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ABSTRACT
 

A Comparison of the Antigenic Properties of Erythrocytic
 

Babesia bigemina in Acute and Chronic Blood Borne and
 

Tick Borne Infections in Cattle. (May 1974)
 

Kenneth Carl Thompson, B.S., Arizona State University;
 

B.S., DV.M., Texas A&M University
 

Directed by: Drs. R. J. lidalgo and R. A. Todorovic
 

The purpose of this study was to determine possible 

antigenic differences in the causative organisms of the 

acute and chronic blood borne and tick borne Babtsda 

bigemina infections of cattle. It was anticipated that 

the results of the research would further aid in the 

iunderstnnding of the met ihsmr of immunity of hah.oslId 
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wUt'~in "~ day*, a1W a oilsit of thet.iolintod , tot



iv 

The larval progeny of engorged female Boophilus
 

microplus ticks were screened for the presence of Ana

plasma marginale or Babesia spp. 
The noninfected ticks
 

resulting from the screening were maintained primnrily
 

on noninfected splenectomized calves. 
 Disease free
 

guinea pigA were also utilized with only moderate success.
 

Various stages of ticks were held without feeding in
 

desficcator Jars for periods of 1 to 2 months. 
 Nonin

fected B. microplus ticks were successfully infected by
 

placing them on calves inoculated intravenously with the
 

B. bigemina stabilate. 

With thi aid of synthetic corticosteroids, high 

B. hlgemina parafitentax wore attained in oplenetc mi'zed 

calves subinoculated from Intact calves infected by 

ticks and by artificial inoculation. Rabenin Prythro. 

cytic IntLiens and Infective blood stabilaoo wero pro

pared tree blooiOf Splernctoploed calves with high pira

4ltma4 resulti" from troatnt rWch syn"tir Cor. 
ticostorotdo. rho#@ *pl~n#Wttmj#d C41vp ., 

uIMcuI,~t0 from. I"i4ct r4tvp* **II*ctIto 10~p) 4t~ ~t40 

t~~~P)" i~f~4 4~ (41J) ** chtoIrf (i) fi4 
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borne infections. 
 Normal bovine (NB) erythrocytic anti

gen was prepared as a control.
 

Isolation of B. bigemina antigens was accomplished
 

by erythrocytic lysis and homogenation, differential cen

trifugation and purification from host materials by
 

means of molecular sieving using Sephadex G-100 and
 

G-200 columns. Antigens were characterized by means of
 

the complement fixation, gel diffusion, agar-gel Immuno

electrephoresis and indirect hemagglutination techniques
 

and their antigenic differences observed. 

Thirty-six intact calves were divided into l 

groups of 2 (or 3) and each group inoculated with in

fective Rabesa erythrocytic stahllates. TNenty-elht 

days later they were honologously and haterologously
 

challenged from the same erAblathl, and monlitored (or 

sm Addltional 20 day*. oTho 4oitl.1 ni varatt.on wro 

awsro ovidanr by I" vitrn r4th'f OAei I" vIvO r-a!,ir . 

Oil Cho hIsaio of tl,. a.'roloiqAt4 it'ft, , atlvos 

APct&O~ir vart.ttp Oaptr#4 to~ 4o Intl~o toy 

etI 4rottsw at totection. The thot'#Pofo 

http:varatt.on
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reduced response to homologous challenge and the marked 

immune response observed with heterologous systems indi

cated antigenic differences of the B. bigemina and con

data under thc experimentalfirmed the serological con

ditions used in this investigation.
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blood was usually thawed quickly by iffmwraing and roti:-

In& the tube In vator at 37 C and the fluid Injected 

without delay. !owever, a trial was conducted on olow 

thving mnd It es concluod that tho paramltea will 

survive slow thaving and remain viable for at least I hr 

after remIoval from 6tora.je in solid carbon dioxido,
 

Stained sm r mlde from tho thmed blood hh"Wtd (h4 

mosi of the erythrocytes wore lybod after h4wtilog. The 

parasites, whether troo or in red coil*, wore umoW!ta, 

crensce and h d donso cytoplasr md usually prmalnetit 

rurimde rnr1e. RSrnatt (1I964) roport#d tat it wask ti 

PossbW4 to assess Wtat Pro~portion of ttw poraste werv 
vi able, 

Hip4v'* aj %ot¢t (1966) r'porood 04st, h i V0.0 

c iim 24o the rytttro<ys parastt oel!with , 

I41e4was ~ivlo oro Sftitf16 joi~E ts.11t 

buttor ws added to v'*o blood to a final vtenwtralion
 

ot lit. W40ese 10The bloodwa inM041to $O 1 bottlos, 
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in an ultra low temperature cabinet at -70 C. Thawing
 

was accomplished by plunging the bottles into a wateri 

bath at 37 C while agitating until the sample was com

oletely thawed. Glycerinated blood containing B. bi

gamins was infective for calves after storage at -70 C 

for up to 440 days, and blood containing glucose, for 

240 days, the longest period tested. The incubation 

periods were nearly identical with those observed after 

the use of fresh infected blood and no change in viru

lence of the frozen parasites was noted. 

Dalgliesh (1969) reported that bovine erythrocytes 

were freely permeable to glycerol at 37 C but much less 

so at temperatures around 4 C. Slow equilibration pro

longed stress factors imposed by The osmotic effects of 

extracellular glycerol. The detrimental effect of gly

cerol for parasitic protozoa may be related to its os

motic activity. Erythrocytes containing glycerol cannot 

be transferred directly to a glycerol free isotonic 

medium without swelling and lysis of the cells due to 

the osmotic effects of intracellular glycerol (Hurn, 

1968 as quoted by Dalgliesh, 1972a). Intravenous (iv)
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inoculation is equivalent to sudden exposure to an iso

tonic environment, and Dalgliesh (1972b) showed that
 

this route of inoculation suppressed infectivity of
 

B. bigemina in blood containing glycerol. When para

sites were injected subcutaneously (sc), infectivity
 

was not markedly affected, presumably because there was
 

less body fluid available to cause osmotic swelling and
 

rupture of the parasites and the erythrocytes that en

veloped them.
 

Tick Holding and Rearing Methods
 

Pierce and Pierce (1956) cultivated Boophilus
 

microplus from the larval to the nymphal stage on the
 

air cell membrane of the embryonated chicken egg. Young
 

adults, molted in vitro, also attached to the membrane
 

for short periods.
 

Riek (1959) showed complete development, including
 

oviposition, of B. microplus on mice and rabbits but not
 

on guinea pigs. Fed females were recovered 23 to 29 and
 

23 to 31 days after larvae were applied to mice and rab

bits, respectively, but were smaller than those which
 

dropped from Zebu-Shorthorn and Shorthorn steers.
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The report of rearing Rhipicephalus appendiculatus
 

(Bailey, 1960) on rabbits contains many techniques which
 

readily apply to other Ixodid ticks. For instance,
 

Bailey (1960) discussed the need to ensure that the tick
 

room is free of flysprays or furniture polish containing
 

residual insecticides which may contaminate equipment.
 

Also, tick rooms must not be used to store tIsecLicides
 

nor should the rooms be sprayed or treated against pests.
 

If a tick incubator is used it must contain shelves
 

which allow free circulation of air throughout the in

cubator. It should also be equipped with a light source
 

and have some method to maintain the relative humidity
 

inside the incubator.
 

When using laboratory animals to rear immature
 

stages of ticks, Bailey (1960) noted that proper re

straint is necessary for attachment. However, if tape
 

or other materials are used, they must be placed in such
 

a way as not to cause swelling, edema or necrosis of
 

the area which will lead to the death of the ticks.
 

Also, if an ear bag is fitted, it must be removed daily
 

to allow any engorged ticks which have dropped from the
 



ear to be collectod. $Prooft ro~iwol o ti* t"~I4y *e,; 

ticks to lmprtant, oheorwise tho |* of Ow or#r 

liable to bome damal*4 or ruba oft toy tfjvi4jcia b* 

twoen the oar 41d the cloth b4s, Tti,* 4 el i. t14' 
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viii not lay eggs. 

Hoyt@ (1964) reporte* Iwm| d s tittafin# 

B. microplus to maturity on unr#stratti.4 4ogs.
 

The trop.cal horse tick, f _rwfitar (MWitr)
 

nitens is commonly found on horso. ti, n4ny troi 
 41 re

gions of the Western 11imphorv. it h4s hoott aii*Wt,*t, 

the probable arthropod vector of oquine pirploto, 

The biologic similaritios between t). nlten. 4d h.
 

microplus, which transmits bovino pfrnpl4osolts aro
 

twofold. First, they both 4r* onx,- tht tick*; and
 

secondly, they both develop on their preforred hooMto 

in much the same manner. Roby at 4). (1964) reoortod
 

the successful holding of D. nitens in a desiccator Jar 

for 2 months to permit the oviposition of the ndltts 

and the hatching of the lnrvae. The deolccntor Jar r.

tained about 2 inches of aqueous maturated ammon um 
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Sorologic Tests 

A. Copplesmmt fixtaton (CF) Tost 

$ir to ot *1. (19'5) reported Oh. 4pplication 

of the CU test In dotectinat oquino bobos.o~to. The CV 

antigen wo cmpris.d of the erythrocytic otroma frns 

horses acutely Infected with P. £.eill. The CF anti

bodies were detected It to 15 days after the onnot of 

parasiteisa and persisted for at leo 100 days. 

Mahoney (1962.) reported the application of the CF 
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test in detecting bovine babestous. The results of
 

the tests with serum# from cattle given pure infections 

of either R. blzmina or 1. arAontlna and of tests with 

serums trom noninfecte4 cattle indicated that the anti

bodI|e to the lab uia antigens were present only in the
 

serums from the infected calves. These serums reacted
 

at a higher titer with the homologous antigen and anti

bodtes were detected within 7 to 21 days after infection.
 

In the lowest serum dilution of 1:5, slight reactions
 

with serums of noninfoccod calves were sometimos ob

served. These were more 
apparent w-th B. argentina
 

antigens than with A. bi emina antigens which tended to
 

indicate some impurity of the antigenic material. 

Schindtisr and Donnig (1962) reported the applica

tion of the CF te t in detecting canine hahesionis. A 

CF antigen was prepared from erythrocytes of dogs 

acutely Infected with R. canto by means of nm unohom

olysia or by expohing the eythrocytes to 0.37 saponin.
 

The CF antibody became detectable in 12 to 34 days fol

loving infection. No serologic cross-reaction was ob

served between R. rodhaini and B. canis antigens.
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Mahoney (1964) determined weekly CF antibody levels
 

for homologous antigen in calves subjected to infection
 

with either B. argentina or B. bigemina experimentally
 

transmitted by the B. microplus tick. With 11 calves
 

irfected with B. argentina, 95 to 100% of serum samples
 

contained Antibody at or above the minimum diagnostic
 

level for the ensuing 7 months, but over 5 more months
 

the proportion denlined to 50/. In 9 calves infected
 

with B. bigemina the proportion of positive serum was
 

94 to 100 during the first 4 months, declining there

after to the low figure of 16% at 12 months. However,
 

in all but 3 of these 20 cattle the continued presence
 

of parasites during paviods of 12 to 18 months after
 

infection was proved by the subinoculation of 500 ml of
 

blood into susceptible, splenectomized calves. Thus,
 

in these proven carriers, CF antibody tended to fall
 

below the diagnostic level before infection was finally 

eliminated. When carriers were superinfected with 

either species there was either an ensuing rise in
 

homologous antibody level, or a deferment of the ex

pected decline in titer.
 

.4 . 
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Schindler et al. (1966) inoculated dogs with live
 

B. canis and soluble B. canis antigens. Immunity was
 

acquired only after infection with live B. canis. 
This
 

resistance remained even after disappearance of the CF
 

antibodies. Dogs inoculated with soluble B. canis anti

gens produced CF antibodies but not protective immunity.
 

Curnow and Curnow (1967) performed the CF test by
 

the method suggested by Mahoney (1962a) with slight
 

modifications. Erythrocytic suspensions were standard

ized colometrically and in complement titrations the
 

50% endpoint (1 unit) was determined in a similar manner.
 

In the test 3.3 such units were used.
 

In the development of a routine CF test for the
 

diagnosis of bovine babesiosis, it was found by Mahoney
 

(1967a) that the most sensitive CF antigen for B. argen

tina was a crude suspension of the parasites prepared
 

by distilled water lysis of infected erythrocytes fol

lowed by centrifugal concentration. For B. bigemina,
 

a specific, sensitive CF antigen was extracted from the
 

parasite suspension with distilled water. 
In tests on
 

serums obtained from cattle not exposed to B. bigemina,
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1.6% reacted at a 1:5 dilution and 0.2% at a dilution
 

of 1:10. With cattle not exposed to B. argentina, 4.5%
 

reacted at 1:5, 1.4% at 1:10, and 0.5% at 1:20. The
 

nonspecific reactions to B. argentina were prevented
 

by absorption of the serum with a suspension of normal
 

bovine erythrocyte stroma. Cross-absorption tests in

dicated that the B. argentina and B. bigemina CF reac

tions each consisted of a major species-specific and a
 

minor group-specific component.
 

Mahoney (1967b) reported on the immunization of
 

cattle with killed B. argentina. Twenty nonsplenecto

mized 2-year-old steers were injected with a freeze
 

dried suspension of B. argentina, either sc in Freund's
 

complete adjuvant or iv suspended in distilled water.
 

The steers reacted to the injections by the formation
 

of CF antibodies, and subsequent challenge with the
 

strain of B. argentina used to prepare the parasite sus

pensions showed that a degree of immunity had been ac

quired as a result of the inoculations. However, Mahoney
 

(1967c) found no positive correlation between protective
 

capacity and CF titer of serum. Hence, it was concluded
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that CF antibodies were unlikely to be concerned with
 

immunological resistance to B. argentina.
 

Frerichs et al. 
(1969a) produced antigens for the
 

CF test for B. caballi and B. equi infections. The
 

greatest difficulty in producing B. cabatli antigen 
was
 

the low yield that resulted From 
 low rates of parasiLemia. 

Loss of serologic specificity by B. equi after it was 

passaged in horses was the greatest problem in producing
 

this antigen.
 

Frerichs et al. (1969b) reported CF titers of
 

horses infected with B. caballi. Fifteen horses were
 

infected with B. caballi by inoculation with a suspen

sion of packed erythrocytes. Their serologic responses
 

were determined by CF testing. 
 Periodically, erythro

cytes from all horses were subinoculated in stisceptible 

ponies to determine duration of carrierLhe staLe. The 

CF titer persisted longer in 14 of the horses than did 

their capability to transmit the disease and, thus, was
 

a reliable index of exposure to B. caballi. 
Horses
 

re-exposed to the parasite after losing their CF titer
 

had a typical anamnestic response. 
 The CF test was
 

highly specific for detecting infection with B. caballi.
 



