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STUDIES ON EPERY THROZOON OVIS INFECTION I N  S HEEP 

ABSTRA C T  

Thi? th e s i s  c on c erns the effect o f  Eperythroz oon av i s  on 

its ho st, w ith p1rt i c ulqr emph� s i s  on some of the hae mato l o gi c � ,  

pathologi csl and b i o c hemi cal chan�e s wh i c h  o c c ur . 

Haemato logi cal studies on experimental ly infected sheep 

sh owed that both the mox imum d egre e  of anaem i a  and maximw� 

de�r e e  of paras itaemia were s imi l�r in all groups and i nde­

pendent of the s ize of inoculating d o s e. The sm al l�r the 

do s e  r�te , however, the lonqer the pre patent pe r i od , s o  thot 
-6 

at the l owest d o s e  rate u s ed (l x 10 ml of infe cted blood 

intravenously injec ted) the peak of parasi tJ.emia and _r:e elk of 

anaemia were synchroni z ed . The time token for anaem ia to 

devel o p  fo ll ovling ino cul::tti on was s imi l1r in al l expe r imentally 

i nfe cted �roups and ind e pend ent of the t ime taken for p ara s i t­

aemia deve lopment . I t  i s  sugge sted fro m the s e  observation s  

that th e ansemia i s  at l east partially asso c i ated with a 

h o st i mmune respon s e  aga in st th e paras ite and i nvolving th e 

erythro cyte. In natural i nfe ction the sever ity of anae mia 

and paras it3.emia was Vl.r iabl e . It i s  po stulated that in su ch 

i nf e ct i on the host immune re s ponse m::ty be expr e ssed before 

inf e ction is  fully devel o pe d . It was al so shown that th ere 

was a s icmif icant ( p < 0 . Ol) c orr e lation between the maximum 

degree of anaemia and m3.ximum d egre e  of par a s i taemi a fo r all 

i nfe cted (exper i m ental and natural) sheep . For thi s  r eason 

the po s s ibi+ity of a di r e ct effe ct by the paras ite on the 

e rythro cyte, contr i but ing to the anaemia c annot be d i s c ounted . 

All i nfected gr oups of s he e p  showed a sl ower rate of 

we ight gain as c om pared with c ontrol s . In one exp er i ment 

th e d ifferenc e between groups was s ignif i c ant ( p < 0 . 01 ) .  



The main pathological change s in E .  ovis inf e c t ion 

were spleni c  enlar�ement and haemo sidero sis  of the l iver 

and kidney cortex . These  latt er f ind ings ind i cated that 

intravas cular haemolysi s is probably the predo minant mod e 

of  erythro cyte destruction . Infec tion i s  a c c ompanied by 

an increased intravascular cl ear�nce r at e  of  c�rbon by the 

r e t i culo endothel ial syst em . The po ss ible ro l e  of the 

reti culoendothel ial sy stem .  in the host  immune response and 

in erythrocyte d estruc tion ,  alon� with the r ole . of compl ement 

and the paras ite in the patho gene sis  of anaemia , is d i scussed . 

Comparative glycolyti c stud ies between E . ovis infe c ted 

and control erythro cy tes  �owed that infected erythro cytes  

u t i l i z ed approx imately 24 t i�es as  much glu c o se and produ ced 

18 t ime s as much l�c t i c  a c id as the control s . Other fi0d ings 

inc luded  an e�ress of oxy�en from infected erythrocytes , 

thought to  resu l t  from a drop in intracellular pH and a 
redu c t ion in the a�ount of  glucose whi ch co uld be ac counted 

for as lac tic  ac id , pyruvic  acid and oxygen uptake . Thi s  

l at ter find ing was thought t o  be ctue t o  util izati on of  

glucose  by the parasi t e  for synthetic  purpo ses . 

Changes in infec ted sh eep which  were c ons idered to  

r esult from the increased glycolytic  activity of erythro cyte s  

were a fall in venous blood �lucose  l evel s ( in some cases  t o  

negl igible value s) and a l ar�e increase in blo od lac t i c  

a c id l e vel s . Acid -base stud i e s  showed that these changes 

were ac companied by s ignifi cant ( p < 0.05) falls  i n  venous 

pH and stand ard b i carbonate . The f�ll in stand ard b icarb­

onate would be . expe cted  to result from the neutral i z a tion 

of lac t ic a c id , but t here was no apparent explanation for the 

increase in pC02 which al so o ccurred . S uch an increase  i s  

normally ind i cative o f  a re s piratory ac id o sis . Apart from 

a per iod of inappetanc�  during heavy paras itaemi a , wh ich  

may affe c t  weigh t  ga in , no  cl ini c al effe c t  due to the  a c id o s i s  

was noted . 

The redu c tive pot ential, i . e . , the abil ity of  an 

erythro cyte to w ithstand oxid at ive d amage  was assessed 



during an infe c t ion cycle  by measuring erythro cyte  reduced 

�lutath ione levels  and blood methae�oglobin levels before 

and after incubation w i th acetylphenylhydraz ine . I t  was 

concl uded that an infec ted erythrocyte's abil ity to wi th­

stand oxidGt ive chal lenge . was severely affe c ted as compared 

w i th control erythro cyte s ,  and th�t h�em9lys i s  co�ld be a 

l i kely  resul t .  Without such � challenge , however , an 

infe c ted erythrocyte ' s redu c t ive  po tential i s  not greatly 

affec ted . It  is probable that such metabolic  changes 

o c currin� in infe cted erythrocy te s  do not play a ro le in the 

pathogene s i s  of anaemia . 
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1 

CHAPTER I 

' REVI EW OF THE L I T ER A TURE . ..;. 

INTRO DUCTION 

Eperythro z oon ovis is  an epi - erythro cytic  blood para s i te of 
sh eep whi ch can  cause 2nae�i a . There is  c ircumstanti al evidence  
tha t i t  may be a cause o f  unthriftiness in  sheep ( S heriff et  al . ,  
1966 ) • 

Eperythro z oo n  ovis was f irst repor ted from S outh Afri ca by 
Neitz  et al . in 1934 . In . the course o f  stud ies on the tran9mi s sion 
of R i c ke ttsia ruminantium , invo lvin� a splenectomi zed  sheep , r ing­
shaped bod ie s  of approximately 0 . 5 to l. 0 .!J. d iameter were seen in 
blood smears � On  the bas is  of  morpholo �y ,  s taining rea c t io n  w i th 
G i emsa stain ; and the lo ca tion of the parasite on the erythro cytes , 
i t  was considered tha� thi s was a previously und e s cribed s pe c i e s  
o f  the genus Eperythro zoon , and the name Eperythro z oon ovi s  
proposed . A l though Neitz  et al . sug�es ted that Eperythro z oo n  be 
inc lud ed �i thin the family Anaplasmidae , then consi dered prot o zoal 
organisms , Peters  and W igand ( 195 5 )  consid ered that Eperythr o z oon 
could be set aside  from pro tozoa on ac count of its small  s i z e  
and lack o f  cell ular structure . At  present Eperythro z oon i s  
includ ed in the fam ily Bar tonellaceae whi ch are blood parasi te s ,  
in the order R i c kettsiales  (Weinman , 19 5 7 ) . However , result s o f  
re cent structural stud i e s  have sugge sted that Eperythro z o on 
should be inc lud ed in the i\1ycoplas'na tal es  and no t the R i c ke tt­
sial e s  ( Avakian et al . ,  1 9 73 ) . 

S ince  the original d is c overy , E .  o vi s  has been repo rte� from 
Algeria ( Donatien and L e stoquard , 193 5 ) ;  france ( Lafenetre , 
1936 ) ; . Iran ( D epy ,  1936 ) ; U . S. A . ( J ensen , 1943 ) ;  Norway 
( qver�s ,  1959 ) ; Australia  ( Little j ohns , �96 0 ) ; S co tland ( Fog�i e ,  
196 1 ) ;  I nd ia a�d Pakistan ( S arwa r  et  al . , . l962 ) ; Yugos l avia 
( Begovic  et  al . ,  1 963 ) ; Rus sia ( D ' yakopo v ,  1964 ) ; England 
( Rouse . and J ohnson , 1966 ) ; K eny.� ( Ohder , 196 7 ) ; New Z eal and 
( J olly , 196 7 ) ; S pa in ( Rodriguez , 1 968 ) ; G ermany ( Fr i edhoff 



� t al . ,  1971 ) ; Bulgaria ( Kyurtov , 1971 ) and R1and ( Rami s z  
e t  al . , 1972 ) . 

INFSCTIVITY 

Transmission 

2 

Experi mental ly , transmission h3 s been effe c ted by inQ culation  
o f  sus ceptible an im� l s  with infected blood by  intr3venous , sub­
cutan�ous , intramuscular , intr�per itoneal ( Kre i er and R i s ti c , 
1 968 ) , and o ral rout es ( 0ver�s , 196 2 , 1969 ) . 

The natural mod e o f  transmi ss ion has no t been establ i shed , 
t hough it i s  probable that an inse c t  vector is  invo lved . �vergs 
( 1962 ) produced circumstantial evid enc e suggest in� that the b i t ing 
fly S tomoxys cal c i trans could be a ve cto r . S ub s eq uently he 
r e po rted th� t he was a bl e  to tra nsmit E . ovi s by subcutaneous 
in j e c t ion of macerated S tomoxys , but an attempt to transmit 
inf e c t ion by induc ing fl ies  to feed on infec ted and then 
uninfected sheep fa iled ( 0vergs , 196 9 ) . S imilar results were 
o btained wi th the shee p  ked ( Melophagus ovinu s ) . Prev ious 
3 ttempts by o ther wo rkers to transmi t E . ovis by infec ting w i tb 
s us pensions of ground up ked s ( Neitz , 193 7 ; Rouse and J obnso n ;  
1 966 ) and by transference o f  l ive ked s ( Foggie and Ni sbet , 1964 ) 

had failed . Foggie and Nisbet ( 1964 ) produced a mi ld infe c t io n  
in a sheep inoculated w i th a saline suspension o f  ground u p  l i c e  
from an infe cted shee p  but fai l ed to reproduce the d i sease when 
th ey transferred suc king l i ce ( L inognathus ovillus ) from natural l y  
infe cted sheep t o  sus c ept ible sheep . 

Nikol ' skii and S l i pchenko ( 1969 )  reported th e expe r imental 
transmission  of E . ovis  by the t icks Hyalomma plumbeum and 
R h ipic ephalus bursa , and they were able to  d emonstrate tran s ­
ovar ian transmis sion b e twe en t i c k  generations . 

C ircumstantial evidence  al so supports the hypothes i s  that 
infection i s  spread by inse cts . Fo�gi e and N i sbet ( 1964 ) 

observed that all d iagnosed  spontaneous _ cases o f  E . ovi s 
inf e c tion o c curred i n  summer and autumn , and suggested a b i t ing 
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fly vector . S her iff et  a l .  Cl-966 )  found that infection  o ccurred 
in higher rainfall areas st a t ime of the year favourable to 
insect  vector s . Both the se groups also noted that , i n  the 
course of experimental work , infe c tions o c curred in c ontrol sheep  
whi ch were not  in d ire ct co nt a c t  w ith artif icially infe cted 
sheep . 

Host  Spe c i f i c i ty 

Eperythroz oon ovis  is  rel a ti vely hos t spe c i f i c . Rabbits ,  
guinea pi�s , spl enec tomi z ed and i ntact mi ce , aDd a spl ene ctomi z ed 
d o �  have proved refractory to  i nfe ction ( Neitz , 193 7 ;  Foggie  
and N i sbet , 1964 ) .  Reports o f  po ss ibl e transmission t o  c al ves 
by Ne itz ( 19 3 7 ,  1940 ) and Ohd er ( 1967 )  are not substantiated by 
the d a ta pre s ented . H oyte ( 19 71 ) was able to show that E . ovis 
survived in a calf for at least  9 d ays , althou�h no paras it aemia 
wa s d emonstrated . 

Successful transmi ss ions to a s pl ene ctomi z ed �oat and a 
splenec tomt z ed d eer ( D ama virgi nian � )  have been reported ( Kreier 
and R i sti c , 1 96 3 ) . An antelope ( bl e sbu c k )  ( Damal i s cus albifron s ) , 
in je cted with blood from an infe cted she ep appeared to  d evelop a 
laten t  infe c t io n  as the organi sm was later recovered by ino cula­
t i on of the antelope ' s  blood into ano ther suscept ibl e she ep 
( Ne i tz , 1939 ) . 

I n  Iran , E . ovi s  has been incriminated as  a cause  of goat 
mortal ity ( Rafyi and "�aghami , 1966 ) . 

lVTICROB IOLOG Y 

Cultivat ion and Pre servat ion 

A ttempts  to culture E .  ovi s  on common bacter i ologi cal med ia 
und er d i ffer en t  atmospheri c c ond i t ioDs have fa i l ed ( Ne it z , 1 93 7 ;  
Rouse and J ohnson , 1966 ) . S imilarly , attempted cul ture o n  
sheep kidney monolayers ( Foggie and Ni sbet , 1964 ) and a '.' mixed 
hamster kidney - bovine lymphati c ti ssue culture" (Ohder , 196 7 )  
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h ave al s o  failed . S eamer ( 19 5 9 ) , using embryonated hen eggs , 
succe ssfully pa.ssaged the rod ent . spe c i f i c  organ i sm E . co c co i d e s  
14 time s  by yolk sa c inoculati o n ,  and 1 6  t i mes b y  intravenous 
ino culation of the c h i c k  e�bryo . .  In  the o nly re corded attempt 
to  repeat thi s work with  E . ovi s , Ohder ( 196 7 )  found no s i gn of 
infection in e �gs and fail ed to recover the organism by 
inoc·ulat ion of sl:lee p wi th all !3.nto ic  or yolk  flui d  and embryo 
t i s sue . H owever , he was able to transmi t  i nfect ion to  su s c ept­
ible shee p  w i th infe cted . blood stored fo r 5 weeks at -20°C wi th 
and with out 30% glyc erol ,  but was una9l e  to transmi t infe ction  
wi th blood  stored for n lon �er pe ri od ,  or with free z e  d r i ed 
b l o od . 

Jen sen ( 1943 ) found that E .  ovi s wa� kill ed when inf e cted 
blood wa s heated for 10 minute s  at 48°C to 50°C . 

Morphology 

Mo s t  d escriptions of �v i s . have been mad e  from observa­
t ions on smears of infected blood , stained with one of the 
mod ified Romanows ky s ta ins . I t  i s  generally agreed th� t  E ,  ovis  
is  pleomorph i c .  The most  character i st i c  form d e scribed is  a 

small purple-staining ring approximately 0 . 4 to 0 .  5 ll in 
d iameter w ith a pal e or c l ear centre ( Ne i t z , 1937 ) , thi s being 
the first form to  appear i n  a parasitaemia ( Foggi e and Ni sbet , 
1 964 ; S heriff e t  a l . , 1966 ) . Neitz  ( 19 3 7 ) not i ced that some 
r ing forms had up to  3 dar ker sta ining points whi ch he sugge s ted 
may have some relation to mul tipl i cation . Var iations fro m  the 
r ing form have a l s o  been d e s cr ibed ; L i tt l e johns ( 1960 )  n oted 
a more bacillary form wh ich showed bipolar sta ining and resembled 
d iminutive pasteurellae ; S heriff e t  al . ( 1966 ) noted th�t some 
rings _ had short s o l id extensions on one side  o r  at oppos ite  
pole s , and �ver�s ( 1969 )  noted r ings o f  irregular th i c kne s s  and 
some which appeared spheroidal  with o�ly a sl i ght central pal l o r !  
S heriff et  al . ( 1966 ) al so  noted tha t , as  para s i taemia d eyelo ped , 
the ring forms tend ed to d i sappear and a variety o f  forms , 
includ i ng long chains re sembli ng . minute s trepto c o c c i , "wi s py"  
f ilament s  re sembl ing leptospirae , and many combinations of  the se 
f orms a ppeared .  Later the "wi s  ... py" forms predominated  although 
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s ome sho r t  rods were noted . Foggie and Nisbet ( 1964 ) d e s cr ibed 
these rod forms as  curved to f i t  the margin o f  the erythr ocyte s .  
Other morpho logi cal type s have been � scr ibed a s  ovo id , comma,  
dumb-bell and . tennis . racke t  shaped , as  tri angl es w i th round ed 
angl es  ( Ne i t z , 193 7 ) , and large pa+e -stain ing i rregular r ings 
u p  to 2 �  in  d iame ter ( Li tt l e johns , 1960 ) . These  l arge r ings 
were obs erved dur in� the ph�se o f  d e cre �sin� par�si tae� i a .  
�ver2s ( 1969 )  d e scribed the appearanc e  of  threadl ike structur e s  
pro j e c t ing out from the erythro cyte and i n  s ome . cases  h e  al so  
observed large numbers of n inute c o ccoid bod i e s ; mainly in tho se 
sheep wh i ch had been infec ted orally . 

S o  numerous are the morphol o � i cal vari ati ons d e s cribed th3t 
it is d i ff icult to i �nore the pos sibility that so�e at l east are 
ar te fa c t  a nd at tributable perha ps to variations in the techniques  
of  pre paration , staining a nd exanination o f  blood smear s ( s ee 
�veras for example ) .  Kre ier  and R i s t i c  ( 196 3 )  s tud i ed the 
o rgani &n ' s morphology us ing . i nd irect  fluore sence , pha se contrast 
a nd brigh t  f i eld mi croscopy 1 and c on cluded tha t the mo s t  typ i c al 
forn i s  a rod or sphere on the peri ph ery of  th e erythrocyte . 
The ring forms wh ich were s e en in  dry f i lm pre parati ons und er 
br isht f ie ld mi croscopy ,  appe ar ed as  d2 rk spheres und er pha s e  
c ontrast rnicro sco py .  Peters and W igand ( 195 5 ) ,  '.vorking wi th 
E .  cocco id e s , sugge sted tha t such ring forms probably arise  
d uring t h e  pro c e s s  of  air  drying and th �t t he organ i sm in  
c ircula t ion was  more l ikely to  be in a cocc o id or  v e s i cular 
form o  

F i n e  S truc ture 

Observat i on s  on the ul trastruc ture of E . ovis  have been 
re corded  by Kre i er and R i st i c  ( 196 3 ) . The organ i sm i s  round or 
oval w ith a peri pheral d ense  area whi ch is thought to be a 

membrane . The inn er struc ture consisted o f  c en tral and per i pheral 
aggregates  of  f inely �ranular mat erial  with in an e l e c tr9n-lu c i d  
substance . At i t s  point o f  c ontac t  with an erythro cyte , the 
organism appears to have pa rtly pene trated or eroded  the 
e rythro cyte membran e .  A d e f in ite single uni t membrane wa s 
d escribed by �cKee  et  al . ( 1973 ) but in  contrast to Kre ier and 
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R i stic , they considered the paras ite t o  be situated only on the 
sur face of the erythro cyte . 

Relation of E, ovis to Erythro cyte 

In bl ood sme ars most  organi sms are seen on the surf a c e  of 
erythrocyte s ,  s ome apparently free in the plasma ; me chan ical 
separa ti on of the organi sms from the erythrocytes in the pro c e ss 
of  mak ing the sm?ar is  cons id �red the probable explAnation for 
the se " fre�" organ isms ( Neit z , 1 93 7 ;  Li ttle john s , 196 0 ;  Foggie 
and N i sbet , 1964 ; Sheriff et al . , 1 966 ) . The bond betwe en 
organism and c ell  does  not appear to be . strong ; Ne itz  ( 19 3 7 )  

found tha t c entrifugation o f  b�ood at 3 , 000 rpm for 1 hour 
d etached mo st  of the organi sms , whi ch were packed jus t bel ow 
the l ayer of l euc o cytes . 

PATHOGENES IS AND PATHOLOGY OF I NFEC T ION 

Incubati on Period and Development of Parasitaemi a 

Following ino culati on of sus c eptible shee p by the intravenous 
or subcutaneous route s , Neitz  ( 19 3 7 )  recorded that the i n cubation 
( or prepatent )  period - i . e  •. the per iod between ino culation and 
f irst  appear�nce  o f  the organi sms in blood smears - ranged from 
2 to 26 days , but was c ommonly between 5 . and 7 d ay s . S�bsequent 
ob servati ons have conf irmed this ( Jens en ,  1943 ; �vergs ,  196 9 ) .  

Although no critical wo rk has been reported on the relation­
ship between s i ze o f  infecting  d o se �nd prepatent per i od w ith 
E .  ovis , _  it  h a s  been found with E .  coc coid e s  that the prepat ent 
peri od is  inverwe ly related to the s i z e  of the infe c ti ng dose  
( S chindler and Krampitz , 1964 ) .  F o ggie  and Nisbet  ( 1964 ) 
no ted that the pre patent period fol lowing ino cul ation with 
he qvily paras itiz ed blood was shorter than when using blood  
fr om convale s c ent sheep , in whi ch parasites  wer e  no l onger 
detectable in smear� . 

There i s  l iitle information on  the prepatent per iod  in 
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natural cases  where the infec ting dose would be exp e c ted to be  
relatively small . Ohd er ( 196 7 )  noted tha t  infe c tion was apparent 
in 3 control shee p S to 21 d ays after be ing tran sferred to a 
s tall tha t  he ld exper imentally infected sheep .  

Neitz  ( 19 3 7 )  re c orded that , after organi sms were f irst  
noted in sequent ial blood  smears , they increased rapidly and 
within 5 to 10 days became 2 5  to lOO times  as numerous as 
erythrocyt e s .  Nei t z  also noted that this phase o f  a c tive multi­
pl i c ation a ppeared to continue up  to  about the t ime that anaemi a 
f irst appeared . A sudden d e crease in numbers o c curred at thi s 
s tage , so that when the anaemia was mo st marked the re were 
c omparativ ely few or no organisms to be s e en .  The paras ite  
was d emons trabl e  mi cro s copi c ally in  the peripheral blood for  a 
per iod of 6 to 42 days , with an average of 14 d ay s .  This  
relationship of  parasi taemia to anaemia was al so noted by L ittl e ­
j ohns ( 1960 )  and S heriff et  al . ( 1966 ) . H owever , oth er workers 
h ave observed longer parasi taemi c  episodes with _ concurren t 
anaemia ( Foggie and Ni sbet , 1964 ; 0ver�s ,  1 962 , 1 969 ; R ouse 
and Johnson , 1966 ) . In  experimental i nfect ion �vergs ( 1969 )  
found that the ayerage duration of paras i taemia for the 2 3  sheep 
u s ed was 97 days , whereas the durat ion in naturally infected 
sheep was shorter . I n  the s e  l onger parasitaemic epi sod e s , the 
haemoglobin  value s returned to norma l as the parasitaemia 
d imini shed . 

In paras itaemi a s  of l o nger d urat ion , Neitz  ( 1937 )  found 
tha t  there  was cons id erable fluctuation in the numbers of 
c irculating parasite s .  Reappearance of the parasites  in blo od 
smears after being a pparently free from tnfection , has al so 
b een noted ( Ne itz , 1937 ; S h eriff et a l . , 1 966 ; 0ver2s , 1969 ) . 
T he s e  relapses  of paras itaemia oc curred at interval s ranging 
fro m  a few d ays to a few months , al though W einman ( 1944 ) noted 
that there was apparently a tendency for a progre ssive increa s e  
in  the " parasite-free" per i od between succe ssive rel apse s .  

There are considerable d iff icul tie s  in reliably dete cting 
very small numbers o f  organi sms in blood smears . Blood from 
animals  wi th no dete c table .parasi taemia may still  be  infec tive  



for o ther anima l s . I t  is , therefore , d iffi cult to  pinpoint 
pre c i sely the beginn ing and end of parasita emia and , sin c e  
technique s for s tain ing and examination of smears vary , 
d ifficulty tn compartng the results of  d ifferent wor kers oc curs . 
I t  is  cl ear , however , that both the prepate nt peri od and the 
duration of parasi taemia may vary consid erably , as  may the 
in cidence and extent of re lapse s .  

C l ini c al S igns of Infect ion 

foggie and Ni sbet ( 1964 ) found tha t in s pontaneously infected 
shee p ,  with only _ sl ight paras i taemia , there were no si gnifi c ant 
c l inical effe ct s , but that  ana emia and trans ient j aund i ce o c curred 
in animal s  that had received an intravenous inoculat ion of 
heavily infected blood • .  Ne�t z  ( 193 7 )  cons idered that the 
severi ty of anaemia was rel ated d irectly to the intens ity u f  
parasi taemi a . 

Neitz  ( 193 7 )  found in experimentally infe cted sh eep that 
one of the first  cl inical s igns of infection wa s a ri s e  in body 
temperature .  The se febril e  rea ction s , sometime s  a s  high a s  
41 . 5 °C ,  were i ntermi ttent or continuous for 3 t o  4 day s  with 
remis sions at intervals of a week or more . I nt ermittent h igh 
temperature s  have al[ o  been described by Jensen ( 1943 ) ; �verRs 
( 195 9 ,  1 96 9 )  and Ohder ( 1967 ) ; 

I c t erus ( N eitz , 193 7 ;  Foggt e and _ Ni sbe t ,  1964 ;  . �verRs ,  
1969 ) and haemoglo9inuria  ( Neitz , 1 937 ; �vergs ,  1 962 , 196 9 )  

have been ob served , these  s igns be ing ind i cati ve o f  rapid 
erythro cyte destruc tion . 

Other c l ini cal sig�s observed are mainly referable  to  the 
severity of the anaemia , name ly dullness , rapid wea k  pul se and 
accelerated re spiration ( Ne i tz , 1937 ) .  A d i s in c l ination to 
eat acc ompanied by a +oss  of we ight has been no ted ( Neitz , 
1 93 7 ;  S �eriff et  al . , 1 966 ) . The latter authors found that , 
in lamb s , this l os s  of b ody  weight began about 1 to 3 weeks 
after the organi sms were no l onger d emonstrabl e " in blood 
3mears . �vergs ( 1969 )  was unable to draw any definite conclusion 
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r egarding the effe c t  of  E .  ovi s on we ight ga in in lambs , 

although he  d id n9t e that inf e c ted animals  tended to  gain l e ss 

t han the controls • and t hat the retardation of weight gai n  was 

more apparent in i nd iv id ual s heavi ly inf e c t ed for a consid e r- . 

able time . Foggi e and Nisbet ( 1964 ) , al s o  working with lambs , 

found tha t ,  apart from a sl ight check i n  growth about 4 to 6 

wee ks after the para s i t e s  f irst appeared there was a " reason­

a ble weight r!S inn . 

f•1orta1 ity foll owing experimental infe c t ion is  not common . 

N e i t z  ( 19 3 7 )  reported one d eath in h i s  expe rimental  sheep and 

S heriff et al . ( 1966 ) d e stroyed an infe cted  sheep in extremi s . 

The variation  in pathogeni c i ty observed with t h i s  o rgani sm 

l ed Foggi e and N i sbet ( 1964 , 1 966 ) and Harbutt ( l969a ) to suggest  

the  poss ibil ity that d i fferent strains o c cur . I t  i s  o f  int ere st 

t o  note that two s pe c i e s  have been identified in pi gs ( S pl i tter , 

1 9 5 0 ) . One , E . - sui s , is  cons id erect to cau se anaemi a and 

i cterus w ith mortal ity , �nd the other , E .  parvum , i s  con sidered t o  

b e  relatively non-patho geni c . Three separate s pe c t e s  have bee� 

i d entified in catt le .  The first d e s cri bed sp ec i es ,  E . wenyoni , 

paras i t i z e s  the erythr o cyte s .  H oyte ( 1962 ) identifi ed para s it e s  

wh i c h  appeared fre e i n  the plasma and whi c h  he cons idered t o  be 

a separate spe c i es and named them E . teganodes  . . U ilenberg 

( 196 5 ,  196 7 )  observed organi sms asso ciated wi th bov ine 

platelets  for whi c h  he propo sed the name E . tuomi i • .  Evid ence 

e stabl i sh ing the val id ity of  this  latter spec i e s  wds later  

pre sented by Zwart et al . ( 1969 ) • . 

Haemato l ogi cal Changes and B lood Chemi stry 

Morpholog i cal ly , the anaemia i 9  most  commonly macrocyt i c 

and normochromic ( Kre ier _ and R i s t i c , 1 96 3 ; S heriff et  al . , 

1 966 ; , Rouse and J o hns9n , 1 966 ; H arbutt ,  l969b ; C ampbel l  

e t  al . � 1971 ) although , i n  l es s  severe case � ,  i t  may be 

normocyt i c  and normochr9mi c ( S heriff et al . ,  1 966 ; R ouse  and 

John so n ,  1966 ; H arbutt , l969h ) . (/JverRs ( 196 9 ) .  observed hypo ­

chromia in sheep w i th a pronounced anaemia .  H e , a s  w e l l  as  

Ne itz ( 1937 ) and L ittle john s  ( 1960 ) , recorded profound ana emia 
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wi th reduct ion in haemo�lobin lev e l s  to about 40% of normal . 
The anaemia i s  followed by the appearance  in the per i pheral 
c ir culation of immature c e l l  type s ind icativ� of a s t imulated 
erythro id response in th� bone marrow ( �e i t z , 1937 ; Kreier 
and R istic , 1 96 3 ; Ohd er ,  1 967 ; 0ver�s ,  1 969 ) . This  has 
been confirmed by study of ser ial bone marrow . b iops i e s  t3 ken 
during the cour se of infe ction ( Kreier et al . , 1964 ) , whi ch 
showed tha t the erythro id-myeloid rat i o  shifted fro m l : l to 2 : 1  

at the height o f  anB emia . A similar observa tion was mad e by 
0ver�s ( 196 9 ) . 

Recovery of erythro id values i s  relati vely sl ow . Neit�  
( 1 937 ) noted that , 3 weeks after reaching the  minimum level , 
the haemoglobin . concentra tion was still  only 60% of the pre ­
infe c t ion level , and S heriff e t  al . ( 1966 ) found that recovery 
took 4-8 week� and even t hen haemoglobin l evel s tended to  be 
l ower than before i nfe ction . Relapse of infect ion often o c curred 
at this stage of partial r e c overy . 

I t  has been de�onstrat ed thnt infect ion m�y be a c c ompanied 
by a drop i n  t o tal serum pro tein l evel s ( Ne i tz , 193 7 ; S heriff 
et  al . , 1966 ) . H owever , 0ver�s ( 1969 ) found that E .  ovi s d id 
not usually produc e a marked fall i n  serum protein l evel . 
Neitz  ( 1 93 7 )  al so noted a a ight  inerease in serum non-prot ein 
ni trogen l evel s d ue mainl y  to  increased urea ni trogen . An 
increase in s erum bil irubin level  was record ed by Neitz  ( 19 3 7 )  

and L i ttle johns ( l960 ) w 

N o  wo rk on the me tabol i sm of the orga ni sm or i t s  eff e c t  o n  
erythro cyte metabol ism ha s been reported . 

P o s t-Mortem F i ndings 

The po st-mortem appearance of i nf e cted sheep varies , 
d e pe nd ing on the stage and severity of the i nfe c t i o n .  Neitz  
( 19 37 ) found i c t erus in SQme cases . O ther featur e s  r ecord ed 
includ e thin watery blood , pallor of  vari ous m�s c l e s , exc e s s  
peri c ard i�l flu id , enl arged s pl een , emac iat i on , exc e s s  p eriton­
eal fluid , and brownish d i s colourat i on of the k idneys ( Ne i t z , 



1937 ; , L it tle john s , i960 ;  Foggie and N i sbet , 1964 ; Sher i ff 

e t  al . ,  1966 ; Jolly , 196 7 ; �ver£s ,  1 96 9 ) . 

1 1  

A lthough the k idneys o ften appe ar gros sly normal they may , 

on oc casion s ,  be v is ibly d i scoloured by ferric  iron ; th i s  can 

be re 3 d ily _ demons trated by the Pruss ian blue rea ct ion ( Foggi e  

and N i sbet , 1964 ) . H i sto l ogi 9ally the iron i s  to  b e  found a s  

" vacuoles"  ( Fo�gie and Ni sbet , 1964 ) or  granu l e i?  i n  the c e l l s  

l ining . the convolut ed tubi e s  ( Foggie and Nisbet , 1 964 ; S heriff  

et  al . �  1966 ; J o l ly , 196 7 ;  �ver�s ,  1 96 9 ) . I n  some c irc ums tan c e s  

a po s it i ve Prus s ian blue reaction may extend to the kidney 

medulla  also ( Rouse and Johnson , 1 966 ) . It ha s been sugge sted 

that t his is  due to ha e no s iderin _ free in the coll e c t ing t ubu l e s  

( �vergs ,  1 96 9 ) . I n  s ome animal s , parti cularly tho se whi ch have 

had l ong period s of h-3.emogl obinuria , subacute and chroni c l e s i ons 

of  the gl omerul i and interstit ial ti ssues of the kidney have 

been observed ( �vergs ,  1 96 9 ) . 

S pl enic  enlargement i s  a common though not invariabl e  

finding a t  post-mortem ( F og gie and N i sbet , 1964 ) . Thi s  enlarge ­

ment may be f irst  observed dur ing pa rasi taemia and may per s i s t  

for u p  to  a year aftenvard . The ;vral pighian corpu s c l e s  are more 

prominent than normal due to lympho id hyperpla s ia . In  some 

anima l s  iron can b e  d emonstrated in , phago cytic  c el l s  of  the 

spleni c red pulp ( Foggie and N i c bet , 1964 ) . 

Pathogene s i s  o f  Ana e�ia 

The a:t)aemia i s  haemo lyt i c  in nature ( itl einman , 1 944 ; Kre i er 

and R i s t i c , 1968 ) but the pathogene s i s  of  erythro cyte d e s truct­

i on is  not known . L ittl e jo hns ( 1960 ) , who obs eryed l arge pal e  

erythrocytes i n  blood smear s from infe cted  sheep , s ugge sted 

that exogenous enzyme s of the para s i t e s  may hav e  d ige sted the 

erythrocyte contents . T h i s  hypothe s i s  was put forward by 

Thurston ( 1954 )  w i th regard to S . · co c c o id es  infec t ion o f  mi c e .  

H owever obserwations  from o ther stud i e s  o n  E .  ovis  a s  wel l as  

on other blood parasite  i nf e c t ions do not support thi s vi ew .  

On evidence avai l abl e , i t  would s e em that intravas cular  
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haemolysis i s  the pr ed ominant form o f  erythro c y t e  l o s s . I n  

severe infections t Q i s  i s  e v i d en t  fro m the o c curr e n c e  o f  ha e ­

moglobinuria ( N e i t z , 193 7 ;  0verg s ,  1 96 2 , 196 9 ) ; and t h e  

pre s en c e  o f  r�nal  haemo s id e r i n  at ne cr 9 p sy ( F o g � i e  a n d  Ni s b e t , 

1964 � Rou s e  and J o hn s o n , 1 966 ; J o l l y , 1967 ) . I ntrava s c ul a r  

haemo ly s i s  i s  t h e  c a us e o f  a na em i a  in o t he:;.� b l o o d  par a s i t e  

inf e c t i o ns suc h a s  malar i a  and b a be s i o s i s  ( ·V[anw c l l , 1 968 ; R i e k ,  

1968 ) , and invo l v e s  uninf e c t ed ery thr o c y t e s  ( R i e k ,  1968 ) . 

Removal . of un i n f e c te d  e ry t h ro c y t e s  al so  o s curs in ana p l a smo s i s  

( Ri s t i c ,  1968 ) a l t h o u gh i n  t h i s  d i s e a s e  ana s�n i a  i s  cau s e d  b y  

i nc r e a s ed ery th r o phaP.,:o c y t o s  i s , ::md i nt r a  v a s c u l a l '  haemo ly s i s 

d o e s  n o t  o c cur . 

In  al l t h e s e  b l o od paras i t e  inf e c t i on s  the me - �ani sm by 

wh i ch the eryth r o c y t e ' s s u s c e pt i b i l i t y 1 e i ther to haem o l y s i s  o r  

r em o va l  from t h e  c i r c ul a t i o n  i s  po o r l y  und e rs t o od o A p o s s i b i l i ty 

i n  E .  av is i D f e c t i o n  i s  a h o s t  ant ibod y re spo n s e  d i re c t e d  ag a i n s t  

t h e  para s i t e , and /o r  i n vo l v i ng th e e ry th r o cyt e ; i t  h a s  b e e n  

shown that the a n t i g l obu l i n  ( C o omb s ) t e s t  i s  po s it iv e  d u r i ng an 

i nfe c t i o n  cyc l e  ( S h e r i ff , 196 7 ; S he r i f f  and G e � r i ng , lSS 9 ) , 
( s e e  und er D I AGNOS IS ) . 

A s so c i a t i o n  w i th I ll - T hr i f t  -- - - -· - - - -- - � - - - - - - - - ·  � · -

I n  many c a s e s  t h e  o rgan i s m  h a s  b e en r e c o v e r e d  fr o m  ind i v i d u a l  

s h e e p  s h ow ing d e f in i t e  c l i n i cal . sy�ptcm s , o r  f r o m  fleets w i th a n  

ill -thr i ft pro bl em . P r o o f  of  � 1 _o_y� �  b o i n6 the s o l e  c au s a  t i  v o  

age n t  o f  th e s e  e f f e c ts h a s  b e e n  la�� ing . R o u s e  and J oh� s o n  

( 1966 ) r e c ov e r ed t he orga n i � m  from G h e e p  t ha t  w e r e  un sal e a b l e  

b e c a u s e  o f  poo r  w e ight ga i n , but no r e l a t ive w e ight l o s s  was 

r e c or d e d  in an imal s  wh i c h  were exper i me n t a l ly i nf e c ted w i th 

th e o r ga n i s m  . .  J o l l y  ( 196 7 )  re c ov e r ed t h e organi sm from a 4 

month old l amb , s ubmi tted f o r  po s t -mor t em exami nat i o n  b e s a u s e  

o f  f lo c k  i l l - thr if t , but n o  d ire c t  e v i d c� 1 1ce o f  th e o rg an i sm ' s 

a s s o c i a t i on w i t h  the i l l - thri f t  in t h e  r e s t o f  th e f l o c k  w a s  

o b t a i n e d . 

I n  a . study o f  i l l-thr i ft i n  l amb s a nd ho gge t s  in S o uth 

Au s tralia , Pulsford e t  a� . ( 1966 ) f o un d  t hat in many i n s tan c e s  
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t here was a depr e s sion of growth whi c h  could not be attr:j.. buted 

to commonly recogniz ed cause s , suc h  as c obalt defi c i ency , selenium­

responsive di sea se  and h elminth infe c t i on .  Further inve stigat i ons 

to assess  the sign i f icance of E . ovis  in rel ation to t h i s 

unthriftine ss  resulted in the i so lation of the organi sm from 

the ma j ori ty of the flo c ks ( S heriff et  al . , 1966 ) . Haemat ol og­

i cal s tud i e s  on the s e  flo c k s  showed ch anges i n  blood pi c ture 

similar to tho se found in sheep art i f i cally infe cted wi th  

E . ovi s . _t.. close  correlat ion was evid ent betwe en h nemogl obin 

value s and the phy s i cal c o nd i t ion of  ind ividual s . In  two f l o c ks 

the course of th e d i sease was foll owed in d eta i l  and found to  

r esembl e  clo sely that of  experimenta l E . ovis  infec t i on . These  

workers consid ered that the m� jority of ill-thri ft problems i� 

S outh A�stralia w ere caused primari ly by 2 . ovi s . I n  V i ctor i a ,  

h owever , H arbutt ( l969a ) found th�t , al though E . ovi s  was wide­

s pread , there was no  cons istent rel at i o nship between E . ovis  

infe c t i on anQ i l l - thrift in any age  of  sheep . H e lminth o s i s , 

fa s c i ol ias i s , sept i c aemia and low co pper s tatus were consid ered 

to be more importa nt  fac tors . Observations on four l amb flo cks 

( Harbutt , l969b ) showed that uncompl i e a  ted infe ction c aused a 

s ubc l in ical d i sea s e  only , wi th no signif i cant depr e s s i o� of  growth 

rat e .  In  a later report from Victoria  ( Campbell  et  al . ,  1971 ) 

mortal it i e s  in unwe�ned lamb fl o cks  were asso c i ated w i th the 

presence of E . ovi s ,  3.l though in two of  the three flo c ks 

invest igated the evidence that E .  ovi s  was the direct  cau s e  

o f  t h e  mortal ity w a s  only c ircumstantial . In  W estern Austral i a ,  

E . ovis was observed in fl o c ks with anaemi c lambs and a 2 to 6% 
mortality ( 111Iaxwell , 1969 ) . These outbreaks were s i m:j..l ar to tha t 

previou�ly de scr ibed in New S outh Wal e s  ( Li ttle johns , 196 0 ) . 

H owever , L ittle jo0ns consid ered tha t  some ot her cond i tion , 
11 e i ther nutri t ive , i mmunological or o therwi se i' , m�y have increased 

susceptibil ity of  the lambs to  �ovis . The fa c t  that h e  

r e covered t h e  organ i sm by s plene c tomiz ing apparently normal 

s heep from hi s experimental flo ck l ed h im to bel i eve that the 

o rganism was commo n .  Thi s could a l so be  c onclud ed from the  

observations  of  Ne it z  ( 193 7 )  who  found that 15  to  20% of h i s  

experimental sh eep  h Jrboured a l atent infection , and o f  J ensen 

( 1943 ) who i solated the organ i sm at h i s  first attempt , by 

inoculat ion of  blood  from ten ap� rent ly h ealthy ewe s  into 
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s plenectomi zed sheep .  

I t  has been  suggested that sheep ,  infected when young , 

become l atent c arri ers of infe cti on and then serve as  a so urce  

of  inf e c t ion . for subsequent genera ti ons of  young animals 

( L i ttle johns , 196 0 ;  S heri ff et al . , 1966 ) . Thi s hypothe s i s  

has been tested b y  spl ene ctomy o f  groups o f  young and old she e p ;  

paras itaemia was induc ed in SQme o f  the o lder sheep but no t in 

th e younger one s ( L ittl e j o hn s , 196 0 ) . 

Interacti on o f  E . ovis  with Other Agents 

I n  v i ew of the many reports  of the interaction o f  E .  c o cco id e s  

with other infe c tious agents i n  mice , i t  i s  po ssible that a 

s imilar si tuati on could o cc ur i n  sheep . Although no d ire ct 

experimental work on thi s has been reported , E .  ov i s  has often 

been d i s c overed incid entally d uri0g the course of investigation� 

i nto other d iseases ( Ne itz  et al . ,  1934 ; �ver�s ,  1 9 5 9 ; F o ggie , 

1961 ; Ohd e r ,  1967 ) . In  the c ovrse of  experimental work o n  

bov ine petechial fever in shee p ,  Ohder ( 196 7 )  found that latent 

E .  ovi s infect i on a ppe ared to  be activated by the c oncurrent 

bovine petechial fever infe c t i on . E . ovis then appeared to 

suppre s s  bovine petechial fever . H owever Foggi e and Ni sbet 

( 1964 ) found that the ons e t  of  t i c k- borne fever i n  sheep c o in­

c ided w i th the c omplete d i sappearance of E . ovi s  from the 

c irculating blo od . 

I n  m i c e  i t  has been shown that a concomi tant or pri or 

infe c t i on with E . coc coid e s  greatly e nhances  the pathogeni c  

action of  mouse he patitis  viru s  ( Niven e t  al . , 195 2 ) and 

lymphocytic  choriomeningi ti s virus ( S eamer et al . , 1 96 1 ) .  

Observat ions have suggested  that these viruses initially unde rgo 

a cyc l e  of growt0 within cells  of the reticuloendothel ial sys tem 

( G ledhill  et al . , 1 96 5 ) ,  and the view has been advanced that 

E .  c o c c o ides increases the susceptibil i ty of the reti culoendd�  

thel ial cells  to  these virus es , thereby increasing the ir patho­

geni c i ty ( Gledhi ll  et al . , 196 5 ) .  G lasgow et  al . ( 19 71 )  sugg e sted 

the po s s ibility o f  increased pathogeni c i ty for mice  o f  vi ru s e s  

such as  Newcastle d i sease viru s , Chikungunya v irus and po ly I : C  



15  
v irus , whi ch are involved with the  reticul o-endothel i al system , 
because of suppre s s i on of interferon production by E . c o c c o id e s . 
Thi s suppression of interferon was mo s t  striking during the 
a cute . pha se  o f  E .  cocco ides  infec t ion . Work with S eml iki Fore s t  
v i rus , wh i c h  is  not primari ly a s s o c iated with t h e  reticul o ­
end othel ial sys tem , has shown tha t a prior infection  of E .  coccoides  
pro te ct? mice  from the lethal effects o f  th is v irus ( Vo l l er and 
Bid·,'lell , 1 968 ) . A synergis tic  int erCl c tion between E . co c co id e s  
and a lactose  d ehydro�enase - �l evating virus has al so been reported 
( R il ey , 1964 ) ; in thi s case , the effects  of both virus and 
E . coccoid e s  were potent iated and a me tabol ic interaction was 
SUfSge sted . 

G ledhi l l  and N i ven ( 1 95 7 )  found that in mi ce Gram-negative 
bacterial f i l trates prepared by i nact ivating the bacteria with 
formalin , c entrifuging and f il t ering t h e  supernatant , were toxi c 
for mice w ith S . c o c co id e s  infec ti on . The toxi c prin c i pl e  whi c h  
was  bel ieved to be l ipo polysac charid e ,  h�d little  o r  n o  effec t  
in normal mi c e . 

Other observations with E . c o cco id e s  in mi c e  have shown that 
the inf� c t ion suppressed the pro t o z oal  o�gani sms P l a smod ium 
berghei , Babesia  rodhaini ( Pe ters , . l96 5 ) ,  and Pla smodium chabaudi 

(Ott and S tauber , 1 96 7 ; Ott e t  al . , 1967 ) . 

Because of the s e  intera c t ions , i t  has been su�gested that 
Eperythro z o o n  inf e c ti on of laboratory animals c an c ause SQme 
subtle compl i cations in biomed i cal re s earch ( Baker e t  al . , 1971 ) . 

The hoo t ' s re spons e tn exper iments inv9 lving stud i e s  of ret i culo­
e nd o the l i a l  fun c t io n ,  radiat ion in jury , anttbody production , 
experimenta l v iral and proto z oal  infe c tion s , interferon induction 
and tumour transpl antation could b e  a ffected by th e pre s ence  o f  
the se organ i sms . 

IMliilUNITY 

The immunologi cal state pr odu ced i s  thought to be one of 
premuni tio n , an immuni ty whi ch d e pend s on a pe r s i stent l a tent 
i nfe c tion ( Ne itz , 193 7 ) . The d uration and strength o f  thi s 
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immuni ty a ppear to be var iabl e �  

I t  i s  evid ent that th� spleen plays an important ro l e  i n  thi s  

h ost-paras ite rela tionsh ip ,  a s  splenec tomy of l a tent <;arri ers 
c auses a re+apse wi th paras i t aemia and anaemia ( Ne it z , 1 93 7 ;  

L it tle johns , 1 960 ) . The an3 emi a produced �ay be very severe a nd 

result in h3 e�o�lobinuria ( Ne i t z , 1 93 7 ; Rouse and Johnson , 1 966 ) . 

In contr8 s t  the sever ity of infe c tion caused by inoculat ion o f  

splene ctomi z ed s h e e p  may no t d i ffer siqnifi cantly fro m that o f  

non- spl ene cto ni z ed sh eep . S plenec tomi z ed sheep recover from t h e  

relapse and sub sequently become l atent c�rriers ( N e itz , 193 7 ) . 

The durat ion o f  immuni ty var i e s  c ons iderably . The earl i e s t  

successful  re infec tion by inoculA tion reco rd ed i s  a t  6 weeks 

after the first  ino cula tion ( Ohder , 1 96 7 )  though some sheep were 

s till reffac tory after 5 month s . Usins a fluor e s c ent ant ibody 
technique ,  Ohder ( 1967 )  found that c irculating antibod ies  were 

first  d e t e c table w hen the para s itaemi a had decreased cons iderably 

or had d i sappeared compl e te ly . He  found that the presence  o f  

these ant ibod ie s  appeared t o  inhibit reinfe ction and t hat 

an imals  l ack ing ant ibody were suscept i bl e  to re infe c tion . 

Krei er and R i s ti c  ( 1963 ) , u s in� fluore scent antibody , d emon­

strated that E . ov is  has ant i gens in common wi th  E . wenyoni , an 

o rganism whi ch infe c ts cat tl e . 

D IAGNOSIS 

D iagno s i s  of infe c t ion i s  �sually d epend ent on d emonstrati on 

of  the o rganism in blood smears , or ino culatton o f  known sus c ept­

ible animal s w i th suspe c t  blood ( Little johns , 1960 ) . As  the 

o rgani sm may no t be d emonstrable at the pe ak of anaemia when . 

c l inical effects  are �o st evident  ( Neitz , 1937 ; L ittle j o hns , 

1 960 ; S h er i ff e t  al . ,  1966 ) ,  smears from a considerable number 

of clinically normal in-contac t  sheep may have t o  be  examined 

before i nf e c t io n  i s  detected in a flo c k. S pl ene c to my may reveal 

latent c arriers . 

S er o l og ical stud i e s  have been l imited . Kre i er and R i sti c 
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( 1963 ) , u s ing Anaplasma marginale c o mpl ement-fixat i o n  ant igen 

produc ed from c�ttle , obta ined cons i stently po s i t iv e  compl ement­

fixa t i o n  reactions in acut e infe c ti ons . H owever , thi s may hav e  

been d u e  to the pre s en c e  o f  E .  wenyo n i  antigen in the A .  margin a l e  

�nt ige� pre p�rat i on . S h e r i ff ( 1967 )  �nd S heriff and G eering 

( 1969 ) , working in S outh Au stralia , used a mod i fi cation o f  t h e  

antigl o bu l in t e s t  of C o ombs e t  al . ( 1945 ) and o b ta ined a po s i t ive 

agglut inat ion o f  c e l l s  from animal s in whi ch i n f e c t ion was pre s ent , 

or h�d r e c ently b een a c t i ve . The t e s t  �ener �lly be c ame po s i t ive 

7 to 14 d ays aft er p e rasite s were first s een in sme ar s ,  w i th the 

t i tre c ontinuing to r i se af ter the parasi tes had begun to 

d e cr ea se in number or were no l onger d e te c tab l e . T h i s  ri s e  in 

t itre o f ten co inc i�ed wi th th � fal l in h aemogl obin value s .  

Al tho�gh S heriff ( 1967 )  fo und , in a l imi ted numb er o f  obs erva­

t i ons , that th e t e s t  rema in�d negative durin� and after paras i t-

8 emi c e pi s o d e s  to the fir s t , l ater work ( S heriff and G e ering , 

196 9 )  o n  n9 tural l y  infec ted fl o ck s , s h owed thqt the t e st was 

invari ably po s i ti v e  at every para s itaemic cyc l e . I n  the s e  cas e s , 

the ti tre and pers i stence o f . the ant ibody tend ed t o  d imi n i sh in 

the l�ter cycl e s . S eneral l y , resul t s  w ere ne�at ive in . uninf e c ted 

sheep , in the incuba tive a nd e arly para sitae� i c  peri od , and in 

the l at e nt period of infe c t i on. It was found tha t , i n  fl o c ks i n  

w h i c h  E .  ovi s wa s abs ent o r  inacti ve , 9Cf% o r  more o f  anti- gl o bu l in 

te st s w ere negati v e  and , i n  fl o c k s  wi th ac tive inf e c ti o n ,  the 

pro po r t i o n  of po s i t ive resu l t s  vari ed with the i n c id ence of 

d et e c ta b l e infe c t i on and ranged up to 40fc . S heri ff ( 1967 ) h a s  

pointed out that in a r e a s  o ther than S outh Au s tr a l i a  the t e s t  

may n o t  b e  s pe c i f i c  for & . o v i s ,  parti cularly i f  other blo od 

paras it e s  are pre sent. 

For d i agno s i s  on a flo c k  bas i s , S h er i ff ( 19 72 )  h a s  re c ommend e d  

t h e  examination o f  from 6 t o  10  blood sample s  c o l l e c t ed f r o m  a 

cro s s - s e c t io n  of the flo c k ,  and that d i agno s i s  o f  the pre s en c e  

o f  E . o v i s  can b e  mad e fr9m the. f ol l owing three examinations;  the 

haemog l o b i n  9once ntra tio n ,  erythr ocyte morphology,  and more 
part i cu larl y , the antiglo bu l i n  te s t .  Thi s  l at t er t e s t  h� s been 

found t o  be a val uable d i agno s t i c  aid in S outh A us tr al i a  as i t  

may rema in po s i t i ve after para s i t e s  are no l onger d e t e ctable i n  

b l o od s'11e ar s .  
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I n  earl i e r  s tud i e s  on tre atment , N e it z  ( 193 7 )  f ound t h a t  

use o f  the ar s en i cal c o mpound ne o a r s phenamine at � d o se o f  5 . 0  

t o  7 . 5 mg/Kg had a t�mporary pnra s i t � c i d al s c t io n ,  but a 

rel a p s e  invar i a bly o c c urre d . A d o se o f  45 m�/Kg d id no t g i v e  

c o mpl ete era d i c a t i on . S imi lar re su l t s  wi th t h e  s ame dru� were 

o btai ned by L it t l e johns ( 196 0 ) . 

T e tracyc l in e s  h J ve b e e n  fo und to b e  e f f e c t i ve in the t�eat­

�ent of o ther s p e c i e s  of Eperythro z o o n  ( S pl i t ter and C as t r o , 

1 9 5 7 ;  Thur s to n ,  1 953 ) but i t  was fo und that tre a tment o f  l amb s 

c l ini c al ly affe c t ed by E .  avis wi th oxyt etracy c l i n e  hnd n o  
apparent e ffe c t  ( C ampbe l l  e t  al . , 1971 ) .  H ow ever intravenous 

i n j e c t ion of S pi ro t rypan forte into sh e e p has proved e ff e c t i ve 

i n  el iminating E .  ov i s  infe c ti o n  ( S h eri f f , 1 9 73 ) , though t r e a t ­

ment o f  flo c k  outbreaks i n  su ch a m� nne r  i s  no t c o n s i d ered 
e conomi c a l ly fe as ib l e . 
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SlOO!lARY 

Eperythroz oon ovi s i s  an organi sm ; c lassified in the order 

R i c ke ttstales , whi ch para s i t i se s  the erythrocytes of sheep and , 

po ss ibly , goats . It  i s  world wide in d i stribut ion and is  

probably transmi tted by bitin� inse cts . The or�anism i s  pl eo­

�orph i c , but i s  �ost commonly seen as  small ring- shaped , co c c o id 

or rod - shaped bodies  on the surface of erythro cyt e s .  The 

prin c i pal effec t  of the organi sm is  to produce a haemoly t i c  

anaemia . The mechani sm b y  wh ich th is anaemi� i s  c aused is  not 

c l ear . The evid ence ind i cates thr.J t the organi sm is common , and 

that �ost infections are not d etected . S evere , c l inically 

obvious anae�ia is  somet ime s  produced and ther� is  some evid enc e 

that  the infection may cause , , or contribute t o , unthriftine s s  

o f  young sheep . Infe c tions are rarely fatal and animal s 

usually recover wi thout tr eatment . R ecovered 2nimals are 

po tentially la tent carriers of  infection and res istant to 

superinfection for a var iabl e period . Resis tance appears to 

d e pend on a state of  premunity , An imals with latent infe ctions 

msy suffer relapses and parasit 1 emia can al so be  i nduc ed by 

splene ctomy .  T�Jork on Eperythroz oon infec ti ons in m i c e  and , t o  

a l e sser extent in sheep , su��e sts tha t sheep c ould b e  pred i s ­

po s ed to E .  ov is infe c t ions by other d is ease s ,  and that E, o v i s  

inf e c tions  co uld alter the susc e ptibil ity o f  sh eep t o  some 

infect ious d i sea ses . D iagno sis  of  E .  ovis inf e c ti on is usual ly 

based on the d etect ion of  or� ani sms in Romanowsky stained blood 

smear s � 



2 0  

CHAPTER I I  

��TERIALS AND METHODS 

EXPERii''i2:NTAL APPROACH AWl S ET\J�R l\1 r1ATr�R TALS AND IviS'l'HODS 

I t  i s  c l e ar from the l it erature tha t knowl ed�e o f  Eperythr o z o on 

ovi s i s  far from c ompl et e . Even in tho se ar eas where experimental 

work has been c o n c entr� t ed there are c o n s id erable areas of d i sagree­

ment . The effe c t  o f  the i nfe ct ion on the prod u c t i v i ty o f  she ep 

und er fi e ld cond i ti ons i s  d i sputed . The  haerna t o l o g i c al c hang e s  

i ndu c ed by E . ov i s  have be en stud ied b y  a number o f  w o rkers w i th 

some t i me s  contrad i c tory re sults . S c 3r cely any work h a s  b e en 

done on the pathogen e s i s  o f  the anaemia and none 3t a l l  o n  the 

e ffe c t  o f  the organism on erythro cyte me tabol i sm . The expe r imental 

stud i e s  d e s c r ibed here in were pl ann ed w i th these d efi c i en c i e s  in 

mind . 

T h i s  study o f  Eperythro z o on a v i s  infe c tion in sheep c o m­

pri s e s  seven �a j o r  experiments ( T �bl e I ) .  The ma jority o f  

observations wer e  ma de o n  experimental ly infe c t ed she e p . A l though 

each experiment wns d e s i �n ed to y i e ld i nfor�ation on some s oe c i fi c  

aspe c t  o f  E . a v i s  infe c t ion ( s ee Tabl e I ) , d a ta relevant to o th er 

aspe c t s  were a l s o  c o l l e ct ed . For t h i s  rea s on i t  i s  n e c e s sary t o  

d e scr i be the te c hn iq ue s  u s ed i n  a s inpl e chapt er to avo i d  

repe ti tion . 

The P ara s i t e  

T h e  s train o f  Eperythr o z o o n  a v i s  u sed was i s o l A ted at Ma s s ey 

Univer sity fro m an unthrifty l amb wi th anaemia ( J o lly , 1967 ) . 

T h e  o rgani sm was subsequently ma inta i ned by seri a l  pas sage a t  

interva l s  o f  2 t o  4 we e ks by intravenous inocul a tion o f  y o ung 

s u s c e ptible s he e p .  Infe c t ed blood from the se sheep was u s ed f o r  

infe c t ing experimental an imal s . 

Exper imental Anima l s  

In all  experiments 6 to 15  �onth f emales  or c a s trated mal e s  
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Ti\BLE I 

f·1i\_ JOR Li:XPER IIVIENTS IN THE I NV E:S T IG/,TION OF E PERY THROZ OON 

OVIS INFECTION 

Experiment 
Number 

I 

II 

Il l 
and 
IV 

V 

VI  

VII  

Pri�ary Purpo se of  Exper iment 

To examine the influence of the s iz e  
o f  infe c t ing d o s e  o n  the course  of 
E . ovis  inf e ct io n . 

To  examine the e f fe c t  of E: . ovis  infec t ­
ion o n  the haemogram and body weitzht of  
youns grazing shee p . 

To exami ne the e ffe c t  of E . ovi s  on the 
reticulo-endo thel i�l system. 

To invest igate the e ffect  of  E . ovi s  on 
the c arbohydrate me tabol i sm of  
erythr ocyte s . 

To  exami ne the e ffe c t  on sheep of  the 
increased carbohydrate me tabo l ism in 
S . ov is  infected erythro cyt es . 

To examine the e ffect  of E . ovis  on 
some factors co ntro l ling the struc ture 
and function of the erythro cyte . 
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o f  Romney and Perendale breed s were used . 

B leeding of Experimental Anim�l s 

Experimenta� sh eep were bled from the jugula r  vein .  Unl e s s  

otherwise  s tated , sodium ethyl ened iqminet etra-acet i c  a c id ( EDTA ) 

was th e ant i c oagulant . 

H aemato logical  Estim�t ions 

In all experiments the fol lowin� haem�tologi cal parameters 

were measured : 

( i ) Haemogl obin ( Hb )  concentrat ion . 

( i i )  P a c ked cell  volume ( PCV ) . 

( i ii ) The de�ree of  paras i taemia . 

B lo od smears from control sheep were also  examined for the pre s ence  

of  E . ovi s to che c k  for  the po s sibility of cro s s- infe ction . 

Other haema tological parameters mea sured in some o f  the 

experiment s were : 

( i ) Total erythro cyte count . 

( i i )  

( iii ) 

( iv )  

( V )  
( vi )  

( vii ) 

( viii ) 

( ix ) 

( x )  

( xi )  

Reti culo cyte percentage . 

r1ean corpuscular haemogl obin concentration ( MCHC ) . 

