradiated with 40KR (x- slated 1%1  
ray) 

8-9 mths 2xlO,000 LJ -35 days apart no 29 days 50,000 > 99% not · 

irradiared with 40KR (x- stated 
ray) 

7-8 mths 2000 LJ day 0 + 5000 LJ no 35 days 1 0,000 70% ( pns) 6 very MxB M ulligan el al., 
day 35 (all irradiated with resistant 4 developed L 1 96 1  
60KR - x-ray) moderate burdens 

2-5 mths 2xlSOO LJ - 30 days apart no 30 days 5x1000 - daily 0% DH ManIon et al., 
1 %2 

2-5 mlhs 3OxlOO LJ - over 60 days no 30 days 5xlOOO - daily 0% DB · 

1 0- 1 3  mths 2x4S00 LJ - 30 days apart no 30 days 5x3000 - daily > 99% D · 

1 0- 1 3  mths 2x4500 LJ - 30 days apart no 30 days 5x3000 - daily > 99% D · 

5.5-6 mths 1 4xl0,OOO LJ - daily PTZ day 1 9  1 8-7 1  days 46 da ily doses of FEC 96% lower than 3/4SB Christie el al.. 
1 0,000 control 4 wks after the 1%4a 

start of challenge 



Age when 
sensitised! 

6-6.4 
mths(26-
27.5wks) 

1 .5 - 3mths 
at start 

10- 1 4  mths 

2.2-3.0 mths 
(66-92 days) 

3.6-4.5 mths 
( l 1 I - 1 38 
days) at start 

6.8-10.5 mths 
(206-321 
days) 

. 

3-4 mths 

1 .2-2 . 1  mths 
(5-9 wks) 

3-3.9 mths 
( 13 - 17 wks) 

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

Method of sensitising1 Anthelmintic given lime to challenge after 
last sensitising dose' 

l OxIO,OOO L3-daily TBZ on day 1 1  & 1 5  1 2  days 

3000 L3 as single dose Of not relevant not challenged 
as 100 L3/d for 30 days 

2x1 0,000 U 30 days apart - no 30 days 
irradiated with 40KR (x-
ray) 

25,000 L3 on day 1 , 2, 3 , 4 ,  TBZ on day  7, 1 1 , 27, 3 1  1 5  days 
5 , 6 , 18 ,  19 ,  21 , 22, 23, 24, 
25, 26 

500, 1 000, 1 500, 2000, 2500 TBZ day 56 and 63 and 1 st challenge on day 70, 
or 3000 L3 again after 1 st challenge 2nd challenge of 

on day 1 26 and 1 33 on day 1 40 

( 3000 U/2weeks)x6 TBZ 90 days after first 1 4  days 
sensitizing dose 

. no . 

I x l O,OOO or 2x l O,OOO L3 30 no 35 or 60 days 
days apart - al l  irradiated 
with 40KR (x-ray) 

2xlO,OOO 1.3 4 wks apart - no 30 days 
irradiated with 40KR (x-
ray) 

2xl O,OOO L3 4 wks apart - no 30 days 
irradiated with 40KR (x-
ray) 

Challenge Protection from �reed Reference 
( L3)  challenge' 

5 1 ,000 58% (p< .OOI ) 3/4SB Christie ef af., 
1 964b 

not challenged iner. EtA in trickle 3/4Mx Dineen el al., 
infected vs single dose 1 /4BL 1 %5 
group ( pns) 

50,000 84- 100% (pns) SB Bitakaramire, 
1 966 

50,000 7 1% (p< .OOI ) 3/4SI1 Christie & 
-SB Brambell, 1 966 

3000 day 70 and 3000 no e ffect on worm count MxB Dineen and 
day 1 40 from either challenge in L Wagland, 

any sensitisation group. 1 966a 
Slight incr. EtA 

3000 80% (p< .OOI ) MxB Dineen and 
L WagJand, 

1 966b 

. not significant . . 

(challenge was additive) 

20,000 no protection in e ither SB Urquhart el al., 
group (pns) 1966 

1 0,000 not significant SB Urquhart el al., 
1 966 

1 0,000 not significant . . 



Age when 
sensitised I 

4.8-5.8 mths 
(21-25 wks) 

birth to ad ult 

6.5-7 mths 

6.5-7 mths 
(reared on 
pasture) 

24 mths 

3 . 1 -5.2 mths 
(95-158 days) 

3.3-6.0 mths 
( 1 00- 182 
days) at the 
start 

" 

. 

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

Method of sensitisingl Anthelmintic given Time to challenge after 
last sensitising dose' 

2xlO,OOO l3 4 wks apart - no 30 days 
irradiated with 40KR (x-
ray) 

natural infection on TBZ when penned. o to 30 days 
pasture Pasture control group 

not treated 

2X I O,ooo l3 - X-irradiated no 30 days 

. TBZ before vaccination 30 days 

" no 30 days 

(3000 l3/Week)x6 TBZ 7 and 14 days after 2 1 , 35, 63 or 1 19 days 
the last 
sensitising dose 

(3000 l3/2 weeks)x4 TBZ 14 days after last 98 days 
sensitising dose 

(3000 l3/2 weeks)x4 and TBZ 8 days before and 76 days 
3000 l3 22 days later 14 days after the last 

sensitising dose 

" TBZ 8 days before and . 

68 days after the last 
sensitising dose 

Challenge Protection from preed Reference 
( l3)  challenge' 

10,000 64% ( p < .05) · · 

1 0,000 establishment rate: 1 6- EAM Lopez & 
20% in anthelmintic Urquhart, 1 967 
treated sheep but 10% 
in pasture control group 
when adjusted for 
existing burden. ( pns) 

10,000 32% (pns) · · 

10,000 0% · · 

10,000 86% ( pns) " " 

3000 21 days, 14%; 35 days, MxB Wagland and 
50%; 63 days, 46%; 1 19 L Dineen, 
days,IO%. Overall 1 967 
sensitised < controls 
(p< .001 ). Max. effect 
seen 35-63 days (p< .05) 

3000 21% < challenge control M Donald el al., 
( ns) 1 969 

. 31% < challe nge control · " 

(ns) 

" 9% < challenge control " · 

(ns) 



Age when Method of sensitising2 Anthelmintic given lime to challenge after Challenge Protection from preed R eference 
sensitised' last sensitising dose' (l3) challenge' 

· (3000 l3(2 weeks)x4 and TBZ 8 days hefore and 22  days · 3 1 %  < challenge control · · 

3000 l3 76 days later 14 days after the last (ns)  
sensitising dose 

· ( 3000 l3(2 weeks)x4 TBZ 90 days after the 98 days · 82% < challenge control · · 

last sensitising dose ( p < .O I )  

· ( 3000 l3(2 weeks)x4 and TBZ 8 days before the 76 days · 43% < challenge control · " 

3000 l3 22 days later last sensitising dose (ns)  & 1 1% < sensitised 
unchallenged control 
(ns) 

· ( 3000 13(2 weeks)x4 and TBZ 62 days before the 22 days · 15% > challenge control · " 

3000 l3 76 days later last sensitising dose (ns)  & 58% > sensitised 
unchallenged control 
( p < .05) 

· (3000 l3(2 weeks)x4 no 98 days · 95% < challenge control · " 

(p< .O I )  & 93% < 
sensitised unchallenged 
control (p<  .05) [self-
cure) 

5 mths standard ised dose based on no not challenged not challenged worm establishment: R &  Radha krish nan 
liveweight FN 1 5.5%, R 33.3% FN el al., 1 972 

(p< .05) 

3,6,9,21 mths 1 2.375 U no not challenged worm count: 2 1 mths < I'D Knight & 
3,6,9 mths ( 1'< .05) Rodgers, \974 

3,12,23,32-35 1 2,375 l3 no not challenged worm count: 1 2, 32-35 · · 

mths mths < 23 mths < 3 
mths ( p < .05) 

2.3-3.2 mths 2xlO,OOO l3 4 wks apart - TBZ week 3 and 7 28 days 1 0,000 not significant SB Ben itez-Usher 
( 10 - 1 4  irradiated with 60KR el al., 1 976 
weeks) (60Co) 



Age when Method of sensitising2 

sensitised' 

, 2xl 00,000 L3 4 wks apart · 
irradiated with 60KR 
(wCo) 

. 2x1 ,000,000 L3 4 wks apart 
. irradiated with 60KR (wCo) 

2.3 mths ( 10 10,000 L3 at wk 28 & 32 
wks) at start (age 38 & 42 wks) . 

irradiated with 60KR ("Co) 
" 1 ·2000 L3 given at weeks 

0,4,8,12, 16,20 & 24 and 
then 1 0,000 irradiated 
(60KR wCo) L3 at wk 28 & 
32 (age 38 & 42 wks) 

7.8-8.8 mths 2xlO,()(X) U 4 wks apart -
(34-38 irradiated with 60KR 
weeks) (wCo) 

. . 

2.3 mths ( 1 0  1 ·200 L 3  given o n  weeks 
wks) at start 0,4,8, 1 2, 16  and 20 and then 

1 0,000 irradiated (60KR 
.oCo) L3 at wk 24 & 28 
(aged 34 & 38 wks) 

" " 

" 1 0,000 L3 irradiated with 
60KR (wCo) . at wk 24 & 
28 (aged 34 & 38 wks) 

------- -- - -_. _ .  

Anthelmintic given TIme to challenge after 
last sensitising dose' 

. . 

. . 

TDZ on week 27,31 and 28 days 
35 

" » 

no 28 days 

T13Z three wks after · 

each sensitising infection 

TBZ on weeks 28 days 
3,7, 1 1 ,1 5 , 19  and 23 

TBZ on week 23 only · 

. · 

Challenge Protection from rreed Reference 
(L3)  challenge' 

. . . · 

. " . · 

10,000 not significant SB · 

" " » · 

1 0,000 97% (p< .001 ) SB · 

" not significant » · 

10,000 46% not significant SB » 

. 88% (p< .001 ) » » 

. 96% ( p < .OO l )  » · 



Age when Method of sensitising2 

sensilisedl 

7 months 350 1.3/Kg 

8 mrhs 500 U/Kg 

1 4- 1 5  mths 1 0,000x2 1.3 28 days apart -
all irradiated with 60KR 
(,oCo) 

1 .4-3 mths 1 0,000x2 1.3 28 days apart -
(6- 1 3  wks) all irradiated with 60KR 

('"Co) 
1 .4-3.2 mths 1 0,000x4 1.3 14 days apart -
(6- 1 4  wks) all irradiated with 60KR 

('"Co) 
6-7 mths 5OJO 1.3 

------- - -- � -- - -- -

Anthelmintic given Ttm� to challenge after 
lasl sensilising dose' 

TBZ day 35 53 days 

no 28 days 

no 28 days 

no 28 days 

no 14 days 

no 1 sl chall - 385 days 
2nd chall - 700 days 

Challenge 

(1.3) 
1 0,000 

20,000 

10,000 

1 0,000 

10,()(X) 

1 st & 2nd chall -
1 0,000 

Proleclion from preed Reference 
challenge' 

no sig. proteclion but SB Altair and 
sensitised were 20% Dargie, 1 978 
smaller ( p < .OO I )  & 
removed less blood 
( p < .OOI). No sig. diff. 
between HbAA & 
HbAB 

SB had 75% less wonns SB, ft 

than FD (p< .001 ) FD 
SB had 50% less worms 
than 58 challenge 
controls (only 2 control 
sheep) 

95% ( p < .O I )  SxGF Smith & Angus 
1 980 

not significant  ( 1  lamb . . 

< 1 0%  conlrol burden )  

not significant ( 3  lambs ft . 

<: 1 0% control burden) 

1 st chall - 66% decrease M Adams & Beh, 
in FEC (p< .OI )  2nd 1 981  
chall - 65% decrease in  
FEC (p,<.Ol)  



Age when Method of sensitising' Anthelmint ic given lime to challenge after Challenge Protection from Breed Reference 
s 

sensitisedl last sensitising dose' (L.3) challenge' 

from 6 mths 600, 1 200, 2400 or 4800 no not challenged not challenged establishment & %ElA M Barge r et al., 
( pasture L.3/wk for 15 wks not affected by larval 1 985 
reared) intake. Establishment 

decreased from 45% in 
wks 1 & 4 10 very low 
levels in wks 1 0  & 1 3  
(p< .(01 ). EL4 increased 
from 0% to approx 70% 
in wk 1 2  ( p < .OOI ). 
Worm burdens increased 
in proportion to 
infection level until wk 9 
when 600 & 1 200 
pla teaued whereas 2400 
& 4800 fell to low levels 

1 .4-3.7 mths 6000 L3 LEV day 42 56 days 1 2,000 SC < FN & B < DO B, Courtney et al., 
( 6- 1 6  weeks) (p< .05) DO, 1 985 

FN, 
SC 

3.2-4.2 mths 6000 L3 LEV day 35 42 days 1 2,000 SC < 3/4SC < FN, B ,  B ,  " 

( 14 - 18  00 & DO challenge DO, 
weeks) controls (p< .05) FN, 

SC, 
3/4SC 

7-9 mths Dr pasture reared, ZI I V  at start not stated 1 600X3 ZI < D r  (p<O.O! ) or, McKenzie, 1987 
worm-free ZI 

up to 4 mths natural infection on each mon th 4 lam bs lambs continuously being natural infection on worm burdens in M Barger, 1 988 
( pasture pasture given OXF+ LEV 2 wks infected on pasture pasture drenched lambs = tracer 
reared) before slaughter when 4 except (or tracers which lambs unt i l  8 mths. 

worm-free tracers put on were put on pasture for Continuously grazed < 
pasture. These were 2 weeks before slaughter both tracer and 
compared to drenched lambs un ti l  8 
continuously grazed mths of age ( p < .05) 
lambs 



Age when 
sensitised' 

9· 1 1  mths 

. 

up to 6·7 
m(hs 

7 mths 

from 5 mths 

9 · 10  mths 

2 mths 

KEY 

Method of sensitising2 

1 0,000 L3 then after 6 
weeks given SxlO,ooo/Wk 
for 6 weeks 

" 

natural infection on 
pasture 

10,000x2 1..3 28 days apart 
(all irradiated with 40 KR)  

S00x3 L3/Wk for 17  wks. 
Fed either 400gms or 
600gms of pellets/day 

20,000 L3 

2500 L3 

Anthelmintic given TIme to challenge after Challenge 
last sensitising dose' (L3) 

FBZ 1 day after last 7, 42 and 84 days l X l cf  L3 
sensitising infection 

. 7 days l XI D', I X \(}I or l X l cf  
L3 

only at Day 0 6 days 25 or I OOL3/Wk 

no 28 days 10,000 

no not challenged not challenged 

LEV 63 days after 77 days 16,000 
sensitising infection 

FBZ 42 days after 45 days 2500 
sensitising infection 

Protection from �reed Reference 
challenge' 

83% (p<O.OO I ) , 94% GFX J ackson el 01. , 
(p< O.OOl ) and 0% S 1 988 
respectively 

0%, 77% (p<O.Ol)  and " . 

9 1% (p<O.OOI ) 
respectively 

establishment rate did M Stanton, 1 989 
not decline. Wk 2 was 
59% and wk 1 1  was 43% 

97% protection on high SB Abboll & 
protein diet (p< .05) & Holmes, 1 990 
99% protection on low 
protein (p<  .05) 

from wk 8 FECs of M RoberL� & 
600gms/day were < Adams, 1 990 
400gms/day ( p < .OS) .  
From w k  1 3  FECs of 
600gms/day had dropped 
to low levels whereas 
400gms/day remained 
high 

76% protection; no DUX Zajac el 01., 
difference betwee n R,  1990 
breeds SC, 

FN 

FEC of SC( 10  epg) < DB, Gamble and 
DH(24 1  e pg) SC Zajac, 1 992 

1 .  I ncludes the period during which sensitisation occurred plus the age variation of experimental animals. All animals were raised under worm-free conditions un less stated otherwise. If  ages were 
not stated in months they were converted by dividing days by (365/12 == 30.42) and weeks by (52/12 == 4.33). In these cases the original description is given in brackets. 
2. This describes the method used to attempt to st imulate an immune response 
3. TBZ = thiabendazole; PTZ = phenothiazine; FBZ = fenbendazole; OXF = oxfendazole; LEV = levamisole 



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

4. This is expressed as a percentage reduction of a control group's worm count: ns = not significant; pns = probability not stated in the reference; FEC == faecal egg count; epg "" eggs/g 
5 .  B '" Barbados; BL = Border Leicester; D == Downs; DO == Domestic ( l 12S or DB. 1 /4FD. 1 /4R); DB '" Dorset Horn; DP = Dorper; EAM = East African M erino; FD = Finn Dorset; FN 
== Florida Native; GF == Greyface; M = Merino; PD = Polled Dorset; R = Rambouillet; S = Suffolk; SB = Scottish Blackface; SC = St Croix; SH == Scottish Hill ;  ZI = Zimbabwean indigenous 



APPENDIX Ib 

A table of experimental results deta il ing the development of resistance to T. 
colubriformis 

1 65 



Age when Primary/sensitising Anthehnintic given Time to challenge after Cballenge Protection rrom B�d' Reference 
sensitised' inrection scbedule1 following primary primary inrection (L3) challenge' 

infection' 

8-10 weeks at 24X 10,000 LJ/Week TB Z  or PTZ weekly, start week 24 (32-34 1 0X20,000/Week all groups excepl wee kly not Gibson el al., 
Slart every 4 weeks, every 1 2  weeks of age) TBZ resistant to stated ( 1970) 

weeks, once at 24 weeks challenge: "4 weekly' & 
or none " 1 2  weekly' group 

resistant to rein fection 
after 12 weeks: untreated 
group showed gradually 
falling FEe but still had 
substantial we at week 
36 

8, 1 2, 1 6, 20, 10,000 l.3/WeekX36 - 8 no not challenged not challenged sheep over 24 weeks not Gibson and 
24, 28, 32, 36 groups starting at diffe rent better able to develop stated Parfitt ,  ( 1972) 
weeks at start ages indicated resistance to infection 

1 1 - 1 6  weeks 10,000 LJ/Week - sheep no not challenged not challenged we increased up to 20 011 Gibson and 
at start killed at 5 weekly intervals weeks after first infection Parfitt, ( 1973) 

X 9  (between 33 and 38 
weeks of age) then 
decreased 

3 weeks at LJ/day doubled every 7 days no not challenged not challenged WC cumulative d u ring OHXF Chiejina and 
start starting at 10 LJ/day up to 1 st 12 weeks Ihen Sewell, ( 1 974a) 

5000 LJfday which was then refractory to new 
maintained up to 20 weeks infection ie. at 15 weeks 

of age. Adult burdens 
persisted 

3, 5 or 6 mths 30,Om l.3/Week for up  to 20 no not challenged nol challenged FEC peaked 28-40 days DII X F  Chiejina and 
at start weeks - sheep killed at and declined Sewell, ( 1 974b) 

intervals exponentially. Mean peak 
FEC and subsequent rate 
of fall varied inverse Iy 
with age at start 



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

Age when Primary/sensitising Anthelmintic I:iven Time to challenge after CballeDl:e Protection (rom 8.-<1' Reference 
sensitised' infection scbedule1 following primary primary inrection (LJ) chalhlnl:e4 

inrection' 

6-9 mths 2X20,OOO U - 2 1  days apart 1'8Z ( l ime after 39 days 20,000 81% (p<O.Ol ) M Dineen et al. 
- v-irradiated with 50KR sensitisation not stated) ( 1977) 
(Cow) 

3 mths or 1 0  2X20,000 U - 14  days apart no 21 days 4XlO,OOO/Week 38% and 92% protection M Gregg et al. 
mths - v-irradiated with SOKR (WC) ( 53% and 9 1 %  ( 1 978) 

(Co� reduction i n  total egg 
output) from challenge 
for "3 II1lh" and "to mlh" 
groups 

9- 10  mths 3X20,000 U - \ 4  days apart half treated with TBZ - 28 days - Day 56 one-half 40,000; second- protection (WC» 98% M Gregg and 
- V-irradiated with 50KR Day 49 half 4X IO,O(X)/Week all vaccinated sheep Dineen ( 1978) 

(Co� 
1 2 - 1 4  weeks 2X30,000 - 1 4  days apart - no 3 weeks ( 1 7  weeks Old) 4X I O,000/Week 10/16 " 17  week-olds" were M Dineen el al. , 

v-irradiated with 50KR or 23 weeks (37 weeks responders; 1 2/14 "37 ( 1978) 
(Cow) old) week-olds' were 

responders ( responder = 

lower than 99% 
confidence interval of 
control WC): these ratios 
were not significantly 
different 

1 -4.5 mtlls 30,000 U (otal . v- LEV at 4.5 mths - Day 52 days ( 25 .5  weeks old) - 10,000 no difference hetween M Windon et al. ,  
irradiated with 50KR (Co"'); 98 Day I SO vaccination regimes or ( 1 9&1) 
divided al  I ,  2 &/or 3 sequential infection 
months: all combined wilh a alone: ewe FEC < ram 
sequential infection as for FEC (p<O.05): % 
Chiejina and Sewell 1 974a responders greater for 
till 4 .5 mths including those vaccinated earlier 
control ( responder '" FEC < 

lower 95% confidence 
interval of control) 



Age when Primary/sensitising 
sensitised' infection scbedule' 

8- 1 2  weeks 2X20,000 1.3 - 1 4days apart 
- v- irradiated with 50KR (0)60) 

. . 

