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SUM MARY 

This research project resulted in the following achievements

1. 	 In vitro culture systems for Babesia bovis and 3.. bigemina were improved. 

2. 	 The above culture systems were used in cloning procedures. 

3. 	 Clones of Babesia bovis and B. bigemina were irradiated and evaluated as 

attenuated vaccine candidates 

4. 	 Methods were developed to concentrate BIbesia bovis and B. bigem in-infected 

erythrocytes from in vitro cultures. These concentrated infected erythrocytes 

were used as immunogens to produce hybridomas and specific monoclonal 

antibodies were obtained. 

5. 	 Procedures were developed for obtaining Babesia bovis merozoites free of 

erythrocyte membranes for biochemical studie 

6. 	 Procedures were developed for obtaining Babesia bigemina merozoites free of 

erythrocyte membranes for biochemical studies. 

7. 	 Three Mexican national students were involved with the project and two students 

completed requirements for the Ph.D. degr-ee during the grant period. One 

Mexican student will complete the requirements for the Ph.D. degree in 1988. 

8. 	 Four papers were published in refereed journals. One paper has been submitted 

and 	three more are being prepared for publication. 

9. 	 Eleven presentations were presented during the grant period and one presentation 

after the end of the grant. 

10. Lyophilization procedures were developed to retain the viability of Babesia bovis 

and 13. bigemin. However, these procedures need further refinement for 

consistelt results 
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SPECIFIC OBJECTIVES: 

1. To establish the pathogenicity and genetic stability of clones in vivo (the animal) 

The following is an 	 abstract from a publication which served as a basis for the 
present project. The complete publication is Attachment A of this document. 

ABSTRA CT 

A IBabesia bovis isolate was cloned by in vitro cultivation. The cloned organismwas compared to the original cultured isolate for pathogenicity by animalinoculation. Four yearling heifers were inoculated with cloned material and fourwith the original culture. The four animals which received the cloned babesiashowed comparatively minor hematologic changes and no clinical signs. Oneanimal diud in the group that received uncloned babesia theand meantemperature increase and mean reduction in packed cell volume (PCV) wasgreater in that group. The four animals receiving the cloned material werechallenged 100 days following initial inoculation. All of the animals were totallyimmune with no significant change in temperature or decrease in PCV, whereascontrol (previously non-inoculated) animals developed significant (P .001)increases in temperature and severe anemia. The cloned organism appears to be acandidate live immtuiogen for use in endemic areas to induce protection against
bovine babesiosis. 

Subsequent back passage experiments indicated that the cloned oiganism was notgenetically stable in some animals (unpublished data, Rodriguez, S.D. 1983.Babesia bovis: In vitro Cultivation and Cloning. M.S. Thesis, University of
Missouri-C olum bin). 

It 	 had been suggested that irradiated parasites be 	 tested for nvirulence andgenetic stability. A number of clones of Babesia bovis have been isolated andseveral clones have been irradiated. An irradiated clone of Babesia bovis has beentested for pathogenicity by animal inoculation and genetic stability by backpassage in animals. The irradiated clone induced a mild reaction and appeared tobe less virulent on back passage compared to previously tested clones. One ofthese clones has been tested for pathogenicity by animal inoculation in a pilotstudy in Mexico. The clone induced a mild reaction following inoculation byeither the subcutaneous, intramuscular or intravenous routes. Back passage ofpooled blood (750 ml) from the initial animals into two susceptible animalsproduced moderate hematological changes but CNSno signs. An additionalbackpassage to two susceptible animals produced no hematological changes orclinical signs. This irradiated clone was used in field trial #1. 

2. 	 To develop procedures for the preservation of attenuated B. bovis by
lyophilization. 

Live attenuated B. bovis has a limited shelf life of one week at 40 C. The vaccine can be cryopreserved in liquid but inN2 , developing countries this would presentdistribution problems. Ideally the vaccine should he lyophilized. 

The source of the organism s for lyophilization studies wrre drrived from the invitro culture systems. During the three yoars of the grant period, sixty differen'texperiments were conduete(1. BnbesiaBoth bovis and 13whesia higenina were 
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lyophilized and tested for viability to re-establish growth in vitro. The followingIs a summary of the procedure which gave tile most consistent positive results.This procedure is a modification of the procedure reported for cryopreservation
Babesia bigemina (see Attachment B). 

of 

The cultures were initially frozen as reported in Attachment B. Thecryoprotectant solution for Babesia bovis was a stock solution of 20% PVP 40 inPuck's saline G containing 20.5 giIL o-f-glucose (PSG). A similar solution of 20%PVP in Vega y Martinez (VYRI) was used for Blabesia bigemina. This solution wasmade according to Vega et al.; VYM solution was composed of: CaCI , 2 1120(16.0 mg), KCI (400.0 irg), X11 PO (1,415.4 mg), MgSO ' 7 11 0 -154 mg),Na 11PO " 7 1120 (1,450.0 rag), aC (7,077.0 rg), and dextrose 20Z g)in 1 L ofdodble-dstilled deionized water containing 0.25 mM adenine and 0.50 mMguanosine. Packed ifl"I1IC or merozoites were mixed with an equal volume of 20%PVP and dispensed in I- or 2-ml cryotubes. The PVP concentration of the finalmixture was 10%. The contents of the vials were frozen at the rate of 20C/minute in a programmable freezing unit. When the temperature was -80 C the
vials were transferred to a lyophilization chamber. 

