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Bisuiop, J. P., Am) Ai)sis, L. G. 197-1. Babesia bigernina: hlinnne response of cattle 
inoculated with irradiated parasites. Experimental Parasitology 35, 35-43. Effects 
of various radiation dosages on the infectivity and immunogenicity of Babesia 
blgerninawere studied. Calves infected with 1 x 10"' B. higeinina parasitized erytliro
cytes exposed to 24 krad developed progressive parasitenias. Some calves receiving 
1 X 10"' parasitized erythrocytes irradiated at 36 krad did not develop progressive 
infections. Progressive infections were prevented hy exposure to irradiation at -18 and 
60 krad. A degree of acquired resistance to infection with B. bigeytina developed in 
calves after inoculation with parasites irradiated at -18 and 60 krad. The resistance 
developed was sufficient to suppress multiplication of the Babesia and to permit calves 
to survive otherwise severe clinical infections due to challenge with nonirradiated 
parasites. Irradiated parasites were frozen without apparent loss of inmunizing 
properties. 

INIDEX l).scAIIons: Cattle; Bahesiosis; Babesia bigenmina; Irradiattion; Attenuation; 
Imunity; Serology; Ilemnatology; (;rowth. 

INTItODUCTION immtne to natural infections, they carry 

Bovine babesiosis is a tick-borne hema- prolonged latent infections aidl may serve 
protozoan disease which occurs in the as reservoirs of the parasite for continned 
warmer areas of all continents. Attempts tick dissemination of the disease. 
to produce immunity against lovine babe- Cattle can be partially protected against 
siosis have been undertaken by several in- homologous challenge by immunization 
vestigators with varying degrees of suiccess. vith killed Bahesia; however, large 
Cattle can he artificially itntnnized against a'tn(ttts of antigen are required to pro
bovine babesiosis by injecting inlected duce only a marginal protection. The in
blood followed by cheniotherapy in ai- conclusive restlts obtained vith killed 'ac
reals which show clinical signs. Although cines may be attributed to the loss or dena
cattle infected ill this way are rtlatively tiiratioi of filctional antigeis (hiti-ing flit 

I This study was assisted by the United States preparation of the vaccines or to the rapid 
Agency for Internatioi ' l)evelopment, the Rocke- elimination of parasites in the host. There
feller Foundation and the Instituto Colomhlano fore, a tajor problet n cotnfrontin g re-
Agropectario. searchers is howv to produce a sti'ong )ro

2 Present address: Institito Nacional de Investi- tective i mmtinity vithot the Pathogenic 
gaclones Agropecuarias, Apartado 24,, Quevedo, 
Ecuador, South Anterica. effects resulting front replicating Babesla. 
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36 BISHOP AND ADAMS 

Irradiation of protozoa interferes with 
their physiologic processes and frequently 
inhibits their normal development and 
multiplication (Giese 1967). Studies oil the 
effects of ionizing radiations on parasitic 
protozoa have repeatedly shown that while 
an extremely high radiation dose is neces-

sary to cause immediate death of the para-

site, much lower doses can interfere with 
infectivity (Kimball 1955). The immno-
genicity of irradiated 13le1s'ia rodhaini 
(Phillips 1970, 1971), Plismodium spi). 
(Corradetti, Verolini and lBucci 1968; Nus-
senzweig, Vanderberg and Most 1969; 
Sadun, WVellde and H-ickman 1969) and 
Trypanosoma spp. (l)uxbury and Sadun 
1969, 1970; Sanders and Wallace 1966) in 
experimental animals (imice, rats, and owl 
monkeys) has been investigated. Parasites 
irradiated with a (lose which abolished 
their reproductive potential and ability to 
produce patent infections may retain their 
capacity to produce an immune response 
in a susceptible experimental animal. 
Therefore, the us(, of irradiated Babcsia as 
vaccines might provide the special immulto-
logical properties of living protozoa while 
suppressing the pathogenic effects. 

The following series of investigations 
were undertakm to study the effect of vari-
oils radiation dosages on the infectivity aind 
t111(1tit l(gec icity of 'rythrocytic stages of' 
Babesia higemina. Tie(,effect of freezing 

calves were housed for the duration of the 
experiment in a tick-free environment at 
the ICA Laboratorio dc Investigacioncs 
M6dicas Veterinarias (LIMV) in Bogota, 
Colombia. 