1 8-27 weeks 300, 950, 30:lO, 9500 or 
at start 30,000 1.3/week X24 

1 7-21  wks 2X80,OOO 1.3 - 4 weeks apart 
- v-irradiated with 50KR 
(Co°o) ; sheep fed either a 
high or low plane diet 

1 2- 1 6  weeks 2X(5000 or 20,000 or 
80,000) 1.3 - 28 days apart -
v-irradiated witb 50KR 
(Co� 

8 - 12  weeks 2X( 1O,000 or 40,000 or 
80,000 or 1 60,(00) - 28 days 
apart - v-irradiated with 
SOKR (Co� 

-------- ���---- -

Anthelmintic given Time 10 challenge after 
following primary primary infection 
infection' 

LEV - 4 weeks after 2nd 5 weeks ( 17 weeks old) 
sensitising dose 

" " 

no no 

LEV (25 weeks of  age) 35 days 

LEV (20 weeks of age) 35 days 

LEV ( 1 6  weeks of age) 35 days 

Cballenge Protection from Breed' Referenc(! 

(1.3) challenge" 

20,000 56% decrease in wether M Dineen and 
we (p<O.OOI ): wether Windon , ( 1 980) 
responder we < non-
responder we 
(p=0.063): ewe 
responder FEe < non-
responder FEe (p<0.05) 

. eggs in utero, . Dineen and 
male/female ratio and Windon , ( 1980) 
worm length were less in 
res ponders (p  < 0.(5) 

no FEe proportional to M ,  Steel el al. 
infection for 8- \0 weeks MXBL ( 1980) 
then declined abrupt Iy , 

between 1 6-20 weeks with MXS, 
300 1.3 group being 
slower to fall; worm 
burdens decreased afler 
egg counts 

30,000 78% (WC) high plane M Wagland el aI. , 
(pns) ;  53% (WC) low ( 1984) 
plane (pns); difference 
between the two groups 
(p<O.03) 

5000 or 80,000 ram lambs less responsive M Windon el al. 
to vaccination than ewe ( 1984) 
lambs; threshold vaccine 
dose is about 2X4400; 
protection generally 

20,000 improved with increasing M . 

size of vaccine dose 



Age when Primary/sensilisiog Anthelmintic given Time to challenge after Challenge Protection from Breed' Reference 
sensitised' infection schedule1 following primary primary infection (L3) challenge' 

infection) 

1 5  mths 2X20,OOO - 14 days apart - no o days natural infection on vaccinated < M . 

v -irradiated with 50KR pasture for 9 - 10  weeks unvaceinated (p<0.05 at 
(Cow) 9 weeks; p=O. 1  at 1 0  

weeks) 

from 4 natural infection on pasture each month 4 lambs were lambs continously natural infection on OXF + LEV group we < M Barge r ( 1 988) 
months given OXF+ LEV 2 infected on pasture. pasture tracer we (p<O.05) at 8 
(pasture weeks before slaughter months but no difference 
reared) when 4 worm-free tracers at 7 months 

were put on pasture for 2 
weeks 

8- 10, 1 2- 1 4  2X2000 U/Kg for the 3 age TBZ 1 2  days after each 1 4  days same as sen sit ising sensitised FEe < control R Douch ( 1988) 
and 1 6- 1 8  groups . 1 6  days apart sensitising infection FEe (p<O.O I )  all three 
weeks groups; sensitised we < 

control we (p<O.OI  )for 
1 2- 14  and 1 6- 1 8  week 
groups only; proportion 
of responders was similar 
in each group (about 0.5) 

5 mths at 34X2S00 U - 1 week apart no 24 weeks I OX2500 U - 1 week FEe peaked at week of SXF Kim3mbo el at. 
start apart sensitising infection and ( 1 988a, 1 988b) 

reduced to 0 at week 1 4; 
no eggs detected after 
challenge 

5-6 mths 2X200,OOO U - 15 days 113Z 1 2  days after each o days natural infection on 87% (p<O.OOI )  R Douch ( 1989) 
apart + a further 20,000 sensitising infection pasture for 4 weeks 

21 weeks at 1000, 3 1 60 or 10,000 no no no establishment felf to M Dobson el Ill. 
start LJ/Week < 5% in 7, 1 0  and 1 4  ( 1990a) 

weeks respectively 

birth to 19  natural infection on  pasture LEV + 1l3Z when housed 7 days lO,ooo/Week for up to 5 nil M Dobson el Ill. 
weeks on at 19 weeks of age weeks ( I 990b) 
pasture 



Ale when Primary/sensitising Anthelmintic given Time to challenge alter Challenge Protection from Breed' Reference 
sensitised' infection schedule' fol lowing primary primary infection (1..3) challenge' 

infection' 

birlh 10 35 . LEV + TBZ when housed . " 100% M Dobson el a/. 
weeks on at 35 weeks of age ( 1990b) 
pasture 

1 2, 20 or 36 10,000 1...3/Week not relevant not relevant not relevant decline in establishme nt M Dobson el at. 
weeks at start rate to negligible levels ( 1990b) 

was in proportion to age 
at start. I n  " 1 2  week-old" 
took 9 weeks: in "36 
week-old" took 5 weeks 

25 weeks at 1000, 3 160, 5620 or 10,000 . . " loss of adults occurred at M Dobson el al. 
start 1...3/Week approx. the same time (7- ( 199Oc) 

9 weeks) for the 3 highest 
dose rates whereas I lx)() 
1...3/Week was delayed 5 
weeks. Rejection period 
was the same for all 
( approx. 9 weeks) 

6 mths at 30,000 1...3 in Weeks 1 , 1 4, LEV at Weeks 1 3  and 42 28 days (Week 43) 5000 or 8500 adults 89% or 72% protection M Emery el a/. , 
start 19 , 26 and 39 from adult challenge ( 1992a) 

(pns) 

8 mths at 4Xl00,OOO 1...3 @ 10 or 1 4  LEV given either 4 ,  7 or 3-7 days after final LEV 30,000 1...3 0% (4X4 days ) ;  70% M " 

start day intervals 10 days after each (4X7 days; P<O.Ol ) ;  9 1 %  
primary infection (4X IO days; p < O.OOI )  

8 mths at 5Xloo,OOO 1...3 �i) 10 day LEV 7 days after each 8-9 days after final LEV 30,000 1...3 or 8000 >90% to 1...3 challenge; M " 
start intervals primary infection adults into the 55% to adult challenge 

duodenum (pns) 

8 mths 20,000 1...3 or 2X20,000 y- LEV - Week 8 7 days after LEV 20,000 1...3 84%, 85% or 64% M Emery el al., 
irradiated with 50KR (Co") respectively ( pns); all but ( 1992b) 
28 days apart or 9000 adult one sheep in adult 
surgically transferred transfer group considered 

immune « 95% 
confidence interval) 



Age when Primary/sensitising Anthelmintic given Time to challenge after Challenge Protection from Breed' Rererence 
sensitised' infection schedule' rollowing primary primary infection (1.3) challenge' 

inrection' 

1 2  mlhs 9000 adults s urgically no 1 4  weeks 30,000 L3 into sensitised sheep had M . 

transferred duodenum significantly fewer worms 
after 10 days but not 
significantly different at 
2,3 or 6 days 

12 mths 9000 adults surgically LEV at 14 weeks 1 0  days after LEV 30,000 L3 into sensitised sheep had M . 

transferred duodenum significantly fewer worms 
after 7 and \0 days but 
not after 3 or 5 days 

KEY 
1 .  I ncludes the period during which sensitisation occurred plus the age variation of experimental animals. All animals were raised under worm-free conditions unless stated otherwise 
2. This describes the method used to al lempt to st imulate an immune response 
3. TBZ = thiabendazole; PIT = phenothiazine; LEV = levamisole 
4. This is generally expressed as a percentage reduction of a control group's worm count (WC) or faecal egg count ( FEC) unless stated otherwise: ns = not significant; pns = probability not stated 
in the reference 
5. BL = Border Leicester; Oil = Dorset Horn; F = Finn; M = Merino; R = Romney; S = Suffolk 



This ration comprises: 

APPENDIX 2a 

Formulation of pel leted ration 

60% l ucerne meal 

20% barley m eal 

20% bran 

1 72 

As lucerne meal has 8.9 ppm Cu and barley meal has 6 .2 ppm Cu it is desirable 

to have 2 ppm Mo and about 0.35% S04 to avoid copper toxicity. This can be achieved 

by adding sodium molybdate and sodium sulphate to the diet. 

To achieve this the fol lowing can be added: 

or 

or  

or  

sodium molybdate anhydrous 

sodium molybdate (2HzO) 

sodium sulphate anhydrous 

sodium sulphate (7HzO) 

glaubers sal t (NaS04.10HzO) 

3 .98 g/tonne 

4.80 g/tonne 

4.4 kg/tonne 

8 .5 kg/tonne 

10 .1  kg/tonne 
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APPENDIX 2b 

Modified McMaster technique for counting strongylate eggs 

2 g of faeces are mixed manually with 28 ml of saturated NaCI (specific gravity 1 .2)  in a 

bowl and then sieved through a coarse mesh (aperture about 0 .85 mm).  Eggs are counted 

in two 0 . 15  ml aliquots using a McMaster counting slide (Paracount-EPG, Olympic Equine 

Products, Issaquah, U.S.A.) with the result that each egg counted represents 50 eggs/g. 

For a more sensitive test where the count was 0 a simple faecal floatation was used. To 

achieve this the remainder of the fi ltrate is placed in  a universal bottle, topped up to form 

a m eniscus, a coverslip placed on top and left for 1 5  minutes. This  is then removed in  a 

positive upward motion, placed on a microscope s l ide and examined at l OOX for the 

presence of eggs 



APPENDIX 2c 

Pepsin  digest technique ( pepsin/HCI) 

Sections of small intestine or the abomasum were added to the fol lowing: 

pepsin ( 1200 units/g, Riedel-de Haen, Germany) 20 g 

water 600 ml 

concentrated HCl 10 m l  
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Tissue to be digested was incubated with the pepsin/HCl for 2 hours at 37°C. 1 50 

m l  was allowed per 1 metre length of small intestine .  
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APPENDIX 2d 

Pepsinogen assay 

This is a m odification of the method described by Uete et al. ( 1969). 

Principle 

Serum pepsinogen is  converted by dilute HCI to pepsin, which then splits the serum 

proteins to give peptides possessing tyrosine end groups which are soluble in trichloracetic 

acid (TCA). Folin-ciocalteau reagent gives a colour reaction with the tyrosine end groups, 

which, under the given condi tions, is proportional to the concentration of pepsinogen i n  

serum. 

Method 

1 .  Into each of two centrifuge tubes labelled "test" and "control" pipette: 

0.5 ml serum 

1 .5 ml 0.1 N HCl 

1 .0 ml water 

2. To the control tube immediately add 2.0 ml 10% TCA to deproteinise. 

3 .  Incubate test tube for 3 hours in  a 37°C waterbath, then add 2.0 m l  1 0 %  TCA. 

4. Let tubes stand 10  minutes then centrifuge. 

5 .  Pipette 2 m l  supernatant i nto clean tubes for Test samples, 

pipette 2 ml water into a tube for the Blank, 

pipette 1 .0 m! working standard, 0.2 ml distil led water and 0.8 ml 10% TCA into 

tube for Standard. 

6 .  Add 4 ml  0 .5  N NaOH to  a l l  tubes, then 1 .0 m!  dilute Fol in-Ciocalteau reagent and 

miX. 

7. Read absorbance within 3-20 minutes at 700 nm.  

Calculation 

Test - Control 

Standard - Blank 

x x 1000 

= T - C x 

S - B 

5 .5 IU/li tre at 37°C 

a = Moles tyrosine i n  standard 

b = volume of serum coloured up 

c = incubation time in minutes 

x 



Reagents 

Stock Tyrosine Standard 

Stable for at least 4 weeks 

Working Standard 

Folin-Ciocalteu Reagent 

1 76 

- dissolve 1 81 mg tyrosine i n  0.1  N HCl and m ake to 500 ml .  

- d i lute stock solution 1 : 10 before use 

- dilute commercia l  stock reagent (Folin-Ciocalteu phenol 

reagent, BDH, U.K.) with 2 volumes of  dist i l led water 

before use. 



177 

Appendix 2e 

Faecal egg counts of Experiment 2.1 

Group 1.1 Group 1.2 Monitor Goats 

Goat 1 4 6 9 12 3 5 7 8 1 0  A B C 

No. 

Day 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 

22 50 0 0 100 300 0 0 0 0 0 450 1 00  50 

24 1 50 0 0 200 950 0 0 0 0 0 600 200 0 

26 100 300 100 0 650 0 0 0 0 0 750 550 100 

29 1 50 300 300 150 350 0 0 0 0 0 950 0 250 

3 1  1 00  250 350 50 100 0 0 0 0 0 350 50 100 

33 1 50 150 500 0 150 0 0 0 0 0 400 350 100 

36 250 50 600 0 650 0 0 0 0 0 1400 400 1 50 

38 1 50 50 700 50 450 0 0 0 0 0 900 600 50 

40 1 50 50 1450 50 450 0 0 0 0 0 950 400 150 

43 250 150 650 300 850 0 0 0 0 0 1 400 450 100 

45 450 400 650 200 900 0 0 0 0 0 1 450 400 350 

(200)2 ( 150) (50) 

47 800 350 1 850 0 800 0 0 0 0 0 2500 600 300 

(50) ( 100) 

50 500 200 1000 0 600 0 0 0 0 0 1 100 650 400 

(50) 

52 nfl 300 1 750 50 1 250 0 0 0 0 0 1000 600 300 

54 450 400 1 350 0 1 400 0 0 0 0 0 700 400 1 50 

57 nf 350 1400 50 1 450 0 0 0 0 0 300 150 400 

(50) 

59 300 400 1 300 0 1 900 0 0 0 0 0 750 50 300 

(200) 

6 1  500 700 2050 100 800 0 0 0 0 0 300 1 50 300 

( 50) ( 150) 
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Group 1 . 1  Group 1.2 Monilor Goals 

Goal 1 4 6 9 12 3 5 7 8 1 0  A B C 

No. 

Day 

65 300 450 1300 100 250 0 0 0 0 0 700 600 250 

(50) ( 150) (50) 

67 1000 400 1950 150 300 0 0 0 0 0 1 950 1 100 1200 

(50) (50) (50) (200) (50) ( 100) 

68 450 550 750 50 650 0 0 0 0 0 1 700 550 450 

(50) 

71 200 1200 1 800 50 800 0 0 0 0 0 1 100 400 1000 

73 450 900 2100 0 1 350 0 0 0 0 0 1000 850 850 

(50) ( 100) ( 150) (50) 

75 250 400 2000 50 1 100 0 0 0 0 0 1 750 300 550 

(50) 

78 1 50 100 1500 0 600 0 0 0 0 0 900 50 400 

80 250 50 2650 0 1600 0 0 0 0 0 1 100 1 50 1 50 

(50) 

82 400 100 1800 50 1650 0 0 0 0 0 350 100 300 

85 350 300 2100 100 1350 0 0 0 0 0 550 

(50) (50) 

92' 0 0 0 0 0 0 0 0 0 0 - -

96' 0 0 0 0 0 0 0 0 0 0 - -

1 13' 0 0 0 0 0 0 0 0 0 0 - - -

1 15' 0 0 0 0 0 0 0 0 0 0 -

120' 0 0 0 0 39 0 0 20 6 0 - -

122 50 0' 0' 0' 750 I '  I '  400 50 7' -

124 50 1 1 ' 2' 0' 950 0' 0' 1 300 350 150 -

126 250 250 50 0' 3450 0' 50 1 400 350 800 

128 350 200 0' 0' 4350 0' 50 3 100 1 100 1 400 -

1 .  faecal float at this time 

2 .  Nematodirus spp. eggs shown in brackets 

3. nf = no faeces 
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Appendix 2f 

Faecal egg counts of Experi ment 2.2, Chapter 2 

Group 2.1 Group 2.2 

Goat 1 9  20 22 23 24 26 27 29 1 5  1 6  21  25 28 32 33 

No. 

Day 

0' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

( 1  )2 (2) ( 1 )  

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 1 '  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

28 1 0 0' 100 0 0 0 0' 0 0 0 0 0 0 0 

( I ) ' ( 1 ) ' ( 1  ) ' ( 1 )' ( 1  )' 

35 0 0 0 200 0 0 0 0 0 0 0 0 0 0 0 

42 0 0 50 300 0 0 50 0 0 0 0 0 0 0 0 

49 0 0 0 650 200 0 250 1 00  0 0 0 0 0 0 0 

56 250 0 400 1 450 0 0 750 300 0 0 0 0 0 0 0 

63 250 0 350 1 650 0 200 1000 300 0 0 0 0 0 0 0 

(50) 

70 700 50 1500 4500 0 850 3000 1 200 0 0 0 0 0 0 0 

(50) 

77 50 250 1250 2 1 50 350 700 4650' 250 0 0 0 0 0 0 0 

(50) (50) 

84 700 200 650 2950 1 00  750 0 1 550 0 0 0 0 0 0 0 

( 100) 

91 1 250 400 1450 3900 600 600 0 700 0 0 0 0 0 0 0 

(50) 

98 1 150 450 1750 3000 600 800 0 700 0 0 0 0 0 0 0 

137' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

140' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

147' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

154' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

154' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Group 2.1 Group 2.2 

Goat 1 9  20 22 23 24 26 27 29 1 5  1 6  21  25  28 32 33 
No. 

Day 

161' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

168' 0 0 0 2 0 0 0 0 1 0 0 1 0 1 0 

1 .  faecal float at this time 

2. Nematodirus spp. egg count shown in brackets 

3. this goat was treated at this time 



Appendix 2g 

Graphs and Statistical Analyses for B lood Parameters in  Experiment 2.1 

Keys for the fol lowing graphs: 

LL = last larvae of the trickle infection given here 

LEV = levamisole given here 

CH == challenge given here 

Group 1 . 1 = trickle infected 

Group 1 .2 = control 
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Experiment 2.1 - Statistical analyses 

White b lood cel ls 

Analysis of variance of  white blood cells during the trickJe infection using SAS version 

6.04. 