The lyophilization chamber had been precooled to -50o C. Tile frozen cultureswere placed in the chamber and the vacuum turned on. CulturFs were left to°stabilize at C for-5 0 1 hour. Then the temperature was raised 10 per hour untilthe chamber temperature was at +100 C. The cultures were then lyophilized overnight. Several different types of vials (glass or microfuge) were used. Thelyophilized cultures were placed in a refrigerator for at least I week at 40 C. 

Sample vials were removed from the refrigerator and immediately diluted indistilled water or PSG+ or VYM or complete media. The preparation wascentrifuged (40 C) at 1,000 x g for 10 minutes. The resulting pelletsresuspended in werefresh culture media containing 19% normal bRI3C. The aimount ofmedia varied according to whether flasks (25 cm ) or 24-well plates (16 mm insidediameter) were used to re-establish the cultures. The incuboting culture depthand atmosphere varied acc, 'ding to tile organism tested. Fresh 1RP3C were addedto tile cultures on clay 3 after retrieval. Cultures were split 1:1 in completemedia containing 10% normal BD13 at three day intervals. Slides were made ondays 10, 18, 20, and 28. The criteria 'or re-establishment of growth was that thecultures could be split twice and gra ,r than 1% parasitemias were observed. 

In seven instances Babesia bigemina and Babesia bovis have been re-established inculture. Replicate vials were stored at 4 C and placed in culture at a later date.Results have been encouraging but not always consistent. We still need to definethe protocol. At this time optimum conditions for the lyophilization of Babesiabovis aid B. bigemina have not been standardized. 

3. To conduct field studies using avirulent clones of B. bovis as vaccines. 

Initial contacts were made with the veterinary scientists at INIP in Plexico City.Details of the field trials were worked out after nn avirulent clone had beenconfirmed to be genetically stable (see Objective 1). Animals were selected forfield trial #1 and conditioned before inoculation. All nnirnals were acquired froma tick-free area (State of Sonorta), preferably of tho sanine ng (18 months or"older). They were tested and selected when shown to be negitive for the presenceof specific antibodies against An nmn nargin!e, Pnb(,.i. bovis and l3abesinbigeminla. The animals were preinuni zed ngainst lJihetia bigenina and
Anaplas ma mninale. 
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Animals were randomly distributed into groups.4 Three groups werepreimmunized against Babesia bigemina and Anaplasma marginale. 

I. Control non Babesia bovis-vaccinated (8 animals) 811. Control preimmunized and then vaccinated with 10 B. bovis original wildtype cultured strain (8 animals)
Ill. Preimmunized and vaccinated with 108

8 
irradiated B. bovis cloned strain (8

animals)
IV. Non-preimmunized and vaccinated with 10 irradiated B. bovis cloned strain(8 animals) 

The experiment was divided into three phases: Phase I was from 0-63 (lays andconsisted of adaptation and preimmunization with Anaplasma marginalc andBabesia bigemina. Phase 2 had an observation period of 42 days. During this timethe animals were preirnmunized/vaccinated with eitiher the wild type or irradiatedB. bovis cultures. Anir als that had severe reactions were treated. This phaseextended until 168 day;. Phase 3 consisted of challenging the animals either byinfected ticks or needle challenge. E&cd group was subdivided into two to fouranimals. One group was challenged ,y exposur', 2,000to Babesia bovinfectedlarvae Boophilus ticks. The other group was needle challenged with 10' Babesiabovis infected erythrocytes. Following challenge the animals were observed for 
42 days. 

While in tick-infested area animals ivere dipped in acaricide bath every 4-7 days.Body temperature data, blood samples (for packed ceil volume measurementsblood smears), and serum samples (for serological 
and 

tests) will be collectedthroughout the observation periods of the three phases twice a week. 

The results of the field trial were as follows: a) Pathogenicity of the irradiatedcloned organism: The groups of animals that were vaccinated with -n irradiatedclone of Babesia bovis experienced no or very mild clinical reactions and did notrequire treatment. A number of animals in the group preimmunized with the wildtype Babesia bovis required treatment. b) Challenge studies: The challenge strainwas not as virulent as we had anticipated. The control animals did not experiencea severe reaction. Therefore, differences between groups were not as dramatic aswe had hoped. The data indicated that the animls vaccinated with the irradiatedclone experienced fewer clinical reactions and experienced less weight loss afterchallenge. One problem encountered during the field trial was that some of theanimals preimmunized with Anaplasma marginale experienced recrudescence.This placed additional environmental stress on the trial. Some of these animalsdied of AnaPlasma nwrginale Ourinfection. conclusions from the trial were asfollows: a the -irradiated strain is safe (nonpaihogenic); and b) the irradiatedstrain wil'. provide at least some protective immunity in endemic areas. 

4. To biochemically characterize clones of Babesia bovis as to enzymatic and
antigenic composition. 

In order to Study the biochemical and antigenic composition of Blbesia bo'is itwas necessary to develop procedurcs to concentrate merozoites and ife-etedbovine erythirocytes. The f,,lowing is abstrnct fromthe a p,blicntion whichpresents the details (see Attachment C). 
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ABSTRA CT 

Babesia bovis merozoites, externalized by removal of infected erythrocytes fromordinary culture conditions, were completely separated from red blood cells andstroma by centrifugation in a Pereoll gradient. A merozoite band formed at apoint corresponding to about 1.087 g/ml specific density. Infected red blood cellswere concentrated approximately four-fold obtain thanto greater 49.0%parasitemia after centrifugation in Pereoll. Most highly enriched fractionspositioned between 1.121 and 1.123 g/ml specific density. Full parasite viability
was retained. 