The CV test used to detect bat*!ial antib@Aee to 

the serum of infected cattle w* modified by Tdorovi 

ot &1,. (1971) and Todorovic and Admas (1971) irve ti'p 

method described by Kabonoy (9674), .On.o vo!w~ of
 

washed infected erythrocytoo we4 rosoopmndd to 10 

volumes of voronal buffer and 4lirutep¢t by * iivt-

The sonitiod suspensions wero centritfued fr $0 wto 4t 

27,000 x A. After cntrtfuvAtton, the suporntir t wo* 

collected and the sediment was resuspoMd tin voransl 

buffer end homoaenitm1 with a Toenrvock tissue agtror, 

The suspension was mAin centritua#t for 30 min 4t 

27,000 x A and the supernatant collected , Th proe-J!re 

was repeated 3 times. The oupornetant fluids wro *m

bored serially In order of collection and were use a 

the CF antigens. The peak of parnsl4oita o" day 0 p-. 

inoculation coincided with the (irot day of CV notibody 

response. A total of 5,420 serum samples of cattle in

tected with babososis were toosed. Approximately 95Q
 

of these samples wore positive oherens *boot 51 M.vo 

discordant reactions.
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part't. Ny eats of 4 Iget ditfutIoo toot Poch 

Latal oirgnits pouIss@ 4t toeisi co opeclei-oltic 

anttgen. 

Todorowic *t 4t, (1971) o.sod the Kol diffootoon toot 

to characterlso the antten-antibody resct loo of 5. bi. 

assiggan 1. #Mot~ing. Acros..roaction was observed 



In the got di(ffuon oystem botvoet1. bil 4at4ntigo 

and atibodloo against 0. r~fta, 

C. A&4r-Got ltmm.wtlerophrots Tchniqio 

binmvic ot a1. (1965, 19674) reported th 

oerologic choracteriation of blood serum antigns from 

horses, dog4 and rate with Acute b4bestoois. Ech of 

the antigens was separated into 2 distinct fractions by 

density gradi nt contrtf.uation. Fraction A, (ounid in 

the Bono cootaining 251 oucrrse, migrAted etlortrophort

ically As 4 Ao globulin and (rartloo A. f(ound in the 

tone containing 40% so.crooo, migrated As a bota rlobulin. 

Mahoney and Coodger (1969) reported the isolation 

of 2 antitonic fractions In tho 4orum of cnlvo% tinfp tI 

with N. 4ri!!n which worv absent io the oorum of noo

infected calves. An aitigenic fr cton was precipitated 

from infected calf *erum by 301 saturation with ammonium 

sulfate. luuwnoolectrophoratic analysis of this frac

tion with specific rabbit antiorum h ed that the anti

gen remained near the origin. A second Antigen was 

present In the precipitate formod at 70. saturation of 
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intcted calf serum with ammonium sulfate. lmmunoolec-

Crophoresis of this traction revealed a wide precipitin 
arc mcnaatng rhe alh, bo-, a__ e 

are ~ ~ te&*,htaj___ bemasnand gam rogtons, 
_ _ 

Goodsor (1973) obtained erythrocyces from a calf 

heavily infected with B. btAemina and lysd them with 

5 volumes of cold distilled water after washing them 3 

times with cold saline. The erythrocytes were centri

fuged 15 sin after the cold distilled water was added 

and the lysate supernatant collected and fractionated 

in a column of Sephadex C-l00. The oluato was collected 

and the void volume fraction further separated by agar

gel imnmoolectrophoreis. Two ml aliquots were sub

jected to electrophoresis at 4 C in 10 by 8 by 0.25 inch 

Sel slabs using barbital-acetate buffer, pH 8.6, and a 

potential of 140 volts for 3 hr. Five fractions were 

obtained with mobilities corresponding to those of pro

albumin, albumin, a , beta. and globulins. Di~e 

electrophoresis of 5. bpoming antigens obtained by f.n

lation of the material with b globulin mobility on 

agar-lel electrophoresis demonstrated 3 faint protein 

bands. The fastest component migrated about 5 m into 

the rumning Sel. 



D. Indirect Hema lutination (IiA) Test 

Curnow and Curnow (1967) reported on an indirect 

hemagglutination (lHA) test for diagnosis of B. aron

tina infection in cattle. Formalinized sheep erythro

cytes treated with tannic acid were sensitized with an
 

extract of the parahito-orythrocyto strom4 mixture used
 

as antigen in the CF test for B. argentina. Bovine 

erythrocyte stroma antigen prepared from nnninfected
 

blood was used to absorb serums before CF testing. By 

doing this it was possible to remove some of the nonspe

cific reactions. The sensitivity and specificity of
 

the IHA and CF testa were found to be similar, 70 out
 

of 71 known infected animals being positive to each test.
 

Stbinovic at al. (1969) prepared a heat stable
 

polysaccharido antigen extracted from Babesia infected
 

erythrocytes of horses. 
Tho antigen permitted titration 

of antibody in the serum of horses affected with babe

siosis by means of bentonite agglutination test and 111A 

test. 
The IHA test results wore free of suspect reac

tions. In comparison with gel precipitation test, ben

tonite agglutination and liA tests required less antigen 

and rendered results more rapidly. 
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Coodger (1971) reported on the preparation and 

preliminary asuessment of purified antigens in the IA 

test for bovine babesiosis. Tw 4ntitgls, active in 

IHA test# for B. araentina infection, wore obtained in 

relatively pure form from erythrocytes infected with 

the organism. One was obtained by gel filtration of 

soluble material obtained after sonic disruption of a
 

parasite suspension. The other was prepared from the
 

lysate of infected erythrocytes, first by removing hemo

globin on DEAE cellulose and separating the remaiting 

material on Sephadex gel. Both ant gens gave high titers 

(1:12,000 to 1:25,000) with Bt. arjatina homologous anti

serums. There wore some low titer (1:100 to 1:200) 

cross-reactions with acute B. bigOmina antiserums, but 

no reactions were found in preliminary tests of nonin

fected serum. With 5. bigmina, an antigen was purified
 

frA. sediment folloving sonic disruption and ultracmntri

fugation of Infected erythrocytes. This antigiei gave 

lover titers (1:1,600) with ft. bixmsiuia homopgzgous anti

serums than the A. ar~entfin4 antigens did with homoloKous 

anteerums and cross-reacted strongly (1:1,600) with tho 
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latter antisrume. Theo cross-reactiono, however,
 

could be absorbed with B. argentina antigen without
 

affecting the specific B. bigemina reactions.
 

Ristic et al. (1971) reported on soluble and eryth

rocytic antigens isolathed fromn blood of dogs infected 

with B. canis and B. gibanni. In the dog Infected with 

B. canis, the IRA antibody was detected 6 days nftor
 

inoculation. Its concentration Increased sharply to a
 

titer of 1:640 on day 14 and then gradually subsided to
 

the level of 1:40 at 5 months after the onsot of the
 

Infection. In the dog Infected with B. &ibsoni, the
 

rise of the INA titer was ooted Approximately 22 days 

after inoculation, at approximately the same time the 

first parasites were detected In the peripheral blood 

films. The titer roe to 1:160 at approximately 4 weoka 

after inoculation and then gradually subsided to the 

level of 1:20 at S months after inoculation. With cross 

INA tesot between . ean and N. aibooni it was evident 

that homologous reactions occurred at serum titers which 

wore at least 2 serial dilutions higher than those of 

hoterolo&oum roact ios. 
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Goodger (1973) reported that the sensitivity of the
 

IHA test for B. bigemina antibody was improved by using
 

antigen obtained from the lysate of infected erythro

cytos rather than the original antigen prepared from
 

sonically disrupted parasites (Goodger, 1971). The
 

lysate contained a species specific antigen as well as
 

a related antigen asuociated with B. argentina. High
 

titers (about 1:25,600) were obtained with B. bigemina
 

antiserums. Cross-reaction titers with heterologous
 

B. argentina antiserums were at similar levels, but by 

comparing the cross-reactions of antigens from both 

species, it is possible to differentiate between B. bi

gemina and B. argentina infections without recourse to 

inhibition techniques. 11owever, inhibition would be 

needed to distinguish between B. argentina infection 

and mixed infection.
 

Host Response to Babosia Infections
 

Callow (1964) reported all of 9 splenectomized 

calves isrrying B. bigemina at the time of iv challenge 

with I x 109 organisms developed parasitemias. In 2 

roceiving a homologous challenge, fever than IZ of the 
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erythrocytes became infected, whereas 5 of the other 7,
 

which were challenged heterologously, developed para

sitemias within the range of 1 to 5%.
 

Callow (1967) reported on the immunity of steers
 

to B. bigemina. Initial inoculations and subsequent
 

challenges were with heavily parasitized blood collected
 

during acute babesiosis of the donor. 
The number of
 

organisms in any challenge was not less than 1 x 108
 

organisms, and when repeated attempts were made to over

come homologous immunity, approximately I x 109 organisms
 

of B. bigemina were inoculated. Two strains of B. bi

gemina were used, the Y strain and the R strain. The Y
 

strain was passaged bi-weekly with blood. The R strain
 

underwent several tick passages during the course of
 

the work, as well as being blood passaged somewhat ir

regularly. 
Ten intact steers which had been infected
 

with Y strain B. bigemina 2 to 16 weeks earlier were
 

grouped with respect to time after the primary reaction.
 

One noninfected control steer was added to each group.
 

The groups were challenged. Parasitemias following
 

homologous (Y strain) challenges were shorter and pos

sibly less intense than those following heterologous
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(R strain) challenge, even though the control inoculated
 

I with Y strain reacted much more acutely than the control
 

inoculated withR strain.
 

Hall et al. (1968) reported on 2 experiments con

cerning imunity of calves to B. bigemina infection.
 

Cows were infected with B. bigemina during mid-pregnancy
 

and again in late pregnancy. The cows and their progeny
 

were challenged when the calves were less than 38 days
 

of age. In the first experiment 2 different strains
 

of the organism were used, 1 of them being the same as
 

the strain subsequently used for challenge. In the
 

second experiment only 1 strain was used and a challenge
 

of at least 1000 infecting doses (I x 10 organisms) of
 

the same strain of organism was given. Comparable
 

groups of animals were used as controls. The calves
 

from cows given the homologous strain were highly re

sistant and 79% of them did not become infected. Calves
 

from cows given the heterologous strain all became in

fected and their reactions were almost as severe as
 

those of the fully susceptible control cows and their
 

calves.
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Antigenic Variation
 

Trypanosomes elicit the production of antibodies,
 

yet chronic infections occur, with the periodic re

crudescence of parasitemia. This phenomenon has been
 

attributed to the appearance of antigenic variants
 

(populations of trypanosomes which are unaffected by
 

antibody to other variants and which in turn elicit the
 

production of variant specific antibodies). More than
 

20 such variants were reported from I strain (Brown,
 

1963).
 

Broom and Brown (1940) reported that passage through
 

a tsetse fly caused a relapse strain to revert to the
 

parent type which had given rise to the initial infec

tion. Gray (1965a, b) investigated this further and
 

also examined the sequence of appearance of variants.
 

During the early stages of a tsetse-transmitted Trypano

soma brucei infection, antigens appeared in a predict

able order but were more variable in the later stages.
 

The early variants were termed predominant antigens,
 

and I antigenic type, called the basic strain antigen,
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could always be isolated following cyclical infection. 

Tsetse flies which ingested the variant forms would 

transmit trypanosomes with either the basic strain anti

gen alone or with a mixture of this antigen and the In

gested variant form. No antigen of a clone (aggregate 

of individual variants descended from a single variant) 

developed twice during an untreated Infection ((ray, 

1965a) and there was no correlation between drug sensi

tivity and antigenic variation (Gray, 1966). 

The mechanism underlying antigenic variation is
 

6till not clear. Some investigators (Watkins, 1964;
 

Seed and Gam, 1966) favor the idea of mutation and selec

tion, perhaps similar to the mechanism suggested by
 

Hawking and Walker (1966) to explain variable drug re

sistance, while others (Gray, 1965a) believe that adap

tation by the trypanosomes het explains sme of the
 

observed responses.
 

Cox (1959) reported that mice with a chronic IlIns

modium berghei infection were more susceptible to chal

lenge with a relapse strain than with the homologous 

parent strain, indicating that the 2 strains differed 



antlgencally. torfp recently, 4ott&.nic vartation wa 

demonstrated eonclusively in drug inducd chronic !J, 

knowles infections of rtiomu monkey* (rown Antd brown, 

1965; Brown ot 41., 196R). Thooe toveotiKatorls rowod, 

using a schigon-infoctOr cell aftlut i, ilon toest that 

a succession of antlkentcally dltisitw populatiolis '

currod, each stimulating 4 poctific a&gluttnin response. 

Each variant persists for only a few d4y4 but variation 

continues even when tho infeclion is sub-pat&nt (shown 

by subinoculation). Variants do oat appear ti a pro

dictable order. Monkeys immv no to 1 oAbilatt showed 

resistance to homologous .hallene. There wai no crouo

reaction when schtionts were test" with serums from 

monkeys infected with Pieamodium bastanellii or with 

another strain of 1;. knovles. In their asseusment of
 

the significance of Antiro varintions, Brown at al.
 

(1968) concluded that since the relapses produced only
 

low grade parasiteaias in Cho experimental animals, hut 

fulminating infections nttr subinoculatJon into non-

Immune animals, thore fmit he a genoralid immunity 

which overrode the variant specific response. 
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Smith and Kilborne (1893) considered that cattle 

which survived an acute attack with B. bigetna some

times had a mild relapse after an interval of 3 to 8 

weeks. Log$ (1928) reported that relapses occurred in 

cattle subjected to stress. Davies et Al. (1958) (ound 

2 episodes of parasitemia In splenectomixod calves (*I

lovin& the inoculation of blood infectod with Babosta 

diverpens. The second parasitomlA was lower than th 

first, but parasites persisted in detevtable numbors 

for several days, 

Intact calves, submitted to tick transmitted Infoc

tion of either S. bizomina or B. .rAen.n4, developed 4 

microscopically detectable parasitomla on several occa

sions over a period of many months. Mahoney (1962b) 

stated that the initial parasiteetaxm were not hiRh, 

nevertheless, theru wore later period when p rnattex 

were sufficiently numerous to be detected Again In thick 

blood films. 

Callow (1964) demonstrated that a limited iumunity 

ispossessed by calves when they have been previously 

exposed to the challenging strain, and even then not 
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1007 Of these calves possess it. This immunity does 

not exist when a heterologous challenge is performed.
 

Barnett (1965), working with Babesta trautmmnni,
 

found peaks of paroatemln to occur In 6 to 8 cycles. 

Subsequent to 3 to 7 such cycles there were I to 2
 

cycles at intervals of 20 to 40 days at which time the
 

parasites becamo rare and eventually disappeared.
 

Callow (1967) reported that 21 splenectomized
 

calves subjected to heterologous challenge developed
 

well marked parasitemias with B. bigemins. Nine of these
 

had been highly immune to homologous challenge 2 weeks
 

earlier. Eight of the 21 were carriers at the time of
 

challenge and these showed much lower paralitemias than
 

the spontaneously recovered calves which almost invari

ably were acutely affected. Challenges of 23 intact
 

steers gave similar results. Six of 12 challenged 

homologously failed to show detectable parasitemia, 

whereas all 11 challenged heterologously developed para

sitemials. 

Mahoney (1967c) reported the presence of protective 

antibodies to B. argentina was demonstrated by the passive 

transfer of imunity with serum from carriers of the 
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organism to highly susceptible splenectomized calves.
 

Serum obtained from donors after I infection apparently
 

contained a low concentration of protective antibodies, 

but higher concentrations were evident in searun from 

donors after 4 or more repeated infections. Serum from 

naturally infected donors was less effective in confer

ring protection then serum from donors infected in the
 

laboratory. Probably only the laboratory infections
 

were homologous for the challenge strain. Mahoney
 

(1967c) stated this anomaly might have been due to anti

genic variation among strains of B. argentina.
 