( week = t i me; t rt = g roup; goat ( t r t )  = goat nest ed w i t h i n  group) 

ANAL Y S I S  O F  T OTAL W H I T E  BLOOD C E L L S  DUR I NG THE T R I C K L E  I N FECT I ON 

G eneral l i near Mode l s  P rocedure 

D e pendent Var i ab l e :  WBC 

S um  of Mean 

Source OF Squares Squar e  F Va l ue P r  > F 

Mode l 33 1 045 . 694 1 54 3 1 . 687702 25 . 07 0 . 0 0 0 1  

E r ro r  96 1 2 1 . 34 1 538 1 . 263974 

C o rrected T o t a l  1 29 1 1 67 . 035692 

R - Square C . V .  Root MSE WBC Mean 

0 . 896026 8 . 4796 1 2  1 . 1 24266 1 3 . 258461 5  

Source O F  Type I I I  SS  Mean Square Va l ue Pr > F 

T R T  68. 2 587692 68 . 2587692 54 . 00 0 . 00 0 1  

GOA H TR T )  8 870 . 698461 5  1 08 . 8373077 86 . 1 1  0 . 0 0 0 1  

WEE K  1 2  87. 0896923 7 . 25 74744 5 . 74 0 . 00 0 1  

TRT*WEEK 1 2  1 9 . 6472308 1 . 6372692 1 .3 0  0 . 23 3 9  

Tests of Hypo t h es e s  us i ng the Type I I I  MS for GOAT ( TR T )  as an error t erm 

Source O F  Type I I I  S S  Mean Square F Va l ue P r  > F 

TRT 68 . 2 5 876923 68 . 25876923 0 . 63 0 . 4 5 1 2  

ANALYS I S  O F  TOTAL NEUTROP H I LS DUR I NG T H E  T R I CKLE I N FECT I ON 

Genera l L i near Mode l s  P rocedure 

Dependent V a r i ab l e :  NEUTROP H I L S  

S um  o f  Mean 

Source O F  Squares Squa r e  F Va l ue P r  > F 

Mode l 33 5 5 . 88604876 1 . 693 5 1 663 3 . 74 0 . 0 0 0 1  

E rr o r  9 3  4 2 . 1 1 24 1 207 0 . 45 282 1 64 

Corrected T o t a l 1 26 9 7 .99846083 
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R - Square C . V .  R oot MSE NEUT Mean 

0 . 5 70275 29 . 6725 7 0 . 672920 2 . 26781 89 0  

S ou r c e  O F  Type I I I  S 5  Mean Square F Va l ue P r  > F 

T R T  1 . 32272 7 1 6  1 . 3227271 6  2 . 92 0 . 0908 

GOAT ( TR T }  8 30 . 03891 048 3 . 7548638 1 8 . 29 0 . 00 0 1  

IJEE K  12  1 8 . 62770500 1 . 5 5 230875 3 . 43 0 . 00 0 3  

T RT*IJEE K  1 2  5 . 79 5 0 1 673 0 . 48291 806 1 . 07 0 . 3972 

T e s t s  of  Hypo t h eses us i ng the T ype I I I  MS for GOAT ( T R T ) as a n  error t e rm 

Source DF  Type I I I  S5 Mean Squa re Va l ue P r  :. F 

T R T  1 . 3227271 6 1 . 32272 7 1 6  0 . 35 0 . 5692 

ANAL Y S I S  O F  TOTAL EOS I NOPH I l5 DUR I NG T H E  TR I C K L E  I N F E C T I ON 

Genera l L i near Mode l s  P rocedure 

D ependent V a r i ab l e :  EOS I NOPH I LS 

Sum of Mean 

Source O F  Squares Square Va l ue Pr > F 

Mode l 33 4 . 76026465 0 . 1 4425044 2 . 32 0 . 0 0 08 

E rr o r  93 5 . 77459706 0 . 06209244 

C o rrected T o t a l  126 1 0 . 534861 72 

R - Square C . V .  Root M5E EOS Mean 

0 . 45 1 858 1 4 7 . 4871 0 . 2491 84 0 . 1 6895 276 

Source O F  Type I I I  5 5  Mean Square Va l ue Pr > F 

T R T  0 . 0897021 6  0 . 08970 2 1 6  1 . 44 0 . 2324 

GOA T ( TR T )  8 2 . 1 9443449 0 . 2743043 1 4 . 42 0 . 0 0 0 1  

IJEEK 1 2  0 . 99706 0 1 6  0 . 08308835 1 . 34 0 . 2 1 08 

TRT*IJEE K  1 2  1 . 46983494 0 . 1 2248625 1 . 97 0 . 0355 

T e s t s  o f  Hypo th es e s  us i ng the Type I I I  M S  f o r  GOA T ( T R T )  a s  an error t e rm 

Source O F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  0 . 08970 2 1 6  0 . 08970 2 1 6  0 . 33 0 . 583 1 

ANAL YS I S  OF TOTAL BA50PH l l5 DUR I NG T H E  TR I CK L E  I N F E C T I ON 

G ene r a l  L i near Mode l s  P rocedure 

Dependent V a r i ab l e :  BASOPH I LS 

Sum o f  Mean 

Source O F  Squa res Square F Va l ue P r  > F 
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Mode l 33 2 . 1 2008343 0 . 06424495 2 . 1 1  0 . 0028 

E r ror 93 2 . 83659992 0 . 030 50 1 07 

C o rrected T o t a l 1 26 4 . 95 668335 

R - Square C . V .  R o o t  MSE BAS Mean 

0 . 427722 74 . 86663 0 . 1 74646 0 . 2332755 9  

Source O F  Type I I I  SS Mean Square F Va l ue Pr > F 

T R T  1 0 . 01 071 293 0 . 0 1 07 1 293 0 . 35 0 . 5 549 

GOAT ( TRT ) 8 0 . 90063058 0 . 1 1 2 57882 3 . 69 0 . 0 009 

WEEK 1 2  0 . 83730364 0 . 06977530 2 . 29 0 . 0 1 34 

TRT*WEEK 1 2  0 . 36023629 0 . 030 0 1 969 0 . 98 0 . 4698 

T e s t s  of Hypot heses us i ng the Type I I I  loiS for GOA T ( T R T )  as an error t e rm 

Source O F  Type I I  r SS Mean Square F V a l ue P r  > F 

T R T  0 . 01 071 293 0 . 0 1 071 293 0 . 1 0  0 . 7656 

ANALY S I S  OF  TOTAL N E UTROP H I LS DUR I NG T H E  T R I CKLE I N F E CT I ON 

Genera l l i near Mode l s  Procedure 

D e pendent Var i ab l e :  L YMPHOCYTES 

Sum o f  Mean 

Source D F  Squares Square F Va l ue P r  > F 

Mode l 33 693 . 1 2882 1 3  2 1 . 0039037 1 5 . 97 0 . 00 0 1  

E rror 93 1 22 . 3298657 1 . 3 1 53749 

C o r rected T o t a l  1 26 8 1 5 . 4586869 

R - Square C . V .  Root MSE LYMPH Mean 

0 . 849986 1 1 . 03 5 2 7  1 . 1 46898 1 0 .3930236 

Tests of Hypo t h eses us i ng the Type I I J loiS for GOAT ( TRT ) as an error t erm 

Source D F  Type I I I  S S  Mean Square F Va l ue P r  > F 

T R T  92 . 8 1 884 1 76 92 . 81 884 1 76 1 . 4 0  0 . 2699 

ANALYS I S  OF TOTAL MONOCYTES D UR I N G  THE T R I CK L E  I NF E C T I ON 

Genera l l i near Mode l s  P r ocedure 

D ependent Var i ab l e :  MONOCYTE S  

S um  of Mean 

Source O F  Squares Square F Va l ue P r  > F 



Mode l 33 1 . 66384527 0 . 0504 1 95 5  2 . 04 0 . 00 4 1  

E rr o r  9 4  2 . 32601 829 0 . 02474488 

C o rrected T o t a l 1 27 3 . 9898635 5  

R - S quare C . V .  R oo t  MSE MONO Mean 

0 . 4 1 70 1 8  94 . 6685 1 0 . 1 5 73 0 5  0 . 1 66 1 6406 

Source O F  Type I I I  SS  Mean Square Va l ue P r  > F 

T R T  1 0 . 0081 9827 0 . 0 0 8 1 9827 0 . 33 0 . 5663 

GOAT ( T R T )  8 1 . 02457286 0 . 1 2807 1 6 1  5 . 18 0 . 00 0 1  

W E E K  1 2  0 .34957881 0 . 0 29 1 3 1 57 1 . 18 0 . 3 1 07 

T RT*WE E K  1 2  0 . 2 7 1 4 73 1 1  0 . 02262276 0 . 9 1  0 . 53 6 1  

Tests o f  Hypo t h eses us i ng the Type I I I  MS for GOAT ( TR T )  as an e r ro r  t erm 

S ource O F  Type I I I  S S  M e an Square F Va l ue P r  > F 

T R T  0 . 0081 9827 0 . 0081 9827 0 . 06 0 . 8066 

Analysis of  variance of white blood cell s  fol lowing the challenge infection u si ng SAS 

version 6.04 

( week t i me ;  t rt = g roup; goat ( t r t )  goat nested w i t h i n  group) 

ANALY S I S  O F  TOTAL WH I TE BLOOD CELLS FOLLOW I NG T H E  CHALLENGE 

Gene r a l  L i ne a r  Mode l s  P rocedure 

Dependent V a r i ab l e :  WBC 

Sum o f  Mean 

Source O F  Squares Square F Va l ue P r  > F 

Model 1 7  3 1 2 . 075 2 0 0 0  1 8 . 35 73647 1 8 . 63 0 . 00 0 1  

E rror 32 3 1 . 5248000 0 . 985 1 50 0  

Correct ed T o t a l  49 343 . 6000000 

R - Square C . V .  Root MSE \.IBC Mean 

0 . 90825 1 8 . 645882 0 . 992547 1 1 . 4800000 

Source O F  T ype I I I  5 S  M e a n  Square F Va l ue Pr > F 

TRT 1 1 . 5488000 1 . 5488000 1 . 5 7  0 . 2 1 90 

GOAT ( TR T ) 8 3 03 . 49 1 20 0 0  3 7 . 9364000 38 . 5 1  0 . 0 0 0 1  

\.lEEK 4 1 . 0880000 0 . 2720000 0 . 28 0 . 89 1 2  

T RT*WEEK 4 5 . 947200 0  1 . 4868000 1 . 5 1  0 . 2 2 29 

T e s t s  o f  Hypotheses us i ng t h e  Type I I I  M 5  f o r  GOAT ( TR T )  as a n  e r ro r  t e rm 
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1 90 

Source D F  Type ! I I  SS  Mean Squar e  F Va l ue Pr > F 

T R T  1 . 54880000 1 . 54880000 0 . 04 0 . 8449 

ANAL YS I S  O f  TOTAL N EUTROP H l lS FOLLOW I N G  T H E  CHAL L EN G E  

Gene r a l  L i near Mode l s  P ro c edur e  

D ependent Var i ab l e :  N EU T R OP H I L  

S um  of Mean 

Source D F  Squares Squar e  V a l ue P r  > F 

Mode l 1 7  1 4 . 88329 1 1 2  0 . 87548771 2 . 22 0 . 0 2 5 5  

E r r o r  3 2  1 2 . 64057720 0 . 39 5 0 1 804 

C o r r e c t ed T o t a l  49 27 . 5 2386832 

R - Square C . V .  Root MSE NEUT Mean 

0 . 5 40741 3 5 . 00560 0 . 628505 1 . 79544000 

Source DF Type l !  I SS  Mean Square Va l ue P r  > F 

T R T  1 0 . 38473992 0 . 38473992 0 . 97 0 . 33 1 1 

GOAT ( TR T ) 8 1 2 . 38935720 1 . 54866965 3 . 92 0 . 00 2 5  

W E E K  4 1 . 14991 372 0 . 28747843 0 . 73 0 . 5 796 

TRT*WE E K  4 0 . 95928028 0 . 23982007 0 . 61 0 . 66 0 4  

T es t s  of Hypotheses us i ng the T ype I I I  M S  f o r  GOAT ( T R T )  a s  an e r r o r  t e r m  

S ource D F  Type I I I  SS Mean Square Va l ue P r  > F 

TRT 0 . 38473992 0 . 38473992 0 . 25 0 . 63 1 6  

ANAL YS I S  O F  TOTAL E OS I NOP H I LS FOLLOW I NG THE C HALL EN GE 

Genera l  L i near Mode l s  P rocedure 

D ependent V a r i ab l e :  EOS I NOPH I L  

Sum of Mean 

Source D F  Squares Squar e  F Va l ue P r  > F 

M od e l  1 7  4 . 2 1 9756 0 2  0 . 24822094 2 . 1 5  0 . 03 04 

E rror 32 3 . 69950848 0 . 1 1 560964 

Correcte d  T o t a l 49 7 .9 1 92645 0  

R - Square C . V .  Root MSE EOS Mean 

0 . 532847 1 0 7 . 6335 0 . 3400 1 4  0 . 3 1 590000 

Source O F  T ype I I I  SS  Mean Square F Va l ue P r  > f 
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T R T  0 . 01 5 03378 0 . 01 5 03378 0 . 1 3 0 . 7208 

GOAT ( T R T ) 8 3 . 29826752 0 . 4 1 228344 3 . 57 0 . 0046 

WEEK 4 0 . 67986460 0 . 1 699661 5  1 . 47 0 . 2343 

T RT*WEE K  4 0 . 22659 01 2  0 . 0 5 664753 0 . 49 0 . 7430 

T e s t s  of  Hypotheses us i ng t h e  T ype I I I  M S  f o r  GOAT ( T R T ) a s  a n  e r r o r  term 

Source O F  Type I I I  5 5  Mean Squar e  F Va l ue P r  > F 

T R T  0 . 01 5 03378 0 . 0 1 5 03378 0 . 04 0 . 8533 

ANAL YS I S  O F  TOTAL BASOP H I LS FOLLOW I NG T HE CHALL EN G E  

Gener a l  L i near Model s  P r ocedure 

D ependent Var i ab l e :  BASOP H I LS 

Sum of Mean 

Source O F  Squa res Squar e  F V a l ue P r  > F 

Mode l 1 7  0 . 24406482 0 . 01 435675 1 . 28 0 . 2669 

E r ro r  32 0 . 35 943840 0 . 01 1 23245 

C o rrected T o t a l  49 0 . 60350322 

R - Square C . V .  Root MSE BAS Mean 

0 . 4044 1 3  1 0 0 . 6 1 06 0 . 1 0 5 983 0 . 1 0534000 

S ource D F  Type I I I  SS Mean Square F Va l ue P r  > F 

T R T  1 0 . 04860962 0 . 04860962 4 .33 0 . 04 5 6  

GOAT ( TRT ) 8 0 . 1 4 5 04 1 60 0 . 0 1 8 1 3020 1 . 6 1  0 . 1 598 

WEEK 4 0 . 03 1 0 08 1 2  0 . 0 0 775203 0 . 69 0 . 6042 

T RT*WEEK 4 0 . 0 1 940548 0 . 00485 1 37 0 . 43 0 . 7845 

Tests o f  Hypotheses us i ng t h e  Type I I I  MS f o r  GOA T ( T R T )  as an error t erm 

Source O F  T ype I I I  S S  Mean Square Va l ue P r  > F 

T R T  0 . 04860962 0 . 04860962 2 . 68 0 . 1 40 2  

ANALYS I S  O F  TOTAL LYMPHOCYTES FOLLOW I NG THE C H A L L E N G E  

Genera l L i near Model s  P r o c edure 

D ependent Var i ab l e :  LYMPHOCYTE S  

Sum o f  Mean 

Source O F  Squares Square Va l ue P r  > F 

Mode l 1 7  1 83 . 1897385 1 0 . 7758670 ' 1 . 57 0 . 0 0 0 1  

E rr o r  32 29 . 7960095 0 . 93 1 1 253 

Corrected T o t a l  49 2 1 2 .98 5 7480 



R - Squa r e  C . V . Root MSE L YMPH Mean 

0 . 86 0 1 03 1 0 . 80 2 0 6  0 . 964948 8 . 93300000 

Source O F  Type I I I  SS  Mean Square F Va l ue P r  > F 

T R T  0 . 7 1 1 863 1 0 . 71 1 863 1 0 . 76 0 . 3884 

GOAT ( T R T ) 8 1 74 . 6290929 2 1 . 8286366 23. 44 0 . 00 0 1  

WEEK 4 3 . 1 4 1 0938 0 . 785273 5  0 . 84 0 . 5 0 8 1  

TRT*WEE K  4 4 . 7076887 1 . 1 769222 1 . 26 0 . 3045 

T es t s  of  Hypo t h eses us i ng the Type I I I  loiS for GOAT ( T R T ) a s  an e r r o r  term 

Source O F  Type ! l  I 5 S  Mean Squar e  Va l ue P r  > F 

T R T  0 . 71 1 863 1 2  0 . 71 1 863 1 2  0 . 03 0 . 86 1 2  

ANAL YS I S  O F  T OTAL MONOCYT E S  F O L L OW I NG T H E  CHAL L E N G E  

Genera l L i ne a r  Mode l s  P rocedure 

D ependent Var i ab l e :  MONOCYTES 

Sum of Mean 

Source O F  Squares Squar e  F Va l ue Pr > F 

Mode l 1 7  1 . 44647482 0 . 08508675 1 . 77 0 . 08 0 2  

E r ro r  32 1 . 53956520 0 . 04 8 1 1 1 4 1  

Corrected T o t a l 49 2 . 98604002 

R - Square C . V .  Root MSE MONO Mean 

0 . 4844 1 2  67. 87867 0 . 21 9343 0 . 32 3 1 4 0 0 0  

Source O F  T ype l l !  S 5  Mean Squar e  F Va l ue Pr > F 

TRT 0 . 02971922 0 . 02971 922 0 . 62 0 . 4377 

GOAT ( TR T )  8 0 . 84400000 0 . 1 0 5 5 0000 2 . 1 9 0 . 05 5 0  

WEE K  4 0 . 24220932 0 . 06055233 1 . 26 0 . 3065 

TRT*WEEK 4 0 . 33054628 0 . 08263657 1 .  72 0 . 1 704 

Tests o f  H ypotheses us i ng t h e  Type I I I  M S  f o r  GOAT ( TRT ) as an error t erm 

Source O F  Type I I I  S S  Mean Square F Va l ue P r  > F 

T R T  0 . 02971 922 0 . 02971922 0 . 28 0 . 6 1 00 

Multiple regression of white blood cel l  cou nts fol lowing challenge i n  Experiment 2.1 

using Statistix version 4.0 

UNWE I GHTED L EAST SQUARES L I NEAR REGRESS I ON O F  TOTAL WH I TE BLOOD CELL  COUNTS 

PRED I CTOR 

1 92 



VAR I AB L E S  COE F F I C I EN T  S T D  E RROR STUDENT ' S  T P 

.... - . ... - - - - - - - - ... .. ... - - - - - ... ... - _  .. ... .. .. ..  - - _  ... _ .  _ _  .. _ .. 