The procedures for the characterizition of isoenzymes in B. bovis infected cellsand free parasites were developed. The following is an abstract from apublication which presents the details (Attachment D). 

ABSTRA CT 

Agarose gel electrophoresis was used to identify metabolic enzymes in Babesiabovis and B. bigeinina. Glutamate dehydrogenase, lactate dehydrogeinse, glucosephosphate isonmerase and hexokinase were identified in 3. bovis and B. bigeminainfected erythrocytes and B. bovis merozoite preparation. Specificelectrophoretic mobility observedwas for each enzyme. Malate dehydrogenase,glucose 6-phosphate dehydr'ogenase, G-phosphogluconate dehydrogenpseadenylate kinase were only detected in normal 
ane 

erythrocyte preparations. Interspecies, but not intra-species, variation was noted when comparingelectrophoretorgams of both species. Kinin-activating activity was not detectedin B. bovis-infected erythrocyte or merozoite preparations at pIl 4.2 or 7.6. 

The isoenzyme patterns of all non-irradiated clones appeared very similar.Results indicate that the hexokinase Isoenzyme pattern of two-cobalt irradiatedclones am'e different than non-irradiated clones (unpublished, Rodriguez-Camarillo,S.D. 1985. Babesia bovis Clones: Biochemical Characterization. Ph.D.Dissertation, Unive:'sity of Missouri-Columbia). 

Molecular enalysis by one ypmd two-dimensional gel electrophoresis of proteinsmetabolically labeled with ;)S-methionine showed that 2 clones derived from thesame field strain were similar but not identical to the parent (unpublished,Rodriguez-Camnrillo, S.D. 1985. Babesia bovis Clones: BiochemicalCharacterization. Ph.D. l)issertation, University of Missouri-Columbia). 

A number of hybridomas producing specific monoclonal antibodies to Babesiabovis have been obtained. The hybridoma cell lines have been frozen for later 
characterization. 

5. To establish continuous cultures of B. biiemina in vitro. 
The procedures for the continuous cultivo of 13.ton bigeanina had been developedin ou' laboratory prior to receiving funding. An abstract of the publication
describing this technique follows (see Attachment 13). 

A II'I'RA CT 

A strain of i3aIbesia bigeLminn wns i.soldn, fr,,n fn i'rect-d enlf and propaignted inivitro. Culture conditions included washing or infected inid normnl bovineerythrocytes in a special solution (VYPs), nnd the use of a 5-10% (v/v) 
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erythrocyte suspension in medium 199 (with 20-50r% fresh normal bovine serum) ata depth of 4 mm in a 5% CO 2% OW, 93%t, N atinosphere. The culturedorganism, after 36 days in vitro and nine subcuftures, was inoculated into a
susceptible calf. This calf developed clinical signs of the disease and recoveredwhen treated with 1%3 trypan blue solution. The strain was also reisolated fromthe second calf. The ori,,inal isolate had been maintained in continuous in vitro
cultivation for more than 99 days. 

We have used this technique to establish cultures from at least six differentisolates. The present protocol is as follows: Infected blood is washed in VYMssolution and then resuspended in complete media consisting of 40%3 normal bovineserum, 60%Y; medium 199 (no L-glutamine).
100 

The packed cell volume is adjusted toand the culture vessel is placed in an atmnsphere of 5% CO , 51, 0 and 90%N2 . An additional very important factor for successful in viro cultiVation ofBabesia bovis and 13. biremina is the source of normal bovine serui and normalbovine erythrocytes. We routinely screen donor animals and select only animals
whose scretun and cells support satisfactory growth. 

6. To develop an I LISA test for B. biemina. 

Preliminary attempts to utilize antigen from in vitro culture in the ELISA testhave been done. However, the results were disappointing due to nonspecificreactions. Procedures were developed to concentrate iBabesia bicminima infectederythrocytes. The details of the procedures are described in the publication. Thefollowing is an abstract from that publication (see Attachment F). 

ABSTRA CT 

Clones of Babesia bigemina-infected erythrocytcs were concentrited by severaldensity gradient procedures. The density range of infected erythrocytescontaining pairs of parasites was 1.077 to 1.089 g/ml, whereas, the density rangeof infected erythrocytes containing single parasite was 1.092 to 1.I00. Threeenzymes, lactate dehydrogcnase, glucose-phosphate isomernse and glutamatedehydrogenase, were found associated with infected erythrocytes. The parasitespecific enzyme and/or isoenzymes were shown to have different mobilitypatterns in starch gel eleetrophoresis from those found in the normal bovineerythrocytes. The enzyme 6 -phosphoglueonate dehydrogenase was not detected asa parasite specific enzyme in B. bigemina infected erythrocytes. 

Procedures to isolate Babesia bi n merozoites from erythrocyte membranes are being developed. Initially lynsing procedures resulted in preparationscontaminated with erythrocyte membranes. We have now developed a glycerollysing procedure and purification methods to obtain viable merozoites free oferythrocyte membranes (Figueroa et al. Purification of the Erythrocytic Stage ofBabesia bigemina. Paper in preparation). This will probably be one source of
antigen for an ELIBA test. 