Callow (1968b) stated homologous strain immunity
 

may have a twofold importance in the study and control
 

of babesiasis. First, in evaluating the production of
 

acquired immunity to natural infection by various vacci

nation procedures, challenges should be with a hater

ologous strain. Second, for the long term maintenance
 

of immunity to babesiasis by regular revaccination,
 

either some antigenic variation should be introduced
 

into the vaccine strain, or the strain changed regularly
 

to one capable of causing a mild parasitemia in pre

viously vaccinated cattle.
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Curnow (1968) described an in vitro agglutination
 

test of bovine erythrocytes infected with B. argentina.
 

The test was used to investigate the possibility of
 

antigenic variants of 1 or more strains of B. argentina
 

from geographically distinct locations. If basic strain
 

antigens could be identified and strains of the parasite
 

classified, the technique would be valuable in epidemio

logical studies.
 

Hall et al. (1968) demonstrated a passive acquired 

inrunity against B. bigemina transmitted from the im

mune cow to her calf, presumably through the colostrum, 

but the calf usually remained susceptible to strains of 

B. bigemina other than those used to immunize the cow.
 

Neitz (1969) found that vaccine strains of B. bi

gemina and B. bovis lose their virulence and resistance
 

to chemotherapeutic agents when maintained by serial
 

passage in cattle. This decrease may occur after only
 

3 passages in intact cattle and after 6 passages in
 

splenectomized cattle.
 

Phillips (1969a) referred to the isolation of a
 

population of B. rodhain. that was resistant to antiserum
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in passive transfer tests which apparently indicated
 

that the organism had the capacity to vary antigenically
 

in order to evade the host's humoral response. Rats 

which recovered from the acute primary parasitewia of 

B. rodhaini had prot ect ive factors in t he ir sertim 

(Phillips, 1969h). The pra; iteis that occutrredl during 

subsequent recruidescence,, mai t i ied int I rir)me resi .it

ance a steatuntil the sec ond suhpa ssage of the ori

ginal Isolation. Phillips (1909a) further stated that 

the antiserum resistnnt population could occtur either 

due to selection anti multipl ication or by an antigenic 

variation in response to anti serum. That B. rodhaini 

definitely undergoes an antigenic variation in a natural 

chronic infection was not demonstrated (Phillips, 1969a). 

Frerichs et al. (1969a) produced ant igens for the 

CF test for B. cabnlli ad1(I I. equ infect ions. The 

greatest difficulty in producing B. caballi antigen was 

the low yield of antitgen that was caused by low rates 

of parasitemin. Specificity of the B. caballI antigen, 

however, was not a problem. After B. caballi was sub

jected to extended serial passage from horse to horse 
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by inoculation the titers of the antigen against the
 

known B. caballi and B. egu reference serums began to
 

approach each other. 
A passage of B. caballi through
 

its tick vector, i!.nitens, caused a return to speci

ficity. 
With the B. equi antigen the greatest problem
 

in producing satisfactory antigen was its loss of speci

ficity which occurred after the parasite was serially
 

passaged in horses. 
 The Florida isolate, when obtained,
 

was highly specific in that it reacted only with spe

cific B. egui antiserums or cross reacted with B. caballi
 

antiserum only at the lowest antigen dilution tested
 

(1:4). This specificity was 
lost while the parasite
 
was being maintained in carrier horses; antigen prepared
 

from B. Ogui recovered from carrier horses reacted 4t
 

the same titer with both thr R1. caballi and the B. euI
 

reference antiserums. 
Attempts to restore specificity
 

by making rapid serial passages through horses, beginning
 

with passage of blood from a carrier horse, were unsuc

cessful. 
The New Jersey isolate, when received, also
 

was highly specific in its reactions with known B. gaui
 

serums, but this specificity was 
lost during subsequent
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serial passages in horses. Unfortunately, a tick vec

tor was not available for use in these experiments to 

detomine whether the lost specificity could have been 

regained by pasatge of the parasites through the vector 

as was the S. caballi. 

Phillips (1971a, h) reported evidence that S. rod

haint can undergo antiganic variation. Populations of 

R. rodhatni were isolated in I different eircumstances 

although in all 3 the variant population evontually 

emerged in a oplenectomoted rat which had previously 

demaonstrated acquired inmimnty to the reference or 

parent population. Thus, the variant populations prob

ably emerged as a result of the inductive or selectiv 

pressures of the host's iwuwe response. It also indi

cated the role of the spleen in prevnting the ppar

anes of acut parasitic rcruidescencee follnwin the 

mergence of now variants. Matstimwmi#d with irra

diated referenco population parsltes, although hhoing 

no acquired imunity to the variant population in 3 or 

Sdays immediately aoter challenge, developed a response 

to it %hich wa naienestic in character. This sugo4ted 
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i 

that variant and referenco populations ohar. the sao 

or have similar antigenic groups which are important in 

the Induction of protective lmwmunity to each variant. 

five varian piopuattono have bfr shown to bve *ome 

antigonic dissimilarity with the prent population, in

cludinji 2 populations from tho sme rat. It roiains to 

be shon that the paraoto wderpsoo repeated 4ntitgnic 

variation during the course of 4 sinalI infection. It 

velt knotm that splonoccany of antals carryina sub. 

p~tomt infections of many 44bosi par4siot is followoe 

by parasitic rrcnd.scoe-. Vte oxporiwmto of Phillips 

(1971., b) iwdicated thit thoeo roerudoces 4ro co-. 

posed of paraites of a. population stvwing wniultnic 

variation from Che Intocitn, "polaton. 

Cumnow (1973a) found that 4. ar!encina parastes 
collected at relapses in one cal w#re ntcIaeitMcally 

diftorent from onsanother.t Wn the relap# parastes 

were transmitted tbrooo- tho tick, A. ssicr~puo, they 

ireerted to a COMO atiltonir (ye k*tich was thou"*it 

to be strAin specific. 111* a alutinacion titrs were 

obtained in all hmlogoof teots while heterulOgOA*# 
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tests showed insignificant titers in all but one case.
 

This indicated that there was a multiplicity of strain
 

specific antigens present in the parasites found.
 

Curnow (1973b) reported antigenic differences ex

isting between B. bizomina parasitc; by means of the 

aglutination test. Two isolates of B. bigemina were 

tick transmitted (TT) to 12 calves and antigens were 

prepared from the TT parasites. Testing of these anti

gen with antiserums to the Tr parasites gave strong 

reactions in all homologous tests. In heterologous
 

tests 9 of 12 tests shoy#,! a reaction but only 3 of
 

these were as strong as in the homologous tests. The
 

test was demonstrated to be capable of detecting anti

enic differences between B. bigemina parasites.
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MATERIALS AND METHODS 

Experimental Animals 

A. 	 Calves 

A total of 71 four-month-old male and female 

Holstein-Friesian calves were purchased from two farms
 

in areas known to be free of B. microplus in Cundinamarca,'
 

South America. At approximately 5 months of age, after
 

insuring that the calves were free from Anaplasma mar

ginale and Babesia spp. by means of the CF tests, PCV,
 

rectal temperature and blood smears, they were utilized
 

as indicated in Table 1. The calves were given a grain
 

ration and a 1:1 (v/v) mixture of salt and bone meal
 

free choice throughout the experiment (Appendix Table I).
 

Each calf was examined for the presence of internal para-,
 

sites by fecal examination and treated once with Thi

benzole (thiabendazole, Merck, Sharp & Dohme, Bogota,
 

Colombia), and twice at a 15 day interval with Franozan
 

(diethylcarbamazine citrate, Cooper, McDougall &
 

Robertson Ltd., Bogota, Colombia) and Luvorem (isoniazide,
 

Squibb, Bogota, Colombia) before the experiments began.
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Table 1. Utilization of experimental calves.
 

Materials and Methods No. of Calves No. of Calves
 
(Part) (Splenectomized) (Intact)
 

Purification of Babesia
 
bigemina 6 2
 

Isolation of noninfected
 
Boophilus microplus 6 0
 

Infection of B. microplus
 
with B. biemina 2 0
 

Blood borne/tick borne 
infection 1 10 

Antigen production (acute 
and chronic blood and 
tick borne infections) 8 0 

Host response to erythro
cytic B. bigemina
 
stabilates 0 36
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The calves were vaccinated against foot and mouth
 

disease, virus types A and 0 and with Tri-bac (Clos

tridium chauvoei, Clostridium septicum, Pasteurella
 

hemolytica and Pasteurella multocida types I and 2,
 

Cyanamid de Colombia (Lederle), Bogota, Colombia) be

fore the experiments began.
 

Splenectomy of calves was carried out under general
 

anesthesia or by combined use of a tranquilizer and a
 

local anesthetic. Using I ml/kg of body weight of Equi-


Thesin (an aqueous solution of chloral hydrate; 42.50
 

g/Il, pentobarbitol; 9.72 g/l, and magnesium sulfate;
 

11.26 g/l, Jensen-Salsbury Laboratories, Kansas City,
 

Missouri) or Tranvet (Piopiopromazine hydrochloride,
 

Diamond Laboratories, Des Moines, Iowa) and lidocaine
 

locally, the spleen was exposed through a left lateral
 

incision of the parolumbar fossa and removed after liga

tion of the splenic artery and vein. Bi-weekly blood
 

smears and CF tests were performed for 2 to 3 months
 

after splenectomy to detect natural infections of
 

Babesia or Anaplasma.
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B. 	Guinea Pigs
 

Six male and 6 female guinea pigs were obtained
 

from the colony at Laboratorlo de Investigacioneg Medicas
 

Veterinarias-Instituto Colombiano Agropecuario (LIMV-ICA),
 

Bogota, Cclombia. These animals (for use in B. microplus
 

tick experiments) were transported to Turipana-ICA ex

periment station near Monteria, Colombia, where they
 

were housed in pens constructed on the floor.
 

C. 	Rabbits
 

Twenty New Zealand white rabbits, 3 to 6 months,
 

were purchased from a local supplier and used for the
 

production of specific antiserum for serological tests.
 

Experimental Organism
 

A. 	Isolation, Purification and Maintenance of
 

Babesia bigemina
 

Babesia bigemina was isolated from the blood
 

of an acutely infected 4-month-old splenectomized calf
 

exposed to field challenge with infected B. microplus
 

ticks in Turipana (Bishop et al., 1973).
 



Experimental Vector
 

A. 	Isolation, Purification and Maintenance of
 

Boophilus microplus
 

Engorged adult female B. microplus ticks were
 

collected from adult llostein-Friesian dairy cattle in
 

Turipana and placed in 2 dram vials (Kimble, Owens-

Illinois, Toledo, Ohio) stoppered with cottom plugs.
 

The 	vials were placed in either a tick incubator (Thelco
 

CO2 incuibator, Precision Scientific Co., Chicago, Illi

nois) or a desiccator jar (Roby et al., 1964) which had
 

a saturated solution of ammonium sulfate to maintain the
 

relative humidity at 78 to 80%. The temperature of both
 

was maintained at 30 C. 
One to 3 days after collection,
 

the engorged females began to deposit eggs. The engorged
 

females, which deposited an average of 2,000 eggs/female,
 

were maintained separately so that the progeny of each
 

individual female was known. Approximately 21 days
 

later larvae developed from eggs deposited by the en

gorged females. One to 2 weeks after the appearance
 

of the first larvae, a period sufficient to allow the
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larvae to mature and become active in search of a blood
 

meal, they were placed on the ears (in ear bags) of
 

splenectomized calves known free of A. marginale and
 

Babesia spp. (I progeny/calf). This permitted the screen

ing of the progeny of each individual engorged female
 

B. microplus for the presence of absence of A. marginale
 

and Babesia spp.
 

The splenectomized calves were monitored daily by
 

combination thin and thick blood films, PCV, rectal tem

peratures and weekly CF testing. Any calf found infected
 

with A. marginale or Babesia spp. was treated to elimi

nate the infection, sprayed to kill the ticks and omitted
 

from further screening trials. The splenectomized calves
 

not showing evidence of A. marginale or Babesia spp. were
 

monitored for 3 months and, after subinoculation of blood
 

(500 ml, iv) to another splenectomized calf, were consid

ered to be noninfected. The progeny of ticks on these
 

calves were said to be free of A. marginale and Babesia
 

spp. The adults of these ticks were again allowed to de

posit eggs and the resulting larvae were placed on new
 

splenectomized calves and again monitored to ensure that
 

they were indeed free of A. marginale and Babesia spp.
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Disease free guinea pigs were utilized in addition
 

to splenectomized calves for maintenance of B. microplus
 

ticks. The guinea pigs were shaven in the abdominal
 

region, washed free of grease and dirt, and fitted with
 

a band of surgical tape (Elastikon, Porous Adhesive
 

tape, Johnson & Johnson, New Brunswick, N.J.) completely
 

encircling the body. On the abdominal side of the band
 

there was placed the upper 2 cm portion of a 500 ml
 

nalgene plastic bottle (Kimble, Owens-Illinois, Toledo,
 

Ohio) including the screw top. Within the plastic
 

nalgene screw top (5 cm dia.) a circular hole (3 cm dia.)
 

was cut, which was covered by a circular piece of womens
 

nylon hose to prevent the escape of the immature stages
 

of B. microplus. After placement of the band and screw
 

top and allowing 1 day for the guinea pig to become
 

accustomed to the apparatus, the top was unscrewed and
 

2 to 3-week-old B. microplus larvae (approximately 1000)
 

were placed inside. The band was checked daily to in

sure that no necrosis occurred, and nymphal B. microplus
 

(ave 100 to 200) were removed 1 to 2 weeks after the
 

placement of the larval stages. The nymphal stages
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were then placed on the bodies of splenectomized calves
 

for completion of their life cycle.
 

Immature stages and adult B. microplus were also
 

kept in desiccator jars with ammonium sulfate in an
 

attempt to see if it were possible to maintain them for
 

long periods without feeding. The temperature was that
 

of the ambient temperature at Turipana (ave 30 C).
 

B. 	Infection of Babesia-free Boophilus microplus 

with Babesia bigemina 

Approximately 20,000 larvae (1 gm of eggs = 

ave of 20,000 larvae) were placed on each of 2 splenec

tomized calves. These noninfected B. microplus larvae
 

were placed on the bodies of the calves under a feed
 

sack held in place with wire stretch.d under the neck
 

and 	tail head. At the time the ticks were undergoing
 

their nymphal molt the calves were inoculated iv with
 

an infection dose (1 x 109 organisms) of purified B. bi

gemina. The prepatent period of the B. bigemina was 5
 

to 7 days which coincided with the period of rapid en

gorgement of the adults (the last 24 hours of adult
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engorgement). The procedure of collecting mature ticks
 

was standardized by gathering from the floor of the tick
 

pen those ticks that had completed their final engorge

ment and detached themselves from the calf during the
 

preceding hours. Collection occurred at 8 A.M. and
 

again at 5 P.M. daily. The infected adults collected
 

from these calves were maintained as previously described
 

and their larvae later used in the tick borne infection
 

of calves.
 

Acute and Chronic Blood Borne
 

and Tick Borne Infections
 

A. Acute Blood Borne Infection
 

Five intact calves known to be free of A. mar

ginale and Babesia sp. were inoculated iv with an in

fection dose of 1 x 109 organisms of purified B. bigemina.
 

At the time of maximal parasitemia, 100 ml of blood from
 

each of the 5 calves was pooled and subinoculated iv
 

into a splenectomized calf. At maximal parasitemia, the
 

calf was bled and 100 ml of infected blood was subinocu

lated into a second splenectomized calf. When the
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second splenectomized calf had a peak parasitemia, it
 

was exsanguinated under general anesthesia and 2 1 of
 

the blood was mixed with 11.6% sterile glycerol and
 

frozen at -70 C to form an infective blood stabilate.
 