CONSTANT 1 2 . 02 5 0  4 . 74 2 1 6  2 . 54 0 . 0 1 46 

GROUP - 0 . 35 2 0 0  0 . 76303 - 0 . 46 0 . 6467 

T I ME - 0 . 00 1 00 0 . 26977 - 0 . 00 0 . 9971 

R - SQUARED 0 . 0 0 4 5  R ES I D .  MEAN SQUARE ( MSE ) 7 . 27768 

ADJUSTED R - SQUARED - 0 . 0379 STANDARD D EV I AT I ON 2 . 69772 

SOURCE O F  S S  M S  F P 

- - - - - - .. - - .. - - - - - - - - - - - - - - - ... .. ..  _ -

R E G R E S S I ON 2 

R E S I DUAL 47 

TOTAL 49 

1 . 5 4890 

342 . 0 5 1  

343 . 600 

0 . 77445 

7 . 27768 

0 . 1 1  0 . 8993 

CASES I NCLUD E D  5 0  M I SS I N G  CASES 0 

UN�E ! GH T E D  L EAST SQUAR E S  L I NEAR REGRESS I ON OF NEUTROP H I L  COU N T S  

PRED I CTOR 

VAR I AB L E S  

- - - - - .. ... - -

CONSTANT 

GROUP 

T I ME 

R - SQUARED 

COE H I C I EiH 

- - - - - - _  .. _ - -

1 . 9 0 1 52 

- 0 . 1 7544 

0 . 00924 

0 . 0 143 

ADJUSTED R - SQUARED - 0 . 0277 

SOURCE 

R E GR E S S I ON 

R E S I DUAL 

TOTAL 

O F  

2 

4 7  

4 9  

SS 

0 . 39328 

27. 1 306 

27 . 5 239 

STD ERROR STUDENT ' S  T P 

- - - - - - - - ... - - .. _ - ... _ - - - -

1 . 33555 1 . 42 0 . 1 61 1  

0 . 21 489 - 0 . 82 0 . 4 1 84 

0 . 07598 0 . 1 2 0 . 9037 

R E S I D  . MEAN SQUARE ( MS E )  0 . 57725 

STANDARD D E V I AT I ON 

M S  

0 . 1 9664 

0 . 5 7725 

F P 

0 . 34 0 . 71 3 0  

0 . 75977 

CASES I NCLUDED 5 0  M I S S I NG CASE S  0 

UN�E I GH T E D  L EAST SQUARES L I NEAR REGRES S I ON OF EOS I NOPH I L  COUNTS 

PRED I C T OR 

VAR I AB L E S  COE F F I C I E N T  

- - - - - - - - - - _ .. _ - - - - - - -

CONSTANT - 0 . 94261 

GROUP - 0 . 03468 

T I ME 0 . 07709 

R - SQUARED 0 . 0769 

ADJUSTED R - SQUARE D  0 . 0377 

SOURCE 

REGRESS I ON 

R E S I DUAL 

O F  

2 

4 7  

SS 

0 . 60932 

7 . 30994 

STD ERROR STUDEN T ' S  T P 

- - - ... .. - .. ..  - - - - .. - - - - - - -

0 . 69325 - 1 . 36 0 . 1 804 

0 . 1 1 1 5 5  - 0 . 31 0 . 75 72 

0 . 03944 1 . 95 0 . 0566 

R E S l D  • MEAN SQUARE ( MS E ) 0 . 1 5 5 5 3  

STANDARD D EV I AT I ON 

M S  

0 . 30466 

0 . 1 55 5 3  

F p 

1 . 96 0 . 1 524 

0 . 39437 

193 

V l F  

1 . 0 

1 . 0 

V I F 

1 . 0 

1 . 0 

V I  F 

1 . 0 

1 . 0 



TOTAL 4 9  7 . 9 1 926 

CAS E S  I NC LUDED 5 0  M I SS I NG CAS E S  0 

UN�E I GH T E D  L EAST SQUARES L I NEAR REGRE S S I ON O F  BASOP H I L  COUNT S  

PRED I CTOR 

VAR I AB L E S  C OE F F I C I EN T  S T D  ERROR STUDENT ' S  T P V I F  

- - - .. _ - - - - ... _ - - - - ... - .. _ - - - - - - - - - - - - - - - - - - - - -

CONSTANT - 0 . 0 2 747 0 . 1 9091 - 0 . 1 4  0 . 8862 

GROUP 0 . 06236 0 . 03072 2 . 03 0 . 04 8 0  1 . 0 

T I M E  0 . 0 023 1 0 . 0 1 086 0 . 21 0 . 83 2 5  1 . 0  

R - SQUARED 

AD JUSTED R - SQUARED 

SOURCE D F  

0 . 08 1 4  

0 . 0423 

SS 

R E S I D .  MEAN SQUARE ( MSE ) 0 . 0 1 1 79 

STANDARD D E V I A T I ON 0 . 1 0860 

MS P 

- - .. - .. ... - - - - - - - - - - - - - -

REGRE S S I ON 2 

R E S I DUAL 47 

TOTAL 49 

0 . 0491 4  

0 . 55436 

0 . 60 3 5 0  

0 . 024 5 7  

0 . 0 1 1 79 

CASES I NC L UDED 5 0  M I SS I NG CASES 0 

2 . 08 0 . 1 35 9  

UN�E I GH T E D  L E A S T  SQUARE S  L I NEAR REGRE SS I ON O F  LYMPHOCYTE COUNTS 

PRED I CTOR 

VAR I AB L E S  

- - - - ... - ... _ -

CONSTANT 

GROUP 

T I ME 

R - SQUARED 

COE F F I C I ENT 

- - - - - - - - .. - -

1 0 . 4230 

- 0 . 23864 

- 0 . 06659 

0 . 00 5 4  

A D J U S T E D  R - SQUARED - 0 . 0369 

S OU R C E  O F  S S  

STD E RROR 

- _  .. - - - - - .. 

3 . 73 185 

0 . 60047 

0 . 2 1 23 0  

R E S l D  . 

STUDENT ' S  T 

- - - - - - - - - - -

2 . 79 

- 0 . 4 0  

- 0 . 31 

MEAN SQUARE ( MSE ) 

STANDARD D EV I AT I ON 

M S  F 

P 

0 . 0075 

0 . 6929 

0 . 75 5 2  

4 . 5 0703 

2 . 1 2298 

p 
- - ... - .. - - _  ... - - - - - - - - - - - - - - - - - - - - -

REGRESS I ON 2 

R E S I DUAL 47 

TOTAL 49 

CASES I NCLUDED 5 0  

1 . 1 5529 0 . 5 7764 

2 1 1 . 830 4 . 5 0703 

2 1 2 . 986 

M I SS I NG CAS E S  0 

0 . 1 3 0 . 8800 

UN�E I GH T E D  L EAST SQUARES L I NEAR REGRESS I ON O F  MONOCYTE C OU N T S  

PRED I CTOR 

VAR I AB L E S  C OE F F I C I EN T  s r D  E RROR S TUDEN T ' S T P 
... . .. .. .. ..  - .. ..  ... - ... - ... .. .. .. ..  _ - ... - - _ .. ..  - - .. .. _ - .. - - - - - - -

CONSTANT 0 . 66667 0 . 43636 1 . 53 0 . 1 333 

GROUP 0 . 04876 0 . 07021 0 . 69 0 . 4908 

VI F 

1 . 0 

1 . 0 

V I F 

1 . 0 

-�-" 

1 94 



T I ME - 0 . 0245 1  

R - SQUARED 0 . 03 0 1  

A D J U S T E D  R - SQUARED - 0 . 0 1 1 2  

SOURCE O F  SS  

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

R E GR E S S I ON 2 0 . 08979 

RES I DUAL 47 2 . 89625 

TOTAL 49 2 . 98604 

0 . 02482 - 0 . 99 

R E S I D .  MEAN SQUARE ( MSE ) 

STANDARD D E V I AT I ON 

M S  

- - - - - - - - - -

P 

0 . 3285 

0 . 06 1 62 

0 . 24824 

0 . 04490 0 . 73 0 . 4880 

0 . 06 1 62 

CASES I NCLUDED 5 0  M I SS I N G  CAS E S  0 

Total Protein and Albumin 

1 95 

1 . 0 

Analysis of variance of total protein and albumin during the trickle infection with SAS 

version 6.04 

( week : t i me ;  trt = g roup; goa t ( t r t )  = goat nes t ed w i th i n  g r oup ) 

ANAL Y S I S  OF TOTAL PROT E I N  DUR I NG T H E  T R I CKLE I N F E C T I ON 

Genera l L i near Mode l s  P rocedure 

Dependent Var i ab l e :  TOTAL PROT E I N  

S um  o f  

Source D F  Squa res 

Mode l 33 2 1 06 . 027385 

E r r o r  96 833 . 27 1 385 

C o r rected T o t a l 1 29 2939 . 298769 

Mean 

Square F Va l ue 

63 . 81 9 0 1 2  7 . 35 

8 . 67991 0  

P r  > F 

0 . 0 0 0 1  

R - Square C . V .  Root MSE PROT E I N  Mean 

0 . 71 6507 4 . 85 821 1 2 . 94 6 1 69 60 . 6430769 

Source D F  T ype I I I  S S  Mean Square F Va l ue Pr > F 

T R T  38 . 995692 38 . 995692 4 . 49 0 . 0366 

GOAT ( TR T )  8 1 345 . 3846 1 5  1 68 . 1 73 0 77 1 9 . 37 0 . 00 0 1  

\.lEEK 1 2  598 . 778769 4 9 . 89823 1 5 . 75 0 . 00 0 1  

TR T*\.IE E K  1 2  1 2 2 . 868308 1 0 . 239026 1 .  1 8  0 . 3 087 

Tests o f  Hypo t h es es us i ng the Type I I I  MS  for GOAT ( TR T )  a s  an e r r o r  t e rm 

Source OF T ype I I I  S S  M e a n  Squar e  F Va l ue Pr > F 

T R T  3 8 . 9956923 1 38 . 995692 3 1  0 . 23 0 . 64 3 0  



ANALY S I S  OF A LBUM I N  DUR I N G  THE TR I CKLE I N FECT I ON 

Genera l L i near Mode l s  P rocedure 

D e pendent Var i ab l e :  A L B UM I N  

S um  of Mean 

Source OF Squares Squar e  Va l ue P r  > F 

Mode l 33 71 7 . 6 1 23077 2 1 . 74 5 8275 6 . 40 0 . 00 0 1  

E r r o r  96 326 . 338461 5  3 . 3993590 

C o rrec ted T o t a l  1 29 1 043 . 95 0 7692 

R - Square C . V .  Root MSE ALBUM I N  Mean 

0 . 68740 1 5 . 4 1 0509 1 . 843735 34 . 076923 1 

Source OF Type I I I  SS  Mean Squa re Va l ue P r  > F 

T R T  1 1 9 . 8 5 1 0769 1 9 . 8 5 1 0769 5 . 84 0 . 0 1 76 

GOA T ( T R T ) 8 1 4 9 . 3 1 35385 1 8 . 664 1 923 5 . 49 0 . 0 0 0 1  

WEE K  1 2  5 0 7 . 3587692 4 2 . 2798974 1 2 . 44 0 . 0 0 0 1  

T R T *WEEK 12 4 1 . 0889231 3 . 4240769 1 . 0 1  0 . 4485 

T e s t s  of Hypo theses us i ng the Type I I I  MS for GOAT ( T R T )  as an error t e rm 

Source OF Type I I I  SS  Mean Squar e  Va l ue P r  > F 

T R T  1 9 . 85 1 07692 1 9 . 85 1 07692 1 . 06 0 . 3326 

Analysis of variance of total protein and albumin fol lowing challenge in Experiment 

2.1 using SAS version 6.04 

( week = t i me ;  t r t  = g r oup; g oa t ( t r t )  = goat nes t ed wi th i n  g r oup) 

ANAL YS I S  OF TOTAL PROT E I N  F OL L OW I N G  THE CHALLENGE 

Gene r a l  L i near M ode l s  P rocedure 

D ependent Va r i ab l e :  TOTAL PROT E I N  

Source OF 

Mode l 1 7  

E rr o r  32 

C o r r ec t ed T o ta l  49 

R - Square 

0 . 824257 

Sum of 

Squa res 

1 0 1 9 . 687200 

2 1 7 . 4 1 2000 

1 23 7 . 099200 

C . V .  

4 . 1 70754 

Mean 

Squa re 

5 9 . 98 1 600 

6 . 7941 25 

R oot MSE 

2 . 606554 

Va l ue P r  > F 

8 . 83 0 . 0 0 0 1  

PROTE I N  Mean 

62 . 4960000 

Source O F  Type J I I  S S  Mean Square F Va l ue P r  > F 

1 96 
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T R T  1 78 . 2272000 1 78 . 2272000 26 . 23 0 . 00 0 1  

GOAT ( TR T )  8 680 . 2800000 85 . 0350000 1 2 . 52 0 . 0 0 0 1  

\.lEEK 4 1 27 . 2592000 3 1 . 8 1 48000 4 . .  68 0 . 0 0 43 

T R T*\.IEEK 4 33 . 9208000 8 . 4802000 1 . 2 5  0 . 3 1 06 

T e s t s  of Hypo t h eses us i ng t h e  Type I I I  MS for GOAT ( T R T )  as a n  e r r o r  t e r m  

S o u r c e  DF  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  1 78 . 2272000 1 78 . 2272000 2 . 1 0  0 . 1 85 7  

ANAL Y S I S  O F  ALBUM I N  FOLLO\.l I N G  T H E  C HAL LENGE 

Genera l L i ne a r  Mode l s  P r ocedur e  

D ependent V a r i ab l e :  ALBUM I N  

S um  of Mean 

Source DF Squares Square Va l ue Pr > F 

Mode l 1 7  80 . 96320000 4 . 76254 1 1 8 2 . 46 0 . 0 1 37 

E rr o r  32 6 1 . 94400000 1 . 93 5 75 000 

C o rrected T ot a l  49 1 4 2 . 90720000 

R - Square C . V .  R oo t  MSE A L BUM I N  Mean 

0 . 566544 3 . 95 0796 1 . 3 91 3 1 2  35 . 2 1 60 0 0 0  

Source O F  Type I I I  S S  Mean Squa re F Va l ue Pr > F 

TRT 0 . 2 5920000 0 . 25920000 0 . 1 3  0 . 7 1 68 

GOAT ( TR T )  8 42 . 5 5200000 5 . 3 1 900000 2 . 75 0 . 0 1 98 

\.lEEK 4 34 . 38520000 8 . 59630000 4 . 44 0 . 00 5 7  

T R T*\.IEEK 4 3 . 76680000 0 . 941 70000 0 . 4 9  0 . 74 5 5  

T e s t s  of H ypo t h eses us i ng t h e  Type I I I  MS for GOAT ( TR T ) as an e r r o r  t e r m  

S o u r c e  O F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  0 . 25920000 0 . 2 5 920000 0 . 05 0 . 83 0 8  

Multiple regression of total protein a nd albumin fol lowing challenge in Experiment 2.1 
u si ng Statistix 4.0 

UN\.IE I GHTEO L EAST SQUARES L I NEAR R E GR E S S I ON OF TOTAL PROTE I N  

PRE D I CTOR 

VAR I AB L E S  COE F F I C I ENT STD E RROR STUDENT ' S  T P V I F 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ .. _ - -

CONS TANT 6 2 . 1 76 0  8 . 29461 7 . 5 0  0 . 0000 

GROUP - 3 . 77600 1 . 33463 - 2 . 83 0 . 0068 1 . 0 



T I ME 0 . 35 200 

R - SQUARED 0 . 1 54 1  

AD JUSTED R - SQUARED 0 . 1 1 81 

SOURCE D F  S5 

- - - .. _ - - - - - . - - - - - - - - -

0 . 47 1 86 0 . 75 

R E S I D .  MEAN SQUARE (M5E ) 

STANDARD D EV I AT I ON 

MS F P 

0 . 4594 

2 2 . 2656 

4 . 71 864 

REGRES S I ON 2 1 90 . 61 8  95 . 3088 

2 2 . 2656 

4 . 28 0 . 0 1 96 

R E S I DUAL 4 7  1 046 . 48 

TOTAL 4 9  1 237. 1 0  

CASES I NC LUDED 5 0  M I SS I NG CASES 0 

UNWE I GH T E D  LEAST SQUARES L I NEAR REGRES S I ON O F  A LBUM I N  

P R E D I C T OR 

VAR I AB L E S  COE F F I C I ENT 

- - - - - . - - - - - - - - - - - - - . 

CONSTANT 43 . 91 50 

GROUP - 0 . 1 4400 

T I ME - 0 . 49900 

R - SQUARED 0 . 1 761  

ADJUSTED R - SQUARED 0 . 1 4 1 0  

SOURCE D F  55  

- - - - - - - - - - - - ... - - - - -

STD E RROR STUDENT ' S  T 

- - - - - - - - - - - - - - - ... - - - -

2 . 78232 1 5 . 78 

0 . 44769 - 0 . 3 2  

0 . 1 5828 - 3 . 1 5  

R E S I D .  MEAN SQUARE ( MSE ) 

STANDARD D EV I AT I ON 

MS 

- - - .. - - - - -

P 

0 . 0000 

0 . 74 9 1  

0 . 0028 

2 . 50527 

1 . 58281 

P 

REGRES S I ON 2 25 . 1 593 1 2 . 5 797 5 . 02 0 . 01 06 

R E S I DUAL 47 1 1 7 . 748 2 . 50527 

TOTAL 4 9  1 42 . 907 

CAS E S  I NCLUDED 5 0  M I SS I NG CASES 0 

Packed cel l  volume 

1 . 0 

V I F  

1 . 0 

1 . 0 

Analysis o f  variance of PCV during the trickle infection using SAS versio n  6.04 

( rep = t i me ;  t r t  = g roup; goat ( t r t )  = goa t nested w i t h i n  g r oup) 

ANALY S I S  O F  PCV DUR I NG THE T R I CK L E  I N F E C T I ON 

Genera l L i ne a r  Mode l s  P rocedure 

D ependent V a r i ab l e :  PCV 

Source D F  

Mode l 57 

E rror 192 

C o r re c t ed T ot a l  249 

R - Square 

Sum o f  

Squares 

1 988 . 228000 

700 . 288000 

2688 . 5 1 60 0 0  

C . V .  

Mean 

Square 

34 . 88 1 1 93 

3 . 647333 

R oot MSE 

Va l ue P r  > F 

9 . 5 6  0 . 00 0 1  

PCV Mean 

1 98 



1 99 

0 . 739526 5 . 624335 1 . 909799 33 . 9560000 

Source O F  Type I I I  S S  Mean Square F V a l ue Pr > F 

T R T  1 492 . 804000 492 . 804000 1 35 . 1 1  0 . 00 0 1  

GOAT ( TR T ) 8 1 46 . 1 1 20 0 0  1 8 . 264000 5 . 01 0 . 00 0 1  

R E P  24 1 1 76 . 4 1 60 0 0  49 . 0 1 7333 1 3 . 44 0 . 00 0 1  

T R T* R E P  24 1 72 . 89600 0  7 . 204000 1 . 98 0 . 0063 

T e s t s  of Hypo t h e ses us i ng the Type I I I  MS  f o r  GOAT ( TR T )  a s  a n  e r r o r  t erm 

Source O F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  492 . 8040000 492 . 8040000 26 . 98 0 . 0 0 0 8  

Analysis  o f  variance of PCV fol lowing the chal lenge infection using SAS versio n  6.04 

( rep = t i me; t rt = g r oup; g o a t ( t r t )  = goat nested w i t h i n  g roup ) 

D e pendent 

Source 

Mode l 

E r ro r  

ANALYS I S  OF  PCV FOLLO� I N G  T H E  CHAL LENGE I N FECT I ON 

Var i ab l e :  PCV 

Genera l L i ne a r  M ode l s  P r ocedure 

Sum of 

O F  Squares 

25 442 . 75 5 5 5 5 6  

6 4  204 . 4000000 

Mean 

Square 

1 7. 71 02222 

3 . 1 937500 

C o r r ec t ed T o t a l  89 647 . 1 5 5 5 5 5 6  

R - Square C . V .  Root MSE 

0 . 684 1 5 6  5 . 1 32087 1 . 7871 07 

Source O F  Type I I I  S S  Mean Square 

T R T  1 0 . 71 1 1 1 1 1  0 . 71 1 1 1 1 1  

GOAT ( TR T ) 8 1 1 6 . 0000000 1 4 . 5 000000 

R E P  8 261 . 3 5 5 5 5 56 3 2 . 6694444 

TRT*REP 8 64 . 6888889 8 . 0861 1 1 1  

Va l ue Pr > F 

5 . 55 0 . 00 0 1  

P C V  Mean 

34 . 8222222 

Va l ue Pr > F 

0 . 22 0 . 6386 

4 . 54 0 . 0002 

1 0 . 23 0 . 0 0 0 1  

2 . 53 0 . 0 1 85 

T e s t s  o f  Hypotheses us i ng the Type I I I  MS f o r  GOAT ( TR T )  as an e r r o r  t erm 

Source O F  Type I I I  S S  Mean Square Va l ue Pr > F 

T R T  0 . 71 1 1 1 1 1 1  0 . 71 1 1 1 1 1 1  0 . 05 0 . 83 0 3  



200 

Pepsinogen 

Analysis of variance of pepsinogen duri ng the trickle infection  us ing SAS version 6.04 

( week = t i me ;  t r t  = g roup; g o a t ( t r t )  = goat nested w i t h i n  g roup) 