Another approach to obtaining purified 13. bigemina antigen for an ETISA test wasto obtain monoclonal antibodies and use tiem in iminunosorbent chromatography.A number of hybridomas producing specific mnonoclonl antibodies have beenobtained. These hybrillomns have been ohnnctiOrid nd th data will be thesubject of a paper in prep'iration for submission. The follow~ng is an abstract 
from that paper. 
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ABSTRACT 
Twenty one mouse hybridomas were isolated that produce monoclonal antibodies(MoAb) which specifically reacted with erythrocytic stages of Babesia bigemina inan indirect immunofluorescence assay on acetone-fixed blood films. Four groupsof antibodies were defined on the basis of their staining pattern in IFAT. Four outof eight selected MoAb tested on in vitro cultured B. bigeminainhibitory as were found to haveactivity annlyzed b e-stimating The percentngeerythrocytes and inp'poration of parasitized

of ll-hypoxantine.
inmuinoprecipitated The four inhibitory MoAbS-methionine metabolically-labeled parsite proteins.MoAb from Group 11 detected a 24 nD protein, whereas another 

One 
same MoAb fromgroup precipitated proteins thewith an approximate weightfrom of 55 kD. MoAbGroup III bound to polypeptides which migr'ated assame polypeptides were precipitated by a 

55 kD and 57 kD, these
MoAb from Group IV whichdetected protein of 48, 

also
51 and 53 IdD. 

Another approach that we have investigated is the adaptation of D. bigenliain vitro cultivation using horse forserum instead of cow serum. hlIis adaptationshould eliminate nonspecific problems associated with bovine so'rUrn. Thesecultures have been cryoprCscrved nd could be retrieved for nntigen production. 

7. To isolate clones of B.binffeina. 

We now have a total of 6 different isolates of B. bigemin.a in culture.isolates have been Some of thecloned. Two tertiary clones have been isolated and irradiatedand recloned. The cloning procedure is fully described in a publication. Thefollowing is the abstract of that publication (see Attachment G). 

ABSTRA CT
 
The original Babesia 
 bigemina culture conditions were modified with regardinfected bovine erythrocyte concentration to 
procedure was 

and atmospheric environment.designed to obtain a homogeneous parasite population by beginning
A 

with a single infected erythrocyte. Calculated dilutions were made in 96-welltissue culture plates to approach one infected erythrocyte per four wells.of parasites Growthin wells was detected between 16 28initiated. Clones were 
to days after cultures weretransferred to 24-well tissue culture platesmaintenance. for regularThree primary clones were

probability that the parasites detected 
selected for additional recloning. The

in one well are the progeny of ainfected erythrocyte approaches 0.99 for tertiary clones. 
single 

These clones were biochemically and antigenically characterized.been A paper hassubmitted describing the procedures and results thesefollowing is an abstract from 
of studies.
that paper (Vega et al. 1988. Incorporation of 3
methionine S_by Eabesia bigemina Cultivated in vitro. Submitted to Revista

Mexicana de Parasitologia). 

ABSTRA CT
 
A Babesia bi iina isolate and several in vitro derived clones 
were metabolically
labeled usin)g S-methionine. Lnbeled proeins wore sepnrqtod 1y SMS-PAGE andclones compied to the original population. Twenty thre Iban, of parasite ori;.-inwere clearly defined. Six bands of 39,(00, 52,500, 79,00, 88,000, 91,()00 
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and 130,000 M.W. showed higher intensity in the film. One polypeptide of 43,000M.W. was detected in samples from culture Fupernates. Separation patterns weresimilar in all samples studied. It wns concluded that this similarity might berelated to the fact that all clones were derived from the same strain. Morestudies are required to demonstrate true subpopulation variations in Babesia 
bigemina. 

In addition, mronoclonal antibodies are being utilized to study tile antigeniccomposition of the clones and isolates. 

8. To establish time pathogenicity and genetic stability of B.bigemina clones. 

Several irradiated clones of Babesia bigemnira have been obtained. An experimentinvolving the inoculation of onesplenectonmized calf at the University of Missouriwas completed. Preliminary results indicate that irradiation may attenuate the 
organism. 

Arrangements were mande to conduct a study inititlly at iN!!' in Mc.ieo City.lowever, the Department relocated to a research site in Cuernavanca. Because oftime constraints, it was decided to investigate pnthogenicity, genetic stability andthe protective immunity in one experiment. Tile experiment was designed to
investigate the following parameters: 

1. The effect of dosage of inoculum (number of Babesia bigernina-infected 
erythrocytes). 

2. The pathogenicity of the inoculum. 

3. Tick transmissibility of the various inoculum. 

4. Genetic stability of the inoculums. 

5. Ability of inoculums to induce protective immunity. 

The project is now in progress at Cuernavaca with irradinted clones ofbigemina. Phase I of time trial consists of 20 susceptible animals 
B. 

heing dividedinto 5 groups and each group subdivided into two groups receiving one of the
following inoculum. 

Group I: Inoclated intramuscularly wJh normal red blood cells (subgroup I - 1 
x 10 ; and subgroup 2 - I x 10).
 

Group 2: Inoculated intramucularly with in vitro cuijure of Babesia 
bigerina
(subgroup I - 1 x 10 ; and subgroup2 - I x 10 ).
 

Group 3: Inoculated intramuscularly 
 y'ith a virulent field stlain of Babesia
bigemina (subgroup I - 1 x I0 ; arid subgroup 2 - 1 x 10 ).
 