Preparation of Irradiated and Challenge 
Iloctda 

Blood containing B.bigemina parasitized 
erythrocytes was collected from splenecto
mized calves during the acute stage of 
babesiosis after inoculation with 50 il of 
stabilate of B. bigemina. The isolation, 
separation and preservation of the B.bige
mina stabilate used throughout this study 
has been previously described (Bishop 
et al. 1973). Although calves were inocu
lated and challenged at different times, 
each inoculum was prepared from splenec
tomized calves previously inoculated w,itl 
50 ml of the same stabiliate of B. bitgemina. 

For irradiation treatment, 120tml of inoe
ulum was dividcd equally hetbl\'emn 2 plas
tic petri dishes, 1.3 cni: dccp and 9.1 cm in 
diameter. The de'pth of' inoculumn in each 
p'tri cOilh was approxim.atly 1.0 cm.The 
inoculum illome petri dish was exposed to 
the desir(ed amouit of radiation using a 
3129-c cobalt-60 telethteral)v unit (Eldorado 
8, Atomic Eiergy of' Callada limited: 
Commercial Products, P.O. Box 93, Ottawa, 
Canada) which delivered a (hise rate of 
approximiatelv 200 rads/mii at atm exposure 

on the inummog(nicity of irradiated B. dlistanc(, of 50 cm. The (lose rate was deter
bigemita was also studlie(d. The studies 
were con dict d tw)\vard the ultimiate goal 
of producinig irradi(ted vacci ns against 
babesiosis. 

IA'i.:1ttalS AND liI.TmOIS 

Experlmen lal Animals 

lolstein,calves were 

ohtailed ,1,1i car Faca tativ~i, Cclicmbia 
and wer, hmla tco of'tlgv 

Thr,e-day-ihl ileah, 

nI-raisc'cl 3 ticoitlhs 
on th, Tihaitlil, lrslitutht Cclmh cial,, 

Agrocpmi ric ( I(.. ) exptcliicrit slaticn,cit 
tll aira free cc1IofBoopllin micropliu. Thli 

mimccd by f(errous clccncical dosimetry and 
perioic 'yerificat ion oif th, dose( rat(, was 
carried ttby means of' a dosimeter 
(Victon)etil n'-Meter Mod1. No. 570. Victoren 
htstruin('t I)ivisiit, 10101 Woodccland Ave., 
Ch,'(vlam l, ()I -11101 ). 'I.le iliccocullitmn 


the oth(r p(tri dish was placc. illllad
lo od th( irradia

liol| ackill]use itsticccirrcliate.d couitrol. 
jiccd rom fcc Ih' rduaticm 


I..ip'mlu'i.al 1'rce'durls 
Ic'mu'cxpcitimi .il glicijls ofccl 4 'IV('1M 

(,iiicl w(.r, givl, I iltravellolls hillhllitlol 
cc lloold voltcilig I x I101c bglm,inaX 
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parasitized erythrocytes previously exposed 
to radiation doses of 24, 36, 48 and 60 krad. 
A fifth experimental group of 4 calves was 
given an intravenous inoculation of blood 
containing 1 x 10"1 B. bigenmina parasitized 
erythrocytes previously exposed to 60 krad 
and frozen (Bishop et al. 1973) for 48 hr. 
All calves in the 5 experimental groups 
were challenged intravenously with blood 
containing 1 X 10'" B. bigemina parasitized 
erythrocytes 4 weeks after inoculation, 

The first control group of 3 calves was 
given an intravenous inoculation of non-
irradiated blood containing 1 x 10"' B. hi-
gemina parasitized erythrocytes. To eval-
uate the possibility that sone reduction in 
parasitemia might be the result of reduc-
tion in the number of viable parasites in-
jected rather than an attenuation of the 
parasites injected, the second and third 
control groups of 3 calves each received ai 
intravenous inoculation of nonirradiated 
blood containing Ix 10, and 1 x 10' B. 
bigemina parasitized erythrocytes, respec-
tively. To test the hypothesis that living 
erythrocytie stages of B. bilemina exposed 
to a radiation dose stiflicient to prevent 
progressive parasitemias are more imnmnimo-
genie than nonliving palasites, the fourthi 
control group of 3 ealves was gi\'em a.o ii-
travenous inoculatioln of bl10( eomtaiuimm 
1X 10' 13. higc'moioa parasitized ervthro-
cytes previously beat ilactivated ini a wthr 

been previously described (Bishop and 
Adams 1973). 