The remainder of the blood was processed to form the
 

acute blood antigen, designated AB antigen (Table 2).
 

All splenectomized calves (sections A to D below) were
 

administered 30 mg/kg of a synthetic corticosteroid,
 

Vetalog (Triamcinolone acetonate, Squibb, Bogota,
 

Colombia) intramuscularly (im) for 3 days prior to and
 

every other day post subinoculation until maximal para

sitemia.
 

The method of Mahoney (1962, 1967) for the prepa

ration of the Babesia erythrocytic antigens was used.
 

Blood was taken by carotid artery cannulation from
 

B. bigemina infected, splenectomized calves with high
 

parasitemias into sterile 4 1 Erlenmeyer flasks using
 

EDTA (1.2 g/l, disodium ethylenediaminetetraacetate,
 

J. T. Baker Chemical Co., Phillipsburg, New Jersey).
 

The plasma and buffy coat were removed after centrifuga

tion by aspiration and the erythrocytes were washed
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Table 2. 	Schematic for production of acute and chronic
 
blood borne Babesia bigemina stabilates and
 
antigens
 

Intact Calves (5) 

1 x 109 organisms B. bigemina, iv 

detectable parasitemia 

maximal parasitemia 	 90 1days 

500 ml subinoculation 500 ml subinoculation
 
splenectomized calf I splenectomized calf 3
 

maximal parasitemia maximal parasitemla
 

100 ml subinoculation 100 ml subinoculation
 
splenectomized calf 2 splenectomized calf 4
 

maximal parasitemia maximal parasitemia


f-- I rF 	 I 
infective acute acute blood infective chronic 
blood (AB) (AB) antigen chronic blood (CB) 
stabilate blood (CB) antigen 

stabilate 
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twice in sterile physiological saline. The volume of 

packed erythrocytes was measured and 10 times this volume 

of 0.35% sodium chloride at 5 C was added. Lysis was 

allowed to proceed for 1 hr at 5 C. The material was then 

centrifuged (Sorvall Superspoed, Model RC 2-B, Automatic 

Rfrtigeratd Centrifuge, Ivan Sorvall Inc., Newtown, 

Connecticut) at 5,000 x £ for 30 min at 5 C. After con

trifugation, the sediment was resuspended in sterile 

physiological saline and was used to prepare the Sabesi 

erythrocytic antigen extract. Distilled water extracts 

were prepared by mixing I volume of erythrocyto-parasite 

suspension with 2 volumes of distilled water. The preps

ration was homogenized (TenBroeck Tissue Grinder, Blelco 

Glass, Inc., Vineland, New Jersey) and then centrifuged 

at 5,000 x a for 30 min at 5 C. The supernacant fluid 

was collected and then the above procedure was repeated 

5 times.
 

The supernatant fluids (merially labeled) were
 

tested for antigenin activity by the gel diffusion test
 

(Ristic and Sibinovic, 1964) and the CF test (Mahoney,
 

1962a) and then frozen rapidly to -79 C in 3 ml amounts
 



and stored at this temprature until used. Norval 
bovine erythrocytic antigen, desigsted MA ontigR , was 

also prepared In a similar emner. The antigens stored 

by this method retained thotr D4nttgonicity for at lestA 

6 months (Curnow P-d Curnow, 1967). On the day of fur

ther processing, the antigens wore thwed rapidly by 

imoraing the vials in a water bath at 37 C. 

B. Chronic Blood Sarne lnfection 

Ninety days after the appearance of a detect

able parasitemia the calves (described in section A 

above) wore bled, the blood pooled (in equal volumois) 

and 00 ml subinoculaoed iv into a spleectomIxod calf. 

A second splenoctomigd calf ws subinoculatod iv with 

100 al at the peak of p4rasitemi4 of calt 1. When calf 

2 had a maxi al parasitema it was exsanguinated and the 

blood processed as described in section A. An Infective 

blood stabilat was prepared 41alg with a chronic blood 

antigen, designated C8 antigen (Table 2). 

C. Acute Tick borne Infection 

Twenty thousnd to 40,000 infected B. picroplus 

larvae were allowed to foed on the bodies of 5 Intact 

Standard U-bottom disposable microtiter plates, 

0.025 ml dropping pipettes, 0.025 microdiluters and tes

77 
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calves and I spleaectomized calf. At the time of maxi

mal 	parsotemia, 500 ml of the equally pooled blood from 

the 	5 intact calves was aubinoculated iv into a splenec

toea 	 ed calf. At peak parasitemia, the calf was bled 

and 100 .t of infected blood was subinoculated into a
 

second splenectomied calf, which was managed in a simi

tar 	manmer to that described in section A. An infective 

blood stabilate was prepared along with an acute tick 

antigen, designated AT antigen (Table 3). 

The 5 intact calves and 1 splenectomized calf were 

sprayed for 2 consecutive days then at weekly intervals 

with Pest Spray (Sevin, Salsbury Lab., Kansas City, 

Missouri) to remove all B. microplus. After the first 

weekly spraying there was no more evidence of live 

Smicrolus so the calves were placed in clean pens.
 

D. 	 Chronic Tick Some Infection 

Ninety days after the appearance of a detectable 

parasitemia the intact calves (section C) were bled, the 

blood pooled OLn equal volumes) and 500 ml subinoculated
 

iv into a splenectomized calf. A second splenectomized
 

calf vu subinoculated iv with 100 ml at the peak of
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Table 3. 	Schematic for preparation of acute and chronic
 
tick borne Babesia bigemina stabilates and
 
antigens.
 

intact calves (5) 	 splenectomized calf (1)

I 	 4 

20,000 to 40,000 Boophilus microplus larvae infected
 
with Babesia bigemina
 

detectable parasitemia
 

maximal parasitemia 


500 ml subinoculation 

splenectomized calf 5 


maximal parasitemia 


100 ml subinoculation 

splenectomized calf 6 


maximal parasitemia 


infective acute 
acute tick tick (AT) 
(AT) stabiliate antigen 

splenectomized calf
 
(positive control)
 

90 days
 

500 ml subinoculation
 
splenectomized calf 7
 

maximal parasitemia
 

100 ml subinoculation
 
splenectomized calf 8
 

maximal parasitemia


YI 
infective 
chronic tick 
(CT) stabilate 

chronic 
tick (CT) 
antigen 
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parasitemia of calf 1. When calf 2 had a maximal para

sitemia it was exsanguinated and the blood processed
 

as described in section A. An infective blood stabilate
 

was prepared along with a chronic tick antigen, desig

nated CT antigen (Table 3).
 

Isolation and Preparation of
 

Babesla bigemina Antigens
 

A. Molecular Sieving
 

Purification of Babesia antigens by means of
 

molecular sieving (Sibinovic et al., 1967a) was attempted.
 

A 3 to 5 ml sample of Babesia erythrocytic antigen mix

ture was layered on top of a 2.5 by 65 cm Sephadex G-100
 

(Pharmacia Fine Chemicals, Inc., Piscataway, New Jersey)
 

column (Pyrex Column, Corning Glass Works, Corning, New 

York) and i 2.5 by 48 cm Suphadex G-200 (Phaniiacia Fine 

Chemicals, Inc., Piscataway, New Jersey) column from 

which 3 ml samples (Fraction Collector and Collector 

Activator; Volumetric Control lnit and a Photoelectric
 

Volumetric Dlspensing Head, Buchler Instruments, Fort 

Lee, New Jersey) were collected.
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Prior to packing the pyrex glass columns (with
 

fritted glass filters in one end) the gel was allowed
 

to swell in 0.05 M Tris-HCl buffer long enough to reach
 

equilibrium (3 days). The Tris-HCl buffer (pH 8.0) was
 

prepared by first making a stock solution of the ingre

dients and then mixing the required proportions to yield
 

the proper p1i. Thus, to prepare 10 1 of 0.05 M Tris-liCi 

buffer,pH 8.0, 18.15 gin of Tris (Sigma Chemical Co., 

St. Louis 3, Missouri) was added to 3,000 ml of distilled
 

water and 6 ml of 37% concentrated HCl (11.6 M) was added
 

to 1392 ml of distilled water. Then 2500 ml of Tris
 

solution added to 1340 ml of HCl and made up to 10 1
 

gave a solution with a pH 8.0. Thimersol (sodium
 

ethylmercurithiosaticylate, Grade II, 
Si-ma Chemical
 

Co., St. Louis, Missouri; I gm/10 1) was added to the
 

10 1 to prevent bacterial growth. After swelling of the
 

Sephadex, the fine particles were removed by decantation
 

in large beakers, and the gel and all buffers were de

gassed. The columns were then aligned vertically,
 

filled to 3/4 capacity with buffer and 2 cm of fine sand
 

were placed on top of the fritted glass filters. A
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buffer reservoir was attached to the top of each column
 

and the hydrostatic head was kept within 16 to 20 cm.
 

The gel suspension was poured slowly down a glass stir

ring rod and the gel allowed to settle for a few centi

meters with the outlet at the bottom of the columns
 

closed. The outlets were then opened and the columns
 

allowed to slowly pack. After initial packing, Tris-HCl
 

buffer was allowed to flow through the columns for a
 

minimum of 2 days before use and the flow rates were ad

justed to approximately 5 ml/hr.
 

The Babesia erythrocytic antigens (3 to 5 ml) were
 

layered very carefully on the top of the columns and
 

3 ml fractions were collected. The fractions were
 

tested for antigenic activity and protein content. The
 

gel diffusion test was used to demonstrate the antigenic
 

activity of the column fractions. The amount of protein
 

was measured at 280 unp using a spectrophotometer (Beck

man Spectrophotometer, Model DB, with a hydrogen lamp
 

power supply, Beckman Instruments, Inc., Scientific and
 

Process Instruments Division, Fullerton, California).
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Preparation of Specific Antiserum
 

Three New Zealand white rabbits were utilized for
 

each antigen. Three to 7 mg/ml of erythrocytic antigen
 

plus an equal amount of Freund's complete adjuvant
 

(Bacto Adjuvant, Complete, Freund, Difco Laboratories,
 

Detroit, Michigan) were emulsified for 10 min and inocu

lated intradermally (1 ml/rabbit) in 6 sites in the
 

axillary and inguinal portion of the legs and the ab

dominal skin of the rabbits with a 23 gauge needle.
 

After 5 inoculations (day 0, 15 and 22 with adjuvant
 

and day 28 and 38 without adjuvant), the rabbits were
 

bled (10 ml) from the marginal ear vein on day 45 and
 

the serum was tested for the presence of specific anti

bodies by the gel diffusion test.
 

Host Response to the Infective
 

Babesia Erythrocytic Stabilates
 

Thirty-six jntact calves were divided into 16
 

groups of 2 (or.3) and each group inoculated with infec

tive Babesia erythrocytic stabilates (1 x 109 organisms).
 

Twenty-eight days later they were homologously and
 

.........................
j 
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heterologously challenged iv with 1 x 1010 organisms
 

from the same stabilates, and monitored for an additional
 

20 days (Table 4). To measure the response of the
 

calves, the following daily parameters were determined:
 

(1) temperature, (2) PCV, (3) blood smears and (4) CF
 

response. 
The weights were estimated at weekly intervals.i
 

Assessment of Reactions
 

A. Parasitemia
 

The preparation and interpretation of blood
 

smears were performed daily. The blood was taken from
 

the jugular vein using a 12 ml disposable plastic syringe
 

and an 18 gauge needle (Sherwood Medical Industries, Inc.,
 

Deland, Florida) with sufficient EDTA to form a final
 

concentration of 1.2 g/l. The blood films were first
 

fixed with absolute methanol and then stained with a
 

1:20 solution of Giemsa (Giemsa Stain, Gradwohl Labora

tories, St. Louis, Missouri) for 20 to 30 miin. The
 

Giemsa stain solution was prepared by using piosphate
 

buffered water (pH 7.0 to 7.1) to which was 
added a
 

0.01% Triton X-100 (alkyl-phenoxy-polyethoxy-ethanol,
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Table 4. 	Experimental design for primary inoculation
 
and subsequent homologous and heterologous
 
challenge with viable Babesia bigemina iso
lated from acute and chronic blood borne and
 
tick borne infections in cattle.
 

Stabilate Used Number of Stabilate Used 
for Infection Calves/Group for Challenge

(day 28 P11) 

2 acute blood borne 

acute blood borne 3 chronic blood borne 

10 calves 2 acute tick borne 

3 chronic tick borne 

3 acute blood borne 

chronic blood borne 2 chronic blood borne 

10 calves 2 acute tick borne 

3 chronic tick borne 

2 acute blood borne 

acute tick borne 2 chronic blood borne 

8 calves 2 acute tick borne 

2 chronic tick borne 

2 acute blood borne 

chronic tick borne 2 chronic blood borne 

8 calves 2 acute tick borne 

2 chronic tick borne 

1PI Post inoculation
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J. T Baker Chemical Co., Phillipsburg, New Jersey). 

The phosphate buffered water contain:Lng Triton X-100
 

was prepared weekly by adding 39 ml of 0.15 M NaH2PO4 ,
 

61 ml of 0.15 M Na2 HPO 4 , and I ml of 10% Triton X-100 

to 899 ml of distilled water. An electric pH meter 

(Beckman Expandomatic SS-2, Model 76, Beckman Instru

ments, Inc., Scientific and Process Instruments Division,
 

Fullerton, California) was used to determine the pH of
 

the freshly prepared phosphate buffered water.
 

The blood films were examined for 20 to 30 min each
 

using a Bausch & Lomb microscope (Bausch & Lomb Inc.,
 

Rochester, New York) with an oil immersion objective
 

(90 X) by transversing the film from one side to the
 

other approximately 3 to 6 mm from the feathered end.
 

B. Thin and Thick Blood Film
 

The examination for the presence of parasitized
 

erythrocytes was facilitated by the use of combination
 

thin and thick blood films (Bishop and Adams, 1973). For
 

preparation of thick blood films a loop of 2.5 mm exter

nal diameter was made by twisting 30 gauge wire tightly
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around a 14 gauge hypodermic needle and back around itself
 

to form a handle, and then withdrawing the needle. This
 

loop delivered approximately 1.4 mm3 of blood when it
 
was touched on a 
clean glass slide. After blood remain

ing on the wire had been quickly wiped off on a clean
 

cloth, the loop was used to spread the drop evenly over
 

an area of 28 mm2 which was outlined by a circle 6 
mm
 

in diameter marked below the glass slide on a piece of
 

paper. This wet film was approximately 50 nu thick.
 

Next, the thick film of blood that had been placed 3 to
 

5 mm from the end of the glass slide was air dried.
 

Final drying was done in an incubatir (W.H. Curtin &
 

Company, Chicago Surgical & Electrical Co., Division of
 

Lab-Line Instruments, Inc., Melrose Park, Illinois) at
 

65 C for 45 min, to prevent the film from washing off
 

during the staining process. After the glass slide with
 

the thick blood film was removed from the incubator and
 

cooled, the thin blood film was prepared over one-half,
 

the length of the slide opposite the thick blood film.
 