ANALY S I S  O F  PEPS I NOGEN D UR I NG T H E  T R I CKLE I N F ECT I ON 

Genera l l i ne a r  Mode l s  P rocedure 

D ependent V a r i ab l e :  PEPSI NOGEN 

Sum of Mean 

Source O F  Squares Square Va l ue P r  > F 

Mode l 25 3 . 0438644 1 0 . 1 2 1 75458 2 5 . 24 0 . 00 0 1  

E r ro r  64 0 . 3 0872498 0 . 00482383 

C o r r e c t ed T o t a l 89 3 . 35258939 

R - Square C . V .  Root MSE P E P S I N  Mean 

0 . 9079 1 4  2 2 . 07607 0 . 069454 0 . 3 1 46 1 1 1 1  

Source O F  Type I I  I SS  Mean Square F Va l ue P r  > F 

T R T  1 1 . 3 1 890028 1 . 3 1 890028 2 73 . 4 1 0 . 00 0 1  

GOAT ( T R T )  8 0 . 1 8343822 0 . 02292978 4 . 75 0 . 00 0 1  

W E E K  8 0 . 9 1 230029 0 . 1 1 403754 23 . 64 0 . 00 0 1  

T RT*WEEK 8 0 . 62922562 0 . 07865320 1 6 . 3 1  0 . 00 0 1  

Tes ts o f  H ypotheses us i ng the Type I I I  M S  for GOA T ( TR T )  as an error term 

Source OF  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  1 . 3 1 890028 1 . 3 1 890028 5 7 . 52 0 . 0 0 0 1  

Analysis of  variance of pepsinogen fol lowing the chal lenge infection with SAS version 

6.04 

( week = t i me ;  trt = g roup; g o a t ( t r t ) = goat nest ed w i t h i n  g roup) 

ANALYS I S  O F  PEPS I NOGEN DUR I NG THE C HALLENGE I N FECT I ON 

Genera l l i near Mode l s  P rocedure 

D ependent V a r i ab l e :  PEPS I NOGEN 

Source O F  

M od e l  1 7  

E r ror 3 2  

Cor r e c t ed T o t a l  4 9  

S um  o f  

Squares 

4 . 44840554 

0 . 75 1 30304 

5 . 1 9970858 

Mean 

Square 

0 . 26 1 67091 

0 . 02347822 

Va l ue 

1 1 .  1 5  

P r  > F 

0 . 0001 



R - Square C . V .  Root MSE P E P S I N  Mean 

0 . 85 55 1 1  20 . 36984 0 . 1 53226 0 . 75222000 

Source OF  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  1 0 . 0 00 7 1 44 2  0 . 00071442 0 . 03 0 . 8626 

GOAT ( TR T ) 8 0 . 1 85446 1 6  0 . 0231 8077 0 . 99 0 . 4640 

WEE K  4 4 . 1 9756828 1 . 04939207 44 . 70 0 . 0 0 0 1  

T R T *WEEK 4 0 . 06467668 0 . 0 1 6 1 69 1 7  0 . 69 0 . 60 5 1  

T e s t s  o f  Hypo t heses us i ng the Type I I I  MS f o r  GOAT ( TR T )  as an e r r o r  t erm 

Sou r c e  O F  T ype I I I  S S  Mean Square F Va l ue P r  > F 

T R T  0 . 00071 442 0 . 00071 442 0 . 03 0 . 86 5 0  

MUltiple regression of pepsinogen fol lowing challenge using Statistix version 4.0 

UNWE I GH T E O  L EAST SQUARES L I NEAR REGRES S I ON OF PEPS I NOGEN 

PRED I CTOR 

VAR I AB L E S  COE F F I C I EN T  

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

CONSTANT - 2 . 4735 7  

T I ME 0 . 02865 

GROUP - 0 . 00756 

R - SQUARED 0 . 7735 

AD J U STED R - SQUARED 0 . 7639 

SOURCE O F  SS 

STD E RROR S TUDEN T ' S  T 

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

0 . 26 5 1 7  - 9 . 33 

0 . 0 0226 1 2 . 67 

0 . 04477 - 0 . 1 7  

R ES I D . MEAN SQUARE ( MSE ) 

S TANDARD D E V I A T I ON 

M S  F 

P 

0 . 0000 

0 . 0000 

0 . 8666 

0 . 02506 

0 . 1 58 3 0  

P 

R E G R ESS I ON 

R E S I DUAL 

TOTAL 

2 

4 7  

4 9  

4 . 02 1 94 

1 . 1 7777 

5 . 19971 

2 . 0 1 097 

0 . 0 2 5 06 

8 0 . 2 5  0 . 0000 

CASE S  I NC LUDED 5 0  M I SS I N G  CASES 0 

Gastrin 

V I  F 

1 . 0 

1 . 0 

Analysis of  variance of gastrin during the trickle infection with SAS version 6.04 

( week = t i me ;  t rt = g roup; goat ( t rt )  = goat nested w i t h i n  g roup) 

ANALYS I S  OF GAST R I N  DUR I NG THE T R I CKLE I N FECT I ON 

Gener a l  L i ne a r  Mode l s  P rocedure 

D ependent Va r i ab l e :  GASTR I N  

S ou r c e  O F  

S u m  of 

Squares 

Mean 

Squa re F Va l u e  P r  > F 

201 
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Mode l 33 78524 . 1 941 9  2379 . 5 2 1 04 6 . 03 0 . 0 0 0 1  

E r r o r  94 371 1 7 . 77456 394 . 86994 

C o r r e c t ed T o t a l 1 27 1 1 564 1 . 96875 

R - S quare C . V .  Root MSE GASTR I N  Mean 

0 . 679029 6 1 . 4 9 1 4 1  1 9 . 87 1 33 3 2 . 3 1 5 6250 

Source O F  Type I I I  S S  Mean Squar e  f Va l ue P r  > F 

T R T  1 1 4221 . 5 6897 1 42 2 1 . 56897 36 . 02 0 . 0 0 0 1  

GOA T ( T R T ) 8 8671 . 75 094 1 083 . 96887 2 . 75 0 . 0091  

WEEK 12 36297. 79692 3024 . 8 1 64 1  7 . 66 0 . 0 0 0 1  

T RT*WEEK 1 2  1 8984 . 06749 1 582 . 00562 4 . 01 0 . 00 0 1  

T e s t s  of  Hypo t h eses us i ng the T ype I I I  MS  for GOAT ( TRT ) as an e r ror t erm 

Source D F  Type I I I  S S  Mean Squa re Va l ue P r  > F 

T R T  1 4221 . 5 6897 1 4221 . 5 6897 1 3 . 1 2  0 . 0068 

Analysis of variance of gastrin fol lowing challenge infection with SAS version 6.04 

( week = t i me ;  t rt = g roup; g oa t ( t r t )  = goat nest ed w i t h i n  g roup) 

ANAL Y S I S OF GAST R I N  FOLLOW I NG T HE CHAL LENGE I N F E CT I ON 

Gene r a l  L i near Mode l s  P rocedure 

D ependent Va r i ab l e :  GASTR I N  

Sum of Mean 

S o u r c e  D F  Squares Square F Va l ue P r  > F 

Mode l 1 7  721 93 . 96 1 60 4246 . 70362 4 . 50 0 . 0 0 0 1  

E r r o r  32 30208. 46720 944 . 0 1 460 

C o r r e c t ed T o t a l 49 1 02402 . 42880 

R - Square C . V .  Root MSE GAST R I N  Mean 

0 . 705002 65 . 4 1 65 0  3 0 . 72482 46 . 9680000 

Source DF  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  1 8924 . 48000 8924 . 48000 9 . 45 0 . 0043 

GOAT { TR T ) 8 3035 6 . 05 280 3794 . 5 0660 4 . 02 0 . 00 2 1  

W E E K  4 2773 0 . 46480 6932 . 6 1 62 0  7 . 34 0 . 0003 

TRT*WEEK 4 5 1 82 . 96400 1 295 . 74 1 00 1 . 37 0 . 2654 

T e s t s  of Hypo theses us i ng the T ype I I I  MS  for GOAT ( T R T )  as an e r ro r  t erm 

S o u r c e  O F  Type I I  I S S  Mean Squa re Va l ue P r  > F 

T R T  8924 . 480000 8924 . 480000 2 . 35 0 . 1 637 



Multiple regression of gastrin fol lowing chal lenge using Statistix version 4.0 

UNWE I GH T ED 

P R E D I CTOR 

VAR I ABLES 

- - - ... - - - - -

CONSTAN T  

GROUP 

T I ME 

R - SQUARED 

LEAST SQUARES L I NEAR REGRES S I ON O F  GASTR I N  

COE F F I C I ENT 

- - - - - - - - -

- 1 5 2 . 592 

2 6 . 7200 

8 . 86000 

0 . 1 638 

STD E R R OR 

- - - - - - - -

79 . 1 65 9  

1 2 . 0727 

4 . 26834 

RES I D .  

STUDENT ' S  T 

- - - - - - - - -

- 1 . 93 

2 . 2 1 

2 . 08 

MEAN SQUARE ( M S E ) 

P 

0 . 0600 

0 . 03 1 8  

0 . 0434 

1 82 1 . 87 

AD J U STED R - SQUARED 0 . 1 282 S TANDARD D E V I AT I ON 42 . 6834 

SOURCE D F  5S MS p 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R E G R E SS I ON 2 1 6774 . 4  8387 . 22 4 . 60 0 . 0 1 49 

R E S I DUAL 47 85628 . 0  1 8 2 1 . 87 

TOTAL 49 1 . 024E+05 

VI F 

1 . 0  

1 . 0 
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APPENDIX 2h 

Graphs and Statistical Analyses for Blood Parameters i n  Experiment 2.2 

Keys for the fol lowing graphs: 

IV = ivermectin given here 

CH = challenge given here 

Group 2 . 1  = trickle infected 

Group 2.2 = control  

204 
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Experiment 2 - Stati stical analyses 

White blood cel ls  

Analysis o f  variance of white blood cel l s  d u ri ng the trickle infection using Sas version 

6.04 

( T R T  = g roup; WEEK t i me ;  GOAT ( TR T ) goat nested w i t h i n  t reatmen t )  

ANALYS I S  O F  TOTAL WH I TE B L OOO C E L L S  DUR I NG T H E  T R I CKLE 

Genera l L i near Mode l s  P rocedur e  

D ependent V a r i ab l e :  WBC 

Source D F  S um  o f  Squ a res 

Mode l 4 0  2 035 . 82 1 90 1 36 

E r ro r  1 69 453 . 0750 5 1 02 

C o r r e c t ed T ot a l  209 248 8 . 8969 5 238 

R - Square C . V .  

0 . 8 1 7962 1 1 . 95 4 79 

Source D F  Type I I I  S S  

T R T  1 1 97 . 6 0 1 64626 

GOA T ( T R T )  1 3  1 52 6 . 20530 6 1 2  

WEEK 1 3  257 . 1 1 5 1 3946 

T R T *WEE K  1 3  5 3 . 33799660 

T e s t s  o f  Hypo theses us i ng the Type I I I  MS f o r  

GOA T ( T R T )  a s  a n  e r r o r  term 

Source D F  Type I I I  S S  

T R T  1 97 . 60 1 64626 

F Va l ue 

1 8 . 98 

F Va l ue 

73 . 7 1  

43 . 79 

7 . 38 

1 . 53 

F Va l ue 

1 . 68 

Pr > F 

0 . 00 0 1  

WBC Mean 

1 3 . 6961 9048 

Pr > F 

0 . 0 0 0 1  

0 . 0 0 0 1  

0 . 00 0 1  

0 . 1 1 09 

Pr > F 

0 . 2 1 71 

ANALY S I S  OF NEUTROPH I LS DUR I NG T HE TR I CKLE I N FECT I ON 

Genera l L i near Mode l s  P rocedure 

D ependent V a r i ab l e :  NEUTROPH I L  

Sum o f  Mean 

Source D F  Squares Square F Va l ue P r  > F 

M od e l  4 0  375 . 542279 9 . 388557 4 . 64 0 . 000 1 

E r r o r  1 69 341 . 939961 2 . 0233 1 3  
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R - Square C . V .  R o o t  MSE NEUr Mean 

0 . 5234 1 7  39 . 05323 1 . 42243 3 . 6422905 

Source D F  T ype I I I  S S  M e a n  Square Va l ue Pr > F 

T R T  0 . 32 1 3 79 0 . 32 1 379 0 . 1 6  0 . 6907 

GOAT ( TR I )  13 204 . 03 5 04 1 1 5 . 695003 7. 76 0 . 0 0 0 1  

WEEK 1 3  1 4 2 . 429838 7 0 . 95 6 1 4 1  5 . 4 1  0 . 00 0 1  

T RT*WEE K  1 3  3 0 . 71 6727 2 . 362825 1 . 1 7  0 . 30 7 1  

T es t s  of  Hypo t h eses us i ng the Type I I I  loiS f o r  GOAH TRT ) as an e r r o r  term 

Source DF Type I I I  S S  Mean Square Va l ue Pr > 

T R T  0 . 3 2 1 37938 0 . 3 2 1 37938 0 . 02 0 . 8884 

ANALYS I S  O F  EOS I NOPH I LS DUR I N G  THE T R I CKLE I N FECT I ON 

Gener a l  L i near Mode l s  Procedure 

Dependent Var i ab l e :  E OS I NOPH l lS 

Sum of Mean 

Source O F  Squares Square F Va l ue Pr > F 

Mode l 40 7 . 1 9709308 0 . 1 7992733 3 . 53 0 . 0 0 0 1  

E rr o r  1 69 8 . 62590823 0 . 05 1 04088 

C o r rected T o t a l  209 1 5 . 82300 1 3 1  

R - Square C . V .  Root MSE EOS Mean 

0 . 454850 1 1 7 . 0235 0 . 22592 . 1 93057 1 4  

Source O F  T ype I I I  SS  Mean Squa re Va l ue Pr > F 

T R T  1 1 . 3 1 728633 1 . 3 1 728633 25 . 81 0 . 0 0 0 1  

GOAT ( TR T ) 1 3  2 . 54305 284 0 . 1 95 6 1 945 3 . 83 0 . 0 0 0 1  

WEEK 1 3  1 . 6592 1 50 1  0 . 1 2763 1 92 2 . 50 0 . 0038 

TRT*\JEE K  1 3 1 . 4861 0686 0 . 1 1 43 1 59 1  2 . 24 0 . 0 099 

T es t s  of  Hypo t h eses us i ng the T ype I I I  loiS  for GOAT ( TRT ) as an error term 

Source O F  T ype I I I  S S  M e a n  Square Va l ue P r  > F 

T R T  1 . 3 1 728633 1 . 3 1 728633 6 . 73 0 . 0222 

ANALY S I S  O F  BASOP H I L S  DUR I NG T H E  T R I CKLE I N FECT I ON 

Gene r a l  L i near Mode l s  P r ocedure 

D ependent Va r i ab l e :  BASOP H I LS 

Sum of Mean 

Source OF S quares Square F Val ue P r  > F 



2 1 1  

Mode l 40 1 . 49583806 0 . 03739595 1 . 65 0 . 0 1 5 0  

E rror 1 69 3 . 82048923 0 . 02260645 

C o r re c t ed T o t a l  209 5 . 3 1 632728 

R - Square C . V .  Root MSE BAS Mean 

0 . 281 367 1 03 _ 9967 0 . 1 50354 0 . 1 44 5 76 1 9  

Source OF Type I I I  SS Mean Squar e  Va l ue Pr > F 

TRT 1 0 . 00770 1 8 1  0 . 00770 1 8 1  0 . 34 0 . 5602 

GOAT ( TRT ) 1 3  0 . 66606026 0 . 05 1 23540 2 . 27 0 . 0090 

IIEEK 13 0 . 64426503 0 . 04955885 2 . 1 9 0 . 0 1 1 8  

TRT*IIEEK 13 0 . 1 8963231 0 . 0 1 45871 0 0 . 65 0 . 8 1 3 1  

T e s t s  o f  Hypo t h e ses us i ng the Type I I I  MS  f o r  GOAT ( T R T )  a s  an e r r o r  t erm 

Source OF Type I I I SS Mean Square F Va l ue P r  > F 

TRT 0 . 00770 1 8 1  0 . 00770 1 8 1  0 . 1 5 0 . 7045 

ANALY S I S  OF  LYMPHOCYT E S  DUR I NG T HE T R I CKLE I N FECT I ON 

Genera l L i near Mode l s  P rocedure 

Dependent Va r i ab l e :  LYMPHOCYTES 

Source O F  Sum o f  Squa res Va l ue Pr > F 

Mod e l  40 1 39 1 . 90620685 1 6 . 6 1  0 . 0001 

E r r o r  169 3 5 4 . 02281 097 

Cor rected T o t a l  209 1 745 . 9290 1 781  

R - Square C . V .  LYMPH Mean 

0 . 797230 1 5 . 37204 9 . 4 1 544286 

Source O F  Type I I  I S S  Va l ue P r  > F 

T R T  1 54 . 77962762 73 . 89 0 . 0001 

GOA T ( T R T )  1 3  1 024 . 7673491 2 3 7 . 63 0 . 0001 

IIEEK 1 3  1 44 . 59969094 5 . 3 1  0 . 0001 

T R T *IIEEK 1 3  62 . 27239322 2 . 29 0 . 0083 

T e s t s  o f  Hypo t heses us i ng the Type I I I  M S  for 

GOA T ( T R T )  a s  an error term 

Source O F  Type I I I S S  Va l ue P r  > F 

T R T  1 54 . 77962762 1 . 96 0 . 1 846 



ANALY S I S  OF MONOCYTES DUR I N G  T HE T R I CKLE I N F ECT I ON 

Genera l L i ne a r  Mode l s  P r ocedur e  

D ependent Var i ab l e :  MONOCYTES 

Sum of Mean 

Source DF Squares Square Va l ue Pr > F 

Mode l 40 2 . 64649270 0 . 0661 6232 1 . 1 8  0 . 2369 

E r ro r  1 69 9 . 4 9804523 0 . 05620 1 45 

C o r re c t ed T ot a l  209 1 2 . 1 4453792 

R - Square C . V .  Root MSE MONO Mean 

0 . 2 1 79 1 6  77. 98793 0 . 23 7068 0 . 30398095 

S ource Df Type I I I  S S  Mean Square Va l ue Pr > F 

T R T  0 . 0 1 6793 1 0  0 . 0 1 6793 1 0  0 . 30 0 . 5 8 5 4  

GOAT ( T R T ) 1 3  1 . 0671 1 797 0 . 08208600 1 . 46 0 . 1 370 

WEEK 1 3  1 . 28004058 0 . 09846466 1 . 75 0 . 0 5 4 6  

T R T*WE E K  1 3  0 . 26789237 0 . 0206071 1 0 . 37 0 . 9783 

T es t s  of Hypotheses us i ng the Type I I I  MS f o r  GOAT ( T R T ) as an e r ror t erm 

S ource D F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  0 . 0 1 6793 1 0  0 . 0 1 6793 1 0  0 . 2 0  0 . 65 8 5  

Analysis of  variance of white b lood cel ls  fol lowing the challenge infection using SAS 

version  6.04 

D ependent 

S ource 

Mode l 

E r r o r  

C o r r ec t ed 

Source 

( TR T  = group; WEEK = t i me ;  GOAT ( T R T ) = goat nested w i t h i n  t reatment ) 

TOTAL WH I TE BLOOD CEL L  COUNT RESPO N S E  FOLLOW I NG T H E  CHA L L E N G E  

Genera l L i near Mode l s  P rocedure 

V a r i ab l e :  WBC 

Sum o f  

D F  Squares 

22 431 . 9608667 

52 5 4 . 75 30000 

T o t a l  74 486 . 71 38667 

R - Square C . V .  