Subinoculations were performed the day 
of challenge from groups which failed to 
demonstrate detectable parasitemias to de
ternine whether subpatent parasitemia had 
resulted. Subinoculations were accom
plished by collecting 100 ml of blood from 
each calf in each group by venipuncture 
and injecting the pooled blood from each 
group into splenectom ized cales. 

l)aily packed cell volumes were deter
mined by the inicrobematocrit method and 
rectal temperatures were measured each 
morning throughout the experiment. All 
calves were weighed weekly following a 
12-hr withdrawal from feed. 

Determination of babesial complenet 
fixing (CF) serum antibody levels was 
performed twice a week by a microtiter 
procedure similar to that deseribed by 
Hlidlalgo and Dimopoullos ( 1967). Babesia 
bigemitma antigens for the CF microtiter 
procedure were pirellared from lood con
taining 23 , B. hig(emina parasitized eryth
rocytes by a method (Idescribd by Mahoney 
( 1967). Antigens were titrated against a 
group of 8 positive reference serumls ac
cording to a selicine prexionsly described 
(Auo-mymt9ms 19,I'). The positive serumns 
were takmin from ,tth oI 1 monthls 1oi
lowing reeour1v frmon blood-induced infec
lions. \ unit of illigeill \\is deficd as the 

bath at 56 C for 30 mil. ''ll ith (ijmintinll diluliioi causinig olmilet(. comiplehighest 
group of :3 (Ils m'((ivv(d mili itavei'lOls 

illocltiilln of iasimmilar volnim , of nll phr-

asitized irradiated blood. All e'ilve ill Ihe 

5 coi trol grosis \'i (,lahiigeI ilitrave-

ilolisl)' with lloold coitaul iiig I l0" K' 
b/igc,,ililna l-lllsili/i'l es..rlh hsiS .I AS' 

ifter io(,iilhitii,u.lllhli 

ilkc , A.I,'lleinuiin of li *fIlllf 

lhmue(,;l5E% \\11i I,illill/uI dIifl 
Ilr~~imiu1 lid l~imiui,iiid isthli'n+hcs 

iks. hfcl ulmiiialh,11ii tInil th1l1llilk 

fIltt'l lll iulllm 11h tii'mli 4i 1i111 ik 

, 

ll I'li 
huy tin' 

i o1ili 
1ii11.1% 

Inlit fIixtioli ill the piecbn1' v (1 teil \ealkcst 

1 iosit i rfi-,rilit, m-oiill dil led 1:5. 

Iti111 IS 

'I'lle, mi-silti, liiii 'd i rllluhIlv I Shlow 
,111k41\\itli I - I0'" 11, M. 

l ii\lilm \ l i ios d to 
ul
As1sesv21 vliddvjihlicltito t,\l tin.,,i u, 

I' il ih ti l 

lusi llIShuIiii i 
(1 ' iitu' iilih.li ~ I 

111# 11 .11.o*litd 

l'. ,it Ill mislo 

1,t41ii u'lI'i5l 1 11i.11li 

th 1 ii1111 tijit1 
'' ili I IliI iuliitiluinlf 

-iwiit llOu I 111 iilluI 

id illp t du,.ml liicol l ilt 

,id lhi1i 1.i1, 

l i 



TABLE I 

CIwwteridws ef B. bigemina Infetions Produced rith Infected Blood Subjected to Different RadiationDoses 

3.i Xe. 9 	 Reaction after inoculation of irradiated B. bigemina parasitized erythrocytes 

wi ryi,,e.- N. .- iv-, Prepalent Maximum *Maximum Minimum Maximum Avg daily Deaths 

.krwd) ,.y uled Sith peri Ki- parasitized temperature packed complement gain 
PaM-ilmia ,day.) erythrocytes (C) cell vol fixation titer (g/day) 

* q ,r.) I X 100 1 :3 2.0(2-2), 3.2(0.4-8.0) 41.5(41.3-41.6) 18(13-28) 1:320(1:160-1:640) 423(71-821) 0 