The thin blood film was fixed with absolute methyl alco

hol and the slide was held in 
a slanted position with
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the thin blood film down to prevent alcohol or alcohol
 

fumes from contacting the thick blood film. One to 3
 

min after the application of absolute methyl alcohol the
 

combination thin and thick blood film was air dried and
 

then stained. The slide was placed in a 1:50 solution
 

of Giemsa stain for 45 min to lyse the nonfixed erythro

cytes in the thick film and to stain the thin and thick
 

blood films. Phosphate buffered water containing Triton
 

X-100 was used to prepare the stain solution. After
 

staining, the slide was rinsed briefly in a staining
 

dish filled with the phosphate buffered water. The slid6!
 

was then placed in the same staining dish with only the
 

thick blood film immersed for an additional 3 to 5 min.
 

The slide was then air dried in the vertical position
 

with the thick blood film down.
 

An estimate of the number of parasites per cubic
 

millimeter of blood on thick blood films could be made
 

from the number of parasites and leukocytes seen in 20
 

microscopic fields (using X 10 ocular and X 100 oil ob

jective) and from the number of leukocytes per cubic
 

millimeter of blood. The number of parasites per cubic
 



75
 

millimeter of blood was then converted to the percentage
 

of erythrocytes from the number of erythrocytes per
 

cubic millimeter of blood. Calculations were made ac

cording to the following formula:
 

B.bigernina/20 fields * 

% infected WBC/20 fields x WBC/m 
erythrocytes = RBC/m. x 100 

*minimal ave WBC (7000 mm3)
 
**minimal ave RBC (5 x 106/mM3)
 

C. Packed Cell Volume (PCV)
 

The PCV was determined by the micro-hematocrit 

method using jugular blood in 1.2 g/l EDTA. Plain micro

hematocrit capillary tubes (1.2 by 75 mm, Blu-tip, Sher

wood Medical Industries, Inc., St. Louis, Missouri) were
 

filled with jugular blood and the end containing blood
 

was sealed with clay (Seal-Ease, Clay Adams, Parsippany,
 

New Jersey). The tubes were then centrifuged (Adams
 

Autocrit Centrifuge, Clay Adams, Parsippany, New Jersey)
 

at 11,000 x Z for 5 min. 
The PCV's were read directly
 

from the graphic reader of the micro-capillary centri

fuge.
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D.Temperature
 

Rectal temperatures were measured on all calves
 

at 9:00 A.M. Individual records were kept and mean
 

values calculated and recorded.
 

E. Body Weight
 

The body weight of all calves was estimated by
 

placing a measuring tape (Cinta Metrica para Vacas de
 

Razas Lecheras, Nasco, Fort Atkinson, Wisconsin) around
 

the calf from the point of the shoulders about the ribs
 

and under the brisket. The tape was pulled snugly and
 

the weight in kilograms was read directly from the tape.
 

F. Complement Fixation (CF) Test
 

The pre- and post-inoculation calf blood to be
 

tested in the CF microtiter procedure (Mahoney, 1962a;
 

Hidalgo and Dimopoullos, 1967; Todorovic et al., 1971)
 

was collected by jugular puncture, allowed to clot, and
 

the serum recovered after centrifugation (International
 

Centrifuge, Model UV, International Equipment Co., Need

ham Heights, Massachusetts) at 1,000 x & for 20 min.
 

Serum samples were collected from all experimental calves
 

daily and tested weekly by the CF microtiter procedure.
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Standard U-bottom disposable microtiter plates,
 

0.025 ml dropping pipettes, 0.025 microdiluters and plas

tic plate scalers (Cook Engineering Co., Medical Research
 

Division, Alexandria, Virginia) were used for the CF
 

microtiter procedure. All reagents in the CF microtiter
 

procedure were diluted with veronal buffer which was pre

pared and maintained as described in the standard ana

plasmosis CF procedure (Anon., 1958).
 

The hemolytic system was prepared and titrated as
 

previously described (Anon., 1958) and consisted of a
 

2% suspension of sheep erythrocytes and 2 units/ml of
 

commercially produced hemolysio (Sheep Cell Ilemolysin,
 

The Sylvana Co., Millburn, New Jersey). In the prepara

tion of the hemolytic system for the CF microtiter pro

cedure, an equal amount of a 2% sheep erythrocyte sus

pension was added to hemolysin (2 units/ml) and stored
 

at 5 C for one day before using.
 

Complement (lyophilized Guinea Pig Complement, Texas
 

Biological Lab., Inc., Fort Worth, Texas) was diluted and
 

titrated according to the scheme described (Anon., 1958).
 

The prepared antigens were titrated against 3
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positive and 1 negative reference -Cuums according to
 

the, scheme previously described (Anon, 1958). The posi

tive serums were from cattle that had recovered and were
 

carriers of blood induced infections. A unit of antigen
 

was defined as the highest dilution causing complete
 

fixation of an equal volume of complement (2 units/ml)
 

in the presence of the weakest positive reference serum
 

diluted 1:5.
 

A 2% sheep erythrocyte suspension and dilutions of
 

antigen, complement and hemolysin each containing 2
 

units/ml were prepared to conduct the diagnostic CF
 

microtiter procedure. Serum dilutions of inactivated
 

serums 
(56 C/30 min) from 1:5 to 1:640 were tested.
 

Serum anticomplementary controls on all serums tested
 

were prepared and read according to the previously de

scribed scheme (Anon., 1958).
 

Antigen, complement and hemolytic system controls
 

and at least I positive serum of known titer and 1 nega

tive serum were included. After final incubation, the
 

plates were placed for 2 hr at 5 C to allow nonhemolysed
 

cells to form sediments in the bottom of the cups.
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Reactions were read by placing the transparent plastic
 

plates on a concave microtiter mirror stand (Cooke
 

Engineering Co., Medical Research Division, Alexandria,
 

Virginia). The titer of the serum was considered to be
 

the 	highest dilution, having complete fixation.
 

G. 	Gel Diffusion Test
 

The gel diffusion test and the agar-gel immuno

electrophoresis technique (Davis, 1964; Ornstein, 1964;
 

and 	Todorovic, 1967) were used to further characterize
 

the 	Babesia erythrocytic antigens.
 

Nonfrosted microscope slides (Fisher Scientific
 

Co.) were cleaned in a solution of concentrated sul

furic acid. Afterwards, the slides were washed 2 to 4
 

times in distilled water, then in an ethanol-acetone
 

mixture (v/v) and then dried well with Kimwipes (Kimberly-


Clark Corp., Neenah, Wisconsin). The clean slides were
 

placed in Gelman plastic racks which were placed on
 

Gelman leveling tables (Gelman Products, Gelman Instru

men: Co., Ann Arbor, Michigan) and the tables were
 

leveled. Next, buffer was prepared by placing I package
 

of Gelman High Resolution buffer (Gelman Products,
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Gelman Instrument Co., Ann Arbor, Michigan) in a sterile
 

flask and bringing the level of distilled water to
 

A 1:10,000 solution of Thimersal was added
1,800 ml. 


to retard bacterial growth, and then the pH was adjusted
 

to 8.4 to 8.7.. The buffer was then filtered using
 

Whatman #1 filter paper (12.5 cm dia, Scientific Products
 

A 1% agar solu-
Edison, New Jersey) and placed at 5 C. 


tion was prepared by placing lonagar #2 (Consolidated
 

Lab., Inc., Chicago Heights, Illinois; I gm/l0O ml) in
 

a solution of 25 ml Gelman High Resolution buffer and
 

75 ml of distilled water. The solution was heated in a
 

flask that was placed in a beaker of boiling water. When
 

i the agar went into solution it was pipetted onto the
 

slides that were placed on the leveling table. After
 

10 to 15 min the plastic trays with the slides were re

moved from the leveling table and put in a refrigerator
 

to allow the agar to become firm. One hr later the
 

slides were removed from the refrigerator and patterns
 

cut into the agar-gel (wells 4 mm in dliameter,
wiare 


placed 2 mm from the central well or trough) and the
 

wells were filled with antigen and antiserum. Control
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patterns employed preinoculation serum of the same calves 

and preinoculation serum of the rabbits used for the 

preparation of antiserums against the specific antigens. 

Serum absorption was accomplished using the following 

procedure: One drop of normal bovine serum, plasma or 

normal bovine erythrocytes were added to 5 drops of rab

bit antiserum and the mixture incubated first at 37 C for 

45 min and then at 5 C for 45 min and subsequently cen

trifuged at 2,000 x & for 20 min. 

After the addition of the antigen and antiserums to
 

the wells, the slides were placed at room temperature in
 

a moist chamber and read in a minimum of 3 to 5 days,
 

after the unreacted protein had been washed out. The
 

plastic trays with slides were placed in a 2% NaCl solu

tion at room temperature and the solution changed about
 

4 times over a 24 hr period. The slide trays were then
 

rinsed in distilled water for 4 to 6 hr at room tempera

ture, after which they were photographed with an inmuno

diffusion camera (Cordis Corporation, Miami, Florida)
 

or stained a,,d then photographed.
 

To dry the slides a piece of filter paper saturated 
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with distilled water was placed exactly over the gel
 

As the filter paper dried, it
surface on the slide. 


removed water and any salt left from the agar-gel, 
so
 

that the agar dried evenly. Care was taken to fill all
 

wells and troughs with distilled water and to see 
that
 

no trapped air bubbles remained, ensuring against re

traction or cracking of the agar with distortion of 
the
 

When the paper was completely dry it was repattern. 


moved, and the slides were then ready for staining. 
The
 

protein stain was prepared by dissolving I to 2 grams
 

of Buffalo Black (Amido Schwartz lOB, Fisher Scientific
 

Co., Houston, Texas) in 1,500 ml of rinsing solution.
 

to

It was then filtered and placed in a brown 1,ottle 

The rinsingprevent light from destroying the solution. 


solution (solvent for the stain) was prepared by mixing 

45 ml of methyl alcohol, 10 ml of acetic acid, and 45 ml 

of dlttillod water. Next, the staining tnaO was filled 

Black And the slide rack* dipped into itwith Buffalo 

were placed into S conacufor 5 min. Then, the racks 

Oin in each tonk. Afterward#tive rinainx tanks for 10 


they werq remove and allowed to air dry, Whtm the
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slides were dry, they were carefully removed from the
 

plastic frames and the slides photographed.
 

H. Agar-Gel Immunoelectrophoresis Technique
 

Agar-gel immunoelectrophoresis was performed
 

utilizing a w',ll and trough pattern 2 mm apart. 
The
 

pattern found most convenient consisted of a central
 

well with 2 troughs on either side. The wells in the
 

agar-gel were cut by using a stainless steel hollow
 

cylinder, 10 mm in length and an outside diameter of
 

8 mm. The troughs were cut using stainless steel par

allel blades 2 mm apart (Gelman Products, Gelman Instru

ment Co., Ann Arbor, Michigan). The agar-gel was re

moved from the wells with a Pasteur pipettu chat had a
 

suction bulb attached to one end. 
The holes were filled 

with antigen (about 0.005 ml) using a ml syringe and 

a 27 gauge nemeila (or melting, point cnpillary tb.h drauwl 

to a fine tip). The electrophnrasit chaubor (Nodol 

51170-1, Volian Inunment Co.. Ann Arbor, Wirht4,) 

w4s tbh n filil with liteor a( C l an #fith ikoloution 

toofor0 C). Attor the butter wv qt4a1iy beleiwtl i" 

tho chRathor tho-1~ te, woro plar.4 4#tiw#A tho 
v 
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buffer compartments in such a position that the holes
 

containing the antigen were nearer to the cathode than
 

to the anode. Presoaked lead acetate wicks (Gelman
 

Products, Gelman Instrument Co., Ann Arbor, Michigan)
 

were situated one on each end of the slide, so that each
 

covered about cm of the agar-gel on the slide. The
 

other end of the wicks were allowed to hang into the
 

buffer in the compartments. The chamber was then con

nected to the power supply (Electrophoresis Power Supply,
 

Model 38201, W. H. Curtin Co., Chicago Surgical & Elec

trical Co., Division of Lab-Line Instruments, Inc.,
 

Melrose Park, Illinois; 3 to 5 ma/tray). The length
 

of time, voltage and amperage depended on the material
 

being separated and was determined empirically for each
 

system. The time found ideal was 2 hr with no more than 

250 volts. At the termination of the olectrophoretic 

separation the agar-Sel vas removed from the trouah by 

using a oetal plate (Ce1vmn Products, Cemsn Instr itJ# 

Co., Ann Artr, Michigan) havinA a I s wide projo, to" 

at MW #nd and a 2 gm projectlon at the Othr WW, 4"4 

widti~s ot to 4h@Ut 2.$4 c~e tthroutteout Ow.4 root of 
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the plate. The projection (if the trough was a 1 mm 

trough, the I mm projection was used) was slipped along
 

underneath the agar-gel in the trough and the agar-gel
 

lifted and slid up on the metal plate to facilitate
 

removal. 
The trough was filled with specific antiserum
 

(about 0.07 ml) and the slide tray was then placed on 
a 

level surface at room temperature in a moist chamber to
 

allow the pattern of precipitation to develop. After a
 

minimum of 3 to 5 days, the slides were washed as de

scribed in the procedure of the agar-gel precipitation
 

and photographed with the immunodiffution camera or
 

stained and then photographed.
 

1. Indirect lemagglutlnatlon (liA) Test
 

The Indirect hmaRKlutination test (Stavltaky,
 

1954; Rutlor, 1963; Curnow, 1968 and Campbell oi at., 

1970) a1dod in further charactertainK the t4heuf 4 ory

throcytic 4ntliens. hoep blood was 4septcfslty c 1

1oct1 in 4 *Corti@ fl4otk Contai4nn 4" 0941 Wvl*0 if 

Otortlo Atovo' 
 0-0tiop ('o'410 citreto, 12 to*
 

dt
W14 WO(O o 0r4" 1, l&it~ ##', VNPSlo 4 41. 
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oI 

was 	allowed to stabilize for at least 3 days before
 

using 	and thereafter was used foL up to 2 weeks. At
 

the beginning of each day 3 ml of sheep red blood cells
 

in Alsevers solution were pipetted into a 20 ml test
 

tube and 10 ml of saline was added. The cells and saline
 

were 	gently mixed, then centrifuged at 500 x S for 5 min.
 

The supernatant was carefully removed by aspiration and
 

the colls were washed 3 more times. To prepare the cell
 

suspension, 0.5 ml of the packed, washed red blood cells
 

were 	 added to 20 ml of buffered saline (pit 7.2). 

Phosphate buffered saline, pH 7.2, was prepared by 

mixing 100 ml of saline plus 100 ml of buffer consisting 

of 23.9 ml of 0.15 M K12PO4 and 76.0 of 0.15 M Na2!IPO4 . 

The p11 was chocked on a pH motor and adjusted as neces

sary with eithar acid or base. Stock solutions of the 

phosphato buffer campomsmt were prepared and otored In 

brown pyrex bottles in the refrigerator. latesnium acid 

phosphate (Sorensen Solt, Kerck, Sharp 4 Pohme Artiol

ton. T*#.u 0,1 1 OWP0 ) wasipreparod by M~ton 9.04 a 

to onsigo diotill*d water to oea@ 11ltor, i)1*o4Iit 

PhMWO (kshYdOMA DINW40' thospe, Ohorp 4 
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Dohme, Arlington, Texas) was prepared by adding 9.47 gm
 

to enough distilled water to make 1 liter (0.15 M
 

Na2HP04)•
 

The packed, washed red cells and the buffered saline
 

were gently but thoroughly mixed. After mixing they
 

were standardized by adding 2 ml of the cell suspension
 

to 10 ml of distilled water and the optical density read
 

at 520 nU in a spectrophotometer. The reading should
 

have been within the range of 0.40 to 0.60. If it was 

greater or less, it was corrected by the addition of
 

either buffered saline or packed, washed cells. After
 

the cell suspension was standardized, 3 ml was pipetted
 

into a centrifuge tube to which was added 3 ml of di

lute tannic acid (Reagent Powder, Matheson, Coleman and
 

Bell, Norvood (Cincinnati), Ohio) solution. A 1:100
 

dilution of tannic acid was kept at 5 C as a stock solu

tion from which a 1:20,000 dilution was mode daily. 