'\1ean corpus cular volume . C ''4CV ) 

Me an corpus cular h a e moglobin ( �CH ) . 

T otal leuco cyte count . 

D i fferent ial leuco cyte count . 

P l a sma ha emo�lobin concentra tion . 

O smotic  fragil ity o f  erythro cytes . 

Haemogbbin ( Hb )  type � 

P la sma and erythro cyte potass ium c onc entration . 

The experiment s in wh ich the various parameters were measured are 

l i sted in Table II . 

Haemoglobin c oncentrations were e stimated by the cyanmethaemoglobin 

method d e scribed by Dacie and Lewi s ( 1968 ) . Commer c ially pre pared 

Drabkin ' s reagent and standard solutions were used . ( l ) 

( 1 ) Manufactured by D iagno s t i c  R eagents L imited , Thame , Oxo n ,  
England . 
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· r:i...:.!.:": e:-- N�:� e r  
.::.xp .  of of 

::-..::� e r  i:t!ected C O!lt•ol 
grcu:;:>s groups -

., 
I .?our ( 5) Cr.e ( 5) ho 

I I  0:-.e (32) One (:;2) lfo 

lii JT.e ( 9 )  ·r·.;o ( 5 )  no 
( 4 )  

I V  r::u-ce ( 5) Three ( 5 )  Hb 
V Cne (6)  Two ( 6 )  Hb 

(8) 3 
V1 v:1e (7)  One (7 )  Hb 

VII r.,:o (7 )  Cne (7 )  Hb. 

1 . I;u:: )f:r of si:eep ir. eac!! g•oup 

2 .  �s t �ation� c �  c or.trol ��oup 
�;:·..! c.:.e in fee tee. �c·up cn l y .  

;, • ·:-h.:..3 £rcu;:: of 8 ,,.,.�z s ubdi vic!ed 
�.:: t� : ·,.;o g:-uurs of 4 .  Lr. e  
s:;.':. 70up "'·o s  ·o l eC. t o  s ioula t e 
t!-.e � e· .. rerit:; o f  anac:nia prod- · 
uc � t by � . ovis or.ly . 

4 .  C ::  1�ears o f  washed r e d  c ells 
o:-.ly. 

5.  Cco;_"lcs at po.3 t-:1o.:-t e::1 only .  

6 .  i:c. e·.:.oly::.:;-:h Lode s i z e  p;ra il.ed 
0:1 1 to 5 bas is ( s e e  t ext ) . 

7� Cc�•ts before infection and at 
:pos '; ;aorte:t. 

TABLE II 

Gene•al h a e�atoloeical , b ioche�ical and organ and t is sue data obtained in eac� expc•i�ent . 

I-'C V 
FCV 

l:-CV 

FCV 

FCV 

FCV 

FCV 

ns 
ilS 

:ss . 

BS 

BS 

BS 

BS 
Key: 

ho 
FCV 
BS 

RBC 

R 
�lCHC. 

�:cv 
�!CH 
'.,.'BC 

D':rlC 

2 
RBC 

Haemato l ogical data 

2 2 · 2  2 
I':CHC !':CV !�CH 'w'BC D'w'C 

· I·�C.:RC 
�ICHC �!CV r.cn 

l'ICHC 
R4 �:CHC 

I'ICHC 
R �!CHC 

H a ecoe;lobin . 

I·ackecl c el l  volume . 

Blood smear exncinat i on 
for pa.rar; i t c s . 

Red b l ood c e l l  ( erythrocyt e 
c ount ) 
R e t i c ul ocyte c ount 

Mean c orpus cular ha emoglobin· 
c onc entration . 
!"lean c or:p;;s cula::- volume . 

l':ean corpuscular hae�oglobin . 

•'hi t e  b l o o d  c ell (Leuc ocyt e 
c ount ) . 
Different i a l  white c ell 
( leucocyt e )  c ount . 

HT 

HT 

HT 

HT 

Biochemical data Organ and tissue data 

2 ; 
RK OF . TP Lw D\.1 SPL E? Et:? 

Bl 6 7 BUN SGO'l' T? L\.1 D'w' SFL I.I V  a!1' � Eu? 
5 

TP FP L\.1 D'w SPL LIV L!�G HU: n? Kt."F 
RK 

FH BU 

HT - Haenoe;lobin typ e .  

BIL 

:aK • :led c e l l  potass ium. 

�H • Plasma h�emoglobin. 

OF • Osnot ic fragi l i ty .  

DUN • B l o o d  urea nitrogen .  

BU • Blood urea.  
BIL • Bi l irub in . 
SGOT • Se::-um gl utanic oxalacetic 

trans amin:ls e .  

TP • Total pro t e in .  

FP • Frac t i onated prot e ins . 

L\.1 • Live weight . 

D'w' • Dressed : weigh t .  

TP L'w' 

SPL • :O:pleen �tei;;;ht .  
LI V • �iver �ei��t . 

UIG • �ung 'A'ei;;� � .  
nL� • Hae=ol�ph node size �easured. 
HP • Histopathology. 

KUP - Kupffer cell counts . 

[\) \)'J 
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P :1 c ked c el l  volumes were me asured by t h e  mi crohaemat o c ri t �ethod . 

B l o od was centrifuged a t  13 , 000 � for 5 min . 

Blood  smears were s t a ined wi th Tetrn chrome ( Ma cNeal ) stain at 

pH 6 . 8 for 6 minute s  �fter � pri or fixin� period of 3 minute s .  

E st imation o f  the degree of pJ ra si t �em i a : I n  t he field t r ial 

experiment ( Exper iment I I )  paras itaemia wn s estimated sub j e c t ively 

on peripheral blood smears by th e m8thod of L i t tl e johns ( 1 96 0 ) . 

The scale  u sed by L it tl e john s  i s  as  fol l ows : 

Grad e 1 .  

i-; rad e 2 .  

S rad e 3 .  

l"} rad e 4 .  

Grad e 5 .  

Present , but req ui red senr ch in� o f  the smear 

to be found . 

Found read ily in smal l numbers in all field s . 

Mos t  c e l l s  p�rasitized wi th 3 to 4 para s i t e s  

p8r c e l l  common . 

Heavy infe ct i on . Pra c t i c al ly a l l  c el l s  a ffe c ted 

by several paras i t e s . 

Extre mely  heavy p3 rasitae�ia . 

I n  the other exper imen ts a more a c curate est imation of  t he 

d egre e of paras itJ emia  was �ad e  by counting the number of  

p2ra sites  ( N ) a tta ched to , or overlying , 1 , 000 erythrocyt e s .  

Count s were p erformed i n  an areq  o f  the blood sme ar where there 

was no overlapping of the erythro cytes . P arasites  lyin� free 

of the erythro cytes were not c ounted . The degree of parasitaemia 

i s  expres s ed .:1s  N/1000 , t he me J.n nu;nber of organisms/erythr o cyte . 

E rythrocyte s and l euc o cyte s were  co unt ed by stand 'lrd d ilut ion 

me thod s ( D a c i e  and L ewi s ,  1968 ; pp 2 1  �1nd 6 1 )  using fo rma l 

c i trate and acetic  a c i d  d iluents respe c t ively . Dupl i c 3 te counts 

were mad e and , if d iffering by less  tha n 10% , means cal c u l at ed . 

Where counts d iffered by more than 10% fre sh d i lutions were 

mad e and c o unts  repeated . R e sults  are expre s s ed in c el l s per 
3 mm . 

The  ind i c e s  ( 1\JlCHC , �iLCV , \1CH ) were cal culated a s d e s  cri bed by 

D a c i e  and L ewi s ( 1968 , p .  78 ) . 

R � t i c ul o cyte counts were mad e on air dri ed sme ars prepare d  after 
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e q ua l  v o l umes o f  blood and n ew me thyl ene blue s ta in ( 2 ) had been 

incubated at room temperature for 1 0  t o  15  min . The per c enta ge 

o f  re t i cu l o c y t e s  in a minimum of o n e  thou s J.nd e r  rchrocyt e s vra s 

e s t imated by us in� a � i ll er o cul ar eye p i e c e ( 3 ) a s  d e 3 8ri bed by 

Da c i e  and L ew i s ( 1 968 1 p.  3 2 ) . 

P l a sma haemo � l obin was e s t i m� �ed by thF m e �hod o f  Ha�bo o ( l 9 5 S j ,  

O smo t i c  frag i l ity o f erythr o cyt e� was d e t e r illi n ed u s ing d i l u t � o n s  
of b�ffered s 0l ine co nt ai n i ng the e q u ival e n t  o f  0 . 8 5 1 O . C O ,  0 . 7 5 , 

0 . 70 , 0 . 6 5 , 0 . 6 0 ,  0 - 5 5 , 0 . 5 0 :  O . L� 5 , 0 . 40 ,  0 . 3 0 , and O , lC/� NaC�- � 
0 .  02 5 m l  samp l e s  of blo od were ::?-dded to 5 ml o f  e a r-: :1 d i :i_ u t i o;:--� ,  

H 1 . . d d f-'- 3 0  - . '- . ( 2 �"" 0 2 .  (
' , - · . ::J.emo y s 1 s  was JU g e  a L> e r  m1n , a·� room l,empe:..' .'J cure 0 - · . :- '- : , 

-1. s d e s cr ibed by D e. c i e  and L ev..ri s ( 1 96 8 , p - i6 '7 ) . Ail s "c,o ::: lc a �--d 
wo rk ing so lut i ons w ere s to r ed a t  4 ° C .  

Ha emof'"l obin type s were d e t ermined by el e c tro phore s :�_ s o f  a prs�xr.� . .  , �. 

h;'.\ e!Tlol y sat e . 2; rythrocy t e s  were w.'J shed 3 t ime s :i_n ;� o nna ::.. sal i n (; 

and then mixed with 5 t ime s their pa c ked vo lume o f  d i s ti l l e d  

water and a l l owed to lys e o v er a p e r i od o f  10 m i n . a t  ro o m  

t e mper ature . T o  remove t h e  s tromal mat erial 1 1 . 0 m l  o f  tol .uero 
w�s mixed with the haemo ly s at e whi ch was then � ent�ifuga� at 
2 , 000 � for 1 5  m in . 

E l e c t rophore t i c  s e para t i o n  was perf ormed o n  c 8 l l  u=_ 'J s e  .g c c: ·c a ·  , �-; 

( Kohn , 196 9 )  us ing the PhoroS l id e  system ( 4 ) - The a c e t at e s ·::;:;.� irs 

were pre-· buff ered in TEB buffer ( 4 )  and p�_ ::.t c cc', ;_ :1 -�. �y ;  c 1_ e c J·, r o - ­

phore s i s  c e l l  containing a barb i tal buffer s o l u � io �  a t  pH G . 6 ( : : . . . 

After appl i c a t i on of 0 . 3 ul o f  the haemo lys ate to th e s t � i �  a n  

o pera t ing vo l t ag e  o f  lOO v o l t s  ( d i r e c t  c urr e n ·L. : ( D . C . ) wa s 

appl i e d  for 3 0  min . The s l i d e  was then stained and f i x e d  i n  a 

P onc eau -S concentra t e  for 1 0  min and r in sed i n  5� a c c ·�i c a c � : 
unt i l  the background wa s fr e e  o f  c o l our . 

( 2 ) N ew "v1ethy l ene Blue ( B .J. s i c  Blue 24 ) . Mathe .'3o n C o l e man anc.l 
B el l .  E a s t  Rutherfo rd . N ew J er s ey .  U . S . A . 

( 3 ) Grati c ul e s  L imit�d . 5 7/6 0  H o l born V i ad u c � .  Lond on . E . C . l . 
( 4 )  M il l i pore C orpora ti on . Bedford . Ma ss . U . S . A .  D u ffer 

formulae c ontained i n  bo o kl e t  1 1 PhoroS l id e  E l e c ·c.:-.�o ph o ::.� o s i s  
S ystem - Pr inc i pl e s  and O peratinF_S I nstruc t i ons '' " 
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E rythro cyte potass ium c onc entrat i ons were cal cul at ed from who l e  

b l o o d,  pla s ma and PCV d ata ( E vans e t  al . ,  1 96 3 ) . C on c entr .at i o n s  

( m  Eq /l i tre ) i n  the s a�ple s  were measured wi th a G a l l enkamp
( S ) 

fl ame ph o t ometer . 

B i o ch emi cal �e thod s 

The experimen t s  in wh i ch b i o c h emi c al mea sure�ents were 

performed are ind i c at ed in T abl e I I . Unl e s s  otherwi s e  s t a t e d  

c al orime tr i c meB. surement s  w e r e  m1.d e wi th a "S pe c t.ro n i c  2 0" ( 
6 ) 

s pe c tro pho tome t er . 

S erum glutam i c  oxa l a c e t i c  transamin2s e  ( S GOT) wa s measured by a 

S i gma
( 7) 

mod i f i cat i o n  o f  the me thod d e s cribed by R e i tman and 

F rankel ( 19 57 ) and u s ing S i��n re a g ent s . The resu l t s  were 

e xpress ed in S igma Fra nkel U n i t s  ( S FU ) per ml . 

B l ood ur ea was e s t imated in t h e  form o f  bl o od urea n itro�en 

( BUN )  in Experiment I by 'Cl s emi -qu"lnt i to. tive chroma t o :rraph t c  

t e chnioue ( S ) . B e c au s e  o f  the  unre l iab i l i ty o f  t h i s  metho d , 

b l o od ur<? a  wB.s mea sured in Experiment VII by the D i a c e tyl me thod 

( W o o tton , 1964 ) .  

B i l irub in in s erum wa s d e termined by th e me thod of Mal l oy and 

E velyn ( 19 3 7 ) . B o th free and c o n jug8 ted forms w ere e st imat e d . 

T ot a l  pla sma prote in was me a sured by two me th od s . I n  the ini t ial 

exper iments , the B i ur e t  method ( W o o t to n ,  1964 )  was u s ed . In 

Exoer iment VII e st i ma ti o n s  were mad e  w i th a prote in refra c t o me ter ( 9 ) 

whi ch gave c omparable re sul t s  to the B iure t  me th od and wa s mu ch 

s impl er to use . 

( 5 ) Gal l enka mp , Chri s to pher S tr e e t , L o nd o n ,  E . C . 2 ,  E n gl and . 

( 6 )  Bausch and 1omb , R o ch e s t�r , N ew York,  U . S . A . 

( 7 ) S igma T e chnical B ul l et i n , N o . 5 0 5 , S i�ma Chemi c a l  C o mpa ny , 
3 5 00 D e  Kalb S t . , S t . L ou i s ,  M i s s ouri , U . S . A . 

( 8 )  "U�astrats" , Manufactur ed by W arner-Ch i l c o tt Lab o ra t or i e s . 

( 9 ) H it a c hi P erkin-E lmer . ( Mod e l  PRP -B ) . 
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Plasma proteins  wer e fr�ctionated by el e c tro phore s i s  on 

cellul o s e  acetate us in� PhoroS l ide s . T he acetate strips were 

pre-buffered in barbita+ buffer at pH 8 . 6 .  The same buffer was 

used as  the c ell med ium , and a fter � ppl i c 3tion of the pla sma 

sample to the s tr i p  wi thin the cell , the se paration was run for 

twenty minutes  at lOO vo lts  ( D . C . ) . . The strips were stained as 

descri bed for haemoglobin separati on , and s canned in a C anal c o  

Mode l  G Densitome ter . ( lO )  

G ross and �ic ros copi c �xaminat ions of  Animal s 

The data record ed in vari ous exper iments are S:1 own in 

Tabl e II . 

Body weigh t s : An imal s were weighed in a conmercially ava i l able 

sheep  weigh in� crate whi ch employs a s pr ing sc ale . We i ghts  were 

read to  the neare s t  2 50 gm . 

D ressed weight  and body organ weight s : Sheep were kil l ed by 

sever anc e o f  the ma j or ve s sa s  of the ne c k  and then the cervi c al 

spinal c ord . The car cases were sk i nned a nd dre ssed a c c ording to 

normal slaughterhouse pra c t i c e . Each dressed  c arcase was 

wei ghed on a s pring bal anc e  to  the ne arest 2 50 gm and the organ s  

were weighed on a pQn bal1 n ce , to the neare s t  gm . 

Ha emolymph nod e s ize  was sub jec tively graded in Exper iment III 

us ing a s cale  ranging from 1 to 5 a s  foll ows : 

G rade 1 E s t ima ted l .  0-2 . 0 mm d iameter 

G rade 2 E s t imated 2 . 0- 3 . 0 mm d i ameter 

Grade 3 2 s t ime.ted 3 . 0-4 . 0 mm d iameter 

G rade 4 E s t j  m"l.ted 4 . 0- 5 . 0 mm d i :Jmeter 

G ra d e  5 > 5 . 0  mm d i amete r . 

I n  Experi ment IV more a c curate measurements were mad e using 

c all iper s .  �easurements of  d i ame ter were made o f  5 t o  10 

sublumbar haemolymph nodes in each sheep and the mean V ,'1lue  o f  

the read i ng s  cal cula ted . 

( 10 )  C anal C o . , R o c kvill e ,  Maryland , U . S . A .  



H i stopathological exami nation of various tissue s  was performed 

on paraffin sections of material wh ich had been  fixed in 10% 

formol sal ine l S e c t i ons were sta ined ei ther wi th h 3 emotoxyl in 

and eosin ( H and E )  or Perl ' s Prus sian Blue stain ' ( Cull ing , 196 3 ) . 

Kupffer c ells  were counted in H and E s ta in ed para ffin s e c t ions . 

B lo c ks were taken from two approxim3tely standard posi t ions in 

each l iver ; one at th e edge  of  the ventral lobe and the other 

d e e p  in the l iver parenchyma ad j 8 c ent t o  t h e  v e n a  C J Va .  C ells  

were  counted at  2 5 0X magni f i c a ti on using c'J. ca libr ated eyepiece  

grsti:cule . Ten  fi eld s ,  confined to  mid -ac inar regi ons .:md e3 ch 

of 0 . 09 m�2 area , were exa�ined in each sl ide . T o tal c ounts 

were converted to c ells  per 0 . 1  mm2 . C ells  designated as Kupffer 

c e l l s  were those with prominent nucl ei l ining the sinuso id s .  

S ome cells  included i n  the c ounts �qy have been in the trans i t ion 

stage between the fl a t  end othel ial c ell s and true Kupffer 

( phagocyti c )  c ells , ( Po pper and S ch affner ,  19 5 7 ) & 

EXPER P.lliNTAL DETAILS AND SPEC IFIC HATER IALS AND 

\IIETHODS 

Ex.periment ! - To Exanine the Inf luence of  the S iz e  o f  Infecting 

Dose on the Course of E, ovi s Infec tion 

Twenty-five C 3  str .qted ma.l e ,  12 to 14 mo nth old R omney she ep  

were  divid ed randomly into 5 equal  group� wh ich were housed i n  

s eparate but ad jacent indoor pens . Feed , i n  t h e  form o f  co mmer­

c i -a l  sheep  nuts and lucerne h3y , was provided ad l ib .  VA.rious 

d ilutions o f  infected blood ( approxima tely 8 paras ites per erythro­

cyte ) were made in non- infe cted ovine plasm a at room temperature ; 

the plasma had been filter ed under  pres sure . through a 0 & 2 2 P 

pore-size  c e llulose acetate membrane fi lter , a nd heated to 

56 °C for 30 minutes on the previous day and stored over night 

in a refrigerator at 4°C .  Groups were inocul ated intravenously 

as follows : 

G'roup I 
Group I I  

G'roup I I I  

1 m l  plasma used a s  diluent ( c ontrol group ) �  

1 ml inf e c ted blood not d i luted � 

1 ml pl asma � containing 1 X 10-2 ml of infe cted 

blood ... 



Group IV 

Gro up V 
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1 ml plasma , c ontaining 1 X 1 0-4 m1 of  infe cted 

blood . 

1 ml pla sma , containing 1 X 10-6 ml of infe c ted 

blood . 

All  sheep were bled twi ce weekly and h8ematol ogical and 

bio chemi cal data as ind i cqt ed in Table I I  were obtained . S heep 

wer e we ighed on the day of  inoculation and at the  termin2tion  

of  the exp eriment ;  organ and ti ssue d ata wer e also  obtained 

( see T :1ble I I ) .  

Exper iment II - To Examine the E ffect  of E, ovi s Infection on the 

H aemog�am aud Body W e ight of Young Grazing S heep 

S ixty-four shorn hil l - country 5 to 6 month o ld P erend a l e  mixed 

castra ted male and femqle l ambs were rand omly d ivid ed into 2 groups . 

The gro�ps were grqzed to�eth er , at  approxi�3tely 5 0  to  the 

hec t are , for the d ur:1 tion of the exper i1nent , co .nmenc ing in 

February and t ermin� ting in A pril . No  supplementary feed was 

suppl i ed • .  At  the start of th e experiment the sheep  were i d entified  

by  eqrtags , we i�hed and b l ed . Blo od smears from all 2nimal s 

were examined for the presen c e  of E . ovis.  Shee p  in one �roup 

were ino c ulated intravenously wi th 1 . 0 ml of heavily infe c ted 

blood . Thereafter qll she e p  were bl ed and wei �hed once we ekly 

unt i l  the termination of the experiment . Haemat o lo gi cal data  

as  ind i cated in  T 1 ble II  were obta ined . 

Exb�riment I II - To Examine the E ffe c t  of E . ovi s  on the Retic ul o ­

end o th el i al System 

E ighteen • 8 to 10 month o ld P erenda�e  castr a ted  mal e shee p 

were d ivid ed rand omly int o  2 groups of 9 ,  and ind ividually 

ident ified  with ear tags . Liver b iopsies wer� taken from the 

9 she e p  destined to  bec ome the infe cted group , and from 5 sheep 

of the c ontro l group .  Two d ays after the l iver b i o psie s ,  sheep 

in the test  group were infe cted  by intravenous inoculation of  

1 . 0 ml of  blood heavily infec ted with E .  ovi s .  The 2 biops i ed 

groups ( 9  and 5 sheep  res pe ctivel y )  wer e hous ed in separa te  

indo or pens in d ifferent secti ons of the build ing . The remain­

ing 4 c ontrol sheep were housed w i th the infe c ted  group as  
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'' in- c ontact"  c ontrol s .  A l l  sheep we re bl ed a t  3 d ay interval s ,  

and we i �hed on th e day o f  i�ocula t i on and q t  the end of the 

exper iment . Haematologi c al , bioche mical  and organ and ti ssue 

data were obt�ined as ind i cated  in Tabl e I I .  

Liver bi opsy technique : S heep  were anaesthetiz ed with thiopentone 

sod ium . An inc i s ion wa s tna.d e in the ri P.;ht sublumbar fo ss a ,  and 

a porti on of 1 i ver :1pproxi m::Ltely 1 cm cube w q s  re moved from the 

l�ter31 border o f  the ventral lobe . Thi s was i��edi q tely fixed 

in 10% formal saline . A s i milar sample of liver was obtained 

at  the end of the experimen t  when the sheep were killed  and 

necropsied . 

Exper iment IV - To  Sx��ine the Effect  of E .  avis  on  the Phago cyti c  

Activ ity of the Reticuloend o thelial System 

Thirty mixed Perend a l e  �nd Romney c �strJ ted m3 l e ,  10  to  12 

month old sheep were used . These  were rand omly d ivid ed into 6 

equal gro ups , 3 of  which were ino culated with 1 . 0  ml of  blood  

he 1vily infected with  E . avis , and the remaining groups kept as  

c ontrol s . All shee p were run to�ether on pasture a t  Hpproxim�tely 

2 5  to t he hectare . They were bl ed at interval s of 3 or 4 day s ,  

and haematological and biochemi c�l d ata as shown in T able I I  

were obt3.ined . 

Carbon clearance stud i es were performed on c ontrol  and 

infe c ted groups .:J. ?  shown in  T abl e II I . The d ay fo llow ing carbon 

cle 3rance s tud ie s ,  sheep were killed and org qn and t i s sue d ata 

obtained ( Tabl e II ) .  R epre sent�t ive portions o f  vn rious body 

or�ans were taken for carbo n o nalys i s .  

C arbon c learance te chnique : A suspension of carbon ( C  l l /143 l a ) ( l l )  

which had been manufa ctured for reti culoendothelial stud i es ,  was 

used . The carbon part i cles  are suspend ed in a solution of fi sh 

glue with  a smn l l  amount o f  phenol g s  pre serva t i ve . The 

suspension  was c entrifuged a t  2 , 5 00 g for 1 5  min . to  remove any 

l arge parti cle s present . T he supernatant cont ains appr ox ima tely 

( 11 )  S uppl ied by Gunther Wagner , Hanover , G ermany . 
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TABLE I II 

CARBON CLE AR ANCE TES TS IN SHEEP IN RELATION TO S TAGE OF  

I�FECTION WITH E .  OVIS 

D ay s  after inocula tion 
of  E . ovi s when c arbon 

clearance tests  
performed 

5 

12  

2 6  

Groups of shee p tested and 
d e �r e e  of E .  ovis inf e c t ion 

of red c ell 9 

A - early li�ht inf e c t io n  

B - non- infected c ontr o l s  

C - heavy infe c t i on a t  pe ak 
para s i taemia 

D - non- infected c ontrol s  

E - l i aht infe ction  a t  r e c overy 
stage 

F - no n- infe cted contr o l s  
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90 mg carbon per ml ( Bioz z i  et al . , 19 5 3 ) with p2rt icle  s iz e .  of  

approximately 2 5  nm d iamet er . F or in vivo cl earance stud ie s , 

the method as described by B i o z z i  et al . ( 19 5 3 ) , was used with 

s one modifi cations . The c arbon suspens ion was d i luted l : l with 

0 . 8 5% NaC l  to give a f inal carbon concentration  of  approximately 

4 5  mg/ml of suspension . Thi s was in jected intravenously at a 

d o se rJ te of 8 mg/100 gm body we iGrl)t . A t  regular interval s 

after admini stration of the c :�rbon , 0 . 02 ml of blood was drawn 

into a S ahl i pipette from an ear ve in puncture 3nd lysed in 

3 . 0 ml of 0 . 1% Na2co 3 • The c on centratio n of c arbon was c alcu­

lated from a pre- cal ibrated graph after d etermination of  the 

o pt ical d ens ity ( O . D . ) in a Uni cam S P  5 00 S pectrophotomet er 

at  a wave+ength of 6 75  nm. From these readings , the  pha�ocyt i c  

i nd ex ( k ) , and the corrected  phago cyt i c  ind ex ( a. -)  were 

cal culated by the fo llowing formulae : k = ( Lo .g C l  - Log C2 ) / 
( T:3 - Tl ) and a. = ( W /Wls ) 3 /k ( Bioz z i  et al . ,  1 9 5 3 ) .  ( C l and 

C 2  are the conc entrations of carbon at times T l  and T2 . W = body 

wei�Sh t  of the :mimal , Wls = combined we ight of l iver and sple en ) . 

C arbon analysis  of body organs :  Prel iminary exper iment s showed 

tha t there were no sro ss variati on9 in the d i s tribution o f  9arbon 

w i thin organs . Portions of . spleen , l iver , lung , lymph nod e ,  

k idney and haemolymph nod e were taken at ne cro psy for dige s tion  

and e stimation of  c arbon parti cle content by a mod ifi cation of  a 

method described by F i sher et  al . ( 1968 ) . Weighed sampl e s  o f  the  

order of m-3.�ni tude o f  0 . 5 gm were d i ge s t ed in 2 . 0  ml of 2% gum 

aca c ia and 1 . 0 ml of 70% ethanol contain ing 10% KOH . The d i ge st 

was incubated in a wat er bath at 56 °C for 36 hours a t  whic h t ime 

the volume was ad justed to  10 ml with d i stilled water . A fter 

l i�ht centrifugation ( 800 g for 5 min . ) to remove large t i s sue 

par ti cles , the digest  O . D . wa s determined at 800 nm against a 

blank of  gum acacia and al c ohol ic  KOH . The con centrati on of  

c arbon in  t i ssues was estimated by  c omparison of the O . D . wi th 

a s tandard l ine . 

Expe riment V - To I nve stigate the E ffe c t  of E .  ovi s on the Carbo• 

hydrate Metabo l i sm of Erythrocyt e s  

The glucose uti l i z at ion , lactic and pyruvic  acid produ6tion , 
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oxygen uptake and Gluc o se -6 -Pho sphate D ehydrogena s e  ( G6PD ) 
a c t i v ity of infected and non- infec ted erythro cytes were stud i ed 
i n  v i tro ( Part 1 ) . The same parame ters were compared in non­
infec ted erythrocytes from ana emi c sheep �nd non- inf e c ted ery­
thro c yt e s  from normal sheep ( P�r t 2 ) . 

Part l .  Twelve Romney c astra ted male g nd fe mal e sheep 12  t o  1 5  
mo nth s o l d  were d ivided r3nd oml y  i n to 2 eq ual �ro ups . B e cau�e 
of l ogis tical pro blems , the experi ment was performed 3 t i me s , 
us ing 2 infe c t ed and 2 control she e p  each t ime , bu t al l infected 
shee p were exa n ined �t equ ival ent sta�es and d e �ree o f  para s i t ­
aemi a . The r e sults fro m  th e p 1 ir s  were c omb ined . 

Par t 2 .  E i�h t sh e e p ,  s imi l ar to tho se used  in Par t  l wer e  
d i vid ed into 2 groups o f  4 .  f h e  experiment was performed tw i c e  
u s i ng 2 test .'J.nd 2 c ontrol sh ee p eJ.ch  t ime . The 2 test  sheep 
were bled 3 t i mes from the jugu l nr ve in a t  da i l y  interval s so 
th�t a total o f  1 . 2 - 1 . 5  l i tres  of blood was removed . Thi s 
result ed in a d e�re e o f  ana emi J. s i m ilAr to that o f  t he E . avi s  
infe c ted sh e e p  in Part 1 .  

I n  both exper imental s er i e s  sh eep were bled every 2 o r  3 

d ays for hnematologi ca l  ( Tabl e II ) and b i o chemi c 3.l studi e s . 

Prepara tion o f  cell suspen s ion s :  T en ml o f  bl o od w ere co l l e c t ed 
q se pt i c ally into i ce c9ld t e s t  tubes  cont a ining 0 . 05  ml o f  1% 
h e par in .  After m ixi ng , the �l oad sampl e s  were cooled  in i c e  
pr i o r  t o  c entr i fugati on a t  1 , 500 g for 1 5  mi n . a t  4°C .  T h e  
pla sma , buf fy c o at and approximat e ly 0 . 75 m l  o f  the uppe rmo s t  
pa c ked erythro cytes were re moved and d i s c ::J rd ed . The rema ini ng 
ery thro cytes were wa shed twi c �  in  c o ld ( 4°C )  i s otoni c sal ine . 
A f t er the la st  c entr ifuga t i on ,  1 . 0  ml o f  packed erythro cytes 
was removed from the bot tom of the tube with a pasteur p i pe t te 
and trans ferr ed to a �rad uated c entri fug e tube for G6PD e st im­
a t i on . The remaind er o f  the pa c ked erythro cytes was re suspend ed 
in an incubat ion med ium o f  Krebs -R inger . phosphate ( KRP04 ) 
buffer solutio n ,  pH 7 - 4 ( Umbre i t  et  al . ,  1964 ) . A s amp l e  was 
then removed for e s ti ma ti on of PCV , ret i culocyte per centage 
and to check  for the presence of  leucocyte s .  
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I ncubation of erythrocyt e s  was C 3rri ed o u t  i n  a Bra un Warburg 

apparatus
(l2 ) 

us ing 3 . 0 ml capa c i ty sin�l e  side arm manome ter 

flasks .  S to c k  solutions o f  component s of KRP0 4 were s tored at 

4°C and fre sh buffer wa s made  up im11ed i3 tely before each  set  of  

incubations . S olutions of gluc o se in  KRP04 were pre pared 

imm<::d iat ely before use and 0 . 1 rnl was add ed via the side  arm o f  

e a c h  manometer flask . The concentra t ion o f  thG gluco se solut ion 

was such th gt the finql c oncentr 2 tion in the flask was 90 mg/100 rnl 

of  med ium. The erythro cytes  were incubated aerobi cally for 2 hours 

a t  3 7°C ,  with the fl asks sh 1k ing at lOO o s c illations per minute . 

The co2 was removed by means of 0 . 2 ml o f  40% KOH in the c entre 

well of ea ch fla sk . 

After incubatio n ,  the content s o f  each flask were transferred 

into 3 . 0  ml of c old 10% tri chloraceti c � c id ( TCA ) ; each fl ask  

was  then washed twi c e  wit.h 1 . 0  m l  o f  d is til led water and the 

w a sh ings a dd ed to  the TC� mixed , pla c ed in Jn i c e  bath for 2 0  

minutes and centri fuged 8 t  2 , 6 00 g for 4 5  minute s ( 4°C ) . G luco se , 

LJ. c t i c  acid and pyruv i c  a c id estilTlB tions were perfor:ned on t he 

supernat.::mt . 

B i o chemi cal method s :  G lucose-6 -Pho sphate Dehydrogenase ( G6PD ) 

was estimqted by the method o f  K ornberg and Hore c ker ( 19 5 5 ) ,  

�fter prepara tion of the ha emolysate a s  d e scribed by Loder  an9 

d e  Gruchy ( 196 5 ) . The assay syst em contained  tri s -HCl  buffer , 

pH 7 . 4 ,  2 5 0  mM , nicotinamide  adenine dinucleot id e phosphat e  

( NADP ) ( l3 )  0 . 5 mg , �gCl2 2 0  �� , haemolysa te 0 . 05  m l  and gl uco se-

6 - phosph.stte 2 .  0 rn!'Jl . 

G luc o se was mea sured us ing �luco se oxid ase and peroxidase ( l 3 )  

as  a coupled enzymati c re ac tion using 0-d iani sid ine as  the  co lour 

reagent .  The method i s  a S igma ( l4 )  modif ication  o f  the  pro cedure  

d e s cribed by Raabo and T erkild sen  ( 1960 ) . 

Lacti c a c id determinat ions on the supernat�nt  were made 

using the me t hod o f  Barker and S ummerson ( 1941 ) ; and pyruvic  

( 12 )  Warburg A pparatus Model  V 8 5  B . Braun . Apparat ebau . 
ll1elsunge n .· ltJe s t  r; ermany . 

( 13 )  S igma C h emi cal s .  S t .  Loui s i Mis souri , U . S . A .  

( 14 )  "S igma" Tentative Technical  B ullet in . No . 5 10 ,  Janu � ry 1 96 7 .  
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a c id wa s d e t e r m in e d  by t h e  me th od o f  K o e p s e l l  a nd S harpe ( 19 5 2 ) . 

E xper iment V I  - T o  Exam i ne the E f f e c t  on S h eep o f  t h e  I n c re a s ed 

C arbohyd r a t e  �1e tabo l i sm in E .  o v i s Infe c t ed E�yt hr o cyt e s 

F our t e en m i x e d  f ema l e  and c a s tra t e d  mal e  9 t o  1 0  mon t h  o l d  

P e r endal e she e p  were d i v i d ed rand omly into 2 equa l gro u p s  and 

i d e nt i fi e d w i t h  ear t a g s . One gro u p  w a s  i n o c u l a t e d  w i th 1 . 0 ml 

of b l o od heav i l y  infe c t e d  w i th � ov i s .  B o th �Sroups w e r e  run 

t o � e t her on pa s ture at a p pr oxima t e ly 20 to the he c t are . 

A t  2 or 3 d ay int erval s 2 b l o o d  s a �ol e s  fr om e a c h  sh e e p  were 

c o ll e c t ed in V a c u t a iners and s to r e d  in i c e  un t i l  e s t imat i on s  were 

p er fo r me d . For h a emat o l ogi c a l ( T3 b l e  II ) and glu c o se , l a c t i c and 

pyru v i c a c id e s t im a t i o n s , EDTA wa s u s ed a s  ant i c o a�ul an t .  F o �  

a c id - b a s e  d e term i nat i o n s  he pa r i n  wa s u s e d . 

P l a s ma gl u c o s e  c o n c entrat i o n s  were m e a s ur ed by t he me th o d  

pr e v i o usly d e s c r i b e d  ( P  34) . 

L a c t i c  a c i d  and pyruv i c a c id l e v e l s  i n  wh o l e  bl o o d  w e r e  d e t e r n i ned 

by an u l tra -v i o l e t  me t h o d  ( 340 nm ) u s ing B o e hringer k i t s .  ( l S ) 

The e s t ima t i on o f  L '1 c t i c  a c i d  i s  ba s ed on the c onver s io n  o f  

l a c t i c  a c id t o  pyruv i c  a c id b y  l a c t i c  a c id d ehy� rogen a s e  ( LD H ) 
w i t h  c on c omi tan t r e du c t i on o f  n i c o t i nami d e  ad e n i n e  d i nu c l e o t i d e  

( NAD ) t o  r e d u c e d  n i c o t i na m i d e  ad e n ine d i nu c l eo t i d e  ( NADH ) . 

L a c t i c  A c id + NAD 
LDH 

_ _), 
Pyruv i c A c id + NADH 

The amo un t  o f  N A D  r ed u c � d , wh i c h  i s  d e pend ant on the amou � t  

o f  l ac t i c  a c id in t h e  sampl e , i s  d e t e rmi ned from t h e  i n c r e a s e  in 

O . D . a t  340 n m .  

T h e  e s t ima t i on o f  pyruvi c  a c id i s  b a s e 9  o n  t h e  r e v e r s e  

r ea c t i o n ,  wher e t h e  amo unt o f  NADH oxi d i z ed , wh i c h  i s  d e pe n d ant 

o n  the amo un t  of pyruvi c a c i d  i n  the sampl e , i s  d e t ermine d fro m 

t h e  d e cr e a s e  i n  O . D . a t  340 nm. 

( 1 5 )  The B o e h r i nger C o r p .  E a l i n g . L o nd on .  W . 5 .  E ng l a n d . 
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T h e  acid-base status of bl ood was d e t ermined w i th an A s trup 

Mi c ro -Apparatus . ( l6 ) The d e t er�in 2tion s  w ere started w i th i n  

1 h our o f  bl ood co l l e ct i o n  and compl e t ed w i thin 3 hour s . T h e  

appar a tus u s e s  t h e  p H  mtcro e l e ctrod e and mi c r o t o no metry sy s t e�s 

of A s trup et al . ( 1960 ) , and the r e sul t s  were c �l cula t ed by the 

u s e  o f  the �od i f ied S i g�aard -And ers en C urve N omo�ram ( S i �gaard ­

And ersen , 1962 ) . 

P qrqmeters me a s ured on qnaerob i c q l l y  drawn v enous bl o od 

were : 

( i )  

( . .  ) l l , 

( i i i )  

( i v )  

/'. c tur:tl pH . 

A c tual pC02 ( �m H g )  ( The par t i� l  pre s sure o f  co 2 in 

e:m-:1 erob i c ally d ravm blood ) .  

A c tu3.l bi c arbonn t e  ( m  Eq_ /l itre ) ( The bi c .:J rbonat e c on ­

c entra.ti o n  i n  pl :l s'na of ana erob i c a l ly drawn blo od . 

T o ta l  c o 2  ( m  Eq /l i tre ) ( The co 2 d er ived from carboni c 

a c id 3.nd b ic arbona t e  i n  pl� s �a from �nn erob i ca l ly 

drawn b l o od ) . 

( v )  S t qnda rd B i carbo n a te ( m  Eq/l it re ) ( T he b i c�rbon�te 

c o nc entra t 5 on in the pl J s�a of bl o o d  equi l i brated at 

a pC02· o f  4 0  mm !-l g  and V·l i th oxygen 'J. t ful l  s2 tura ti on 

level  of h� emo�lobin ) .  

( vi )  Buffer B a s e  ( m  Eq /l i t�e ) ( Th e  sum o f  buffer an i on s , 

whi ch �1re m:1i nly b i c :1rbon2. te  -::md �r o t e in:'i te  i o n s . 

( vi i )  B a se �xc e s s  ( m  Eq /l itre ) ( D efined a s  z ero for b l o o d  

w ith pH 7 . 40 a t  pC02 of 4 0  mm H � . ) P o s it ive va l u e s  

i nd i c ate a n  ex c e s s  o f  base  or d e f i c i t  o f  fixed t c id . Nega t iv e  

value s i nd i ca te a d ef i c i t  o f  b a s e  or exc e s s  o f  fixed a c id . 

E x pe riment VII - T o  E xamine the E ffe c t  of E . o v i s  on some F a c t o r s  

C ontro l l ing the S tru c ture and Func tion o f  the Ernhro cyte 

Twe n ty-one m ix ed P ereDd 3. l e  and Romney , c a strated mal e s  and 

female s 9 t o  10 month s  o ld , were d ivid e d  rando mly into 3 e qu al 

groups and id entifi e d  w i th ear tags . O ne group ( A )  was a c ontrol 

gro u p  and th e other two grou ps ( B  and C )  were ino cu l a t ed w i th 

1 . 0  ml o f  E .  ovi s i nfe c t ed b l o od . A l l  sh e e p  were run to g e ther 

( 16 ) Type AME 1 .  lVIanufa c tured by R ad iomet er . C o penhage n .  
Denmark 
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on pasture outdoors at a ppr oxim�t ely 30 to th e h e c tar e . S he ep 

were bl ed at  3 or 4 day interval s throu�hout the exper i ment . 

Group C sheep were withhel d  from feed and water for 24  hours 

pr ior to bleed ing .  

V enous bl ood was colle c ted int o i c e - co ld V a cuta iner tube s 

contai n ing he p.:J.rin . Ha  ern.:-1 t o l o r: i cal and bio che mi cal d ata ( a s  

ind i c ated in  Tabl e II ) were c o l l e c ted . 

R educed �lutathione  ( GS H )  and �e thaemo�l obin levels  in 

blood were d e t ermined both prior to and after incubation for 2 
hour s at 3 7°C . S e para t e  samplGs  o f  blood were s imilarly 

incubated w i t h  a c e tylphenylhyd raz ine after whi ch � S H  and 

metha e moglob in l evels were measured . Exa·ni nat i on s  for Heinz  

bod i e s  in blood were perfo rmed on repre sent�t ive  sa n?l e s  from 

all trea t:nents .  

Blood S S H  l eve ls  were d e termined by the me thod of  BeutlG� 

et  21 . ( 196 3 ) . �ethaemogl obin w�s  mea sured by the me thod of 

Svelyn �nd �al loy ( 19 3 8 )  �od ified by Henry ( 1964 ) . The stab­

i l i ty test for ·':S H  us inR:. a c e tylph enylhyci razine wa s by the  :nethod  

of  B eutler ( 19 5 7 ) . For the  exa11i nat ion of  H Ein z bod ie s 

erythro cytes  wer e sts.i ned supr�v i t ?..lly w ith methyl viol e t  ( D �1 c· i P.  
and Lew i s ,  1968 ) . 



C H A PTER I II 

H AEr•1AT OLOGI C AL C HANSES IN S H�E P I i\JF � C TED · ,i i TH E PE RYTHROZ OON OV IS 

I NTRODUCT ION 

�o s t  repor t s o n  Eperythr o z o o n  avi s  iDfe c t i o n  i n c lud e d ata on 

the more c o mmon haemat o l o q i c a l  para met er s , tl)ouf�h there are c on­

s i d erab l e  var i 3 t i on s  i n  the results re ported 1 parti 9 u l arly wi th 

re �ard to th e severity of , . and cel lul3r re spo n s e  t o , the anaemi a 

( Ne i tz , 193 7 ;  L i t t l e john s , 196 0 ;  Harbut t ,  l 96 9b ; �ver�s ,  196 9 ) � 
A d i fference in s ever ity o f  d i sease ha s been no t e d  between 

natural and exper i mental infe ct ions ( Fo �g i e  and N i sb e t , 1964 )  
prob� bly r e fl e c t i ng d i f feren c e s  i n  infe ct ing d o s e  rat e s  and route s . 

o f  ad �in i st rat i on . In th is cha pt er t h e s e  aspe c t s  are inve s t igated , 

the com<Tio n  haemL=ttolo r:; i c a.l para<Ti e t er s  r e - exami ned and furth er 

observat i on s  mad e on the b l o od c ha n� e s  during infe c t i on . Th e s e  

include t h e  extent o f  damage t o  c i r cu�a t i n� erythro cytes a s  

measu red by pl a s�a h a emo g l o b in l ev el s , o smoti c freg i l i ty t e s t s  

o f  erytl)r o cyt e s , aDd th e rel at ions h i p  betwe en severi ty o f  

d i sease , haemogl obin type and eryt hro cyte pota s s i um l ev e l . 

I n  norm�l ( no n-anaemi c )  adul t sh eep there 3re two d i ff er en t  

haemoglo b in s , H b-A and H b-B ( Evan s e t  al . ,  1956 ) whi ch ar e 

gene t i ca l l y  d e t ermi ned by two e o -d o minant aut o s o ma l  a l l e l e s ;  

these  pro d u c e  t hr e e  pbenotype s , na ne ly A ,  AB and B ( E vans e t  al . , 

1956 ; Hui sman e t  a l . , 195 8 ) . In sh eep wi th H b  type A ,  or AB , 

the produc t i on o f  another h 3 e •nQglobin ( type C ) o c curs und e r  

anaemi c  c o nd itions ( s e e  Tuc ker , 1971 ) . I n  such c o nd i tions 

product i o n  of  Hb-A is  reduc e d , or , i f  the anaemi a i s  s evere , i t  

c e a s e s  a l together . B e cause there i s  evid ence t o  sug g e s t  that 

Hb-A type s h ee p  ar e l e s s  s u s c e pt i b l e  t o  some ana emias ( Ev�ns 

e t  al . , 196 3 ;  J i l e k  and Brad l e y , 1969 ;  N eethl ing e t  al . ,  1969 ) 1 
the e ffe c t  of d i fferent hae� ogl obi D type on E . o v i s  infe c ti on 

requir ed i nv e s t i gat ion . S imil arly , i t  has been s h own tha t sh e e p  

c a n  be c la s s i f :j_ ed on the ba s i s  o f  erythro cyte p o t a s s i um c o n c en­

tra t i o n  ( Evans , 1954 ) , name l y  HK- type ( 80-90 m E q/l i tr e  

e rythr o cyte s )  and L K - type ( 2 0-30  m Eq · /l i tre erythro cyte s ) . 

A l though many stud i e s  have b e en m ad e t o  d efine some phys i ol o gi ca l 
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o r  adaptive advantage o f  either type ( see  Tucker , 1971 ) , t he 

evidence pre sented ha s been inconc lu sive ; but b�cause of the 

c l o se rolat ionship of E . ovi s to the erythrocyte ,  the conc en­

tra t ion o f  potassium could perhaps influence  the course o f  

infe ctio n .  

The haematolog i cal data rec ord ed in  this c hapter were 

obtained from various exper iments . Experiment I was designed 

to inve s ti gate the relationship betwe en infect ing d o s e  and the 

s everi ty of the a naemia indu c ed . Haematological d ata obtained 

in Experiment s II t o  VI I ( s ee  Table I I ) are also recorded  in 

th i s  s e ction . The method s are d escribed in  Chapter I I .  The 

d e cline in  haemogl obin values in ind i v id ual an imal s � ere 

calc ulated as  the percentage d e crea se  in  Hb level from the 

last  e st ima te  pr i or to infe ct ion . G roup neans were cal culated 

fr om the s e  data . 

RES ULTS 

The Eff e c t  o f  S iz e  o f  Infe ct ing Dose on the Course of  E . ovi s  

I nfection - Experiment I 

The relations h ips between s i z e  of inf ection d o se and the 

rate of  d evelopment of paras itaemia and anaemia are shown in 

F i gure J . l w T imes  after infe ction at whi c h  parasi taemia was 

f ir st d i s cernible ( prepatent period ) , of peak parasitaemia and 

o f  maximum anaemia for each gro up are summariz ed in Tabl e IV . 

From this  data the follow ing observat ions were mad e : 

( i ) The mean prepatent period was inversely proporti onal 

to  the s i z e  of in fe cting d o se . 

( ii ) The time ,for pea k  parasitaemia t o  be r ea ched was 

s imi lar l� inver sely proporti onal to the infe cting 

do se . 

( i i i ) In contra s t , there was no evi d ence  that the si z e  of  

infect ing dose  aff e cted the  maximum level  o f  
parasitaemia re ac hed . 

( iv ) The haemoglobin concentrations f or each gro up began 



TABLE I V  

Experimenta l  inf e c t i on .  Th e effec t o f  dos e rate on various t ime intervals during inf e c t i on and th e maximum perc ent age fall in 

haemoglob in ( �xperiment I - Group mean values ) .  

Dos e of 
inf e c t e d  Group No . b l o o d  

(mls ) 

II 1 . 0 

Ill 1 . 0 X 1 0-2 

IV 1 . 0 X 1 0-4 

V 1 . 0 X 1 0-6 

Ti�e intervals - days . 

Inoculat i on Inoc ulat i on 
t o  di s c ernib l e  Inoculation to maximum 

paras i taemia t o  p eak der;r e e  of 
( pr e-pat ent ) · paras itaemia ana emia 

4 1 4  25 

7 1 4  21 

1 1  21 25 

1 4  25 25 

Numb er o f  sheep in each group � 5 .  

*Standard error . 

-

Ons e t  t o  
p e ak 

paras i t a emia 

1 0  

7 

1 0  

1 1  

On s e t  o f  Peak o f  
paras itaemia paras i ta emia 

to maximum to maximum 
degr e e  o f  C.egr e e  of 

ana emi a  anaemia 

21 1 1  

1 4  7 

1 4  4 

1 1  0 

* * Analys is of varianc e b et w e en group means for thi·s param e t er . 

F =- 1 . 66 

NS =- N o t  s ignificant ( > 0 . 05 ) . 

l'lean numb er 
l':aximum• • of paras i t es 

p erc entage p er 
fall in Eb . eryt�rocyt e 

(I".aximu:n )  

46 . 3 2± 5 . 07 * 8 . 43 

45 . 79± 2 . 76 1 0 . 02 

54 � 26± 2 . 71 9 . 3 5 

41 . 51 ±3 . 65 8 . 98 

+-
0 

I 
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t o  fall as peak para sita emi a approached and , wi th the 

exceptio n  of  r; roup V ,  where r:e ak anaemi a  c o i ncided  

with peak  para sitaemia , haemoglob in conc entra t i on s  

cont inued to  fall  a s  para si tae�ia d e c l ined . 

( v ) There was no s igni f ic ant d ifferenc e in the ll!aximum 

d egree of an3 emia develo ped between the infe c ted 

groups ( Table IV ) . 

( vi )  The time t a ken to  r e a ch the maximum d egree of anaemia 

after i noculati on was not apps r ently influen ced by the 

s i z e  of the inf e c t ing d ose . 

( vii ) The time taken t o  reach the :naximum ·:l GfSree of anaemia 

after e ither the onset o f  d i s cernible paras i t aemi a or 

the peak of  parasitaemia d e c reas ed with d e creas ing do se . 

H aemoqlobin Va lue s in  Sh eep Zxperimental ly Infe c t ed with E . ovis  -

Experimen t s  I - VII in clus ive 

For a s sessment of the degree of  anae�ia , hae�o globin co ncen­

t rat ions were used , b ecause  the y  are more d i re ctly rel a ted to  the 

oxy�en c arrying capa c i ty of  the blood . P 9 c ked c el l  volume per­

c entag e s  and erythrocyt e  to tal s followed a patt ern generally 

s imi lar to  haemoglobin c on c entra tions i n  all ex per iments . All  

three  parameters were incorporated in the c a l c ulati on o f  ery thro­

cyt e i nd i ce s . Information  on  the d egree of  anaemi a relative to  

various stage s  of  infect i on was obtained from tho se  she ep infected 

with a minimum of l .  0 ml o f  heavily infe cted bl ood . The time 

relati o nsh ips be tween the d egree of  par ::�. s i taemia  and haemoglobin 

values  for all t he experiments are shown in F igure 3 . 2 .  The time 

relat i on sh i ps between the d egree o f  para sitaemia and l� emoglobin 

values were  s imilar in all  experiment s ; the haemoglobin c once n­

tration for ea ch group be gan t o  fall as  peak para s itaemia approached 

and c o nt inued to fall as para s itae�ia d e c li ned . The means  of  

the  var i o us t ime relati onsh ips  obtai ned are su�mari z ed in Table 

V� There was very l ittl e  vari at ion  in t iming between ind ividuals 

w i thin group m�ans . With the exc epti o n  of  the inf e c t ed �roup of 

Experiment I I I ,  the maximum percentage fall of  H b  in  all groups 

were not s ignifi cantly d ifferent ( Table V I ) . 



TABLE V 

Experimental infec t i on .  The various t im e  intervals of infec tion foll owing inoculat ion with a minimum 

of 1 . 0 ml of heavi ly infec t e d  blood . ( All experiments - grcup mean values . ) 
Time int erval s  - days . 

Inoculation Inoculation Ons et o f  Peak of 

Exp . Group Nuniber to Inoculation to maximum From ons et paras itaemi a . parasit aemia 
disc ernib l e  t o  peak to pea le to maximum to maximum N o .  N o  o f  sheep faras itaemia paras itaemia degree of paras itaemia degr e e  o f  degre e  o f  

Pre-pat ent ) anaemia anaemia anaemia 

I II 5 4 1 4  25 1 0  21 1 1  

I I  - 32 7 1 4  21 7 1 4  7 
I l l  I I  9 6 1 2  31 6 25 1 9 

I V  - 5 7 1 4  1 8  7 1 1  4 
V - 6 3 1 2  22 9 1 9  1 0  

VI - 7 3 1 4  24 1 1  21 1 0  
VII B 7 3 1 7 24 1 4  21 7 

VII c 7 3 1 4  21 1 1  1 8  7 L__ 

+-1\.> 



TABLE VI 

EXPEf IMLNT f.L INF ECTION . W,X ITvlU'VI PSRCENT A G E  FALL OF H , ':.E'·mG LOB IN AND THE rJL X  IMUM DEGREE OF 

Exp . N o .  

I 
II 

I J I  

IV 

V 

V1 

v:r. 

VI I  

X 
XX 

.A XX 

xx:xx 

+ 

PAR :,.s IT!,E'Vfi A  RECORDED . ( ALL EXP�R I�ENTS - GROUP T''IE ,�N VAL UES ) 

= 
= 

= 

= 

Group No . 

II  

I I  

B 
c 

N o . of Sheep  

5 
32  

9 
5 
6 
7 
7 
7 

S tandard Error 

Per cent fall in 
Hb XXX 

46 . 34.!,5 . 07x 

44 . 2 2.!,1 . 34 
26 . ll.:t2 . 54xxxx 

44 . 4 3.:t l · 52  
42 . 49_±3 . 8 1  
3 5 . 5 5.±.7 - 04 
5 1 .  38.:t2 . 5 7+ 

44 . 96.:t5 . 77 + 

Mean number of paras i te s  
per erythro cyt e 

8 . 43 
XX 

4 - 73 
7 . 86 
5 .  92 
6 . 70 
8 . 2 2  

7 . 79 

Grad ed on scale  of L ittl e johns ( 1960 )  and not compar�ble with other 
means ( Value - 3 . 44 )  
Analysi s  of Var iance between �roup me ans for th i s parameter F = 4 . 41 

p < 0 . 01 
Thi s  mean si �nific antly ( P < 0 . 05 )  l ower than all �eans exc e pt 
Exp . VI ( t-test  analysis ) 
t-test  analys is between Groups B and C of  Exp . VII - t = 1 . 02 

----

P = Not S i gnifi cant 
( P > 0 . 05 )  

� 
\..oJ 

1 
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The Effe ct of Wi thhold ing F o od and Wate r  for 24 Hour Period s on 

the Haemoglobin l evel in & .  ovi s Infe ction - Experiment VII 

Food and water were wi thheld from Gro up C sheep in Experiment 

VII for 24 hours pri or to bleed ing , a pro cedur e whi ch commonly 

o c curs prior to shearing or during transportation .  The sheep 

a ppeared una ffected by this  treatment and t here were no s igni f i ­

c ant  differences i n  t h e  maximum decline o f  H b  values between the 

2 gr oups of infe cted sheep ( Table VI ) .  

H aemoglobin V�lue s in S heep Natural ly I nf e c ted with E .  ovi s 

In Experiments  I I , I I I  and IV cro s s - infe ction of c ontrol 

sheep o c curred . The t ime relat ionships  between experimental and 

natural E .  ovis infe ction in ter�s of the onset  and de�re e o f  

parasitaemia and haemoglobin l evels are shown i n  Figure 3 . 3 .  
The var ious t ime re l at ionships in each of the natural ly infe cted 

groups as  well as  d egree of parasitaemia , and fall in hae�oglobin 

l evel are summar iz ed in Tab l e  VI I . In Experiments I I  and III  the 

s tud y of natural infe c t ion was carri ed through until  after the 

peak of anaemia ; in Experiment IV the  s tudy was termi�ated in 

the early parasitaemic  phase . From the d ata ( Tables  V ,  VI and 

VI I )  it can be seen tha t :  

( i ) The group mean per centage fall in haemoglobin was 

smaller in  the naturally infected groups than in  the 

inoculated groups . 

( i i )  I n  the naturally infe cted group of  Exp eriment II the 

mean time s from onset of parasitaemia to peak para s i t ­

aemia , and the maximum degree of  ana emia were l o nger 

than in  t he . artific ially infected groups . 

( ii i )  I n  contrast , the t ime relation ships in the naturally 

infe cted group of Experiment III were similar t o  

those o f  �roup V ( low d o s e  rate ) in Experiment I 

( C ompare Tables  IV and VI I ) . 

( iv )  The time taken for paras itaemia to c ommence in the 

c ontac t  group after parasi te appearan ce in  the 

experimentally infec ted group was shorter in  Experiment 

I I , which  was condu9ted in late summer ,  t han in the 

other 2 experiments , whi ch were held in winter and 

spring . 
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Tj,BLE VI I  

N atural inf ec t ion . The maximum perc entage fall of haenoglobin , the maxinum de5ree of paras i taemia and the various t ime int ervals of 
infect�on .  ( Experiments II , III , I V - group mean values . )  

Time intervals - days 

From From 
para s i t aeri:ia From ons et inoculation of 

Exp Numb er Nunb er experimentally in of 
of sheep of sheep experimentally paras i taemia No in group infec ted infect ed sheep infected sheep to peak to disc ernibl e  to  disc ernibl e  (Natural) . parasitaemia paras itaemia 

II 32 31 1 4  7 21 

III 4 4 24 1 8  9 

l''rom ons e t  From peak of . t . of paras l �exla _ parasitaemia . to maxlmum to maximum degree of . 
anaemia anaemla 

(Natural ) .  (Natural ) . 

35 1 4  

9 0 

Mean number 
r·:aximum of parasit es Time of perc entage per 

fal l in Hb erythrocyt e year 
(Maximum) . 

25 . 90 1 . 97 * * February-
± 2 . 05 * April 

8 . 66 1 . 69 June-
±4 J4 July 

IV 5 4 21 1 4  Not Not Not Not Not September-
det ermined det ermined. determined det ermined 

------
* Standard error . 

* * Graded on scale of Littlej ohns ( 1 960 ) and not c omparab l e  with the other mean.  

de t ermined October 
-----

..j::­\)1 
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R eia�i onsh ip B etween D egree  of P arasit a emi a and S everi ty of Ana emia 

In the infe cted sheep therG ·;;as a s i gnif i c ant ( p  < 0 .  01 ) 

po s i t ive c orrelation betw e e n  th e h i ghs s t  de ,;re e of para s i taemi a and 

the maximum perc entage fe l l  in ha e � o g l o b i n  ( F i �ure 3 . 4 ) . 

�omgn.rison _ of S ever ity of An "l 2rn i a  b e tween -�:X:f? _ _er i me !1t Gl ly a 'ld Nat ­
urally I nf e c ted S he ep - Exper iment I I  

Cro s s - infect ion o f  all but one of th� con tro l she e p o c curred 
in Experiment I I .  Oata on the highe s t  degree of parasi trt emia and 

s everity of ana emia , from the sheep in both th� exp erimentally 
and naturally  infected groups of Experiment II , are shown i n  

T a b l e  VI II . In genera l , naturally infe cte d sheep  d id not become 
a s  severely parasiti sed as experimen tally infected  sheep , nor d i d  
they d eve l o p  a s  severe a n  anaemi�. H owever some individual 
animals  di d develop para s i t aemi a  and an a e �i a  of s i �i lar d egre e  

t o  experimentally inoculated sheep •  

R e t iculocyt es �1.nd Mean C orpuscular H aemogl o bin C onc entra t i on ( :·JICHC ) 

Reti c ulo cyte perc entag; c s  were estimated o n  whole b l o od in 

Experiments III and VII , d.nd are shown in rela t i on to the d egree 

of paras i ta emia and haemog l o b i n  l evel of experi mentally ino culated 

shee p  in Figure 3 . 5 . R et i culo cyt a s  first appe3red sho rtly after 
the i nitial fall in haemogl ob in when para s i taemia was at i ts peak . 
In Experiment VII the mean reti culocyte response in bo th i nfe cted 

groups reached a p ea k  of 5% and in Experiment III  where the ana emia 
was not a s  severe ( Table VI ) the mean maximum respons e  was 2 . 5% �  

I n  the naturally infected she e p  of Sx per ime nt I I I , where the 
ana emia was less  severe ( Ta b l e  VII ) reti culo cytes were only 

o c casi onally present . 