" I x 11Y 3: 5.715-6) .M 10-008-0.06) 40.5(40.3-40.7) 27(24-32) 1:201(1:160-1:320) 798(643-911) 0*etAusu) 
* 	 qft-w'&4 I X 10, 0 3 N'oe None .39.7(39.2-40.0) 27(24-28) Neg. (Neg.-Neg.) 863(643-1036) 0 

24 1 x 01, 4 4 6.5 6-S) 0.11(0.008-0.40) 40.3(39.5-40.7) 26(22-30) 1:135(1:80-1:320) 661 (500-786) 0 
" 34 i x IOF 1 4 1:.013 -13) 0.002(O.02-0.002) 40.1(39.7-40.3) 30(26-33) l:13(Neg.-1:80) 790(536-1000) 0 

I X 10" 0 4 None None 40.1(39.6-41.0) 31(29-34) 1:2(Neg.-1:5) 875(661-982) 0 

so I x I(0) 0 4 None None 40.6(40.0-40.9) 30(28-31) l:3(Neg.-1:20) 857(786-1018) 0 

- (harra4an- .4 rriion- ba.-ed on data collected for 28 da.s postinoculation.
 
IXmw1Ed bw ,ither thick bl, aA filmrs r subinoculat ions.
 
RM CO MOKMI 

http:0.11(0.008-0.40
http:10-008-0.06


Iow~ Re pjwe . Cdzws liamulated (ne 

TABLE H1 

with IrradiatedB. higemia and Challenged4 Weeks Later with NonirradiatedB. bigemina 

TOWAmmi 
td 

IA, 

tAb1 

-em 
,4 

,arid N,.ralve-
with 

Iomr-
-ilennts 

Reahtin after challenge with I X 101" tinirradiated B. bigernina parasitized erythrocytes, 
.. . . .... .__ _ _ __ _ __ _ __ _ _ __ _ __ _ 

Pre- Maximum Maximmin Mininmm Maximum Avg daily 
pateto parasitized lemperat ure packed complement gain 
lritxt erythroevte (C) cell vol fixation titer (g/day) 
41,ays)C; 

__ _ _ 

Deaths 

* (cm ol).d( I X I : :0 .0 1-I 0.006(10.001-0.008) 40.2(39.9-40.5) 2.)(28-31) 1:201(1:80-1:320) 887(786-964) 0 

a Otnj 

o WfIP4 

I' XXIf 
It. &V,04,0 

I X 0 2 

: 

2 

1.7,1 3) 

1.01 i) 

0.004(0.002-0.00S) 

0.5(0.-5-0.5) 

40.2(40.1-40.3) 

41.3(40.1-41.7) 

28(28-30) 

11(10-12) 

1:127(1:80-1:160) 

1:160(1:160-1:160) 

976(893-1036) 

813(696-29-) 

0 

1. 
z 

aioft-. I X I0 * :3 3 1.01 I) 0.80.4 1.0) 41.1(39.8-41.8) 19(16-22) 1:640(1:640-1:640) 815(482-1107) 0 

36 rb7%y4 10 "l , - : :; .011) 0.6(0.1 1.0) 41.4(41.0-41.7) 10(3-14) 1:227(1:160-1:320) 982(786-1179) 1 d 

2# 1 x I(- I 1 1.01- 1) 0.603:0.00-2-o.o(r) 39.7(39.6-40.0) 27(25-30) 1:1:34(1:180-1:160) 1093(1000-1264) 0 C 

s x I0(P :; 2 0 I 1) 0.0,2i0.008-0.04) 40.0(39.4-40.5) 26(26-27) 1:201(1: 160-1:320) 1060(839-1214) 1' 

406 I X l1l 4 4 1.4,1 I) 0.1,0.01 0.3) 39.9(39.6-40.4) 24(21-27) 1:380(1:320-1:640) 947(875-1036) 0 z 

m 1 X I0- 4 4 1.512) 0.010.01 0.06) 39.9(39.7-40.1) 25 (23-27) 1:269(1:160-1:640) !38(750-1143) 0 

,0fVW1 I X 10-1 2 2 1.01 I) O.O060.05-0.07) 40.0(40.0-40.0) 3(21-25) 1:640(1:640-1:640) 8-22 (768-875) 1 

"C''arwriit- .4 rea~cii- m.-.d ,ndata etollected for 2 -v' postchallenge. 