The cell suspension end tmic acid wre Xontly mixed 

end placed in a water both at 37 C for 10 min. After 

10 win* tho goopenlion was Centrifu#e for ' sin 4t 

J. 1i~w *. rn t ws ospirated *W 0* pockol 
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cells were resuspended in 3 ml of buffered saline (pH
 

7.2). The cells were gently mixed and centrifuged again
 

for 5 min at 500 x g. The supernatant was aspirated
 

and the cells were again resuspended in 3 ml of buffered
 

saline (pH 7.2) and the suspension gently mixed.
 

To coat the tanned red blood cells with crude anti

gen (fraction C of AB, CB, AT and CT), 4 ml of buffered
 

saline (pH 6.4) was pipetted into a 12 ml test tube.
 

The buffered saline was prepared by mixing 100 ml of
 

saline plus 100 ml of buffer consisting of 32.2 ml of
 

0.15 M Na2HPO4 and 67.8 ml of 0.15 M KH2PO4. The pH
 

was checked on a pH meter and adjusted as necessary with
 

either the acid or the base. To the test tube with buf

fered saline (pH1 6.4), 1 ml of crude antigen solution
 

and I ml of tanned red cell suspension were added. The
 

crude antigen solutions were all standardized to contain
 

0.20 mg of protein/mi as determined spectrophotometri

cally. Control taimed rod blood cells were prepared in 

a similar mannor with I ml of saline being added Insted 

of I *I of crude antilen su,,penelon. The tubes were 

wixed gently and allowed to Incubste at room Ltoratur. 
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for 10 min. After incubation the tubes were centrifuged
 

for 5 min at 500 x Z. The supernatants were aspirated
 

and 2 ml of diluent with normal rabbit serum or gelatin
 

(Bacto "Difco" Certified, Detroit, Michigan) were added.
 

After gently mixing the tubes they were centrifuged for
 

5 min at 500 x .&, and the supernatants were aspirated.
 

The cells were resuspended in 1 ml of diluent-normal
 

rabbit serum (or gelatin) and then used in the test.
 

Because the coated cells sometimes spontaneously
 

agglutinated in saline alone, saline with normal rabbit
 

serum or gelatin added was uaed as a diluent. Inacti

vated, absorbed 1:100 (v/v) dilution or normal rabbit
 

serum in saline or 2 mg/ml (0.2.) gelatin in Raline was
 

used. Prior to use both normal serum and antiserums
 

were heai'ed in a 56 C water bath for 30 min and then
 

absorbed with an equal volume of washed sheep red blood 

cells and then an equal volume of washed normal bovine 

rod blood cells for 15 min each at room temperature. 

The antiserums used in the test were pooled bovine 

anisenrums. The AB antiserum was pooled from 4 An In

fected calves 28 days post inoculation which had CY 

Al 
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titers of 1:40, 1:80, 1:640, and 1:80. The CB anti

serum was pooled from 4 CB infected calves 28 days post
 

inoculation which had CF titers of 1:160, 1:80, 1:160,
 

and 1:80. The AT antiserum was pooled from one AT calf
 

;on 4 days (day 27, 28, 29, and 30) post inoculation.
 

This was the only AT calf which showed a detectable
 

parasitemia on thick and thin blood smears. Its CF
 

titers on the days of collection were 1:160, 1:150,
 

1:160, and 1:80. The CT antiserum was pooled from 4 CT
 

infected calves 28 days post inoculation which had CF
 

titers of 1:40, 1:80, 1:40, and 1:80. The 4 calves in
 

the pools except the AT pool represented those calves
 

with highest CF response of the 8 calves in the respec

tive groups.
 

Twelve tact tubes (13 x 100 mm) were placed in a 

test tube rack. They were numbered 1 through 12 and 

then 0.5 ml of diluent was pipetted into tubes 2 through 

10 and tube 12. A 0.5 ml of a 1:5 dilution of the pooled 

bovine antiserum wa pipottod into tubes 1, 2, and 11. 

The contents of tube 2 were mixed and 0.5 ml pipotted 

from tube 2 into tube 3. These twofold serial dilutions 

were continued throu4h tube 9, discarding 0.5 .l from 



91 

tube 9 after mixing. A 0.05 ml suspension of crude
 

antigen coated tanned cells were added to tubes I
 

through 10. A 0.05 ml suspension of control cells were
 

added to tubes 11 and 12. The racks were shaken thor

oughly to effect complete suspension of cells and then
 

covered and allowed to stand at room temperature. After
 

2 hr the patterns formed by the cells at the bottom of
 

each tube were examined. Tube 10 served as a control for
 

the diluent; tube 11, as a control for nonspecific re

action in the antiserum; and tube 12, for nonspecific
 

reaction in the tanned red blood cells. Tubes 10, 11
 

and 12 should have been negative. Each of the tubes
 

was scored as plus, plus/minus, or minus, in accord 

with the following definitions. A compact granular 

agglutination or diffuse film of agglutinated cells 

covering the bottom of the tube, with edges of the film 

either folded or somewhat ragged was considered a plus. 

A narrow ring of cells surrounding a diffuse film of 

agglutinated cells was a plus/minus. A heavy ring of 

calls or discrete smooth button of cells in the center 

of the tube was a minus, 
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RESULTS
 

Isolation, Purification and Maintenance
 

of Babesia bigemina
 

Babesia bigemina (Fig. 1) was isolated from a
 

splenectomized calf which was placed on a tick infested
 

pasture at the Turipana ICA station near Monteria,
 

Colombia. The calf was heavily infested with B. micro

plu ticks in the larval stage within 3 days, ticks in
 

the nymphal stage within 8 days, and ticks in the adult
 

stage within 14 days. After 16 days, the body tempera

ture of the calf rose to 40.4 C and B. argentina was
 

found-in thin blood smears stained with Giemsa. Two
 

days later, B. bigemina was found in blood smears. The
 

results of the rapid passages of B. bigemina through 5
 

splenectomized calves to separate it from contat.onating
 

organisms are summarized in Table 5. A stabilate
 

of B. bigemina was made from the fifth calf, 4 days after
 

inoculation when the parasitemia had reached 2.5%. This
 

stabilate was used in the subsequent experiments to in

fect B. microplus ticks and also to derive the acute
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Figure 1. Babesia bigemina parasitized bovine
 

erythrocytes in thin blood film.
 
Giemsa. x1300.
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Table 5. The isolation of Babesia bigemina from a
 
natural, tick borne, mixed infection also 
containing Babesla argentina, Babesia 
major and Anaplasma marginale by rapid
serial passage through 5 splenectomizedcalves. 

1'repiatent Time of Other 
Passage Period B. Subinoc- Organisms 
Level Inoculum bigemina ulation Detected 

(iv) (hrs) (hr8) 

1 180 ml from "16 37k It. a etnni 
nattirally in- !F,. 
fected calf A. mnrgiiale 

2 12 ml from 30 31 It. raenttiiu 
No.1 * 

3 12 ml from 24 24 It.argentina 
No. 2 K. ma-or 

4 12 ml from 37 3 71j 0 
No. 3 

S 12 ml from 5714 -MM 0 
No. 4 

wIt was not known If A. mar61nae wns preset In 

passage level 2 and 3 because these calves died prior 
to the time that this parasite is normally detected. 
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titer of 1110. The Oaximm CF titer wits found on 4ays 

31 to 44 poet tick exposure W.640) and decreased there
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greater average weight gain, higher average PCV, higher
 

average Cr titer and a lover average rectal temperature 

whtilo the calves infected by ticks exhLbtted a lover 

average percent erythrocytes parnatilod with R. biIemina. 

Isolation and Purificatio ot
 
AfR.bto bigsta Anttgens
 

A phol rpt of concentrated 8, t_ iwfn4 from lysod 

infected erythrocyte* used (or eniltg n propjarstion (or 

th Cr ,,crotitor procedure to ,4wn in gure 4. Thi. 

antige was used to Ocr~m al the exporlunal Calves 

prior to u". 

arsphtcally Iltr*(4 to f'I~ure 5 w. the ) 01 

ttr~tvion toat& frto the Sop#ha4es C-100 co1twi 4an 

t%*eir raa~i of antlgsic octivt(Y. fi~ure t6 o*wr'ie 

ttwisv OMV1e ob(tned from (b@ &eptte4es C-00 columm 

a thpir raw of jetW| nc activity. A# shown in 

imsulv 14 there d0"y #Wt aper to be any correltlr6i 

btvutwe the 1e0el of Proteinl deteCte at 780 4V MnW the 

antfei ic activity .t the SO100 while in fix~r* 4 thts 

correlation io W&Poet. The AR, COO wad CT *ntigen 
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Ltsure 4. Thick film of concentrated Babesia b ina 
used for antigen preparation for the CF 

toorotiter procedure. Giemsa. x1300. 



Figure 5. 	Graph of spectrophotometric absorbance
 
(280x) and antigenic activity range (mea
sured by gel diffusion tests) of acute
 
blood, chronic blood, acute tick and
 
chronic tick antigenic fractions collected
 
from a Sephadex G-100 column.
 

Vo = Void volume. 
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Figure 6. Graph of spectrophotoset'ic aboorbance 
(280) and antigenic activity ran&* (mae.
sured by gel diffusion tests) of acute 
blood, chronic blood, acute tick and 
chronic tick antigenic fractions collected 
from a Sephadex C-200 column. 

Vo - Void volume. 
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inoculated with the various stabilates and later chal

lenged with homologous and heterologous stabilates.
 

Appendix Table IX shows the weekly weights of the dif

ferent groups of calves.
 

Table 6 is a summation (Figures 8 to 11) of the
 

host responses by groups to the infective Babesia erythro

cytic stabilates. The lowest average PCV occurred when
 

AT calves were challenged with stabilate CB (17.5%).
 

The highest average rectal temperature was recorded when
 

AT calves were challenged with stabilate CT (40.6 C).
 

The highest average CF titer was observed when CB calves
 

were challenged with stabilate AB (between 1:80 and
 

1:160). The lowest average parasitemia was recorded
 

when AT calves were challenged with either AT stabilate
 

or AB stabilate (<0.0001%). The highest average para

sitemia (0.64%) was found when AT calves were challenged
 

with CT stabilate indicating possible heterogeniety and
 

a difference in the antigens. A photograph of B. bi

gemina in a thick blood film is shown in Figure 12.
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Table 6. 	Summation of host responses by groups to the
 
infective Babesia erythrocytic stabilates.
 

After Inoculation1 After Challenge2
 

Minimum Maximum Minimum Maximum 

PCV (%) CB 	 AT AT/CB CT/AB 
(20)3 (33) (17.5) (32.7)
 

Rectal Tern- CB AB AB/CT AT/CT 
perature (C) (37.7) (40.4) (37.6) (40.6) 

CF 	titer AT CB AT/AB CB/AB 
(0) 	 (1:160) (0) (1:80 to
 

1:160)
 

Parasitemia AT AB AT/AB AT/CT 
(%) (0) (0.67) or AT (0.64) 

(0)
 

AB 	= Group receiving Acute Blood stabilate
 
CB = Group receiving Chronic Blood stabilate
 
AT = Group receiving Acute Blood stabilate
 
CT = Group receiving Chronic Tick stabilate
 

1 	Represents response of group within 28 days after
 
receiving 1 x 109 infected erythrocytes.
 

2 	Represents responses of groups within 19 days after
 
challenge with 1 x 1010 infected erythrocytes
 
(initial group/challenge group).
 

3 	Numbers in parenthesis represent average response
 
of group.
 



123 

C
 

AbA 

Figure 12. 	 Babesia bigemina parasites in a thick bovine
 

blood film. Giemsa. x1300.
 



Characterizetion of the Babosia 

biamina Antigens
 

A. Complement Fixation (Cr) Test
 

The results of the CF test in which the 5 anti-

Sens (NB, AB. CB, AT. and CT) were titrated against 4 

positive serums and I negative serum are shown in Table 

7. Table 8 shows the same 5 antigens which had been 

standardized at 20 mg/ml of protein titrated against the 

same 4 positive and 1 neg4tive serums by the CF cest, 

As is shown in Table 8, the AT antigen reacted at a 

higher titer (trace to 1:20) with all positive sens 

while the CB antigen showed te lowest titer (trace to 

1:10) of all with the exception of the control Ni antige,. 

B. Gel Diffusion Test
 

The results of the gel diffusion test indicated 

that specific precipitation reactions occurred between 

all the antigens and their corresponding antiserum. 

These reactions were made visible by the formation of 

lines of precipitation between the antigen containing 

wells and the antiserum containing troughs as depicted 
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Figure 13. 	 Sephadex antisenic fractions of infected 
erythrocytes (veils) reacting vith epo
cific rabbit antiserum (trouihs) in the 
Sol diffusion test. The precipitation 
line in the center indicated a reaction 
typical of tho 33 antigen fractions 
teilted. 



130 

C. Apr-Gel Iimunoelectrophoresis Technique 

The results of the iwnoelectrophoretic reac

tions of th. scute blood (AB), acute tick (AT), and 

chronic tick (CT) antigens with specific absorbed rab

bit antiserum on agar-gel are shov in Figure 14. Anti

gen AS shoved 2 lines of Identity with rabbit anti-AT 

antiserum (RAT) and only I line of identity with either 

rabbit anti-CT antiserum (RCT) or rabbit anti-CR anti

serum (RCS). Antigen CT showed 2 lines of identity with 

RCS, and AT antigen shoved I line of identity with RCS 

but no line with RCT. No other antigen-rabbit antiserum 

ccbination showed lines of identity. It is interesting 

to note (Figure 13) antigen AB reacted with RAT in an 

identical pattern as CT antigen with RCB, and AS antigen 

reacted with RCT in an identical pattern as AB antigen 

with RCS. 

D. Indirect Hemaglutination (IHA) Test 

The results of the liA test of the 4 antigens 

reacted with homologous and heterologous antiserums are 

sumarised in Table 9. Figure 15 is a photograph of a 
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Figure 14. 	 Agar-Sol imunoelecrophoresis of the
acute blood (AB), acute tick (AT), and 
chronic tick (CT) antigens with up.
cific absorbed rabbit antiserum (MAB,
RATs, RCB, and RCT). The chronic blood
(CB), not shovm here, reacted in a re
ciprocal manner vith LA, RAT, and RCT. 
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Table 9. 	 Indirect hemagglutination titers obtained with 
4 antigens and the homologous and heterologous 
antiserums (each figure ropresents the recip
rocal of an individual dilution). 

Antiseum 	to Antigen 

AB CB 	 AT CT 

AB 640 160 80 	 20 

CS 160 640 	 80 40 

AT 	 40 80 >__1280 80 

CT 	 80 40 320 160 

Al a Acute Blood 
CS a Chronic Blood 
AT a Acute Tick 
CT - Chronic Tick 



Indirect Heuaglutination Tube Test 

Reactions of the liHA tube test are from left to 
right; +, 	,+69,, , and-.
 