The relat ionshi ps betwe en the haemoglobin l evel and mean 
c orpuscul ar haemogl ob in concentration (i:VICHC ) levels  of exper i ­
mentally inoculated sheep  i n  all experiments (with the exc eption 
o f  Experiment II ) are s hown in Figure 3 . 6 .  C ompared wi th control 

grou ps significant ( p < 0.  0 5 ) fal l s  in 1ilCHC oc curred in infected 
groups • 
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T ABLE V I II 

C0111IP :\R ISON BETWEEN EXP ER IMENTAL /\ND N ATURJ\L I NFEC T ION OF 

THE MftX Jil'llH'1 PERCENTAGE FALL IN H f�E"vTOGLOBIN LEVELS , LO�vES T 

H/\E�10GLOBIN LEVELS , AND :1AXI1 1JM DEGREE OF P P. Rl'.S ITAE�ITI J\ 

( EX PER IMENT I I ) 

Exp : r imental ly 

Max imum d egre e  o f  
parasi taemia · 
( L i ttl e j ohns , 1 96 0 )  

L owest mean Hb value 
a t  peak o f  anaemi a  
( g'Tls/100 ml ) 

R 2nge of Hb val u e s  
a t  pea k o f  anaemia 
( gms/100 ml ) 

�,1e a n  maximum 
percentage fal l  
j_n Hb l e v e l  ( % )  
Range o f  per c en t -
a g; e  fal l s  in Hb 
l eve l ( % ) 

x = S tanda rd Error 

infe cted 
s h e ep 

3 . 44_± 0 . 12 
X 

5 . 72_:t0 . 1 3 

4 . 4 - 7 . 3 

44 . 2 2.:t1 . .34 

2 7 . 45 - 5 9_.(09 

Na turall y p 
infected 

sheep 

2 . 7l.:t0 . 1 9 <O . Ol
xx 

7 . 2 5_±0 . 2 5 t: 5 . 38 <0 . 001  

4 . 7;.. 10 . 8  

3 2 .  94.:tl . 9 5  t-4 · 76 < 0 . 001 

9 . 82 - 52 . 5 3 

xx : Compar i son betwee n  th e s e  two mee.ns by the Rank-S um 
t e s t .  



In naturally infe cted sheep s ign ifi cant ( p <  0 • 01 )  fal l s  of 

MCHC occurr ed in Experiment II ( Table  IX ) but no fall oc curred in 

the sheep of Experimen t  III . 

In experimental ly infe cted groups the magnitud e of  the  ' 1CIIC 

fall was i ignifi cant ly c or r e l a t e d  w i th the per c entage fal l in 

ha2moglobin level ( group mean fall  i n  :�lC HC versus  group mean 

percentage f .:tll  in lnemoglo bin , r = 0 .  64 , n = :u , 1J < 0 .  0 5 ) ; Rnd 

wi th the per c enta�e of ret iculo cyt e s  present ( ind ividual mA x imum 

fall in !\t1C HC ver su s individual max i mum re t i cu l o cyte perc entage ,  

r = 0 . 58 ,  n .. 2 3 , p < C . Ol ) . 

�!lean C orpu s c ular Volume ( MCV) and �''lean C orpu sc ular Haemoglobin 

(l\'fCH) - Experiments I and III 

Changes  in :VtCV and 111C H in r '-�12  tion to the d egree of para sit­

�emia are sh own in  Fi�uras  3 . 7  and 3 . 9  re spe ct ively . S ign ificant 

( p < 0.  05 ) increa ses in bo th these  ind i c es oc curred in infected 

�roups Compared with c ontrol groups .  Th e s e  fo ll owed R pattern 

s imi lar to the "1C HC . 

The Total and D ifferential Leuco cyte C ount in E .  ovi s Infection -

Experiment I 

No s ignif i cant di fferences in the total l euco cyte count be ­

twe en the c ontrol and infec ted �roups were recorded d uring E .  ovi s 

infe ction . The relat ionshi ps between the d egree of parasitaemi a ,  

and the mean neutro phil and lym pho cyte total s for ea ch �roup 

during E .  ovis  infe ction are shown in Figure 3 . 9 � The re l ati on­

ship  betwe en d egree of paras itaemia and the mean  :1onocyte to tal s 

i s  shown in F igure 3 . 10.  · It can be se en that : 

( i ) There was no apparent e ffect  on the neutrophil  and 

lympnocyte counts re sult ing from E .  ovis  infection .  

The signifi cant ( p < 0 .  0 5 ) d ifferenc es which  were . 

r e corded between the co�trol and infe c ted  groups , 

ind icated  in Figure 3 . 9 , were not related to parasit­

aemia ; similar l evel s o f  significant d i fferenc e ( not  

ind i cated in  th� f igure ) were recorded between 

infected groups , dur ing the course o f  i nfection . 
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TABLE IX 

:viEAN C O R P US C UL !.R J-I !': S'10GLO B IN CONCE1\JT R :'\.  T IONS ( NCHC ' s) OF 

CONTROL AND EX P ERIMENT ALLY IDF � C TED SHEEP -
E { �ERHE NT I I  

W e e k  C on trol I no cul3ted 

0 
l 

2 
3 
4 
5 
6 
7 
8 
9 

32 . 1.±_0 . 2 1  X 

3 1 . 4.±_0 . 2 5  
32 . 2_::0 . 49 

6 XX 30 • .±_0 . 2 7  
30 . 4.±_0 . 3 6xx 

8 XX 2 . 9_::0 . 40 
30 . 0_::0 . 3 7  XX 

29 . 2_::0 . 4 6xx 

32 . 5_::0 . 3 5  
29 . 4.::0 . 34  XX 

3 1 . 8.±_0 . 2 5  
30 . 9.:t_O .  2 5  
28 . 3.:t_O . 5 1  
2 5 . 8.±_0 . 42  
28 . 2.±_0 . 2 5  
28 . 5_::0 .  2 8  
30 . 7.±_0 . 3 3  
30 . 1_::0 .  3 8  
3 3 . 4_::0 . 36 
30 . 2.±_0 . 32  

Number of she e p  in each group = 32  
x - · S tand ard error 

NS = N o t  s i gn i f i c ant ( p > 0 . 05 ) 

X 

t p 

0 . 9) NS 

l .  3 2  NS 

5 . 5 1 < 0 . 001 
9 . 26 < 0 . 001 
4 . 92 < o . oo1 
0 . 80  NS 
l .  3 3  NS 

1 . 44 NS 

l .  75 NS 

l .  72 NS 

xx = S ign i f i c antly ( p < 0 .  001 ) l ower by t - t e s t  analy s i s  

than the c o ntrol value fo r week 0 . 



( ii )  The monocyte count in the infe cted groups showed 

small but signif i cant ( p < 0 .. 05 ) elevations after 

the pe ak of parasitaemia ( Figure 3 . 10 ) . 
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E os inophil s  and basophils  were o c casionally seen , but s howed 

no chan�e in number in  rel at ion to E . ovis infect ion . 

Plasma Hae�oglob in L evels  Duri ng E . avis  I nfection - Experiment VII 

The overall m8an plasma ha emo globin level  in  the contro l group 

of Exper iment V I I  1·Ja s s; . 2 9  .± 0 . 7$ .ng/100 ml . The rel ationsh ips 

between the degree of para s i t a emia and the pl8 s mn h � emogl obin 

l evel s  for both the i �fected �roups of  Experiment V I I are shown 

in Figure 3 . 1 1 .  In r)oth of the se groups in c rea 0 e s in plasma 

haemo globin l evels  over tho se of th e c ontrol group d i d  o c cur and 

were oc casionally s ign ifi c �nt  ( p  < 0 . 05 ) . However , al th ough the 

�roup mean correlations between t h e  d egree 9f p�rasitaemia  and 

the pla sm a  ha e!-t10 �l obin l evel s wer� po s itive , th ey were no t sign�­

f i cat ( Group B . r = 0 . 4 7 , n - 14 , p > 0 . 05 ;  Group C .  r - 0 . 1 9 ,  
p > 0 . 05 ) . 

The E ffect  of  E . avis on the Osmo t i c  Fr qcri l ity of Erythrocytes  -

Experiment I 

The rel .J.t ionship between the :'led ian C orpuscuL.:1 r Frag i l i ty 

( MCF ) ( l ? ) and 1 evelopment of  parasi taemia in the infe cted group 

is shown in F i gure 3 . 12 .  C ontrol group v alue s .are also s hown . 

The erythrocyte s be came more fragil e  a s  infect ion progressed and 

the  c orrelati on between the degre e o f  P<�ra sitaemia  and �1C F  was 

signif icant  ( r  = 0 . 80 , n = $ ,  p < 0 . 01 ) . However the peak of 

o smoti c  fragil ity of infect ed erythr o cytes d id not o ccur unt i l  

t h e  degree of  p aras i taemia was i n  d e cl ine ( Figure 3 . 12 ) . 

The Effect of D iff erent H aemoglobin Type on E . ovis  Infe cti on -

Experiments I ,  IV, V and VII  

For �valuat ion of the eff e c t  o f  haemQglobin type i n  E . ·  avi s  

infect ion , the results  from Experiment s I ,  IV , V and VII were 

( 1 7 )  MCF : Defined as  the conc entration of buffered sal ine at · 

whic h  5 0% of erythrocytes are haemolysed ( Da c i e  and Lewi s ,  
1 96 $ ) .  
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pool ed . 

The frequ ency of each haemoglobin type and the overall mean 

h �emogl o b in value s for e � ch ty pe in th e c o n trol sheep are sh own 

in T abl e X .  T�e frequ ency o f  each ha emo globin type in  the . 

inf e c t ed sheep , the me ::tn mi n imum haemogl obin l e v e l  r e c o rd e d , 

and t he Mean �ax imum percen ta�e fal l  i n  haemogl o b i n  l eve l are 

shown in  Table XI . 

From the d a ta i t  i s  appP :rent tha t :  

( i ) There were no si �ni f i cant d ifferenc es in contro l 

haemogl ob in l :,;v e l s  b e tween types , 

( i i )  There wa s no evidence  tha t Hb type affe c t ed the 

d e c line in Hb lev e l s  in  E . ovi s infe c t ion . 

Durin �  the c our s e  of inf e c t i on , there was some c onversion 

of  H b-A t o  Hb-C in both Hb -A nnd H b -AB type sheep ( Fi �ure ) . 1 ) ) . 

I n  P art II of ExpBriment V ,  in w h i c h  she e p  were mad e 

anaem i c  by bleed i ng , a compar i s on between d i ff erent haemogl obin 

type sh e ep w a s  not po s s ible be cause  all but 2 of  the shee p w e re 

of  Hb-AB type . 

The Effect  of  E . a v i s  I nfe c t i on on P.l..:_1.s :na and .Erythrocyte P o tas­

s ium Leve l s  - Experiments  I and V 

Pl� sma pot a s s i um l evel s vJere not  affe cted by E . o v i s  infe ct­

ion or by anaem ia induced by phlebotomy ( T:1bl e XI I ) . 

A l l  but 2 o f  the she e p  ( both contro l s  i n  Experiment V ,  

P art I )  had erythro cyte pot a s s ium l ev el s of type HK : data 

from these 2 H K  sheep  have been exclud ed .  

The rel ati o n sh ips b e tween the d e �r e e  of  paras i taemia , 

reti cul o cyte perc e ntage and erythro cyte pot3. s s ium l evel s for  

both par ts of Experiment V are shown , in  Figure 3 . 14 .  A s imi l ar 

relati onsh i p , no t shown in the f igur� was obtained in Experi­

ment I .  
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TABLE X 

FRE ·,�UENCY OF EACH HAE�·.1QGLOB IN TY PE AND THE MEAN H!\ET'10GLOBIN 

VALUE FOR E i-�.CH  H f-t�'�10GLOB IN TY PE IN CONTROL SHEEP 

Haemoglobin Type h 

Number of sheep g 

�ean Hb  value l0 . 6 0�0 . l4x 

( gms/100 �nl ) 

AB 

16 

10 . 95�0 . 09 

Analysis of variance  between the means  

F .. 0 .  3 g 

P robabil i ty = Not S ign ifi cant ( p > 0 . 05 )  

X = S tand ard error 

B 
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TABLE X I  

THE EFFECT OF DI FFERENT HAEMOGLOB IN TYPE ON E . OV IS INFECTION 

H aemo cslobin type 
Number  of sheep 

?r e-infe c ti on  mean 
l evel of hae�o�l o bi n  
( gms/ 100 ml ) _ ., 

�ean lowe s t  haemo ­
zlobin level during 
inf e c t i on 
( gms/100 ml ) 

' T . XX t •.ax l mum mean 
per c entage fall 
in ha emo gl o b in 

x = S tand ard error 

16 

X 1 2 . 05.:t_O . 3 0  

5 . S 1.:t_0 . 2 l  

5 l . l9.:t_2 . 3 0  

B 

9 

1 1 . 2 8 + 1 . 12  

5 . 6 2.:t_0 . 2 0 

5 0 . 1 5.:!::1 · S l  

xx = Analy s i s  of vari ance  between t he s e  means 

F 
p = 

o .  5 7 

T'JS ( > 0 . 0 5 ) 

AB 

2 0  

l l . 4 l.:t_l . 14 

5 . 9l.:t_0 . 26 
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T!,BLE X I I  

OVERALL �,mAN PL '. S�-�A POTt\55 Im1 LEVELS I N  E .  OVIS INFEC TED 

S H E S P  ( EX P SR P 'IENTS I AND V - PART I )  AND IN 

l\.NAE:UC NON I NFECTED ::JHEE P ( EX P  :�R r 1ENT V - PART I I ) 

EXP!:;R I"ENT I ( n  = 8 0 )  

C on;rol I I nf e c t e d  

G r o u p  Number I I  II I IV V 

P l a s ma K 4 . 77+ 4 . L, 2.±_ 4 . 18+ L1- . 49.± 4 . 65 +  
( m . � q / l i  tre ) 0 . 1 3

-x i 0 . 1 1  0 . 1 3  0 . 16 0 . 18-

EX PERIMENT V - P a r t  I ( n  = 78 ) 

C on tr o l  I nf e c ted 

P l a sma K 5 . 26 + 5 . 3 3.±_ ( m . E q / l i tre ) 0 . 09- 0 . 11 

P ar t  I I  ( n  = 40 }  

C on t r o l  An.::.e:n i c  non infe c t ed 

P l a sma K 5 . 22 + 5 . 3h+ 
( m . Eq /l i tre ) 0 . 2 7- o .  2 7-

x = � tand ard E rror 

F = F rat i o  by anal y s i s  of VQr i a n c e  

N ,S = N o t  s igni f i c a n t ( p > 0 . 05 ) 

F 

o . 2 8  

0 . 3 9 

1 . 05 

p 

NS 

NS 

\\TS 
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Th e correlations o f  ery thro c y t e  potassium l evel with 

ret i culo cy te per centage a nd de�re e o f  parasi taemia are gi veh 

in Table XI I I . The d a ta s h ow that :  

( i ) Erythro ci�e pota ss ium l eve l s  were si�nifi cantly 

( p < 0 . 05 )  incr e o s ed in  bo th E .  o v i s infe c t e d  and 

a na &n i c  non- i n f e c te d  shee p �  

( ii ) The incre 1 se i n  erythro c yt e  po t a s s i u m  l ev e l  in 

� . oVis infected sheep was no t s i gn i f i c an t l y  

c orr e la t e d  w i th the de�re e o f  parasitaemia . 

( ii i ) �here was a h i �hly si �nifica nt ( p <  0 . 01 ) c orrela ti o n 

be twe en erythro cyte pota s s ium l evel and r eti cul ocyte 

percentaf!,e  i n  bo th E .  ovis infe cted sh eep  and :� n 1 e mi c  

non- infe cted she e p . 

DIS C USS ION 

If conc l u s i o n s  drawn f rom uxper imenta l i nfe ctions wi th 

E .  avis are t o  be rel a ted to ev en t s i n  natural inf e c ti ons , i t  

i s  c l early ne ces sary t o  e stabl ish whether or n o t  th e cou�se  o f  

i n f e c t i o n  i s  affected by �he si z e  o f  the i nfe c t in� d o s e . The 
r e sults o f  the experiments d e s cribed in this chapter show that 

wh i l 5 t  some a s p8 c t s o f  the i n f e c t io n  �re affe c t ed by d o se s i z e ;  

o thers a r e  n o t .  

The observa tion t h a t  increas ing the s i z e  o f  the infe c t in g 

d o s e  shortens the t i me lapse b e fore pa rasitaemi a become s  d et e ct­

able  and � e a c h e s  a peak a�rees  wi th t he _ o b serva t i on s  of  others 

on E . co ccoicl e s  ( S chind ler  and Krampit z , 1964 ) .:1 n d  §__. ovi_� 
( FoR"�ie  and Nis  bet , 1 964 ) . The f ind ing th a t exp3 riment:: l  dose  

• 

s i z e has n o  effe ct  o n  t h e  l ev e l · , o f  parasit8 emia f i na l l y  rea c hed , 

t h e  d ura t i o n  o f  p ara s i ta emia , the level o f  anaemi2 produc ed  or 

the t i me after infection at which  anaemia is mo st  severe , al so 

conf irms S ch indl er and Kramp i t z � s report . 

The e ffe c t  of d o s e  on the d evelopment o f  para si t.::� e ni a  i s  

t o  b e  expected i f  i t  i s  assumed  th 3.t dur in� the d evelopment 

pha s e  the �ultipli cation o f  the organ ism i s  unre stricted . The 

absence o f  a d o se - e f fe c t  o n  later event s ,  h ow ev e r , raises  a 

r_umber of questions as  to the c ause of the d e cline in 
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TABLE XIII 

THE CORRELAT ION BETI.NEEN ERYTHROCYTE POTASS IUM CONCENTRATION 
AND THE DEGREE OF P ',RAS ITAE�UA ( EXPS � I AND V )  

AND THE C ORRELATION BET\JJEEN ERYTHRO CYTE POTASS IUM LEVEL 
AND RETICULOCYTE PER C E �T �GE IN E .  OVIS INFECTED ( EXP . V -
Part  I )  AND IN ANAEMIC �O N INFE C TED S HEEP ( EXP . V - Part II ) 

B e tween e rythr o cyte po t a s s ium l evel and d egree o f  par a s itaemia 
EX P ��R r'�NT I ( n  = 15 ) 

Gr oup II 
II I 

IV 

V 

r 

-0 . 31  
- 0 . 05 

0 . 2 9 

0 . 3 2  

p 
NS 
NS 
NS 
NS 

EXPERP•ENT V - P ar t  I ( n  = 13 ) 

r p 
0. 54 NS 

Between Grythr o cyt e potas sium l ev e l  c.nd r e t i c u l o cy t e  pe r c entag e 

EXPER P'lENT V - Part I ( n = 13 ) 

r p 
o .  98 < 0 . 01  

Part I I  ( n  = 1 0 }  

r :: corre l a tion coeffi c ient 
• NS = not sign ificant ( p > 0.  05 ). 

o . S4 < o . o1 
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par �s i ta emia and the pre c ise mechani sm by wh i ch anae�ia i s  

brou �ht about ; i t  i s  p o s s i b l e  tha t theee two event s are l inked 
to ,qet her . 

Although the t i�i ng of the o n s e t  o f  an J amia sppeared to be  

affe cted to  so me extent by the J o se-siz e , the t ime s f t e r  infe c t ­

i on a t  whi 9h n n�emia vas qreate s t  was s i Tii l J r  i n  a l l �ro ups ( 2 1 

to  2 5  days , T �ble IV ) . I t  s e ems l i kely froTI th i s  that _ the  

d e ve l o pme nt of a n 't e  ni 1. is  pr i ·n 1rl y  �ov ern ed by factors , s. s s o c i at ed 

w i th the ho st 3 n i m8 l , whi ch re qu ire a r e l 3 t ively c onstant per i o d  

o f  expo sure t o  inf 2ction f o r  th ei r full  expre ss ion . The anaeTii � 

Tius t  d evelo p e i ther throu �h intr � va s cul J.r h�emo l y s i s  o r  t he 

removJ.l of para s i ti sed J nd dn Ti l ged ce l l s  fr om c i rcul �t i o n . In 

e i the r  c 1. se , it i s  not incon12 e ivable th s t  i nmune me ch�=tn isms of 

the host  ar e involved 1 nd t h e i r  � c tiva t io n  could well be ind e­

pend ent  of th e s i z e  o f  the init i � l  infe c t i ng d o s e . T h e  fa ct  tbot 

E . o v i s inf e cted shee p  d e v e l o p  � p o s iti ve C ooTibs test ( S h er i ff , 

196 7 ; S her iff 'lnd G eer i n� , 1 96 9 )  su�gests  that there i s  an 

i mmune re sp9nse a �a i n s t  the p � r � s i te , ind i re c tl y invo l v in� the 

erythrocyte ,  or a�a i n st the erythrocyt e it self . In e i ther case  

i ntrava scul �r  lysi s o r  re noval of eryth ro cytes from c ir cu l a t i o n  

would be the l ike ly re sul t . Experi mental evidence r e l .'1t ing to  

th e s e  phenomena w i l l  be  d i scuss ed l .J ter ( p 5 9) .  

The d e c l ine in  pt1r.-1 s i ta e il i 3. i s  l i ke ly to be ,qov erned by the 

ho st ' s re s ponse to  i nfe c t i o n . Thi s d e cl i ne may r esult from t he 

s e l e c t ive rernoval of pa rc.ei t i 3ed c e l l s  or froTI some effect  on th e 

mul t ipl i c 2 tion or survi val o f  the or�ani sms o r  a combina t ion of  

t he two . S ince reco vered animal s are refra c tory to further � . 
infe ctio n ,  'lt lea st for a per i od ( Ne i tz , 1937 ; Ohd er , 1 96 7 ) , 

there is c l e � rly some k ind of imTiune response to the pg ro s ite 

i t s elf . 

The fact that the inocul�ti on of a l �rge infect ing d o se 

reduced the prepat ent per iod to a �inimum but d id not o therw i s e  

affect t h e  course of  infe c t ion  l ed t o  the ad option of  a stand ard 

d o se of 1 . 0 ml o f  heavily infe cted bl ood for subsequent expe r i ­

ments . An add i ti o nal advantage o f  mi nimi s ing the prepatent 

period was that where cr oss- infection to  c ontrol an imal s was a 



po s s ibility , the infe ction would be well  d eveloped in the 
ino culo.ted f�ro up by the t i me pa ra si tae·ni.:::t c ommenced in the 
c ontrols . 
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In 3 experiment s w h ere c o nt ro l � n im q l s  were �ainta ined in 
c on t a c t  wi th infe c t ed one s , cross- inf e ct ion d i d in fact o c cur . 
Alt hou�h there wer e ind ivid ual exc e p ti on s , the d e�re e  of 
p 1ra s it�emi a and 1n8emia d evelo ped in  the s e  n �tura l l y  i n f e c te d  

an imals w a s l e s s th�n i n  ino c ul � t e d  s he e p . Th i s  observ3t ion i s  
in � �reeme nt w i th those of  N e it z  ( 19 37 )  and F o � g i e �nd � i sbet  
( 1964 ) who also  concluded th� t  n 3 tur� l l y  i nfected � nim3 l s  were 
l e s s  s e ve re l y  1 ff e c t ed t ha n  those experiment 3 l ly in fe ct ed . At 
f i r s t  s i �h t  the se  re sults  appesr in confl i c t  w i th t h o s e  d erived 
from s h e e p  exper iment 3 l ly i nf e c t e d  w i th �r J d ed do se s . T here are , 
how ever , a number o f  po ssi ble e x �' l .c>.n.s tion s for this  71 pparent 
'lnomaly . In the first  pl '1 c e it  i s  not known 11'Ti th what n umb e r  of 
orgQ ni sms the in- c onta ct an imal s were i n f e c t e d . If the ho s t  
r e s po n s e  i s  primari ly ti�e -b� sed and the infe c t in� dose  co ns ider­
ably lower th an the � 30 , 000 or�ani s�s e sti mJ t e d  for the nini mum 

d o se in Exper iment I ,  the p a ra s i t � e � i n  coul1 be  termina ted be fore 
i t  h ad t i me to rea ch the l evel s  a tt �i ne d  in  experi menta l infe c t ­
ions . There is  c l ear evid ence th J t  the  d e�ree of  anaemia i s  
r e LJ. t ed t o  the s everi ty of p3.r:::l si  t :J.emi8  ( Fi o:ure . 3.-4 ) . · 

A further c ons ideration re l3 te s to the route o f  infe ction . 
Although there i s  no dire ct  pro o f ,  it  has been po stul 3 ted that 
the i nfection i s  spr e o.d by blQod - s ucking ins e c t s  ( Fo 7 a i e �nd 
Ni sbe t ,  1964 ; S heri ff e t  al . , 1966 ; Ohd er ,  1967 ; �v e rq s ,  196 9 ) , 
I f  it  is  assumed th � t  in these  experime nt s  S imulud f l i e s  or 
mosqui toe s  were r e spon s i ble for tra ns�is s ion of inf e c t io n  it i s  
sti l l  not certain  whether the or�anisms  would be  i n j e cted d ir e c t ly 

into blood ves se l s  or into cutane ous or subcutaneous tissue s . 
The observed great er degree of  variabil ity in the cours e  of  
infe c tion in the no.tur a l l y  infected  an im3 l s  could in  p3rt  be  due 
to variati ons in  the si z e  of  ino culating d o s e  and /or the . route 
of ad ministrati o n . Part of this  apparent variab i l i ty i s ,  however , 
a s so ci a ted wi th the l ac k  of synchrony of  i nfection  in the group . 

The similarity in  the co ur s e  of  infection between groups was 
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o n e  o f  the f eatures of experiment al � .  ovi s inf e c ti on . From the 

evid e n c e  obta ined it w a s  c l ear tha t  th e na�n i tud e of  anae�i a was 

n ot i nfluenc e d  by Hb type ( Ta b l e  XI I ) . The form3 t i o n  of some 

H b - C  by _ she e p  wi th Hb-A i s  a u su n l  res pon se to such a n  ana em i a 

( Tu c ke r , 1971 ) ( F i �ure 3 . 13 ) .  Thi s ch�n�e o f  Hb type i s  pr obabl y  

d u e  t o  the fa ct th�t H b - C  ha s a h i gh e r oxygen a ff i nity wh i ch may 

be ad vant3 geous to ana e n i c  an im�l s i n  t r a n s po rt i n g  oxygen to 

t h e ir t i ssu e s  ( Hu i sm�n and K i t c h en s , 196 8 ) . I t  i s  w orth notin� 

tho u�h th3t t h e  s i �i l � rity i n  h J emoglo bi n l eve l s  betwe en c o ntr o l  

s h e e p  o f  d i ff e r e n t  H b  type ( Tabl e X I )  i s  3 t  v �r i g n c e  wi th th e 
fi nd inqs o f  D awson and S vJ n s  ( 196 5 )  and vA n der H e lm e t  a l . 

( 19 5 7 ) , who fo und that Hb -A and H b-AB s h e e p  had h i �her h a emoglobin 

v a l u .:; s  :md p:J. cked c e l l  vo lume s th:=m H b -B sh eep . The number of 

shee p used in thi s inv e s t i � a t i on may h3ve been t o o  sma l l  to 

r e a ch a n y  d e f i ni te c o n c lusi on i n  this r eg ard . L i kewi s e , n o  c o n­

c l u s i on was o bta ined on the po s si bl e  infl uenc e s  o f  d i fferent 

e ry t hrocyte pota s si um l eve l s  o n  the cour s e  of E . avi s in fe c t i o n . 

Further inve s t i � � t i o n  o n  th is a s p e c t  i s  requir ed . I n c re a s e s  i n  

e rythro cyte potas s i um l ev e l  d ur i n g E . ov i s  infe c tion , s h own to 
be stro n�ly c orre l a t ed w ith the re t i cu l o cyte per c e nt a �e ( F i �ure 

3 . 14 ) , are consi st e nt w ith the f inrtin� s o f  E l l o ry and Tucke r  

( 1970 ) who found that r et i c u l o cytes w ere re spons i b l e  for t h e  h i �h 

pot 3 s s ium val u e s  fo und in an2 e mi c  bl o od . 

The d evelopment o f  an :; e mi a , wh e t h er i t  i s  d ue to ' 1 n i mmune 

r e s ponse by th e h o st as mentioned pr e v i o u s ly ( p  5 � , or to 

d i re c t  d 3m·J f? e  to the  e rythr o cyte by t h e  p:1r-J s i te , is  'Tled i ated 

e ither by i n travascular haemo lys is or by 3n i n c reased r a te o f  

r e 'Tloval o f  aff e c t ed c e l l s  f ro 'Tl  the c i rc ula t ion . I n f e c t e d  e ry thro­

cytes were more su s ce p t i b l e  to o smo t i c  ly s i s  than c on tro l c e l l s , 

but whether or not t h i s  i s  suff i c i ent t o  bri n� about l y s i s  o f  the 

c el l  i n  c i r culat i on is not cl e ar . The fa ctors that c o nt r o l  a 

c ell ' s o smot i c  f rag i l i ty are c o mplex and any al tera t i o n s i n  this  

f rag i l ity are usually non- s p e c i f i c . I ncreased frag i l i t y  d o e s  

o c c ur i n  hae nol y t i c  anaern i a s  p art i cu l arly when th �r e i s  a c co mpany:.:. 

ing s phero cyt o s i s  ( �v er�s ,  1 969 ; D a c i e  and L ewi s ,  1 968 ) wh i ch 

may re sul t from an auto immune proc e s s  ( S chalm , 1 972 ) . D a c ie and 

L ew i s ( 1968 )  c o n s id ered that the o smo t i c  fragi l i ty t e s t  w a s  a 

more ob je c t i ve measuremen t  o f  spher ocyto s i s  than c an b e  o btained 
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by inspection of stained blood f ilms . The pre sence  of s phero­

cyt es in smears of  E . avis  infe cted blood was noted by �verRs 

( 196 9 )  . . However the sheep  erythro cy te , bein� naturally s�all 

( S chalm , 1 96 5 ) , s tains evenly with :':IacN8al stain w i thout c entral 

pallor , and in th i s  study , no definite conclusion could b e  

reached as  t o  whe ther spharocytes  were pre sent in infected blood 

s :ne ars . 

Evid enc e ha s been pro d u c ed to show thqt Eperythroz o on spp � 

c a u s e  some eros ion of the erythro cyt i c  membr·c1ne ( T 3.nak3. e t  a l . , 

196 5 ; Kreier and R i stic , 196 3 ) . The fact that there was a time 

la � between peak parasi t n e-n ie.  and pe2k osmot ic fre1 gi li  ty o f  

infe cted erythro cyt es ( Fi gure 3 . 12 ) , i s  �ore consi stent wi th an 

Lnmune re sponse  by the host  than with a d ire ct me chan i c 3.l effect  

by the  para s ite . Attempts were m�d e  to �easure the mechani cal 

fra�il ity of erythrocytes  dur in� E . o v i s  infection by the me thod 

d e s cribed by 0 :-:: c ie  and Lewis  ( 1968 ) ( p  1 77 ) , but the resul ts 

obtR ined were inc onsi st ent . The po ss i bi l it ies exi st  t hat the 

pro cess  of colle c t in�  blood was suff i c i ent to d i srupt me ch anically 

fragile  cel l s  thereby inc reasin� pl g sma h3emoglobin l evels  

( P i �ure 3 . 1 1 )  or that infected cells  J.re not ne chan i c3.ll y  fra�i le . 

Th e se points anrl the po s s ib ility that the parR s ite d ire c tly 

a ffects  osmo t i c  fra�i l ity req u ire clarifica tion . 

I t  is pert inent to  no t e  thJ.t  the t ime interval between peak 

parasitae nia and peak plas�a h 3 e�o�lobin level s was s imilar t o  

th3 t between the peaks of para si taemia and o smo t i c  fragil i ty . 

Whi l s t  the collection of _ the blo od samples  could cau s e  lys i s  of 

abnormally fragi le  cells , there i s  h i s tolo�ical  evid ence ( see 

Chapter V )  that intravas cular h'3. emolys is d oe s  o c cur in infe cted  

sheep . 

The po ssibil ity of  an i ncreased . rate of  re�oval of  affe cted 

erythrocytes must also be c onsidered , if  the increase in c ircul ­

a t ing monocytes recorded in E .  avi s infe ct ed sheep  i s  a resu l t  

o f  increased r et i culoend o thel ial activity ( Ne i t z , 193 7 ) . Thi s 

a spec t  i s  examined in Chapt er VI . 

I t  i s  a pp :�rent that , apart fro·n an increased mono cyte c oun t ,  
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c on s i s t e n t  c hang e s  i n  t h e  t o t al a nd d i ff e r e n t i a l  l eu c o c y t e  c ount s  

d i d n o t  o c c u r  i n  i n f e c t ed s he e p ,  and w ere , t he r e fo r e , o f  n o  

d i ag no s t i c  s i�n if i c an c e . 

T h e  o b s erva t i on s  m ad e ,  a lo n g  w i th t h e  d at a  c o l l e c t ed , 

i nrl i c a t e  t h at th e gen eral e ry t hr o cy t e  norph o l o �y d u r i n �  t h e  

r e s p o n s e  o f  th e b o n e  ma rrow to t h e  3n 3 e m i Q  prod u c ed , i s  m� cro cyt i c  

and hy po c hro mi c . I t  i s  t h e r e f o r e  surpr i s in � , i n  vi ew o f  t h e  

r e su l t s  o b t g i n ed i n  t h i s  st udy , t h a t  normo chro� i c  c e l l s  ra t h e r  

than hypo chro m i c  c e l l s  ha v e  b e e n  c o n s i d e r e d  p a r t  o f  t h e  typi c a l  

c e l l ular c h a n � a  i n  t h e  bo n e  �arrow r� s po n s e  t o  t h e �na a ni a  o f  

E . ovi s i n f e c t i o n  ( Kr e i e r  and � i s t i c ,  196 3 , 1968 ; S he r i f f  e t  a l . , 

1 966 ; R ou s e  and J ohn s o n , 1 966 ; H a r bu t t , l96 9b ; C ampbe l l  e t  a l . , 

1 97 1 ) . I t  mu st b e  c on c e d e d  tha t t h e  :nean a·nount o f  h ae:no �l o b in 

in e 1 c h erythro c y t e  ( MCH )  i n c r e a sed i n  i nf e c t ed b l o o d , but t h i s  

w a s  more t h a n  o ff s e t  by the i n c r e a s e  i n  s i z e  o f  th e c e l l  ( �CV ) , 

w i t h a r e s u l t a n t  fQll i n  t h e  c o n c e n t r � t i on o f  h a e mo �l ob i n w i t h i n  

t h e  c e l l  ( · 1CHC ) . I n c r ea s e s  i n  '1C H  ar e u sual l y  f ou nd in a n a e--n i a s  

o f  sudd e n  o ns e t , w i th l a r � e  ery t hr o c y t e s a r i s i n g  d ire c tl y  from 

norm o bl a s t s  w i th o u t  pas s in� t hr o u a h  th e la te no r mo b l � s t  s t a g e  

( S ch al m , 1 96 5 ) . Th e ma�n i tude of t he hyp o c hro m i c  r e s p o ns e a s  

m e a sured b y  th e f a l l  i n  �CHC l ev e l  w a s  d e pend ent o n  t h e  s ev e r i ty 

o f  ana e :n i a , w i th n o  ev i d e n c e  o f  bo n e  marrow suppre s s i o n  :� v i ng 

o c c ur r e d . T h i s f ind ing i s  in a c c o r d  w i t h  t h o s e  o f  K r e i er e t  al . 

( 196 4 ) , a nd �v e rg s ( 1969 ) who d e s c r i b e d  erythro i d  hyperpl a s ia 

o f  the bone mar r ow i n  E . o v is infe c t ed s he e p . T h e  erythro i d  

hyper p la s ia was c o n s id er e d  by (tv e rz:?.s t o  r e s e mb l e  that d e s c r i b e d  

by W in t e r  ( 196 7 )  in po s t -h a e morrhag i c  anaemia o f  sh e e p . Pro­

l o nga t io n  o f  the bone marrow re spon s e  t o  an� em i a  w i th a d el ay 

l o nger th an i n  b l e d  s h e e p  for h a e�o g l o bi n  l eve l s  t o  r e turn t o  

norma l w a s  n o t ed b y  S he r i ff e t  al . ( 1966 ) . No o p j e c t i ve c ompar i ­

s o n  t o  c onf irm t h i s  po i nt w a s  m ad e  i n  th i s  s tudy , b u t  i n  v i ew o f  

t h e  a ppar e nt l y  norma l  r e s pon s e  o f  t h e  bone mar r ow t o  t h e  a n 3 e rn ia 

o f  E . ov i s  i n f e c t ion , any d e l ay i n  t h e  return o f  ha emo f- l o b i n  

l e ve l s t o  no rmal i s  mos t l i ke l y  d u e  to a c on t i n ui ng e x c e s s i v e  

ra t e  o f  eryt h r o c yt e  r emova l from c i r c u la t i o n . 
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S UMMARY 

Groups of sh e ep were ex �er imentall y inf e c t e d  with Epe rythr o ­

z oo n  ovi s by intra venou s  i n j e c t i on . D o s e s  o f  v� r i�ble si z e  were 

us ed . Th e f o l l owing o b serv�t ions were mad e : 

1 .  T h e  pre pa te nt p er i od , and the t i me for pe �k p ara s i ta erni "l t o 

be reached fol l ow i n� ino cul � t i o n  w er e  inver s ely pro porti ona l 

to the s i z e  o f  t h e  i no cu l � t in� d o s e . 

2 . The t ime t�ken from ino c u l a t ion unt i l  the pe a k o f  an� e rnia 

W 3 S  s i�il J �  irre s p ec t i ve o f  i n o c ul a t i n� d o se s i z e . 

3 .  The t ime rela t i on sh i p b e tween d e >zr e e  of pa rc-tsi taemi 3  ,:=t.nd 

fa l l  in h a emo � l o b in c on c en tr� t ion v o r i ed q c cord i n? t o  t he 

s i z e  o f  th e i no culdt ing d o se , w i t h , at th e l ow d o se r 3t e  

( 1  x 1 0- 6 ml o f  heavily infec ted b l o o d ) , p e a k �� r u s i taemi a  

and pea k anaern i a  bein? synchroni sed . 

4 . The max imum d eg r e e  o f  po.r3 si tae·n i a  and the maximum percent ­

a �e fall i n  h 1 e n o � l ob i n  c o nc entr ati o n was s imilar in al l 

.o:.r oups . 

I t  i s  conclu�ed  from these  observ3 t ions that the o ns e t . and 

d e �ree of anJ em ia , b e in� unrelated to in o c ula t ing d o s e  s i z e , i s  

d e penrJ ent upon an immune re sponse by t.h e  h os t . Further c ircum­

stantial evi d e nc e to su pport th is  i s  provided by th e f a c t that 

the peak o f  increase in  e ryt hro cyte o smo ti c fragil i t i e s  and peak 

plasrna h ae mo R l o b i n  leve ls d ur in� i nfe c t ion d i d  not c o i n c i d e  

with the pe ak o f  para si ta erni a . 

Observat i o ns were al so mad e on naturall y  inf e c ted shee p ,  

wh i ch in c ontra s t  t o  experi mentall y  infected she ep sh owed variable 

but generally l e s s  severe d e �re es  of anaemia and para s i taemi a . 

Al though thi s appe ars to co�flic t wi t h  the c o n c l us i o n s  mad e 

from experimental infe c ti on , i t  is  po ss i bl e that , i f  th e ho st 

re sponse is  t i me based , i t  may have r eac hed full expre s si on 

before infe c t i o n  had time t o d evel o p . Factors co ntri but ing 

to th i s may be : 

( 1 ) The route o f  adm ini stra ti on , whi ch , i f med iated by blood 

inse c t s , could mean that o r g ani sms are inje cted into 

cutaneous or subcutaneous t i s sues ,  and 

( 2 )  The si ze o f  inf e cting d o s e  whi ch could be lower than the 
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smal l e s t  dose  given expe r imentally ( 1 3 0 , 000 organi sms ) . 

The msximum perc entage fal l in  haemoglobin leve l , and the 

maximum degr e e  of  para s i taemi a  r e c o rd ed in ind i v i d ual sheep were 

s i�nif i cantly ( p  < 0 . 01 ) c o rr el -:'1.ted . Th i s  v.ra s  on ce  a�a in con­

s i stent  w i th 3. ho s t  i mrnune response 3.P.:ainst the par a s i t e  wh i ch 

a l s o  involves  the erythro cyte . �h e po s s ib i l ity o f  a d ire c t  

�e chanical effect b y  the para si te , fa c i l i t a t ing the erythr o cy t e ' s  

re�ova l from c i rcul �t i o n  c anno t  be d i s c ount ed . 

The morpholo �y o f  eryt hro cyt e s  dur in� the re sponse 9 f  the 

b o ne �arrow to the an!3 emia i s  ;na cro cyt i c  and hypo chromi c ,  whi c h  

i s  a t  va r iance with �o st re por t s  i n  th e l i terature . There 

appeared to be no e v id e n c e  of  bone marrow suppr e s s ion . The 

ana emia of  B . ovis infe c tion was not �ltered by d i fferent Hb 

type s in sheep . I n f e c tion d id no t appe� r to affect  e rythro cyte 

p o t J s s i um leve l s ; inc reases  re corded were pro bably d ue t o  

r e t i culo cytosis . 

T o tal and d i fferential l e u c o cyt e c ounts wer e pe rformed 

dur ing an inf e c t i o n  cy c l e .  A s igni f i cant ( p  < 0 . 0 5 )  increase 

in mono cytes . was re c ord ed in infe c te d  sheep at the pe ak o f  

parasi ta emi a , bu t al l l evel s were s t i l l  wi th in the ac cepted 

normal ranrse . Chang e s  in  the  to tal c ount and in  the d i ffer­

en tial  count for th e o ther cell type s were no t cons i stent 

w i th E . ovis  infe c t i o n  and w ere t herefore of  no d ia�nos t i c  

s i f:Sn i f i c a nc e .  
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counts - Exp. I (Group mean vc:lues) 
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Figure 3.1 1 .  The time relationsh ip between the degree of parasitaemia and plasma 
haemoglobin concentration. (Exp. V I I  - Group mean va lues) 
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Figure 3 . 13 :  Hae�ilobin type s A ,  AB , �nd B a s  shown by 

ele c troph or e s i s  on c el l ul o se acetate  ( Phoro S l id e )  pH 8 . 6 . 

Partial c onvers ion of  Hb-A t o  Hb-C with develo ping anaemia 
. infe c ted shee p  37 ( Experiment I )  t s  also shown.  J.n  

( a ) H b  type A 

( b )  H b  type AB 
( c ) H b  type B 
( d )  E xper imental sheep N o . 3 7 

H b  type A .  1 1 . 9 grn/100 rnl 
( e ) S he e p  3 7 

H b  type AC . 7 .  6 grn/100 rnl 
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C H APTER I V  

THE EFFECT O F  E PBR YTHR.07.! 00N OVIS INFECTI O N  ON S QrJIE BLOOD 

B IOCHEMIC I� t  PA RATVTE TSRS 

I "-iTRODUCTION 

There are few reports in the l i t er a ture on the effe c t  o f  

Eperythro z o o n  avis  inf e c tion on the ro utinely measured b i o ch em i c a l  

parameters i n  blo od . Incre ases  in bloo� ure a  ni trogen and serum 

b i J irubi n  l e ve l s  hdve been noted ( Ne i tz , 1 93 7 ;  L i tt l e johns , 

1 '}6 0 )  but no CJ.tternpt has b c Gn m::td e to rel ate th i s  t o  the s t"l<;e  

of the  infe c t i on cycl e . Inves t i gat ions on t o ta l  3nd fra c t i onal 

seru� pr ote in c omoonents have y i el d e d  equivocal re sul ts . �h i l e  

N e i t z  ( 1 937 ) , and S heriff e t  al . ( 1966 ) re c o rd e d  fa ll s in to tal 

pr o t e in level s ,  �ver�s ( 196 9 )  found no c ha n�e in t o tal prote in , 

a nd no  s i gn i f i c 3nt change s i n  the d if f e r e n t  serum pro t e i n  fra c t ions . l 
Durin� the v a r i ous experi�ent s ,  opportunity wa s taken t o  

measure both blood urea ::tnd blood urea n itroR"e n ,  serum b i l i rubin 

( fre e and c o n j ugated ) and to tal pl ·.tsma prot eins . In Experiment 

IV the pro teins  were fra c t ionated by e l�ro phore s i s . Although 

r e ports in the l i ter ature on  E . o v i s  inf e c t i o n  do not sugg e s t  

any l ikely t i ssue o r  organ darna�J.;e wh i c h  mi ght c a u s e  a n  �ncrease 

in serum glutami c oxalac et i c  tr�n saminase ( S GOT ) level s ,  the se 

were measur ed in Exper iment I I I , ma inly to  moni tor the extent 

of l iver a nd ti ssue d amage , whi c h  may have re0ul ted from the 

b io p sy o p er at i o� . The SGOT l ev e l s  of the biops i ed contro l a0d 

infe cted �roups , and the c ontrol group that was not b iops i e d , 

were a l s o  e s t imated . 

"'1ATE R IALS AND 'iffiTHODS 

The var i o�s exper iments i n  whi c h  t he b i o c hemi cal exami nat i ons 

were pe rformed , as  wel l as the experimental method s are o utl i ned 

in Chapt e r  I I . I n  Exper iment VI I ,  one o f  the infe cted gro u ps 

( � roup C )  was housed w i thout food and wat er 24 hours prior t o  

b l eed ing for reasons given previ ously ( Chapter I II ) . 



RES ULTS 

The E ffect  of E . avi s  Infection on Blood Urea N i trogen ( BUN ) 

( Ex peri ment II I )  and Blood Urea ( Expe r i me n t  V I I ) 

7 9  

The  blood urea and blood urea n itro q e n  resul ts of infe ct�d 

sheep w e r e  8 1 1  wi t h in no rmal runge throuzhout the exper iments , 

and d i d not d i ffer s i �nifi c q ntly from the control V3lues . Tha s e  

l att e r � r e  � i ven i n  T 3bl e XIV , and ar� c omp�r 3 b l e with value s 

re cord ed in the liter�ture ( see  D oxey , 19 71 ) . 

The Effect  of E . avis Infect ion on B il i rub i n ( Exoeri me n t  VII ) 

The �ean value s for to tal free and con jugated bil irubin in 

the control sheep are q i v e n  in Tabl e X IV .  I n c r e a s e s  in t o tal  

b i l i rub in levels  were recorded i n  bo th th e infe cted �roups 

dur ing pa ra s i ta em i a . T h i s w2 s due to  qn incre� se in the free  

b i l irubin fr� ction ; con jugated bi l irub in level s w are  no t 

affe cted . The ti�e rel�tionship  between p �r�sita ernia 3nd the 

mean level s of fre e b i l i rub i n  in all groups at e a c h  read in€ a r e  

shown in F irure 4 . 1 .  The incre a ses  whi ch w er e rec orded in the 

infec ted groups were v 1 r i 2b l e  i n  ma�nitud e ,  and only o c casionally 

s i sm if i c a ntly ( p < 0 . 0 5 ) d i fferent fro:n control s . 

The Zffe c t  of  E, avi s  Infe c tion on S erum G lutamic  Oxalacet i c  

Transaminase ( SGOT)  - Experimen t I II 

SGOT l evels in all  sheep  remained consi stently wi thin the 

normal ran�? as c i ted in the l iterature ( Done et  a l . , 1 9 5 8 ; 

Buc k e t  al . , 196 1 ) but there were small  di ff erences between 

gr oups . The mean l evels  of  SGOT  obtained fro� both the contr o l  

groups of  sheep are given in  Table  X IV . Th e mean in  the 

b i o psied c ontrol sheep was c onsi stently hi�her throu�hout the 

experiment than in the gro up of intact  c ontro l sheep ,  but in 

only two of the seven estima tes  was the d i ff erence between the 

two �roups signi f icant ( p  < 0 . 05 ) . The l evel in the  biops i ed 

infec t ed group ( 6 5 . 3 9  .±. 5 . 43 SFU/ml ) was intermed i ate  between 

the two contro l groups and was not apparen t ly influenced by 

E . av i s infect ion . 



T ABLE XI V 

�BAN L S VB LS FOR sor.ilE B JOC r-JEMICli.L PAR/t�"Ei.:T�RS IN CONTROL S HEEP 

B i ochemi c a l  P a r 8 me ter Exner iment No . No . o f  S he e p  1\J o . o f  R ead in� s 
for ea c h  S he e p 

B l o0 d  Urea � itro �en III 5 ( b io ps i ed ) 5 
( mg�/100 nl ) 4 ( inta c t ) 5 

B lood Urea ( mq s / 1 00 �l ) VII 7 6 

B ilirubi n  ( �� s /100 ml ) VI I 
Total 7 1 0  
Fre e  7 10 
C on jug;;a ted 7 1 0  

S GO': I I I  5 ( l iver hio ps ied ) 7 
( S i6ma Franke 1 Un it s /m1 ) 4 ( in ta c t )  

T o tal P1a s�a Protein 
( gms/100 ml ) 

I 5 
I II 5 ( b i o p s i ed )  

4 ( inta c t )  
IV 5 

VII 7 

x ... BUN . eq uival ent i s  2 3 . 2 2  mq:s /100 ml 

7 

16 
7 
7 

10 
14 

Mean + S . E . 

2 1 . 47+ L 3 2 
2 2 . 49�0 . 81 
49 . 70_2:4 •. 18x 

0 . 05 7+ 0 . 005 
o . oJo-:;o . oo6 
0 . 02 6�0 . 003 
81 . 75 +6 . 97 
5 7 . 09�4 . 1 0  

7 . 3 1 +0 . 2 1  
7 . 10-:;0 . 16 
6 . 98+ 0 .  06 
7 . 1 3�0 . 05 
6 . ?o;:o . o6 xx 

xx • E s t i mated by re fra c tometer . O ther total prote in level s e st imJ ted by the 
B iure t  Method ( se e  Cha pter II ) 

� 
0 
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T h e  E ffe c t  of E .  av i s  I nfe c t i o n  on Tot�l  and Fra ctionated P r o t e i n  

L ev e l s  

T o t a l  pl�sma pro t e in l e v e l s  wer� measu red in  Exper ime n t s  I ,  

I I I , IV a nd VII , .::md VR.lu e s  o b t :::. in ed i n  t h e  c o n t r o l  gr oup o f  

sheep n re � i v sn i n  T �bl e X I V . 

M o  al t er a ti on in t h e  l ev e l  o f  pl l s� a  pr o t e i n  o f  the inf e c t ed 

_e::r o ups o f  �: x p e r i me n t s  I ::md I J I  ;·._r ·1 s no t ed rJ u r in ,.,.  the c ou r s e  o f  
t he experi�ent s . 

In  Exper iment IV , pro t e i n  e s t i ma t i on s  w e r e  done on i nf e c t e d  

grou p E .::t nd contr o l  c::r oup F . The r e l :1 t i o n sh i p b e tween the mean 

d egree o f  par3 s i t3 e�i a n nd th e to ta l  p l � sm� pr o t e in l e v e l  o f  

b o th �roups ( F  qnd � )  ar e shown in F i gu r e  4 . 2 . S ignif i c ant 

( p < 0 . 0 5 ) i n cr e �  s e s  in the l 3v e l  in inf ::; c t eri an im-'11 s o ver the 

c ontr o l s  were r e c ord e d  �s para s i t aem i a  w�s d e cl in i n� . 

The rel:.1tionship  b e t;.-.re en the mc; an d e gr e e  o f  par n s i  t a emi n 

a nd t o t a l  prote i n  l �v e l s for the contro l ( A )  and in f e c t ed �ro ups 

( E  and C )  in 2xper i�ent VI I a r e  shown in Fi vure 4 . 3 .  As c an be 

s e en i n  the f i rure , t h e  l evel of pl�sma pro tein in the _ 2 i nf e c t e d  

�ro ups was h i aher than the control l e v e l  bo th pri o r to , a nd aft er 

t h e  o n s e t o f  par a s i t n e � ia . 3 i �n i f i cant ( p  < 0 . 0 5 ) d i fferen c e s  

were r e c o rd ed b e twe e n  the infe cted ( parti cul�rly �ro up C )  and 

contr o l  groups as  par� s i t 3 emia d e c l i n ed . 

The relat ionsh i p  o f  t h e  d e �r e e  o f  p 9 ras i tae�ia wi th t o t a l  

albumin , gl obul in nnd t h e  al bumin-a:l obul in ra t io · ( A/G )  in 

Exper iment IV i s  s h o·wn in F i gure 4 . 4 .  The incren. se in th e 

total protein l e v e l  of the infe cted gro u p  as  paras i t a emi a 

d ec l ined ( F igure 4 . 2 )  w�s mainly due to an in c r e a s e  in t h e  

�l obul in fr a c t io n . The i n c ren s e  in g lobul in o c c urr ed in only 

some of the infe cted sheep . The ove r a l l  contro l mean for the 

A/G ratio was 0 . 86 + 0 . 0 5 . The A/G ra t i o  was c onsistently 

hif?;her in the control gro u p  d u r i n� para s i taemi a , bu t exc e p t  for 

one read ing th e d iffer en c e  b e tween the 2 gro ups was no t s igni f i ­

c ant . 
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T yp i cal pat terns o f  s e p �rated p l a sma pro t e i n s  fro m c on tro l 

an i ma l s  and i nf e c t ed a n i mal s at pe a k  p J. r a s i t a e m i o.  and a s  i t  

d e c l i n ed Qre shown i n  F i gure 4 . 5 .  N o  c o nsi s tent c hange s i n  t h e  

p a t t e rn w e r e  n o t e d  d ur i n g  th e i nf e c t i o n  c y c l e . 

T he � f f e c t  of E . a v i s  I nf e c t i o n  on B l o o d  Ure a C o n c entra t i on s  

( B l o od Urea and B l o od Ure a N i t r ogen ) 

B lo od ur e a  c o n cen tra t i ons provid e  one evalu q t io n  o f  ren�l 

f un c t ion . I t  h -'3. s  b een shown in t h e  d o r;  that urea. a c cumul a t i o n  

only o c c ur s  when 75% o f  fun c t ional k id n ey h.1 s b e en d e s troyed 

( s e e  Kronf e l d  and Med w ay , 1 969 ) . Relatively l i tt l e  work �as 

b e e n  d on e  in the sheep but . J.  s imi l .':cl r s i  tu 'I. t i on is pro b-3. bl e . 

B l o od ur e u  e l e v a t i o n  may J.l s o o c cur i n  sl)o c k ,  d e hydrat i o n  and 

fo l l ow i n >r  3. h j_ .-!h pro t e i n  meal ( . .  : i l k i n s on , 1 96 9 )  . 

The V J. l u e s  o b t ai ned i n  t h e  c o n tr o l  s h e e p  o f  2 x p e r iment s II I 

�nd V I I  are s im i l nr _ to tho s e  re c o rd ed i n  t h e  l i ter3 ture ( s e e  

S o l e s , 1 967 ;  D oxey , 1 9 71 ) . I n  c o n t r� s t  t o  th e f i nd ings o f  

N e i t z ( 19 3 7 )  the E . a v i s  inf e c ti on s  d e s cr i bed h ere wer e  n o t  

a c c ompa n i e d  bv any inc r e a s e  i n  th e b l o od urea l ev e l s . C on s i d er ­

abl e var i a t i o ns i n  the d e �r e e  o f  r e nal p �tholo �y in E . a v i s  

i n f e c t ion ar e r e po r ted a nJ th i s  m 3 y  s c count for the d i f f er e n c e s  

i n  b l o od urea l ev e l s  o bs erved ( se e  C h apter V ) . 

T h e  E f f e c t  o f  E . a v i s  I nf e c t io n  o n  S er um S lu t."'lln i c  Oxa l a c e t i c  

T ra n samina s e  (S G OT ) L e v e l s  

B e c au s e  o f  i t s  w id e  t i s sue d i s t r i bu t i on ,  alter at i o ns i n  

t h e  a c t i v i ty of S GOT can b e  as so c i a ted w i th ne cro s i s  o r  d a mag e 

t o  ma1;1y t i s su e s . The h i ghe s t  e n z yme .1. c t i  v i  ty i s  found i n  t he . 

l iv e r , card i a c  a nd skel etal mus c l e , and the i nt e s t i n e s ( D oxey , 

1 97 1 ) . A 9 t i v i ty of one i s o zyme h�s b e en no ted i n  matur e  e ry ­

t hr o cyt � s , and i n cr e a s ed a c t i vi ty , a s  well a s  a n  a dd i t ional 

i s o zyme , . ha s  been found i n  re t i c ul o cy t e s  ( N i s s e l baum and 

Bod :msky , 1 96 5 ) . The group S GO T  l ev e l s  sh owed the s am e  

r e l a t i o n sh i p  t o  e a c h  o t her b e f o r e  and a f t er b i o p sy . It a p� ared , 
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there fore , that the sur� i c a l int orference  was without s ign if icant 
effect on the se  l evel s . Furthermore , t her e  w a s  no evid e n c e  th8 t 
E . av i s  infec t i on 3 ffe c t ed SGOT l eve l s . Release  of the en zy� e 

from e rythrocy t e s  may have be en expe c t e d  t o  c au se some �l tera t i o n  

in bl o od l evel s  durin� infe ction but these  were not d e te c ted . 

The S ffe ct of S ,  avis Infection o n  B i l irubin Levels  

The total �nd con jugat ed bil irubin  va lues obtained from 
contr o l  sheep were s i�il ar to t ho s e  reported in  th e l it erature 
( see C ornelius , 1970 ) . In th e i nfected �roup some s i�ni f i cant 
( p < 0 . 05 ) increA s e s  w ere record ed in  the l evel of free b i l irubin , 
bu t the se w e r e  v qri 1bl e and not l �r�e . T h e  h i�he s t  l eve l re cord ed 
w � s  st ill  wi thin norm3l l i�its . 

Increase i n  free bil irubin i s  i nd i c�ti v e o f  n h� emo l yt i c 
� na e�ia as  q r e s u l t  of increased erythro pha�ocyto s i s  and / or 

intrav�scul �r � �e�oly s i s  ( C ornelius , 1 970 ) . J sund i c e  �s so c int ed 

with E . avi s infec tion h ? s b e en r e p ort ed b y  bo th Neit z  ( 19 3 7 )  
a nd �verC§.s ( 1969 ) , thoufSh only i n  the :7lo ra h'::::t vily infe cted 
sh ee p . None of t he infected sheep in U:i s investi gation s howed 

jaund i ce and the h i�hest  l evel  of fre e  b il i rubin re corded  wa s . 

l ower th3n th at u sually  ass o c i �ted w i th i c t eric  c han�e s  ( D oxey , 
1971 ) . 

The E ffe ct  of  E . avis Infection on P l a �na Pro t e i n s  

Previous s tud ies o f  pla sma o r  s e rum prot e ins during Eperythro ­

z o o n  infe c t i o n  have yield ed vary i ng re sul t s .. T h e  fa ll in t otal 
pro t e in s  re cord ed b y  Neitz  ( 193 7 )  and S h eriff et al . ( 1966 ) may 
have been the r e sul t of a hypo globulinaemia whi ch has  b e en 
found i� nat ur a l  Epe ryt hro z o on inf e c t ion  o f  cattl e  ( D im o p o l l o u s  

e t  a l . , 195 9 ) . However � in the o nly subs tantial  study o f  b l o o d  

pr o t e in s  d u r i ng E • . a v i s  inf e c t io n  C/Jv er�s ( 196 9 ) found n o  change 

i n  t he total pro t e in l ev e l , and the o nly  altera tion in th e 
e l e c trophor e t i c pat t ern wa s a l o s s  o f  the distinct  bound ary 

b e tw e en the � and 'r. gl o bul ins . 0ver�s ( 1969 ) co ncl ud e d  that 
E-• . a v i s  infe c t io n  d id n o t  i nduc e any r i s e  i n  Y. gl o bu l in •. 