'I)hm 4hdue 14a,i 
dDrwlk dsuea roi-

aznaph 
he.,oi 

tax i f1 towing challenge. 
6folIwing challenige. c 
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parasitemias. Progressive infections were 
prevented by exposure to 48 and 60 krad 
and subinoculations into susceptible sple-
nectomized calves failed to produce active 
infections. Control calves that had been 
inoculated with 1 x 10' nonirradiated par-
asitized erythrocytes also had prolonged 
prepatent periods and lower maximum par-
asitemias wv'hen compared to control calves 
inoculated with 1 x 10"' parasitized eryth-
rocytes. 

The results summarized in Table II show 
that all calves developed progressive par-
asitemias with similar prepatent periods 
following challenge wvith 1 x 101' nonirra-
diated B. bigcmina parasitized erythro-
cytes. The average maximum parasitemias 
were 0.8 and 0.6(, following challenge for 
calves inoculated 4 weeks previously with 
1 x 10'" heat inactivated parasitized eryth-
rocytes and 10 il nonparasitized irradiated 
blood, respectively. The average maxinmm 
parasitemias were 0.03 and ".061/ follow-
ing challenge for calves inoculated -4weeks 
previously with I x 10'" parasitized eryth-
rocytes irradiated at 60 and 60 krad ( fro-
zen). respectively, 

The average mnaximm morning rectal 
temperatures were -11.1 amnd 41. (Cfollow-
ing challenge for calves imoclated -1weeks 
previously with I X 10'" heat inaetivate(d 
parasitized erythroytes amid 10 ml miopar-
asitize( irradiiated blood, rSl)e(tiv'lv. The 
average naximum imor-ninlg rectal temlipera-

tures were :39.9 anid .10.0 (: following chal
lenge for (alv us inuumlated .I weeks previ-
ollsly wvithi I . I0'" larasiti/cd(lr'10hr1-ctes 

irradliated at 60 and 60 load (nm/en ) 

SlT'aemtivllY' 

mMIs WCHl' 19 and 
foir cmi''s iiiilH

\%.th 
ryth - t,I11'anI 

m llail umiul.mhi 

2;im;lmm1mimm, 

Illteud I m-Ae'L 

' ul;uuhini (halhnge 
ut'ul I s~"1\ Iulr\siol~''k t',
l01"hci1.1ti\11c p l,Isii/l'd 
1i ml noln jm iti, it-I 

u,. liiu\\js,, i 2.simi 

parasitized erythrocytes at 60 and 60 krad 
(frozen), respectively. 

Three calves (one previously inoculated 
with 1 x 1010 parasitized erythrocytes irra
diated at 24 krad, one previously inocu
lated with 1 x 101' parasitized erythrocytes 
irradiated at 60 krad and one previously 
inoculated vith 10 ml nonparasitized irra
diated blood) suffered intense respiratory 
distress for 15 min following intravenous 
challenge. Three other calves (one previ
ously inoculated with 1 x 10'" parasitized 
erythrocytes irradiated at 36 krad, one pre
viously inoculated wvith 1 x 10' nonirradi
ated parasitized erythrocytes and one pre
viously inoculated with 1 x 10" parasitized 
erythrocytes irradiated at 60 krad and fro
zen ) suifered intense respiratory distress 
following intravenous challenge. Coughing 
produced cream-colored frothy fluids mixed 
with blood. These calves died wvithin 24 hr 
Iollowing challenge. P)stmortem examina
tion revealed lesions which were confined 
largely to the respiratory system, which in
eluded severe intra-alheoh"l and interstitial 
edema amid eimphyseima with intra-alveolar 
hemorrhage of' the lung. Tllv tradca and 
major bronchi contitine1 a hemonrrhagic 
cream-colored frothy fluid. ()te other calf 
died follov.ing the devlopmenmt of a severe 
S\'st(mi( toxic reactiol after iI'travenolls 
inoclatiom with B. hilcmmima parasitized 
blood previously (xp)os(d to 60 krad and 
tr'(/(,li, 

)ISCUSSION 
The results from stulies designed to de

ermvinin thte effect of various radi.mtiom dos

ags on tlt ihlctivity of I. Ihwl11'm1a ifiudi
('il( tlat calvc's ilct(ehd with I. bi,111',nin 
ilrsiti/cd tl\ fc cywwd to 2.1 krad 