Group 4: Mnoculfited i trnmiueularly wit) 
 in vitro ciilture or irldii ted olo..e 91of Babesia 12ige mimi (subgroup I -- x1'; anid s0lyouro 2 - I x 10
 

Group 5: Inoculated i t 'nlrlmiscularly with inyjt cimllre nr i,'a'liitcd cloqje 
 112
of Pabesia 1igemin (subgroup I 1 x 10 ; an,]qls,,qrollp 2 - 1 x 10'). 
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Experimental Design: The experimental design for Phase I is summarized on theattached Table I and Table 2. Phase 2 will consist of evaluation of pathogenicityby back passage of blood to susceptible animals. Ten animals were used in thispart of the experiment. Each animal was inoculated with 250 ml of pooled bloodfrom each subgroup. Phase 3 will consist of ten bovine to evaluate whether tickscan transmit tile (iisease. The progeny of the ticks collected from Part I will beplaced on susceptible animals. 

RES ULTS 

Phase 1: Evaluation of initial pathogenicity: Blood samples were collected and
clinical observations made as indicated in Table 2. Group 1 (normalbovine erythrocytes) animals had no clinical reactions; Group 2 (invitro B. bigeminra) animals had a mild clinical reaction. Group 3 (fieldstrain b. gina) animals developed severe reactions and one animal(lied. Group 4 (in vitro B1.bienina irradiated #I) animals had a mildclinical reaction. Group 5 din vit.,o B. bigemina irradiated #2) animalshad a ticks wereCevere reaction (no deaths). -Lrvae allowed to feed on ccrain ainimals. These ticks were allowed to drop off then
collected and maintained in the laboratory. The progeny of these tickswill be placed on susceptible animals (Phase 3). Blood was collectedfor bael pas sage into susceptible animals on day 35. The hemolymphsfrom ticks which fed on the field strain animals contained B. bigeemina.No infection was detected in the licks that fed on the animalsreceiving iin vitro cultures. These animnals will be challenged as soon as a su:fficient quantity of infected ticks can be obtained. 

Phase 2: Evaluation of genetic stability by back passage: A similar protocol for
evaluation of 'athogenicity as used in Phase 1. Group 1 (normalbovine erythrocytes) animals had no clinical reactions; Group 2 (invitro D. bigemnimia) animals had a mild clinical reaction. Group 3 (fieldstrain 13. binrina) animals developed severe reactions. Group 4 (in
vitro 13. bicremina irradiated 91) animals had a mild clinical reaction.Group 5 (in vitro B. bigemina irradiated I2) animals had a severereaction. These results indicatewould that irradiated clone #1 wasgenetically stable and relatively nonpathogenic. 

Phase 3: Presently in progess. 

9. To conduct field studies using avirulent clo;ies of B. bovis and B. bigemina as 
vac cines. 

Due to the time constraints of the project, it was decided to plan a morecomplete experiment as described Linder Objective 8. Therefore the cattle whichwere to be purchased for this objective were reassigned under Objective 8.Veterinary scientists at the University of Missouri and IP41P have discussed fieldtrial H12 and it is planned that Mexican scientists will pursue tile second field trial 
at their own expense. 



(TABLE 1)
 

OBJECTIVE 8 -SCHEDULE OF ACTIVITIES 

PHASE 1 (20 animals) 

Temperature 


Slides 


Hematocrit 


CB% 


S erum 


Infestation with non-infected B. microplus 

In vitro cultivation of B. bi 
 emina 

Incculation with infected blood 

Ccilection of ticks 

Hemolymh from ticks (check for infection) 

Collection of heparinized blood 

PIHASE 2 (10 animals) BACK PASSAGE EXPERIMENT 

Temserature 

Sliesato i

11C atocri t 

Ce C 

Serum 
Inoculation of animals with heparinized blood 
Collection of blood for cultivation 

DAYS 

-7,-4, 3. 7, 10, 14, 17, 21
 
-7, -4, -, 
 3, 7, 10, 14, 17, 21
 
-7, -4, -, 3, 7, 10, 14, 17, 21
 
-7, -4, 0, 3, 7, 10, 14, 17, 21
 
-7, 
 0, 7, 14, 21, 28. 35, 42, 49
 

0, 2, 4, 6, 8
 

-7, -4, 0
 

14
 
21, 22, 23, 24, 25, 
 26, 27, 28, 
 29, 30, 31, 32, 33, 34, 35
 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 
 33, 34, 35, 36
 
35
 

DAYS 

28, 31, 35, 33, 42, 45, 49, 52, 56, 59, 63, 66
 

28, 31, 
 35, 38, 42, 45, '9, 52, 56, 59, 63, 66
28, 31, 35, 38, 42, 45, 49, 
 52, 56, 59, 63, 66
 
28, 31, 35. 38, 42, 45, 49, 52, 
 56, 59, 63, 66
 

28, 35, 42, 
 49. 56, 63, 70
 

60
 



(TABLE 1)
 

OBJECTIVE 8 -SCHEDULE OF ACTRITES (cont'd) 

PHASE 3 (10 animals) TICK TRANSMISSIBILITY DAYS 

Temperature 91, 94, 98, 101, 105, 108, 112, 115, 119, 122, 126, 129 
Slides 91, 94, 98, 101, 105, 103, 112, 115, 119, 122, 126, 129 
Hematocrit 91, 94, 99, 101, 105, 103, 112, 115, 119, 122, 126, 129 
CB C 91, 94, 98, 101, 105, 108, 112, 115, 119, 122, 126, 129 
Serum 91, 98, 105, 112, 119, 126, 133 
Infestation with infected B. microplus 98 
Collection of heparinized blood 140 



(TABLE 2) 

GROUPS 
AIALS 

SUBGROUPS 
ANIMALS 

INFESTATION DAYS 
0, 2, 4, 6 and 8 

BLOOD 
INOCULUM 

DOSAGE 
ROUTE 

DISPOSITION 
OF TIC S 

EFFECT ON 
FEMALE TICKS 

HEPARINIZED 
BLOOD 

GROUP I A/2 Normal x 08 /1M -0 n 

i [ A/2
4B ,o =UP

TStrain Culture Ix, ,, .. .......--- - I " 
-"---

4 /B -b B.-jgmina 1x0 9 /IM=-
GROUP III A2ed 

.-
. ) t -

' 

8 

IField I.x /IM -
4 - S t r a i n 9 

B 2- - - - --- --
10-I -. 