0 . 887505 8 . 4935 1 4  

D F  Type I I I  S S  

Mean 

Squa re 

1 9 . 6345848 

1 . 0 5 29423 

Root MSE 

1 . 02 6 1 3 0  

Va l ue 

1 8 . 65 

Mean Square F Va l ue 

Pr > F 

0 . 00 0 1  

WBC Mean 

1 2 . 08 1 3333 

Pr > F 
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T R T  1 29. 9552595 29 . 95 52595 28 . 4 5  0 . 00 0 1  

GOAH T R T ) 1 3  369. 8586071 2 8 . 4 5 0662 1 2 7 . 02 0 . 00 0 1  

\.lEE K  4 1 8 . 9048667 4 . 7262 1 67 4 . 49 0 . 0034 

T R T *\.IEEK 4 1 3 . 2424667 3 . 3 1 06 1 67 3 . 1 4 0 . 02 1 7  

T e s t s  o f  Hypo theses us i ng the Type I I I  MS  for G OA T C T R T ) as an e rror t erm 

S o urce D F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  29 . 9 5 5 25952 29 . 95 5 25952 1 . 05 0 . 3236 

N EUTROPH I L  R ESPONSE FOLLOW I NG T H E  C HA L LENGE I N FECT I ON 

Genera l L i ne a r  Mode l s  P rocedure 

D ependent V a r i ab l e :  NEUTROP H I LS 

Sum of Mean 

Source DF Squares Squa re Va l ue Pr > F 

Mode l 22 75 . 07724095 3 . 4 1 260 1 86 4 . 02 0 . 00 0 1  

E r ro r  52 44 . 089 1 7857 0 . 84786882 

C o r r ec t ed T o t a l  74 1 1 9 . 1 664 1 95 2  

R - Square C . V .  Root MSE NEUT Mean 

0 . 630020 24 . 5 67 1 9 0 . 920798 3 . 74808000 

Source D F  Type I I I  S S  Mean Squar e  F Va l ue P r  :> F 

T R T  0 . 0 1 2 1 2780 0 . 0 1 2 1 2780 0 . 01 0 . 90 5 3  

G OA T ( TR T )  1 3  65 . 30690052 5 . 02360773 5 . 92 0 . 00 0 1  

\.lEE K  4 4 . 6686 1 895 1 . 1 67 1 5 4 74 1 . 38 0 . 2548 

T R T*\.IE E K  4 5 . 5 8950258 1 .39737564 1 . 65 0 . 1 762 

T es t s  of  Hypo t heses us i ng the Type I I I  M S  f o r  GOAT ( TRT ) as an e r ror term 

S ource D F  Type I I I  S S  Mean Square F Va l ue P r  > F 

T R T  0 . 0 1 2 1 2780 0 . 0 1 2 1 2780 0 . 00 0 . 961 6  

E O S I NOP H I L  RESPONSE FOLLO\.l I NG T H E  CHALLENGE I NFECT I ON 

Genera l L i ne a r  Mode l s  P rocedure 

D ependent V a r i ab l e :  EOS I N OPH I LS 

Sum o f  Mean 

S ource D F  Squares Square Va l ue P r  :> F 

Mode l 22 4 . 5 27583 1 2  0 . 20579923 3 . 1 5  0 . 00 0 3  

E rr o r  5 2  3 . 39282843 0 . 06524670 

C o r re c t ed T o t a l  74 7 . 9204 1 1 5 5  
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R - Square C . V .  R o o t  MSE EOS Mean 

0 . 5 7 1 635 1 04 . 4 1 80 0 . 255434 0 . 24462667 

Source OF  Type I I I  SS  Mean Square F Va l ue Pr > F 

T R T  0 . 1 6426256 0 . 1 6426256 2 . 5 2  0 . 1 1 86 
GOAT ( TR T )  1 3  1 . 72983979 0 . 1 3306460 2 . 04 0 . 0354 
W E E K  4 2 . 1 8394925 0 . 54598731 8 . 37 0 . 00 0 1  
T R T*WEEK 4 0 . 46909389 0 . 1 1 727347 1 . 80 0 . 1 434 

T es t s  of  Hypo t h eses us i ng t h e  Type I I I  MS f o r  GOAT ( TRT ) a s  an e r r o r  t erm 

S ou r c e  O F  Type I I I  S S  Mean Squar e  Va l ue P r  > F 

T R T  0 . 1 6426256 0 . 1 6426256 1 . 23 0 . 2867 

BASOP H I L  R ESPONSE FOL L OW I N G  THE C HAL LENGE I N FECT I ON 

Gene r a l L i near Mode l s  P r ocedure 

D ependent V a r i ab l e :  BASOPH I L  

Sum of Mean 

S ou r c e  O F  Squares Square F Va l ue P r  > F 

Mode l 22 0 . 20876 1 22 0 . 009489 1 5  1 . 6 1  0 . 0808 

E r r o r  52 0 . 306641 77 0 . 00 5 89696 

C o r rec ted T o t a l 74 0 . 5 1 540299 

R - Square C . V .  R oot MSE BAS Mean 

0 . 405045 1 1 6 . 9653 0 . 076792 0 . 06565333 

Source D F  Type I I I  S S  Mean Square F Va l ue Pr > F 

T R T  0 . 00444754 0 . 00444754 0 . 75 0 . 3891 
G OA T ( TRT ) 1 3  0 . 1 23 00544 0 . 009461 96 1 . 6 0  0 . 1 1 4 1  
W E E K  4 0 . 06724 1 62 0 . 0 1 68 1 040 2 . 85 0 . 0328 
T RT*WE E K  4 0 . 0 1 5 5 8471 0 . 003896 1 8  0 . 66 0 . 6221  

T e s t s  of  Hypotheses us i ng t h e  Type I I I  MS for GOA T ( T R T )  as an error t erm 

Source D F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  0 . 00444754 0 . 00444754 0 . 47 0 . 5 05 0  

L YMPHOCYTE RESPONSE F O L L OW I NG THE CHALLENGE I N FECT I ON 

Gene r a l  L i near Mode l s  P rocedure 

D ependent Va r i ab l e :  L YMPHOCYTES 

Sum o f  Mean 

Source O F  Squares Square F Va l ue P r  > F 
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Mode l 22 268 . 8993225 1 2 . 2226965 1 5 . 49 0 . 00 0 1  

E r ro r  52 4 1 . 024941 7  0 . 78894 1 2  

C o r r e c t ed T o t a l 74 309 . 9242642 

R - Square C . V .  Root MSE LYMPH Mean 

0 . 867629 1 1 . 4 1 785 0 . 888224 7 . 77925333 

Source DF  Type I I I  S S  Mean Square F Va l ue P r  > F 

T R T  1 33 . 0492654 33 . 0492654 4 1 . 89 0 . 00 0 1  
GOAT ( TRT ) 1 3  208 . 273 1 2 1 6  1 6 . 02 1 0094 20 . 3 1  0 . 00 0 1  
WEEK 4 1 9 . 9442225 4 . 9860 5 5 6  6 . 32 0 . 0003 

TRT*WE E K  4 6 . 4 25 2067 1 . 6063 0 1 7  2 . 04 0 . 1 029 

T e s t s  of Hypotheses us i ng the Type I I I  M S  for GOAT ( TR T )  as an e r r o r  t e rm 

Source D F  Type I I I  S S  Mean Square Va l ue P r  > F 

T R T  33 . 04926539 33 . 04926539 2 . 06 0 . 1 746 

MONOCYTE R ESPONSE F O L LOW I NG T HE CHA L L E N GE I N FECT I ON 

Gener a l  l i ne a r  Mode l s  P rocedure 

D ependent Var i ab l e :  MONOCYTES 

Sum of Mean 

Source D F  Squares Square Va l ue P r  > F 

Mode l 22 1 . 0673 1 1 1 2 0 . 0485 1 4 1 4  1 . 62 0 . 0778 

E r ro r  S2 1 . 5 5659986 0 . 02993461 

C o r re c t ed Tota l 74 2 . 62391 099 

R - Square C . V .  Root MSE MONO Mean 

0 . 4 06763 71 . 78699 0 . 1 73 0 1 6  0 . 24 1 0 1 333 

Source O F  Type I I I  S S  Mean Square F Va l ue P r  > F 

T R T  0 . 0 0 5 95 7 1 4  0 . 0 0 5 9571 4 0 . 20 0 . 6574 
GOA T ( TR T )  1 3  0 . 58534824 0 . 04502679 1 . 5 0  0 . 1 4 75 
WEEK 4 0 . 39591 1 92 0 . 09897798 3 . 3 1  0 . 0 1 73 
T RT*WEE K  4 0 . 0891 3848 0 . 02228462 0 . 74 0 . 5661 

Tests of Hypo t h eses us i ng the T ype I I I  M S  for G OA T ( T R T )  a s  an e r r o r  t erm 

S ou r c e  O F  Type I I I  SS  Mean Square Va l ue P r  > F 

T R T  0 . 00595 7 1 4  0 . 0059571 4 0 . 1 3  0 . 72 1 9  



2 1 6  

M ultiple regression o f  white blood cel l s  fol lowing challenge using S tatistix version 4.0 

UNWE I GHTED L EAST SQUARES L I NEAR REGRES S I ON O F  NEUTROP H I lS 

PRED I CTOR 

VAR I AB L E S  COE F F I C I EN T  

- - - - - - - - - - - - - - .. _ - - - -

CONSTANT 5 . 44262 

GROUP - 0 . 02549 

T I ME - 0 . 09748 

R - SQUARED 0 . 0 1 21 

ADJUSTED R - SQUARED - 0 . 0 1 54 

SOURCE O F  SS 

STD E RROR 

- - - - - - - -

1 . 833 1 9  

0 . 29 5 97 

0 . 1 04 4 1  

R E S I D .  

STUDEN T ' S  T 

- - - - - .. - - .. - -

2 . 97 

- 0 . 09 

- 0 . 93 

MEAN SQUARE ( M S E ) 

STANDARD D E V I AT I ON 

M S  p 

P 

0 . 0 0 4 1  

0 . 93 1 6  

0 . 3 5 36 

1 . 635 1 2  

1 . 27872 

R E G R ES S I ON 

R ES I DUAL 

TOTAL 

2 

72 

74 

1 . 43748 

1 1 7 . 72 9  

1 1 9. 1 66 

0 . 71 874 

1 . 635 1 2  

0 . 44 0 . 65 1 6  

CASES I NC L UD E D  75 M I SS I NG CASES 0 

UNWE I GH T E D  L EAST SQUARES L I NEAR R E G R ES S I ON OF EOS I NOPH I L S  

PRE D I CTOR 

VAR I AB L E S  COE F F I C I ENT STD E R R OR STUDE N T ' S  T 

... 
.. 

.. .. - .. .. .. ..  - - ... .. _ - - - - - .. 

CONS TANT 

GROUP 

T I M E  

- 1 . 87856 

0 . 0938 1 

0 . 1 1 680 

R - SQUARED 0 . 2791 

AD J U S T ED R - SQUARED 0 . 25 9 1  

S OU R C E  

- - - - _ 
.. .. .. 

O F  SS 

.. .. .. .. .. ..  
.. .. .. .. 

0 . 40372 - 4 . 65 

0 . 065 1 8  1 . 44 

0 . 02299 5 . 08 

R E S I D . MEAN SQUARE ( M S E ) 

S TANDARD D E V I AT I ON 

M S  
.. ..

.. .. ... .. .. .. .. ..  

F P 

P 

0 . 0 0 0 0  

0 . 1 544 

0 . 0 0 0 0  

0 . 07930 

0 . 28 1 6 1  

R E G RE SS I ON 2 2 . 2 1 060 1 . 1 0530 1 3 . 94 0 . 00 0 0  

RE S I DUAL 72 5 . 70981 0 . 07930 

T OT A L  74 7 . 92041  

CASES I NC LUDED 75 M I SS I N G  CASES 0 

UNwE I GH T E D  LEAST SQUARES L I NEAR REGRESS I ON OF BASOP H I LS 

PRED I CTOR 

VAR I AB L E S  COE F F I C I ENT 

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

CONSTANT - 0 . 0 1 207 

GROUP 0 . 0 1 544 

T I M E  0 . 00324 

R - SQUARED 0 . 01 1 7  

AD J U ST E D  R - SQUARED - 0 . 0 1 5 8  

SOURCE O F  SS 

R EGRESS I ON 2 0 . 0 0 602 

STD ERROR STUDENT ' S  T P 

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

0 . 1 20 5 8  - 0 . 1 0  0 . 9206 

0 . 0 1 947 0 . 79 0 . 4305 

0 . 00687 0 . 47 0 . 6385 

R ES I D .  MEAN SQUARE ( M S E )  0 . 00707 

STANDARD 

MS 

0 . 0030 1 

DEV I AT I ON 

F P 

0 . 43 0 . 6605 

0 . 084 1 1 

V I F  

1 . 0 

1 . 0 

V I  F 

1 . 0 

1 . 0  

V I  F 

1 . 0 

1 . 0 



R ES I DUAL 

TOTAL 

72 

74 

0 . 50938 

0 . 5 1 54 0  

0 . 00707 

CASES I NCLUDED 75 M I SS I NG CASE S  0 

U N WE I GH TE D  L EAST SQUARE S  L I NEAR R E GRESS I ON OF L YM PHOCY T E S  

PRED I CTOR 

VAR I AB L E S  COE F F I C I EN T  

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

CONSTANT 1 5 . 8720 

GROUP - 1 . 33060 

T I ME - 0 . 36 1 25 

R - SQUARED 0 . 1 698 

ADJUSTED R - SQUARED 0 . 1 467 

SOURCE D F  SS 

STD E RROR 

- - - ... - - - -

2 . 71 0 1 0  

0 . 43754 

0 . 1 5435 

RES I D .  

STUD E N T ' S  T 

- - - - - .. ..  - - - -

5 . 86 

- 3 . 04 

- 2 . 34 

MEAN SQUARE (MSE ) 

STANDARD D EV I AT I ON 

MS 

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

P 

P 

0 . 0000 

0 . 0033 

0 . 0220 

3 . 5 73 6 1  

1 . 89040 

REGRESS I ON 2 5 2 . 624 1 26 . 3 1 2 1  7 . 36 0 . 0 0 1 4  

R E S I DUAL 72 2 5 7 . 3 0 0  3 . 5 7361 

TOTAL 74 3 0 9 . 924 

CASES I NCLUDED 75 M I SS I NG CASES 0 

UNWE I GHTED L EAST SQUA R E S  L I NEAR REGRE S S I ON OF MONOCY T E S  

PRED I CTOR 

VAR I AB L E S  COE F F I C I E N T  S T D  ERROR STUD E N T ' S  T 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... - - -

CONSTANT 0 . 1 4 2 2 1  0 . 27294 0 . 52 

GROUP - 0 . 0 1 786 0 . 04407 - 0 . 4 1  

T I ME 0 . 00735 0 . 0 1 5 55 0 . 47 

R - SQUARED 0 . 0054 R ES I D .  MEAN SQUARE ( M S E ) 

ADJUSTED R - SQUARED - 0 . 0223 STANDARD DEV I AT I ON 

SOURCE D F  SS MS F 

- - - - - - - - - - .. .. .. .. .. .. .. .. .. ..  .. .. .. .. .. .. .. .. .. ..  

P 

0 . 6040 

0 . 6864 

0 . 63 76 

0 . 03625 

0 . 1 9039 

P 

REGRESS I ON 2 0 . 0 1 407 0 . 00703 0 . 1 9 0 . 8240 

R E S I DUAL 72 2 . 60984 0 . 03625 

TOTAL 74 2 . 62391 

CASES I NCLUDED 75 M I SS I NG CASES 0 

Total protein  and albumin 

V I  F 

1 . 0 

1 . 0 

V I  F 

1 . 0  

1 . 0 

Analysis of variance of total protein and album i n  during  the trickle infection using 

SAS version  6.04 

( TRT = g roup; WEEK = t i me ;  GOAT ( TRT ) = goat nested w i t h i n  t reatment )  

ANAL Y S I S  O F  TOTAL PROTE I N  D UR I NG T H E  T R I CK L E  I N FECT I ON 

Gene r a l  l i near Mode l s  P r ocedure 

2 1 7  
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D ependent Var i ab l e :  TOTAL PROT E I N  

S um  of Mean 

Sou r c e  O F  Squares Square F Va l ue P r  > F 

Mod e l  4 2  2534 . 906837 60 . 3 5 4925 1 1 . 56 0 . 00 0 1  

E r ro r  1 82 950 . 095 1 1 9  5 . 2 2 0303 

Corr ec t ed T o t a l  224 3485 . 00 1 95 6  

R - Square C . V .  Root MSE PROT E I N  Mean 

0 . 727376 3 . 382303 2 . 284798 6 7 . 5 5 1 5 5 5 6  

Source D F  Type I I I  S S  Mean Square f Va l ue P r  > F 

T R T  1 32 . 234229 32 . 234229 6 . 1 7  0 . 0 13 9  
GOAT ( TRT ) 1 3  1 55 7 . 845060 1 1 9 . 834235 22 . 96 0 . 00 0 1  
WEE K  1 4  773 . 0 1 5725 5 5 . 2 1 5409 1 0 _ 5 8  0 . 00 0 1  
T R T *WEEK 14 1 69 . 797592 1 2 . 1 28399 2 . 32 0 . 005 7 

T e s t s  of  Hypotheses us i ng the Type I I I  M S  for GOAT ( TR O  as a n  e r ro r  t e rm 

S ource O F  Type I I I  SS  Mean Square F Va l ue P r  > F 

T R T  32 . 23422937 3 2 . 23422937 0 . 2 7  0 . 61 27 

ANALY S I S  O F  ALBUM I N  DUR I NG T H E  T R I CKLE I N F E C T I ON 

Gener a l  l i ne a r  Mode l s  P rocedure 

D ependent Var i ab l e :  A L BUM I N  

Sum o f  Mean 

Source O F  Squares Square F Va l ue Pr > F 

Model 4 2  489 . 1 700984 1 1 . 6469071 1 2 . 1 7  0 . 00 0 1  

E r r o r  1 82 1 74 . 1 678571 0 . 9569662 

C o r rect ed T o t a l 224 663 . 3 3 79556 

R - Squar e  C . V .  Root MSE ALBUM I N  Mean 

0 . 737437 3 . 1 39386 0 . 978247 3 1 . 1 604444 

Source D F  T ype I I I  SS  Mean Squar e  Va l ue P r  > F 

T R T  1 2 5 . 1 830865 25 . 1 830865 26 . 3 2  0 . 00 0 1  
GOAT ( T R T ) 1 3  266 . 60 5 5 3 5 7  2 0 . 508 1 1 8 1  2 1 . 43 0 . 00 0 1  
WEEK 1 4  1 3 7 . 6989873 9 . 8356420 1 0 . 28 0 . 00 0 1  
T R T*WEE K  1 4  5 7 . 8035206 4 . 1 288229 4 . 3 1  0 . 00 0 1  

T e s t s  o f  H ypo t h eses us i ng the T ype I I I  M S  for GOAT ( TR T ) a s  a n  error term 

Source D F  T ype I I  I SS  Mean Squar e  F Va l ue P r  > F 



T R T  2 5 . 1 830865 1 2 5 . 1830865 1 1 . 23 0 . 2879 

Analysis  of variance of total protein and albumin fol lowing the challenge infection 

u si ng SAS version 6.04 

e rR T  = g r oup; WEEK = t i me ;  GOA T ( T R T )  = goa t nest ed w i th i n  t reatme n t )  

ANALYS I S  O F  TOTAL PROT E I N  FOLLOW I NG CHALL E N G E  

Gener a l  L i near Mode l s  P rocedur e  

Dependent Va r i ab l e :  TOTAL PROT E I N  

S um  of 

Source DF  Squares 

Mode l 22 660 . 90 1 0 1 43 

E r ro r  5 2  374 . 9997857 

C o r rec t ed T o t a l 74 1 035 . 9008000 

Mean 

Square F Va l ue 

3 0 . 0409552 4 . 1 7  

7 . 2 1 1 5343 

P r  > F 

0 . 0 0 0 1  

R - Squar e  C . V .  R oo t  MSE PROTE I N  Mean 

Source 

TRT 

GOA T ( TR T )  

WEEK 

T R T *WEEK 

0 . 637996 

D F  

1 3  

4 

4 

3 . 809985 

Type I I I  SS 

0 . 0030857 

364 . 99 77143 

256 . 4 1 03476 

3 6 . 00608 1 0  

2 . 685430 70 . 4840000 

Mean Squa re F Va l ue Pr > F 

0 . 0030857 0 . 00 0 . 9836 

28 . 0767473 3 . 89 0 . 0002 

64 . 1 025869 8 . 89 0 . 00 0 1  

9 . 00 1 5 202 1 . 25 0 . 3022 

Tests of  Hypo t heses us i ng the Type I I I  MS for GOAT ( TR T )  a s  an error term 