Complement Fixation Hicrotiter Plate Toot 

RIesults of te CF microtitor plte toot are from 
loft to right; 1/20. 1/5, 1/5, 1/20, 1/20, 1/20, 
1/20, 1/40, 1/20, 1/10, 1/10, e Trace. 

Igure U5. 	 A comparison of the reactions of an Indirect 
hesaglutination tube toot (top) nd a am
plement thoaten miorotiter plate tet (bot.to.). 
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IHA tube test in comparison with a CF microtiter plate
 

test. 

The highest homologous IHA titer was obtained when
 

AT antigen was reacted with AT antiserum (>1:1280) and
 

the lorest titer when CT antigen was reacted with CT
 

antiserum (1:160). The highest heterologous IHA titer
 

occurrod when AT antigen was reacted with CT antiserum
 

(1:320) and the lowest, wAvn CT antigen was reacted with
 

AB antiserum (1:20).
 

The titer of 1:1280 obtained when AT antigen was
 

reacted with AT antiserum was th4 highest dilution used
 

in the test procedure.
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DISCUSSION
 

The observations on natural transmission of B. bi

gemina by B. microplus made during the procedure for
 

separation of B. bigemina from contaminating organisms
 

were consistent with observations made by Callow and
 

Hoyte (1961b) on experimental transmission of this or

ganism by B. microplus. Callow and Hoyte (1961b) ob

served that the natural transmission prepatent period
 

for B. bigemina had a range of 11 to 17 days which com

pared favorably with the observed natural transmission
 

prepatent period of 18 days.
 

The ability of B. bigemina to multiply rapidly en

abled it to be found in thin blood smears from 24 to 57k
 

hr after calves had been subinoculated with relatively
 

small numbers of parasites. This rapid rate of multipli

cation made it possible to separate it from other blood
 

parasites. The observed prepatent period for the blood
 

borne infection of B. bigemina (26 to 51 hr) was in
 

agreement with those reported by Callow and Hoyte (1961a).
 

The procedure designed to obtain B. microplus free
 

of B. bigemina was successful in spite of the fact that
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ticks were collected in an enzootic zone of babesiasis.
 

In enzootic areas, parasitized erythrocytes in the in

digenous cattle are rarely more than a few/mm3 (Mahoney,
 

1969), and even though tick infection rates may not be
 

directly related to the total number of detectable para

sites in bovine peripheral blood, infection rates under
 

field conditions are expected to be low. The examination
 

of smears from the hemolymph of oviposition female ticks,
 

eggs, or guts of developing larvae demonstrated the in

fection rates to be low, with 0.23% being recorded for
 

B. bigemina (Mahoney and Mirre, 1971).
 

Noninfected B. microplus ticks were maintained on
 

splenectomized calves, disease free guinea pigs and in
 

desiccator jars. Primarily, splenectomized calves were
 

utilized but moderate success was also obtained with
 

guinea pigs. No attempt was made to complete the entire
 

cycle of the B. microplus on guinea pigs. -The extremely
 

high ambient temperature in Turipana resulted in an in

creased irritative dermatitis associated with the con-


Itaining device which accounted for the decrease in sur-


Ivival of the immature stages of the tick on the guinea 
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pigs. The technique might be of value in that a less
 

expensive animal could be utilized for maintaining the
 

immature stages of B. microplus. The use of desiccator
 

jars proved to be unnecessary due to the ease of rear

ing B. microplus on the laboratory bench using ambient
 

temperature and relative humidity.
 

The results of the infection of B. microplus with
 

B. bigemina agreed with those reported by Callow and
 

Hoyte (1961b), Mahoney (1964), Hoyte (1965), Callow
 

(1968a) and Mahoney and Mirre (1971). The infection of
 

B. microplus with B. bigemina usually occurs only during
 

the last 24 hr of attachment to the host; that is, the
 

final rapid engorgement of the adult tick.
 

The higher parasitemias observed following the use
 

of synthetic corticosterobds coincided with the results
 

reported by Callow and Parker (1969), Frerichs et al.
 

(1969a) and Young and Cox (1971). Although cortico

steroids did increase the number of circulating para

sitized erythrocytes, in the present experiment, it had
 

an immunosuppressive response on the host system and the
 

erythrocytes were more fragile. 
Thus, when preparing
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antigens from the infected erythrocytes it was necessary 

to wash the erythrocytes carefully In order to decrease
 

the amount of free hemoglobin and decrease the amount of
 

anticomplementary activity.
 

The differences between the calves receiving blood
 

borne and tick borne Infections, as shown by Figures 2 

and 3, indicated that the cattle tick B. micropliis had 

a severe effect on infested calves. This is in agreement 

with Riek (1957), Seebeck et al. (1971) and Springell 

et al. (1971) who reported reductions in the hematocrit 

and weight gain of tick infested cattle when compared
 

with tick free cattle. A high B. bigemina parasltemia
 

is usually associated with a high rectal ter:- riture,
 

but in this experiment (Figures 2 and 3), the maximum
 

parasitemia of the tick infected calves was 0.057, as
 

compared ro 0.44% for the inoculated calves while the
 

maximum rectal temperatures were 40.4 C for hoth groups
 

of calves. Therefore, it appeared that temperature is 

not related to the number of parasitized erythrocytes. 

The descending order of antigens with respect to 

percent parasitemia at the time of preparation was AB,
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AT, CT, and CB, while the descending order with respect
 

to CF titer wias AT, AB, C7, tand Ci. Although the AT
 
antigen had the highest CF titer when 
 reacted with the 

positive sertms , It was not preI)lred from blood with tile 

highest percent parasitemiti. The AT antigen was pre

pared from blood with 
30.87. parasitemia whereas the AR
 

antigen was from
prepared erythrocytes with 38.40. in

fection. Since 
 the PCV of the blood tlied to prepare AT 

and AB antigens, were identical, the AT preparation was 

observed to be more antigenic.
 

When comparing the 4 
antigens by the Imnmunoelectro.
 

phoresis technique it was determined that antigen AB was
 

similar to antigen AT and antigens C13 and CTr .ere similar. 

Antigens AB and AT had 2 componentf that migrated at 

approximately the same rate and formed similar arcs when 

reacted with the same antineruims. Antigen, CT and CB 

had 2 components that migrated similarly and formed 

similar arcs when reacted with the same antiserum. How

ever, components of AB and AT migrated differently than 

the components of CB and CT. Antigen AT did not form 

a visible are with antigen CT.
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The indirect hemaglutination test indicated a dif. 

ference between the 4 B. hiaina antigens. Antigen AS 

and CR appeared to te similar and antlgens AT and cT 

showed zi. itarit-. Antigrnn Ali and Chi appeared ro be 

closely related hecnune each had equally high t iters 

when cross reacted with the heterologotii antiserums. AT 

and CT also showed the saiw associntlon. The simtilari

ties observed by the Inod irect heningglutt int jti, tmt were 

different from those of the CIF atid Imrntnoelect ropho rests 

tests. These descreptmcles are due to the different anti

bodies being measured by the 3 procedures. Carpenter 

(1968) reported that the sensItivIty of the hemaggluti

nation tent was about 1,000 times that of LLprec ipita

tion test in detecting antibody. Agglutination wan 100 

times and CF wan 50 times an sensitive an the precipita

tion test. Thesn, dL cowpared favorably with those of 

Curnow and Cuirnow (1967), (;oodger (1971), Ristic et al. 

(1971) and Goodger (1973) in that the homologous antigen

antiserum reactions showed the highest indirect hemagglu

tination titers.
 

The serologic tests reported in the present
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experiment confirmed that there are differences between 

the 4 antixens. 

The resulti of molecular sieving of the antigens 

were not In agremn.t with those of Mahoney and Goodger 

(1969) using it. !rrInti LitInfected rltm and coodger 

(1971) using sonicated B. bIjtLdtits inftected erythrocytes. 

They reported that the int igenilcally activ. portion of 

their preparation did not enter the pores o the Sepha. 

dex C-200 gel and was subsequently eli'ted in the void 

volume of the column. In this experir ent, the anti

genically active portion entered the pores of the gel 

(Sephadex G-100 iand Sephadex c-200, Figures 5 and 6) and 

was thus eluted after the voli volume. lhf- -,el filtra

tion Indicated that the antigens had molecular weights 

of 1,000 to 100,000. 

The gel diffusion test of the Sephndex fractions 

indicnted that the antigenie fractions of prel)aration 

AB and C11 had similar molecular weights and that of AT 

and CT ind similar molecular weights hut that of the 2 

groups differed. This conclusion is made by the fact 

that the antigenic nctivity of AB and CB started at
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*ssentially the sm fraction. Similarly, the antigenic
 

activity of AT and CT were detected in the same fraction 

but the latter 2 eluted in much later fractions (Figures 

5 and 6). The indication is that fractions All and CB 

have a greater molecular weight than (to fractions AT
 

and CT.
 

The determination of the host response to Infective 

Babesia erythrocytl7 stabilates was difficult- to assess 

due to the variability of iifectlvity of the AT stabilate. 

One reason for the lack of infectivity may have been the 

choice of the route of Inocilation. Although Callow and 

Hoyte (1961b), Mahoney (1964), Callow and TarrnmemagI 

(1967), Callow (1968a), and Rogers (1971n, 1') all re

ported success when inoculating Babesin organisms iv, 

Dalgllesh (1972a, b) showed that this rotite of Inocula

tion suppressed infectivity of R. bigemtnn that had been 

frozen In blood containing glycerol. However, when para

sites were injected sc, infectivity wils not markedly 

affected, presumably because there was less body fluid 

available to cause osmotic swelling and rupture of the
 

parasites and the erythrocytes that enveloped them.
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Examination of thin blood smears is a crude method
 

for determining whether or not Babesia is present in 

circulating blood because the number if erythrocytes 

that can be examined, relative to the total number in 

the circulation, is exceedIrAly small. The thick blood 
3 

film allowed the examination of approximately 1.4 mm 

of blood in 25 to 30 min. If this volume of bovine 

blood contained approximately 5 x 106 erythrocytes and 

the cells were spread in a single layer as a thin blood 

film, an observer, examining at the rate of 2 x 104
 

cells/min, would take over 7 hr to search the film. 

In the present experiment, 3 stahl ntes (AB, CB, 

and CT) were 1007 infective iv; however, sto'inte AT 

was only 12j7 infective. In all cattle inoculated 

with the infective Babesin erythrocytic stabilates no 

demonstrable reaction occurred with homologous challenge 

while heterologously the responses were marked. These 

reaults confirmed the antigenic differences shown by 

the serologic tents. 

The serological results indicated that antigenic 

variation within an isolate of B, bigemina occurred. 
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The host's apparent reduced response to homologous chal

lenge and the marked immune response observed with 

heterologous systems indicated antigenic differences of 

the B. bigemina and confirmed the nerological data under 

che experimental conditions of this study.
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SUMIKARY 

The purpose of this study was to determine possible
 

antigenic differences in the causative organism of the
 

acute ind chronic blood borne and tick borne Rabesia
 

bisemina infections of cattle. It was anticipated that
 

the results of the research would further aid in the
 

understanding of the mechanism of immunity of babesal
 

infections. In addition, the antigens may possibly be
 

used in the development of new serologic techniques or
 

vaccines.
 

A Babesta bipemina field isolate was purified by 

4 rapid serial passages through 5 splenectomized calves 

within 6h days, and a stabilate of the isolated B. bi

gemina was established. 

The larval progeny of engorged female Roophilus 

microplus ticks ve screned for the presense of Anaplasma 

marginale and Babesia *pp. The noninfected ticks result

ing from the scr'ening were maintained primarily onnonin

fected splmwiomuied calves. Diseave free guinea pigs were 

also utilized with only moderate success. Various stages 

IJ
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of ticks vere held vithout foeding in desiccator jors 

for periods of 1 to 2 months. onintectad A. mtcroplua 

ticks were successfully infcted by placing them on 

calves Inoculated intravenously vith theD. blimina 

stabtlate. 

With the aid of synthetic corticosteroide, high 

. nin parsastenta were atained in splnectomiae 

calves subinoculated from intact calve# infect d by 

ticks aind by artificial inoculation. Rbosia orythro

cytic ritiens and infective blood scabilat os wre Pre

pared from blood of splenectaoited calves with high 

parasitemia resulting from treatment with oynthetic 

corticosteroids. These splenectomitzd calvo. -oore sub

inoculated from Intact calves with acute (AS) and chrioic 

(CI) blood bornes and acute (AT) and chronic (CT) tick 

borne infections. Normal bovine (0i) erythrocytic uiti

sen was prepared as a control. 

Isolation of !. bisaisn. antlgns l l!was jhed 

by erytirocytic lyals nd hopogenation, dltferett4l ce. 

trivaion and purification frap host Paterll. by 

mons of molecular sieving using Septade 0-O and 



0-200 columns. Antigen AD and Ch~ wor@ similar, so wero
 

AT and CT# when compared by Indiroct hemauggut~nation and 

4#1 diffusion. 3iallariti.. ver# observod botwoon AD 4n 

A? and bevn Ch)and CT whon thoo. anYti4ons wore *compr*4 

by~ iwnolatrvphorevis *An coniple#.nt ixotion. 

Thirty-six Intaect oalves wero GIvi4od Into 16 arouipa 

of 2 (or 3) and nch grou*p Int~u~stOe with Inreti1ve 

aftk21j *rythwooytic stablatos. Tw.ny.-00t d4a 14ker 

they woro hoinol01*ie1Y 4#4 hotoro grsuely ctw11ensie4 roe 
Owe sae etobiletos, and mtnltored ror fm ad4tttortsl Q 

days. Tte entlionic vwriationa wore iaro ovi4ont by to 

vitro rothor than In vivo r*0g10#0, 

On the ba44is of tho Oer§1o1e4 roauj1Is, wstlvfl" 

veriatloit within *n loolato of jgj 

nm duroton or ineoiteen Ttt tsto *ppar~i 

rodav*4 rvsonse to ho-lgv 0*11v4r4 tho awr*4 

qatod afttig"10 io4f(#roe-0 or tho *n4 Coo

(inwd the #*rologicol data wW4er ifw v#Vprlwwt1 v"

ditlons ~4' to this s1*in 

http:coniple#.nt
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Appendix Table 1. Concentrate and mineral composition
 
of experimental calf grain ration.
 

Shelled Corn or Sorghum 430 kg
Cottonseed Meal or Soybean Heal 300 kX 
Wheat Bran or Rice Bran 230 kg
 
Iodized Salt 
 10 kg 
Bone Heal 10 kg 
Vitamin Premix 1 


10 kg
 
Mineral Premix2
 

1,000 kg
 

'Vitamin Premix: 
Whoat Bran or Rice Bran 10 kx 
Roche A-D (Vit,. A 750,O00 lu/m and 

Vit. D 150,000 lu/l) 8
 

10 kg
 

2Mineral Premix: 
Copper Sulfate 1.95 kg
 
Iron Sulfate 
 7.47 kg
 
Zinc Oxide 
 1.24 kg
 
Magnesium Sulfate 3.09 kg
 
Cobalt Sulfate 


0.20 kg
Potassium Iodide 0.07 kg
 
Wheat Bran or Rico Bran
 

300.00 kg
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Appendix Table IV. 
 Standard deviation and means 
of the 
acked cell volumes of
the calves with blood borne and tick borne Babesia bigemina

infections.
 