G 0OUP III A/2) 

-

Cultured 
B. bicemina 

1X10 /IM 

4B~~2 -- - Irradiated #1C ultured 11Ix1 9 IA M 2:• 

GRO U P 1 / A 2 = - -

Bi2 
B. bicremina---------------------
Irradiated #i2 /X101p.I 



16
 

ACHIEVE MENTS 
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Publications in refereed journals: 

Rodriguez, S.D., G.M. lBuening, C.A. Vega and C.A. Carson. 1986. Babesia bovis:
Purification and Concentration of Merozoites and Infected Bovine Erytlrocytes.
Experimental Parasi tology C,1:236-243. 

Vega, C.A., G.M. Buening, S.D. .Zodriguez and C.A. Carson. 1986. Cloning of in
vitro propagated 13abesia bigemina. Veterinary Parasitology 22:223--233. 

Rodriguez, S.D., G M. JRiening and C.A. Cr-son. 1986. Enzymatic
Characterization of flabesin l)ovis. The Journal of Protozoology 33:507-511. 

Vega, C.A., G.M. 13ueninIT, S.D. Ro(hrigiez and C.A. Cnrson. 1986. Concentrationand enzyme content of in vitro cultured 13abesia bigemina Infected Erythrocytes. 

The Journal )f Protozoology 33:514-518. 

Publicatonwsubmnit ted: 

Vega, C.A., G.M. l3Vning, K. MCLaughlin, G.D. Grothaus and C.A. Carson. 1988.Incorporation of "S-methionine by Babesia bigemina Cultivated in vitro. 
Submitted to Revista Mexicana de Parasitologia). 

Publications in preparation: 
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ABSTRACT 

Buening, G.M., Kuttler, K.L. and Rodriguez, S.D., 1986. Evaluation of a cloned Babesia 
bovis organism as a live immunogen. Vet. Parasitol.,22: 235-242. 

A Babesia bovis isolate was cloned by in vitro cultivation and compared to the original
cultured isolate for pathogenicity by animal inoculation. Four yearling heifers were 
inoculated with cloned material culture.and .1 with the original The four animals which 
received the cloned Babesia showed comparatively minor hematologic changes and no 
clinical signs. One animaldied in the group that received uncloned Babesiaand the mean 
temperature increaa and mean reduction in packed cell volume (PCV) was greater in that 
group. The four animals receiving the cloned material were challenged 100 days following
initial inoculation. All of the animals were totally immune with no significant change in 
temperature or in whereas control (previously animalsdecrease PCV, non-inoculated) 
developed significant (P < 0.001.) increases in temperature and severe anemia. The cloned 
organism appears to he a candidate live immunogen for use ;n endemic areas to induce 
protection against bovine babesiosis. 

INTRODUCTION 

Major advances in babesiosis research occurred with the development of 
culture methods for continuous in vitro cultivation of Babesia bovis. The 
early work of Erp (Erp et al., 1980) was modified (Levy and Ristic, 1980) to 
a microaerophilous stationary phase culture system (MASP). Additional 
refinements were made by Palmer et al., 1981. Rodriguez et al. (1983) 
reported a modification of the latter system making it possible to isolate 
single B. bovis parasites in a cloning process, the.-Iby establishing homogene
ous parasite populations. The objective of the present study was to compare
the pathogenicity and immunogenicity of a fast growing clone to the original 
culture material. 

0304-4017/86/$03.50 o 1986 Elsevier Science Publishers B.V. 
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MATERIALS AND METHODS 

Source of B. bovis inoculuni 

The original culture material was derived from a strain of B. bovis established in culture using the technique of Palmer et al. and maintained continuously in vitro for over 2 years. The fast growing clone was obtained by theprocedure of Rodriguez et al. (1983) and recloned twice prior to animal 
inoculation. 

Challenge inoculum was collected from a splenectomized calf showing anascending parasitemia. This hadcalf been infected by needle inoculationwith a frozen, tick-transmitted B. bovis stabilate originally isolated in 
Mexico. 

Experim en tal an imals 

Eight yearling beef heifers of mixed breeding were used in the experiment.Four animals received the original culture material (heterologous priorcloning) and four received the 
to 

cloned material. Cultures were sent fromColumbia, MO to Pullman, WA and arrived within h. calf36 Eachinoculated intravenously with 1 X 109 
was 

B. boris organisms, determined bycounting the number of infected erythrocytes in the culture material.
Five yearling Holstein steers 
were used as non-vaccinated controls in thechallenge study. These animals and the seven remaining animals previouslyinoculated with the culture material were challenged itravenously with1 X 10' B. bovis organisms, known to be virulent from previous work. 

Serological test 

Sera obtained before and after vaccinal and challenge inoculation weretested with the complement fixation (CF) (Mahoney, 1962, 1967) andindirect fluorescent antibody (IFA) tests, using B. bovis antigens (Johnson et

al., 1973).
 