'lm,.hp'u Imm)gm('ssis I jilmmlsihttlliii5 hinml('ias
Im~~'i , .il1 l-iiuuu t (I r puisuil to 2 by~ 

akul'lim'.t m tspmm ti iil,,.litiu(.i ,,t i . 

t,114-d'm',ht i oifmimll ( lill' is11ti l k mith mtil

,i~tl /I. 1 l'I'mtl mJ i .lim (io ilI 

puslimioy %%Olh I . 10'" HASk ), buI'%jiI l'111'11 

i(iil ili' h si 2 *mmmillC ,OlI 

N mapi'r (lIuiukli'ly, 
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and Sellwood 1972) and from mice and rats 
inoculated with irradiated B. rodhaini 
(Phillips 1970, 1971). 
The results also showed that in addition 

to a lower infection rate brought about by 
irradiated parasites, calves that did become 
infected had prolonged prepatent periods 

and lower maximum parasitemias than con-
trol calves receiving noirradiated inocola. 
The results could Il.due to the death or 
developmental arrest of some of the para-
sites, or to ;a overall rctarded detvelopment 
leading to more slovlv develhitg forns. 
Control calves that had e.i inocttlated 
with I x 10: nonirrarliated partsitized 
erythroeytes also had prolongc.d prepaent 

periods and lower maximum ltpr~tsitemiais 
when .omparetd to (oitrol caires itio(i.-
lated with I x 10'" iioirildiited lrasi-

sites. There was also less erythrocvtic de
struction and a smaller increase in rectal 
temperatures following challenge for calves 
previously itioctilated with 13. bi-,'mina 
parasitized bl)od irradiated at -1tIand 60 
krad. The irradiated iaraisit.s were appar
etntly rtspotsil h, for the dt-v,lopment of 
this r,'sistait',' sire, irrauliatc(l mmlmiarasi
tized bhldd did 0)t prodiic a discertible 
a;ctirted resistance to 1. hi-,cii. "l'hese 
results are illagruecmnit with anti exteil 
those, recitly reported from micte and rats 
itflmntnized with irradiated B. rodhaini 

( Phillips 1970. 1971 ). 
"rie hiltre of the. imioitiizced ctalvcs to 

develop pattitl inf ctions following iuoc.

ilatino of irridiated p.oavite.s indi(ate, that 
iimnmitv (()ld not Ilie t.uisiclrcd to hayvc. 

d(ve.hipc.,l ile.l.,',plo,,t to) .a loo. stalld
.l()rc. th,'-pil~)mig '( ing d( itizt-d (r t r(c ' I~."'hi.r "ihh)I()(( inf,'(tion. "l'Ic ob),,r

l)rcpatent i.rio %and lo% .rinaximiimn pitra-
sitemias ill cals that had rt'cix,.l irradi-

autd parasitcs cold ih;t c i(11rl1ih--hct i n 

to a red lictim illttliI iitt iii i ii)1 i tdi 

pliratsites ilje(tud. 


The finliliig that cakiht. i,,oct,,Ie l ssithl 
I x 10' nnirialdi.tt.d iaraitii/.d e\thio-

cytes lta l iur o ihml. iht,. ii )(t andi is u, 

low%-.r i a m;,,, Imi~l.ih ini., Ci.,hh 11 

finl ie t1u s.1t I t t I d iti/rdtll 1111 1%u ta 
,night b (iffI 'Is .1s ,tili, totI utlu Iliii 

A his : suslhdh lil tll i .sidi t 11111 
( l6 i) i., " 11l l 011111.r1 li, .dh' , 'i . I tillit-

\aimi tHIt iiiilo-itiii, ()f '. l 
,idi.td ,ibmt.itpliet-tti,, I. h I 

ilt,. ti .i iriiiiiinitiii..l 
.ii to 0 (, ,, i,i ti u ll 

%'s irwith 
a vma" 

ss that 
'il ill tih' 

Ioost is t[ , ,\ fil I. des e lopi .eni,tti . 

of .) i',itetIesitl, c. Thi. is in ,o.ic ne',t 
ssiti theb,(. pt , 1 "itl e itinltiit' dh-
I tu I h,, i:'tifjlt', I9s6s .'ll- I). :( .tll, 1 
B. I : 1961;.
. i t,( .Ih 11)6T ). I? ,lt,r. 