The f ind i n� s  �rom a l l  fo ur exp e� iment s  in th i s  s tudy , 

to gether with . tho s e  of  othe r s  ( N e i tz , 193 7 ;  S h eri f f e t  al . ,  

1 966 ; 0v8r�s ,  196 9 ) , illus trate th e a b s en c e  of a c o n s i s t E;;nt 

e f f e c t  o f  E . o v i s  on pla sma pro t ei ns . D i mo poul l o s  ( 1970 ) , i n  

a review o n  p l ::� s.n::t pro t e in s , amph.=1 s i z ed 1 numb sr o f  fa c t o r s 

wh i ch infl uen c e  th e p l ·1 s ma pro te in pr o file . The s e  i n c l ud e  t h e  

me tho d s of tot�l J nd fra c t i on� l anJ l y s is , the nutri ti on �l and 

h o rmon sl st2 tus o f  the �n i m 3 l , 8 nd i t s  a � e  �rui s ex . N one o f  

the s e  f a c t o r s , e x c e pt perhaps the nut r i t i o n 3 l  stntu s , wou l d  b e  

e xpe c ted t o  J l t e r  the pro t e i n  p�ttern s  w i th i n  a n  experiment ; 

but t h ey wo u l d  �o s t  c erta i nly b e  a c onsid era ti on w h e n  compar ing 

the re sul t s  of two se parate inve st igat i ons . 

Th e �no s t c o'Tlmon -':1 1  ter :t tion fo und in pLl. s na pro t e in pro fi l e s 

i n  b -:1 c t er i a l , myc ot i c "l. nd hel !lin th i nfe ction  i s  .J. l ow er ing o f  

t h e  A /G ratio . T hi s i s  rna inly a re sult e i th e r  o f . i n c re a s ed 

ant i body pro4 u c t i o n  l e �d ing to i n c r e a s ed cr lo bul i n , e s pe c i � l ly 

Y gl obul in , l e vel s and /or � d e c re a s e  i n  the � l bumin fra � t ion . 

I n  v ira l d i s e a s e s  on t h e  o th e r  h 1 nd , t � e r e  i s  l i t tl e  o r  no 

c h ange in the pl ::� sma pro t e i n  p i c t�re even d e s p i t e  extremel y  

h i gh ant ibody t itre s  ( D i�o poul l o s ,  1 970 ) . 

A l  tho ws h  ·:ln t i  body . h .:.1 s  be en d e·non stra t e d  in 'C . o v i s  i nfe c t ­

i o n  ( Kr e i er and P i s t i c , 1 96 3 ) and a n  i nc r e a s e i n  immunoR;lobu l i l}  

G ( IGn )  h a s  b e en fo und i n  E .  c o c c o id e s infe ction ( Saker e t  al . , 
J 

1 9 71 ) , the f i nd ings in t h i s  s t ud y  su ��e s t a picture s i milar t o  

t h a t  o f  viral i n f e c t i o n s , � h e r e  the increase in �lobul in i s  

sma l l  smd i n  s ome c a s e s  in.J. ppar e nt . I n  Exper ime nt IV ( ou td o o r s ) 

c o n current i n c re a s e s  i n  bo th a l b um i n  <1nd g lobul in c ontri b u t e d  

t o  t h e  s ign if i c a nt ( p < 0 . 0 5 ) to t al pro t e in increa s e  in t h e  

i n f e c t ed g r o u p  o ver t h e  c o ntro l s .  I n c r e a s e s  in b o th a l bum in 

and cl o bul in m o s t  c o mmonly o c cu:r w i th d e hydr;.lt i on l e ad in�S t o  

h a e mo c onc entr a t ion ( D imopoul lo s ,  1 970 ; S chalm , 1970 ) . W h i l s t  

t h e r e w� s n o  o ther e vi d en c e  t o  s ugge s t  d ehyd rat ion o f  t h e s e  

�n imal s ,  i t  t s  po s s i b + e  that t h i s  a c c ount e d  f o r  t h e  pro te in 

r i s e .  I t  i s , further , d if f ic ul t  t o  s e e  w hy t h i s  sho uld have 

o c c urred un l e s s  the i nf e c t i o n  had s o me i n f luen c e  on the an imal s '  

i n c l ina t i o n  t o  s ee k  wat er . 
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In the o th e r  o u td o or experim e n t , i n  whi ch pla sma pr� e in s 

were me a sure d  ( Exp e rimen t VII ) a general tendency fo:r a 

d e c r e a s e  of the pro t e i n l ev e l  o c curred in a l l  gro ups , par t i cularly 

in t h e  l a t t er sta�es of t h e  exper ime n t . Th i s  w a s  pr o ba b l y d u e  

to po or nutr i t i on a s  th e live  � e i �h t  o f  t he s e s h e e p  fo l l owed a 

s im i l ar p a t t e rn ( Chapter V ) . The po s s ibi l i ty o f  a d ehyd r at i o n 

e f f e c t  C :J.u s i n R'  t h e  s me l l  rel::ttive i nc r en. s es in t o t al o ro t e in 

o f  i D f e c ted �roup ( C )  a s  co mp�r e d  w i t h  t h e  c ontro l gro up ( F i �ure 

4 . 3 ) , mu s t  be  c o n s id ered a s  th e i n f e c t e d  �ro up w a s  h o u s ed w i th o u t  

f o o d  a nd �n t er f o r  24 ho ur s . W hn t a v er t h e  cau s e  o f  th e i n c re a sed 

total pr o t e i n s  in the two o u td o o r ex p ;;;r imen t s , i t s  e ff e c t  w a s  

not app<.:.rent i n  t h e  two exp er ime n t s  wh i c h  were run i nd oor s 

( E x o e r i ment s I and I I I ) . 

I t would 8 p pear t h a t  e s t im � t i o n o f  t o t �l �nd fr� c tionated 

pl2 sma pro te ins dur ins E . o v i s  infe c t i o n ha s li ttle or n o  

d i a gn o st i c v 2 l u e . D e t e r�i n a t i on o f  t he d i s t r i bu t i on o f  ant i ­

b od i e s , and t h e i r  e ff c; c t  o n  t h e  pl :: s ; na pro t e in pro f i l e , r eq ui re s 

mo r e  s e n s i t i v e  and cr i ti c a l  fr J c t i onat i o n  methods t han u s e d  i n  

t h i s  s tudy . 
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E stirno. t i o n  o f blo od urea , s�rum b i l irubi n ,  serum gl u t am i c 

o xa l d c et i c tr 3n sa nina s e  ( S GOT ) , t o t a l and fractional p l a s ma 

prot e in l eve l s  we r e perfor�ed dur ing E . ov i s  i nf e c t i on . 

R. e su l  t s  showed tha t  E . o v i s  i nf e c t i on hr:td n o  e f f e c t  o n  

b l o od u r e a  of S GOT l ev e l s  but smnll r i s e s  i n fre e  b il i rubin , 

prob �bl y n s  a r e sult  o f  e x c e s s i v e  erythro cy t e r emoval o r  d e s tru ct­

i o n , were r e c ord e d . H o': :ever the n.::1 crnitud c of t h e  r i s e  w a s  no t 

suff i c ient t o  c au s e  c l i n i c a l  i c ter u s . 

C h an q e s  i n  to ta l a nd fra c t ional pr o t e i n  l e ve l s  were i n c on­

s i s tent , and i t  is c on c l ud ed that in E . ovis inf e c t i o n  s u c h  

e s t im3 tions are of l i ttl e or n o  d i agn o s t i c  value . 
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peak and late stages of parasitaemia. (Exp. IV - Representative examples) 
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CHAPTER V 

i'viORPHOLOGICAL CH A!'V� ES IN EP SRYTHROZOON OVIS INFECTION OF SHEEP 

INTRODU CT ION 

Eperythro zoon ovis  inf e ction ha s be en incriminated a s  a 

cause  of  il lthri ft in shee p  ( S h eri ff e t  al . , 1 966 ) , but whether 

or not it i s  a d i sease of e conomic  importance re�ains uncertain . 

I n  o bserva t i on s  on 9Xpe r imental i nfe ction F oggie and �i sbet 

( 1964 ) found no  s ign ifi cant d ifferen ce in wei r-;ht �a in between 

infe c t ed a nd control shee p .  S imilar observati ons in natural ly 

i nf e ct ed sh e e p  were record e d  by rjv er�s ( 196 9 )  a nd Harbutt 

( l96 9b ) . I n  th is  investiga tion of  �_gvis  inf e c t ion , weie.;ht  

�easure nents were taken in three outdoor experiments and two 

ind o or ex periments . 

C ertain a s oec ts of  the p 3 thology of E . avi s infe ct ion have 

b e en d escr ibed and are con s i s tent wi th ha e no lyt i c  a naemi a  

( Ne i t z , 193 7 ;  fo��ie �nd N i sbe t ,  1964 ) . L esions  includ e  an 

enlarged spl e en ,  o c casional jaund i ce , pal e  mus culatur e  and 

pal e  �uc ous me mbrane s . Examination of organ and ti s sue chan�e s , 

a s  well  as live  and c ertain organ we i�h t  measure�ents were 

incl ud ed in th e present study o f  B . ovis infe ction .  

'�ATERIALS AND '!ffiTHODS 

T o  Exanine the E ffect o f  E . ovis  Infe ct ion on B ody W e ight 

In 2 o f  the indoor exp eriments ( Experiment s  I and III ) sheep  

were  wei ghed prior to  i nfe c t io n  and at the end of the  exp eriment . 

In 3 o f  the outdoor exp eriments ( Zxperiments I I ,  IV and V II ) , 

sheep  were we i ghed at each  bleeding . The se  experiments were run 

at d ifferent t ime s of the y ear with sheep  o f  d i ff erent ages as  

indi cated in Tabl e XV . 

S tocking rate s , i no culation and wei �hing pro c edures , and 

ble e d i n� intervals  were as d e s cr ibed in Chapter II . 
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T ABLE XV 

THE AGE OF � HEEP AND THE T P!ffi OF Y8AR IN 'tlH ICH BODY WE IGHT 

1\TSAS UREHENTS - _. ERE TA�EN FROM S HEE P liRA2'· ED ON PAS T URE 

Exper iment Age o f  S h e ep T ime of  Year S eason 

II  6-8 months Februnry to Late Summer to  
A pril Autumn 

IV 10-12 months S eptember t o  S pring 
O ctober 

VII 9- 1 0  mon ths June to July Winter 
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S ta ti s tical Methods 

D ifferences  in the body weight growth curves betwe en the 

groups of sheep in the o u td o o r  experimen ts were exaillined in 2 
ways by ana lyses  of covariance . In bo th cases  the re sponse 

8nalysed was the �ain in body wei�ht at tbe end of each interval 

between wei ghin�s . In the first s eri e s  of  analyse s the ind e pend­

ent variabl e was the init ial body we iah t , and the s j. �nifican c e  

of the c J. :nula ti  v e  d i fferenc e in body we L rh t between the groups 

was te sted , after c orre c ti on fur �roup di fferences  in initia l 

body w ei �ht . In the second seri es of anal y s e s  the independ ent 

var iable was the pre ced ing wei ?h t  measurement . Thi s series  

tested  the significanc e  o f  the d i fferences  in body we ight at 

each read ing after co rre ctin� for d i fferences  in body wei ght at  

the  preced ing we  iR"ht :n8asure·nent . 

Ne cropsy Procedure and Body Organ Weight �1ea sure:nents 

The ne cro psy procedure was d escribed in Chapter II . Organs 

tha t were we i�hed a r e  i nd i cated in T a b l e  II . 

RE:S ULTS 

T h e  E ffec t  of E . avis Infection on the Wei qht  Gain of Sheep Main­

ta ined on Pa sture 

Experiment II : The time relationships between mean degre e of  

para s it a e�ia , mean Hb level , and �ean weiRht  of lambs is  shown in 

F i l!ure 5 . 1 . Cross- infe c tion of the control lambs o c curred , and 

by the fo urth week they . were as severely affected as the experi ­

�entally infected �roup , whi ch was now in the conval escent s ta�e . 

The a c tual cumulative and interval we i gh t  d i fferences are 

re cord ed in Table XVI , together wi th l evel s of significance . 

The r esul t s  ind i cate that infe c tion with S . avi s caused a 

significant ( p <0 . 01 )  reduction in we ight gain whi ch was mo st 

pronounced 5 weeks after infe ction .  Thereafter thi s became l e s s  

prono.unced probably due t o  convalescence of  the ino culated group 

and cross- infe c t ion of the contro l s .  I t  is not eworthy that 

s i�nificant ( p <0 . 01 )  reduction of weigh t  gain o c curred relatively 



TABLE XVI 

CUiv!ULI,TIVE AND INTERVAL MEAN WEI GHT DI FFERENCES BET\ft;'EEN 

INFECTED Al'JD CONTROL S HEEP - EX ?e:: R IMENT II 

W e e k  We ekly p Cumulati ve 
Differenc e  Difference 

riv eight  ( Kg s ) We ight ( Kgs ) 

l 
X 

+0 . 17 NS + 0 . 1 7  

2 +0 . 44 < 0 . 01 + 0 . 6 1 

3 + 0 . 64 < 0 . 01 + 1 . 2 5  

4 +0 . 04 NS + 1 . 29 

5 + 0 . 6 9 < 0 . 01 + 1 . 98 

6 xx-0. 67 < 0 . 05 + 1 .  3 1  

7 +0. 03 NS + 1 .  34 

8 -0 . 16 NS + 1 . 18 

9 + 0 . 09 NS +1 . 2 7 

Number of sheep  in each group = 32  
X + = 
XX - -

Gain of c ontrol over infec ted sheep 
Gain of i nfected over contro l sheep 

NS = Not S ignifi cant ( P >  0 . 05 )  

p 

NS 

< 0 . 01 

< 0 . 01 

< 0 . 01 

< 0 . 01 

< 0 .  Ol 
< o. 01 

< o. 01 

< 0 . 01 
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e 3rly in t h e  d i s e a s e  b efore the 3naemia wa s s evere a nd c on­

t inued int o the c onva l e s c ent per i od . 

E xpe r iment IV : I n  th i s  expe r t me n �  gro ups of infe c te d  and 

c o ntrol a n im a l s were k i l l e d  6 ,  1 3 , a nd 2 7  d ay s  a f ter inocula­

t i o n . T h e  c umu l a t i ve and interval mean w e i gh t  d ifferenc e s  

b e tween the 3 s e t s  o f  c o ntrol and i n f e c t ed g ro up s  are shown 

in Tab l e  XVII . Eperythro z o on ovi s infe c t ion had no s i gn i f i ­

c a n t  e ff e c t  o n  the f i n a l  c umu l a t i Te w e i gh t  g a i n  o f  infe c t e d  

shee p compar ed w i t h  the c o n tro l s .  T h e  t ime r e l a t i o n sh � p s  

b e tween t h e  m e a n  d e gree o f  parc:3 s i t aern i a , me.::tn H b  l eve l , and 

t h e  mean we i gh t  qa ins of c ontr o l  �roup F and infe c ted �ro u p  E 
i s  shown i n  F i�ure 5 . 2 .  B o th �roups s h owed a s t eady ra t e  o f  

w e ivh t  �ain throu�hout t he e xper im ent . 

Experiment V II : _ T h e  t irne r e l � t i on s h i p s  betw e e n  th e mean d egre e  

o f  p3r � s i ta e mia , mean H b  l evel and t h e  mean we i gh t  ga i n s  o f  the 
c ontro l G nd 2 i n f e c ted �roups i s  shown in F i �ure 5 . 3 .  A l l  

gro ups showed a l o s s  in we i � h t  b y  t h e  end o f  the exper i me n t r 

T h e  a c tual cumulative and i n terva l we ight d i f f eren c e s  be tw e e n  

the c o ntro l �roup ( A )  a n d  the two infe c t ed gro ups ( B  and C )  

and b e tween the two i nf e c t ed gr o ups t o �ether w i th l e ve l s  o f  

s i gn i f i c anc e are shown i n  T a b l e  XVII I .  The re sult s ind i c a t e  

no s i gn i f i c ant d i f f e r en c e s  in we i r.;h t  b e tween t h e  contr o l  group 

( A )  and the inf e c ted g ro up ( B ) . H owever t here was i n  the 

i n i t ial s tag e s  of infe c t i on so me s ign i f i c a n t  ( p  <0 . 05 )  gain 

in we i gh t  o f  the co n tro l •:rro up o ver inf e c ted �rou p C ,  reach i ng 

a p e a k  o f  1 . 5 5  k i l o �r a rn s  a t  d ay 1 1 , bu t t h i s  d i fferen c e  

d e c r e a s e d  t o  n o n- s i gn i f i c ant l ev e l s  a s  t h e  inf e c t ion conti nued 

( Table XVIII ) .  I nf e c t ed gro u p  B al s o  showed s ignif i ca n t  ( p < 0 .  0 

g a i n  i n  we i ryh t  o v e r . inf e c t e d  qro up C reach ing a p e a k  o f  1 . 32 

k i l ogram s at d ay 1 5 , bu t th i s  d iffer enc e a l s o  d e cre a s e d to non� 

s ignifi cant l e ve l s  as th e infe c t ion c on t inued ( Table XVI II ) i  

The E ff e c t  o f  E .  ovi s Infe c t i o n  on the W e ight G a in o f  S h..§.§.p 

Mai nta ined I nd o o r s  - Exoer ime n t s  I and I I I  

An imal s were w e i �h e d  pri or t o  i n o c u l at i o n  and a t  t h e  

c on c l us i on o f  t h e  exper i ment only . I n  bo th E x pe r ime n t s  I and 

I II , the c o n t r o l  she ep ga ine d  more we igh t . than the sh e e p  

infe c t ed w i th E .  o v i s  ( T abl e s  X I X  and XX ) ,  but o n l y  in 

E x pe r i me nt III was t h i s  we ight gai n  d if f eren c e  s i gn if i cant 

( p < 0 .  0 5 ) ( Tab 1 e XX ) • 



TABLE XVII 

CUMULATI VE AND INTE::?. ,VAL ME !1.N WEIGHT D IFFERENCES BETWEEN 

I NFECTED AND CONTROL SHEEP - EX PER IMENT IV  

I nt erval Cumulative 
Day s ( Af t er D i fferen c e  Differenc e 
Ino cula t ion ) W e i rsh t  ( Kg s )  p '!l e ight ( Kgs )  

( Group A - inf e c ted and Group 13 - contr ol ) 
4 xx_ l . 4 5 <0 . 01 -1 . 45 

( Group C - infec ted and G roup D - control ) 
4 -0 . 73 NS -0 . 73 
7 X + 0 . 77 NS + 0 . 04 

l l  -0. 09 NS -0 . 05 

( G roup E - infe c t ed and Group F - c ontrol ) 
4 - l .  36 < o.  05  - l .  36  

7 +0 . 5 9  NS -0 . 77 

l l  +0 . 5 5  < o . 05  -0·. 2 2  

14 +1 . 14 < 0 .  Ol + 0 . 92 

18 - 0 . 92 < o .  05 0 

2 1  + 1 . 18 < o .  05  + 1 . 18 

2 5  - 0 . 77 NS + 0 . 41 

Number of she e p  i n  each froup c 5 

x = + Gain o f  c o ntro l sheep over i n fe c t ed sheep 
xx = - Gain o f  infec ted sh e e p  ove r  contro l 5heep 
NS = Not s ignifi cant ( p > 0.  05 ) 
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p 

<O . Ol 

NS 

NS 
NS 

<0 .  05 

NS 
NS 
NS 
NS 
NS 
NS 
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TABLJ..; XVI II 

C�ulative and interval mean weight differenc es b e tween inf ected and c ontrol sheep 
and b etween infec ted group B and inf e c t e d  group C .  ( Experiment VIL) 

Days 
( P o s t  inocula t i on )  

5 

7 

1 1  

1 5  

1 9  

22 

26 

29 

.3.3 

40 

5 

7 

1 1  

1 5  

1 9  

22 

26 

29 

.3.3 

40 

C ontrol group A C ontro l group A 
and infec t ed group B _  �nd inf e c t e d  group C 

I nt erval Cumulative Int erval Cumul ative 
weight v1eir;ht weight 

fain 
kgs ) p 

�a in 
legs ) F 

�a in 
kgs ) p 

· · -0 • .36 NS -0 • .36 NS +0 . 2.3 NS 

* +1 . 05 N S  +0 . 69 NS +1 . 05 < 0 . 05 

-0 • .3 2  N S  + 0  • .3 7  NS +0 . 27 N S  
-0 • .3 2  NS +0 . 05 NS  -0 . 1 8  NS 
-0 . 05 NS 0 N S  - 0 . 64 < 0 . 0 5  

+0 . 09 NS +0 . 09 NS +0 . 50 NS 
+0 . 1 8  NS +0 . 27 NS 0 r;s 
-0 . 0 5  N S  +0 . 22 NS -0 • .3 2  N S  
-0 . 09 N S +0 . 1 2  NS +0 • .36 NS 

+0 • .32 NS +0 . 44 NS -0 . 64 < 0 . 05 

* +  = Gain of c ontrol over inf e c t e d .  
• • - c Gain of infec ted over c ontrol . 

I nfec t ed group B 
and infected group C .  

Int erval · Cumulat ive 
weight weight 

�a in 
kgs ) p 

�a in 
kgs ) p 

* +0 . 59 NS +0 . 59 NS 
0 NS +0 . 59 NS 

+0 . 59 NS +1 . 1 8  < 0 . 01 

+0 . 1 4  1/S +1 • .3 2  < 0 . 0 5  

· · -0 . 59 NS +0 . 7.3 N S  

+0 . 41 NS +1 . 1 4  < 0 . 0 5  

-0 . 1 8  NS +0 . 96 NS 
-0 . 27 NS +0 . 69 NS 

+0 , L�5 NS +1 . 1  L� NS 
-0 . 9 5  < 0 . 0 5  +0 . 1 9  N ' "7 D u  

* + c Gain o f  infec t ed group B over inf e c t ed group C 
• • - c Gain of infected group C over inf e c t ed group B.  

Number o f  sheep in each group c ?.  
�s � No t  s i gni fic a�t ( P  > 0 . 05 ) . 

weight ?a in 
kgs )  

+0 . 2.3 

+1 . 28 

+1 . 55 

+1 . :.7 

+0 . 7 .3  

+1 . 2.3 

+1 . 2.3 

+0 . 91 

+1 . 27 

+0 . 63 

p 
NS 

< 0 . 01 

< 0 . 01 

0 . 05 

NS 
NS 

< 0 . 05 

NS 

NS 
NS 

I I 

i 
\.0 
CO 
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TABLE XIX 

THE MEAN 111E IGH T  G AINS OF EACH GROU P  FOLLO'AT ING I NOCUL1\T ION 

W ITH VA.RIOUS DI LUTIOT'JS OF INFECTED BLOOD - EXPERIMENT I 

ATnount o f  
Group No . Infected B lo od 

I N i l  ( C ontrol ) 

II 1 . 0 ml 

Il l l . G X  l 0- 2ml 

IV l . O X l0-4ml 

V l . O X l0
-6

ml 

No . of sheep  in o� ch group = 5 

x = S tand:1rd error 

Analys i s  of Vari anc e :  F - 0 . 8 3  

��ean 

P = NS ( > 0 . 05 ) 

MA : .. 1 
',,; I y 

wt . g::1 in ( kgs )  

7 . 0!:_0 . 6x 

6 . 1!:_0 . 3 

5 . 9.±0 . 5 

5 . 6.:t_0 . 7 

6 . 5.:t_0 . 9 



TABLE XX 

lOO 

THE �ffiAN WE IG HT G AIN OF  EACH GROUP H! EXPERIMENT I II 

Group No . 

I 

II 

I I I  

C ontrol Group 
"B iops ied" 

Infe cted � roup 
"B  iopsied 1 1  

C on trol  :� roup 
11 I n  C ontact" 
Unbiops ied 

x =  S tandard E rror 

No . of  
Sheep  

5 

9 

4 

We i�ht ga in ( Kilograms ) 

p 

t1.nalysi s  o f  V ar i an c e  betwe en al l groups . F - 6 . 42 < o .  01 

Analysis  of  Variance betwe en r; roup I & I I . F = 8 . 90 < o .  05 

Analysis  o f  Var i ance  between Group II &. II I .  F - 6 . 5 8  < o . 0 5  

Analysis  of  Vari an c e between G ro up I & III . F = 0 . 1 5  NS 
NS • Not s i£_Sni fi cant ( p  > 0 . 05 ) 
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The E ffect  o f  E�  ovis  Infection  on the Body W e ight - Dressed  

We ight Ratio - Experiments I ,  I I I  and IV 

The rat io of body we i �h t  to dres sed  wei�ht wa s hi gher in 

the infe cted groups than in the contro l qroups in all experi­

ments ( T able XX I ) . �his  was s ign ificant ( p  < 0 . 02 )  in Experi­

·nont III  only . 

The Effe ct of E . ovis  I nfe c t ion on the W e igh t of Spleen, Liver 

and Lung - Experiments I ,  I I I  and IV 

In Exp e r ime nt s I and II I the s pl eens were wei ghed 42 d ays  

post- inoculation . In bo th exper iment s  the spleen weights were 

hi�her i� the experi �entally infected  sheep than in th e 

control s ,  but only the wei�ht d ifference  in Exper iment II I 

was s i gn i fi cant ( Table XXII ) .  The l i ver weights  o f  the 
exper imentally infe cted sheep in Experi ment II I were ·hi gher 

t han the contr o l s  but no t s i �nifi cantly so ( Tabl e XXII I ) . 

L ivers were no t wci R:hed in Ex ··. ·eriment I .  

I n  3xper im ent IV , spleen 1 l iver and lun � weights were 

measured at early ( 6  d ays  po st- ino cula t ion ) , peak ( 1 3 day s )  

and l ate paras itaemia ( 2 � d ays ) . The follow ing observat ions 

were mad e :  

1 .  Experimental E . ovi s  infection induced si�nifi cant 

( p  < 0 . 05 )  s pl een and l iver � e i ght increas e s  as early 

as  6 days post- inoculation  ( F igure 5 . 4 ,  Tables  XXII 

a nd XXI I I ) .  

2 • . The l iver and sp leen we ight i n cr ease s parallE?led , and 

were s ignif i ca ntly ( p  <0 . 0 5 ) c o rrelated w i th ,  the d egree 

of  para s i tae:nia unt il the peak of pa rasitaemia 1 3  days 

post�irloculation ( Figure 5 . 5 ) . 

3 .  From 1 3  to 2 7  days during whi ch parasitaemia , d ecreased , 

the � iver w eights still increa s ed although at a s l ower 

rate , whereas the s pleen w e i �ht s remained unchanged 

( Figure 5 .  4 )  • 

4 .  C ontrol animals (S roup F )  kil l ed on day 2 7  had b ecome 

na turally i nfe cted and s howed increases  in l iver and 

s pleen wei�ht similar to  those  of experimental infe ct ion 



* ::ltandard error 

* *Early natural infection of c ontrol group 

F � F ratio by �alys ; s of varianc e 

N S  = Not significant ( P > 0 . 05 ) .  

- -

0 1\J 



T!,3LE XXII 

Mean s p l e en weights ( gra�s ) in Experiments I ,  III and I V �  

C ontrol Infec t ed 

EXPERIMENT I ( 42 days pas t inoculation ) 

Group N o . 

EX1'ERII1ENT III ( 42 days 

Group N o . 

EXPERIMENT IV 

I II 
73 . 4  97 . 2  

±'1 '1 . 0 3 * ±5 . 48 

post inoculati on ) 

I I I I  
46 . 8  86 . 2  
±2 . 4'1 ±7 . 90 

III 

99 . 4  
:!:'1 7 . 46 

( Early paras itaemia ) - ( 6 days p o s t  inoc ulation ) 

Group No . B 

42 . 4 

±2 . 53 

I 
A p• • 

66 . 0 7 5 . 0  
±4 . 24 ±9 . 47 

�eak parasit a emia - ( '1 3  days p o s t , inoculation ) . 

� roup N o . D C 

4-4 . 4  
±2 . 98 

'1 '1 0 . 4  
± 5 . 67 

Late paras ita emia ( 27 days p o s t  inoculation) 

Group No F I E 
( s e e  above ) • •  '1 1 0 . 0 

±9 . 3 2  

• st andard error . 

I V  V 

90 . 6  88 . 6  
:!:4 . 82 ±9 . 29 

• • Early natural infe c t i on of c ontrol group . 

Numb er o f  
sheep i n  

e a c h  group F P 

5 0 . 73 NS 

5 ( I ) 

9 ( II ) 

5 

5 

5 

'1 '1 . 52 < 0 . 01 

5 . 94 < 0 . 05 

84 . 55 < 0 . 001 

F ; F ra t i o  c alcul a t e d  by anglysis o f  varianc e .  

NS c N o t  s ignificant ( �  > 0 . 0 5 ) . 

0 'vi 



TABLE XXIII 

I'iean liver weights ( grams ) in Experiments Ill and. IV � 

Control Infected 

EXPERIMENT I II ( 42 days post inoculation) 

G�oup No I I I  

hl\.l'ERI!'lENT I V  

481 . 0  520 . 7  

±1 9 . 1 1 * ±1 3 . 83 

Early parasitaemia (6  days post inoculation) 

Group No B I A F * * 

Peak parasitaemia ( 1 3  

Group No . 

528 . 8  
±1 2 . 54 

days post 

D 

551 . 4  

±20 . 22 

624. 4  700 . 4 

±25 . 79 ±28 . 75 

inoculation) 

c 
752 . 2  

±22 . 81 

Lat e paras itaemia ( 27 days post inoculation) 

Group No. F E 
( s ee above ) * *  798 . 2  

±13 . 89 

• standard error . 

* * Early natural infec tion of control group . 

NUT.lb er of 
sheep in 

each group 

5 ( 1 )  
9 ( I I )  

5 

5 

5 

F = F ratio calculated by analysis of varianc e .  

NS = Not signific��t ( P  > 0 . 05 ) . 

F p 

2 . 47 NS 

1 0 . 72 < 0 . 01 

34 . 59 < 0 . 01 

0 
+-



( Fi gure 5 . 4 , Tables XXI I and XXI I I ) .  

5 . Lung we ights  were not affected by E . ovis  infe c t ion 

( F igure 5 .  4 )  • 

The E ff e c t  of  E . ovi s Infe c ti on on Hae�olymph Nod e S i z e  

1 0 5  

Experimen t I I I :  The resu lt s  of the �rad in� of  haemo lymph 

nod e s i z e  on a v isual bas is  is s hown in Table XXI V .  By this  

�rad ing the infected she ep  had significantly ( p  <0 . 00 1 ) 

laroer nod e s . at the late convale s cent sta�e , i . e .  �2 d ays 

pos t- inocula t ion . 

Experiment I V :  The mean d i ame ters  a t  the early , pe ak and 

late parasitaemia staf!.es are a l so shown in Table XXIV . 

S i�nif i c ant ( p  < 0 . 05 )  increase in h s e nolymph n9d e si z e  was 

not re c orded unt il the late parasi tae�i c sta�e , i . e . 2 7  d ays 

po st - inoculat i on . _ 

The  Pathology of E . ovi s Infect ion  

Macro s c opi c F ind ings : The  general body cond i t ion o f  E . ovis  

infe cted sheep was simi lar to the control sh e e p . The  mos t 

notable l e s io n  in the infe c ted sheep  necrops i ed at  the pe ak 

.::tnd l a te s t a g e s  of p-3 ras i taenia  was enlarqement o f  the spl een , 

in  whi ch large �al pi �h ian corpuscles  were v i s ible on t he cut 

surfa ce . The haemolympD nodes . of these _ shee p  were al s o  

enlar�ed , b u t  the l iver , lungs , kidneys , lymph nod e s  and 

urine all appeared normal . 

�icro s c opi c  Find inr-s : I n  both normal and infec ted sheep  k id neys 

a homogeneous eosinoph i l i c  prote in-l ike sub s tan c e  was often 

found in the space of B owman ' s capsule and within  the l um ina 

of the proximal convoluted  tubul e s . W i th Perl ' s iron stain 

there was no evidence of iron containing pi gment �aemo s ider in ) 

i n  the c orttrol ;she e p . kidneys (Figu�e 5 . 6 ) . All E .  ovis  

i nfected shee p ,  necrop s i ed at the late parasi taemi c stage 

showed varying amoun� of haemo s id erin in t he kidney cortex .  

Two d i s t in c t  s taining reacti on s  were obtained with Perl ' s 

s ta in . The first a ppe ared a s  a blue h omo geneous subs tan c e  



Tf�BLE XXI V  

THE EFFEC T O fi'  E . OVI3 INF E:CTION O N  1-LE"VIOLY��TPH NODE 3 IZE 

Exper imen t I l:I 

Meew.1  Grc; d e  
S i z e  

f,1e ar: d i e;  met er 
( mm )  

L ate ?1r a s i tae�ia 

C on trol 

X l .  2 0+ 0 . 18 

I nfe c ted 

4 . 22_:t0 . 26  

Experiment IV 
E arly Para s itaemia 

3 . 1 +0 . 36 3 . 6 + 0 . 5 2 -
2 . 6�0 . 26xxx 

P eak Para s i tae �ia 

2 . 8+ 0 . 18 J . 4_:t0 . 6 1  

L ate Para s i taemia 

B e c ame 
infe c t ed 

5 . 2_:t0 . 44xx 

x = S tand a rd Error 

N o . o f  S h ee p 
in each gro up 

5 ( control ) 
9 ( inf e c ted ) 

5 

5 

5 

F 

5 5 . 44 

l.  29 

0 . 72 

p 

< o .  001 

NS 

NS 

xx = Thi s v alue s i t?;nif i c :mtly h i P'h er ( p < 0 .  05 ) than the co nt.ro l s  in e arly and 
peak par a s i tae�ia 

xxx = C ontro l !Sroup for l ate para s i  t : w rni a  s t arre w i th e � rly natural infec t ion 

P = Pro babili ty . NS = P > 0 . 05 !, 
F = F r a t i o  by Analys i s  of Vari anc e 

1-' 
g 
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wh ich appe ared t o  c orres pond w i th t h e  pro t e i n- l i k e  mat e r i al 

found i n  th e B ow�an ' s  s pa c e  and lumina o f  th e pr oxi ma l  c o n ­

vo lut ed tubul e s . T h e  o th e r  app ear ed a s  d e e p  b l u e  s t ai n ing 

granu l e s  fo und wi t h in the c y t o p l a s m  a nd c l o s e  to the nu c l eu s  

o f  t h e  e p i t he l i a l  c el l s  o f  t h e  pr ox ima l c onvo l u t e d  tubu l e s  

( F ifiure 5 .  7 ) . T h e  kidney s o f  5 s h e e p  ne cr o p s i e d  before p=; a k  

par a s i ta e �i a of Experime n t  I V  sh ow ed no 2 v id e n c e o f  h ae�o s id e r i n . 

Only smal l a nount s w ere s e e n  in  t he kidneys o f  5 s h e e p  n e cr o p ­

s ie d  a t  pe a k  pa ra s i t a e�i a . 

T h e  l i ver s o f  E . a v i s  i n f e c t e d  sh e e p  appe a r ed no rmal 

with H and E s t a i n , w i t h t h e  exc e pt i o n  t hat th e r e  was 

pro bab l y  s ome i n c r e a s e  in t h e  number o f  Kupf f e r  c e l l s  i n  

t ho s e  l iv e r s  from s h e e p  n e c r o p s i ed a t  th e l a t e  p ara s i t ae � i c  

sta�e ( C h apt er . VI ) . W i th t h e  P er l ' s iron s ta i n  mo s t  o f  t he 

in f e c t e d  she e p ,  part i c u l R r l y  i n  t h e  l a t e  para s i t a emi c s t a�e 

s h owe d  vary ing a.nount s  o f  h a emo s id e r in granu l 9 s  w i t h in t h e  

h e pa t i c  paren chymal ce l l s  ad j a c ent t o  the p o r t a l  v e s s e l s  

( F i gur e 5 . 8 ) . A smal l  numbe r  o f  Kupffer c e l l s  c onta i n ed 

l arge haemo s id er in �ranul e s . Th i s  was seen par t i c ul a r l y  when 

the a·noun t o f  ha emo s id e r i n  i n  the parenchyma l  c e l l s  wa s s na l l  

( F i gure 5 . 9 ) . 

T h e  macro s c o p i c al l y  v i s i b l e  enl a rse ment o f  t he �a l p i g h ian 

c o r pu s c l e s  of the s pl een in i nf e c t ed sh e e p  was d ue to lymph o i d  

h y per p l a s ia . The s pl e en s  o f  both infe c t ed and c on t r o l  s h e e p  

show e d  h ae�o s id e r in d e po s i t s par t i c u la r ly i n  t h e  s i nuso i d al 

l ining c el l s  and sub s t a n c e  o f  the r ed pul p .  T h e  2 d i s t i n c t 

s t a i n ing rea c t i on s  with P e r l ' s  s tai n o b s erv ed in the k id n e y , 

were aga in apparent ( F i gure 5 . 10 ) . In general t h e  i nf e c t ed 

she e p  had gre a t e r  amo un t s  o f  haemo s id erin i n  t h e  s pl een than 

c ontro l s  a l t h o ugh there w a s  c o n s i d e rabl e var i a t i o n  be twe en 

sh e e p . 

T h e  haemo lymph nod e s  o f  inf e c ted sh e e p  s h ow ed some l ymph ­

o id hyperpl a s i a , al t hough t h i s  d i d  n o t  appe ar t o  b e  a s  s evere 

as that s e en in the s p l e e n . 

T h e  l ungs and lymph n o d e s  o f  a l l  s he e p exami ned ap p e ared 
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microsco pi cally normal � 

DIS CUS S ION 

The Effe c t  of E .  avi s Infection on the W e ight Gain o f  S heep 

In all experiments in whi ch sheep were we i�hed , the 

c ontro l sheep  showed greater we i �h t  �ains than 3 . avis  infected  

shee p ,  but the ma�nitud e o f  the  we ight �ains var ied . In  the  

outdoor exp eriments , only the  control sheep of Experiment II  

showed s ignifi cant ( p  < 0 . 01 )  �ai ns in  wei �ht over exp eriment­

ally inf e c ted shee p  ( Table XVI ) . The sheep in  this  expe riment 

were youn�er than in other experimonts and therefore would 

be  exp ected to have a hi �her rate of we ight �ain than old er 

sheep . As is sh own in F i f?:Ure 5 . l  and Table XVI , the effe c t  

o n  wei �ht ga in was noted before peak paras itae�ia was reached 

and continued on  into the per iod of conval e s cence . It caul� not  

be  determined how long the  rate of  we i �ht  �ain was affected , 

s ince by 6 weeks po st- inoculat i on , the �a jor i ty of  control 

�roup l a�bs were al so infected and s howin� l o s s  of  we i �h t  

relative to  the ino culated group.  H owever the we ight �ain 

was not a s  adversely  affected in the control group a� in the 

experimentally infected  �roup . This  was probably due, no t only, 

to var iabl e sta�e s of  E .  avis  infe ction o c curring with in the 

contro l �roup at any one t ime but , if it is as sumed that 

c hange s in haemogl o bin c oncentration are a � easure of infe ction 

sever ity , i t  could have been also  d ue t o  a �enerally l e s s  

severe infection i n  the naturally infe cted �roup  ( se e  Chapter 

II I ) .  

Al though E .  avis  infection  had a si gnif i cant ( p  < 0 . 01 )  

d e pre s s i ve effe c t  on the wei �h t  gain of  sh eep in E xperi ment 

II , resul ts from the o th er 2 outdoor exp eriments  ( IV and V I I )  

were eau ivocable . As can b e  se en in Tables XVII  and XVII I  

and Figures 5 . 2 and 5 . 3 , there were inconsis t en c i e s  in the 

relat ive  we ight �a ins between infected and c ontrol groups . . 

I t  i s  apparent from t he f indings in Experiments  IV and VII , 

that factors o ther than E . avi s infec tion were influencing 

the weight res ponse obta ined . These c ould includ e  the age 
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o f  �h eep , the ti me o f  th e year i n  wh i c h t h e  experiment w a s  

r un , and t h e  s ever i ty of the �a s tr o - i nt e s t ina l para s i t e  

burd en • 

. I t  i s  wo rth n o t ing that , by the t e rmi nat i o n  o f  E x pe r iment 

V I I , a l l  s h e e p  had l o s t  w e i �h t . I n  t h i s  exp er ime n t , run in 

the �id d l e  of wint e r , there was l i t t l e  pa stur e  �rowth and f o o d  

w a s  s c ar c e . I n  c o n trast a l l  s h e e p  in Exper iment I V  s h ow e d  

w e i gh t  �ain , and the s e  wer e o n  p a s ture i n  t h e  fl ush o f  s pr ing 

growth . T h e  s he e p  in t h e s e  2 experi men t s , run on extrem e s  o f  

pa s ture c o nd i t io n s , a t  s imi l ar s to c k inq rate s d i d  n o t  a ppe ar 

to d iffer in the ir re s ponse to E . o v i s .  G ro u p  C s h e e p  o f  

Experime n t  V I I wer e  held w i t hout food and wat er for 2 4  h o u r s  

pr i or t o  b l e ed ing . A s  c a n  be s e e n  i n  F i�ure 5 . 3 , a r e l ati ve 

l o s s  of w e i �h t  o f  s h e e p  in t h i s  �ro up d id oc cur , wh i ch w a s  

� o s t  l i kely t h e  re s u l t  of f l u i d  and int e s tinal c o nt e n t s  

l o s s  over t h e  24 h our period . 

The we i ght m e a suremen t s  in the 2 ind oor expe r i ment s ( I  

and I J I ) s h ow ed r e l a t i ve w e i gh t  gai n s  o f  contro l s h e e p  o ve r  

i n fe c ted s h e e p  ( Ta b l e s  X IX and X X ) . S h eep i n  t h e s e  2 exper i ­

ments were o f  simi l ar a�e to t h e  she e p  in Sxpe r i rne nt s  I V  and 

VII . I t  i s  a p parent from the r e s u l t s  o f ' .the exper imen t s  in 

wh i c h  l i ve w e i�h t s  wer e  mea sured that und er c e r t a i n  c o nd i t i o n s  

E . o v i s  h a s  a d e l e terious effe c t  o n  t h e  we irrht � a i n  o f  sh e e p ­

H owever i t  i s  a l s o  apparent t hat o ther i nfluenc i ng f a c t o r s  

d o  exi s t  e i ther i n  c on jun c t i o n  w i th , o r  unr e l a t ed t o  E .  ovi s 

wh i ch may d e cre a s e  the e ff e c t  o f  E .  o v i s  on w e i gh t  ga i n . 

Further work w i th r e pl i cate experime n t s  is req uired to d ef i n e  

th e s e  fa c to r s . 

I t  was thou�h t pri o r  to t h i s  s tudy that t he ma in e ff e c t  

o f  E . o v i s  was med i ated by t h e  s everi ty o f  t h e  anaem i a  o c cur­

r i n g .  H owever as can be s e e n  in the r e sul ts f r o m  E x pe ri ment 

II ( Tabl e XV and F i gure 5 . 1 ) and to a l e s s er ext e nt in 

E xper ime nt VII ( T able X V II ) , the cumula t i v e  w e i �h t  �ain o f  

c ontr o l  she e p  wa s h i gh e r  th?n i nf e c ted she e p  b e f o r e  anaemi a  

h a d  d ev e l o ped . I n  add i t i o n , i t  w a s  noted in th e i nd oo r  

exper i me n t s  ( I  and II I )  t hat i nf e c ted s h e e p  w e r e  inappe t ent 
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for a short  � ri od in the early sta�es of  the d i sease .  

These  observations su geest  that  the effe ct  of E .  ovi s 

infection may be med iated by fac tors o ther than anaemi a .  

Thi s i s  d i s cussed further i n  C hapter VII I . 

The Pathology of E . avi s Infection 

The �o st  notable find in� tn E . avis infected sheep at 

ne cro psy was an eiarged spl e en , whi ch at I=£ ak para s i taemia 

was approxima tely 2� time s  a s  h eavy � s  that of  contro l s heep . 

The rol e  o f  the spleen in Eperythrozoon infec ti on has 

been the sub ject  of  study . S tansly et  al . ( 1962 ) found a 

3 to 5 fold increase in spl een we i�ht o f  mi c e  bearin� trans­

plantable tumours and re ported that this  l e s ion was caused 

by an a�ent , whi ch wa s later shown to be E . c o c coides  

( S tans ly and Neil son , 196 5 ) . 

The observat ion o f  lymph o id hyperplasia whi ch ac c ompani ed 

increases  in s pleen weight  in infected sheep is in  ac c ord w ith 

the find i n�s of Nei tz ( 19 3 7 )  and Fo�gte and N i sbet ( 1964 ) . I �  

both mi ce  w i th E .  coccoid e s  infection , and sheep w i t h  E . avi s ,  

the s pl e en cl early plays an important role i n  the l imi tat ion 

of infe c t i on .  In  m i c e  extreme hyperplas ia o c curs in the 

spleen with l9 ss  of definition of the Malpighian corpu s c l e s  

( Baker et  al . , 1 971 ) . I t  i s  probable that thi s  react ion i s  

asso c iated with ant ibody product ion b y  the l.ymph o id ti s sue s ;  

and this  i s  sugge sted by observations that plasma of i nfected 

mi c e  c ontains protective e lements whi ch can be d i luted out 

( S tansly and Neilson , 1966 ) . �he ther o r  not lymphoid hyper­

plasia in sheep  wi th E .  avi s is  associ ated wtth  an  ant i body 

respon s e  has not been d et ermined . C erta inly , splenectomy o f  

previously infected sh '?ep  i s  usually  followed b y  a re surgenc e  

o f  paras i taemia ( Neitz , 1937 ;  L i ttl e j-<Dhns ,. 1960 ) , though the 

sev�rity of infection i s  s imi lar to that of non- splene ctomized  

shee p .  S plene ctomy of  mi c e  w ith E .  co c coides  produces  a .  

s.evere prolonged infe cti ol) with severe anaemia ( Thurston ;-
/ 

1954 } .. , In  intact animal s.t E .  c o c co id es infec ti on i s  l e s s  

severe i n  mi ce  than E .,. ovis. i s  i n  sheep ( Kr e i er and R i s ti c ,  
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1 96$ ) . These re sults  su ��est  the spl e en i s  more important 

in contro l l ing infec tion in mi ce than in sheep .  

The ha emolymph nod e has usually be�n consid ered to  play 

a ro l e  comparabl e to that of  the s plee n ,  but thi s has not 

been conf irmed . S ome structural features are s imilar to  the 

spleen but it ha s been e stabli shed that it  is  a d i stinct 

lymphoid organ , o f  unknown pr ec i se function ( Folse  et a l . , 

1 971 ) . Althou�h lymphoid hyperplasia  d id not a ppear to  be 

a promi nent feature of the h �e�olymph nodes  ea rly in the 

uaras i taemia cycle  ( Tabl e XXI V )  i t  is probabl e  that chan�es 

found following peak paras i ta emia were ancillary to tho se 

chan�e s observed in the spl e en . 

I n  infec ted she ep signif icant ( p  < 0 . 01 )  incre a s e s  in 

l iver weight as  compared to c ontro l  she ep were recorded  • .  

Al thou�h l iver d imensions were not spe c ifically mea sured , 

increases  in l iver s ize  were no t o bvious at necro psy . 

�icro s copi cally some increa se  in numbers of Kupffer c e l l s  

wa s seen , thou �h n o t  unt i l  the late parasita e�i c stage 

( see Chapter V I ) .  

The  hi�her body wei�ht  t o  dre s sed weight ratio i n  the 

infe c ted  shee p  ( Table XXI ) was mo st probably due to the 

increa sed  wei ght  of the l iv er and s pleen . The ori�inal 

purpos e  of  takin� thi s measurement was to  try to  determine 

any d i fferenc e  in fo od intake between infected and co ntrol 

she e p  9ut ,  be c ause of the alterati o n  in l iver and spl e en 

wei �h t , thi s point was impos sibl e to ascertai n . 

Haemosid ero s i s in E . ovis Infe c tion 

Haemo sider in is  a wat er insoluble iron storage , compound 

usually found in �ranular f orm ( S turgeon and S h od en ,  1 96 9 ) .  

I t  i s  thought that it  i s  formed in t is sues when th� c on c en­

tra tion of another i ron st orage c ompound , ferri tin , has 

reached a cri t ical level ( Shoden and S turgeon , 1 962 ) .  

Haemosider in s tains readi ly with P erl ' s Pruss ian blue stain , 

wherea s ferrit in ,  a wat er solub le compound , i s  d i s persed in 
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ti ssues and d o e s  no t .  

One o f  t he main h i s topath o logi cal feature s o f  experi­

mental E .  ovi s infe ct ion in th i s  study was the pre se n c e  of 

haemo s id erin in the kidneys . Th i s  was a cons tant featur e  

o f  sheep k idneys examined after peak parasi taemia . R enal 

hae�os id er o s i s  w i th E .  ov i s  infe c t i on . has pr evi ously been 

d escri9ed by Fog� ie and Ni sbet ( 1964 ) ,  Rouse and J ohnson 

( 1966 ) , J ol ly ( 196 7 )  and �v er�s ( 1969 ) . The pre senc e o f  

haemo sid erin in epithel ial cell s o f  the proxima l  convoluted 

tubules i s  ind i c ative of prolonged . intravascul ar haemolysi s 

( Leonaro i and Ruo l , 196 0 ;  R obert s , 1966 ; L iddy and 

Roberts , 1970 ) . Low concentrat i ons of haemoglobin released 

into pla sma are bound to haptogl obin ( Lathem , 1959} . T he 

bind ing c a pa c ity of the hapt o �l ob in in hu�ns i s  Q f  the order 

of lOO to 140 mg/100 ml ( L iddy and Ro berts , 1970 ) , and when 

the l evel o f  free haemo globin exc e ed s  thi s bindi ng . capa c i ty 

it is f i l t ered through the renal g:}.ot!leruli ( Lathem , 195 9 )· .  

Prolonged intravas cular haemolysi s ,  however , d epletes the 

plasma hapto�lob�n and the renal thre shold fal l s  a c cord ingly 

( V enz ial e  et al . ,  1966 ) .  The haemoglobin i s  reabsorbed by 

and d epo s ited in the proxima l  tubule s .  A cute intra- · � 

vascular haemolysi s on the o th er hand may cause glomeru l ar 

filtration of haemoglo bin wi th r e sul tant haemoglob inur i a . 

Haemo s id er in in these cases i s  pre s ent only in . t he tubular 

lum,:ina and BoW'llan ' s  s pa c e s  ( Roberts and Morrow , 1966 ) . 

Although haemoglQbinuri a  ha s be�n observed in E .  ovis 

infected sheep ( Ne i tz , 1 93 7 ;  �ver�s ,  1969 ) , i t  was no t 

observed ma cro s c o pi cally in thi s s tudy . I t  i s  rea sonable 

to assume that the haemo sid er in depo si ts in the renal proxima l  

convoluted tubul e s  of infe c t ed sh eep i s  the r e sult of a 
prolonged i ntravas cul ar haemolysis . The 2 d i stinct p9 sitive 

staining react ions obta ined with Perl ' s  Pru s s i an b lue , were 

al so noted in E .  ovis infe ction by F ogg ie and Ni sbet ( 1964 ) . 
These 2 forms are apparently s imilar to tho se d e s cribed by 

S hoden and S turgeon ( 1962 ) and S turgeon and S hoden ( 1969 ) , 
in relation to hepatic h aemo s i d ero s i s . The blue - staining 

homogeneous material was c on s idered by the se inves ti gators 
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t o  be  a n  int er�ed iate st orage form of  iron between ferr i t i n  
and hae ·nos id eri n . T hey cone lud e d  t h a t  o n c e  t h e  storage o f  

ferr i t in had r ea ched a c ert8 in l evel , the de posi tion o f  
hae:no sider in c o mmenced wit}l the appe .:tran ce o f  the h omo � e n e o u s  

�at er i .:tl i mmed i at ely pr e c ed inq that of i n tra- paren chyma l  

granul es . �he ther th i s  i s  s i mi l ar t o  the s t a inabl e iro n 
( grade l )  d e s cri b ed i n  the k id ney tubule lum ina by R o b e r t s  

( 1966 )  in ca s e s  o f  intravas cular haemolysi s )  is  n o t  known 
but it does  a pp ear that the homo�eneous staining p o sitive  
iron  material found in the  infec ted k id neys of  th i s  s tudy 
is probably an inter�ed i ate form between ferr i t in and 
hae 11o s id erin . 

The c l in i c a l  que s t i on as to wh e t h 0r haemo sid erin affe cts  
renal function is  a pro ble� about wh i ch vary l i t t l e  i s  known . 
I t  i s  generally beli eved from stud i e s  on �an tha t renal 
haemo s idero s i s  d oes . not cause s i �n i f i cant tubul ar impa irment 
( C ro sby a nd D amshek , 195 3 ) . Leonard i and Ruol  ( 1960 )  found 
tha t pronounced hae�o s id erin inf i l tration of the proxima: 
co nvoluted tubul e s  of  human kidneys was not a c c ompan i ed by 
i mpairment of r enal fun c t i on , and urine s pec imens w er e  always 
normal . 

R e ports on the pre s enc e of  rena l le sions in E .  o v i s  
infe c tion are variabl e . �ver�s ( 1969 )  observed l � s i on s . wh :_ ::h 
were d e scr ibe9 as a suba cu te to chrcn i c  nephro s i s , wi t h , in 
extreme c as e s , glomerular s c l ero si s .  S o me interst it i a l  
inflammatory ch ange w a s  also  pre s ent . Da·nage was no s t  pro-· 
nounc ed i n  animal s showi ng pro l o ng ed hae�o�lob inur i a .  
Haemo s iderin  d e pQ s i t ion wa s extens ive , and i nclud ed th e 
e pithe l ia l  c el l s , the tubular l um ina , and the conne c ti ve 
t i s sue betwe en the proximal c o nvoluted tubule s .  Extensive 
l e s i ons were no t d e s cribed by th e other authors wh o have 
no ted renal haemo s id er o s is w i th �v i s  inf e c t i on ( Foggi e . 
and N i sbe t , 1 964 ;  R ouse and J o hnson , 1966 ; J o l ly , 1 967 ) : 

but i t  i s  worthy o f  note that N e i t z  ( 1937 )  who d e s cr ibed 
hae11oglo b inur i a , al s o  re cord ed an increase in bl o od urea 
levels ( se e  Chapter IV ) . He did n o t  however examine the 
kidney s .  It has been su��e s t ed that the pre sence  of h igh 
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level s o f  free  haemo�lobin in  plasma as ind i cated by hae�o­

R;lobinuria may be  asso ciated with renal vasoconstri c t i on , 

lead i n� to extens ive da�age ( �ver�s ,  196 9 ) . The fac t  that  

haemo s id ero s i s  d o e s  not appear to  d ama�e renal ti ssue wo uld 

su��est  that a crit ical l evel of  free haemo�l o bin is required 

before renal damage occur s . The observa tions in thi s  study 

on E . avis  i�fe ction namely , unaffe cted bl ood urea l eve l s  

( Chapter IV ) , the absen c e  o f  rena: l e s ions d e spite extens ive 

hae�os id erosi s ,  as wel l as  no o bservation of haemoglo binur ia 

would support this concl u s ion . 

T�e increased amounts o f  haemo sid erin depo s i t s  in the 

spl e en , and the var iable a�ounts o f  haemo s tderin w i thin the 

Kupffer and parenchymal c el l s  of the l iver , si tuated n ear 

and ad jacent to the portal triad s  from E .  av i s  infe cted  she ep� 

ne crop s i ed at  late paras itaemia i s _ c onsistent w ith increased 

erythro cyte d e struction ( Ma cD onald , 1969 ) . Know� dge on the 

me chanism of iron uptake by these  or�ans i s  incomplete , but 

there i s  evid ence to su�ge s t  that the l iver and . spleen may 

fun ct i on in d ifferent ways ( I yengar and Chandra , 1972 ) . 

�hile  it i s  a ssumed that there i s  an intravascular haemoly s i s  

in  E .  avi s . infection , wi th rel ease of  free haemo globin into 

the plasma , i t  has recently been shown that free haemo globin 

is not pro c e s s ed by the ret i culo - end othel ial c el l s  o f  the 

spleen . One function of the spleen appears to be the removal 

of i njured erythrocytes wi th comparat ively mi nor abnormal i t i e s  

( U l tmann and G ordon , 196 5 ) . The fact that th e amount of  

haemo sid erin in the  spl eens of  E . avis  infe cted sheep  ap� ars 

to  be  great er than in the c ontrol she ep may ind i cate that 

there i s  erythro cyte d estruction by increased erythrophago­

cyto s i s . Th i s  would therefore mean that the ana emia i s  

produced in 2 ways ; intravascular haemolys i s  and increased 

erythropha�o cytos i s .  

The abil i ty o f  the l iver ,  i n  haemolyt i c  d i s ord ers , to 

r e c ognise and remove in jured erythro cytes  i s  l es s  than that 

o f  the spleen , and intrahepati c  erythrophago cytos i s  i s  

ind i cative o f  pronoun c ed erythro cy� i c  defects  ( Nl tmann and 

Gard en , 196 5 ) .  H i stolog i c ally there was no evidence o f  
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infe c t i on .  
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I t  ha s b e en shown i n  !llan t hat i n  intrava scula r ha e !llo lyt i c  

c o nd i tions t he l iver i s  th e �ain s i t e  of fre e haemogl o b in 

uptake , a c c o unt ing for 11ore than 7CI'J, of the h aptogl o b i n -

Bound ha e�ogl o b in ( Ke en e  and Jand l , 196 5 ; P ims tonc , 1 9 72 ) , 
I f  the Kupffer c e l l s  re 11oved th i s  h aemo q:lob i n  in E c_ov i s  

infection i t  a ppear s to have been transferred qui c kly to 

the parenchymal cel l s , a s  haemo s id er in d e po s i ts in the 

Kupffer c e l l s  were infrequent. , par t i cul arly when haem o s id e r i n  

l evel s  i n  t h e  parenchy!11al c e l l s were hi�h .  Thi s a ppar ent 

inv er se r e l � t i onsh i p  b etween the Kupffer cel l s  and par e n chymal 

c el l s  in r e gard to the amount of ha emo s id erin contained in 

them ( see F igures 5 .  8 and 5 .  9)  may be the re sult o f d i ff e:;.�ent 

s t a�e s o f  hae�o �lo b in uptak e . In th� early s tage s  mo s t  

hae�osid e r in would b e  i n  the Kupffe r c e l l s ,  wi th l i t t l e b e i n� 

d e po si t ed i n  the parenchymal c e l l s ,  and in t h e  late stage s 

11o st iron taken up by the Kupf f er 9el l s would have been 

d e pos ited in the parenchymal c e ll s , and upt ake a c ti vi ty would 

h ave fal � e n  off . Whether the pRrenchymal c e l l s  tak� up i ron 
d ire c tly , as postula ted by MacDonald ( 1969 ) l or no t �  i s  o f  

l ittle importance in th is stuciy , a s  the a"TlouLt o f  ha emo s:i. cic:- ·:Ln 

d eposited d e pend s on the iron l e v e l  already in s tc � ·a g e  and e n  

the amoun t  pha �ocyto s ed .  

Iron in exc e s s  o f  that ne ed ed t o  ::1a intain a fun c t i onal 

" iron bal a n c e "  i s  found in several o r1_2;an s , but mo st. abu:1d 9 r.  ;:.1-:,c 
in the l iver , spl een and b9ne marrow ( S hod en and S turge on , 

1962 ; S tur g e o n  and S hod en , 196 9 ) . I t  i s  o f  inter e s t  to no te 

that he pat i c  h a emo s i d ero s i s wa s no t a f eatur e of ��9vts 

infec t i on in the s tud i e s  of Fo r:g i e  and N i sb e t  ( l96L� ) and i n  

2 o f  the 1 2  s pleens examined by _ th em there was n o  ev id ence 

o f  haemo si d er in . I n  th i s  stud y , h owever ,  ha�mo s id er i n  

d eposits  in t h �  s pleen were a normal feature , no t o n l y  in "thr; 

infec ted s hee p ,  but in the contr o l  she e p  a s  wel l .  Wh i l e  i t  

mu s t  be c o n c ed ed that the anaemia from E . ovi s  inf e ction 

a ppeared t o  b e  more s evere in this s tudy than i n  that of 

Foggie and N isbet , i t  i s  po s si bl e  that the she e p  u sed i n  th i s  



inve s t i qation , because o f . d i e tary or  �her fa ctors , had h i gh 

l av e l s  of iron in stora�e , t h e r e by requ i r i n �  l e s s  phago c y �o s � �  

iron fro m  erythrocyte breakd own t o  b e  s to r ed �s h ao mo s id e:' in " 
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It has been s hown that und er certain cond i t ions E .  ovi s 

infection causes � retardation of  �rowth rate . The mai n  

patholo�i cal feature o f  infe ction  i s  enlar�ement o f  the spleen 

due mainly t o  hyperplasia  of the �alpighian corpus c l e s . Thi s  

i s  beli eved assoc iat ed with the d evelo pment o f  an immune 

response to infe ction . 