Evaluation ofpathogenicity and immunogenicity 

Blood samples were obtained from all animals prior to inoculation orchallenge. In the culture pathogenicity study, blood for packed cell volume(PCV) determinations was collected daily, starting 7 days postinoculation(P1), for 7 days and then twice weekly. In the challenge study blood for PCVdetermination was collected on Day 1, daily from Day 5 through Day 15and twice weekly thereafter. Giemsa-stained blood smears were examined todetermine parasitemia. Rectal temperatures were recorded before inoculation and challenge, then daily for the first 15 days and then twice weekly. 



TABLE I 

Response of a 2-year-old heifer to infection produced by cloned and non-cloned B. boris cultures 

Pre- Low Incubation time Days of parasitemia Average high Reduction in PCV Deathsinfection PCV Group
CF Titer averagePCv () Days Relative Av. No. Relative (%) Relative relative response a of days response Titer Relative response responsec
 

response
 
Culture 42.0 ± 2 19.0 ± 6 
 3.2 i 0.5 3.5 t 1.7 1:113 54 ± 15.0 1/4


4) 0.896 1.27 1.015 1.13 
 1.13
(1.12)bClone 40.0 ± 2 24.0:11 4.0 - O.6 2.0 :,1.0

(n 1:95 42 ± 1.0 0/4= 4) 1.103 
b 0.73 0.978 0.87 0.87(0.91)

Significance NS NS NS NS NS NS NS NS NS NS P <0.05 
*Incubation time: days following exposure required for a sustained temperature of ove 40'C to occur after exposure. 

a Relative response: based on the average of all -:aJues being equal to 1.0. Each individual value is then divided by the group average to identify therelativeresponse" to infection.
 
Values in parentheses reflect the reciprocals of the relative response, and
cGroup-relative response: were used in calculating the "relative response"calculated on 4 parameters: for each group.incubation time, days of parasitemia, CF response, and percent reduction in PCV associated 

with infevtion. Mortality is not considered. 

N. 
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Presentationof data cnd analysis 

For comparative purposes means and standard deviations were calculated 
for each data point for all animals of a group. Data was analyzed by F test 
and by analysis of variances of repeated observations (Gill and Hafs, 1971).
In addition, the % change in PCV and rectal temperature based upon pre
inoculation values were calculated. Group-Relative Response was calculated 
as illustrated in Table I. 

RESULTS 

All eight cattle inoculated with either the culture or cloned material 
showed evidence of a B. bovis infection as evidenced by an increase in 
temperature, B. bovis l)arasitemia and by a reduction in PCV (Figs. 1 and 2).
One animal receiving the culture material died on Day 18, following the 
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Fig. 1. The percent changes in mean preinfection packed cell volume (PCV) in yearlings
inoculated with the original culture (n = 4) and a fast growing clone (n = 4) of Babesia 
bovis. * Point of significant difference P <0.05. 

5- Clone ® .

2 

0 2 4 6 10 

Days Post Inoculation 

Fig. 2. The percent changes in mean preinfection rectal temperature in yearlings in
oculated with the original culture (n = 4) and a fast growing clone (n = 4) of Babesia 
boris. * Point of significant difference P <0.01. 
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Fig. 3. The changes in 
mean packed cell volume in control yearlings (w) (n = 5) and clonevaccinated yearlings (e) (n -1) following challenge with 1 x 108 of virulent Babesia bovis 
organisms intravenously. 
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Fig. 4. The changes in mean rectal temperature in control yearlings (m) (n = 5) and clonevaccinated yearlings (o) (n = ,1) following challenge with 1 x 10' virulent Babesia bovis 
organisms intravenously. 

onset of fever, B. bovis parasitemia and CNS signs typical of B. bovis. 
Parasitemias were too low to quantitate, but were observed less frequently in 
cattle receiving the cloned organism. The temperature response and re
duction in PCV were less severe in cattle receiving the cloned organism 
(Figs. 1 and 2). 

Each of the parameters mneasured such as incubation period, days of
parasitemnia, CF response, and reduction in PCV showed evidence that the 

I. 
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cloned organism was V-ss virulent. This was verified statistically by comparing the composite relative response of animals in each group (Table I).Based on the onset of fever, arbitrarily established as a sustained temperature of >40'C, animals inoculated with the cloned organism had an incubation time of 4.0 days as compared to 3.2 days for the culture-inoculated 
group.

In the challenge study control cattle developed significant (P <increases in temptrature followed by 
0.001) 

severe anemia. Animals receiving theoriginal culture material or the clone were immune as verified by no response
to the challenge (Figs. 3 and 4).Except for the animal which died, all of the animals developed a CF titer1:40 by daysof - 21 P1. Similarly, all animals developed an IFA titer of1:10, 2.10 by 77 days PI 

DISCUSSION 

COntillous cultivation of B. bovis in vitro (Erp et al., 1980; Levy andRistic, 1980; Palmer et al., 1981) has encouraged the development of improved B. bovis wccines. Levy and Ristic (1980) reported that solubleantigens derived from in vitro cultures would reduce mortality on challenge.Additional results were reported by Smith al.et (1981) and Kuttler et al.(1982, 1983), on the inactivated cell culture-derived B. bovis vaccine.However, immunization with live vaecines is the method of choice in allcoUntries where babesiosis 
highly 

is a major disease problem (de Vos, 1980). Asuccessful attenuated B. bovis vaccine has been used in Australia(Callow, 1977) and South Africa (de Vos, 1980) for many years. All of thesepreviously reported live vaccines have been produced by rapidsplenectomized passage incalves. Since donor blood serves as the source of immunogenthe danger of incorporation of extraneous pathogens poses a problem as doess,,andardization and quality control. The vaccine has a shelf life of I week at-1°C and avirulence is not fully predictable.