:: s 1tittJ(It tort .iatd I ).I\ 1(s li' . If ttittttlj 

,(I-,\. ,i, I }ff' l It )t htlluitt 
.111ds9till 0lt I1 . ltItI 'lilllll)i 

11111111 ,,,,,1h.i , ll 1i t i lii %ith 

sI((i 1iiiIll 111.ts I1.,,v,1 ,v'llit ilt i 1 11 fil I? h :,..1,t do %,lsop, ,Iill 1.,I , , ln1.,14'd ,
ill l (h'n,'(,( 1-t1I I " ) I ,:l , . .,tist ((.1h,.vs K ,.N , ,11, %%illh • 1 1111a 11,, 1t,.,l 
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nostic considerations to determine whether 
detectable CF antibodies were produced in 
calves after one inoculation with B. bigen-
Ina parasitized blood irradiated at 48 and 
60 krad. The results of the CF microtitcr 
tests indicated that 3 of 8 calves were able 
to produce det(ctal)lh levels of antihadies 
with maximumnli titers ranging from 1:5 to 
1:20 even wlin the normal ('velopm('nt 
and multiplication of Balwsia were inter-
rupted by irradiation. Tlere was no dis-
cirnible difference in acquircd resistance 
to infection )etwecn those calvehs which did 

or did not dev'lop det'ctabl e CF anti-

bodies. 
Th1e Slcce'ss obtain(d i:n inmunizing 

calves witlh B. higemina whic'h had been 

calves given I intravenous injection of a 
foreign protein following cliallengc by the 

same route after a latent period of at least 
7 days. Anaphylactic shock of this type, 
however, usually only follows the intrave

nous injection of the challenge dose of 
antigen and could I)rob)lly he avoided by 
using other routes illwhil tihe antigen 
would reach tilecirculatiom more slowly. 

Standardiz'd infecting and immunizing 
doses illtile. prwseint study were given intra
venously iecatse previous studies have ill
dicated that Bahesia Ina he more ilinuilo
genie whugn given by til(' intravenouts routte 

( Nahon,,.v 1967b). ThI' s;it %taildardiz.'d 

illoclla wtrt giV'il iltraveillily for chal
Ie(.nlgt' Sillce tlit' iif('ctiolls prodliced by 

stored illia dry ict tbIthoe u i gitg t i bi l i'ntilt'. i itravtnouisirradiated. frozen and 
of practical significance ill routt )itd allre'dv br'ti Oa;ra(t'ri/ced. Illcabinet may l 

future studies. The jilu.sia paritsites could 

he irradiated aintdfro ein. witlioiit appareiit 

loss of immunizig properti('s. lo. it' ill 

distant parts of It(wil. 

It is of intt'rst to ioot' t (,)llitc'nt h'Il-

perature rise illcdlv's foillwing iitravt'-
nou1s illtlo litioiis with i . hig 'lliiia Ct' i 

when the( iirinl dr\'heloliriit and intilti-
plleation ll"f Iu silaw\crl, initcrruptc~d by 

irradiatii or litit ioti\stioo. Vact'iis 
wvhic~h {olal ill hol,'igil plotilill ca.ll ml(t;1\ 

pyrogt-ii%, that (.l,II\( bod\ w'i li'ratlr,' likr 

o w i l g i ((ll~ N 6 1't Itfil ll i l i c (-l h ) . i %. 

lo J) illithat jul .i pi i ana iil 

plro it'io ill h tthl ,%iIc4I I(iiol . llid t.1
 ill' '..lL~ld
pvro i ll€ h\i( (,llild t th il 

b \ 
,,\',,h
illri/,at ,,li .,11d tll,'l1,,,irl ,.,,Is,.11.1 'I 

rumd(lill (Im 


a tiolatioll 
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%%ll111 l l 

a oltstrvaitioii.. 
actri/atii of cliallgigi' itiocihnli uilg a 

%oihIita'lltllit iith' iotiiti('oil~litiii %voildhe 

\\arratitcd for hil it sltdit's nin ih'ctttd 

W otd for cliilleng'. I'\lp rinclal or iiat

oral ficld tihk (li llh'iigc.' \%)ilhl also most 
likt.lv aid l011. ilbitiiin (if a l hylactic 
rcactiol s Utlmtiwiig elallht'iit. illtalv's pre

view tf the obti a ret liar

%i,,udy inocoladt'd withi itrrdiatcd U. hi.
 

t'nt1i a pairisiti/'cd Wlood. 
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