Other patholo�i cal features  inc luded h� emo s id er in d epo sits  

in the proximal tubules of  the  kidney , i n  Kupffer c e l l s  and in 

parenchymal cells  of the l iver . There was also  increased 

amounts o f  h� e�osid er in in the red pul p  of the spl eens o f  

infected an imal s . 

The s e  find in�s support the c onclusion that haemolyti c  

anaemia in E . ovis infe ction i s  ind uced by both int ravas c ular 

haemoly s i s  and by i ncreased erythropha �ocyto s i s . 

No  renal les ions wh ich were referabl e to  the presence  

of  haemosid �rin were d i s cernible wi th l i ght micro s cope 

examinat i o n ,  but it  i s  sugge sted tha t renal dama ge could 

o c cur in s evere cases  of  infe ction  when haemogl obinuria  may 

be a feature  of the d i sease . 

W e ight measurement s o f  c ontrol and infe cted sheep 

reveal ed th!lt E . ovis  had a d e pressive eff e c t  on weie·h t  gai n , 

but in only one experiment ( Experime nt I I )  was this  effect  

s i�nif i cant . the effect was not i ceabl e before �naemia had 

d eve� o ped in infe cted sheep  and some factors whi ch may cause  

this , are referred to  in  Chapter VII I .  
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F igur e  5 . 6 : The glomerulus and convoluted tubule s  o f  n 

c on tro l sheep kid ney show i nq no evidence  of iron c ont � i n in� 

pi�men t .  ( P erl ' s Prus s i an Blue x 2 5 0 )  • .  



1 24 

F igur e 5 . 7 : T h e  �l o meru l u s �nd c o nvo l ut ed t ubu l e s  o f  a 

she e p  k id ney a t  t he l t t e  p 3r � s i t � e � i c s t �ge o f  E . ov i s  

i n fe c t i o n . Tw o d i s t i n c t p o s i t i ve s t a i n in r e� c t i o ns for 

i r on �re pr e s en t . I n  th e tubu l qr c el l s  tre d i s t i n c t  b l u e  

gr anul e s . The s e  contrR s t  w i th a m o r e  d i ffu s e  s t a i n ing o f  

g l o me ru l ar f i l t r J te in B owman ' s s p3 c e �nd i n  t h e  l umi na 

of the pr o x i m a l  t ubul e s . ( P e r l ' s Prus si an B l ue x 2 5 0 ) � �  
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F igure 5 . 8 : \ rea of l i ver in per ipor tql �rea from an 

E . avi s infected sh eep in tho  l 1 te p� r � s i t � e n i c  st qge of 

infe c tion  �nd showin� ma ny iron c ont J in i nf gr1 nules  ( h3e­

mos id erin ) with in the p� r enchym�l c ell s . ( Perl ' s Pruss ian 

B lue x 400 ) . 
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F igure 5 . 9 : AreJ of  l i ver in peri portal � r e 3  fro n ,n 

E . avis inf e c t ed sheep  in the l a t e  p1 r�si t� e�ic  s t3ge 

of infe c t ion 1nd sbowinq 3 mod er�te amount of ir on c ont3in­

ing �r,nules  ( h�emosiderin ) wi th in the p�renchymal c el l s . 

S ome o f  the Kupffer c e l l s  ( + )  c ont8 in l3r�e ac cumul�tions 

o f  h�e�o s id er in . ( Perl ' s Prussian Blue x 400 ) . 
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F igure 5 . 10 : R ed pul p  o f  the s pl een from an E . ovi s  

infe cted sheep showin� two st�ining rea cti ons  for i ron . 

I n  the r e t i cul oendothel i3l  c el l s  of the sinu s o i d s  there 

are d i sti nc t  gr3nule s 2nd inclus ions of iron s taining 

ma ter ial . In contra s t  there is a �ore d i ffu se  s tn ini ng 

o f  �a ter i al poss ibly w i th in the sinuso id s  ( Pe rl ' s Pruss i nn 

B lue x 400 ) . 



CHAPT'.!::R V I  

THE EFFECT OF E P ERYTHROZ OON OVIS I NFECTION ON THE 

R� T I C UL O -'i:NDOTHEL I A.L S YS TK'� 

I NTRODUCTION 

H i stori c al - G eneral D efinit ion and Descript ion 
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I t  was realised in the 19th c entury th�t a variety of 

morphologi cally J iverse  cell s wid ely d i stributed in the 

v ertebrate body were in tensely phagocytic . Experiments 

showed that these c el l s compr ised a sy stem capable of  ingest­

in� co llo i� al dyes and o ther particul ate material s . Although 

many name s ,  such as s pl e en apparatus or "Tv1:il z apparat11 and 

end o thel ial metabol i s11 apparatus or end othelium "S toffwechse­

lapparat" were given to  th is syste11 of  c e ll s  ( Landau and 

-,� cNee , 1 914 ) , it ·aas , . s choff ( 1924 )  who first  used the 

d e s criptive term 11 R et i culoend otheli B-l System" . t',l thou�h 

A s c hoff d efined the ter� as applying to  cell s wi th the 

pro perty of phago cyt> s i s , he was awe1re of th e morphological 

d iv ers ity of the sys tem , and there are stil l  d i fferences  o f  

o pi nion as  to wh i ch c el l s  co ntr ibute to the R e t i culoendo thel ial 

S ystem . 

A c c ord in� to S tuart ( 1970 )  the Ret iculoendothelial  

System is  mad e  up  o f  three components :  

1 .  Reti culum cell s re pres enting the argyrophilic  stru ctural 

c omponent . 

2 .  Phagocytic end o thelial  cell s wb ich are found l ining the 

blood 9apillar i e s  of  the l iver , the s inuso i d s  of  the 

s pleen ,  the lymph nod e s  and the bone marrow . Thi s can 

. also  includ e  the endo thel ial c el l s  l ining the capillar ies  

of  the adrenal and pitui tary q;land .• 

3 .  The macrophage s whi ch are abundant in lymph nod e s ,  

t onsil  and s pl ee n . 
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A1e thod for Inves ti�ation of Reticulo-endo thel ial A ctivi ty 

I norganic par t i c l es were first us ed about a century ago 

for histolog ical d emon strat ion o f  pha�ocyto s i s  in vertebrate 

animal s . Various authors have described method s based on 

the in je c t ion of v i t al dyes , or suspensions  of  part icles  

such as  co ll o idal silver , manganese , Ind ia i nk and thori�m 

( Cappell , 1929 ; Nagao , 192 0 ; W i slo c ki , 192 4 ; Br i c kner , 

192 7 ;  G ord on and Ka tsh , 1 949 ) ) wi th subs equen t h i sto logical 

examina tion of the t i s sues . Work on the rat e o f  c learance  o f  

par ti c l e s  from the blood was first attempted by < · axl and 

D onath ( 1924 ) who measured the ra t e  of d i sappe arance of fat 

particles  in jected intravenously into ma�mal s . S in ce theo a 

number o f  si milar techniques using a vari ety of materi al s , 

includ ing colloid pa� t i c l e s  which  have been l abelled wi th 

radioact ive isotope s , have been used ( S h eppard e t  al . ,  195 1 ;  

� ilversmi t et  al . , 195 2 ) . 

One o f  the mo s t  common methods for measur in� reti cul o­

end othel ial activ i ty was d eveloped by Halpern e t  al . ( 19 5 3 )  

and B io z z i  e t  al . ( 19 5 3 ) . They perfe cted a t e chniq ue for t he 

e s t imat ion of blood c l earance rate and d i stributi on of pha go ­

cyt i c  activity in organs using a she llac -fre e coll o idal 

suspens ion of  carbon i n  f i sh gl ue � 

W ith this t e c hn iq ue mathemati c al formulae were deve l o ped 

whi�h expre ssec;i the relationsh i p  between the speed of phago­

cytic  activity, the dos e  of carbon administ ered and the 

we i fSht  of the organs ( l iver and spleen ) prtncipally respons ible 

for the phagocyt i c  acti vi ty ( B io z z i  e t  al � � 195 3 ) �  

I t  is  well r ecogn i z ed that in b lo od paras ite infe c t ions 

such as  ma laria �  the ohago cyt i c  activity of  the ret i culo ­

end o thel ial system . plays a prominent role  i n  h o s t  defence 

( Cantrell and E l ko , . l964 �  B eld ing , 196 5 ; C antrell e t  al . , . 

1970 ) -. l\ ccord in.f:Sly,, the t echnique o f  B ioz.z i e t  al . ( 195 3 )  

was used to as c er tain the effect of E .  avis infection on the  

pha�ocyt i c  actiV ity o f  the ret icul o endo thel ial system o f  

sheep. The amount o f  carbon taken u p  by the vari ous body 
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organs was  also  mea sured . B ecause phago cyt i c  activity i s  

mainly . d epend $nt o n  t he Kupffer cell s o f  the l iver ( B io z z i  

e t  a l . , 195 3 ) ,  the numbers o f  the se c el l s  present during 

E . ovis  infection were also  estimated . 

i\ll;\ TBR Ii',LS AND fJIE THO DS 

The exper imenta l pro c edures , .  includ ins the d e s cr i ptions  

of  the c arbon c l earan ce te chnique , c �l cul ati on of phagocyt i c  

index ( k ) ,  or�an d ige s t io n  for carbon r e c overy , and method of 

Kupffer cell count in� are d escri bed . in Chapt er II . For the 

purpo ses  of  corr elat ion e sti mations , anrl the calculation of  

the corre cted ph��ocyti c index ( a ) ,  l iver and spleen wei �ht 

rl at a , recorded i n  Chapter V ,  were used . 

The final t echniques used were d e veloped after a seri e s  

of  prel iminary exper imen ts . A ma jor problem centred around 

the c onsti tution of the d i luent in wh i c h  th e car�on was 

suspended . It b e c ame c l e�r that the d istribution o f  c arbon 

followi ng in je c t i on was affected by an interaction of  the 

suspension with the animal s ' clotting mechan i sms . A c c ord i ngly 

a small  experi illent was carried out to  investi �ate th i s , 

Two sheep ( A  and B )  were in jected  wi th collo id al carbon , 

pre pared as d e s cr ib ed in Chapter II . B lood sa mple s  were 

colle cted int o  EDTA "Vacutainers"  a t  regular in terva l s  over 

the succeed ing 3 0  �in . for the following est imation s :  

( i ) Plasma fibrino�en leve ls by the me thod o f  Kaneko 

and S mi th ( 1967 ) . 

( ii )  Platelet  counts by the R e e s  Ecker me thod as 

d es cribed by S chalm ( 1965 ) . 

( ii i )  Leucocyt e  counts  a s  de s cribed in Cha pter I I� 

RES ULTS 

The  effe ct o f  E .  a vis  inf e ction on the number of  Kupffer c e l l s  

per 0 . 1 mm2 
of l iv er t i s sue - Experiments I ,  I I I  and IV 

The mean numbers o f  Kupffer  c e l l s per 0 . 1 mm2 
of  l iv er 

ti s sue from b o th c ontro l  and inf e c t ed groups in Experiment s I ,  
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I I I  and I V  are summar ized i n  Tabl e XXV . The counts were made 

on sample s  taken a t  pos t-mortem and w ere re str i c ted to the 

mid-acinar region.  

The data in Table XXV show that :  

1 .  Variabl e counts were obtained within and be tween c ontrol 

and infec ted groups o f  she ep . 

2 .  A t  both early ( Experiment IV ) and late ( Experiments I 

and II I )  s tages o f  parasitaemia there were no signifi cant 

d ifferen c e s  in Kupffer cell n�mbers between� c ontrol and 

experimentally infe cted sheep , al though numbers in the 

infected �roups tended to be hieher l ate in inf e c t ion . 

3 . At peak paras itaemia ( Experiment IV ) there was a 

significan t  ( p . < 0 . 05 )  d ifferen c e  between control and 

infected sh eep , d ue mainly to  a low num�er of Kupffer 

c ell s per 0 . 1 mm
2 

in the infec t ed group , but also  partly 

to a hi�h mean coun t  in the c ontrol �ro up .  

The compari son o f  Kupffer c el l  numbers between pre ­

infe ction bio psy samples and po s t-mortem samples at  a late 

s t a qe of parasi taemia for both control and i nfe cted groups 

of Experiment II I is  given in Tab l e  XXVI . The inf e c ted 

group showed a s i �nifi cant ( p < 0 . 0 5 )  increase in Kupffer 

cell  numbers at  post-mortem compared with the pre - infe c ti on 

l e vel . 

Phagocyti c  activity dur ing E .  ovis  infec tion - Experiment IV 

F igure 6 . 1  summar ises  the d i sappearance of c arbon par t i c l e s  

a s  mea sured b y  the pha�o cyt ic  ind ex ( k ) - ( Chapt er I I ,  p .  32 

from c ontrol and infe cted sheep  d ur ing early., peak and late 

para s itaemia . The d i sappearance rate in the first two 

minut es after in jection was much more rapid than ind ic ated 

by the overall slope of the re �re s si on l ine.. Thi s was mainly 

due to equil ibrat ion of  the carbon w i th the vascu lar pool  

dur ing this  time . 

From the f igure i t  can be seen : 
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Kupffer c el l  c ounts , ex;Jress ed as the numb er of c ells per 0 . 1  mm2 of liver tissue 
- Ex�eriments I ,  III and I V  ( group m ean values ) .  

Control 

EXI·ERI.N:.::NT I 

Group N o  I 

94 . 74 

±8 . 90 *  

EXl'ERII'GJ:JT Ill 

Group No I 

98 . 64 

±6 . 82 

EXl'EHII"l.:.::N T IV 

Group No B 

Infected 

II III 

96 . 72 90 . 88 

±5 . 24 ±3 . 42 

II 

1 1 3 . 91 

±9 . 32 

A F* * 

I V  V 

1 03 . 96 1 07 . 36 

±5 . 1 7  ±8 . 1 1  

Kumb er of 
sheep :.n 
each group 

5 

9 ( II )  

5 ( I )  

5 
( Early paras itaemia ) 94 . 1 0  9 5 . 52 1 00 . 66 

Group No 

(Peak paras itaemia ) 

Group No 
(Late �arasitaemia) 

:t3 . 1 7  ±2 . 80 :!:3 . 79 

D c 
1 09 . 70 78 . 78 

±7 . 47 ±7 . 1 2  

F E 
Became 99 . 94 infected 
( s e e  above ) :!:3 . 97 

* Standard error . 
* * C ontrol group for late parasitaemia in early 

stage of natural infection .  

5 

5 

F = F ratio as c alculat ed by analysis of varianc e 

. NS = Not significant ( p  > 0 . 05)  

F p 

0 . 87 NS 

1 . 1 0  NS 

0 . 89 NS 

7 . 1 6  < 0 . 0 5  

\.N 
f\J 
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KUP� FER CELL COUNTS FRO� S HEEP L IV SR9 BEFORE INFECTION ( B IOPS IED TI SSUE ) �ND AT THE LATE 
P -, R:',S I 'T i, ,'!: - 11 1 .\ S 'T'. tGE OF INF�C'P I O N  - Ex ·.�sR.T '1S'\T'J' II I ( GRJUP rr� . -,N V.lLUE ) 

Before Infec t i on L'J.te Infect ion 
c el l s  per 0 . 1 mm2 

I nfecte:d Group SR . 62.:: 1 .  74 X 1 1 3 . 91.::3 .  11  
C or �rol Group 99 . 2 0.:: 5 . 20 

x = S tand ard Error 

�S = Not S i�ni f i cant ( P > 0 . 05 )  

98 . 64.::2 .  2 7  

!\To . of sheep  t p 
in  each  gro u p  

9 2 . 37 < 0 . 05 
5 0 . 04 NS 

1---' \._U 
\._U 
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1 .  Relat ive to th e c on trol s ,  the v alue of  k increased wi th 

devel oping paras itaemia rea c h ing a pe ak concurrently 

with parasitaemi a , and fall ing off w i th the d ecrease  

in  para s i taemi a . The correlat i on between k and the  

d egree o f  paras itaemia was s ign ifi cant ( p  < 0 . 01 ) 

( F ig;ure 6 . 2 ) . 

2 a  The value o f  k also increased with spleen and l iv er 

weight and the correlation  o f  k with the se 2 body organ 

weights was again signifi cant ( p  < 0 . 01 )  ( F igure 6 . 2 ) . 

3 .  The control gro up in the experiment for the late stage 

of infec tion be came infe c ted and d evelo ped a l ow d egree 

of paras i taemia ( mean 0 . 78 paras it e s  per erythro cyt e ) 

and c o ns equently , a higher val ue f or k was re cord ed than 

in the o ther c ontrol groups at the previ ous time 

interval s ( Fi gure 6 . 1 ) . 

The results  for the corre cted phagocyt i c  ind ex ( � ) which  

i s  <'3. mea sure o f  the phar-:o cyti c a c ti v i ty per unit wei ght of  

t i s sue ( Cha pter II , p .  32 ) are summar ised in  Table XXVI I .  

Th e phago cyt i c  activ i ty showed some increase per uni t  we i ght 

o f  ti s sue at  pe ak o f  inf8ction but this was not s i gn i f i cant . 

The  d istribut ion of  c arbon in body organs during E .  avi s  

infection 

S he e p  were ne cro psied 24 hour s  after c arbon in j ec ti o n . 

The liver , lungs and s pl een were v is i bly blackened due to the 

pre sence of carbon .  

In the l iver , c arbon was pre s ent in ass o c iatio n  w i th the 

Kupffer cell s l ining the s inuso id s .  I t  was not pos s ib l e  to 

b e  invariably certain  o f  the l o ca tion of  such d e po si t s  in 

r elation t o  cell structure s ince  the d ens ity o f  the c arbon 

o b scured und erlying detail  ( Figure 6 . 3 ) . The c arbon in 

general was more d ense in the per iportal area ( Fi gure 6 . 4 ) . 

S ome carbo n  was al s o  observed i n  the centri -lobular v e in s  

( F igure 6 . 5 ) . In l�te parasitaem ia t h e  Kupffer c e l l s appeared 

to be more numerous , a find ing whi c h  i s  supported by the 

Kupffer cell counts  ( Tabl e XXV ) . Not  all Kupffer  c el l s  



TA13Lt:: XXVII 

Values for ·the pha�ocytic activity per unit of reticuloendothelial tis sue 

( c orrected phagocyti� index 00 during early , peak and late parasi taemia .  

( Exp . IV - group mean values . )  

Control I Infected Numb er of 
sheep in 

Early parasitaemia ( 5  days pos t inoculation) each group F 

Group No B A F* * 

1 6 . 86 1 6 . 72 1 5 . 9 5  5 0 . 20 

±1 . oo• • ±o . 2o ±1 . 35 

Peak paras itaemia ( 1 2 days post inoculation) 

p 

NS 

Group No D c 5 2 . 1 3  NS 

Group No 

1 7 . 42 20 . 09 

±0 . 99 ±1 . 54 

Lat e  parasitaemia ( 26 days post inoculation) 

F E 

Became infected 1 6 . 40 

( s e e  �arly paras itaemia 
above ) .  

±1 . 1 4  

* Standard 3rror 

* *Control group for late parasitaemia in 

early s tage of natural infection 
F = F ratio as calculated by analys is of 

varianc e 

NS = Not significant ( p  > 0 . 05 ) . 

5 

\.N 
\J1 
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c onta ined carbon. 

I n  the s pleen there were some carbon parti c l e s  in the 

red pul p , but mo st was within macrophages surround ing lymph­

o id fol l i c l e s  ( Fi �ure 6 . 6 ) . Thi s  was in contras t  to the 

d i s tribut ion of haemo s id erin whi c h  was confined to the red 

pulp area ( F i gure 6 . 7 ) . Ther e  was no c arbon within the 

lympho id foll icl e s .  Exc ept for . the greater si z e  of  lymphoid 

fol l i c l e s  in  the infe c ted sh e e p ,  there appe �red to be  no  

d ifferen c e  b etween groups in c arbon d istributio n  in thi s 

organ . 

Carbon p2rti9les  were infrequent in bo th lymph nod e s  and 

haemclymph �.  nod es , but i t  was not pos sible in paraffin 

sec tions to determine th e ir pre c i se l o c�lisat ion in re�ard 

to stru cture s or cell s .  In  the kidneys , occas ional carbon 

p�r ti c l e s  were lodged in the �l omerular capi l l ar i e s  and the 

ca pillarie s  of the intersti tial  t i s sue . 

The lun�s w ere conge sted and 1 3r�e d epo s i t s  of carbon 

were seen in the intersti t ial t i ssue probabl y  w ithin 

capillar i e s . The relat ionship of the carbon to  structure 

however ,  wa s d i fficult to d et ermine by l ight mi cro s c opy 

( F i pure 6 .  8 )  • 

C arbon C on c entration in Body Organs During E . ovis  I nf e c tion 

Experiment IV 

The co�cen tratiorn Qf c arbon in samp+es of t t s sue taken 

from kidney , lymph nod e ,  haemolymph nQde , s pl e en , l i ver  and 

lung the d ay follow ing _ admin i s tra tion 1  in relation t o  the 

d egre e of  paras i taemia , are  g i ven in Tabl e XXVI I I r The data 

showed tha t :  

l .  S ignificant d ifferenc e s  ( p < 0 .  05 ) between c ontr ol and 

exper imentally infe cted sheep only occurred at d ay 13  

pos t  inoc ulat ion wnen the carbon c oncentrati on was  

l ower in  the l iver , lung and lymph node of  the  i nf ec ted 

group ( Table XXVI II ) .  A similar tend ency o c curre d  with 

splenic  c oncentrat ions but thi s  was not s ignifi cant 

( p < O . lO ) . 



TABLE ZXVI I I  

Conc entration of c arbon (mgs per gram of body tissue ) i n  various body tissues at early , peak 
and late stages of parasitaemia - Experiment I V  ( Group mean values ) .  

- -

Group No . 

Lung 

Liver 

Spleen 

Haemolymph node 

Lymph node 

Kidney 

• s·� :.ndard error 

-

Early 

Control Infec ted  

B A F* * 

2 . 75 2 . 49 2 . 1 8  
±0 . 65 *  ±0 . 76 ±0 . 33 

2 . 01 1 . 59 1 . 32  
:!:o . 21 ±0 . 29 ±0 . 1 5  

1 . 45 0 . 92 1 . 05 
±o . oa ±0 . 1 5  ±0 . 1 5  

0 . 59 0 . 92 0 . 26 

±0 . 44 ±1 . 07 ±o . 2o 

0 . 45 0 . 38 0 . 1 8  

±o . 1 o  ±o . 1 4  ±o . o2 

0 . 37 0 . 22 0 . 1 8  

±0 . 1 7  ±o . o3 ±0 . 04 

F p 

0 . 23 NS . 

1 . 89 NS . 

2 . 24 NS . 

0 . 25 NS . 

0 . 69 N S .  

2 . 64 NS . 

-- -- ---- -

-

Peak 

Control Infected F p 
D c 

3 . 1 2  2 . 27 8 .  53 < "() . 05 
±o . 2o ±0 . 21 

2 . 02 1 . 28 9 . 49 < 0 . 05 
±0 . 23 ±o . o8 

1 . 75 1 . 1 0  6 . 25 NS . 
±o . 1 7  ±C . 1 9  

1 . 57 1 . 38 0 . 03 NS . 

±0 . 52 ±0 . 91 

0 . 48 0 . 1 9  1 3 . 84 < 0 . 02 
±0 . 07 ±o . o3 

0 . 29 0 . 35 5 . 38 NS.  

±o . o1 ±o . o2 

* *C oLtrol group for late paras itaemia in early stage of natural infection .  

N S  = Not significant p(>0 . 05 )  
F = F ratio b y  analys is of vari anc e .  

Late 
Infec t ed 

E 

2 . 50 

±0 . 23 

1 . 33 

±o . 1 9  

0 . 94 

±0 . 1 3  

0 . 58 

±0 . 65 

0 . 36 
±0 . 09 

0 . 22 

±o . o6 

\.)'1 
..._;] 



138 

2 .  The c arbon c oncentrat ion in the l iver was s ignifi cantly 

c orrelated w ith the Kupffer cell  count ( r  - 01 3 7 ,  n - 30 ; 

p <0 . 05 ) and neg�tively , but not  signifi c an t+y corre�ated 

wi th t he rat e of pha�ocyto sis  ( k ) ( r  = -0� 32 , n • 30 , 

p :::: NS ) .  

T otal C arbon in Organs During E . avis  Infection - Expe ri ment IV 

The to tal amount of  carbon in the l iver , lung and sple en 

was  calcul�ted fro� the conc entrat i on per gm of  t i ssue and the 

total or�an wei�h t , and is  shown in F ir,ure 6 . 9 .  Thi s  amount 

was c o mpared with the to tal arnount o f  cnrbon in j e c ted . From 

the f i�ure  it  can be seen tha t :  

1 �  Nearly all the carbon in j e 9ted into the control sheep 

was recovered in the lun�s , spl een and l iver . 

2 .  B ot h  experimentally and na turally infec t�d groups had 

l e s s  carbon than control groups in liver , spleen and 

lungs • .  The differen c e s  between infe cted and control 

groups , however � were not si�nifi cant be cause  of  wide 

variations w i th in gro ups . 

Plasma F i brinogen Lsve l s, Total Leu c o cytes and T otal P latelets 

During C arbon Clearan c e  

I n  the p i l o t  study d es i gn�d to  fo llow plasma f ibrinogen 

levels  dur ing c arbon c learanc e ,  the sample . c olle c te9 from 

S he e p  A ,  1 . 5 min� 3 fter c arpon inoculat ion , c l otted , d espi te 

mixing wi th EDTA . , The c l o t , when removed from the sample was 

blac k  w i th carbon , and c entrifugation of the remainder  of  the 

sa�ple revealed a c arbon- free serum .  The c orre s pond ing 

sample in Sheep B d id not c l ot . C entrifugat ion of t he remain­

ing sequential  blood sample s  showed the plasma to be  markedl y  

d i s co l oured w ith carbon ;  t h e  carbon concentrat i on decreased 

over the 30 m inute peri od � Becau s e  of thi s ,  p�otein est ima­

ti on and therefore f ibrino�en esti mat ion by refrac tometry 

was n o t  po ssible . However ; heating of  the p l asma a t  56°C 

for 3 minute s  and c enttifugation t o  prec ipitate and pack 

the fibrinogen ( Kaneko and S mi th ; 196 7 )  produced a c arbon­

free plasma ( Figure 6 . 10 ) . 
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The s equential l eu c ocyt e  and pl atelet counts after 

carbon injection in the 2 sheep are shown in F i gure 6 . 1 1 .  

The d epletion o f  leucocyte s was due to a n  almo s t  complete 

neutropaenia wh i ch slowly recovered over the 3 0  minute  

p�ri od . 1\l thou�h no  pla telet count was performed on  S heep 

j� , smear examination revealed a d qietion of pla telets  whi ch 

appeared to follow a similar pa ttern to the platel e t  count 

of S heep  B . I n  S heep B ,  the correlation between the platel�t 

o.nd l eucocyte count wa.s hi�hly si9;n ifi cant ( r  • 0 . 90 , n • 7 ,  

p < o . 01 ) • 

DIS CUSS ION 

The Kineti c s  of C arbon C l earance and Upt8ke by B ody Organs 

in the S he ep 

The use o f  colloid al carbon a s  a �eans of  investi�at ing 

the fun c tion of the reti culo end o thel ial sy$tem has been c o�­

fined . to laboratory mammals ( B ioz z i  e t  al . ,  1 95 3 ; S ti ffel , 

1958 ) , the fowl , chick embryo and ffo� ( Kent , 1 966 ) . The 

c ompari s on between sbeep and the o ther spe c i e s  for the 

phagocytic ind ex ( k ) , the corre cted pha�o cyti c  index ( � ) ,  

and the rat io of body wei �h t  to  the weipht of  the l iver and 

s pl een ( VJ /W l s )  is shown in Table XXIX . The overall re sul t s  

f or the 3 parameters i n  the shee p mo st resemble t h o s e  o f  the 

fowl . The � value , wh i ch is a mea sure of the phago cyt i c  

a c t ivi ty per uni t  we i�ht o f  organ tissue ( l iver and spleen ) , 

i s  c ons iderably higher than for the o ther mammal s . The high 

� value for the fro g  and fowl was c ons idered by Kent ( 1966 ) 

to b e  �sso c i a ted wi th l ow rel ative we ight of  t he liver and 

spleen , wh ich therefore suggested that the phago cyti c  

e ff i c iency of these 2 organs was very h igh . Even allowing 

for possible variation in the W/Wls  ratio  and the . � ind ex 

due  to the effect of fle e c e  wei ght on body wei �ht , the d ata 

in Table XXIX would sugge s t  that the phago cyt i c  e ff i c iency 

o f  the shee p  l iver and spleen was al so very h igh . 

I n  laboratory anima l s , fowl and frog, i t  has also been 

shown that vascular c learance i s  primarily a mea sure of  
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TABLE XXIX 

THE RATE OF C ARBON CLEARANCE ( PHAGOCYTIC Il\TDEX k )  AND THE 

PHJ\80CY1'I C  ACTIVITY PER UNIT  OF R.ETICULOENDOTHELIAL T ISSUE 

( CORHECTED PH/i.GOCYTIC INDEX a. ) I N  VARIOUS ANIMALS FOLLOW­

ING INTRt,VENOUS INJECTION OF 8 1'4GS CARBON PER 100 r;MS BODY 

1.\IE IG HT . THE I�J f:iJLS RA1'IO I S .\LS O SHOWN VmERE W IS THE LIVE 

BODY \\IE TGH1' , AND WLS IS T HE WEIG HT OF THE LIVER i\T\JD S PLEEN 

i\nimal k a. Wjl."'LS Reference  

Fowl 0 . 0562 1 7 . 1  43 . 0  Kent ( 1966 ) 

Frog 0 . 0143 12 . 5  5 1 . 5 Kent ( 1966 ) 

Rat 0 . 026 6 . 0 2 0 . 0 B i o z z i  et  al . 
( 195 3 )  

r·1ouse 0 . 047 5 . 7  16 . 0  S t iffel ( 1958 ) 

Guinea P irs 0 . 02 3  6 . 9  2 5 . 0  S t i ffel  ( 1958 } 

Rabb i t  0 . 008 5 . 4  2 7 . 0  S ti ffel  ( 1958 )  

She e p  0 . 05 1 7 . 1 46 . 5  { Thi s S tudy ) 
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hepa t i c  reticuloendotbelial cell  clearance ( B io � z i  et al . , 

195 3 ;  Odeblad e t  al . ,  19 5 5 ; Z ilversmit . e t 21 . , 195 2 ; 

Di Luz i o  and R iggi , 1964 ; 71unson e t  al . ,  1970 ) with 90% 

of in j e cted carbon be ing recoy ered i� the rat l iver ( B ioz z i  

e t  al . , 19 5 3 ;  Halpern e t  al . ,  195 7 ) , 75ft in the fowl l iver 

� nd 70 - 8 5% in the frog l iver ( Kent , 1966 ) .  However in 

normal she ep in th i s  study . only about 45% of the c �rbon 

re c overed was in the l iver , w i th a h igh percentage al so  

be i n� rec overed in  the lung ( Fi�ure 6 . 9 ) . I t  i s  clear  tha t 

the  interpretati on of c arbon cl 8arance rates  i s  no t entirely 

s trai g:htforward . I n  the ini tial work on l aboratory an im� l s  

using carbon part i c l e s  a s  a �easure o f  ret iculoendo the l ial 

a c t ivtty , 3 considerable amount . o f  carbon was  retained in the 

l un�s , kidneys and other organs , parti cularly where a do se  

rat e  greater than 16 �g/100 �� body wei �ht was u sed ( B io z z i  

e t  a l . , 195 1 ;  H a l pern e t  al . , 195 3 ) . This was a c 9ompani�d 

by a d epletion of pL lsma fi brino�en ( B i o z z i  et al . ,  195 1 ) , 

the l iberation 9f  a lar�e  quant i ty of thrombopl astin 

( H alpern e t  al . ,  19 5 3 ) a nd was a s so c ia ted w i th fl o c culation 

of carbon , wh ich th en lod �ed in the ca pillar i e s  of  the lun� s , 

kidneys a nd other organs , The carbon was trapped in fibrin 

d eposits  ( Halpern et  a l � ,  1 95 3 ) .  The shellac  pre servat ive in 

the ink was found to  b e  the cause of this phenomenon , and 

d eve lopment o f  n she lla c -free c 3 rbon suspension ( C  l l/l4 3 la ) , 

with  :1 f i sh glue s t abil i z er and l or 2% neutra l i z ed gelatin 

a s  a d i luent was c lai�e d  to  overcome the pro9lem of  fl o c cu­

l a t ion ( B io z z i  et  al . , 195 3 ; Halpern e t  al . , 195 3 ) . The 

role  of  gelatin has been the sub j ect  of study since  it has 

b een shown that serum opsonins play an important role in 

fac ilitat ing the phagocytQ s i s  of inert par t i c l es such as 

c arbon { J enkin . and Rowl ey ; 1961 ; Murray ; 196 3 ; Normarn and 

B end t tt j l96 5 a ,  b ;  S a ba apd Di Luz io ;  196 9 ;  J eune t  and 

Good , 196 7 ;  P i sano et al . , 1968 ) .  G elati n  can aff e c t  phago­

cytic  rate s  ( Murray , 1963 ; Normann and �end itt , l965 a ; 

Kampschmidt  et al • ; 196 5 ; Koenig et  a l . , 1 96 5 ) by inter­

a c t ion with the plasma o psonin system ( Fi l kins and Di Luz i o ,  

1 966a ) • .  A t  l ow concentrat ions o f  gelatin an increased 

removal rate has been found , suggestin� that �elatin bound 

to carbon has a h igh affinity for the plasma ops on ins while  
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at high �ela t in conc entra t ion s , c arbon removal was inhibited 

probably due t o  the c ompetit ion o f  fre e gelatin for pl �sma 

opsonin ( Fil kins a�d D i  Luzio , 1 966b ) . I n  spite of  earl ier 

cl aims ( see  above ) ,  .fSel a t in has also  been· · shown to affe c t  

the stabil i ty of  carbon i n  c ir cul�tion , causing some 

8.R:gref.\ation .qc compani ed 'Qy a tr3.ns ient fall in pl ;t sma 

f i br inoqen l evel ( Murray , 196 3 ; Gabrielli  et al . ,  1 96 7 ) . 

In . prel iminary expe r iment s on sheep , using gelat i� 

d iluent , the carbon c l earance  rate was extreme ly rapid , the 

animals  showed respiratory d i stre ss and in so�e c ases  d i ed . 

At  ne cropsy the lung s were gro s s ly blackened w i th carbon . 

I t  was conclud ed that these ev�nts were asso c iated wi th the 

�elatin content of the d iluent , an� thereafter , phy s i o l ogi cal  

s8l ine was used . �lthough the cl ini cal effect  was l e s s  

severe than with gelat in ,  lar�e a �ounts of  carbon sti l l  l odged 

i n  the lung capillar i e s  ( F i gure s  6 . 8 a�d 6 . 9 ) . It ha s been 

found tha t  " in vitro" experi .nents that , with sal ine d i lu ted 

carbon , a��rego tion of  c arbon pGrti c l e s  o c curs , . ac compani ed 

by a fall  in  fibrinogen level ( S nbr ielli  et  al . , 196 7 ) . The 

r e sults o f  the pil o t  exper iment ( Fi gure 6 . 10 )  carried out 

su��est th'1t this could o c cur in the sheep thou�h the ma tter 

needs  further inv e s t igation . The trans i ent fall in platelet  

and leuco cyte counts  wh ich  was observed ( Fi �Sure 6 • 11 )  i s  o f  

intere s t . Although o ther wo rkers have n o t  co�mented on . 

l eucopeni a  asso ciated w i th carbon cl earance experiment $ ,  

fal l s  in platelet count s have . been re c orded . There i s ,  t o  

make ma tters �ore compli cated , evidence that the 8 tt2chment 

o f  carbo n  particles  to  pl3telets may be o ma jor fac tor in 

d et er�in i�g c learance rate s  ( Van �ken et  al . , 1 968 ; Donald 

and Pound , 1971 ; Donal d , 1972 a ,  b ) . 

The conc entrati o n  of  carbon in the lymph nodes , haemo­

l ymph nod es  and kidneys was variable but l ow ( Table XXV I II ) .  

I n  the k idney parti cularly , the histopatho logy ind icated 

th at c arbon is  l od ged  in c apillaries , rather than inge sted 

by , or attached to  c ell s . I t  appears therefore , tha t  under 

the c ond itions o f  thi s  exper iment the k inet i c s  o f  carbon 

c l earanc e  from the c irculat ion d e pended not only on 
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ret icul o end othelial c lea rance act ivi ty but on pla sma c on­

s t i tuent-part icle int erac tion with the d e position of a��re­

gate s in small  blo od vessels . 

The Eff e c t  o f  E . ovi s  on Carbon C l 8aranc e  by the Reti culo ­

end o thelial System 

Increased re t iculoendo thel ial  activi ty a s  measured by 

c arbon c l earance oc curred in E . ovis infected shee p. Thi s 

increas e , as compared with c ontrols , commenced e�rly in 

infe ction ( 5  d ays post- ino culat ion - F igure 6 . 1 } ,  and was 

s ignifi cant ( p < 0 . 01 ) a t  p ea k  pa ra s itaemia . In the late 

para sitaemi c stJge ( 26 d ays ) the  cl eargnce  rate o f  infec ted 

sheep had ne arly returned t o  normal . The enhanced phagocyt i c  

activity wh ich  was s imilar to  that . fo und i n  mi c e  infe c t e d  

with E . c o c co id e s  ( Gledh ill  e t  al . ,  1 96 5 ) w a s  a c compan ied  by 

nn increase in bo th spleen and l iv er we i �ht ; the wei�ht o f  

the se organs remained h i�h a t  late para sitaemi a , wh ile pha�o­

cyt ic  a c tivity d e c l ined . 

At peak paras itaemia , c arbon conc entration in both 

organs and the Kupffer cell  counts in the l iver h ad d e creas ed . 

P ro port i onately the spleen increased more in wei�h t  than the 

l iver ; th i s  increase a ppeared d u e  princ ipally to lymphoid  

hyperpl3.sia and sin c e  no carbon was found in  the  lymph o id 

nodules  a d e9rease in . overall c arbon c oncentr3 tion would be  

expected and , in  fact , o c curred . I n  spite o f  an increase 

i n  l iver we ight in infe c ted - animal s rel3t ive to  c ontro l s  o f  

about 3 5% there were n o  obvi ous d i fferences  in  l iv er d imen­

s ions . Althou�h th e s e  were not mea sured they would , on 
theore ti cal �round s ,  have be en re latively small . From tpe 

d e crease in Kupffer cell  counts and c a rbon concentrati on , 

i t  seems rea sonabl e  to conc lude that the increase in we i ght  

was  due to an  increa se  in parenchymal ti ssue or  fluid 

c ontent . This c ould not be assessed in paraffin section s . 

I t  would al so appear that l ittle or  no pro l iferation o f  

Kupffer c ells  h a d  o c curred a t  peak parasitaemia ( day 12 ) 
and tha t  the increase in c l earance  rate was probably 

attr ibutable to increased phagocytos i s  by existing c e ll s. 
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A t  late paras itaemia ( day 26 ) however there wa s evid ence 

su�g8st ive o f  a mod e s t  pro l if eration of  Fupffer cells ; .  

l iver we ights rema ined h i�h wh ilst c el l  counts rose to , or 

exceeded , control level s . 

In  rel�ting the se  c hange s in the ret iculoend othel ial 

system to S . ovi� infect ion , it  mus t  first  of all be assumed 

that the incre� se in carbon clearance rate no t ed in infe cted 

sheep was the re su l t  of  increased pha�ocyto s i s . The 

po s sibi l i ty 9f o th er causes  asso ci ated wi th cha nqes in plasma 

c onsti tution , wh ich  l e�ds to particle-constit uent interact ion  

unrel ated to pha�o cyti c  act ivity cannot be  entirely ignored . 

Increa s ed carbon clearanc e u su�lly result s  from an incre �se . 

in non- s pe c i fic serum f:1 ctor s or opsonins ( J enkin and Rowley , 

1 96 1 ) .  '::Jh ile refl e c ting o n  increase in re ti culoend ot hel ial 

acti vity , it �ive s no ind ication as to the st i mulat ing 

me chani sms which bring th i s  a bout . D i s cuss i on on the s e  

me chan i s ms can the refore only b e  o f  a s pe cula tive na ture . 

The increased phago cytic  act ivi ty of the re t i cul oendo thelial 

sy s tem t o  carbon d uring E .. ovis infe ct ion i s  al so likely t o  

be  d ire cted a�a ins t E .  a v i s  itself and para s i tized erythro­

cyte s .  Thi s hypothe s i s  is  su pported by the o bservation  th�t  

act ivi ty was greatest  at  peak para s i t a e�ia and as such could 

be a s s o c i n ted with the subsequent d e cl ine in the d egre e  o f  

parasitaemia . A l thouqh increased phagocyt o s i s  to car bon i s  

c l early a non- s pe ci f ic phenomenon i t  co uld b e  au�mented  in 

E . ovi s  clearance  by spe c if i c  opson i z ing ontibod i e s  against  

the  organism or  even the erythrocyte . On theoretical gro und s 

a micro-organi sm such a s  E . ovis would be expe cted t o  

stimul ate a n  immune response . T h e  reaction of  antibody with 

the organism i s  l ikely to  make it more suscept ible to ph a�o­

cyto s i s  and pos s i bly to  lysis. The c l o s e  a s so ciati on o f  

E �  ovi� t o  erythro cytes may al so l e a d  to  involvement o f  the 

erythro cyte in this  immune reaction although an immune 

reac t i on develo ped again s t  a damaged erythrocyte c annot be  

ruled out . A po s it ive C oo�bs test has been d emonstrat�d in 

E -• . avi s  infect ion ( Sheriff , 196 7 ;  S heriff and G eer ing , 

196 9 )  and the pattern o f  anaemia d evel opment in exp erimental 

inf e c tion i s  suggest ive o f  an immune react ion whi ch involve s 
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the erythro cyte ( se e  Chapter III ) .  Hi stological evid enc e  

ava i l able  would su�gest that the ma jor i ty o f  erythro cytes 

prematurely removed are lysed in c irculation ( Cha pter V ) . 

I t  i s  l ikely therefore that complement may play an important 

role in h3 emolys i s  follow i n£T the ant ibody-3.nti�Sen reac ti on . 

C omple �ent fixing antibod i e s . have b een d emonstrated in a cute 

infe c t ion ( Kre ier and R i st i c , 1963 ) but be cau se o f  po ssible  

contaminat ion of  the  ant igen preparation , some doubt a s  to  

the  val id ity of  this result  remains . Whether or no t the 

po stulated immune reaction associated with haemo lysi s  plays 

Gny d irect or ind i re c t  part in immuni ty to infe c ti on is als o  

a matter for speculati on . It  is quite po ss ible that the 

s ame ant ibod ies  asso ciated with ha emoly s i s  may also be 

spe c i f i c  opsoniz i ng antibod ies . I t  i s  also pos s ible that 

the produ cts  of h aemoly s i s  may stimul a t e  the Tiechani sms 

respons ibl e for increased cl earanc e  of c �rbon . 

Non- spe c i f i c  s timul .'3 t  ion of the r e t i culoendothelia:J_ 

system . o c curs w i th a number of a�ent s  such a s  oe stro �en , 

gluc an , zym9san , and tubercle  l ipid ( Ke lly e t  al . , 1962 ;  

Fred et al . , 1970 ; Kelly and Dobson , 1971 ; Don3.ld , 1 972 c ; 

Donald and F ound , 1973 ) . S timul qtion in the se  cases  i s  

usual:J_y ac companied by pro1 i feratioD o f  ret i culo�ndothelial  

c ell s ,  whereas bacter ial end oto�ins , for  exa�pl e , only 

a c t ivate exi sting c ell s ( Howard , 195 9 ) . Reti culoendoth e l i al 

s t i mulation al so  o c curs �n mal 3ri a  ( Lu c ia and Nussenzwei g , 

1 96 9 ; Elko and . Cantrell , 1970 ; C antrell  et  al . ,  1970 ; 

Shea�ren et al . , 1970 ) , accompanied by an initial phas e of . 

Kupffer cell  hypertro phy fol l o�ed by hyperplasia  ( McCallum , 

1969 ) . I t  has also  been found , however , that intravas cular 

haemolys i s , apart from st imulating the ret i c uloendothel i al 

sys tem , can cause c e llular prol ifera t i on ; the degre e  of  

pro l i feration being d epend ent on the s everi ty of the 

haemolysis and the amount of  cell  d ebris  ( Jandl e t  al . , 

196 5 ) . The apparent d ifference in the d egree of  Kupffer 

c el l  pro l iferat i on between E . ovis and malaria may be  a 

re sult of thi s . In malaria a l arge amount of cell  debr i s  

and other material i s  formed a s  a result o f  the intera c t ion 

b e tween host  and parasite  ( She 3.gren et  al . , 1970 )  whereas  
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in E . ovis the ha emo lys i s , althou�h pro longed , does  no t 

appear on h istol ogical examination t o  "enerate much debr i s  

a t  all . In case s where l�rge amount s  o f  haemo lysa te are 

relea s ed into c i rculation , phago cyt i c  function eventually 

become s depres sed ( Okuya�na Rnd I t o , 1973 ) ; thi s  i s  mos t  

l ikely due to a d e pl e t ion of serum opsonins . The decrea s e  

i n  phagocyt i c  � c t i v ity a t  late para s i t aemia could b e  a 

result of th i s ,  but it  may �lso be due to a fall in the 

amount of cell  d ebris �nd p�rti culate  anti�en need ing t o  be  

re noved from c i r cul a t i on . This may be  a c companied by a 

fall in non-spe c ific  opsonins . 

�lthough the pre ceed ing d i s cu s s i on i s  l 3rg�ly spe culative , 

there is  some support for the ideas put forward , from the  

l it er a ture . on o th?r blood p3ras ites . I n  anaplasno s i s  ( Ma nn 

and R i stic , 196 3 ) , mal �ria  ( � uckerman , 196 9 )  and babes ios i s  

( S c hroed er and R i s ti c , l968a l immune mechanisms invo lv ing 

the erythro cyte have been report ed , but the nature of the 

antibod ies invo lved and the importan c e  of  them in th e 

development of  an�enia i s  uncl e �r . H owever , opsoniz ing 

ant ibodies  have b een re ported to  \)e present in Plasmod ium 

berghei  infe c t ed rats  ( C ox e t  al . , 1966 ) and opsonin t it�e s 

have been re corded  in anapl a smos i s  ( 3 chroeder  and R i s t i c ,  

l968b ) . I n  the latter report i t  was considered that o pson­

i zation of  uninfected erythro cyt e s  facil itated their removal 

from c irculati on and was re spons i bl e  for the severe anaemia  in 

anaplasma infe cti on , even thou�Sh the deq;ree  of  paras i taemia 

was very smal l . 

Ari sing o ut of  the a ct ivat i on o f  the re t i culoendo thel ial  

sy stem durin� E . avi s  infection is  the possibil ity that the 

host  re s ponse to other concurrent i nfections  could b e  

altered . There i s  evidence that mic e infec ted with E .  
c o c c o id e s  are mar� resistant to � o f  Plasmod i um ( Peter� , 

1 96 5 ;  Ott  et  al . ,  1 967 ;  Vtller and B idwell , 1 968 ;  C ox ,. 

1966 ; S eamer , 1967 )  and show an increased interf�ron-like 

re sponse to  s ome viruses  ( S untharasamai and Ryte l , 1973 ) . 

and end otoxin ( Glasgow e t  al . , 1971 ) . On the o ther h and , 

s pe c ific  interferon production to some virus e s  i s  suppressed 
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( Gla sgow et al • ,  1971 ) and infec ted animals  may b e  more 

sus ce ptible to  c ertain v iruses  �h i ch mul tiply in reti cu�o­

enrt o th e l ial cell s ( Ntven et  a l . , 195 2 ; G ledhill  e t  al . r 

1955 ; S e�mer e t  al . , 1961 ) .  

One of the d isappo inting aspe c t s  of  thi s study on  

ret i culoendo the l i 3 l  a c t i vi ty d uring z . avis  infecti on was  

the o c currenc e of  

depos ited g t  such 

lung ca pillorie s .  

c arbon ag�reg3 t ions wh i ch were then 

non-ret iculoend othel ial sites  a s  th e 

I t  i s  therefore cl ear that thi s  problem 

�u s t  be  overcome , e ither  by chan�ing the test substance , or 

the di luent and s tab i l i z ers of  the c 1 rbon parti cle s used 

before further study o f  re ti cul oend othel i a l  func tion in the 

shee p  can be  c �rried out .  



SUMMARY 

The pha �ocytic activi ty of th e reticuloend othe l ia l  

syste� was e s t i ma t ed in E . ovis inf e cted �nd control sheep 

by measurin� the intravas cul 3r c l earance  ( k ) of intra­

venously in j ec ted carbon . C on s id er able problems were 

encountered with t h i ?  t e chniqu e  in sheep , where c arbon 

aqgreqa tion o c c urred , lead ing to d eposit i on of l arge 

amounts of c arbon in n on-reti cu l o end othel ial s ite s ,  

p�rticularly the lun� ca pil la ries . Evid ence i s  provided 

whi ch su�� ests  that there is  an intera c t i on between the 

c arbon and some pl 1 s�a substances  the mos t  notable o f  whi c h  

i s  fibrino�en , lead in� t o  th i s  ag�re�ation . This  phenomenon 

d o es not a ppear to o c c ur to the same extent in l a bo r�tory 

anima l s  using simi lar d o s e  ra t e s  of  carbon with s imilar 

d iluent s .  

E .  o vi s  infected sheep showed increa sed c arbon cl earance 

rate s  as  co mpared w i th contr ol s heep . Thi s was small and 

non-siRn i fi cant  a t  early paras itae�ia ( 5  day s  po s t - in o cub t ion ) , 

but was hi R:hly s ig;n ifi cant ( p < 0 . 01 )  a t  pe .1 k  p:1ra s i taemia 

( 1 2  days ) . The  cl earance rate had ne3 rly re turned to  normal 

a t  day 26 . T he increa sed  clear.:1nce  rate  durinf2; parasitaemia. 

was accomp.:J.nied by incre 3 sed l iver and spl een wei tSht . 

It i s  po stulated that the incren sed reti culoend othel ial 

ph��ocyt i c  sctivity , as measured by carbon c l earance , may 

al so  be d irec ted a�ainst E . o vi s  itself or paras iti z �d 

erythrocyt e s .  The increase  in non- specific  opsonins , wh ich  

reflect  increased carbon c lear ance  may be au�mented by 

s pe c ific  opsonizing ant ibod i e s  against  the organ i sm and /or 

the erythro cyte . In the latter instance mechan i c al damage 

to the erythrocyte by the paras ite may po s s ib ly l ead to  

antibod ie s . d irected against the erythro cyt e .  I rrtraya s cular 

haemoly s i s , wh i ch i s  a feature o f  E .  ovis inf e c t ion ,  may 

resul t  from the parti c ipa t ion o f  complement in the antibody­

antigen reaction.  

Non-spe ci f i c  stimula t ion o f  the reti culo e ndoth el ial  
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system could . al so have resulted from the haemo ly s i s  0 f  

erythrocyte s , and it  is sug�ested that the small proli fer­

at ion of Kupffer cells  which was noted 3t late paras i taemia , 

resulted from thi s . 

Further stud i e s  of th is  nJ ture in sheep should only be 

�ad e when th� probl ems enc ountered w i th c arbon agqregat ion 

are ove�come , e i ther by us ing a di fferent stab i l i z er and /or 

d i luent , or by changing the test  subst8nce . 
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Figure 6. 1 .  Phagocytic index ( k )  values of infected and control sheep during early, peak 
and late parasitaemia ( Exp. I V  - Group mean values) 

30 



(/) 
� 
� 0: 
� 

(/) 
� 
� 0: 
t:} 

1 5 1  

• EXPERIMENTAL LY INFECTED 
8so 

-E{(,��-1��Hi- - "A- - -- - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

750 

650 

550 

450 

120 

90 

60 

30 

n= 30 • • 
r·= 0·52 • 
P < O·Ol 

• 
0 

• 
0 

• 

0 

0 

0 

0 0 

• 0 
8 0 0 

y = bx + c 
659 · 23 : 791 ·  84 X 0 · 09 + 585 · 75 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SPLEE N  WEIGHT 
n : 30 

r = 0 · 74 

P < 0·01 

o DD 
0 0 0 

PARASITES 
n = 30 

r = 0· 76 

P < 0 ·01 

0·05 

• 

0 

• 

• 
0 

c 

0 

B 

• 

• 

• 

0 

0 

• 

• 

• 

• 
0 

• 
• 

y = bx + c 
74 · 87 =  314 · 4 1  X 0 ·09 + 45 ·69 

'i = bx + c 
1 · 2 8  = 21 ·57 X 0 · 09 - 0<t>6 

0· 10  0 · 15 0·20 0 ·25 

• 
• 

PHAGOCYT IC INDEX - ( k > 

Figure 6.2. The correlation of phagocytic index in control and infected sheep with l iver 
weight (A) ,  spleen weight (B) and the degree of parasitaemia (C) .  
( Exp. I V  - I nd ividual sheep values) 



\ 52 

F igur e  6 . ) : An are a  of  she e p  l iver , 24 hours nfter 

intravenous administr at i on o f  c �rbon n nd sh owing the 

re lat ionship of c arbon to Kupffer c ell s . ( H  & E x  400 ) � 
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F igur e� : T h e  c e n tr i l obul�r ve i n  o f  a she e p  l iv er ,  24 

h o ur s a f t e r  intravenous 3dmini s tra t i on o f  c ar bon show in g  

a c c umul 3 t i on s  o f  c arbon pa r t i c l e s w i th in t h e  v e i n "  

( H  & E X  400 ) " 
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F igure  6 . 6 : T he d is tri bu t i on of c �rbon in  the spleen o f  

a she ep  2 4  hours �fter the intravenous �d min i stration o f  

the carbo n ,  S ome carbon i s  i n  the red oulp but most  i s  

as so c iated with mJ crophn�es wh ich surr ound the lympho id  

f o l l i cle . ( H  & E x  lOO ) . 
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F igure 6 . 7 : C omparison o f  d i stri bu tion o f  h �emo s iderin �nd 

intravenou s ly administered c �rbon 24 hour s a fter carbon 

in j ec t ion . The b+ue staining haemos id er in is confined t o  

the  red pul p  area , whereas  c�rbon i s  more evenly di stribu ted 

wi th a large amount ad j acent to the l ymphoid  foll i c le . 

( P erl ' s Prus sian Blue x lOO ) . 
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F igur e 6 . $ : Lung o f  a sh ee p , 24  h ours 'lfter the intravenous 

admini s tr�t ion of c arbon . Carbon i s  d epo sited in the inter­

s ti tial  t i s sue pro bably within  capi llaries  but the rel 2ti on­

sh i p  be tween carbon and lung structure is d ifficult to 

asc ertain . ( H  & E x  2 5 0 ) • 
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a b c d 

F igure 6 . 1 0 :  T h e  interac t i on between carbon and fibr ino gen 

in plasma . 

( a ) Packed erythro cyte s  wi th buffy coat  in normal 

she e p  bl ood . 

( b ) Packed fibr inogen , inc orporated wi th the buffy 

c oa t  �fter h ea t i ng �e plasma column for 3 m in at  

5 6 °C and rec entri fu.g
-'
ing . ( Normal shee p  bl ood ) . 

( c ) Plasma contain ing a large amount of  c arbon f o l l ow­

ing centrifugat io n  of blood taken from a sheep  

5 min after intravenous administra ti o n  of  carbon . 

The plasma and packed c ell  interphase  i s  s hown 

by ( + ) . 
( d ) S ample ( c ) rec ent rifuged after heat ing of  th e 

plasma c olumn f or 3 min at 56 °C . Mos t of t h e  

c arbon h a s  packed wi th the pre c i pitated f ibr inogen.  



� 600 
.-

X 
w 
a: 
� w 
� 
:::::i 400 
::! 
� 
u 
cc 
:::> 
u 
II: 200 
UJ 
Q.. 
II: UJ 
ID 
� 
:::> 0 z 

10 

M 8 0 
X 

UJ 
II: 6 1-
UJ 
� 
..J 
..J 
� 
u 4 
cc 
:::> 
u 
a: UJ 
Q.. 
a: 2 UJ 
ID 
� 
:::> 
z 

0 

• SH E E P  A 
0 S H E E P  B 

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

PLATE LETS 

LE UCOCYTE S 

0 5 10 15 
MINUTES 

20 

160 

25 

B 

B 

A 

30 

Figure 6.11 .  Total leucocyte and platelet counts of two sheep (A and B) fol lowing  the 
intravenous injection of 8 mgs of carbon particles per 1 00 grams body weight 



CHAP TER VII 

THE EFFECT OF EPERYTHROZ OON OVIS ON THE CARBOHYDRATE 

METABOLISM OF ERYTHROCYTES 

DJTRODUCTI O N  

161 

S ince the first observation o f  E perythro z oa ( S chill ing t 
192 8 ) , reports  on the bio che�i stry of the organi sm h�ve been 

c onf ined to h istochemical stud ie s  ( Kreier and R i sti c , 1 968 ) . 

Th ere ha ve been no reports on the or�anism ' s metabo l i sm ,  

growth or ener�y requ iremen t s .  S tudy o f  the metabol ism of 

blood parasites  has been mainly r� stric ted to  the Pro tozoa 

o f  tbe genera Plasmod ium ( Moulder , 1962 ) and Babesia  ( R i ckard , 

1 96 9 ,  1970a , b ) ; and the R i c kettsiae wh ich cause  typhus . 

fever s , spotted fevers 1 s crub typhus and Q fever ( Moulder . 

1962 ) .  

All o f  the aforemen t i oned organi sms are intrac el l ul ar 

parasites  and me tabol i c  s tud i e s  have been approached e i ther 

by c omparing the metabol i sm of non- infected and infe c ted 

erythrocytes  or by isolation of  the parasite  from the 

erythrocyte and studyin� its activity in arti f i c ial med i a �  

I t  has been frequently found that the freed Plasmod i um and 

Babesia organi sms are permeable to sub stan c e s  which  are no t 

able to enter intac t  erythrocytes and therefore �re not 

ava ilable to the intrac ellular organism ( Mould er , 1962 ; 

R i c kard , l 970a ) . A s  a re sult it  is pos si ble  that an or�anism 

i so lated from its host cell could show an altered metabol i sm 

b e c ause i t . may not have the advantages of hos t  cell 

me tabo l i sm ,  or because o f  d amage in the i solation proc � s s .  

A lthough the Eperythro z oa are epicel lular , they are attached 

to the erythrocyte arid c au9e  ero s ion 9f the erythro cyte 

surfac e  ( Kre ier and R i s t i c , 196 3 ) and t there f ore ; it  migh t  

be  expec ted that they d e pend o n  the erythro cyte fo r al� or 

part of their energy and synthetic  requ iremen t s .  For these  

reason s , metabol i c  s tud i e s  were  mad e without a ttempting t o  

s e parat e  the organism from the host erythroc yt e  .• 
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The metabo l i c  character is t i c s  of the erythro cyte at  

�ar ious stage s of matura tion are  l i sted in Tabl e . XXX . The 

2 glycolyti c  pathways of c arbohydrate me tabolism ,  name.ly  

the anaerobi c  ( Embd en-Myerhoff ) pathway and the aerobic  

( Pent ose-Pho sphate ) pa thway ( Fi�ure 7 . 1 )  form the  man basis 

of  mature erythrocyte me tabol ism . �ost work on th is  aspect 

of erythro cyte metabo li sm has been c onfined  to hu�an c ells  

and �eDera+ reviews hav$ been  publ ished ( Prankerd , . 1961 ; 

B i shop , 1964 ; Rapoport , 1 968 ; Fornaini and Bossu , 1969 ; 

Harris  and Kell ermeyer , 1970 ) � Glucose is  the main mono­

sac charid e uti li zed by erythro cytes wi th approximately 90% 

me taboli z ed via the ana erobi c pathway to form lactic  a c id 

as  the ma jor end prod uc t and 10% metabo l i z ed vi� the aerobi c 

pa thw�y ( Murphy , 196 0 )  ( F i£?;ure 7 . 1 ) . Thi s glycolyti c activ ity 

ensures the continued ava ilabi l i ty of energy and reductive 

potential ne cessary for maintaining the structure and func t ion 

of the cell  ( Fornaini and Bossu , 1969 ) . 