Source D F  Type I I I  SS  Mean Squar e  F Va l ue 

T R T  0 . 00308571 0 . 00308571 0 . 00 

ANAL Y S I S  OF ALBUM I N  FOLLOW I N G  T H E  CHALLENGE I N F E CT I ON 

Gener a l  L i near Mode l s  P r ocedure 

D ependent Var i ab l e :  A L BUM I N  

Source D F  

Mode l 22 

E r ro r  5 2  

C o rrected Tot a l  74 

Sum of 

Squares 

3 1 8 . 34087 1 4  

5 0 . 71 99286 

369 . 0608000 

Mean 

Squar e  F Va l ue 

1 4 . 4700396 1 4 . 84 

0 . 9753832 

Pr > F 

0 . 99 1 8  

P r  > F 

0 . 00 0 1  

R - Squar e  C . V .  Root MSE ALBUM I N  Mean 

0 . 862570 3 . 0782 1 6  0 . 9876 1 5  32 . 0840000 
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Source DF  Type I I I  SS  Mean Squa re Va l ue Pr > F 

T R T  2 1 . 94 5 9429 2 1 . 94 5 9429 22 . 5 0  0 . 0 0 0 1  

GOAT ( TRT ) 1 3  1 4 2 . 0868571 1 0 . 9297582 1 1  . 2 1  0 . 00 0 1  

WEEK 4 1 42 . 1 35 5381 3 5 . 5338845 36 . 43 0 . 00 0 1  

TRT*WEEK 4 1 2 . 1 4 99381 3 . 0374845 3 . 1 1  0 . 0227 

T e s t s  of  Hypo t heses us i ng t h e  Type I I I  MS f o r  GOAT ( T R T )  a s  an e r r o r  t erm 

Source DF Type I I I  SS Mean Squar e  F Va l ue P r  > F 

T R T  2 1 . 94594286 2 1 . 94 5 94286 2 . 0 1  0 . 1 80 0  

Mu ltiple regression o f  total protein a nd a lbumin fol lowing challenge 

UNWE I GH TED LEAST SQUARE S  L I NEAR REGRESS I ON OF TOTAL PROT E I N  

P RE D I CTOR 

VAR I AB L E S  C OE F F I C I EN T  S T D  ERROR STUDE N T ' S  T P 

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

CONSTANT 93 . 92 5 5  6 . 35 2 1 7 1 4 . 79 0 . 0000 

GROUP - 0 . 0 1 286 0 . 80265 - 0 . 02 0 . 9873 

T I ME - 0 . 1 5 2 1 0  0 . 04045 - 3 . 76 0 . 0003 

R - SQUARED 0 . 1 64 1  RES I D .  MEAN SQUARE (MSE ) 1 2 . 0260 

ADJUSTED R - SOUARED 0 . 1 409 STANDARD DEV I AT I ON 3 . 46785 

SOURCE D F  SS MS F P 

- - - - - - - - - - - - - - - - - - . - - - - - - - - - - -

R E G RE SS I ON 2 

R E S I DUAL 72 

TOTAL 74 

CASES I N CLUD E D  75 

1 70 . 030 

865 . 870 

1 035 . 90 

85 . 0 1 5 2  

1 2 . 0260 

7 . 07 0 . 00 1 7  

M I SS I N G  CASES 0 

Packed cel l  volume 

VI  F 

1 . 0 

1 . 0 

Analysis of variance of  PCV during the trickle infection using SAS version  6.04 

( TR T  = g r oup; WEEK = t i me ;  G OA T ( T R T )  = goat nested w i t h i n  t reatment ) 

ANALY S I S  OF PCV DUR I N G  T H E  TR I CK L E  I N FECT I ON 

Gener a l  L i near Mode l s  P rocedure 

Dependent Var i ab l e :  PCV 

Sum o f  Mean 

Source O F  Squares Squa re F Va l ue P r  > F 

Mode l 42 3 0 1 4 . 85 7341 7 1 . 78231 8  26 . 84 0 . 00 0 1  

E rror 1 82 486 . 69821 4  2 . 674 1 66 

C o r re c t ed T o t a l  224 3 50 1 . 5 5 5 5 5 6  
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R - Square C . V . Root M S E  P C V  Mean 

0 . 86 1 005 5 . 936906 1 . 63 5 2 88 2 7 . 5 444444 

TRT 894 . 66 7 1 63 894 . 66 7 1 63 334 . 56 0 . 00 0 1  

GOAT ( T R T )  1 3  1 06 0 . 788393 8 1 . 5991 07 30 . 5 1  0 . 00 0 1  

WEEK 1 4  905 . 675 1 1 9 64 . 69 1 080 24 . 1 9  0 . 00 0 1  

TRT*WEEK 14 1 3 0 . 01 2897 9 . 286635 3 . 47 0 . 00 0 1  

Tests o f  Hypo t h eses u s i ng the Type I I I  M S  for GOAT ( TR T ) as an e r r o r  term 

Source O F  Type I I I  SS Mean Squa re F Va l ue P r  > F 

T R T  894 . 66 7 1 627 894 . 6671 627 1 0 . 96 0 . 00 5 6  

Analysis o f variance of PCV following challenge using SAS version 6.04 

( TR T  = group; \.lEEK = t i me ;  GOAT ( TRT ) = goat nest ed w i t h i n  t reatmen t )  

Dependent 

Source 

Mode l 

E rr o r  

ANALY S I S  OF  PCV FOLLOW I NG THE CHALLENGE I N FECT I ON 

Va r i ab l e :  PCV 

Genera l  l i near Mode l s  Procedu r e  

Sum of 

OF  Squares 

22 9 1 6 . 9871 429 

52 1 94 . 6928571 

Mean 

Square f Va l ue 

4 1 . 68 1 2338 1 1 . 1 3 

3 . 7440934 

C o rrec ted T ot a l  74 1 1 1 1 . 6800000 

R - Square C . V .  Root MSE 

0 . 824866 7 . 3 74 1 08 1 . 934966 

Source OF Type I I I  SS Mean Square Va l ue 

T R T  60 . 4800000 60 . 4800000 1 6 . 1 5  

GOAT ( TR T ) 1 3  423 . 2000000 3 2 . 55 3 8462 8 . 69 

WEEK 4 4 1 5 . 9204762 1 03 . 980 1 1 90 27 . 77 

TRT*\oIEEK 4 1 5 . 4938095 3 . 8734524 1 .  03 

Pr > f 

0 . 00 0 1  

PCV Mean 

26 . 2400 0 0 0  

Pr > F 

0 . 0 0 0 2  

0 . 00 0 1  

0 . 0 0 0 1  

0 . 3983 

T e s t s  of Hypo t h eses us i ng the Type I I I  MS f o r  GOA T ( T R T )  as an e r r o r  t e rm 

Source DF Type I I I  SS  Mean Square Va l ue Pr > F 

T R T  60 . 48000000 6 0 . 48000000 1 . 86 0 . 1 960 

Multiple regression of PCV fol lowing challenge using Statistix version 4.0 

UNWE I GHTED L EAST SQUARES L I NEAR REGRE SS I ON OF  PCV 

P RE D I CTOR 

VAR I AB L E S  COE F F I C I ENT STD ERROR STUDEN T ' S  T p V I F  
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CONSTANT 5 9 . 9733 5 . 4661 7  1 0 . 97 0 . 0000 

GROUP 1 . 80000 0 . 69070 2 . 61  0 . 01 1 1  

T I M E  - 0 . 23619 0 . 03481 - 6 . 79 0 . 0000 

R - S QUARED 0 . 4232 RES I D .  MEAN SQUARE ( MSE ) 8 . 905 1 9  

ADJ USTED R - SQUARED 

SOURCE 

REGRES S I ON 

RES I DUAL 

TOTAL 

O F  

2 

72 

74 

0 . 4072 

SS 

470 . 507 

64 1 . 1 73 

1 1 1 1 . 68 

STANDARD 

MS 

235 . 253 

8 . 905 1 9  

CASES I NCLUDED 75 M I SS I NG CASES 0 

DEV I AT I ON 

P 

26 .42 0 . 0000 

Pepsinogen 

2 . 984 16 
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1 . 0 

1 . 0 

Analysis of variance of pepsinogen duri ng the trickle infection using SAS version 6.04 
( TRT = group; �EEK = t i me; GOAT ( TRT ) = goat nested w i t h i n  t reatment ) 

ANALYS I S  OF PEPSI NOGEN DUR I NG T H E  TR I CKLE I N FECT I ON 

Genera l  L i near Mode l s  Procedure 

Dependent Va r i ab l e :  PEPSI NOGEN 

SlIIl of Mean 

Source OF Squares Square F Va l ue Pr > F 

Mode l 40 1 6 . 29661 744 0 . 4074 1 544 23 . 69 0 . 00 0 1  

E r ror 169 2 . 905867 1 5  0 . 0 1 7 1 9448 

C orrected Tota l 209 1 9 . 20248460 

R - Square C . V .  Root MSE PEPS I N  Mean 

0 . 848672 3 5 . 671 77 0 . 1 3 1 1 28 0 . 36759524 

Source OF Type I I I  SS Mean Square Va l ue Pr > F 

T R T  1 8 . 73362503 8 . 73362503 507.93 0 . 0001 

GOAT ( TR T )  1 3  3 . 04806392 0 . 23446646 1 3 . 64 0 . 0001 

�EEK 1 3  2 . 235 14327 0 . 1 71 9341 0  1 0 . 00 0 . 0001 

T R T*WEEK 13 2 . 01 861 096 0 . 1 5527777 9 . 03 0 . 0001 

Tests of Hypotheses us i ng the Type I I I  MS for GOAT ( TRT ) as an error term 

Source O F  Type I I I  SS Mean Square F Va l ue P r  > F 

T RT 8 . 73362503 8 . 73362503 3 7 . 25 0 . 0001 
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Analysis of variance of pepsinogen fol lowing the challenge infection u sing SAS version 

6.04 
( TRT = group; WEEK = t i me; GOAT ( TRT ) = goat nested w i t h i n  t reatmen t )  

ANALY S I S  OF PEPSI NOGEN FOLLOW I NG T H E  CHALLENGE I N FECT I ON 

Genera l L i near Mode l s  P rocedure 

Dependent Var i ab l e :  PEPSI NOGEN 

Sum of Mean 

Source OF Squares Square Va l ue P r  > F 

Model 22 6 . 734 1 1 549 0 . 30609616 1 4 . 63 0 . 0001 

E rror 52 1 . 088 1 7566 0 . 02092645 

Cor rec t ed Tota l 74 7 . 822291 1 5  

R - Square C . V .  Root MSE PEPS I N  Mean 

0 . 860888 25 . 86783 0 . 1 44660 0 . 55922667 

Source OF Type I I I SS Mean Square Va l ue Pr > F 

TRT 0 . 03879040 0 . 03879040 1 . 85 0 . 1 792 

GOAT ( T R T )  1 3  1 . 37958234 0 . 1 06 1 2 1 72 5 . 07 0 . 0001 

WEE K  4 5 . 1 98251 46 1 . 29956287 62 . 1 0 0 . 0001  

TRT*WEEK 4 0 . 1 0059333 0 . 025 1 4833 1 . 20 0 . 3 2 1 2 

Tests of Hypotheses us i ng the Type I I I  MS for GOAT ( TRT ) as an e r ror term 

Source OF Type I I I  SS Mean Square Va l ue Pr > F 

TRT 0 . 03879040 0 . 03879040 0 . 37 0 . 5559 

M ultiple regression of pepsinogen fol lowing the chal lenge infection using Statistix 

version 4.0 

UNWE I GHTED L EAST SQUARES L I NEAR REGRES S I ON OF PEPS I N  

PRED I CTOR 

VAR I ABLES COE F F I C I ENT STD ERROR STUDENT ' S  T P 

- - - - . - - ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CONSTANT · 3 . 41 942 0 . 35546 - 9 . 62 0 . 0000 

GROUP - 0 . 04559 0 . 04492 - 1  . 0 1  0 . 3 1 35 

T I ME 0 . 02627 0 . 00226 1 1 . 61 0 . 0000 

R - SQUARED 0 . 6534 RES I D .  MEAN SQUARE (MSE ) 0 . 03766 

ADJUSTED R - SQUARED 

SOURCE 

REGRESS I ON 

RES I DUAL 

TOTAL 

O F  

2 

72 

74 

0 . 6438 

ss 

5 . 1 1 094 

2 . 71 1 35 

7 . 82229 

STANDARD 

MS 

2 . 5 5547 

0 . 03766 

CASES I NCLUDED 75 M I SS I NG CASES 0 

DEV I AT I ON 

F P 

6 7 . 86 0 . 0000 

0 . 1 9406 

V I F 

1 . 0 

1 . 0 



Gastrin 

Analysis of variance of gastrin during the trickle infection using SAS version 6.04 
( TRT = group; WEEK = t i me; GOAT ( TR T )  = goat nested wi t h i n  t reatment ) 

ANALYS I S  OF GAST R I N  DUR I N G  T H E  T R I CKLE I N FECT I ON 

Genera l L i near Mode l s  P rocedure 

Dependent Var i ab l e :  GASTR I N  

S un  of Mean 

Source OF Squares Square Va l ue Pr > F 

Model 42 20579 1 . 8054 4899. 8049 5 . 36 0 . 0001 

E r ror 1 82 1 66430 . 6962 9 1 4 . 4544 

Corrected T ot a l  224 372222 . 50 1 6  

R - Square C . V .  Root MSE GAST R I N  Mean 

0 . 552873 81 . 84461 30. 23995 36 . 9480000 

Source OF T ype I I I  SS Mean Square Va l ue Pr > F 

TRT 42088 . 6046 42088. 6046 46 . 03 0 . 0001 

GOAT ( TR T )  1 3  1 04267 . 771 7 8020. 5978 8 . 77 0 . 0001 

WEEK 14 38040 . 3493 271 7 . 1 678 2 . 97 0 . 0004 

TRT*WEEK 14 1 8600 . 3 1 82 1328. 5942 1 . 45 0 . 1 33 1  

Tests o f  Hypotheses us i ng the Type I I I  M S  f o r  GOAT ( TRT ) a s  a n  error term 

Source OF Type I I I  SS Mean Square F Va l ue Pr > F 

TRT 42088. 60460 4 2088 . 60460 5 . 25 0 . 0393 
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Analysis of variance of gastrin fol lowing the challenge infection using SAS version 6.04 
( TRT = g roup; WEEK = t i me; GOAT ( TR T )  = goat nested w i th i n  t reatmen t )  

ANAYS I S  O F  GASTR I N  FOLLOW I NG T H E  CHAL LENGE I N FECT I ON 

Genera l L i near Mode l s  Procedure 

Dependent Var i ab l e :  GAST R I N  

Source O F  

Mode l 22 

E r ror 52 

Corrected T ot a l  74 

R - Square 

Sum of 

Squares 

137671 7 . 628 

1 1 77607 . 054 

2554324 . 682 

C . V .  

Mean 

Square 

62578. 074 

22646 . 290 

Root MSE 

Va l ue Pr > F 

2 . 76 0 . 00 1 4  

GASTR I N  Mean 
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0 . 538975 1 3 3 . 2229 1 5 0 . 4868 1 1 2 . 958667 

Source O F  Type I I I  SS Mean Square F Va l.ue Pr > F 

TRT 275646. 2464 275646 . 2464 1 2 . 1 7  0 . 00 1 0  

GOAT C TR T )  13 40665 0 . 0 1 54 3 1 280 . 7704 1 . 38 0 . 2002 

WEEK 4 473825 . 9079 1 1 8456 . 4770 5 . 23 0 . 00 1 3  

T RT*WEEK 4 263543 . 0 1 46 65885 . 7536 2 . 91 0 . 0302 

Tests of Hypotheses us i ng the Type I I I  MS for GOAT ( TRT ) as an error term 

Source O F  T ype I I I  SS Mean Square Va l ue P r  > F 

TRT 275646. 2464 275646 . 2464 8 . 81 0 . 0 1 09 
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APPE N D I X  3a 

Faeca l egg c o u nts  fo r Ex p e r i m e n t  3 . 1  

� Group 1 Group 2 Monitor Goats 

3 1 5 6 9 1 0  1 2 4 8 1 1  A B 

Week 

1 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 

4 350 650 250 400 100 0 0 0 0 0 5 5 0  3 5 0  

5 900 950 800 1 650 750 0 0 0 0 0 1 2 5 0  1 050 

6 1 600 950 1 1 00 450 1 1 00 0 0 0 0 0 700 1 5 5 0  

7 2250 750 450 2350 1 1 00 0 0 0 0 0 1350  2500 

8 1 400 1 1 00 750 1 200 1 250 0 0 0 0 0 850 2000 

9 900 600 600 1 1 50 1650 0 0 0 0 0 850 1 000 

10 1 450 500 300 800 1 200 0 0 0 0 0 1 600 800 

1 1  1 1 50 400 500 750 950 0 0 0 0 0 950 1 200 

12 0 0 0 0 0 0 0 0 0 0 

13 0 0 0 0 0 0 0 0 0 0 

1 4  0 0 0 0 0 0 0 0 0 0 

1 5  0 0 0 0 0 0 0 0 0 0 

1 6  0 0 0 0 0 750 1 1 50 2600 900 1500 

1 7  02 02 02 02 02 1 600 2950 3700 2250 2300 

1 8  0 0 0 0 0 0 0 0 0 0 

1 9  0 0 0 0 0 0 0 0 0 0 

2 0  0 0 0 0 0 0 0 0 0 0 

2 1  0 0 0 0 0 0 0 0 0 0 

22 0 50 0 0 0 0 0 0 0 1 5 0  

2 3  0 0 0 50 1 00 1 5 0  200 350 350  1 1 5 0  



Week 

17 

18  

19  

2 0  

21 

22 

23 

Key: 1 = goat number  
2 = faecal  flo at 

* 
7 1 1 7  

0 0 

0 0 

0 0 

0 0 

0 0 

750 400 

2 1 00 2450 
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G roup 3 

1 8  3 0  3 1  

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

750 250 0 

1 200 1850 2700 

• Group 1 ( n = 5 ) t r ick le  i n fecte d  wi th  10 ,000 T. colubriform is p e r  week  x 1 0  

and  cha l l enged  twice ;  Gro up  2 ( n = 5 )  chal lenged twice;  Group  3 ( n = 5 ) 

cha l lenged once .  Each cha l l enge  compr ised 50,000 T. colu briform is . 