Blood Borne 

Day N Ex Ex 2 Tick Borne


SD Mean N Ex Ex 2 
 SD Mean
 
0 5 154 4748 
 1.1 30.8 5 
 140 3922 0.7 28
1 
 5 146 4270 
 1.3 29.2 
 5 120 2884 1.0
2 5 128 3334 3.8 24
25.6 5 
 113 2567
3 5 1.8 22.6
122 3038 
 3.9 24.4 
 5 117 2773 3.0
4 5 125 23.4
3239 5.3 25 
 5 
 124 3140
5 5 4.0 24.8
134 3798 
 7.2 26.8 5 104
6 2184 2.3
5 122 3002 20.8
2.5 24.4 
 5 103 2139 2.1
7 5 20.6
124 3094 
 2.2 24.8
8 5 95 1811 1.2 19
5 127 3235 
 1.5 25.4 
 5 98 1930 1.5 
 19.6
9 
 5 118 2794 
 1.5 23.6 5 96
10 1858 1.9
5 126 3222 3.4 19.2
25.2 5 
 99 1969 1.5
11 5 19.8
128 3286 
 1.5 25.6 
 5 96 1846
12 0.8 19.2
5 134 3620 2.7 
 26.8 5 108 
 2350 2.1 
 21.6
 

19 
 5 148 4400 
 2.2 29.6 5 119 
 2839 1.3
26 5 155 23.8
4831 
 2.5 31 5 
 141 3987 
 1.6 28.2
33 5 152 4636 
 1.9 30.4 5 
 150 4506
40 5 158 5018 1.2 30
2.5 31.6 5 
 147 4349
47 2.6 29.4
5 165 5467 2.3 
 33 5 148 4394 1.8
54 5 29.6
161 5199 
 1.9 32.2
61 5 5 160 5138 2.1
157 4957 32
2.6 31.4 
 5 159 5077
68 5 172 5930 2.3 31.8
1.8 34.4 
 5 153 4687 
 1.1 30.6
 



Appendix Table Tl-. (Continued) 

Day 

75 
82 
90 

N 

5 
5 
5 

Ex 

165 
172 
169 

blood 

xSD 

5449 
5938 
5731 

!3crne 

1.0 
2.3 
2.2 

Mean 

33 
34.4-... 
33.8 

N 

5 
,.
5 

Ex 

168 
156
159 

Tick Borne 

Ex2 SD 

5664 2.2 
4886 2.2
5071 1.9 

Mean 

33.6 
31.2
31.8 

N - Sample s_ e. 

Ex = Sum of x (PCV) 

Ex 2 =Sum of X2 

SD = Standard deviation 

Mean = ExN 



Appendix Tab1@ V. 
Standard deviation and means of the rectal temperature of the
 
- calves with blood borne and tick borne Babesia bigemina in

fections.
 

Blood Borne Tick Borne 
Day N Ex Ex2 SD Mean N Ex EX2 SD Mean 

0 
1 

5 
5 

194.2 
196.9 

7544.3 
7754.4 

0.6 
0.3 

38.8 
39.4 

5 
5 

198.6 
200.1 

7888.5 
8008.2 

0.1 
0.2 

39.7 
40.0 

2 5 194.9 7599.8 0.8 39.0 5 198.8 7905.2 0.5 39.8 
3 5 193.4 7481.4 0.4 38.7 5 200.8 8064.3 0.2 40.2 
4 5 197.2 7778.5 0.5 39.4 5 195.3 7628.5 0.1 39.1 
5 
6 

5 
5 

193.1 
194.7 

7458.3 
7581.7 

0.4 
0.2 

3,.6 
38.9 

5 
5 

192.6 
195.0 

7419.7 
7606.7 

0.4 
0.7 

38.5 
39.0 

7 
8 

5 
5 

192.7 
193.3 

7427.0 
7473.3 

0.3 
0.3 

38.5 
38.7 

5 
5 

194.8 
193.7 

7590.1 
7504.4 

0.4 
0.4 

39.0 
38.7 

9 5 193.0 7449.9 0.2 38.6 5 192.3 7396.1 0.2 38.5 
10 5 196.5 7723.9 0.6 39.3 5 195.2 7622.5 0.7 39.0 
11 5 199.7 7976.9 0.5 39.9 5 194.2 7543.3 0.4 38.8 
12 5 192.1 7381.0 j.4 38.4 5 190.9 7290.1 0.6 38.2 
19 5 193.3 7473.3 0.3 38.7 5 191.5 7334.8 0.3 38.3 
26 5 192.1 7380.7 0.2 38.4 5 190.6 7266.1 0.3 38.1 
33 5 193.4 7480.9 0.2 38.7 5 192.1 7380.9 0.3 38.4 
40 5 192.4 7403.9 0.3 38.5 5 193.8 7511.9 0.2 38.8 
47 5 191.6 7342.2 0.2 38.3 5 193.2 7465.3 0.2 38.6 
54 5 193.4 7483.0 0.8 38.7 5 192.9 7442.3 0.2 38.6 
61 5 194.2 7543.7 0.5 38.8 5 194.6 7575.4 0.6 38.9 



Appendix Table V. (Continued) 

Blood Borne Tick Borne 

Day N Ex Ex 2 SD Mean N Ex Ex 2 SD Mean 

68 5 191.6 7342.5 0.3 38-3 5 191.0 7297.5 0.6 38.2 

75 5 191.8 7357.8 0.3 38.4 5 191.8 7357.6 0.2 38.4 

82 5 191.4 7327.2 0.3 38.3 5 192.9 7442.4 0.3 38.6 

90 5 191.7 7350.0 0.2 38.3 5 192.4 7403.8 0.3 38.5 

N = Sample size 

Ex = Sum of x (Temp) 

Ex 2 = Sum of x 2 

SD = Standard deviation 

Mean 
Ex 
N 

N~ 



Appendix Table VI. 	Standard deviation and means of the complement fixation
 
titers of the calves with blood borne and tick borne
 
Babesia bigemina infections.
 

Blood Borne Tick Borne 

Ex2 Ex2Day N Ex 	 SD Mean N Ex SD Mean
 
Low High 	 Low High 

0 5 2.3 1.9 1.1 8.5 3.8 5 0 0 0 0 0 
1 5 1.3 1.7 0 6.9 1.8 5 0 0 0 0 0 
2 5 1.0 1.0 0 4.5 1.6 5 0 0 0 0 0
 
3 5 3.6 4.7 0 28.2 5.2 5 0 0 0 0 0
 
4 5 4.3 5.2 1.7 30.2 7.2 5 4.6 5.6 2.2 31.6 8.3
 
5 5 5.9 7.6 6 38.0 15.1 5 5.9 7.2 8.1 28.2 15.1
 
6 5 7.1 10.6 12.0 57.5 26.3 5 6.2 7.9 9.8 30.9 17.4 
7 5 8.0 13.3 17.0 93.3 39.8 5 7.7 12.1 20.0 61.7 34.7
 
8 5 7.9 15.9 4.6 316.2 38.0 5 6.5 8.6 12.0 32.4 20.0 
9 5 9.8 19.5 51.3 162.2 91.2 5 7.7 12.1 20.0 61.6 34.7 

10 5 10.1 20.5 72.4 151.4 104.7 5 8.9 15.9 41.7 871.0 60.3 
11 5 10.4 21.7 83.2 173.8 120.2 5 8.0 12.9 24.6 64.6 39.8 
12 5 11.6 27.0 144.5 302.0 208.9 5 8.3 14.0 25.7 81.3 45.7 

19 5 9.5 18.2 49.0 128.b 79.4 5 8.8 19.4 6.2 549.5 57.5 
26 5 8.9 15.9 41.7 87.1 60.3 5 9.5 17.2 38.9 123.0 69.2 
33 5 8.3 14.0 25.7 81.3 45.7 5 6.5 8.6 12.3 32.4 20.0 
40 5 8.3 14.0 25.7 81.3 45.7 5 7.4 11.4 13.8 66.1 30.2 
47 5 9.2 17.0 51.3 93.3 69.2 5 7.1 10.4 14.1 49.0 26.0 
54 5 8.0 12.9 24.6 64.6 39.8 5 7.1 10.4 14.1 49.0 26.3 

_ _ _ __ __ _ 	 __ _ _ %a 



Day 

Day~~peniNablBlood Borne 

N Ex Ex SDLow High 

VI. 

Mean 

(Cont-Inued) Tc oeihTick Borne 

N Ex Ex1 SD
Low High 

Ma 

Mean 

61 
68 
75 
82 
90 

5 
5 
5 
5 
5 

6.5 
6.2 
7.4 
5.6 
5.9 

8.6 
7.8 

11.2 
6.4 
7.4 

12.3 
12.9 
16.2 
9.1 
6.9 

32.4 
23.4 
56.2 
19.1 
33.1 

20.0 
17.4 
30.2 
13.2 
15.1 

5 
5 
5 
5 
5 

6.5 
6.5 
6.5 
5.9 
5.9 

8.6 
8.8 
8.6 
7.3 
7.1 

12.3 
10.0 
12.3 
8.1 
10.5 

32.4 
39.8 
32.4 
28.2 
21.9 

20.0 
20.0 
20.0 
15.1 
15.1 

N = Sample size 

Ex = Sum of x (CF) 

Ex2 =Sum of x 2 

SD = Standard deviation 

Mean Ex
N 

0a'OD



Appendix Table VII. 
Standard deviation and means of the parasitized erythro
cytes of the calves with blood borne and tick borne Babesia
 
bigemina infections. 

Blood Borne 
 Tick Borne
Day N Ex Ex2 
 SD Mean N Ex Ex2 
 SD Mean
 

0 5 .0268 .0004 .0083 .0054 
 5 .0080 .00003 .0022 .0016
1 5 .1641 .0105 .0360 .0328 
 5 .1128 .0049 
 .0244 .0226

2 5 .6164 .2071 .1811 
 .1233 5 .0648 .0009
3 5 .0031 .0130.3878 .0543 .0781 .0776 5 .1086 
 .0030 .0141 
 .0217
4 5 .1650 .0123 .0412 .0330
5 5 .2450 .0416 .0860 5 .1342 .0050 .0200 .0268
.0490 5 .1303 
 .0076 .0331 
 .0261
 
6 5 .2455 .0339 .0741 .0491 5 .1187 
 .0070 .0331 .0237
7 5 .0393 .0004 .0054 .0079 
 5 .0671 .0014 .0104 .0134
8 5 .0283 .0003 .0059 
 .0057 5 .0313 .0003 .0041 .0063
9 5 .0190 .0002 .0056 
 .0038 
 5 .0129 .00006 .0024 .0026
10 5 .0054 .000008 .0010 .0011 
 5 .0142 .00004 .0010 .0028
11 5 .0033 .000003 .0005 .0007 5 .0223 
 .0002 .0048 
 .0045
 

12 5 .0047 .000008 .0010 .0009 
 5 .0119 .00005 .0021 .0024
 
19 5 .0268 .0005 
 .0089 .0054 
 5 .0066 .00002 .0011 
 .0013
26 5 
 .0065 .00003 .0022 .0013 5 .0184 
 .0003 .0068 .0037
33 5 .0060 .00001 .0009 .0012 
 5 .0031 .000009 .0014 .0006
40 5 0 0 
 0 0 5 .0051 .000009 .0009 
 .0010
47 5 
 .0060 .00001 .0010 .0012 5 .0011 
 .000001 .0005 .0002
54 .0038 .000005 .0007 
 .0008 5 .0019 .000002 .0006 .0004
61 5 .0064 .00002 .0018 .0013 
 5 .0030 .000003 .0006 .0006
 _ -_.00 6 

( 
-I 



Appendix Table VII. (Continued) 

Day N Ex 

Blood Borne 

Ex2 SD Mean N Ex 

Tick Borne 

Ex2 SD Mean 

68 
75 
82 
90 

5 
5 
5 
5 

.0007 

.0020 

.0016 

.0009 

.0000005 

.000001 

.000001 

.0000008 

.0003 

.0005 

.0005 

.0005 

.0001 

.0004 

.0003 

.0002 

5 
5 
5 
5 

.0018 

.0027 

.0005 

.0013 

.000002 .0006 

.000002 .0003 

.0000003 .0003 

.00O%l .0005 

.0004 

.0005 

.0001 

.0003 

N = Sample size 

Ex = Sum of x (Parasitized erythrocytes) 
2 Sum of x2 

SDExx =Standard deviation 

Mean =-E 
N 



I Appendix Table VIII. 	Standard deviation and means of the body weights of the 
calves with blood borne and tick borne Babesia bigemina 
infections. 

Blood Borne 
 Tick Borne
 
Day N Ex Ex2 SD Mean N Ex Ex2 
 SD Mean
 

2 5 722 104502 7.8 144.4 5 681 93469 13.4 136.2
 

12 
 5 673 91207 12.5 134.6
 
19 5 786 123950 9.9 157.2
 
26 5 761 116177 9.4 152.2 5 715 103211 15.5 143
 
33 5 788 124670 11 157.6 5 702 
 99692 16.8 140.4
 
40 5 887 157739 9.8 
 177.4 5 737 109299 12-9 147.4
 
47 5 908 165614 13.4 181.6 5 812 132984 16.7 162.4
 
54 5 914 167322 7.8 182.8 5 860 149002 16.4 172

61 5 900 162694 
 13.2 180 5 809 132435 19.6 161.8
 
68 5 989 196689 
 16.3 197.8 5 822 136078 15.3 164.4
 
75 5 1007 203695 14.9 201.4 
 5 915 168299 14.6 183
 
82 5 1022 210146 17.7 204.4 
 5 944 179792 19.8 188.8
 
90 5 1059 225499 
 17.3 211.8 5 971 190035 19.1 194.2
 

N = Sample size 

Ex = Sum of x (Weights)
 
Ex2 
 Sum of x2 

SD = Standard deviation
 
Ex


Mean=_ _ _ N_ 



Appendix Table IX. The host 
response to infective Babesia erythrocytic stabi
lates when measured by means of estimated weekly average
 
weight gains (kg).
 

Numerator =stabilate used for premnization/denominator =stabilate used for
 

Acute Blood Chronic Blood 
Day AB/AB AB/CB AB/AI ABICT CB/AB CB!CB CB/AT CB/CT 

0 
6 

117 
124 

119 
122 

104 
104 

115 
117 

122 
138 

119 
123 

99 
97 

114 
108 

13 
20 
27 
34 

121 
124 
132 
129 

121 
127 
129 
137 

107 
106 
106 
114 

123 
125 
133 
140 

132 
141 
144 
147 

118 
131 
133 
136 

97 
98 

114 
102 

107 
110 
119 
119 

41 
48 

137 
137 

137 
140 

112 
119 

140 
144 

154 
160 

134 
137 

107 
109 

119 
123 

Acute Tick Chronic Tick 
Day AT/AB AT/CB AT/AT AT/CT CT/AB CT/CB CT/AT CT/CT 
0 
6 

13 

104 
100 
105 

103 
102 
110 

102 
100 
107 

106 
102 
102 

103 
107 
110 

112 
116 
120 

104 
106 
109 

110 
113 
117 

20 
27 
34 
41 
48 

105 
107 
108 
115 
116 

107 
118 
113 
118 
122 

105 
109 
118 
117 
125 

104 
108 
110 
115 
116 

117 
119 
123 
125 
126 

124 
129 
132 
134 
136 

112 
110 
118 
120 
125 

116 
112 
121 
129 
124 

AB = Acute blood, CB = Chronic blood, AT = Acute tick, CT = Chronic tick. 

-challenge.....
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