Be cause glycolysis i s  the most  important metabol i c  

a ct i vity of  the erythro cyte , a comparat ive study o f  the 

glycolyt i c  act ivity of E . ovis infected and non-infe c ted 

sheep  erythro cytes was mad e ( Part I ) .  As ret i cul o cytes have 

add itional metabol ic  pathways ( Table �XX ) and are pre sent in 

the later sta�es of E . ovis infection , a comparative study 

was also made of the glyco lytic  activity of non-infec t ed 

erythrocyte s and erythrocytes  from non- infe cted ana emi c  

she ep with a reti culocyte percentage equivalen t to that fo und 

with E .  ovis  infe ction ( Part I I ) . 

M !\ TERIALS AND METHODS 

The  experimental pro c ed ures and bio chemical assay s  were 

as d e s cr ibed for E� eriment V in Chapter II . 

RESULTS 

Glu c o se U tiliz ation 

The overall mean gl uco se utiliz ation by the erythro cytes  



T ABLE XXX 

�iffiTABOLIC C HARACTERIS TICS OF THE ERYTHROCYTE AT VAR IOUS 

S TAGES OF ITS DEVELOPMENT ( FROM HARRIS & KELLERMEYER , 1970 ) 

Nucleated Adul t 
c ell Re t iculo cyt e c ell 

R epl i ca t i o n  + 0 0 

DNA S ynthesis  + 0 0 

RNA Synthesis  + 0 0 

RNA Pre sent + + 0 

L i pid  Synthesis  + + 0 

H eme Synthesis  + + 0 

Pro tein S ynthesis  + + 0 

Cytochrome and Ele ctro n 
Tran sfer Sys tem + + 0 

Carbohydrate Metabol ism 
Tricarboxyl ic  Acid 

( TC A ) Cycle + + 0 

Ernbd en-Meyerhof 
Pathway + + + 

Pentose Pho spha te  
Pathway + + + 

�1aturat ion and /or 
S enes cen ce + + + 
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from the c ontrol sheep was 0� 6 3 + 0 . 004 � mol e s  per ml of  
cells  per h9ur . The time relat ionshi ps between the �l u co se 

ut il i zati on , degree  of parasitaemia and reticulo cyte percent­

a�e for infec ted erythrocytes ( Part I )  and a similar relat ion­

sh ip for non- infe cted erythro cytes between glucose  utili zation 

and ret i c ulocyte perc entage ( Part II ) are shown in Fi�ure 7 . 2 .  

The maximum mean qluco se uti l izat ion by the erythro cyt es from 

the infected and non- infe ct ed �roups o f  anaemi c sheep  with 

the c orre spond ing control values are shown in Table s  XXXI 

and XXXII re spe ctively . The results show tha t : 

1 .  Gluco se util i zation by infe cted erythro cyte s in creased 

rapidly with the onset  of  para s itaemia and signif icant  

( p  <0 . 05 )  increases  in uti lization over that of  the 

c ontrol cells  oc curred when the para si tae�ia reached a 

mean level of  0 . 32 parasites per erythrocyte . 

2 . i\�aximum glucose uti liz ation by infe �ted erythrocyte s 

c orrespond ed with peak parasitaemia , and was approximately 

24  t imes that  of control erythro cyte s ( F igure 7 . 2 and 

Table XXXI ) .  

3� Gluco se utiliz ation by non- infec ted erythro cytes from 

anaemi c sheep was simi lar to that of c ontrol erythro cytes . 

The increase in glucose  utilization by infe cted erythro­

cyte s was  c orre lated s ignifi cantly ( p  < 0 . 01 ) wi th both the 

d egree of parasi taemia and reti culo cyte per centage  ( Tabl e 

XXXIII ) .  However be cause of the relat ionsh ip be tween 

paras itaemia and re ticulo cyte perc enta�e s ( n  - 1 3 , r = 0 . 6 5 ,  

p <0 . 05 ) and the relationship between gluc o se utilization and 

reticulocyte percentage in Part II ( Figure 7 . 2  and Tabl es  

XXXI I and XXXII I ) , it was evid ent that the tncrease in 

glucose utiliz ation was due to the parasi te ,  and not 

influenc ed by ret i culo cyto s i s .  

Lac t i c  Acid  Produc tion 

The mean lactic  ac id produc ti on by erythro cytes from 

c ontrol sheep  was 1 . 18zO . Ol � �o les  per ml o f  erythrocytes 

per hour . The rela tionships between the lactic  acid pro ­

d�ction ,  degree o f  paras i taemia and ret iculo cyte percentage 



•rABL.;:; XXXI 

Th e metab o l i sm of c ontrol and E . ovis inf e c t e d  erythrocyt es at the time of maximum 

differemc e b et1·:e en r eadinr:s . ( :C:xp . V ,  :t'art I =  Grou_:J o e an value s . )  

Gluc os e  ut i l i z at i on 
( u  moles/m l  erythrocytes/hour ) 

Lac t ic a c i d  pro duc tion 

( u  m o l es/ml erythrocytes/hour ) 

Glyc o lytic rat i on ( p erc ent ) 

r yruvic ac i d  produc t i on 
( u  m o l e s /ml erythrocytes/hour) 

Fyruvic acid as a p erc entage 
o f  l a c t i c  acid 

Perc ent gluc o s e  acc ount e d  for as 
oxygen uptak e , lactic and 
pyruvic a c i d  

Oxygen uptake 
( u  l i tres/ml erythrocytes/hour ) 

Gluc o s e -6-ph o s phat e dehydrogenas e 
( u  m o l e s  N ADP reduc ed/min; 

3 . 2  gms Hb 

C ontr o l  Infe c t e d  t 

0 . 64- 1 5 . 52 1 6 . 99 

±0 . 01 * ±0 . 88 

1 . 1 9  21 . 91 3 . 65 

±0 . 06 ±5 . 69 

91 . 94- 61 . 88 5 . 1 0  

=3 . 09 ±5 . 0 5  

0 . 1 6  0 . 80 1 1 . 4-6 

±o . o1 ±o . o 5  

1 1  . 01 2 . 08 8 . 91 

=0 . 98 ±o . 2o 

1 1 2 . 29 64-.09 7 - 55 

�3 . 79 ± 5 . 1 7 

7 . 39 20 . 86 7 . 90 

±0 . 83 ±1 . 50 

0 . 82 1 . 82 5 . 27 
±o . o6 ±o . 1 8  

p 

< 0 . 001 

< 0 . 02 

< 0 . 01 

< 0 . 001 

<D . 01 

< 0 . 001 

< 0 . 001 

< 0 . 01 

N o .  o f  deticul ocyt e paras i t e s /  perc entage erythrocyt e  

2 . 59 5 . 4-2 

0 . 27 5 . 85 

0 . 002 3 . 34-

2 . 59 5 . 4-2 

5 . 1 7 5 . 20 

0 . 002 3 . 3 4-

5 . 1 7  5 . 20 

4- . 53 4- . 68 

Numb er of sheep in each group = 6 

• st andard error . 

Days a f t er 
para s i t a em i a  

ons e t  

1 2  

7 

4-

1 2  

1 9  

4-

1 9  

22 

0\ 
\J1 



T ABLE XXX II 

THE .m TABOL ISM OF CONTROL ERYTHROCYTES AND ERYTHROCYTES FROM AN�E�IC NON-INFECTED SHEEP 

AT THE TIME OF MAX IMmil D IFFER.ENCE BETWEEN RE:\D ING S ( EX P  V PART II - GROUP I\181\N V/,LUES ) 

C ontrol 

Glu c�se U t i l i zation 
0 .  5 9..:t0 · or ( � mole s /ml erythrocytes /hour ) 

L a c t i c  A c id Production 
( """ mol e s /ml erythro cytes/h our ) l .  06+ 0 . 02 

Glycolyt i c  Rati o  ( Percent ) 94 . 06.±4 - 5 3  

Pyrl' vi c 1\. c id Prod uction 
( .,u 'Tiole s /ml erythro cyte s /h our )  0 . 1 3.±_0 . 01 

Pyruvi c  t c id a s  a Percenta�e 
of Lactic  A c id 14 . 68..:!:0 . 60 

Pe1 �ent r,lucose ac counted for 
as Oxy �en Uptake , Lact i c  and 
Pyruv ic J c id 111 . 5 O.:t.l .  67  

Oxygen U ptake 
( � 1 ;_tre s /ml erythrocyte s/hr )  8 . 88.±_0 . 77 

Gluc o cle-6-Phosphate Dehy€rogenase 
( � mol e s  NADP r educed/min/ 
3 . 2  gms H b )  0 . 88.±_0 . 1 1  

Number of she ep i n  each �roup .. 4 
X = S t and ard Error 
NS = Not S ignifi cant ( P > 0 . 05 )  

Anaemic  t 

0 . 71..:!:0 . 03 3 . 66 

l .  2 9_:!:0 . 06 3 - 39 

82 . 72..:!:4 · 90 l .  70 

0 . 18+0 . 01 3 .  06 

10 . 98..:!:0 . 47 4 . 8 3 

138 . 3 9.±_2 . 1 9  9 . 91 

24 . OO..:t2 . 28 6 . 30 

1 . 8 9..:!:0 . 1 5  5 . 3 3 

p Reticulocyte 

- - . Percent�t!f lil �naeml c · QQd 

<0 . 05 l .  50  

<0 . 05 l.  50 

NS 0 . 1 3  

NS 0 . 98 

<0 . 02 l .  50  

<0 . 001 3 - 5 3  

<0 . 01  3 - 5 3  

<0 . 05 0 . 98 

I-' 
0' 
(]'. 
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TABLE XXX III 

THE CORRELATIONS BETWEEN ERYTHROCYTE �TABOLISM AND THE 
DEGREE OF PARAS ITAEMI A  AND RETIC ULOC YTE FE RCENTAGE ( PART 

I )  AND IN UN INFECTED ERYTHROCYTES BETtii/EEN ERYTHROCYTE 

111ETABOLISM AND RET ICULOCYTE FE RCENTAGE ONLY ( PART I I ) -

EXPERIMENT V 

P ART I - Number of  Read ings = 13  

Parasi tae·nia Reti culo cyte Per centage 

r p r p 

Glucose  
U t i l izat ion 0 . 99 < 0 . 01 0 . 69  < o . o1  

Lac t i c  Ac id 
Production 0 . 99 < 0 . 01 0 . 71 < 0 . 01 

Glycolytic 
Rn tio  -0 . 56 < o. 05 -0 . 2 1 NS 

Pyruvic A c id 
Produc t ion 0 . 89 < 0 . 01 0 . 58  < 0 . 05 

Oxygen Uptake 0 . 74 < 0 .  01 0 . 95  < 0 . 01 

Percent Gluco se 
as 0 Lac t i c  & 
Pyru�ic  A c id -0 . 69 < o . 01 -0 . 3 5  NS 

Pyruvi c A c id . 
. 

Lactic  A c id - 0 . 8 5  < o .  01 -0 . 59  < 0 . 0 5 

G luco se-6-Phosphate 
Dehydro�enase  0 . 76 < 0 .  01 0 . 87  < 0 . 01 

Corre lation betwe en Parasitaemia a nd Reticulocyte 

P ercentage r : 0 . 6 5 p < 0 . 0 5 

PART II - Nu�ber of  Readi ngs = 10  

R et i culocyte Percentage 

G luco se Uti l i z ation 
Lactic  A c id Production 

G lycolyti c Ratio 

Pyruvic  A c id Production 

Oxygen Uptake 

Percent Gluc ose as 0 � Lactic  & Pyruvic  Acrd 
Pyruvic  A c id : Lact ic  A c id 

Glucose-6 -Phosphate 
D ehydrogenase  

r 

0 . 4 5 
0 . 5 7  

0 . 41 

0 . 19  

0 . 90 

o .  73 

-0 . 41  

0 . 2 1  
\ 

r = c orrelation coefficient 

NS = Not  signifi cant  ( p > 0 .  05 ) 

p 

NS 
NS 

NS 

NS 

< 0. 01 

< o .  05 
NS 

NS 
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( Part I I )  are shown in F igure 7 . 3 .  The maximum mean value s 

obta ined from the erythro cyt es of  the infected and non­

infected �roups of anaemic sheep  wi th the correspond ing 

c ontrol value s  are shown in Table s  XXXI and XXX II re spec t­

ively . From the figure and tabl es  it  can be seen that the 

oattern of l a c t i c  ac id production in infe cted and non­

infected erythrocyte s was simi lar to tha t of the gluco s e  

util iz ation . Peak lactic  acid produc t i on by infe c ted 

erythrocytes o c curred at the pe ak of parasitae mia  and was 

approximately lS times that of c ontro l erythro cytes . 

S imilarly , i t  was also  apparent that t he increa se in  l acti c 

a c id produc t ion was due to the pr esen ce  of the parasi t e  

rather than the pre sen ce of ret i cul o cytes  ( F igure 7 . 3 and 

T 3 bles XXXII  and XXXIII ) .  

Glycolyt ic Rat i o  ( Percentage La c t i c  Ac id/G lucose ) ( l ) 

The mean �lycolytic rati o ,  i . e .  the . por centage of glucose 

utilizat ion ac counted for as lacti c acid , for the erythro cyte s  

o f  c ontrol  sh eep was 92 . 96�0 . 69% . The time rel �ti onsh i ps as  

d es cribed for  �lucose  utilization and lactic  acid produc t ion 

are shown in Figure 7 . 4 and the values at maximum �roup mean 

d ifferenc e  in Part s I an� I I  are shown in Tables  XXXI and 

XXX II re s pe c tively . 

The glycolytic  ratio  for infected erythro cyte s fel l  with 
the ons e �  of parasitaemia to a min imum leve l of  6 l . SS% 

( Table XXXI ) .  Thi s  fall was due to the pre senc� of 

parasite s rather than ret iculocytes ( F igure 7 . 4 ,  Table s 

XXXII and XXX I I I ) .  

flruvic Acid  Produc tion 

The mean pyruvi c  acid  product ion by erythrocytes  from 

c ontrol she ep was 0 . 145�0� 003 � moles  p�r ml of erythro cytes  

per hour . As for  lac tic  acid  produc tion ,  the l evel of  

pyruvi c  ac id produ ced by infe c ted erythro cyt es  ( Fi gure 7 . 5 ) , 

( l ) C al cula ted on the ba sis  that if  2 mol e s  of l a c t i c  acid  
are produced from l mol e  of  glucose , the �lyco lyti c  
ratio  i s  lOO% . 
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increa sed with parasitae�ia reaching a maximum group mean 

l evel at the pea k  o f  parasitaemia .  Thi s was approximately 

5 time s  the amount of  pyruvi c acid produc ed by the control 

group erythrocyte s .  Thi s  large increase d id not o c cur with 

the erythrocytes from the anaemic non- infe cted she ep ( Fi�ure 

7 .  5 ) . 

Pyruvi c A c id Lact i c  A c id Ratio 

The mean percentage ratio of pyruvi c  acid to l a c t i c  

a c id for t h e  erythrocyte s o f  the control sheep was 12 . 5 2±0 . 24 .  

W i th the onset of parasitaemia the infected erythro cy tes 

showed a marked fall in th is ratio ( Fip:ure 7 . 6 ) to a level  

o f  approximate ly one -fifth tha t of  the controls ( Table XXXI ) .  

As can be seen in F i gure 7 . 6 ,  th i s  low l evel pers i sted 

during the co urse of parasitae �ia � As  wtth the other bio­

chemical parameters prev iously d e s cribed , the level  wa s no t 

influenc ed to any degre e  by the p ercentage of  ret i culocyt e s  

pre sent ( F i fSure 7 . 6 ,  Tabl es XXX II and XXXII I ) .  

Oxygen Uptake 

The mean rate of oxygen uptake by erythro cytes from 

control she e p  during the 2 hour incubation period was 

8 . 16±0 . 1 9  J..L litres per ml of erythro cytes  per hour . 

Although there was a steady rate of upt a ke over the 2 h our 

incubati on per iod , l e ss oxygen was uti lized in the s e c ond 

hour ( Ta bl e  XXXIV ) .  The time relationships as d e s cribed for 

the bio chemical parameters are shown in F igure 7 . 7 and the 

maximum l evel s  in Part I and I I  are shown in Table s  XXXI and 

XXXII respectively . The data show that : 

1. Oxygen uptake increased in bo th E .  ovis infe cted erythro­

cytes and in erythrocytes from anaemic non-infe cted 

sh e e p .  

2 .  The increase in th� inf e c t ed erythrocytes  reached a 

maximum me9-n level , approximately 2 . 5  time s  the c ontrol 

mean l eve l , - and in the non-infe cted erythrocyte s from 

anae�i c  she e p  a maximum mean level approximately 3 time s 

the control mean l evel ( Table s  XXXI and XXX I I ) . 



TABLE XXXIV 

COMPARISON BETWEEN THE F IRS T HOUR AND THE SECOND HOUR IN 

THE OXYGEN UPTAKE OF CONTROL ERYTHROCYTES FOR A TWO HOUR 

INCUBATION PER IOD ( EXP' V PART I - GROUP MEAN VALUES ) 

Day 

0 

1 

2 

5 
7 

9 

12  

14  

17  

2 0  

2 2  

2 4  

2 7  

Oxygen Upta ke 

Hour 1 Hour 2 

8 . 41,:tl . 96 
X 4 . 58,:tl . 94 

10 . 2 2,:tl . 41 5 . 2 7,:t0 . 97 

8 . 82,:tl .  93 8 . 2 0,:tl . 52 

1 0 . 1 7+ 1 .  32 4 .  07,:t0.  61 
1 1 . 3 0±2 . 26 7 .  08.:tl . 5 1  

1 1 . 1 3_±1 . 1 7 4 .  04�1 . 2 3  

1 0 . 91_±0 . 82 6 .  3 1±1 . 02 

10 .  5 8.:tl . 14 7 . 04±0 . 6 0  

7 . 48�1 . 18 6 .  99_±1 . 1 9  

1 1 . 2 3_±1 . 5 9 5 .  6 3.:tl . 01  

1 1 . 32_±0 . 62  3 . 8 3_±0 . 62 

1 2 . 2 5,:tl .  73 2 .  75,:t0 . 8 9  

1 2 . 14±1 . 98 6 . 03.:tl . 6 5  

Number o f  Sheep in each qroup = 6 
x = S tandard Error 

NS = Not  siQ:n ificant ( p  > 0 . 05. )  

t p 

1 . 39 NS 

2 . 91 < 0 . 05  

0 . 26 NS 

4 . 22 < 0 . 01  

l .  56 NS 

4 . 18 < 0 . 01 

3 . 5 2 < 0 . 02 

2 . 75 < 0 . 0 5 

0 . 2 9  NS 

2 .. 97 < 0 . 05 

8 . 5 3  < o .  001 

4 . 90 < 0 . 01  

2 . 38 NS 
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171 

3 .  The increase  was c orrelated signif i cantly with bo th 

reti c ul o cyte percentage and parasitaemia ( Tabl e XXXII I ) , 

but i t  i s  apparent that the increase is  al most  entirely 

due to  the presence  of reticulo cytes  ( Figure 7 . 7 , 
Tabl e XXXII ) .  

The mean rate s of oxygen uptake measured at 10 minute 

interval s over the 2 hour incuba tion period at  3 d ifferent 

stages of E . ovis infection are shown in Figure 7 . 8 .  

Erythro cyt e s  taken from an imal s as peak para s i taemia was . 

reached , and before the reti culo cyte response was marked , 

relea sed gas ( pre sumably oxygen ) over the firs t  hour ' s 

incubat i on . Th i s  was reversed dur ing the second hour . At 

the later stage Q f  parasitaemia , when  the reti cul o cyte per­

centage was high , egress of oxygen from the infe ct ed erythro­

cytes  was not apparent , a nd oxy�en uptake pro c eed ed at a 

steady , though h igher than nor�al , rate . 

P ercentage of G lucose Ac counted for as Oxygen, Lactic  A c id 

and Pyruv i c  A c i d  

The  total anount of gluc o�e  utili z ed , that c ould be 

ac counted  for as oxygen uptake , lactic  acid and pyruvi c  a c i d  

produ c t ion i n  t h e  contro l erythr o cytes was 1 13 . 98 + 0 . 8 1% . 

W i th the onset of infe c t i on ( Part I )  the per centage of . 

glu c o se uti l iz ed in this  manner d e c reased ( F i gure 7 . 9 ) , 

reaching a minimum level in the early parasi t.ae11ie stage of  

approximately half that of the control level ( Table XXXI ) .  

I n Par t  I I  the percentage o f  glucose  util i z ed in�reased 

( F i�ure 7 . 9 )  because of  the hi gher oxygen uptake , while  the 

l a c t i c  and pyruvic  acid level re 11ained virtually unchanged 

( Fi gure s  7 . 3 and 7 . 5 ) .  The peak  percentage obtained for 

Part II  was n early 2 5% h igher than the contro l s  ( Table XXXII ) .  

Gluco se-6 -Phosphate  Dehydrogenase  (G6PD} 

The mean G6PD l evel for t he ery throcyt e s  of the c ontrol 

shee p  was 0. 88 3+0. 029 � - mole s  NADP reduc ed  per minute per 

3 . 2  grams H b . The time relationships as  for the o th er 
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erythro cyte biochemical parameters are shown in Fi �Sure 7 � 1 0 .  

In Par t  I s ignif i cant increases  of  G6PD in the infe c ted  

erythrocytes over the  controls only o ccurred towards the  end 

o f  the experiment at the late  parasi taemic stage . The maximum 

l evel wa s approximately 2 . 5 time s  that o f  the control levcl 

( TAble XXXI ) and although th is  increase was signifi c antly 

correlated with both the d egree of  parasi taemia and reti culo­

cyte per centage ( Table XXXI II ) it  appea red to be more clo sely 

associ ated with the latter . 

In  Part II the l evel of  G6PD for the erythro cyte s  from 

the non- infe cted sheep increa sed irre�ularly ( Figure 7 . 1 0 ) . 
This i n c rease did not correlate s i�nificantly with �et i culo­

cyte percentage ( Table XXXIII ) although the maximum l evel 

finally r eached was approxima t ely 2 . 2 5 times the value 

obtained for the contro l ery throcyte s .  

DIS CUSS ION 

Carbohydrate :·1e tabol i sm of Normal S heep Erythro cyt e s  

The results obtained in th i s  s tudy on the �Slycolytic  

3 Ct iv i ty of  normal sheep erythrocyte s  are similar to  those  

obtained by  L eng and Ann ison ( 196 2 ) ( 'J' a  ble  XXXV ) . In  com­

pa rison with o th er ma�malian s p e c ies  S omogyi ( 19 3 3 ) found 

tha t the  glycolytic act ivity of shee p  blood was the l owes t 

of  tho s e  examined ( Table XXXVI ) .  One of the problems in 

exaillining such act ivity in erythro cytes is the h igh me tabo l i c  

act iv ity o f  leu c o cytes w�i ch mus t  b e  taken into ac count i f  

they are present ( B i sh o p ,  1964 ) .  B ecause Leng and Ann i son  

( 1962 ) had d i fficulty in . pre paring sheep erythro cyte su spen­

s i on s  free  of l eucocytes ,  the ir re sul ts were based on who l e  

blo od re adings ra ther than erythrocy te s  al one . In . thi s  study 

a s imilar d i ff icul ty was init ially experienced but ,  _ by 

carefully removing the upper layers of  erythro cyt e s , the 

l eu c ocyte count was reduced to l e s s  than 5 00 cells  per . cub i c  

mm. No  corr e c tion was mad e f o r  the l euco cy te s pre sent , and 

a s  t�e counts were similar in both c ontrol and ueated incub­

ate s , any d ifferen ces  in the b ioc hemical parameters measured 
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TABLE . XXXV 

RES ULTS OF GLYCOLYTIC ACT IVI TY OF· SHEEP BLOOD OBTAINED 

I N  THIS INVESTIGhTION AND BY LE�G AND ANNISON ( 1962 ) 
( T•,ffiAN VALUES ) 

Gluc ose  Ut ilization 
� �o l e s/ml c ells/hour 

Lac t i c  A c id Production 
� mol e s/ml cells /hour 

Oxygen U pta ke 
� l i tre s/ml c ells/hour 

This S tudy 

( Erythrocytes 
only ) 

0 . 6 3 

1 . 18 

8 . 16 

Leng and Ann i s on 

(Whole B lood ) 

0 . 69 

1 . 62 

1 0 . 9 
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TABLE XXXVI 

REL :\ T IVE S LYCOLYTI C R /,TES OF J11, t�·-1MAL IAN ERYTHROCYTES ( FROM 

S OMOGYI , 1933 ) 

S pe c ies  H ourly Rate of Glycolys is 
mgs/100 ml cells  

Rabb i t  2$ 

Guinea Piq;  23  

Dog 2 2  

C at 2 1  

Monkey 1 7  

Man 16-1$ 

C B.l f  4 . 5 

Ox 4 . 5 

P ig 3 . 5  

S heep  2 . 5 
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wer e  considered not to  be  due to  l euco cytes .  

Under aerobic condi t ions , lactic  acid was the main 

product of glucose me tabol ism , and the glycolyt i c  rat io was 

close  to lOO% ( Figure 7 . 4 ) . Thi s i nd icates  that gluc o s e  

uti l i z ation i s  predominantly anaero bic and p�o ceeds  v i a  the 

Embd en-Myerhoff glycolyti c  pa thway ( Prankerd , 196 1 ) . Thi s  

i s  similar t o  the � ituati on i n  ?rythro cyt es of  other mammal � 

( Barron and Harr9p ,  1928 ; B ird , 1947 ; B�rtlett and Marl 9w ,  

1 95 3 ;  B ernstein , 1 95 9 ;  Rivkin and S imon , 1 96 5 ; R i c kard , 

196 9 ) . 

The percentage o f  �l ucose accounted for as oxygen 

uptake and lactic and pyruvi c  acid � eduction was �reater 

than lOO% under aero bic  c ond it ions ( F igure 7 . 9 ) . Thi s was 

s imi lar to the re sul ts o bt3 ined by R i ckard ( 196 9 )  with rat 

erythro cyte s .  The sh eep  erythro cyte contains l it tle or no 

stored gluco se . ( S omogyi , 1933 ; R e id , 1 95 3 ;  L eng and 

Anni son , 1962 ) ,  so it follows from the result s  that there 

mu st . be some additional source  of lact i c  acid and /or pyruvi c  

ac id , oth er than the �l u cose  added t o  the incubation medium . 

One poss ibility i s  th e d eplet io� of glycolytic  pathway 

i nt ermed i ates , part icularly 2 - 3 , d i phosphoglycerate ( 2 - 3  DPG ) 

pre sent i n  the erythro cyte . I t  is generally a c c e pted  that 

2 - 3  DPG i s  an important regulator of oxygen d isso ciat ion at  

c onstant pH  and t emperature ( R�rth , 1970 ) . A d e pl eti on of  

erythro cyte 2 -3 DPG , while not  l ikely to  o c cur as  a result 

of  insufficient glucose  to  meet  the d emand s of  erythro cyte 

me tabol i sm ,  may result from a lower ing of intra cel lular pH 

d ue to  the in vi tro glyc olyt i c  ac tivity of the c el l  ( A strup,  

1 9 70 ) . I t  has been shown that other mammal ian erythro cyt e s  

incubated without added  glu cose  continue to  take u p  oxygen 

and pro9uce  lact i c  ac i d  and pyruvic a9id for some hours 

( Nossal , 1948 ; S h erwood�Jones et  al . , 1 95 3 ; Brand t and 

Rapoport , 1959 ; R i ckard , 1 96 9 ) . I t  was sugge sted by Brand t 

and Rapoport ( 19 5 9 )  that end o �enous glycine and po ssibly 

o ther amino -a c iQ S  provid e part of the end oge nous respira tion 

o f  erythrocytes , and it  has been shown that purine ribo s id e s  

such a s  inosine are c onvert ed to lacrt i c  ac id by erythro cytes 



( Gabri o  et  al . , 1956 ; 

J affe e t  al . , 195 7 ;  

Rubinste i� and D ensted t ,  195 6 ;  

Lowy e t  al . , 1958 ; J affe , 1959 ) . 
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I t  i s  th?refore apparent from the percentage of glucose  

a c c ounted for , that �luc o se is  little used for  synthe ti c . 

purposes  in normal erythrocytes ( Leng and Anni son , 196 2 ) , 

but mainly for the produc tio n of energy , . whi ch i s  the pr inci pal 

requirement of the erythro cyt e ( Prankerd , . l961 ; Bisho p ,  

1964 ; Fornaini and Bossu , 196 9 ; Beutler , 1969 ) . 

The pyruvic acid  to  lactic  acid ra tio of 1 2 . 5 2  obtained 

for normal sh eep ery thro cyt es was much hi�Sh�r than normally 

found in human erythro cytes  ( Kosower et  al . , 196 3 ) but 

simi l�r to tha t found in rat erythro cyte s  by R i ckard ( 1969 ) . 

R i ckard suggested that the h igh ratio  in rat erythrocytes  

was due  to  a high nor�al activi ty of  NADH-depend ent me thae­

moglobin d iaphorase . Of  the 2 enzyme s concerned in methae­

moglo bin reduction ( �JADH-d e pend ent di aphorase , and 1\JADPH­

d e pend ent reductase ) ,  the d iaphorase is th e �ore  important 

physio lo�ically ( G ibson , 1948 ; S cott et al . ,  196 5 ; Tonz , 

1 968 ) .  I n  vitro , thi s  c an be maintained by dehydrogen�t ion 

of l a c t i c  a c id , �ed iated by lactic  d ehydrogenase ( Tonz , 

1968 ) .  Because i t  appears t hat increased sus ceptibil i ty to  

methaemoglobinaemia in  ruminant s is offset by an  in9reased . 

ability to reduc e met haemoa,l obin ( Smith and B eutler , 1966 ) ,  

i t  is  c onceivabl e  that i n  sheep a high normal level of  NADH 

is required to ma inta in haemo gl obin in the reduced state . 

The oxygen uti l i zation of 8 J6  � l itre s per ml erythro cy te s 

per hour was consi stent with the observations of L eng and 

Ann i son ( 1962 ) who e stimated that about 15% of the gl uco se 

metabol ism by sheep erythro cyte s  enters the aerob i c  pent o s e  

pho sphate pathway . The smaller amount of oxygen taken up in 

the s e c ond hour as c ompared  with the f irst hour was p o s s ibly 

due to an accumulation of  an energy reserve  during the 

initial  co lle c t i on and . pre paration period when the cel l s  

were kept a t  4°C ( S ir s ,  1 99 3 ) .  C � l l  metabol ism i s  sl ower at  

that t emperature ( Prankerd , 1961 ) ,  and i t  i s  as sum?d that  the 

low temperature  prevent s the ut ilization o f  energy , and for 
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a t ime ATP and o t her energy so urces  are ac cumulated ( S ir s , 
1 96 3 ) . A s  can be seen in F i gure 7 . S ,  the hi �her rate o f  
o xygen uptake i n  the first hour o c curred mainly i n  the first 
10 minute s ,  despite t ime being allowed beforehand for 
equilibration ( Umbreit  et  al . , 1 964 ) . I t  i s  pos s �ble that 
h ad the erythrocyte s  been stored overnight at 4°C ,  the hi gher 
rate of oxyg�n upt ake may _ have l a sted for an hour ( Davson 
and Danie l l i , 195 2 ; S irs , 1 96 3 ) . 

S ome workers have failed  tQ d e te c t  n6PD ac tivity in 
sheep erythrocytes  ( Baxt et a l . , 196 3 ; Bud t z -Olsen et  al . ,  
1 963 ; Wagner and Brown , 1 966 ) . However some activity ha� 
been found by others ( S a lvid io et  al . ,  196 3 ; Ko ch , 196 3 a , b ;  
Kaneko , and Smith , 1 964 ; Thompson �nd Tod d , 1964 ; $ mi th 
e t  al . , 1 965 ; Cheun , 1966 ; S nith , 1 96S ; Maronpo t , 1 972 ) , 
but th i s  is  very l ow and _ ap proximnte ly 5fr o f  the l evel in 
human erythro cyte s  ( Ko ch , 1 96 3 b ; S mith , 1 96S ) . A lthough . 
each author has re por ted his  result s in a d i fferent fo rma t ,  
mak ing c omparison be tween each result d i ffi cul t ,  the l evel 
of G6PD obta ined  for normal erythro cytes in thi s  s tudy i s  
similar t o  that obtained by S ni th e t  al . ( 196 5 ) . 

De s pite the fact  th�t the l evel of G6PD activity in she e p  
erythrocytes i s  very low ,  the pro portion of �lucose metabol i sm 
whi ch i s  directed throu�h the pentose pho sphate pathway ( 1 5% ) 
i s  s imilar to . tha t  of human erythro cytes ( Leng and Ann i s on , 
1 962 ; Tl1urphy , 196 0 ) . 

The Metabol i sm of R e ti culo cyte s  

The presence of reti c ul o cytes c au s ed a marked increase  
in the oxygen uptake by  sheep erythro cytes .  Thi s i s  consis t­
ent w i th the find i ngs w i th in human erythro cyte s  ( Harro p ,  
1919 ; N9ssal , 194S ; S herwood-Jones e t  al . , 1 95 3 ) . I n  
contras t ,  �lucose  util i z at ion and l a c t i c  ac id production 
were no t altered t o  any extent by the presence o f  reticul o­
cytes ; Thi s  obs ervation i s  in agreement wi th that o f  Leng 
and Annison ( 196 2 ) .  I t  has b een sh own that human reticu�o­
cytes have increased glycolytic  rates  c�mpared wi th mature 
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erythrocytes ( Bernstein ,  1 95 9 ;  Grime s , 1 96 3 ) ,  po ssess  a 
comple t e  tricarboxyl i c  a c id . ( TCA ) cycl e  and have cyt9 chrome 
activi ty ( Rubinst e in e t  al . , 1956 ; Da jan i and Orten , 1 9 5 8 ; 

Bernstein  e t  al . , 1 96 5 ) . 

I n  the study on infe c ted erythro cyte s ( Part I )  a s i gni­
ficant increase in G6PD l evel was obta ined ( Figure 7 . 1 0 )  

wh ich was si gnif i cant ly ( p  < 0 . 05 )  correlated with both d egre e  
of  paras i taemia and reti culocyte percentage ( T �ble XXXII I ) . 
I t i s  pos s ible that either one or bo th of  these factors 
cause an increase  in G6PD . I t  has been shown that young 
erythro cytes have a hi�her G6PD acti vity than nature 
erythrocyte s ( Lo hr and Waller , 196 1 ; ��rks e t  al . , 1958 ; 

'18 ronpor t ,  1972 ) . Todd and Ross  ( 1968 ) , �k ing with sheep , 
obtained a 3 -fold increas e  in the level of erythro cyte G6PD 

fol lowing phlebotomy whi ch they attribu ted to ht gher activ ity 
in younger erythrocyte s .  They did not , however , correlate 
the ir find tnf:s with . reti culo cyte per centage . In Part II o f  
th i s  s tudy , however , the G6PD level was not invariably 
increased in proportion to  the re t i cu l o cyte p�rceptage 
( Fi �ure 7 . 1 0 )  and the correl at ion between the two ,  althou�h 
po sit ive , was not s i�ni f icant ( Table XXXI I I ) . A study _ of 
Fi�ure 7 . 10 d o e s  reveal an arparent r i s e  ip G6PD level , 
corre s pond ing with reti cul ocyte percenta�e ,  but with a 

sudd en dro p  in th e penult imate s�t of  re�d ings when the 
reticulocyte percentage was hi�h , fol l owed by a hi gh level 
of G6PD in the f inal read ing when the reti culo cyte percent­
a g e  was l ow . A lthough the drop in th e penult ima te set of 
read ings is inexpl i cabl e ,  the last read ing could be explained 
by the fact  that reticul o cyte percentage does  not nece s sari ly 
ind i cate the to tal proportion of youn� erythro cytes pre sent . 
C on sid ering the  find in�s of other wo rkers , and the h i gher 
correlati on of G6PD with reti cul o cyte percenta�es than w i th 
paras itaemia in Part I ,  it  do e s  seem l ikely that the ore sence 
of  reticulo cyt e s  and a h igher than normal pr f'portion o f  
young non-ret icular erythro cytes was respons ible for the 
ma j ority of the  increase in G6PD l eve l . 

As  the increase of  G6PD leve l , and hence  pento s e  
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phosphate pathway activity , i�  very small  wi th virtual ly no  

alt era tion in  the glycolyt ic  ratio , it  must be  assum�d  that 

the a c t ivity of the TCA cy cle or some o ther oxidative pathway 

in re t iculocyt e s  i s  the cause of the ma jor increa se in 

oxygen  uptake . Th i s  �reater activity also led to the 

h i�her ra tio of  total metabolic  products  expre ssed as a 

percentage of glucose u tili zed in the samples containing 

reticulocy te s ( Table XXXII ) .  

C arbohyd rate Me tabol ism of E . ovis Infec ted Erythro cytes  

The glucose uti liz ation and lacti c acid produ ction of  

E . oTis infe9 ted erythro cytes was mar ked ly increased ( Fi gures 

7 . 2 and 7 . 3 ) , and was s imil a r  to th�t reported in �a lar i al 

infe c t�ons ( Chr istophers and Fu�ton , 1 938 ; Fulton , �93 9 ;  
''1/ end e l , . 1943 ; 3 ilverman e t  al , ,  1944 ; 'kKee et  al . , 1 946 ; 
�.�ould er ,  1962 ; Sher'Tlan et  al . , 196 9 ; $ chiebel and Pflaum ,  

1 970 ) and in Babe s ia infe c t ion ( Ri ckard , 196 9 ) . 

One of the interesting po ints e merg ing from thi s  study 

wa s the si�nifi cant lower in� of both th e �lycolytic ratio 

( F i�ure 7 . 4 )  and the percentage of  �lucose accounted for as  

oxygen uptake , l a ctic  a c id anQ pyruvic  a c id in the  infected 

c e l l s  ( Fi�ure 7 . 9 ) . Thi s  was , onc e aga iri , similar to the 

f ind in�s of S ilver nan  et al . ( 1944 ) with Plasmod ium gal l i ­

nac eum, and R i c kard ( 196 9 )  with Babesia rodhaini . �hat  

happens to  the una ccount ed for glucose  in  erythro cytes  

infe c ted with parasites  has been the sub j ect  of much study.  

It  has been suggested that it  is  used by _ the paras ite for 

synthesis  and energy produc tion ( R ickard , 196 9 )  and in 

mal aria-infec ted erythro cytes it has been shown that _ gl uco se 

serves �s a precursor for amino-ac id s ( Bryant et al . , 1 964 ; 
Garnham , 1966 ; S herman et al . , 1 969 ) ; .  but whether th� se are 

formed by the TCA cycle  ( Bryant et ai, ,  1964 ; Garnham , 1 966 ) 
or l;:>y the fixati on of co2 ( Sherman and Tung , 1966 , 1 96 8 ; 
S iu ,  1 96 7 ;  S herman et al . , 196 9 )  i s  still  a matter for con­

je c ture .  

Although the ratiu of pyruvic a c id t o  lactic  acid  
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rema ined constant in the contro l erythro cytes , there was a 
signifi c ant fal l  in  the E . avi s  infe c ted c e l ls ( F igure 7 . 6 ) . 

One poss ibl e  reason fo r this fal l  i s  the inc orporati on of 
pyruvic acid into the TCA cyc le  by the paras i te . The exi st­
ence of a TCA cycle  in the malar ial paras ite s ha� been 
sug�e st�d ( S pe c k  et  al . , 1946 ; . Bovarinck e t  al . ,  1946 ; 

�ould er , 196 ? ; G arnham , 1966 ) ,  but not substantiated ( B owman , 
et  a l . , 195 9 ,  1 96 0 , 196 1 ; Bryant  �nd Vel l er , 196 1 ;  B ryant 
et  a l . , 1964 ; S ch iebel and Pflaum ,  1 970) . S imilarly R i ckard 
( 19 70b ) consid ered the exi s tence of a func tional TCA cycle  in 
Ba be s ia rodhaini to be q uestionabl e . Whe th er any para+lel  
c an be  drawn with E . ovi s i s  no t cl ear , al thouvh the  apparent 
lo c k  of increa se  in oxy�en uptake by infe c ted erythro cytes 
would sugges t  s ome uti l i z ation of pyruvic a c id other . than by 
the oxiq ative TCA cyc l e .  S chiebel  and Pflaum ( 1970 ) , for 
exampl e , were able to show that ac cumul at ion of l arge amounts 
of neutral and volatile  acid s resulted from carbohydrate 
m2 taboli sm of P . knowle s i . One of the nes t  si�nifi c ant  
produc ts . was a c etate , wh i ch was  thou�ht to  be fo rmed from 
pyruvate , wi thout the l iberation of s ign ifi c ant q uant i t i e s  o f  
co2 • 

The re sul t s  of thi s  s tudy also  sug�e s t  t ha t  pent o se 
ph osphate pa thway activity ,  as  measured by the l evel of G6PD 

i s  not altered by E . ovi s infe c t ion . It has been shown w i th 
mal aria that thi s  pa thw�y d o e s  not exi st i n  the paras i te 
( Fletcher and Maegraith , 1962 ) but i t  has been sugge sted 
that the or�ani sm may have some st imulatory effe c t  on  t�e 
pathway of the ho st erythro cyte ( Fle t cher and r-�ae �rai �h , 

1962 ; Barne s and Pol e t , 196 9 ) . Thi s pa thway was no t ,  howev�r , 
considered t o  be  an important fac tor _ in the energy m etabo l i s� 
o f  the paras i te ( S c hiebel  and Hil l er , 196 9 ) . 

The egre s s  of oxygen from the i nfe c ted erythr o cy t e s  a t  
the peak of parasitaemi a  ( Figure 7 . 8 )  has not been rep orted 
w ith other b l oo d  parasi te infe c t ions . Egre s s  of oxygen has 
b e en reported in sheep erythrocytes  fo llowin� d i s s o c iati on 
of  oxyhaemoglo b in after mixing the erythrocytes . w ith a 
s o lution containing Na2s 2o4 ( Legge and Roughton , 195 0 ) . S irs  
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( 1966 ) also  found that the rate �f  this  oxygen egre s s  was 
de ternined by the rate of chemi c al d issociation of oxyhaemo­
gl obin and tha t  the intact erythro cyte membrane offered no 
eff�c tive re s i stanc e . The oxygen tension of venous blo od i s  
low ,  bu t further release o f  oxygen c an oc cur by l owering the 
pH or by incre a�ing the temperature of the reaction ( Harris  
and Ke l l ermeyer , 197 0 ) . Although the  incubati on temperature 
was 3 7°C and a phosphate buffer wa s inc luded in the med ium ,  
the high l a c t i c  a c id produc t ion by the infected erythro cyte s 
may h ave caused some lower ing of i ntracellul3r and extra� 
c ellular pH . As  a re su l t  of th is  increase in qlycolysi s ,  
deoxy�enation o f  h? e�ogl obin m�y have oc curred by med i at i on 
of th e B ohr effect , whereby oxyhaemoglo bin takes up a pro ton 
when an oxy�en mo le cule is rel eased ; thi s  caus ing an increase 
in the intracellular pH (W illi amson , 1970 ) . The oxygen 
relea se  during heavy i�fe ction  was compensated over the 2 
hour incubation period , probably by the oxidative  me tabol i sm 
of the erythrocyte . This  result ed in a final posit ive oxygen 
uptake . I t  i s  worthy of not e  tha t the oxygen uptake of c e l l s  
from the ana ent c non-inf e c ted  sheep was higher than E .  ovi s 
infe c ted  cell s , even thou�h the reti culo cyte count was l �wer 
( Fi �ure 7 . 7 ,  Tables XXXI and XXXII ) .  

A l though thi s  inve stifation does  not elucidate the 
me tabol i sm o f  E . ovis or any of its  bio chemi cal pathways ,  i t  
does  reveal tha t either a s  a resu l t  of  paras i te metabo l i s� ,  
or enhanced erythrocyte metabol i sm caused by the parasi te ,  
th ere i s  a v ery h igh uti l i zation of  glucose  with a concurrent 
h i �h out pu t  of  la ctic ac id . 

The effe c t  of  the s e  factors o n  blood glucose  l eve l s  and 
on the a c id -base sta tus of the ho st anima l  i s  s tud i e d  in a 
later chapter . 



SUMMARY 

The gluc o s e  utili z ation , lactic  a c id product ion and 
oxygen uptake of aerobically incubated normal shee p  erythro­
cyte s were c omparabl e to value s  re ported in the l i t era ture . 
The main featur e s  observed durin� incubati on of E . ovi s 
infec ted she e p  erythro cytffi were c onsiderable increa s e s  in 
glucose uti l i z a ti on and lactic acid produ c ti on . T�i s  was 
accompanied by a fall in bo th the gly� _ lytic ratio , and the 
percenta�e of rrluc o s e  ac counted for a s  lactic acid , pyruvi c 
a c id and oxygen up�a�e . The fate of the unaccount ed f or 
� lucose is  not  known , but it i s  su�ge sted tha t i t  was used 
f or synthe tic  and energy purpos e s  by E . o vis . 

The level o f  pyruvi c  a c id produced increased with aerobic  
in cubation o f  E . ovi s infe cted erythrocyt es , but the pyruvic  
a c id : lac t i c  a c id ra tio was l ower in the  infec ted erythrocyte s 
than in the normal control s he ep erythrocytes . This was 
su�ge stive o f  some uti l i zation o f  pyruvi c  a c id by th e 
paras i te . 

Uninfe c ted erythrocytes which incorporated a perc entage 
o f  ret icul o cytes  c omparable to that found in E . ovi s inf e c t­
i on showed no apparent difference in glucose uti l i z a ti on and 
lactic  a c id produc ti on from th e normal control sheep  erythro­
cytes . Howev�r cons id erable increases  in the oxygen uptake 
were record e d , whi ch is  co nsi stent with find ings reported in 
the l iterature for human erythro cyte s . Erythrocyt e s  h eavily 
infected wi th E . ovi s had net  oxygen uptake s for the 2 hour 
incubati on period s imilar to the n9rmal control erythro cy te s . 
In  contras t  to  normal erythro cyte s , the ini tial stages  o f  
t h i s  incubat io n  period wi th heavily infe cted erythro cytes  was 
characteriz ed by ne�ative oxygen uptake read ings . The cause  
o f  this  apparent d isso ciation and rel ease of oxygen from the  
haemoglobin mole�ule was  mo st probably due to  a d e creased 
intracellular pH , a s  a result o f  the increa sed glycolytic  
activity .  Thi s  phe�omenon was not apparent in the later 
s tages o f  infection , when reticulocytes  were pre sent . 



rhe activi ty of gluc ose -6 -ph� sphate  d ehydroge�ase  ( G6PD ) , 

an enzyme of the aerobic  pento se pho sphat e  pathway , i n  normal 

control erythrocytes was similar to values reported in the 

l iteratur e .  E . ovis infe ction d id not affe c t  the activity 

of  th i s  enzyme . S mall increases in a c t ivity were attributed 

to the pre sen ce of  ret iculocyte s . 



184 

\ FRUC�TO�[p- 6.;: 
-

-

\:::\_ 

6-PHOSPHO���U���::
2 

adp \ - - 11  nadRh • 
F RUC S E - 1 - 6 - d i P  \ - .,.. - - - - - - � RIBUL SE- 5- � _l 

/ � \ 

/ - -- -- -- -- -- -- -- -

3 - G LYCERA L
��·�:;;��-

3

-�; -- -- -- -- -- -- -- -

DIHYDROXfAC ETONE-P r:nad 

� �� 
� 1 , 3 - PHOSPHOG YCERATE 

� y 
o 2 , 3-D I PHOSPHOG LYC ERATE 
..c:: � � :2 

atp 

I c Cl) "0 

3 -PHOS PHOGLYCE R ATE 

.D 2 -PHOSPHOGLYCE RATE 
E 

UJ 

KEY 

PHOSPHOENOLPYRUVATE YPYRUVATE 
a �adhy,

ACTATE 

1 H E XOK I NASE nad 
2 PHOSPHOFRUCTOKINASE P= PHOSPHATE 
3 TR l OSE ISOMERASE : nadh & nad = reduced & 4 GLYCERALDEHYDE- 3 -P- DEHYDROGE NASE : ox idi�ed r:-ticotinafllide 
5 2.3 -DI PHOSPHOGLYCERATE MUTASE 1 aden 1ne d1nucleot1de 

6 PYRUVIC K I NASE ;adp .& atp = adenosine 
7 LACTIC DE HYDROGENASE : d1-& tn- phosphate 

8 GLUCOSE-6-P - DEHYDROGENASE : 
9 LACTONASE I 

10 6 - PHOSPHOGLUCONATE DEHYDROGENASE 
1 1  TRANSKETOLASE & TRANSALDOLASE 

Figure 7, 1 .  Glucose catabol ism in human erythrocytes. ( F rom Harris and Kel lermeyer, 1970) 



D Control 
e Infected 
• Anaemic -non infected 

c Q) () 1.. Q) c. 

T Inoculated :J �-E���L��re;�::- - �-<_ �·?_s_ -'-_'�-' - -
- - - - - - - -..._,Ql Sl PARAS ITES 
0 (/) ... 
o Ql >. 4 l:�g c: �  (1) 1.. ... 0 Q)E&� Ql G LUCOSE U T I LIZAT ION 

� 15 
0 .t: 
..... (/) Q) ... >. () e 10 
.t: ... 
>. 
1.. Q) 
E 
� 5 
0 
E 
I 
0 1.. () 

, , , , , 

PART I 

, , , , 

E 0���---------------------------------------
PART 1 1  

I :j AETICULOCYTES 

.. ... -- -- --
1.. 
::J 

E 0 .t: 
.... ..... 
(/) (/) 
Q) Q) ... 0 >. 
E () 0 
I 1.. 

0 
.c ... 1.. >. -� 1.. 

E Q) 
0 

0 

Figure 7.2. 

GLUCOSE UTILIZATION 

, , 

5 10 15 20 25 
D AY S  

The relationship between glucose util ization and reticu locyte percentage in 
erythrocytes from infected (Part I )  and anaemic non infected (Part 1 1 )  sheep 
(Exp. V - Group mean values) 

1 8 5  



.. c Q) (.) I.. Q) 
a. 

..... 
0 c 
c CO Q) 
E 

E ..... 
Ill Q) 

5 

0 
Q) 

] 

.... >. 
� I.. � .... >. I.. Q) 

20 

� 5 
I 
e 
u 

.E 

186 

0 Control 
• Infected PART I 

• Anaemic-non infected T I noculated 
"' Mean difference P <  0 · 05 t-test 
"R"Ei"icuCocvfEs -- -- - -- -- -- -- -- --

PARASITES 

LACTIC "' "' "' "' "' "' "' "' "' 
ACID 

PRODUCTION 

01-----------------------------------------------

5 RETICULOCYTES 

0 
E .... .... Ill 1 ·5 1/lQ) Q).., 
Q >­E g � 1 -0 1 1.... 0 es� 

AC ID PRODUCTION 

PART 1 1  

u >i  E� o·5 .. ---..----...----...----...----...--
o 5 1 0  15 

D A Y S  
20 25 

Figure 7.3. The relationship between lactic acid production and reticulocyte percentage in 
erythrocytes from infected (Part I )  and anaemic non infected (Part 1 1 )  sheep 
(Exp. V - Group mean values) 



o Control 
• Infected 
• Anaemic - non infected 

Inoculated 
... 
c Q) (.) � 

• Mean di fference P< 0 · os t-test 5 -- - - - - - - - - - - - - - - - - -- -- - - - - -- -- - -R E T IC ULOCYT E S  

Q) a. 0 

Q) 
, ">, 8 PARASITES 
0 e c .!:. 4 

... ffi � Q) Q) 0 
-�-- -- 100 

90 

... 
c 

Q) 80 
(.) 
� 
Q) a. 

70 

PART I 

• • 

187 

60�_.�--��--------------------------------------
... c Q) (.) ... Q) a. 

... 
c 

:l RETICULOC YTES PART 1 1  

100 G LYCOLYTIC RAT IO 

Q) 90 (.) � Q) a. 

80�------��------�----------------.--------.-----
0 5 10 15 20 25 

D A Y S  
Figure 7.4. The relationship between the glycolytic ratio percentage and ret icu locyte 

percentage in erythrocytes from i n fected (Part I )  and anaem i c  non infected 
( Part 1 1 )  sheep. ( Exp. V - Group mean val ues) 



o Control 
• Infected 
• /\naemic -non infected A, Inoculated 
� Mean d ifference P < 0 ·05 t-test .... c Q) 

u 
L 

� 
0 g � 
O

:] PARASITES 

c .c � � t: a> 
0·8 PYR UVIC AC I D  

PRODUCTION 

-
en Q) .... 
>. u 0 '-.c .... 
� 0·4 
Q) 

-
en 
� 
0 
E 0·2 
I 
e 
u 

.E 

5 10 15 

D A Y S  

PART I 

PART 1 1  

20 

188 

25 

Figure 7.5.  The relationship between pyruvic acid production and reticulocyte percentage 
in erythrocytes from infected (Part I )  and anaemic non infected ( Part 1 1 )  sheep. 
(Exp. V - Group mean values) 



... c (]) 
e (]) a. 

... 
c 
(]) () I.. 

5 

10  

(]) 5 a. 

... c 
(]) () I.. 
(]) a. 

5 

0 

15 

o Control 
• Infected 
• Anaemic - non infected 

Inoculated 
Mean d ifference P < 0 · os t-test 

R E TICULOCYTES 

PYRUVIC I L ACT IC ACI D  
"' "' "' 

R E T ICULOCYTES 

PYRUVIC I L ACTIC ACID 
"' 

189 

PART I 

PAR T  1 1  

10�------��------.--------.------�r-------�----
0 5 10 15 

D A Y S  
20 25  

Figure 7 . 6 .  The relationship between the percentage ratio of pyruvic acid to lactic acid 
production and reticu locyte percentage in erythrocytes from infected (Part I )  
and anaemic non infected (Part 1 1 )  sheep. ( Exp. V - Group mean values) 



1 90 

0 Control 
• Infected 
• Anaemic - non infected 

Inoculated 
.. Mean difference P < O ·OS t-test 
- - - - - - - - - - - - - - - - - -

5 RETICULOCYTES 
.... 
c 
Q) 
u � 
Q) 
a. 

0 
Q) 8 .... .... PARASITES >-

0 � c 

c 
� 4 .s: 

ctl .... 
Q) >-

E � 
Q) 0 

.... .. .. .. .. Ill 
Q) .... 20 UPTAKE >-

e .s: -' 15 >-
� 
Q) � 

E :::l 
0 

..... .s: 
Ill 
Q) 
� � I 
0 
� 
u .E 

PART 1 1  

.... 
c 
Q) 
u 
� 
Q) 
a. 

0 

25 .. .. .. .. .. 

.... UPTAKE Ill 
Q) .... 20 >-
� 
� 

.s: .... >-� Q) 
E 
..... 
Ill 
� � 
T 
e u 

.E 0 
0 5 10 15 20 25 

DAYS 

Figure 7.7. The relationship between oxygen uptake and reticulocyte percentage in erythrocytes 
from infected (Part I )  and anaemic non infected (Part 1 1 )  sheep. 
(Exp. V - Group mean values) 



50 

(/) Q) 
..... 40 )o; 0 0 
I.. 
.c 
..... 
>. 
I.. Q) 
-30 
E ..... 
(/) Q) I.. ..... 

0 I.. 
.�20 
E I 
w 
� 
<( 
1- 10 0.. 
:J 

z 
w 
(!) 
> 0 
X 
0 

0 

L::.. Before infection 

• Peak parasitaemia- 5·87 parasi tes / erythrocyte 
0·002"1. ret icu locytes 

o Late parasitaemia - 5 ·1 5 parasites /erythrocyte 

5 ·82 '- reticu locytes 

20 40 60 

M I NU TES 

80 

191 

100 

Figure 7.8. The rate of oxygen uptake over a two hour period at three different stages of 
E. avis infection. (Exp. V - Group mean values) 

1 20 



..... c: Cl) u I.. Cl) Q. 

..... 
0 c: 
c: ro Cl) E 

5 

0 
Cl) 8 ..... >. u 0 I.. 4 
� ..... >. 
di 0 

o Control 
• Infected 
• Anaemic - non infected A Inoculated 
� Mean difference P < 0 · 05 t-test 

R E T  I C U LOCYTES 

PAR A S ITES 

� 51 R ETICULOC Y T E S  

� oJ 
-- -- i4o G LUCOSE 
oE PE RCENT 
Ulro 
rou 
-g·� ..... �.... 

§� Oc) 1 20 U·­Ut:) ro� 
C4> 
� u ..... 

192 

PART I 

PART 1 1  

I... a. �� 100�-
-------�--------.-------�r--------,�-------.------0 5 10 15 

D A Y S  
20 25 

Figure 7 .9. The relationsh ip between the percentage of glucose util ized and accounted for as 
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CHAPTER VII I  

T HE EFFECT ON S HEEP OF THE INCREASED CARBOHYDRATE METABOLISM 
IN EPERYTHROZ OON OVIS INFECTED ERY�HROCYTES 

INTRODUCTI ON 

I n  vitro studies  on the metabolism of erythrocytes inf e c ted  

w ith E . ovis  showed that e i ther the erythro cytes or  the 

orga n i s�s util i z e  l arge �mounts of gluco se and produce  much 

lactic  a c id ( se e  Chapter VII ) .  Exper iment s were carried out 

to se e if the se events could be detected  in the l ive an ima l ,  

and if  the la c t i c  a c id production affe c ted the anima l s '  acid­

base  bal ance . 

An  acid-base nomogram for the c al culation of a c id -base 

v s.lues of hu!}1an blood was descri bed by S iggE.rd-AnQ.ersen and 

Engel ( 1 96 0 )  , .:tnd la ter revi sed ( S  i�J51::1.rd -Andersen , 1962 ) • 

The a c id -base parame ters whi ch can be �easured on ana e�ob­

ically drawn blo od u sing the pH �icro e l e ctrod e and micro­

tonometry systems of Astrup et  al . ( 1960 ) , and cal cul �ted 

from the above nomogram are listed and defined in Chapter II . 

These parame ters , t o�ether with blood gluco se , l a c t i c  

and pyruvic  J c id l evel s  were mea sured on sheep experimentally 

infec ted with E . ovi s .  

MA TER.IALS AND METHODS 

The techniques  and ITB terials used were as d e scribed for 

Experiment VI in  Chapter I I . Routine haema to lo gi cal d ata  

was also  coll e c ted  and h a s  been d e s cr ibed in Chapter I I I . 

RES ULTS 

The E ffect  of  E .  ovis Infection on B lo od Gluco se , Lac t i c  and 

Pyruvi c  A c i d  Levels 

The overall mean venous blood leve ls for gluco se , lactic  
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and pyruvi c a c id in the control sheep are shown i n  Tab l e  

XXXVI I• T h e  chan�e s  i n  blood gluc o se and l a cti c acid w ith 

parasitaemi a and relative to contro l she ep are shown in 
F i �ure 8 . 1 .  In T able XXXVII I ,  the maximum d ifferen ce s  noted 
fo:r the se rnrarneters between the 2 groups 3.re given . 

The onset of pa rasi tae nia l ed to a consid erabl e  fal l in 
blood �lu c o s e  to a �inimum mean l evel approx ima t e ly a quarter 

tha t of contro l  sheep ( Table XXXVI I I ) . Th ere w a s  a c o rre spond ­

ing incre ase  in lactic  a c id c onc entra tion to a maximum mean 

l evel appr oxima tely 3 . 5 times that of the  co ntrol sheep . 
S ome ind iv idual sheep in the infe cted R;ro up reac h ed a minimwp 
glucose l evel of 2 to 3 mg/100 ml and maximum lactic  acid 
l evels o f  80  to 8 5  mg/100 ml . The bl oo d  leve l s  of both 

glucose and l act i c  � c id were si�n ificantly ( p  < 0 . 01 )  c orre­
l A ted with the d egree o f  pa ra s itaemi a ( T , ble XXXIX ) . 

There were no si�nifi cant d ifference s  in the pyruvic 
a c id level between the control and infe cted sheep.  