APPENDIX 3 b  

G ra p h s  a n d  S tat i st i c a l  Ana lyses  fo r S e r u m  P ro te i n s  i n  E x p e r i m e nt  3 . 1  

Keys fo r t h e  fo l lowing graphs :  
I V  = ivermect i n  given h e r e  
CH = chal lenge given h e re 
Group 1 = t r i ck le  i n fected p lus  two s i ng le  cha l lenges  
Group 2 = two s i ngle cha l l enges 
Group 3 = s i ngle  ch a l l enge (chal lenge con t ro l )  
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----- Group 1 
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(± standard error) 
- &  - Group Z � - -
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IV CH IV 

7 • 1 1  13 16 1 7  

weeks 

Al b u m i n  
(± standard error) 
- & - Group l � - -

IV CH IV 

t 1 1 
\ 
e -{)- �  

\ y & --e� T 

7 • 

W � 

1 
1 1  13 1 6  

weeks 

17 

229  

Group a 

r 
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Group I 

C H  

1 

1 .  21 
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A na ly s i s o f  tota l p rote i n  and a l b u m i n  d u ri n g  t h e  tr ick le  i n fec t i o n  u s i ng SAS 
ve rs i o n  6.04.  
( K ey f o r  v a r i ab l e  names : T R T  = g roup; W E E K  = t i me ;  GOAT ( T R T )  = g o a t  n es t ed w i t h i n  g roup ) 

A N A L Y S I S  O F  T O T A L  PROTE I N  D U R I N G T H E  T R I C K L E  I N F E C T I ON B E T W E E N  G ROUP 1 A N D  2 

Gene r a l L i ne a r  M ode l s  P r ocedure 

D ependent V a r i ab l e :  PROT E I N  

S o u r c e  O F  

M o d e l  2 9  

E r r o r  80 

C o r r e c t ed T o t a l  1 09 

Sum o f  
Squ a r e s  

1 905 . 0684 5 5  

1 2 5 0 . 846 1 82 

3 1 5 5 . 9 1 4636 

Mean 
Squ a r e  F V a l ue 

65 . 6920 1 6  4 . 2 0 

1 5 . 63 5 5 77 

P r  > F 

0 . 00 0 1  

R - Squa r e  C .  V .  R o o t  M S E  P R O T E I N  M e a n  

0 _ 603650 5 . 8 1 5988 3 . 95 4 1 85 6 7 . 988 1 8 1 8  

S o u r c e  

T R T  
GOAT ( T R T ) 
W E E K  
T R T * W E E K  

O F  

1 
8 

1 0  
1 0  

T ype I I I  SS 

1 7 . 8408 1 8  
5 6 1 . 4 1 38 1 8  

1 1 3 2 . 505636 
1 93 . 3 081 8 2  

M e a n  Square 

1 7 . 8408 1 8  
70 . 1 76727 

1 1 3 . 2 5 0 5 64 
1 9 . 3308 1 8  

F V a l ue 

1 .  1 4  
4 . 4 9  
7 . 24 
1 . 2 4 

T e s t s  of H y po t h e s e s  us i ng t h e  T ype I I I  M S  f o r  GOAT ( T R T )  as an e r r o r  t e rm 

S o u r c e  O F  T ype I I I  SS 

T R T  1 7 . 8408 1 8 1 8  

M e a n  Squa re F Va l ue 

1 7 . 84 08 1 8 1 8  0 . 2 5 

A N A L Y S I S  O F  A L BUM I N  DUR I N G T H E  T R I C K L E  I N F E C T I ON B E T W E E N  GROUPS 1 AND 2 
Gene r a l L i ne a r  Mode l s  P r o c edure 

D ependent V a r i a b l e :  AL BUM I N  

S o u r c e  O F  

Mode l 29 

E r r o r  80 

C o r rec t ed T o t a l  1 09 

Sum o f  
Squa r e s  

2 3 73 . 6848 1 8  

1 1 76 . 5 4 4 7 2 7  

3 5 5 0 . 2 2 9 5 4 5  

Mean 
Squa r e  F V a l ue 

8 1 . 8 5 1 2 0 1  5 . 5 7  

1 4 . 706809 

Pr > F 

0 . 2 886 
0 . 00 0 2  
0 . 00 0 1  
0 . 28 1 2  

P r  > F 

0 . 62 77 

P r  > F 

0 . 0 0 0 1  

R - Squa r e  C . V .  R o o t  MSE A L B U M I N  M e a n  

Sou r c e  

T R T  
GOAT ( T R T )  
W E E K  
T R T *W E E K  

0 . 668600 

O F  

1 
8 

1 0  
1 0  

1 0 . 2 7760 

T ype I I I  SS 

4 2 5 . 3244 5 5  
3 0 7 . 5 2 3 2 73 

1 003 . 380545 
637 . 4 5 6 5 4 5  

3 . 834946 

Mean Squa re 

4 2 5 . 3 24 4 5 5  
3 8 . 440409 

1 00 . 338055 
63 . 74 5 6 5 5  

Va l ue 

28 . 92 
2 . 6 1  
6 . 82 
4 . 33 

3 7 . 3 1 36364 

Pr > F 

0 . 00 0 1  
0 . 0 1 36 
0 . 00 0 1  
0 . 00 0 1  

T e s t s  o f  H ypo t h eses us i ng t h e  T ype I I I  MS f o r  GOAT ( T R T )  as a n  e r r o r  t e r m  

S o u r c e  O F  T ype I I I  S S  M e a n  Squa r e  Va l ue P r  > F 

T R T  4 2 5 . 3 2 4 4 5 4 5  4 2 5 . 3 2 4 4 5 4 5  1 1 . 06 0 . 0 1 04 



Ana l ys i s  o f  tot a l  p rote i n  a n d  a l b u m i n  d u ri ng the  fi rst c h a l l e n g e  i n fe c t i o n  
u s i n g  SAS v e r s i o n  6.04.  

2 3 1  

( Key f o r  va r i ab l e  names : T R T  = g roup; WE E K  = t i me ;  GOAT ( T R T ) = g o a t  ne s t ed w i t h i n  g r oup) 

A N A L Y S I S  O F  TOTAL PROT E I N  D U R I N G THE 1 S T C H A L L E N GE I N F E C T I ON B E T W E E N  G R O U P S  1 AND 2 

Gene r a l L i ne a r  Mode l s  P r ocedure 

D ependent V a r i ab l e :  PROT E I N  

S o u r c e  

Mode l 

E r ro r  

C o r r e c t ed T o t a l 

S o u r c e  

T R T  
GOAT ( T R T ) 
W E E K  
T R T * W E E K  

O F  

1 7  

3 2  

49 

R - Squa re 

0 . 861 505 

OF 

1 
8 
4 
4 

Sum o f  
Squ a r e s  

1 247 . 84 3 4 0 0  

200 . 60 2 4 0 0  

1 44 8 . 4 4 5 8 0 0  

C .  V .  

3 . 72 1 5 1 7  

T ype I I I  S S  

5 2 . 2 2 4 2 0 0 0  
5 5 7 . 2 7360 0 0  
5 1 4 . 8968000 
1 23 . 4488000 

Mean 
Squa r e  

73 . 4 0 2 5 5 3  

6 . 268825 

R oo t  MSE 

2 . 50376 2  

M e a n  Squa r e  

5 2 . 2 24 2 0 0 0  
69 . 6592000 

1 28 . 7242000 
3 0 . 8622000 

Va l ue P r  > F 

1 1 . 71 0 . 00 0 1  

PROT E I N  M e a n  

Va l ue 

8 . 33 
1 1 .  1 1  
20 . 53 

4 . 92 

6 7 . 2780000 

Pr  > F 

0 . 0069 
0 . 00 0 1  
0 . 00 0 1  
0 . 0 0 3 3  

T e s t s  of Hypot h es e s  us i ng t h e  T ype I I I  M S  f o r  GOAT ( T RT ) as a n  e r r o r  t e rm 

S o u r c e  O F  T ype I I I  S S  

T R T  5 2 . 2 2 4 2 0 0 0 0  

M e a n  Squa r e  F Va l ue 

5 2 . 2 2 4 20000 0 . 75 

P r  > F 

0 . 4 1 1 8  

A N A L Y S I S  O F  A L B UM I N  DUR I N G T H E  F I R ST C HA L L E N G E  I N F E C T I ON B E T W E E N  GROUPS 1 A N D  2 

Gene r a l  L i ne a r  Mod e l s  P r ocedure 

D ependent V a r i ab l e :  A L BUM I N  

S o u r c e  

Mod e l  

E r r o r  

C o r r e c t ed T o t a l 

S o u r c e  

T R T  
GOAT ( T R T ) 
W E E K  
T R T *W E E K  

O F  

1 7  

3 2  
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R - Squa re 

0 . 856846 

O F  

1 
8 
4 
4 

Sum o f  
Squ a r e s  

674 . 70 1 8000 

1 1 2 . 72 3 2 0 0 0  

787 . 4 2 5 0000 

C . V .  

5 . 4 76682 

T ype I I I  S S  

2 1 1 . 7682000 
2 2 5 . 5 688000 

3 8 . 1 860000 
1 99 . 1 788000 

Mean 
Squa r e  F Va l ue 

3 9 . 68834 1 2  1 1 . 2 7 

3 . 5 2 26000 

Pr > F 

0 . 0 0 0 1  

R o o t  M S E  A L B UM I N  M e a n  

1 . 8 76859 

Mean Squa r e  

2 1 1 . 7682000 
2 8 . 1 96 1 000 

9 . 5465000 
4 9 . 7947000 

Va l ue 

60 . 1 2  
8 . 00 
2 . 7 1 

1 4 . 1 4 

34 . 2700000 

Pr  > F 

0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 4 74 
0 . 0 0 0 1  

T e s t s  o f  Hypo t h e s e s  us i ng t h e  T ype I I I  MS f o r  GOAT ( T R T )  a s  a n  e r r o r  t e rm 

S o u r c e  O F  T ype I I I  S S  M e a n  Square F Va l ue P r  > F 

T R T  2 1 1 . 7682000 2 1 1 . 7682000 7 . 5 1  0 . 0 2 5 4  
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A n a l y s i s  o f  tota l p rote i n  a nd a l b u m i n  d u ri ng the second c ha l l e nge i n fect ion  
u s i n g  SAS vers i o n  6.04.  
( K ey f o r  va r i ab l e  names : T R T  = g r oup ; W E E K  = t i me ;  GOAT ( T R T ) = g o a t  nes t e d  w i t h i n  g roup ) 

A N A L Y S I S  OF T OT A L  P R O T E I N  D U R I N G  T H E  2 N D  C H A L L E N G E  I N F E C T I ON 

Gene r a l L i ne a r  Mode l s  P rocedure 

D ependent V a r i ab l e :  PROT E I N  

S o u r c e  

Mode l 

E r r o r  

C o r re c t ed T ot a l  

S o u r c e  

T R T  
GOA T (  T R T ) 
W E E K  
T R T *W E E K  

O F  

26 

48 

74 

R - Squ a r e  

0 . 85 8 1 1 2  

O F  

2 
1 2  

4 
8 

Sum of 
Squares 

1 86 7 . 898667 

308 . 8 5 5 200 

2 1 76 . 75 3867 

C . V .  

3 . 65 0595 

T ype I I I SS 

1 6 . 84 5 0667 
71 0 . 0 288000 
933 . 5 5 1 2 000 
2 0 7 . 4 736000 

Mean 
Square 

7 1 . 84 2 2 5 6  

6 . 4 34483 

Root MSE 

2 . 5 36628 

Mean Square 

8 . 4 22 5 3 3 3  
5 9 . 1 690667 

2 3 3 . 3 8 78000 
2 5 . 93 4 2000 

Va l ue P r  > F 

1 1 . 1 7  0 . 0 0 0 1  

P R O T E  I N M e a n  

F Va l ue 

1 .  3 1  
9 . 20 

3 6 . 2 7  
4 . 03 

69 . 4 8 5 3 3 3 3  

P r  > F 

0 . 2 796 
0 . 0 0 0 1  
0 . 00 0 1  
0 . 00 1 0  

T e s t s  o f  H ypo t h eses us i ng t h e  T ype I I I  MS f o r  GOAT ( T R T )  a s  a n  e r r o r  t e rm 

S o u r c e  O F  T ype I I I SS Mean Square 

T R T  2 1 6 . 845 06667 8 . 4 2 2 5 3333 

A N A L Y S I S  O F  A L BUM I N  DUR I N G T H E  SE COND C HA L L E N GE I N F E C T I ON 

Gene r a l L i near Mode l s  P ro c edu r e  

D ependent V a r i ab l e :  A L BUM I N  

S o u r c e  

Mode l 

E r ro r  

C o r rec t ed T o t a l  

S o u r c e  

T R T  
GOA T (  T R T ) 
W E E K  
T R T * WE E K  

O F  

2 6  

4 8  

74 

R - Squa re 

0 . 86 1 393 

O F  

2 
1 2  

4 
8 

Sum of 
Squares 

5 4 0 . 8874667 

8 7 . 0344000 

6 2 7 . 92 1 8667 

C . V .  

4 . 264676 

T ype I I I SS 

33 . 1 92 2667 
79 . 1 5 36000 

3 5 6 . 6058667 
7 1 . 93 5 7333 

Mean 
Squa r e  

2 0 . 803 364 1 

1 . 8 1 3 2 1 67 

R o o t  MSE 

1 . 34 65 5 7  

Mean Square 

1 6 . 5 9 6 1 333 
6 . 5 9 6 1 333 

8 9 . 1 5 1 4667 
8 . 99 1 9667 

Va l ue P r  > F 

0 . 1 4 0 . 8688 

F Va l ue P r  > F 

1 1 . 4 7 0 . 00 0 1  

A L B UM I N  M e a n  

F Va l ue 

9 . 1 5 
3 . 64 

49 . 1 7  
4 . 96 

3 1 . 5 74 6667 

Pr > F 

0 . 0 0 0 4  
0 . 0 0 0 7  
0 . 0 0 0 1  
0 . 0 0 0 2  

T e s t s  o f  Hypo t h eses u s i ng t h e  T ype I I I  MS f o r  GOAT ( T R T ) as an e r r o r  t e rm 

S o u r c e  O F  T ype I I I SS Mean Square Va l ue P r  > F 

T R T  2 33 . 1 92 2 6667 1 6 . 5 9 6 1 3333 2 . 5 2 0 . 1 22 3  



APPEN D I X  4a 

Mean P ro p ort i o n  o f  Nematodes  in  the  S m a l l  I ntest ine  o f  G o a t s  i n  
E x p e ri m e n t  4 . 1  

P ro p o rt i o n  o f  the Yo u n g  Goats  O l d e r  Goats  
s m a l l  i n te s t i ne ( s .e .  ) ( s .e . )  

0 - . 1 0 .427  0 .372 
(0 .0256)  (0 .0359 )  

. 1  - .2  0 . 327  0 . 269 
(0 .0 1 04 ) (0 . 0 1 8 8 )  

. 2  - .3 0 . 1 73 0 . 1 8 1  
(0 .0 1 3 6 )  (0 .0268)  

. 3  - .4 0 .054 0 .076 
(0 .0082 ) ( 0 . 0 1 1 1  ) 

. 4  - .5 0 .0 1 6  0 .039 
(0 .0034 ) ( 0 .0 1 1 7 ) 

. 5  - .6 0 .005 0 .028 
(0 .0022)  (0 .0 1 2 9 )  

. 6  - .7 0 .001  0 .0 1 9  
(0 .00 1 3 )  (0 .0 1 04 ) 

. 7  - .8 0 . 0 1 4  
(0 .0087)  

. 8  - . 9 0 .0 1 3  
(0 .0 1 2 6 )  

. 9  - 1 0 .004 
(0 .0025 ) 
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APPENDIX Sa 

Pa ra s i t o l o g i c a l  Results  fo r E x p e r i m e nt 5 . 1  



G o a t  A b o m a s a l  S m a l l  i n te s t i n a l  worm c o u n t  To t a l  Fa eca l e g g  Fa eca l egg co u n t  - Fa eca l egg c o u n t  -
worm worm m a l e :  c o u n t  - l s t  2 n d  i n fection 3 rd i n fection 
c o u n t  co u n t  fe m a l e  i n fection 

a d u l t  L3 L4 a d u l t  d igest:  Day 2 1  Day 2 1  Day 28 D a y  2 1  D a y  28 
wash (e p g) (ep g) (e pg) ( ep g) ( e pg) 

2 30  0 0 1 2480 . 72 1 25 1 0  1 . 1 0 7500 50  1 0250 1 400 2250 
3 1 0  0 0 1 5 400 .82  1 54 1 0  .96 4 200 750 2350 1 400 1 500 
1 2  20 0 0 247 1 0  . 3 2  24730 .86 4800 1 700 4400 2000 4350 
1 5  1 0  0 0 1 8230 . 5 8  , 1 8240 .89 4700 650 4500 800 1 500 

1 6  0 0 0 2 1 750  . 1 9  2 1 75 0  .98 3 5 5 0  4750 7000 4 3 5 0  5 200 
1 8  20 0 0 1 6320 . 3 1  1 6340 .72 3300 3600 4200 900 4 3 5 0  
1 9  0 600 200 1 2 1 9 0  2 . 05 1 2990 .79 2000 900 1 650  300  1 650  
2 1  0 600 1 1 00 1 2920 .49 5490 1 .06 6750 5 1 50 9050 2 1 50 6600 
23 20 0 0 1 4 240 .37 1 4260 .99 7300 2050 5850  1 25 0  3450 
24  0 0 0 3 790 .4 1 3790 .73 1 25 0  0 50 1 5 0  400 
28 0 0 0 1 5 950 1 . 4 1  1 5 950  1 .00 3900 1 800 3650 650 3 1 50 
30 10 0 0 1 3 280 . 5 5  1 3 290 1 . 1 1  5000 2750 4050 1 450  4750 
34 1 0  0 0 1 8760 .42  1 8770 .92 3650  650  3800 1 00 2300 
39 40 0 0 2 1 270 . 3 2  2 1 3 1 0  1 . 06 4400 1 5 00 6800 3250 3350 
48 0 0 0 1 3890 . 5 2  1 3 890 .99 1 700 350  850  1 00 600 
49 1 0  0 0 1 1 770 . 5 6  1 1 780 .94 2500 1 00 700 900 950 
5 2  0 0 560 2500 1 .0 3060 .82 50 0 50  0 350  



G o a t  

5 4  
5 6  
5 9  
62 
63 
65 
75 
77 
82 
85 
86 
89 

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

A b o m a s a l  S m a l l  i n te s ti n a l  worm c o u n t  
worm 
c o u n t  

a d u l t  L3 L4 a d u l t  digest:  
wash 

0 1 00 0 7540 1 .05 
0 0 0 1 2980 .75 
0 0 0 1 2960 1 .79 

20 0 0 1 8880 .39 
0 0 1 0 t O  5 5 60 1 .3 1  

20 0 1 00 1 6 3 1 0  . 53  
0 0 0 1 5390  2 .63  
0 0 0 1 8230 .80 

20 0 0 1 5 020 .67 
0 0 1 00 1 5 20 . 5 2  

30 0 0 8 780 1 . 99 
0 0 0 1 3 1 3 0  1 .95 

To tal  
worm 
c o u n t  

7640 
1 2980 
1 2960 
1 8900 
6570 
1 6430 
1 5 390 

. 1 8230 
1 5040 
1 620 
88 1 0  
1 3 1 3 0  

Fa e c a l  egg Fa e c a l  egg cou n t  - Fa eca l egg co u n t  -
m a l e :  c o u n t  - 1 s t  2 n d  i n fe c t i o n  3 rd i n fection 

fe m a l e  i n fection 

D a y  2 1  Day 2 1  D a y  2 8  D a y  2 1  Day 2 8  

( e p g) (e pg) ( e p g) (e p g) (e pg) 

.93 2400 850 1 8 5 0  250 850 

. 9 1  3 1 00 5 5 0  2500 1 5 0  2250 
1 .00 1 8 5 0  9 5 0  1 3 5 0  3 5 0  900 

.89  1 600 50 1 4 5 0  700 1 5 00 

.66 2300 1050  2 5 5 0  600 5 5 0  
.9  2650 450 4800 1 700 5 300 

1 .09 2950 3050 3000 2050 3300 
. 9 2  4 1 5 0  1 700 5 5 00 2000 3 1 00 

1 .07 1 7 5 0  2 1 5 0  6900 2400 2850 
.62 3 5 5 0  1 350  3 700 200 1 5 0  
.68 1 4 5 0  600 2250 250 750 

1 . 1 7  3050 3550  5 900 5 1 00 605 0 



S t a i n s  

APPE NDIX 6a 

G i l l ' s  h a e m a toxyl i n  and eo s i n  ( G i l l  et a l. ,  1 974 ) .  

1 .  G i l l 's haem atoxyli n :  

haematoxy l i n  

d i st i l l ed  water  

e thylene glycol 

sod ium iodate  

a l um in i um su lphate 

acet ic aci d 

4gm 

700 m l  

250m I 

0 . 6gm 

3 6gm 

50ml  

237  

Mix  i n  order  give n .  Add  aci d aft e r  a l l  so l i ds have d i sso lve d .  M a i n t a i n  

ac i d con t e n t  by  addi ng  1 d rop  of acet i c  a c i d  per  l OO m i s  of  s t a i n  weekly ( ch ange 

month ly ) .  Req u i res no d i fferent ia t ion .  Can be used a t  once .  

2 .  Alcohol ic  eos i n :  

1 % aqueous  eos in  (GI 45380 )  

1 % aqueous  ph loxi ne  

9 5 %  ethanol  

acetic aci d 

Change th is  so lu t ion  weekly .  

M e thod 

1 .  take to water  

2 .  G i l l ' s  haem atoxy l i n  fo r 3 m i n u tes 

3 .  r u n n i ng water  fo r 30 seconds  

4 .  Scot t ' s  tapwater  fo r 30 seconds  

5 .  r u n n i ng water  fo r 1 m in ute 

6 .  a lcohol ic  eos in  fo r 1 to  2 m inutes  

7 .  r u n n i ng wa te r  fo r 30 seco n ds 

l OOmI s  

5 m ls 

10m l s  

880m I s  

8 .  dehydrate b r i skly through alcohols  w i thout  pause 

9 .  c lear  and  moun t  