The  Effe c t of E �  ovis Infect ion o n  A c id -Bas e Parameters Me 1.sured 

in Venous Blood 

The overall mean venou s blood leve l s  for the a c id -base  
paramet er s  in  the c ontrol sheep are l is ted in Table XXXVII . 

The chan� e s  in the ac id-base para�e ters rel3 tive to pa rasit-
3.e�ia and control  level s are shown i n  F igures 8 . 2  and 8 . 3 .  In 
Table XXXVI II the maximum mean d ifference s not ed for the se 
par 3.meter s  between the two groups are l is ted -

Th e ons et o f paras i taemia was a c c ompanied by a fall i� 

both the s tandard b i carbonate and pH ; d ifferen c e s  b e tween 

contro l  and infe c ted 1troups were si gn ifi cant at the hiP-her 

l evel s  o f  para s ita emi a ( Fi�ure 8 . 2 ) . Both these parame ters 
showed a s ignificant ( p  < 0. 01 ) negat ive c orrelat ion wi th the 

d ee:ree o f  paras itae'll ia '( Tabl e XXXIX ) .  

In contrast .,  the pC 02 level s  in the infec ted group 

showed sporad ic and variab l e  i nc reases with the ons et of 
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TABLE XXYVI I 

MEAN CON'T'ROL VALUES FOR BLOOD GLUCOS E , LACTIC ACID , PYRUVI C 

ACI D AND VARIOUS ACI D BASE P ARAfvJETERS 

( EXPERIMENT VI - VENOUS BLOOD } 

Glucose ( mgs/100 ml } 

Lactic  A c id ( m�s/100 ml ) 

Pyruvic  4 c id ( ��s /100 ml } 

pH 

pC02 ( mm H g }  

Total co 2 ( m  Eq /l itre ) 

S tand ard Bi carbonate ( m  Eq /litre ) 

A ctual  B icarbonate  ( m  �q /l itre ) 

Buffer Base ( m  Eq /l itre ) 

Base Ex cess  ( m  Eq /l itre } 

x = S tandard Error 

Number of S h ee p  - 7 

50 • 41.± l .  l 9x 

16 . 6$_±0 . 92 

0 . 1 76_±0 . 004 

7 . 392_±0 . 004 

40 . 2$_±0 . 46 

2 5 . 06_±0 . 2 3  

23 . 86_:tO . l7 

23 . $ 5_±0 . 22  

4 5 . 69_±0 . 2 5  

-0 . 6 l+O . t0 

Number o f  Read i nqs fro� each sheep = 14 



T t'. BLE XXXVI II 

THE t•JhXll\WJ\1 D I :.'FER..ST\JCES I N  VENOUS BLOOD GLUCOS E ,  L ACT I C A C I D  i�ND PYRUVIC /,C I D  CONCENTRATIONS 

AND i1.Ci l -B .··,s E  P!'�Ri\ 18TE�S BET;'JEEN 3 ;� TPL:SS TAKE"'\J FR0�-1: E . OVIS IN;+'�C TED ·· ��TD CO NTROL SHEE P ( EXP . 

VI - GRO UP ''rE t\N V"\LUES ) 

C ontrol 

pH 7 .  42_± 0 .  007 

GlucJse  ( mgs/100 ml ) 48 . 77.±4 . 71 
Lactic J c id ( mgs/100 
ml ) 1 5 . 62_±2 . 76 

Pyruvi c  Acid ( �f.s/100 
ml ) 0 . 14.±_0 . 016 

i_ ct u:J.1 t. co 3 ( m  Eq/1 itre ) 2 5 . 07_±0 . 74 

S tu . HCC
3 ( m  Sq/1 i tre ) 

p{'02 ( rnrr Hg ) 

Total CC 2 ( m Eq/l i tr e )  

2 5 . 39_±0 . 47 

40 .  5 7.±.2 . 34  

2 5 . 83_±0 . 62 

Buffer E ase ( m  Eq /l itre ) 46 . 5 7_±0 . 6 1  

Base Exc es s  ( m  �q /l itre ) 1 . 14+0 . 39  . -

x = S t!lnd ard Error 

P = Probabil ity 

X 

NS = Not S ir?;nifica.nt ( P >0 .  05 ) 

Nurrber of  sheep in each qroup = 7 

TI.1P.ah No . of  
Infe cted P 1ras ites/8rythr0cyte 

7 . 28_±0 . 019 5 . 5 8 
l l .  48.±4 · 34 6 . 70 

54 . 5"9_±8 . 18 5 . 6 3 

0 . 21_±0 . 0 5 0  4 - 47 

2 1 .  79_±0.  5 5  5 . 6 3 

2 1 .  3 9_±0.  54 5 . 5 8 

5 1 .  93.±.2 · 01 5 . 5 8 

22  .• 03.±_0.  6 2  2 . 40 

4L 14.±0 . 6 7 5 . 58 

- 3 .  39.±.0 . 62  5 . 58  

t p 
7 .  5 4  < o .  001 

5 . 84 < 0 .  001 

4 . 5 2  < O .  Ol 

l .  26 NS 

3 . 56 < o .  01 

5 .  5 9  < 0 .  001 
3 . 6 9 < 0 . 01 

4 .  34 < 0 .  Ol 

6 . 00 < o .  001 

5 . 56 < 0 .  001 

f-' 
� 
--J 



19S 

TABLE XXX IX 

THE CORRELATION BET�vEEN THE DEGREE OF PAR/\S I'J'AETVIIA AND VENOUS 

ACI D-BASE PARAiVJETERS IN E .  OVIS INFECTED S HEEP ( EXP . VI ) 

r 

pH -0 . 72 

Gluco se -0 . 88 

L a c t i c  Acid +0 . 93 

p C02 +0 . 5 7  

Total co2 -0 . 48 
S td . Hco ; -0 . 84 

A ctua l HCO J -0 . 56 

Buffer Base -0 . 71 

Base  Excess  -0'. 82 

r = Correlation C oefficient 

P = Probability 

NS = Not S i�n ifi cant ( p  > 0 . 05 )  

�umber of Read in�s = 14 

p 

< o .  01 

< o . 01 

< 0 . 01 

< o .  05 

NS 
< 0 . 01  
< o .  0 5 
< o .  01 
< 0 . 01 
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parasitaemia . S i�ni fi cant ( p  <0. 05 ) d i fferences betwe en 

control and infected  sheep , did occur but the correlat ion with 

the degree of  paras itae�i a , al thou�h pos itive and si �ni fi c ant 

( p < 0 .  05 ) , was not ·::�.s h igh as the correlation between 

parasitae �i a and standard bi carbonate ( Tabl e XXXIX ) . 

W ith  the onset of para s i tae�ia , the fall in the actual 

b i carbona te anrl total  co2 levels  in the infected �roup was 

vari abl e and only o c ca s i onally si�nif i c ant ( ? i�ure 8 . 3 ) . The 

c orrelat ions of  the s e  2 parameters with the d e�ree of 

para s itae�ia  were the lowe st of the ac �d-base paramet ers 

�easured , a nd in the case of total Co2 , not si �nificant 

( Ta ble XXXIX ) .  

The onset  of para sitae nia produced s i�n ific ant f �l l s  in 

the buffer base level of  the infe cted sheep  wi th a c oncurrent 

ne�at ive base excess . Both of th ese  para�eters showed 

s ignificant d ifferences  betwe�n th e 2 e;roups of sh eep  at the 

h igher leve l s  of parasitae�ia , and both showed a s i�n i fi c ant 

neg� tive correl ation wi th the d e�ree of pa rasitae nia  ( Table 

XXXIX ) . 

DIS CUSS ION 

The method used for the measurement and cal culation  o f  

the acid �ba se parameters ( Astrup e t  al . ,  1960 ; S i�gmrd­

Andersen , 1962 ) was d erived from stud i e s  on human blood . 

Phill ips ( 1970 )  conduc ted a series  o f  experime nts to  a s c ertain 

whether the S i�rd - And ersen nomograrn was su i table for 

c al culatin� a c id -base values for sh eep and cattle  blood . He 

c oncluded that  the use of the nomo gram w ill all ow est imates 

of base exc e s s  and buffer base wi th an accura cy of  about 

� 1 . 0  m Eq/l i tre . S tandard b i carbonate estimat ions were 

found to be  accurate to �1 . 0  m Eq/l itre at h igh �alues and 

to less than + 0 . 5 m Eq/l itre at l ow values . 

There i s  some controversy as to  whether a c id-base  

measurements should be mad e on venous or  on arterial  blood . 
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S ome workers cons ider that venous samples  yield as rel iable 

resul ts a s . d o  arterial samples ( Z ahn and We il , 1966 ; Carter 

and Brobst , 1 96 9 ) . The l a t ter authors po int out that pH 

mea surements mad e on arterial blood are less  repeatabl e 

sin c e  they are li3ble to c omparatively rapid flu c tuation in 

response to chqnges in respira tory pattern . The buffer ing 

effe c t  of the whole  acid -bas� sys tem prevents such short-term 

fluc tuat ions in venous blood , whi ch  should therefore ref l e c t  

�o re a c curately chan�es i n  ac id -base bg l ance . From comp 1ri­

sons mad e it  is claimed that only in respe c t  of  pC02 and 

p02 est ima tions do arterial and venous samples yield 

s i�nrri cantly d ifferent results . Others have also  shown 

that rirteri a l  bl ood yield s �ore rel iable estima t e s . of these 

2 p3 rameters ( S ut ton et al . ,  1 967 ; Tennant e t  al . , 1969 ) . 

On the o ther hand , it  h�s been suqge s ted that venous 

sa mples  may not allow ac curate assessment of more subtle 

changes  in a c id-base balance ( 3 ut ton et  al . ,  1967 ; Don awi ch 

and Baue,  196 9 ) � It was also consid ered tha t l o cal or 
regional Vari ations in met abo l i sm and c ir cula t ion wo uld 
a l ter pC0

2 a nd pH leve l s  to such an  ext ent that the res pira­

tory contr ibution to an alteration in ac id -base bal ance 

could not be ac curately assessed � 

I n  a pre l iminary experiment an attempt was mad e  to  

obtain arter i 3 l  blood samples  using an indwell in� cath eter . 

Thi s  was found to be unsatisfactory . I t  proved d ifficult to  

kee p  the  cathe ter in  pl8 ce and to prevent it from be coming 

bl o cked by c oagula ted blood . S ince  it was necessary to  use 

re la tively lar�e numbers o f  exper imental anima l s  over a 

compa ratively long period ( approximately 30 days ) �  it  was 

c l e arly more convenient t o  use venous blood for the est ima­

tion s .  These  may not provid e for the most sens i tive e s t ima­

t i on o f  all the acid -ba se  mea sure�ents but since the study 

was e s sentially a compar ison of infe cted and control  animal s ,  

i t  was considered that the d a ta yielded by venous samples  

should be  sat isfactory for  this  purpose . 

All the parameters measured ind icate to a variable 
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extent the sever ity of an acid-base d i sord er ,  but some give 

a better ind ic�tion than oth ers of the type of d is turbance 

( Astrup et  al . ,  1960 ; Bach , 196 3 ) . The pH value . refl e 9 t s  

the effe c t  o f  respiratory and /or metabolic  d is tur•anc es , 

and the total C02 and ac tual bic arbon�te , al though ind i cative 

of  metabolic  dis turbance , can a l �o be influenced by respira ­

tory d i s turban ces ( Astrup et  al . ,  1960 ) . A respir�tory acid­

base . d i sturbanc e is  normally reflected by 3 l teration in  the 

pC02 , whi ch is elevated in r�spiratory ac idosis  and lowered 

in respiratory alkalo si s . S tand ard b i c �rbon8 te  is  an 

ind icator Qf the non-respiratory component of acid-base 

me tabo l i s� , It  is cal cul ated a s  und er s t and ard cond i t ions , 

so that  the dire c t  influence of re spirat ion is  el iminat ed and 

any deviation from normal r�fl e c t s  e i ther a pr imary non­

res piratory or compensated res piratory ac id-base di sturba nc e . 

However ,  the stand ard bicarbon <:� te est imation h3 s the 

d i sadvanta�e th�t it  does not show d ir e c tly the �mount in 

m Eq /l itre of  blood , of fixed a c id or ba se caus in� a . ch2n�e 

in the base cont ent of a blood sa�ple ( Astrup et  al . ,  196 0 ) � 
Wh ile a change in the buffer base  level in m Eq /l itre 

directly expresses the amount of ac id or base whi ch cause s  

the chanee ; it  i s  influenc ed by a num9er of d ifferent 

buffer systems . I t  hCl s been e stim..q ted , for instance , tha t 

buffer base values ch8nge by 0 . 36 m Eq/litre f9r each change 

of  1 . 0 gram Hb per lOO ml ( S in�er and Has tin�s , 1 948 ; 
Phill ips , 1 970 ) . On the other hand the ba se excess  measure ­

ment appear s to be independ ent of haemogl obin content and i s  

ind icative o f  surplus f �xed ac id or base in pla sma ( Astrup 

et al . , 196 0 ;  Phill ips , 1970 ) . 

I t  has generally been consid ered that most vertebrate s  

�ive s i n il�r values for these  a cid -base parameters ( Ro ssdal e 

and ll�ul l e n ,  1970 ) . W id e  ranfSe s  have be en reported in the 

l itera ture , generally from  methods o ther than that of 

A strup e t  al . ( 1960 ) . Data from normal sheep is  l imit ed , 

but the re sul ts for the control sheep  in this  investigation 

are s im ilar to those obta ined by Annison et  al . ( 19 5 9 ) . 
The levels of  bl ood �luc ose and l a c t i c  acid obtained were 
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s imilar to the range reported by S pe c tor ( 1956 ) , while  that 

of  pyruvi c acid t end ed to be lower . 

Eperythrozoon avi s  infection caused a severe d e pl e t i on 

of blood glucos e ,  wi th a concurrent  el evation of blood 

lactic  ac id . Consistent with this  was a lower ing of  the 

venous pH w i th fall s  in stand ard b i c arbonate ( Figure 8 . 2 )  

and base exc ess  ( Figure 8 . 3 ) . S imi l ar find ings have �een 

obtained in 9alve s infe cted wi th E . wenyoni ( S chotman , 1 970 ; 
7wart et  al . , 1970 ) , and a hypoglycaemia has been reported 

wi th Haemobartonella  bovis  infec tion in splene ctomi z ed 

calves ( Love and !VlcEwan , 1 972 ) . Pyruvic acid level s in 

blood were no t altered in the blood of infe cted sh eep  even 

though c onsiderable increase s d id o c cur with in v itro 

incubation of  infected erythro cytes ( Cha pter VII ) . Zwart 

et al . t l970 )  found some in crease in blood pyruvic  �cid 

level in Eperythro zoon wenyoni infe cted calve s but g;luco se 

l evel s  were only sl i�htly reduc ed . 

Thi s variation  in bl ood qlucose  and pyruvic  acid l evel s 

between the . 2 Eperythrozoon spe c ie s  could be a refl e c t ion of 

d ifferences , �ot only of infect ion sever ity ( Kre ier and 
R i stic , 1 96 8 ) , but also tn the met a bo l i sm of the 2 organisms . 

I t  is �l so po ssible  th8 t , as a re sult  of  the CQnsid erabl e 

fall in bl ood glucose  dur ing E . ov i s  infect i o0 ,  the ex9 ess  

pyruvi c  acid formed ( Cha pter . VII ) is  oxirl ixed , in  v ivo , via 

the tricarboxyl i c  acid cycle , in order  to ma intain energy 

requir&:;ments . 

One unusual find ing in th is  inves tigation was an 

increased pC02 l evel in the infected  sheep,  wh ich wa s 

ind icative of  a respirato ry ac idosi s . Thi s was again 

similar to the find ings with E . wenyoni infec tion ( S chotman , 

1970 ; Zwart e t  al . , 1970 ) . 

These  find ings suggest  that , as  a resul t of  increased 

glucose  ut ilization and lact ic acid proquction by inf e c ted 

erythrocyt e s ,  an acid o s t s  results whi ch , by the d efinition 

of  Astrup e t  al . ( 1960 ) , i s  due  to  both respiratory and 
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me tabol i 9  d i sturbances  in a c id -bas e  balanc e . A metabol i c  

acidosi s ,  a s  ind i coted by the fall in standard b i c arbonate  

due to the neutra lizat ion o f  the  lactic a c id , was  expe ct ed , 

However a re sultant re spirat ory compensation whi ch i s  

norma lly ind i c ,3ted by a lowering of  the pC02 d i d  n o t  oc cur . 

The reason for the increased pC02 and apparent loss  of 

the abil ity to compensate is  unexplained . The infe cted 

she e p  showed no cl inical svtdence of respiratory �nl function 

preventing hypervent ilat ion , and the necropsy examin�t ion of 

infected  sheep in other exper iments revea l ed no respirqtory 

abnormality ( Chapter V ) . 

The pos s ible effec t  of the a c id o sis on other aspec ts  of  

the  infected sh8ep '  s physiology is  uncertain but could v .3ry 

with c ircums t ance s .  I t  i s  possible that  the fall i n  pH 1nd 

base excess  obs ::::rved during pa ras it::1e nia co uld be a cnuse of 

the inappetance which o c curs at  thi s time . In so me circum­

stanc e s  an imc::1. l s  mny suffer o. rne te bo l i c  .:J. c ido s i s  from d ietary 

causes  ( Ann i son et  al . ,  1 9 5 9 ; Phill ips and Knox , 1 96 9 ; 

Rossd ale  a nd l\1ull en , 1970 ) a nd should this co inc id e in sheep  

wit h  E .  ovis  infection , the  a c id o si s  could wel l  be aggravated ; 

in su ch  a case the combined effe cts  of anaemia and a c id osis  

could produce  a signific 3 nt effect  on  an imal produ c tion .  
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S Ul\IIMARY 

Eperythro zoon ovi s  infec ted shee p have low venous bl ood 

glucose level s and corre spond ingly increased blood lac t i c  

a c id level s a s  compared w ith control shee p .  Pyruvic a c id 

level s are unchan�ed . A c id -base stud ies  showed thRt these  

changes W?re a cco mpanied by si�nif i c ant ( p <0 . 05 )  fal l s  in 

v enous pH 1 stand ard bic arbonate and buffer base l evel s and 

a negative base  exc ess . All the se chan�e s were consid ered 

to resul t from the increased glycolyt ic a c t ivity of infected 

erythro cytes  ( Cha pter VII ) .  

While a fall in standard bicarbonate due to neutral iza­

t ion 9f lactic  a c id might be exp e c ted  to  oc cur in infe c ted 

she e p ,  an increase in the pC02 level wh ich is ind i cat ive of 

a respirat ory a c idos i s  was not .  There is no  apparent 

expl� nation for th is  la tter f ind ing . 

The ac id o s i s  wh i ch oc curs may be a cause of inappetance  

obs erved during the para s itae�ic phase of the infect ion  cyc l e . 
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C HAPTER IX 

T HE EFFECT O F  EPERYTHROZ OON OVIS INFECTION ON S O lVfE B IOCHEHICAL 
FACTORS WHI CH INFLUENCE THE FUNCT IONAL AND S TRUC TURAL INTEGRITY 

OF THE ERYTHROCYTE 

I NTRODU CTION 

The glyc o lyt i c  pathways 1re tbe mo st impor tant energy _ 

produc ing pro c e sses in the erythro cyte ( Forn'lini an d B o s su , 

1969 ) . I t has alre ady been shown th�t E . ovi s �nfe c t e d  

erythro cyte s  sh ow increased glycolyt i c  a c t ivi ty , but whe ther 

this is due d ire c tly to pqras ite ac t ivity , or  to  �ltered 

erythro cyte  ac tiv ity as a r e sul t of the infe c t ion , is not 

yet known ( Chapter V I I ) . 

A l l i ed to the glyc olyt i c  a ct ivi ty of the erythro cyte i s  

<:.:. " redu c ti ve potential n whi c h  balanc es  the oxida t i  v e  pro c e s s e s  

which ar i se in  o natural way from so luble  components o f  the 

blood • .  I n  the absence  of a cytochrome system ( Rubinstein 

et al . , 1956 ) the reduc tion of oxid o tive pro ce s s e s  by the 

erythr o cy t e  d e pend s on the reduc ed n i c o tinamide ad enine 

dinuc l e o t id e s  ( NADPH and NADH ) � The interrelat i onsh ips of 

these d inuc l e o t id es  wi th the e;lyc o lyt i c  pathways in the 

erythrocyte are shown in F igur e 9 . 1 . 

The reduc t i on of NAD i s  co upl ed to the glyc olyti c 

enzyme s glyc era ld ehyd e 3 - pho sphate d ehydrogenase and l a c t i c  

dehyd rogenase . The ma in fun c ti on of NADH in the E mbd en­

Myerhoff pathway ( F i�ure 9 . 1 )  a ppear s to be the mainten1nc e  

o f  haemo�l ob in in  the redu c ed sta te , through me thaemogl obin 

d iaphor a se . In vi tro this func tion has been e stimo t ed to  

be  re s ponsible for , about 97% of the  methaemogl o bin reduc i ng 

role ( S c o t t  e t  a l . , 196 5 ) ,  but und er norm�l phys iologi c al 

cond it ion s in vivo , i t  i s  b e l i eved to be  the . only a c tive 

mecha n i sm for methaemo�l ob in reduc t i on ( Tonz , 1968 ) .  

The reduc t ion of �ADP i s  l imited to the pentose pho s phate 

pathway . Thi s  pathway., w h i c h  uti l i z es  approx imately 10% of 
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t h e  erythrocyte ' s  glucose  require ment s .  ( Mu rphy , 1960 ; L eng 
and Annison , 1962 ) ,  contains 2 enzyme s , gl uco se -6 - phospha te 
d e hydr9�en�se ( G6PD ) and 6 - ph o s ph o �luc ona t e  dehydro gena s e  

( 6PGD ) , wh i c h  � r e  c ouple d  wi th th e re d u c t ion o f  NADP t o  

NADPH ( F igure 9 . 1 ) . T h e  most important f unc tion of NADP H 
i s  i ts uti l i z a t ion as � hyrl ro� en d onor by t h e  enzyme gluta­

th i one reduc tase , for th e red u c t ion o f  oxid i z ed �luta thi one 

( GS SG ) . T h e  mai�tena n c e  of �luta thione , whi ch c onta in s  a 

sul phyd ryl �ro up , in the reduced s t �te ( GS H )  i s  ne c e s s ary for 

the pre serv a t i o n  o f  norm�l funct ion gnd _ s truct�ral i nt e �r i ty 

of t h e  erythro cyt e  ( Kos ower and K o s owe r , 1969 ) , par t i cu l �r ly 

i�  ma intaini n� membrane sul phydryl gro ups (Weed and Reed , 
1 966 ) and h�e�o �lo bin sul phyd ryl groups ( T arlov &t al . ,  1962 ) 

in the redu ced f orm. 

A l thou�h t he physiological si �nifi cance of the GS H-GSS G 
ox idati on-redu c t i on sy s t em �n erythro cyt e s  ha s b e en in . 

q u e s ti on ( M i l l s  �n o Rand al l , 195 8 ;  S z etnberg �nd Marks ,  
1 96 1 ;  Oort e t  al . ,  1961 ; Prins e t  al . , 1966 ) , it has been 
shown t o  b e  extremely importan t in pr ot e c t ing the erythr o cyte 

�e�brane �nd the haemo g l ob in mol e cule from d ama�e when 

certai� 9xid i z i n� dru�s �re admi n i stered A I f  a ll GS H i s 
oxid ized , e i ther in tDe pre sence o f  such c hemi c al s a s  
a c e tyl phenylhyd r �zine , o r  a s  a re su l t  o f  the erythr9 cyte ' s  

f a i lure to n ta in ta in glutath ione in th e reouced form , d a�ag e  

o c c urs  t o  the c el l . A l ter�t ions of stape , perme�b i l it y , 

o smotic re s i st �n c e , haemo � lobin metabol ism and s truc tural 

and en�ymatic protein , incl ud i ng the form�tion of H e tnz 

b od i e s , may result ( J ones  and McCange , 1949 ; J en s en , 1 95 9 ;  

J a c ob , and Karnowsky , l967 ; Jandl e t  al . ,  1960; Allen and 
Jandl , 196 1 ; B eutler , 1962 ; Robinson,  1966 } . The se al ter� 

ations have b e en defined by J andl et al . ( 1960 )  as b ei ng 
part o f  the process  of '' oxidat ive ha emol ysis " . 

Results o f  earl i e� stud ie s in th i s  i nve stigat ion and by 
other workers ( S her iff , 1967 ; S heriff and G eerin� , 1 96 9 )  on 
E .  ovis infec t ion have shown tha t the a naemia wh i c h  

d evelops could b e  induc ed by 2 poss ible mechanisms : 

1 .  By an immune res ponse  agains t  e i ther the parasite , 
erythrocyte or bo th .  
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2 .  By a d i r e c t  effe c t  of the para si te on the erythrocyte . 

Althou�h i t  was sugge sted th2t th e d ire c t  effe c t  cou14 be a 

re sult of mechanical damage to the c e ll ( Chapt er I II ) ,  the 

h i �h glycolyt i c  activi ty of the organism 2nd /or the inf ec ted 
erythrocyte co u ld interfere , wi th the ox id a tion-reduc tion 
me chani sms o f  the ho st cell , parti cularly if the h igh 
�lycolyt ic  a c t ivity i s  confined to the org2nism and 2t th e 
expense of th e cell . 

I n  thi s  chapter an exper i ment is  d e scribed it 1  whi ch 
reduced glutath ion e  ( GS H ) �nd me thaemoglob in l ev e l s  in E . avi s 

i nfected and control blood , were measur ed d uring a cycle  o f  
E .  avi s infe c ti o� .  The effec t  on these  2 pa rame ters o f  . 
incubating b lood , wi th and without ac etylphenylhydraz ine , 
was also stud ied in an endenvour to  measure the effect o f  
E .  ovis on the bio chemi cal in tegrity o f  the erythro cyte . 
Repre sentative sample s  of bl ood were examined following 
incubation , for the pre sen ce o f  H e inz bodies . 

111ATER IAL3 AND TvTE TH ODS 

The pro cedures  and mnter i o l s used are a s  d es cr ibed for 
Ex periment VII in Chapt er I I . One of the infe c te d  groups 
( Group C ) W 3 S  housed pri or to each bl e ed in� to s tudy the 
e ffect  of such tre atment on the haematology ( Chapter TII ) 
and we igh t  ga in ( Chapter V ) . 

RESULTS 

The Effec t  of E .  avi s I nfect i on on the R educ ed G lutath ione 
(GS H )  L evel in Erythr o cytes 

Non- incubated blood : The o verall mean level of GS H in the 

blood of the 7 control sheep was 95 � 75 ± l r g 5 mg per lOO ml 
of erythro cyte s .. The time relationsh i ps be tween the mean 

d egree of pa rasi taemia , reticul o cyte percentage and th e GSH 
l evels in the 2 E .  ovis inf e c ted groups ( B  and C ) and the 

l evel in the contro l group ( A )  are shown in F igure 9 .• 2 
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Examinat ion o f  data revealed that : 

1 .  S ignifi cant ( p  < 0 . 05 )  d i ffere nces in the GSH level 

between the i nfected and contro l groups o c c urred in 

the latter half of the experiment ,  �ue partly to a 

small increase in t he control  level , but mainly due 

to  a sh �rp decrease in the infected group level between 

d ays 21 and 28  po s t- inocub. tion . 

2 .  The � S H  levels in the infected �roups were no t correlated 

s ignif i c antly with ei ther the reti culocyte perc entage 

( Tqble XL ) or the d e�re e  of paras itaemia ( Table XLI ) . 

Bec .J.use of chan�es  in GSH level  1tri thin the control 

group d uring the experi ment , the mean di fferences  at each 

read i ng between the inf e c ted and control groups were calcul­

a ted . The correlati ons  of these  mean d ifference s wi t h  the 

ret icul ocyte percentage were negativ� and si gnifi cant in  bo th 

infected £Sroups ( p < 0 .  05 ) ( T 1  ble  XL ) , whereas the correlati o ns 

wi th the d e�ree of paras itaemi�  were very small in bo th 

�roups 3nd not si�nif ic ant ( Table XLI ) . 

Incubated bl ood - without 3 cetylph nylhydraz ine : Reduced 

�lutath ione ( GS H )  level s tn  all groups after incubat ion of 
0 blood  for 2 hours at 3 7  C ,  were lower than pre - incubati on  

va lues . The overall me qn level for the blood of  the control 

she e p  was �0 . 86�2 . 02 mg per lOO ml ery thro cyte s . .  The t ime 

relat ionships between me.J.n d e�ree of pQras itaemia ,  ret i culo­

cyte  percentage and the S S H  l evel s after the incubat ion of 

b l o od are shown in Figure 9 . 3 .  

I t  was apparent that :  

1 .  S igni f i c :1nt ( p  < 0 . 05 )  d if ferenc e s  in the S S H  leve l 

between the contro l and infec ted groups o ccurred both 

at  the pen k��aras itae mia and as parasitaemia . de cl in ed . 

The patt ern of increase in the . contro l grou p ,  and 

d e crease in  the infe c ted group , was similar to the pre­

incubation pattern ( compare F i qure s  9 . 2 and 9 . 3 ) . 
2 .  The GS H level s in  the i nfected groups following 

incubati on of blood were not correlated s ignific :lntly 



TABLE XL 
C OuREI i\ TIONS BETWEET\f R'3;TJCULOCYTE PBRCEf\JT •1 GE dJD S OME REDU C E D  GLU T/iTH IONE ( GS H )  P t,RA··mT ERS 

I N  E . OV IS INFECTED S HEE P 

�� H ( mgs/1 00 ml Erythrocyte s )  

To tal GS H 

MP 'Ul d ifference  between control 
and infected �roups 
T ot al GS H follow ing incubati on 
without A ce tylphenilhyd raz ine 
Fall  3fter in cubat ion without 
A c F tylphenylhydra z ine 
�e�n d i fference  after incubation 
wi thout !. c ety 1 ph eny lhydraz ine 
� ot �l GSH follow in� incubati on with 
ncetyl phenylhydra z in e  
F all  aften incubati on with 
tc ;tylphenylhydraz ine 
Me�� d i fferenc e  after incubat i on 
wi th t ce tylphenylhydraz ine 

r = Correl�t ion C o effic i ent 

---
EX PERI MENT VI I 

De <:J:ree s  of < .  

Freedom 

11  

1 1  

8 

8 

8 

10 

10 

10 

Group B 
r p 

- 0 . 5 0  NS 

- 0 . 77 < 0 . 01 

-0 . 5 1  NS 

0 . 19 NS 

0 . 06 NS 

- 0 . 3 7  NS 

0 . 30 NS 

o . 24 NS 

Group C 
r p 

-0 . 16 NS 

-0 . 62 < 0 . 05  

-0 . 50 �s 

0 . 34 NS 

0 . 3 3  NS 

- 0 . 6 1  < 0 . 0 5  

0 . 5 1  NS 

0 . 10 NS 

P = ProbA.b il i ty NS = Not S i �nifi c �n t  ( P ' > 0 . 05 ) l\) 
f-J l\) 



Tl'.BLE XLI 

CORRELA'IIONS BE'fv.JEEN DE'iREE OF p ,·�RAS I T.-1E'1U A . .:\.ND SmJIE REDUCED r;LUTATHIONE ( GS H )  p ··,R/i.".1ETERS 

IN E .  OVIS INFECTED S HEEP - EXPERIMENT VI I 

G S H  ( mgs/100 m1 Erythrocyte s )  

Totcl1 G� H 
Mea!l d ifference between control 
and 1nfected �roups 

Tot�l G� H after incubation 
w it>out  Acetylphenylhydraz ine  

Fall g fter incubation wi thout 
Acetylphenylhydraz ine 

Mean difference  after incubat ion 
wi thout Ac etylphenylhyd raz ine 

Tot?1 G� H 3fter incubation 
wi th A cetylphenylhydraz ine 

Fall 1fter incubat ion with 
Acettlphenylhydraz ine 

Mean d i fference after incubat ion 
witL A cetylph enylhydrazine 

r • C orrelati on Coeff ic ient 

DeR:ree s  of 
Freedom 

1 1  

11  

8 

8 

8 

10  

10 

10 

Group B 
r p 

0 . 05 NS 

0 . 1 7  NS 

-0 . 1 1  NS 

0 . 40 NS 

0 . 5 9  NS 

-0 . 84 < 0 . 01 

o .  76 < 0 . 01 

0 . 70 < 0 . 05 

Group C 
r p 

0 . 18  NS 

0 . 08 NS 

0 . 1 5  N'S 

0 . 5 2  1\TS 

0 . 83  < 0 . 0 1  

-0 . 73 < o. 01 

0 . 77 < o .  01 

0 . 82 < o .  01 

P = Probab il ity NS = Not S igni fi cant ( P  > 0 . 05 )  

1\) 
t-' 
'-' '  
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w ith ei ther ret iculocyte percenta�e ( Table XL ) or t he 

d egree of paras i taemia ( Table XLI ) . The mean fal l  in 

GS H ( mg per lOO ml erythrocyte s )  from the pre- incub ation 

l evel in  c ontrol and infected groups rel a t ive to the 

m ean d egre e  of parasi taemia and reti culo cyte perc entage 

is  shown in Figure 9 . 4 . Althou�h the infected groups 

t endeo to show a l arger fall in  GS H th:m tho control 

group , only one read i ng was signifi cantly ( p < 0 . 0 5 ) 

d ifferen t ;  the correl�tion of this  f�ll �ith th e 

degree of parasitaemia , qlth ough po sitive , was not 

si�nif icant ( T3ble XLI ) . 

The correl �t ions of the mean d if ference in SSH level  

between the control and infected �roup s ,  wi th  the d egree of  

parasitaemi a were also  positive and in  gro up C was  hi �hly 

significant ( p  < 0 � 01 )  ( Tabl e XLI ) . H owever correlat ions of  

fall in  r�.3 H level , and the  mean d i fferenc �s  between the  

infe cted and c ontrol �roups in � S H  value s , with the 

reti culocyte per centage were small  2nd not si �nifi c � nt 

( Tabl e XL ) . 

In cubated blood - w i th a c etylphenylhydraz ine : Incubat ion  of 

blood wi th acetylphenylhydrazine for 2 bours �t 37°C c aused 

a large fall  in the GS H level of all �roups . The overall  

mean contr.J l  l evel was  42 . 96  .. ± .2 . 0 5  mg per lOO ml erythrocytes , 

wh i c h  was less  th,'1n half the pre - inc,lbation level . � he 

t ime rel at ion sh ips between the mean d e�ree  of parasi taemi a , 

reti cu�ocyte percentage , and the GS H level in the inf e c ted 

�roups , and the GS H l evel  in  the control group are s hown in 

Figure 9 . 5 .  From the figure it i s  a pparent tha t :  

1 .  The level of GS H in the infe cted groups fell alm o s t  

to  zero . 

2 .  The correl a t ions between the degree of parasitaemi a  

and the GS H level in  the infected groups were n egat ive 

and si�?,nifi cant ( p < 0 .  01 ) ( T2ble XLI ) . 

3 .  The correlations between the ret i culocyte percentage 

and the GS H �evel in the infe c ted gr9ups were a l s o  

negat ive and , i n  the case of  Group C ,  was signifi cant 

( p  < 0 . 05 )  ( Table  XL ) .  
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The s i z e  of th� fall in GSH in mg p e r  l O O  ml of erythrocyte s 

for all gr oups ,  _ after incubation of  the blood with acetyl­

phenylhydraz ine , is shown in  Figure 9 . 6 .  Although the si z e  

o f  the fall was variable  i t  was signifi c antly ( p  <0 . 0 5 )  

h i�her in the infected �roups a t  the peak parasitaemic 

staqe . This fall and the mean  d ifference  between the 

infected and co ntrol �roups at each read ing were s ignifi­

cantly ( p  <0 . 05 )  correl ated with the degree of p arasitaemia 

( Table XLI ) but not w i th reti culo cyte percentage ( Tabl e XL ) .  

The Effect  o f  E . avi s  Infe cti on on Blood Methaemoglo bin Leve l s  

Non- incubated blood : The overall mean level o f  methaemo�l obin 

in the blood of  the 7 control sheep  was 0 . 45z0 . 04 gm per lOO 

ml . This  was J . 8 5z0 . 33% of the total Hb  level . The t ime 

relat ionsh ips betwe en the mean deg;ree o f  parasi taemi a , 

reti culocyte percentage and methae no�lobin level in the 2 

E . avi s  infec t ed grou ps ( B  and C )  and the methaemoglobin 

l evel in the c ontrol gro up ( A )  are shown in Fiqure 9 . 7 .  

I t  c an be s een that : 

l �  The met hae�ogl obin level s varied wi th time and a con­

siderable increase  o ccurred in all groups from d ay 3 6  

of the experiment . 

2 .  In the infe cted �roups the l evel of  methaeTio globin was 

s igni f i cantly ( p  < 0 . 05 ) c orrel Jted with ret i cul o cyte 

percenta�e ( Table XLII ) but not with the d egree of 

paras itae�ia ( Table XLIII ) .  

Because  of vari ation recorded in the control me thae­

mo�l obin l evel s during the exper iment ( Figure 9 . 7 )  the  mean 

d i fferences  be tween the infe c ted groups and the control  

group were c al culated at each readi ng . These  are plot ted 

relative to the control values ( Fi�ure 9 . 7 ) � The i nfec ted  

groups had higher leve l s  of methae�o�l obin than the control 

group during para si t .'lemia but these  \'ll ere only o c cas ionally 

signifi cant ( p < 0.  05 ) ( F igure 9.  7 ) . H owever the correlation 

o f  this mean d ifference wi th the  d egree of  paras itaemia was 



TABLE XLII 
CORRELATIONS BETWEEN RETI CULOCYTE PERCENTAGE AND S m.ffi NIETHAEMOGLORI N PARA�·'IS TERS IN E .  OVIS 

INFECTED S HE E P  - EX PERIMENT VII 

Group B Group C 

Degrees of 
Freedom 

Methaemovl obin ( �ms/1 00 ml ) 12  

Mean diffc; ren c e  between control 
e.nd infec ted § roups ( Methqemop.)obin ) 12  

Methaemogl obin (%  o f  to tal H b )  1 2  

Mean difference  between control 
�nd i nfec ted g roups (% total Hb ) 1 2  

MethaemogJ 0bi n ( gms/100 ml ) after 
incubation for 2 hours a t  37°C 8 

Mean diffGrenc e between control and 
infected b�oups ( Methaemogl ogin ) �fter 
i ncubatio� for 2 hours at 37 C 8 

MethaemoL l o bin ( gms /100 ml ) after 
incubation wi th A cetylphenylhydraz ine 8 

Mean d iffc�ence between control and 
infected gr0ups ( Acetyl phenylhydraz ine ) 8 

I'/Iean d ifference  b etween control and 
infected groups ( % )  Acetylphenyl ­
hydraz ine � 

Methaemogl obin ( %  of total Hb ) :-3 ft er 
incub 0 tion wi th Acetyl phenylhydraz ine 

8 

8 

r 

0 . 62  

0 . 09 

0 . 64 

0 . 77 

0 . 14 

0 . 2 5  

-0 . 43 

0 . 3 9  

0 . 05 

-0 . 05 

r � Correlat ion Coeff i c i ent P - Prob.:tbil ity 

p 

< o .  05 

NS 
< 0 .  05 

< o .  01 

NS 

NS 

NS 

NS 

NS 

NS 

r 

0 . 62 

o .  2 0  

0 � 81 

0 . 69 

0. 48 

0 . 1 0  

-0 . 3 9  

0 . 5 1  

0 . 05 

0 . 07 

p 

< 0 .  05  

NS 

< 0 .  01  

< 0 . 01  

NS 

NS 

NS 

NS 

NS 

NS 

NS = Not S i�ni fi cant ( p  > 0 . 05 )  

'. 

l\) 
1--' 
0" 



TABLE XLII I 

CORRE.L,"�'T' JONS BET�'!EEN DEGREE OF PARAS I T /,E�-1I A AND s or,![E METHAE�10GLOB I N  P :,RA�TERS I N  E . OVI S  

I NFE C TED S HEE P - EXPERI MENT VI I 

Degre es of 
Freedom 

Methaenog lobin ( �ms/100 ml ) 

�Jiean difference between control and 
i nfe cted �Yroups ( Methaemogl obin ) 

Methaemo�lobin ( %  of  total Hb ) 

Mean :l. ifferen c e  between control and 
infe cted groups ( % total Hb ) 

M e tl . ..temogl obin ( gms/100 ml ) 3ft er 
i ncubation for 2 hours at 37 C 

�Jiea!l J ifference  between control and 
infe c t 3d �roups ( Methaemogl ogin ) after 
inc �tdtion for 2 hours at 3 7  C 

Methaemogl obin ( gms/100 ml ) after 
incubati on with Acetyl phenylhydraz ine 

12  

12  

12  

12  

8 

8 

8 

Mean difference  between c ontrol and 
infected qroups ( Ac etyl phenylhydrazine ) 8 

Mean d ifference between control and 
infe cted groups ( % ) Acetylphenylhydrazine 8 

Nfethd.emo flobin ( %  of total Hb ) after 
incu��ti on with �c etylphenylhydrazine 8 

R et�culocyte Percentage 12 

Group B 

r 

0 . 0018 

0 . 2 1  

0 . 2 5  

0 . 71  

0 . 5 3  

0 . 64 

-0 . 45  

0 . 64 

0 . 6 5  

-0 . 38  

0 . 34 

p 

NS 

NS 

NS 

< 0 . 01 

NS 

< 0 . 05 

NS 

< o .  05 

< o. 05 

NS 

t-JS 

Group C 

r 

0 . 2 2  

o .  54  

O . J.- 5  

0 . 77 

0 . 1 7  

0 . 62 

-0 . 5 9  

0 . 78 

o. 77 

-0 . 48 

0 . 42 

p 

T\JS 

< 0 .  0 5  

NS 

< o . 01 

NS 

NS 

T\JS 

< 0 . 01  

< 0� 01  

T\JS 

NS 

r - C orrel ation Coeff i c i ent P · = Probab il ity NS = T\Jot S i�nifi cant ( p > o. 05 ) 

\ 

� 

l\) 
1-' 
-.J 
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s i gnific ant ( p  < 0 . 05 )  in Group C ( Tabl e XLI I I ) and hi gher 

in both infe cted groups than the correlation with reti culo ­

cyte percentage ( Tables  XLII and XLI II ) . 

T he l evel of  meth2e moglobin a s  a percentage of total 

haemo�lob in was cal culated and is shown to�ether  with the 

d e gree  of par2sit�emia and reti culo cyte perc entage in 

F i �ure 9 . 8 .  The �ean d i ffer ences between th e infe c ted and 

control �roups at e2ch read in� in meth�e�ogl obin percentage 

are shown re lative to the control value s in the fi �ure . The 

data show that : 

1 .  The per centage leve l  of  neth�emogl o b in fol l owed a 

p.:tttern similar to  total methaemoq;lobin wi th increase s 

in all groups o ccurring in the latter half of the 

experiment . 

2 . The increase in th8 infe cted groups wa s correlated 

s igni ficantly ( p < 0 . 05 ) with  the reti culo cyte percentage 

( Tabl e XL II ) but not with the degree of paras i tae�ia 

( Table XLII I ) . 

3 .  With ad justment of the �eth aemoglo bin data , for the 

degree of anaemia , i . e . by expr� ss ins;_r, the levels as  a 

percenta�e of t otal haemoglobin , the me an difference 

cal cula ti ons reveal ed a si�n ifi cantly ( p  < 0 . 0 5 )  h i �her 

per centa ge of methaemo�l obin i n  these  infected groups . 

4 .  The medn d ifference s between the infected and cont ro l  

�roups were si �nifi cantly ( p  < O . Gl )  c orrelated wi th 

both the degre e of parasi taemia ( Table X�I II ) and the 

ret i culocyte per centage ( Table XLII ) . 

I ncubated blood - wi thout acetylphenylhydra z ine : The overaLl  

mean methaemoglobin leve l in the blood of  the c ontrol sheep , 

following i ncubation  for 2 h ours at 3 7°C was 0 . 2 4�0 . 0 5  gm 

per lOO ml ! The t ime rel s t ionsh ips between mean reticulo cyte 

percentage , degree of paras itaemia and methaemoglobin l evel s 

following incubation  in thi s  manner are shown in Figure 9 .  9 .  

The mean d iffer�nces  between the infe c ted and c ontrol groups 

at  e a ch read i ng , in methaemoglo b in l evel s are also shown 

relative to the c ontrol value s in the f igure . The results 

s howe d  that : 
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1 .  The methae�o�l obin leve l s  in all groups wer e ,  w ith few 

exc e ptions , l e s s  than the pre - incuba tion valu e . 

2 .  There were so me s i gnifi cant ( p  < 0 . 0 5 )  increases in 

level s in infe c ted �roups wh ich  c o inc ided w i th the pe ak 

of para s i taemia . 

3 .  The me thaemo�lobin level s in the i nfe cted groups d id no t 

however correl3te significan tly with e i ther the degre e 

of pa ras itaemia  ( �able XLTII ) or reti culo cyte perc entage 

( T abl e XLII ) .  

4 .  The mean differenc e read ings between the infec ted gro ups 

and the contr o l  group w ere not s ignificantly c orrel ated 

w i th the re ti culocyte per cent a �e ( Table XLII ) ,  but were 

si€ni f i cantly ( p  < 0 . 05 )  co rre l g ted in Group B and near ly 

sign ifi c antly c orrelated ( p approx . 0 . 06 )  in r; roup C 

w ith the de �ree of  para s itaemia ( Table XLI II ) . 

Incubat ed blood - wi th acetylphenylhydraz ine : The o verall 

mean me thaemogl obin level in the c ontr o l  sheep following 

incubation  with a c e tyl phenylhydraz ine for 2 hours at 3 7°C 

wa9 3 . 4 9.:t_O. l 2  gm per lOO ml . This wqs 30 . 54z.0 . 98% of to tal 

Hb , and repres ent ed a 7 . 5 fold increase over the pre - incubation 

level . 

The t im? relationsh ips between the mean d egre e  of  

paras i taemi a , r e t i culocy te per cent :tge and me thaemoglobin 

l evel followin� incubation wi th ac ety l phenylhydra z ine are 

shown in F i gure 9 . 10. The menn d ifferences in the me tbae ­

mogl ob in level between the i nfe cted and control �roups , at  

each read i ng are al so sh own rel at ive to  the c ontrol values 

in the f i �ure . The results show tha t :  

l .  The l �vel o f  me thaemogl ob in in all  the gro ups f l u � t­

uat ed , but in contrast to  pre - in cubation patterns , the 

l evel  was c onsistently higher in the contr o l  group 

t han in the 2 infe c te d  groups . 

2 .  In the 2 infec te d  groups c orre l a tions o f  the methae­

mogl obin l e vel  wi th the reti culo cyte per centqge and 

the d egre e  of parasi taemia were negative but not 

s igni f i can t  ( Tabl e s  XLII and XLI II ) .  
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3 .  The mean d i fferenc e s  cal cul � t ions re vealed sign i f i cantly 

( p  < 0 . 05 )  l ower lev e l s  of me thaemogl obin in the infe c te d  

grou ps.  

4 .  The me an di ff erenc e s  were corre l ated signifi ca ntly 

( p < 0 .  05 ) wi th the d egree  of para s itaemi a  ( Ta.bl e XL!I :;c )  
but no t wi th the reti culocyte per c entage ( T able XLII ) . 

The t im� rel a ti onsh ips betwe en the mean degree o f  

para s i t semia , reti c ulocyte percenta ge  and the �e thae�o gl obin 

level as a perc entage of to tal Hb following incubat i c� wi th 

a c e tylphenylhydraz i ne are shown in F i gure 9 . 1 1 . The mean 

d ifferenc e cal culat io ns between the infec ted and cont rol 

groups for me thaemogl obin perc ent are al so shown relat ive to 

the c ontrol values in the f i �ure . From F i gur e 9 . 1 1  it  can 

be  seen tha t :  

l .  Althou �h the E . avi s i nfec ted she e p  were anaemi c and 

me thaemo globin leve l s . increased on incubat ion with 

a c e tylphenylhydrazi ne , the per c e nta�e of haemog lo b in 

in the form of metha emo gl ob in was si�nifi cantly ( p  < 0 . 05 ) 

l e s s  in the infec ted groups than in the co ntrol group 

wh il st par � s i taemi a was at peak l evel s . 

2 .  The mean d i ffere n c e  r eadings between th e infected �nd 

contro l groups for me th aemo <;!l obin pe rc entage were 

s ign if icantly ( p  < 0 . 0 5 )  c orre l2ted with the d e gree of 

parasi taemia ( T able  XLI II) but not wi th the reti culo cyte 

percentage ( T able XLI I ) . 

The Effe c t  of Incuba t i on for 2 Hours a t  37°C of Contr o l  and 

E . avis Infe c ted Bl ood w i th and wi thout A c e tylphenylhydraz ine 

on the Formation of H e in z  Bod i e s  

Follow ing tn cubat i on for 2 hour s  a t  37°C ,  wi thout a c e tyl­

phenylhydra z i ne , the blood  from bo th infe ct ed and contr9l she ep 

was found to cyntain small numbers of erythro cytes with,  

u s ually s ing l e , H e inz b od i e s .  T he percentage of e ryth r o cy t e s  

a ffe cted was vari abl e but there w a s  a t end ency for a higher 

freq�ency of  infe cted erythrocyte s to be  involved ( Fi gure 

9 • 1 2  , a and b )  • 
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Foll owing incubati on w ith acetylphenylhydraz i ne mo s t  

erythro cytes  of  both in f e c ted and non - infec ted blood . c on­

t a ined variable numbers of H einz bod i e s  ( Figure 9� 12 , c 

and d ) , No apparent d i fferen ce in the frequency and si z e  

o f  the se bod i e s  w a s  apparent between the inf e c ted and non­

infe c ted bl o od ; S o me of the se  a c e tylphenylhydraz ine 

incubated erythro cyte s .stained d i ffusely with th e me thyl 

vio let  ( se e  F igure 9 . 1 2, c and d ) . Thi s phenomenon was not 

3 pparent tn th e erythrocytes incubated w i thout acetyl phenyl­

hydraz ine , and oc curr ed wi th simi l 3r frequency in  bo th 

E .  ov is inf e c ted and control blo o d . 

T he Relationship B e tween �1ethaemogl obin and R educed Glutath ione 

( GSH )  in N o rmal �nd E .  ovis I nfe c ted B l o od B efore and After I n­

cub.3.tion, W i th and Without A c e tylphenylhydrazine 

The c orrelat ion between GS H and methaemo€l o bin l e�el s  for 

the contro l 8 nd infec ted �roups befo re and a fter incuba t i on , 

with ::md wi thout a c e tyl phenylhyd ra z ine are shown in T a bl e 

XLI V . In c o�trol b l o od there was no c o rrel �tion betwe en the 

2 paramet ers , but in the infe c ted blqod , there was a negative 

c orre lati on re corde d  for both vroups , wh i c h  wa s s i �n i fi c an t  

( p  < 0 , 01 )  in Group B .  

I ncubat ion wi thout ace tyl phenylhyd r Qzine c aused some 

fall in b o th param e t ers ( F i gures  9 . 3 �nd 9 . 9 ) . All  gro ups 

showed a po s i t,ive c orre lation between the 2 pare;meter s , but 

only the c o e ff i c ient for the c ontrol gr oup approached 

si�nif i c an c e  ( T able  XLIV ) . 

Incubation with a c e tylphenylhydraz ine c aused a marked 

fall in �SH and a mark ed increase in methaemo�l obin . All 

�roups showed a s i gn if i cant ( p  < 0 . 05 )  positive c o rr e l ation 

between th e 2 par ameter s .  



TABLE XLIV 

C ORRELAT ION BETWEEN METHAEMOGLOBI N AND REDUCED GLUTATHIONE ( GS H )  BEFORE AND AFTER 
I NC UBATION �JI T H  AND WI THOUT ACE TYLPHENYLHYDRAZ INE 

EX PERH'IE.i'JT VII 

Treatment Control '.A Infected B 

Degrees  of  
Fre ed om r p r p 

Infe cted c 

r p 

Befor0 I ncubation 11 0 . 07 NS - 0 . 7 3  <O . O l - 0 . 5 1  NS 

Incuba tion with 
A cetyl phenylhydra z ine 8 

I ncub� tion wi thout 
A c etyiphenylhydraz ine 8 

r - C orrelation Coeff i c i ent 

P - Probab ility 

1\JS = 1\Jot  S i gnif i c :1nt ( P  >0 . 05 )  

x P <0 . 0 5 when r = 0 . 6 32 

0 . 88 

0 . 6 3 0x 

< 0 . 61 0 . 8 7 <o . 0 1  

NS 0 . 2 3  NS 

0 . 71 

0 . 3 9  

< o .  0 5  

NS 

7\) 
7\) 
l\) 
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DIS CUSS ION 

Me thae ·no�lobin and Redu c ed Glutath ione ( GS H) Level-s in Non­

I ncubated Blood from Normal and E . ovi s  I nfected Sheep 

Control  values :  Value s for the GSH l evel in sheep erythr ocytes 

have been reported by a number Qf i nvest igators ( S mith and . 

Osburn , 1 96 7 ; .  Kaneko and S mith ,  1 964 ; Tucker and K i l gour , 

1970 ; Tucker ,  1 97 1 ; Aq;ar et a l .  , 19 72 ) and are summari sed 

in Table XLV . The d i s c overy by Smi th and Osburn ( 196 7 )  that 

some sheep h�d GS H level s . which  were l e ss than 20% of the 

�ean l evel in o ther she e p ,  w�s l ater shown to be _ an inheri ted 

auto somal re cess ive d isord er ( Tucker  and K il gour , 1 970 ) . 

Thi s  ha s led to a clas s i fi cat ion of  normal ( GS HH ) and 

glut qthione defi ci ent ( GS Hh ) sh eep ( Table  XLV ) . 

I n  this inve st i€ati on , wh ich wa.s on sheep of . the R omney 
h and P erend ale breed s ,  no GS H shee p were d etected , and no 

apparent difference in GSH va lue s between the 2 breed s was 

noted . The mean va lue obtained for th e co ntrol group was 

s imilar  to that obtained by other invest iGat ors wi th o ther 

breed s  of sheep . Althou�h some fluctuatiQn in the control 

value s was re corded durin� the exper iment , there was a 

tend ency for the l evel s to rise as  the exper iment co ntinued 

( F i gure 9 . 2 ) .  I t  is probable that the removal of 2 0  ml o f  

blood at . each bleeding , wh ile  n o t  prod ucin� a re ticul o cyte 

response , would l e ad to some decrease i n  the avera se �ge 

of the erythro cyte population .  Al though Prankerd ( 1 9 5 8 ) 

observed . no variation i n  the GS H c ontent of human erythro cytes 

wi th age , S ass et al . ( 1 96 5 )  found a de crease with inc rea s ing 

age of erythrocyte . I n  sheep erythrocytes there is a d i st in c t  

increase i n  GS B content when erythrogene s i s  i s  mo st active  

( Todd and Ross , 1 96 8 ) . A similar s ituation h as been 

descr ibed in c attle erythrocytes (S teensgaard and M�ller , 

1970 ) .. 

The level of metha emogl obin in  c ontrol  blood record e d  

i n  the early s tage s  of  the experiment was si�ilar to t hat 

re c orded for human blood ( Henry , 1 96 4 ; T onz , 1 968 ) . .  The 



TABLE XLV 

Reduc ed. glutathione ( GSH ) l evels of. sheep . 

GBHH - sheep with normal levels of reduc ed glutathione . 

GSHh - sheep deficient in reduc edglutathione . 

Author 

Kaneko and �mith ( 1 963 ) * * *  

Tucker and Kilgour ( 1 970 ) 

Agar rt al . ( 1 972) 

Smith and Osburn ( 1 967) 

Tucker and Kilgour ( 1 970) 

Agar et al . ( 1 972) 

Smith and Csburn ( 1 967) 

Sutton ( EXP 7) 

• Standard error . 

Breed 

Guffolk 

GSHH Values 

Finnish Landrac e 

Clun Forest 

So ay 

l'lerino Cross 

Welsh i'Iountain 

Shetland 

Border Leices t er 

Corriedal e 

Dors et Horn 

Poll Dors e t  

Merino 

GSHh Values 

Finnish Landrac e 

So ay 

l'lerino Cross 

Corriedale 

Merino 

Romney 

Value 
(mgs/1 00 ml of l"lethod 

red c ells . )  

49 . 0  ± 3 . 1 "' Beutl er ( 1 957)  

96 . 65 ± 2 . 09 Beutler � al . ( 1 963 ) 

89 .85  ± 1 . 1 0  

85 . 82 ± 1 . 06 

89 . 25 ± 2 . 72 

83 . 82 :!: 3 . 78 

89 . 01 :!: 5 . 74 

88 . 3  ± 1 . 95 Roberts and Agar ( 1 971 ) • •  

1 1 2 . 4  ± 2 . 9 3  

1 08 . 9  ± 1 - 57 
1 09 . 9 ± ' 'i. L�6 

1 08 . 3  ± 1 .  56 

1 04 . 0  ± 2 . '/2 Beutler et al . ( 1 963 ) 

31 . 07 ± 1 .  70 

48 . 1 7  

1 9 . 46 

33 . 4 

42 . 8  ± 1 . 60 

1 1 . 4  Beut l er e t  al . ( 1 963)  

95 - 75 ± 1 . 85 Beut l er et al . ( 1 963)  

• •  This is an automated vers ion of the manual method of Beutler et al ( 1 963 ) which gives results 
approximat ely 20� higher . 

• • •  Thes e results are similar to those  of G3Hh sheep . 
1\) 
1\) 
+-
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reason for t h e  increase which o c c urred in bo th the infe c ted 

and control groups durin� the latter ha lf  of the experiment 

( Fi g�re 9 . 7 )  i s  obscure . All �roups l o s t  weigh t  at th is  

time , presumably because of 3 reduc ed stand ard of nutrition  

and this may account for the  observed increase ( Chapter V ) . 

I t  has been shown that t he degree o f  met haemoglobin�emia 

mGy vary with the qual i ty of the d ie t . F or example , experi ­

�ental nitrite  po isoning with acc ompanying me thaemo�lobin­

ae�ia h 3 s  been record ed in animals  fed an inad equate rat ion 

3ft er d o s ing wi th nitrite  at a level whi ch is  iDno cuous to  

animals fed on good rat ion (�watkin :md Plummer , 1 946 ) . 

The po ssibility cannot be d i s counted tha t  a low l evel d i et  

could fac il itate the ab sorption of such ch emi cals as  hydro� 

xylamine wh i ch i s  a catabolic  produc t  of nitrite ( N icbolas , 

195 9 )  nor�al ly found in . the rumen of  sheep ( Holtenius , 1 9 5 7 ;  

Jamieson , 19 5 8 ; W int er , 1962 ) thereby leadin� to a hi�her 

level of me thaemo�lobin . 

Resultin� from th i s  increa se  in blood me tha emog lobin 

wa s a si�nif i c ant  correl � tion ( p  < 0 . 0 5 )  in the infected 

groups between nethaemo��Qbin leve l s  and the reti culo cyte 

percenta�e ( Ta ble XLII ) , .  �l though corre l a t i ons with the 

d e gree of p�rasi taemia were not si �nif ic ant ( Table XL II I ) . 

However in view of the fa c t  that the increase in co ntro l 

�e tha e �ogl o b i n  l evel s  was similar to that in the inf e c ted 

groups , 3nd that  reticulo cytes are rela tively more re s i s tant 

to methaemo�lo bin fo r�ation ( Matth i e s , 1956 ; Bethlenfalvay � 

1 971 ) , it  seems likely that the correlation between me tha e­

mo�lobin and  reticulo cyte percenta�e  i s  coincidental . 

Values in infec ted blood : In infec ted blood the GSH leve l s  

were sl ightly �ewer than the contro l values during the 

d evelopment of , and 3.t  peak , p::1ras i taemi::1 . W ith <;l. e creasing 

parasitaemia in t he la tter half of the exper iment , infe cted 

value s  showed a significant fall ( F i!Sure 9. 2 ) rela. t ive t o  

c ontrol valu e s . Al though the d ifference be tween the 

infec ted and contro l groups was sign ificantly ( p < 0 .  0 5 ) 

correlated w i th reticul o cyte percentage ( T 3ble  XL ) , 2 

contrad ic tory po ints ari se . The first  i s  that  the d i fferen c e  
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b etween the inf e c ted and c ontrol �roups is due , in part , to 

an increase in control level s ,  whi ch could resul t  from the 

presence of  youn� erythro cyt e s .  However , the d e c l ine in 

the  infe c ted �roups o c c urred  in spite o f  the pre sence o f  

l erQ,"er numbers of  imma ture c ell s . 

A s  the glyc olyt ic metabol ism of  erythro cytes infec ted 

w i th E . avis appears to be simi. lar to _ tha t of  erythro cyte s 

infec ted with ol �smod ia  ( Cha pter VII ) , it  is pos sible th�t 

the nutr itional d e mand s  are simi ler in spite of  the ir 

d i f ferent  morpho lo a. ical  rel 2 tionship wi th the ery throcyte . 

I t  has been shown tha t P . knowl esi util i z e s  GS H for some o f  

its  protein requirements ( Fulton and Grant , 1 956 ) . In  the 

e 1rlier stages of malaria l infe c tion there is a tendency for 

S S H  levels to rem�in normal or ev?n increase sli�htly 

( Fulton and Grant , 1 9 56 ; S her�a n ,  1 96 5 ; George and Pollac k ,  

1966 ; Fletcher and �ae gra i th , 1 970 ) . By analogy th is would 

su��e st that  early in E .  ovi s infection the erythro cyte ' s  

c apac ity for re�enerat ing GS H is abl e to meet  any nutri tive 

d emand by the paras ite . In the la ter stages of  paras itaemia , 

where it  mi ght be expe c ted that the nutr it ive demand s of  the 

paras ite are �uch l e ss , it is po ss ibl e that the erythro cyte 

nay have diffi cul ty ma intai nin� adequa te SSH level s ,  e i ther 

as a result of GSH and oxid ized glutathione ( GSS G )  store 

d e pletion by the parasit e , or  of  a d iminished capa c i ty for 

GSH regeneration c aused by the paras i te . The fact that 

G6PD act ivity is not l owered during par a s i tae� ia ( Chapter 

V II ) ind i cates tha t pentose  phosphate pa thway o c tivity and 

hence  NADPH regenerat ion is prob�bly no t affec ted . The 

possibil i ty of so me int erferenc� , either d irec tly or 

ind ire c tly on NADPH utilization , by glutathione reductase 

must  be  consid ered . 

The pre sence o f  considerable numbers of  ret ic ul o cyt e s ,  

and other young ery thro cyte s , which  und er normal c ircum­

stances  would tend to increase the mean erythro cyte GSH 

l evel tn the infected  blood ( Todd and Ro s s ; 196$ ; S ass 

et al . , 1 96 5 ) , ind icates  that some erythro cytes  m�y be more 

h eav ily d e pl eted in GS H than the mean values would sugges t .  
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Abso lute methaemoglob in va lues were sligh t�y h igher 
in E .  avis infe c ted blood than in control blood , but only 
occ asional signific ant d ifference s  were r e cord ed ( Figure 
9 . 7 ) . A s  a percentage of  to tal haemogl o b in ,  the l evels  of 
methae�o globin in infec ted blood were cons id er�bly h i�her 
than c ontrol l evel s ,  but d id no t reB ch a l evel  of  cl inic a l  
signifi cance  ( Prewitt and ter ilan , 1 9 58 ) .  I t  h J s  been 
cal culat ed th::1 t ,  because  of the norma l ly l ow concentr Jt ion 
of methD eJ1o �l obin , the reductive sy s t e.ns are at  lea st 2 5 0 .  

times a s  active a s  the oxid 3 t i ve ones ( Forna i ni and B o s s u i  

1 96 9 ) . The 4 sy stems whi ch 8re known to contribute to the 
in vitro reduc tion of  meth3emogl obin ut i l i z e  �S H , NADH­

dependent d iaphor�se ,  a scorb i c  ac id and NAPDH d e pend ent 
methae�o �l ob in redvctase ( S cott  et al . , 1 96 5 ) . From the 
evidence  avail �ble , the 2 systems that may be affe c ted during 
E . av is  infe ction are the one s  that uti l i z e  GS H and methae­
nog lobin d iaphorase . Al thou� h  there i s  a sign if i c ant 
ne P-"'lt ive c orrela tion  betwe en absolute methae:p.o �lobin level  
a nd GSH l evel in  infe c ted bl ood ( Table XLI V ) ,  which  su�ge s t s  
that a f a l l  in  GS H may cause methaemoglo bin leve l s  to  ri s e , 
t h e  NADH-depend ent d iaphoras e  is  probably the o0ly methae­
rno •!::tbin reduc ing system effe c t ive in vivo ( Tonz , 1968 ) . I t  
s e ems therefore that the correlation between GS H and 
rnethaeTio �lobin i s  � re9u l t  of parasitic  a c ti v i ty on each 
pqrameter individually , rather th-:m a d ire ct e ff e c t  between 
the two . R egeneration o f  NADH is  d e pend ent rn Qinly on the 
.J. ct ivi ty of th e glycolyt i c  enzyTie fSlycerB.ldehyd e - 3- pho sphate 
d ehydroqenase . 

B ecause of the a pp arent ly high l evel Qf anaerobic  
glycoly s i s  in  infe c ted blood  ( Chapter VI I ) , the  poss ibi l i ty 
of  glycolytic  substrata d e pl e t ion by the parasite wi th a 

r esultant decrease in the effic iency of  the NADH d iaphorase 
system of  the erythro cyte mus t  b e  considered a pos s ible 
cause o f  the sl igh t  increase  in the methaemoglobin level o f  
infec ted blood . The o th?r reducing systems are bel ieved t o  
only p l ay a role in vivo , . when there is  an exce s s  of  me tha e-:­
moglobin,  or in . the pre sence of  some spec ific  oxidi z ing 
chemicals ( Tonz , 1968 ) .  
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The E ffe c t  of Incub3.tion of B lood from E .  avis  Inf e c ted  and 

Normal S heep on Reduced Glutath ione (GS H) and Methaemoglobin 

Level s 

Incubation  wi thout �cetylphenylhydraz ine : The effe c t  of 2 

hours incub�tion at 3 7°C on the level of GS H in both E . av i s  

infec ted and control  blood s  was t o  prod u ce n fall i n  the 

level of GS H c omparable to that shown by Allen and Jand l 

( 196 1 ) . At the peak of  pJ rasita emi3 this  fall was higher in 

the infec ted r:::roups with J. s i1rn ifi c .::mt ( p < 0 . 05 ) d i fference  

betwe en the i nfe c ted and c ontrol groups beinv, re cord ed 

( F i P:ure 9 . 4 ) . 

I t  i s  well establ i shed that a t  a physiolopi cal pH , 

sponta neous oxidJ tion of sul phydryl group compound s su ch as 

GSH d oe s  oc cur , and is influen ced by pH chqnge as wel� a s  

oxid 3 nt dru�s  ( Allen and Jand l , 196 1 ) .  At  an a c id pH , wh i ch 

�ight be expected in the infe cted blood a s  a re sult of the 

increased �lycolytic activity , the co mpound s ar8 more stable . 

However , the po ssibili ty of i ncre a s ed �SH ut i l i z at ion for 

nutr iti onal and synthet i c  purpo ses by the p3ra s i te in the 

inf e c ted blood m�y �ore than offse t the slower oxidat ion 

wh i ch c o uld be expected to  o ccur with the lo'·rer pH . 

Jandl et al . ( 1960 )  stud ied the effect of  pro lon�ed 

in cubat i on of blood at 3 7°C on hae�oglobin rrnd found a very 

slow c onver s i on � �ethaemo�lobin d ur ing the first 2 d ays 

wh i ch subsequently beca�e nore rapid . At th e end of a week  

about 7C/fr of  the  h q e:noglob in  had been converted to  methae"no­

globin . In this  study , the level of metha emogl obin in the 

contro l P.roup was less tDan the p�e-incubati on level ( Figures 

9 . 7 and 9 . 9 ) . There was , h owever , an incre�se of methae�o­

gl o b in in the blood o f the infe cted animals , wh i c h  correla ted 

with  the degree of  para s i ta emia ( Table  XLI II ) .  The 

erythro cyte in  c irculation  is sub ject  to many oxidative 

pro c e s s es wh i c h  probably ar i se in a natural �ay from s oluble 

c omponents of the blood  ( Ko sower and Ko sower , 196 9 ) .  These 

pro c e s se s may not be as evident in vitro .  What role ot0er 

reduc ing a�ents play in such c ircumstances is uncertain , but 
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r e sults from in vitro stud ies  have shown some c ontr ibution to 

me thaemo �lobin reduction by fa ctors other than t h e  N ADH­

d e pendent d iaphorase ( S c o tt et al . , 196 5 ) . Any reduct ion in 

methaemo�l obin level whi ch d o e s  o c cur c�n only be consid ered 

to  be trans itory ns d eple tion of  �lucose d u e  to continuing 

glycolytic  act ivity will le2d to a �ow and steady me thaemo­

gl obin formation as d e scri bed by Allen �nd J and l ( 196 1 ) . 

The h i rrh e r  me th 1 emo�lobin levels re cord ed in the E, ovi s 

infe c ted blood after in cubation are probably the result of  

cir cumst a nc e s  prev iously d e s cribed for non- incubated blood . 

I ncubation with acetylphP.nylhydrazine : It  hJs been known for 

some time that cert�in dru�s such as $ _ amino qu inol ine , 

prim�quine , Rcetanilid , sulphanila �ide , and nitrofurantoin 

w i l l , und er so mE? ci rcumstances , t nd uc e tn man .'3. h8.ernoly:t i c  

anaemia ( Cordes , 1926 ;  H o chwald  et  al . , �95 2 ; . Dern et al . , 

195 4 ; B eutler et al . , l 95 5 a ,  b ;  Beutler , 1 9 5 7 , 195 9 ) . 

I t  was  d emonstrated that the �S H cont ent o f  sens i tive �uman 

erythrocyte s tend ed to  be below normal ( B eut l er e t  �1 . ,  

l95 5 b )  � nd fell  m3rkedly when c ells were i ncubated with 

a c e tylphenylhydraz ine ( B eutl er , 195 7 ) . 

Alth ou�h 1 s  yet no t pro perly d efined , it i s  b e l i ev ed 

th�t oxid �tion �e cha nisms in the nor�al erythro cyte are  

nedi � ted throu�h the formation o f  H 2o2 and free rad ic al s  

( F orn3 ini a11d Bo ssu , 196 9 ) . Th ese are reduced throursh the 

ac t ion of the enzymes  catalase Qnd �lut a thione peroxid a se . 

The ox id iz e d  glutathione ( GSS G ) , wh i ch is formed as a result 

o f  the perox id ative d e s truc t ion of hydro gen perox id e ,  is in . 

turn reduced through the med i qt ion of glutath ione reductase , 

w i th consequent ox idation of N ADPH ( F igure 9 . 1 ) . The 

instability of GSH l evel in the d rug sensitive h 1 emo lytic  

an g ernias w ::� s  shown by Cl:ben and H o ch s tein ( 196 1 )  to  be  a 

result  of low glucose-6 -pho spha te dehydro �enas e  ( G6PD ) : 

this  d efi c iency was first des cribed in d rug sensitive erythro ­

cytes by Carson et a l .  ( 19 56 ) . I t  i s  believed tha t G6PD 

d e f i c iency results in � failure to reduce NADP wi th a 

consequent fall in GSH an important source of  red�ctive 

potential in the erythro cyte ( S z e inberg and Marks , 1 961 ) . 
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The action of acetylphenylhydraz ine and oxid ant compound s 
on the sulphydryl groups of the erythro cytes was shown by 
Allen and J andl ( 1961 ) to  pro ceed in ord er of  d ecreas i ng 
reaction rate .'3 s fol l ows : 

1 .  The reac tion of oxygen with the compound s ( a cetylphenyl ­
hydraz ine ) to form oxid i z ed deriva t ives . 

2 .  The react ion of the oxid i z ed d eriv8 t ive s with 
glut8 th ione ( GSH ) . 

3 . The reacti on of the oxid i zed derivat ive s with the 
ferrous he�e s to for� me thaemo�l obin . 

4 .  The reaction of the oxid i zed d eriv�tive s  wi th the 
h� emo �lobin su l phydryl groups to form Heinz  bod i e s  
( F igure 9 . 1 3 ) . 

The exact  mod e  o f  a c tion  of acetyl phenylhydraz ine on 
S S H  is uncertain . Wh ile Beut l er et al . ( 195 7 )  consid ered 
that acety l:ro:henylhydra z i ne . d id not d e stroy GS H .:md other 
sulphydryl .c;roup compound s ,  but produced an al tered form of 
haemo gl obin whi ch oxid i z e s  GS H , Allen and J andl ( 1 96 1 )  

fo und th�t acetylphenylhydraz i ne 2lone oxid i z e s  GS H once it  
h a s  been converted in the pre sence of oxy�en to an ac tive 
form ; th i s  conversion i s  catalysed  e i ther by h � emo�lobin 
or trace metal s . Cohen and H o chstein ( 196 3 )  who showed that 
und er nor�a l physiolo�ic  cond i ti ons gl vtath ione perox idase  
was  the �ai n  pathway of  H2

o2 reduction , later fo und ( C oben 
o nd Hochst�in ,  1964 ) tha t  phenylhydraz ine and therefore , . 
pre sumably , acetyl phenylhydraz ine inter acted with H202 in 
2 ways . The first was by d ire ct act ion with mo le cula r 
oxygen to �enerate H

2
o

2 
and the se cond was by react ion with 

oxyhaemo � obin to form free 02 and /or a h a emat in-H 2o2 
c omplex . The H2o2 then bri ngs about a d epletion of GS H by 
oxidation in G6PD d efi cient erythrocyte s , 

In th is  study on sheep  erythrocyte s ,  both normal and 
E .  ovis infe cted c el l s  showed a l arge fall in GS H l eve l on 
i n cubation with acetylphenylhydra z ine ( Figure 9 . 5 ) . Thi s 
fall  was s i gnifi cantly ( p  < 0 . 05 ) h igher in the infe c ted  
erythrocytes ( F igure 9 . 6 )  and correlated �ignificantly 
( p  < 0 . 01 ) with the d egree of parasitaemia , but not wi th 
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reticulocyte percentage . The fall in  t h e  normal sheep 

erythro cytes . was simi lar to  th�t described by Kaneko and 

S mi th ( 1964 ) , a nd intermed io.te between norma l h uman 

erythr 9cyte s and t h o s e  wh i c h are G6PD d e f i c i en t  ( B eu t l er 

et al . , 195 5 b ; Beutler , 19 5 7 ) . A lthough the l evel  of  the 

enzyme G6PD in sh e e p  eryth ro cy t e s  i s  s i � i l R r  to th a t  of a 

G6PD d e f i c i e nt human e ry t h r o cy t e , 3 nd t h e r e fo re � l i kely 

e xp l �n a t i on f o r  the a ppa r ent � s H  i n s t o.b i l i ty o f  t h e  n o rma l 

s h e e p  erythro cy t e , t h e  f o l l ow in �  po i n t s mu s t  be c on s i d e r e d : 

1 .  S he ep erythr o cy t e s  d o  n o t  und e r g o  h o. emolys i s  in v i v o  

when l J r � e  amount s  of _ pr i maq u ine are admi n i s t e r e d  

( C arso n ,  196 0 ; S m i t h , 1968 ; Ma ronpo t ,  1972 ) , where 

as G6PD d e f i c i e nt human e ry t h r o cyte s d o . 

2 .  C a t tle erythro cytes  show a s i mi lar GS H i n s tab i l i t y , 

a l t ho u � h  t h e i r  G6PD level i s  � imilar t o  t h e  no rmal 

human l evel ( Kaneko and �i l ls ,  196 9 ;  S t e e n s gaard and 

M�l l er , 1970 ) . 

3 .  U s in g t h e  me tha e�o gl o b i n  r ed u c t i o n t e s t  o f  B rewe r  

et  al . ( 1960 )  t o  m e a s u r e  t h e  ab il i ty o f  s h e e p  e ry th r o ­

c y t e s  t o  generate NADPH and h en c e  ind i r e c t l y  t h e i r  

G6PD a c t i v i ty , B r own ( 196 3 )  a nd K ane ko and Smith ( 1964 ) 

f ound l evels  s in i l a r  to t h o s e  o f  G6PD d e fi c i e n t  h uman 

e r y thro cyt e s . In c o n t ra s t  S 3 l i v id i o  e t  al . ( 1963 )  and 

S m i th a nd B eu t l e r  ( 1966 ) o b ta i ne d a hi �her l e v e l  o f  

methaemogl obin reducti on intermediate betwe en the G6PD 

d e f i c i e�t and normal h uman e ry t h ro cyt e .  

4 .  I n  t h e  i n cubat ion of normal humon ery th ro c y t e s a la c k  

o f  glucose  l ead s t o  GS H in �tab i l i ty ( Beut l er et  al . , 

1 95 7 ;  C ohen and Ho c h s t e in , 1 96 3 ; nav i es and G ow e r , 

1 964 ) . 

From the se po ints i t  i s  apparent that d espi te a normal 

G6PD l e vel  in th� sheep ery thro cy te whi ch is simil ar t o  a 

G6PD defic ient human erythr o cyte , the sheep cells  can use 

the pentose pho sphate pathway at a higher ra te than the 

defi c i en t  human cell  and ma inta in a GSH level c ompara ble  

to  that o f  other spec ie s ( Table XLVI ) .  I n  a study o f  the 

kinet i c  chara c teri stic s of G6PD . in the shee p  erythro cyte 

Smith and H oldrid�:Se ( 196 7 )  were , however , unable  to  provi d e  



TABLE XLVI 
REDUCED GLUTATH IONE ( GS H ) LEVELS I N  SPECIES OTHER THhN S HEEP 

Author 

B eutler ( 19 5 7 )  

B cutl er e t  al . ( 1963 )  

S pe c i e s  

Human 
Human 

Ke�eko end Mil l s  ( 196 9 )  Bovine 

S herman ( 196 5 )  Duck  

Fl� tcher and �aegraith ( 1970 ) �i c e  
Rhesus Monkey 

x = S tandard Deviat ion 
xx • 2 X S tandard Error 

Va lue Method mgs/100 ml Erythrocytes 
66 . 3_:t9 . 6x 

n XX 5 P . 5 5 +0 . 24 
66 . 69:0 . 94 
68 . 89:0 . 95 
62 . 74�0 . 68 

5 9 . 5 3+0 . 45  
67 . ?6:o . 43 
6 9 . 01:0 . 88 
6 3 . 04+0 . 70 

89_:_14 . 2x 

145 . 0 

· 6 5 . 0.:tl5 . lx 

X l25 . 0.:t30 . 0 

B eutler ( 1 957 ) 

S te venson et  al . ( 1960 )  

B eutler et al . ( 196 3 )  

B eutler ( 195 7 )  

B eutler ( 19 5 7 )  

Kay and Murfitt ( 196 0 )  

1\) 
v..> 
1\) 
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� n  e x pl a nat i o n  f o r  the a pp�rent ab i l i ty o f  t h e  c e l l  t o  

ut i l i z e  t h e  pen t o s e - ph o s ph a t e  pat hw J y . T h e  po s s ib i l i t y  

( S a l v id i o  e t  a l . , 196 3 ) tha t the ery thr o cyt e s  o f  s o�e 

an imal s pe c i e s  � ay h-1.ve d i f f er e n t  me t c:J.b o l i c  p� thways 

a s s o c iated w j th the pro t e c t i on of e ry t h r o cytes , bu t 

d i s s o c iq ted f r o m  the NADPH l inked pe n t o se ph o s pha t e  pQ thway 

cannot be d i s c ounted in the sh e e p . 

K 'lneko and Hi l l s  ( 1 96 9 )  c on s id e r e d  th -:t t  t h e  c omp.J rat ive 

GS H i n s t 2b i l i ty of no rma l sh e e p  e rythro cy t e s  w � s due to a 

l ow n o r�al l ev e l  o f  b l o o d  gl uco s e , wh i c h may l e ad t o  a l a c k  

o f  n e c e s sary s ub s tr B t e  i n  the �S H ma i ntaining pa thway s . I t  

wa s shown earl i e r  ( C ha pt er VII ) t h a t  iDfe c ted erythr o c y t e s  

had � v ery h i � h  c on sumpt i o n  o f  �l uc o s e ,  2nd � s  n o  g l u c o s e  

w�s �dd ed t o  t h e  bl o o d  incub3 ted w i th a c e tylphe�ylhyd r 2 z in e , 

th e b i gger f a l l  i n  � S H  l ev e l  wh i c h  o c c u rred in the E . o v i s 

inf e c ted ery t hr o cyt e s  a t  the pe a k  o f  p 9 r a s i t a e mi Q  ( F i �ur e s  

9 . 5 and 9 . 6 ) wo u l d  b e  expe c ted . 

O ther e ff s c t s  o f  n c e ty l ph e nylhydr a z ine incuba t i on o n  

b o th E . o v i s  i n f e c ted and c o n tr o l  b l o od were : 

1 .  The fo rm a t i o n  o f  3 h i �h l ev e l  o f  me tha emo�l o b i n  

F i gure s  9 . 1 0  and 9 . 1 1 ) . 

2 .  A d i ffu s e  s ta i n i n g  r e a c t i o n  s i mi l ar to tha t o f  the 

c o c c o i d  ( H e i n z ) bod i e s  pr e s e n t  i n  s ome ery t hr o c y t e s  

o f  b o �h inf e c t e d  and c o n t r o l  b l o o d  ( P i gure 9. 12 ) .  

3 .  A large numb�r o f  c o c c o id b od i e s , wh i ch wer e pre s um 'lb l y  

H e inz b od i e s ,  f o rmed in �o s t  erythro cyt e s  ( F igure 9 . 12 ) . 

The h i �her l e v e l  o f  meth a e mo g lo b i n fo rmed in t h e  c o nt ro l . .  

b l o od c ompar e d  w i th inf e c ted b l o o d  was pro b�bly d u e  t o  

d iffere n c e s  in t h e  r e l at ive �d v an c e � e n t  o f  h2emo g l o b i n  

o x i d a t i on w i t h ln t h e  e rythr o cy t e  ( F igure 9 . 1 3 ) . T h e  d e p l e t ­

i o n  o f  GS H w i th a c etyl ph e nylhyd r a z i ne in c uba t i o n  i n  i n f e c t e d  

b l o od wou+d l e ad to t h e  o x ida t i o n  pr o c e s s  ad v an c i ng fur th e r  

b e y o n d  t h e  me t h a e mo g l o b i n  sta�e . 

The d iffu s e  s t a ining re a c t i o n  o c curr ing in s ome 
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erythrocytes  of both infe c ted and no n- infe c ted blo od as 

d i stinct from the de fini te c o c c o id ( H e inz ) bod i e s  fo rmed 

( Fi gure 9 . 12  c ,  d )  may be d ue to the pr e sence of d en atured . 

haemogl o b in product9  other than tru e me th�emogl o b in ( Mi ll s ,  

1 95 9 ;  Jand l et al . , 196 0 ) . Th ese  denn tur ed produc t 9  whi ch 

cause spe ctro sco p i c  interfe rence with �et haemogl o bin , 

�radually supplant me thaemoglo bin at :::t rate de pend ent on the 

c oncentr8 tion of the ox id i z i ng dru� . Incl ud ed in  th is gro up 

are the pyrtd ine h:::temo chromagens ( sulph- haemogl o bins ) wh ich  

are  so luble , and the  " green haemogl obins" wh i ch may not  

c onta in inta c t  porphyr in r ing s and are  rel ati ve ly inso luble . 

H e in z  body forma t ion i s  the last s tage of the oxid at i ve 

h 3emoly t i c  pr o c e s s  in the erythrocyte ( F i gure 9 . 1 3 ) . I t  

w a s  n o t  poss ible however , b e c au s e  o f  var iabi l i ty i n  s i z e  and 

nwnber , to d etermine t he rel a ti ve d egre e  of H e inz body 

formatio n between the E . ovi s inf ected and control �roups 

( F igure 9 . 12 ) . The i mportance of H e inz bod i es in  the 

pathogen e s i s  of ha eno ly t i c  anaem i -:::ts h3.s  been th e sub j e c t  

o f  some s tudy . The spl een i s  bel ieved t o  play an a c tiye 

role  in the removal of  af fected cell s ( Bo thberg et  al . ,  1 95 9 ;  

R ifkind and Danon , 1 96 5 ; W ee d  and Reed , 196 5 ) , and phago­

cyto s i s  by neutroph i l s  i n  th e per ipheral c i rcul� t i on i s  

thoug;h t  t o  b e  ano ther me ans o f  remov:1 l ( S impson , 1971 ) . •  

H owever Da c i e  ( 1967 )  s ug ge sted th at 3sso c i ated f � c tors mus t  

be cons idered in the haemoly t i c  pro c e s s . The s e  inc lud e the 

overwh e l ming of the me c h ani s�s th 3 t  mai ntain GS H and as a 

c onsequence  an inab il ity to  generate GS H • .  A s  a resul t o f  

this  t h e  erythrocyte memprane i s  affe c ted , l e ad ing t o  

alterat ion in morphology , o smot i c  frag i l i ty and permeab i l i ty , 

and eventual haemo lys i s . 

The P o s s ible C l inical Effe c t  Ari s ing from Alterations i n  

Erythrocyte GSH and Methaemogl obin Leve l s  duri ng E .  ovi s 

I nfe ction 

Eperythro z o on o v i s  infe c t i on cau s e s  some fall i n  

e rythro cyte GSH l evel , and s ome increa�e in me thaemogl o b in 

l eve l , but ne ither alteration i s  gre at , and i n  the case of 
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me thaemo globin does not re�ch a l evel o f  cl inical s ignifi­

c ance . It has been shown that v ery l ow l evel s of  GS H as 

such ci o  not c ::1 use erythrocyte d e s truc t i on ( Smith and Q sburn , 

1 96 7 �  Ko 9ower :1nd Ko s m··r e r , 1 969 ; Tu c kor and K il ."'o ur , 1 97 0 ; 

Lo  et al . ,  1971 ) . H owever i t  i s  worthy of nota th � t  t he GS H 

l ev e l  i n  infe c ted blood does  not f3ll  unt i l  �fts r 'ln�eTiia ha s 

s tarted to d e ve l o p ; wh ere i t  m3y te expe c ted th �t so�e r i se 

in  � s H  would o c cur ,  d ue to th e pre s ence  of reti culo cyt es . I t  

a ppe �r s th 3 t  paras i t i z e d  erythro cyt e s  a t  th i s  l � tt er s ta�e 

of inf e cti on n·�y h :tv e  a d i  -,, i n i shed C 3. pi1 c i  ty for r;s H r c i;; enera ­

t ion , � nd th erefore ,  b e c au s e  o f  c onti nual c he n i cal c h 1. l l enges 

to wh i ch they m�y be sub j e 9 t c d  by solub l e  c omponents in the 

blood ( K o s ower and Ko sow er , 1969 ) m�y not surv ive as long a s  

normal e ryt hr o cyte s . The  fn l l  in ery thro cyte � s H  l evels m�y 

in itself be a reason for t h e  d e cre� s in 1  para s i t � e mi � a s  it 

h a s b � en shown tha t  human s with G6PD d e f i c i ent eryt h ro cyt e s  

h � ve a s e l e c t ive , advanti1�e a� ginst t h e  malarial p 1 ra s i te s  

( Luz z n tto e t  3 1 . , 1 96 9 )  where it i s  thou�ht that t he p grs sites  

.1.re  inhibited by the . build up of oxid i z ed p:lut �th j. one L :;v<:: l s  

( Kosower and Kosower , 1970 ) . 

Althou ·>h it h:J.s been sh own th:'.t l9w SS H :1 c t iv i ty i n  

erythro cyte s d o e s  n o t  c2use  h a e�olys i s , i t  does  mqke the 

erythro cyte . more prone to o x id 1. t ive d e 9 truc t ion ( Kosower . 

and Kosower , 196 9 ;  Tuckar and K i l f�o ur , 1 970 ; Lo e t  al . , 

1971 ) . This h3s  b e en sh own both in the G6PD d e f i cient human 

arythrocyte wh ere oxid ativ e chnl l a n�e by drugs such as  

pr im3quine lead to a hae�9 lyt i c  0n � e mi o due to 1. f a i lure o f  

GS H r e � e nerat ion ( B eutler�  195 9 ) , and in  the sheep erythro cyte 

where the haemolyti c  cri s i s . of c o pp�r poi sonin� is  a s s o c i a t e d  

not only w ith a fall in  GS H ,  but w i t h  some ri9e in blood 

me thaemo�lobin level ( T odd and Thompson , 196 3 , 1964 ) .  The 

fall of GSH l eve l s to ne gl igible value in i nfe c ted erythro cyt e s  

und er t h e  influence  o f  acetylphenylhydra z ine , c ompared wi th 

the h igher l evel i n  control erythrocyte s ,  would su�gest  tha t 

while E .  avis infect ion do e s  not d e crease G S H  suffici ently t o  

induce h��molysis  by breakdown of erythro cyte membrane 

integr i ty ,  it  d o e s  increase  the  sus c eptibil ity of the 

erythrocyte to oxid a t ive h 3 e�olysis . 
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R ed u c ed �lutath ione ( GS H ) and me th aemo gl ob i n , 2 para­

me t ers wh i c h  were c on s i d ered i � p o r t 8 nt ind i c �to r s  o f  an 

e rythr o c y t e '  s 11 r ed u c t i  v e  p o t el) ti '".! l ' '  e.nd th er efo r e  i t s  a b i l i ty 

t o  with s t �n d  oxid a t i ve d ��� qe , were me � s ur ed in E . a v i s  

i n f e c ted 3 nd c o n tr o l  b l o od d ur in �  a n  i nf e c t io n  cy c l e . T h e  

e f f e c t  o n  th e s e  2 p �r��e t a r s o f  i n c ub 3 t i ng b l o o d  w i th and 

w i thout 8 C e tyl pheny lhyd r a z ine w � s  a l s o  � e 2 sura d . 

T h e  r �� s ul t s  s h ow e d  th1 t E . av i s  i nf e c t ion h :::.td n o  

n p pre c i ab l e  e ff e c t  o n  GS H and me t h a e :no g l o b i n  l ev e l s , e i th e r  

b e f ore o r  a f t e r  i n c ub � t ion o f  th e bl o o ct fo r 2 hour s a t  37°C . 
F o l l m  ing i n c ub � t i on w i th n c e tyl phenyl hyd r 9 z i n e , m e th � em o �l o ­

b i n  l e ve l s in b o th infe c te d  � nd c o n t r o l  b l o od were �ar ked l y  

i n c re a s ed . R ed u c e d  �lu � a th i o ne l e ve l s  i n  i n f e c ted 

erythro cyt e s  fe l l  to ne � l i bl e v,-:; l u e s , wh e r e a s  c on t r o l :Bve l s  

f e l l  a ppr ox im:J t e l y  5 CJf . 

I t  w a s  c o n c l ud ed th n t  8n i n f e c t ed erythro c y t e ' s 3b i l i ty 

t o  wi t h s t 3nd ch3l l en � e  fro � 3D o x i d i z i n 7  c h e� i c � l  wn s 

s e ve r e l y  �ff e c t e d . I n  t h e  ab s en c e  o f  such � c h 1l l e ng e 

h owever , E . a v i s  i n f e c t ion d o e s  n o t  a p pear to a ff e c t  t h e  

reduc t iv e  p o tent i a l  o f  t h e  ery thr o cyt e . I t  i s  th e r e fo r e  

probabl e  t h 0 t  b i o chem i c al c h 3n � e s  o c currin� i n  i n fe c t e d  

erythr o c yt e s d o  n o t  p l ay a ro l e  i n  t h e  pn thogene s i s  o f  3n ae mi 3 . 
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Figure 9.1 . The ox idation . reduction systems in human erythrocytes. ( F rom Fornaini and 

Bossu, 1 969) 
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Figure 9.2.  The relationsh ips between the degree of parasitaemia, reticulocyte percentage, 
and reduced glutath ione levels  of erythrocytes (Exp. V I I  - Group mean values) 
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Figure 9.3. The relationships between the degree of parasitaemia, reticulocyte percentage 
and reduced glutathione levels of erythrocytes fol lowing incubation of blood 
for two hours at 37°C. (Exp. VI I - Group mean values) 
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Figure 9 .4. The fal l in reduced glutathione, related to the degree of parasitaem ia and 
reticulocyte percentage, resu lting from incubation of blood for two hours at 37°C 
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Figure 9.6. The fal l  in  reduced glutathione, related to the degree of parasitaemia and 
reticulocyte percentage resu lting from incubation of blood with acetylphenylhydrazine 
for two hours at 37°C ( Exp. V I I  - Grou p mean values) 
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Figure 9.7. The relationsh ip between the degree of parasitaemia, reticulocyte percentage and the 
methaemoglobin concentration of blood. The levels of methaemoglobin of infected 
groups are also plotted relative to the control level.  (Exp. V I I  - Group mean values) 
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Figure 9.1 0. The rel�tionships between the degree of parasitaemia, reticulocyte percentage and the 
methaemoglobin concentration of blood, following incubation with acetylphenylhydrazine 
for two hours at 37°C. The levels of methaemoglobin of infected groups are also 
plotted relative to the control level. ( Exp. V I I  - Group mean val ues) 
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Figure 9.1 1 .  The relationships between the degree of parasitaemia, reticu locyte percentage and the 
methaemoglobin concentration of blood expressed as a percentage of total haemoglobin,  
following incubation with acetylphenylhydrazine for two hours at 37°C. The levels 
of the methaemoglobin percentage of infected groups are also plotted relative to the 
control level . ( Exp. VI I .  - Group mean values) 
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F igure 9 . 1 2a : H einz  bod i es  ( t )  in erythro cyte s of c ontrol 

sheep following incubation of bl ood for 2 hours at 3 7°C .  

Compare the frequ ency of He inz bod i e s  with that shown in 

Figure 9 . 12b . ( Me thyl V iolet Supravi tal S tain x 1000 ) . 

F igur e  9. 1 2  b :  H e inz bod ie s ( t )  in erythro cytes of E .  ovis  

infe c ted sheep  foll ow ing incubation of bl ood for 2 hours at 

37°C .  The frequency of  Heinz bod i es pre sent is h igher than 

that shown in F igure 9 . 1 2a . ( Me thyl Viol e t  S upravi tal S tain 

X 1000 ) . 
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F igure 9 . 12 c :  Heinz  bod i e s  in erythro cyt e s  of control sheep  · 

following incubation  of blood w ith ac etyl phenylhydrazine for 

2 hour s  at 3 7 °C . The frequency of Heinz bod i e s  is similar to 

that shown in Figure 9 . 1 2d o Note some c e ll s w i th a d i ffu s e  

d ark staining rea c ti on ( see text p234 ) . 
(Methyl Violet  S u pravital S tain x 1000 ) . 

Figure 9 . 12d : Heinz  bod i es in erythro cyte s of E;·  ovi s 

infected sheep fo llow ing incubati on of blood with ac etyl­

phenylhydraz ine for 2 h our s at 37°C . The frequency of 

Heinz bodi e s  i s  s i mi l ar to that shown in Figure 9 . 12 c . · 

Note some c ell s with a d iffuse dark stain ing reaction 

( se e  text p 23� . ( Me thyl V iolet S upravital S tain x 1000 ) . 
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CHAPTER X 

GENERAL DIS CUSS ION AND CONCLUS IONS 

This study of  Eperythrozoon ovis infe ction in sheep 

comprised 7 experiments ,  each designed to obta in information 

on some spec ific a spe ct of  the ho st-parasite relations0ip  

( Table I ) . The number of she ep in each exper iment was , w ith 

2 excepti ons , a minimum of 5 per group. . 't'hi s  was consid ered 
·:.;··· 

the smallest number from �h i ch a stati stically val id re s ul t  

was l ike ly to be obtained , and yet no t too large for the 

number of test s to be d one . In Experiment III a group  of  

4 unb iops ied ( l iver ) sheep was housed with biops ied infe c ted 

shee p ; the main purpo se o f  thi s former �roup be ing to che ck 

for cross-infe c t ion .  Thi s  in fa c t  o c curred with all 4 shee p .  

In the study o f  ery�hrocyte carbohydrate metabo l i�m in  

anaemic non- inf e c t ed sheep  ( Exper iment V ,  Part II , C hapter 

VII ) for logi s t i cal rea sons only 4 sheep w ere used in each 

group . Although thi s . may have be en undesirable from the 

sta t i stical viewpo int , the result s  obtained were clear cut 

and present ed no s tatistical pro blems . 

W i th only a l imited number of  sheep available i t  was 

nec e ssary to make the mo s t  effi c ient use of each exper imen t .  

Thi s  resulted in the co l l ection o f  a considerable amount of 

data whi ch , whi l s t . not d ire ctly rel evant to the spe c i f i c  

aspe c t  under s tudy , was nonethele ss useful . Data of  thi s 

type has its l imitations and ideally i t  would be d e sirable to 

carry out experiments s pe c ifically d e s i gned to i nvestigate 

a l l  aspe cts of  this infe c tion . Thi s  was impractical . 

B e c ause of the s pe c ificity of the parasite to  the hos t  i t  

was not possible  t o  adapt the organ i sm to a laboratory 

animal " I f  this  had been pos s ible some experiments wo uld 

have been des igned differently and in some cases 

by taking advantage of large numbers of  animal s .  

the d o se rate exper tment d escribed ( Chapter II I )  

extend ed 

For exampl e , 

c ould have 

been more elaborate , using smaller d o s e  rates  and d i ff erent 

route s  of administration . 
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Perhaps the b igge s t  advantage i n  working with shee p  i s  

that repeat�d coll ection of large ( 10 to 2 0  ml ) blood sample s  

can b e  made , and a cycle  o f  infection followed in the same 

an imal . The si z e  of the sample whi c h  can be collected enable s  

a greater range o f  tests to be done ; the main restric tion on 

the number performed in this inve st igat ion was the l o gistical 

problem of handl ing and testing with in a limited peri od of 

time . One probl em whi ch c �n ar ise from repetit ive blood 

sampl ing is  the induc ement of ret iculocytos i s ,  wh i9h could 

have so me effe c t  on the results from control sheep ,  par t icul arly 

when erythrocyte b io chemi cal fa c tors are und er study . . 

Reti culocyto si s in contro l 9heep d id not in fact oc cur , but 

in one exper iment ( Exp .  VII , Chapter IX ) an increase in 

ery throcyte requced glutath ione ( GS H )  l eve ls in control 

she e p  oc curred , wh i ch was attributed to a les sening in  the 

average a ge of the erythrocytes ,  In thi s  9ase about 5 0  to 

6 0  ml of blood were being removed per week, whi ch was approx­

ima tely 3 to 4% of the total blood volume of the an imal s 

conc a-ne.d · • . 

The ma in r e sults obtained and the c onclusions reached �re 

summari zeq at the end of each of the pre c eding chapters  and , 

the refore , it i s  unnecessary to consid er each ind ividual 

re sult tn turn . However the overall pattern whi9h has 

emerged , with some empha s i s  on the ma in f ind ings , wi ll  be 

d is cussed further . 

One asre c t  of E . ovis  infection whi ch is  of economic 

int ere$t is  the cl inical effec t of the parasite on the host 

an imal , the sheep . In New Z eala nd unthriftiness  in young 

sheep  o c curs c ommonly from a variety of c aus e s . Howev er th e 

incid ence and d istribut ion of E .  ovis  in New Z ealand , and 

its  possible contribution to this , i s  not known . The only 

re port . concerns its  initial discovery in an unthri fty l amb 

( Jolly , 196 7 ) .. I t  was therefore not poss ible to study field  

outbreaks of E .  · ov i s  infe ct ion to  a s certain its  effec t  in 

infected flo cks . C onsequently one exper iment ( Exp.  I I ) was 

d e s igned to measure the effe ct  of E .  o vis  on the weight  gain 

of young sheep.  The infected and control groups of sh e e p  
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were kept in the same paddock to equal ise environmental 

factor s .  There was a s i gnificant ( p  < 0 . 01 )  depre ssion in 

we i ght gain of  infected sheep but the exper iment was com­

pli cated by cro ss-infect ion of control sh eep . However a 

d e c rease in the rate of  wei ght ga in a lso oc curred in the 

latter group of  she ep  a fter infe ction . One point that . was 

not ed and wi l l  be referred to later in th is d i s cussion , 

wa s that retardation in the rate of  weight gain in infe cted 

she ep was evid ent before an8 emia devel oped . I t  has o ften 

been as sumed that any effect E .  ovi s had on the ho st  an imal 

is  assoc iated wi th the severity of  the anaemia . In other 

exper iments the �e ight gain of infe cted sheep was less  than 

tha t  of control s ,  but re sults wer e  not stati st i c al ly 

s ignificant . The groups in these  experiments were smaller 

than in  Exper iment II . I t  appears  cl ear tha t at least  und er 

certa in cond i t ions E .  ovis infection may cause � d ecrease in 

wei gh t  gain but the economi c importance of  this  ha s no t been 

d e f ined . For further c l arific ation an extensive study would 

be required , involving a lar�e number of infected and control 

gro ups of sheep sub j ected to varying pa sture and d i sease 

cond itions . T he effect  of  E .  ovi s in combination with 

�astro- intest inal parasites  on sheep i s  certainly worthy of  

inv e st igation .  

Eperythro zoon ovis infection C3uses  a haemolyt i c  anaemi a 

in shee p but , as  menti oned in the introdu ction to C hapter III , 

the reports in the l it erature on the severity of  anaemia are 

contrad ictory . During the course of this invest igation 

c onsiderable haematological  data were collected and Experiment 

I was spee ifically d e s igned to measure the effect  of a 

graded dose rate on the d evelo pment and severity of  anaemia 

in relation to  the deve l o pment and maximum d egree of  

parasitaemi a .  The  mo st important fa cts  which arose  out o f  

the haematologi cal stud ies  o �  experimental infe ction were 

tha t the seve rity of anae�ia , as  measured by the fall in 

haemoglobin concentration , and the maximum number of parasites  

per erythrocyte were s j milar in  all groups of  sheep  irrespec t­

ive of the s i z e  of  inv culating do se . The decline  in 

haemo gl obin concentration was remarkably well synchroniz ed  
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in all groups whereas the onset and d evelo pment of 

paras itaemia was not .  T ime of onset  and d evelopment of 

p�rasitaemia wa s however inversely proportional to the s iz e  

o f  ino cul 1 tin� do se . The cons istent d egre e  o f  anaemia 

obtained in exper imental infection was not expected , and at 

f irst  it was diff icult to offer an explanat ion for thi s . 

The haemato logi cal d a ta obtained from naturnlly cro ss­

infe cted shee p  has however enabl ed a pos sible explanat i on to  

be  provided . Altho\,lgh Experiment I I  wa s spec ifically run as  

a wei�ht ga in trial , it  was set  up  at  a t ime of the y ear when 

it  wa s thou �ht po ss ible that cro ss- infe ction would o c cur . No 

pos i tive proof  has been pre sented to incri�inate a specific  

insect ve ctor in the transmi ssion o f  infection , but c ircum­

stantial evid enc e supportin� blood sucking insects  as ve ctors 

has  been ment ioned ( see Chapter I ) . 

In the event cross-infe 9tion  did  occur and from the 

haema tological d ata obta ined , along with the resul ts from 

experimental infection , an explanat ion for this  appar$nt 

confli ct  in l it er�ture reports is prov id ed . In  brief , it  i s  

postulated that the development o f  an�emia i s  depend ent upon 

a time-based ho st  immune response  against the parasite and 

wh i9h involve s the erythro cyte . Thus in exper imental infe c t­

i o n ,  even at the lowest . dose rate used ( l  x 10-6 ml of  

heavily infec ted blood ) ,  para sitaemia  was  fully d evel oped by 

the  time the immune re sponse reached full express ion . The 

re sults obtained from natural infec t ion were more variabl e ;  

some sheep had a . degree of  infe ct ion comparable to experi­

mental infe c t ion , whil$  o thers had a very mild infec t ion . I t  

i s  poss ible , therefore , that the host immune response had 

rea ched its  pea k  before the parasitaemia had developed  to 

its  full extent . Thi s  could happen . if the d o se rate  was 

l ower than that used experimentally , and if the rout e  of  . 

administration wa s other than d ire ctly into blood ve ssel s ,  

a s  might b e  expe cted to o c cur with insect  vectors . I t  wo uld 

require a large number of  animal s  to confirm th i s  pos tulate •. 

Further evidence support ing the above hypothes i s  i s  

provided by the observation tha t d evelopment of  maximum 
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plasma ha e moglobin leve l s  and o smo t i c  fragili ty did  no t 
correspond with the t ime o f  pc �k p�ras i t�emia but in fact  
fo llowed i t . In  add ition , a po s itive antigl obul tn ( Co ombs ) 
test  has been obtai�ed during infection ( S heriff , 1 967 ; 

S heriff and G eering , 1969 ) . I n  o ther blood p�ras i t e  
infections the development o f  anaemia invol ving a n  immune 
r espons e � �� inst the erythrocyte has been ques t ioned . Th? 
oc currenc e  of autonnt ibod i a s  has been report?d in malaria ,  
babe s io s i s _ and anaplasmos is ( Mann an� R isti c , 1 96 3 ; S chro eder 
and Risti c , 1 968b ; Z uckerman , 1969 ) , but i t  is  not known 
whether or not this is a non-spe c i f i c  phenomenon . I n  
Plasmod ium berghei infection r; eorge e t  -1.l .  ( 1 966 ) cons i dered 
t hat a po s i tive Coombs reaction result ed from the non­
s pe c ific adherence of transferrins to immature erythrocyte s . 
H owever i n  P l 3 smod ium vivax infection of  humans a pos i t ive 
Coombs t e s t  hu.s been obtained in the absence of ret i c ul o ­
cyto sis  ( see  Zuc kerman , 1 969 ) . T h e  fa ct th3 t  ret i culocytos is 
d o e s  deve l o p  in E . ovis infec tion and in view of the f ind ings 
of S eorge et al . , there mus t  be some d oubt a s  to the pre c i s e  
role  of a n  immune response by t h e  ho st in the d evelopmen t  of 
anaemia . 

There must al so be con sid ered in the d evel opmen t o f  
�naemia t h e  pos s ibility o f  a d ire ct effect  o f  t h e  paras ite 
on the ery throcyte . A s i�n ific 3nt ( p  < 0 . 01 )  corre l a t i on was 
obt�ined between the max imum degree of paras i ta e1nia and the 
ma xi mum d egree  of ana ami� in all infected sheep ( s ee  C hapter 
I I I ) .  Thi s  could be consi stent with an immune react i on . 
against the p3ra s it e  which  also involves the ery thro cyt e , 
but a d ir e c t  eff e c t  by the para site  on the erythro cyte must 
al so be c ons idered . Ari si ng from this  is the question of 
h ow an infected erythrocyte is  removed from c i rcul ation . 
I ntravascul ar haemolysis  d o e s  o c cur and in some c i rcumstan c e s  
may lead to  ha emogl obinuria .  Ha emo s id erin was found i n  the 
proximal tubules o f  the k idney and considerable amoun t s  were 
found in the parenchymal cell s  of the l iver ( Chapter V ) . 

Evidence  for the o c currence o f  an increased rat e  of 
erythrophagocyto s i s  by the ret i c ul oendothel i al system was 
not so conclusive . The amount o f  haemos id erin present in 
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spieens ( the organ mo st l ikely to remove infec ted erythro­

cytes ) of  infec ted . sheep appeared to be higher  than in thos e 

from control sheep , but there was considerable  varia tion in 

amount with in groups . 

I t  i s  generally re cognised that th e rol e  o f  the 

ret iculoendothelial syst em i s  a l l ied  to ho st immune me chanis�s . 

S t imul at ion of the system to remove inert part i culate matter 

is �ed iated by s er�m protein factors known as opsonins 

( J enkin and Rowley , 196 1 ) . Devel opment of techniques  in 

whi ch the phagocytic  activity of  the system is measured 

have m�i nly depend ed upon the mea surement of the intravascular 

cl earan c e  rate of an inert colloid . The coll o id which  ha s 

been �ost commonly used for this  purpo se is the carbon 

parti cle . Ever since the e 3rly reports on the use  of  carbon , 

which  showed that there was an intera ction between carbon an9 

plasma cl o tt ing agen ts ( Hal pern et  al . ,  1953 ; B io z z i  e t  al . ,  

1 95 3 )  many mod ificat ions in the preparat ion of  carbon have 

been mad e . These  have includ ed the devel opment o f  carb9n 

w i th a fi sh glue stabil i z er ( C l l/l43 la - Gunther Wagner , 

Hanover ) e spe cially for reti culoendothelial  stud ie s , and the 

use  of gelatin as a dQuent . No reports in the l it erature 

were found of carbon cl earance technique s  being used in 

sheep , so the method used �s an adaptation of that used in 

laboratory mammal s . S ome probl ems were encountered �ith 

th is  techniqu e .  It  was found in a prel iminary study , for 

example ,  that the use of gela t in as a carbon d iluent c aused 

respiratory d istre s s  and death in s ome animal s . The use  of 

sal ine as  a d iluent overcame this  pr oblem , but it was shown 

that int eraction between the carbon particles  and some plasma 

constituent s ( probably fibrinogen ) re sulted in aggregation 

of the c arbon and lod�ement in non-reticuloend o thelial 

site s ;  part i cularly in the lung cap illaries . I n  retro s pe c t  

it  would probably have been valuable t o  repeat  t h e  experi­

ment us ing another test  substance , but this was  not  

pract icable with in the time l imits  available for the present 

s tudy. Despite c arbon _ aggregat ions in blood ve ssel s o f  

lungs and other organs , interpretation o f  carbon cl earanc e  

stud ies was pos s ible a s  the aggregat ion appeared t o  be 
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non- s pe cific . 

I nc reased pha �ocyto s i s  of carbon by reti culo endothelial 
c ell s d id oc cur in E . ovi s  infect ion ; increases  at 5 days 
post- ino culat ion were non- s ignificant but at d ay 12 they 
were h ighly s ignificant ( p  < 0 . 01 ) . Increase in carbon 
cl earan c e  usu�lly re sul ts from an increase in non-spe c ific  
serum �a c tors , i . e . : o pson ins . It  i s  po s sibl e that such 
an increase  in  reticuloendothe l ial activity is al so d irect ed 
again s t  E . ovi s  i tself . I t  i s  probabl e that E . ovi s  d o e s  
stimulate  ::1 host immune re s pon se . Although c arbon cle :1rance 
incre.g_se  i s  non-spe c ific it  could be augmented in E . ovis  
infe ction by spe c ific opsonizing ant ibod ies against the 
organ ism or even the erythro cy te . The balance between the 
number bf infec ted erythro cyt e s  wh ich are prem�turely 
phago cyt o s ed , and the number whtch  arE lysed in c ircul at ion 
i s ,  from the evid ence ava i l abl e , heavily in favour of the 
l atter . Opsoniz ation of :1n infe cted erythrocyte by spe c if i c  
antibody wo�ld faci l itate a n  erythro cyte ' s removal from 
c ircul�tion , but it is  probable that ant i gen-ant ibody alone 
would not cause intravascular lys i s ; this  co uld result  
e i ther from the  part i c i pation  o f  compl 8ment fol l ow ing the 
anti�en-antibody reaction , or from a direct me chanica l  
effe c t  of the parasite on the erythro cyte . In t h e  l�tter 
case as  a resul t of dama g e , exposure of nor�nlly covert 
erythro cyte ant igens �2y o c cur , lead ing to a direct  auto­
immune response by the ho s t  against the erythro cyte . The 
role of a mechani cal effe c t  by the parasite as be ing a 

d irect  or indirect  cause of lys i s  canno t be d i s co unted when 
one �ons id ers o th�r blood para s ite infec t ion . In anapl asm­
o s i s ,  for exampl e , erythrophago cyto si s i s  th e only way 
erythr o cyt e s  are prema turely removed from c irculation ; thi s  
pre su�bl y  follows opsonizat ion of the  c el l  ( S chroed er and 
R i stic , 1 96$b ) . The number of organ i sms pre sent and the 
percentage o f  erythrocyte s  infec ted i� anaplasmo s i s  i s  very 
small c ompared w i th E .  ovis  infection , and therefore l ess  
l ikely t o  c ause m�chanical d amage to . the erythrocyte . I n  
E .  ovis  infection , on the  other hand , up to ten or more 
paras i te s  c an be attached to one erythro cyte and lOO% of 
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erythro cytes infected . I t  seems , therefore , that the com­

pound ing effect o f  opsoniz ation and the attachment of a 

l arge number of organisms to the eryt0rocyto membrane with 

consequent ero sion ( Kreier and Ristic , 1 963 ) and/or the 

possible  partic ipa tion of  complement could be  suff icient to 

lyse the erythro cyte . 

In  summary , therefore , it  appears that in E . ovis infec­

tion intravascular ha emolysis  i s  the predominant form of  

erythro cyt e  removal from ci rculation and that th is  could be  

med ia ted by  an immune me chanism ars:ainst the parQ,site whi ch 

also invol ves . the erythro cyte ; perh�ps  with the part i c ipation 

of compl ement , and /or by a me chanical  effect aga inst the 

erythro cyte . Thi s  latter effe ct  may e i ther caus e direct  lys i s  

or lead to the exposure of  erythro cyte antigens lead ing to an 

autoi��une haemolytic pro c e ss . 

Perhaps the most inter esting area of this  invest igat ion 

was the comp'lra.t ive study of  the c 1 rbohydrate me tabo l i sm 

betwe en infected and non- i�fe c ted erythrocyte s . I t  was . sh own 

that infected erythro cytes , at the peak  of parasitaemia , 

ut ilized approximately 24 time s as much glucose and produced 

approximate ly 18 time s as  much l a ct i c  acid as  the co ntrol 

erythrocytes ( Chapter VI I ) . Accompanying these  chang e s  was 

a fall in tbe perc entage of glucose whi ch  was recovered as  

lacti c a c id , and a fall in the percentage of gl uco s e  whi ch 

c ould be ac counted for as lactic  acid , pyruvi c acid  and oxygen 

uptake . There was also an egres s  of oxygen in the early 

st2ge of incubation at peak parasi taemia from infected 

erythr ocytes ; thi s  is  thought to resul t from a drop in 

intracellul ar pH . An increase in oxy�en uptake at t he l ate 

para s i taemic  stage was attributed to the presence o f  

reticulo cyte s .  

This  experiment d id not elucidate whether the increased 

glycolytic a ctivity vvqs  due to the parasite or an effe ct  on 

the erythro cyte by the paras ite , nor d id it define the 

biochemi cal  pathway s  of the para site . I t  was con s id er ed 

that these aspe cts could o nly be studied  with isolated 
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para�ites . One of the mos t  importaDt probl ems t o  b e  over­
come , if such a s tudy is to be mad e , is  the effe c t  whi ch 
isolation proc edures may have on the p�rasit e ( see Chapter 
VII ) .  

Arising out of this  work ,  which showed that there . wa s  
increased glycolyt ic activity by inf e cted erythrocytes , were 
two very intere sting quest ions • . What was the e ffect  of thi s 
3ct ivity on  ( 1 )  the host  animal , and , ( 2 )  the host  erythro­
cyt e? . A s  the re sult s of Exp eriment VI show ( see  C hapter 
VI II ) , a metabol i c  acid o s i s  due to high blood l evel s  of 
l a c t i c  a c id do es o c cur in infected sheep . One remarkab�e 
find ing was the severe l ower ing of blood �lucose  l eve l s , in 
some cases as  low as 2 to . 3  mg/100 ml . At  about the t i me 
thi s work was in progres s , s imilar findin�s were publi shed 
in relat i Qn to calve s  infe c t ed _ with Eperythr oz oon wenyoni 
( S chotman , 1970 ; Zwart et  al . ,  1970 ) . These workers measured 
ac id-base parameters inc lud ing lactic  acid l eve l s ,  aft er they 
not i c ed that infected calves were hyperventilating . I n  
contrast  to what was expected  th ey found an elevated pC02 • 
Th i s  c ould not , however , be re conc i l ed with any resp iratory 
abnormal ity . An elevated pC02 was al so obta ined with E .  avis 
inf e c t ion , and at pres ent t here is no apparent explanation 
for t h i s .  

The eff e c t  o f  the metab ol i c  a c ido sis  on the host  anim.a l  
i s  d i ff i cul t to assess . A s  was noc ed earl ier , i nfected  shGep 
showed a retarded rate o f  we ight gain before ana emia had 
d evelo ped and housed sh eep were not ed to be inappetant at a 
s imilar stage  of iDfe c t ion . Although no other c l inical 
eff e c t s  were noted , the po s sibil ity of th ese factors being 
due to the a c id o s i s  mus t  be considered . Another considera­
tion i s  t he po ssible potentiating effect of E .  ovi s  on an 
a c id o s is ari s ing from other patholo gical br physiologi cal 
chang es .  An i llustrat ion of  thi s  is  provided by the study 
of t he metabol ic status of sheep prev iously fed on a supple­
ment e d  d ie t  ( hay and concentrates )  �nd then transferred to  
lush s pring pasture ( Annison et  al . ,  195 9 ) . A metabol i c  



260 

a c ido sis ; s imilar in d egree to th�t obtained with E� ovi s ,  

o ccurred . Many E .  ovis  outbreaks , reported in the l iteratur e ,  

have oc curred in the s pr irig � S erious consequences  o f  the 

a c id o s i s  in E .  ov i s  may not be expe cted if the . changes  

r e c ord ed qre  no mor� severe th�n in  th is s tudy , but i f  oth er . 

factors are pre sent , such as  a di etary chan�e just d escribed , 

then ac id-base cha nges may prove of great importance . The 

val id ity of this suggest ion needs investiga tin� . 

The effect  of increased �lycolytic act ivity on the 

:1 b i l ity of the erythro cyte to maint:1in 1 1reduc tive potentiJ.l" 
-

and therefore retain normal structure qnd function , was 

invest icrated ( Chapter IX ) .  The parameters s tud i ed ,  notably 

erythrocyte reduc ed glutathione and blood me thaemo�lobin 

leve ls ,  were considered th e mos t  l ikely to provid e informa­

tion  on  the �bility of  the  erythrocyte to withstand biochemi cal 

challenge from oxidative proces s e s �  Althouqh the mJ.intenance  

of  the  erythro cyt e ' s reduc tive potential is d e pend ent on the 

�lycolytic  ac tivity of the cell ( see introduction to Cha pter 

IX ) it  was po ssible that  the increas�d activ i ty in i nfe c ted 

c el l s  was mainly due to the para si te , the cell  i t s el f  hnving 

reduc ed act�vity .  If  glycolyt i c  act ivity o f  the erythro cyte 

is impaired , then "oxida tiVf} haemolys is" could . be the eyent­

ual result ( Allen and Jandl , 196 1 ) .  There was , however , 

nothing in the results to  suggest  that E . avi s infect ion 

caused an oxidative haemolysis . S mJ.ll increases  o c curred in 

blood methaemoglobin conc entrati on and small d e cre a se s  

oc curred i n  erythrocyte reduced �lutath ione , but the s e  

alterati ons d id not approach critical  l evel s . On the other 

hand , exp9sure of infected ·3ryt.hro cytes to acetylphenyl­

hydraz ine , a chemi cal whi c h  tf}sts  the abili ty of  a cell  to 

withstand oxidative chall enge , causf}d reduced glu tath i one 

leve l s  to f�ll to negligible leve l s , whereas control 

erythro cytes sti ll maintained adequate leve l s .  Methaemo­

gl obin levels sh owed a large ir1crease  in l;loth infe cted and 

c ontrol blood .. I t  i s  probable ,  therefore , that an E .  ovis  

infected  sheep ,  if  treated with an oxid izing chemi 9al , 

could suffer a s evere oxid ative haemolyti c  anaemia , .  wh ereas 

uninfected sheep would be res istan t .  Without such a 
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challenge , however , it i s  unl ikely that oxid ativ� ha emoly s i 9  

would oc cur in E .  ovi s  infec ted sheep . I t  seems , therefore , 

tha t E .  ovis does not affe c t  an erythro cyte ' s glyco lytic  

metabolism suffi c iently to init iate its remov al from circu­

l at ion by  the aaove me ans . 

The relationship  betwe en the p ::tr,.,.,_s·i te and . the erythrocyte 

is c ompl ex and prob�bly invo lves immuno logi c al , me chanical 

and bio chemi cal factors . An attempt h�s  been mad e in this  

work  to explain the relativ� importanc e of these  factors in 

the p3tho�enesis of  an3e�ia , and the effe c t  th2t inter­

q c tions involving the se factors , betwe en the paras ite and the 

erythro cyte , have on the host an imal . Further work is  

ne c e ssary before a compl ete und erstand ing on  the  patho �ene s i s  

o f  E . ovis infect ion can b e  reached . 
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