In the present approach to obtaining an 
avirulent population of B. bouisfor use as a live vaccine an in vitro cloning technique was used to isolatesingle organisms of modified virulence from a population with variouspath ogenicities. The differentiation of clones with different growth rates haspreviously been described (Rodriguez et al., 1983). The results of the present
study demonstrate 
 that the chosen clone selected on the basis of rapidgrowth rate was less pathogenic than the original population.
All of the surviving 
animals inoculated with cultured Babesia developedboth CF and IFA antibodies. This is in contrast to animals inoculated withthe s;oluble B. bovis antigen, which develop only IFA antibodies (Kuttler etal., 1983). Mahoney (1983) reported that hyperimmune

infected several times was 
serum from animals

protective in passive transfer experiments. Sinceantibodies appear to ahave protective role, usenecessary to induce 
of a live organism may bean adequate degree of protection against both homologous and possible variant strains. 
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In the challenge experiment the cattle which received the cloned organisms were protected equally as well as those which received the unclonedculture. This protective immunity was considerably more effective than thatinduced by two injections of a cell culture-derived soluble antigen vaccine(Kuttler et al., 1983). When animals vaccinated with the B. bovis solubleantigen were challenged an average 50% PCV reduction and average 6 dayfebrile response were noted. When the animals receiving the live cloned B.bovis culture were challenged, no change in temperature or reduction in PCV 

were observed. 

CONCLUSION 

The subject cloned organism may be an ideal candidate for usewhere babesiosis is a disease problem in areas 
or in animals being transported from

free to endemic areas. 
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Cryopreservation of Babesia bigemina for in vitro cultivation 
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K. McLaughlin 

SUMMARY 39 C/min to 212 C/min; they have 
Babea bigemina-infected 1' and reported a procedure fbr the cry-

Sopreservation of large volumes of 
merozoites were cryopreserved and 
used to initiate in vitro culture., innorml Ri';
normal bovine mw; the cryoprotec-
tant was a final 10%; polyvinylpyr-
rolidone in Vega y Martinez solution. 
A cooling rate of'20 C/mm until --80 
C and then rapid transf'er to liquid 
C storagen wasi stsfto Saqui-N., storage was satisfactory. Sa 
pies For culture initiation were rap-
idly thawed at 37 C, washed in Vega 
y Martinez solution and resus-

ended in completeB 
containing 101% normal bovine Im( 
The optimum culture conditions to 
reestablish cultures were a 24-well 
plate (13 mm i)), 5 mmll indepth, and 
an atmosphere of 2% to 5 ; .0, 511
COG, anrd 93%; to 90%; N.,.C 

Babesia bigemina has been cry-

opreserved for animal inoculation. 

Barnett' reported the use of glycerin 

as a cryoprotectant, with a cooling 

rate of I to 4 C/min, for storage at 

- 79 C. Dalgliesh2 studied the infec-

tivity of B higoinina-infected blood 

f'rozen with glycerin at the irate of'


Thzenw ge, e orinf rate 1-C/min. Thawed, intbcted blood eS-
tablished B bigeminca infection if in-
oculated subcutaneously, but not if 
inoculated iv. Later, Dalgliesh and 
Mellors:' reported the use of di-
methyl sulphoxide as a cryoprotec-
tant with the best cooling rates being 

Rteivld kirpulflicatin Fel l. lS., 
Dvp t-,(, ,
FroII I [ IrttofVtIri ir IbioI ,N. 
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babesial vaccine.' The cryoprotec-
tant used was dirnethyl sulphoxide,slphoide
and the cooling rate was approxi-
mately 6 to 20 C/n. The successful 

cryopreservation of B bovis for ini-
tiation of in vitro cultures was re-
ported by Palmer et al.' The 
cryoprotectant of choice was polyvi-
nylpyrrolidone (i'Vi) with a cooling 
rate of 20 C/min. 
Was to develop procedures to cry-

biemina so that invi-
ro cultures could be initiaed f n 
frozen material. 

lution G containing 20 gofglucose(iss;')/ 
L. A similar solution of 201 iwvi in Vega 
y Martinez (VYM), used in the present
study, was made according to Vega et 
al'; VYM solution was composed of CaC,2H.,O (16.0 mag), KCI (400.0 mg),
KH.2HO, (1,415.4 mg), MgSO, •07 H.gO 

. 
(154rag),Na:HPO, •7H-0 (1,450.0 Mg),
 
NaCI (7,077.0 mg(, and dextrose (20.5 g) 
in I L of double-distilled deionized water 
containing 0.25 mM adenineand 0.50 mM 
guanosine. Packed infected im'or mer
ozoites were mixed with an equal vol
ume of 20% i've and dispensed in 1- or 
2-ml cryotubes." The i've concentration 
of the final mixture was 101;. The con
tents of the vials were frozen at the rate 
of'20 C/mm in a p-ogrammable freezing 
unit (model 801"). When the tempera
ture was -80 C the vials were quickly 

Materials and Methodstransferred to liquid N storage. 
In vitro culture s'vsem-An in vitro 

procedure to propagate B bigenina in 
continuous culture was developed by 
Vega et al.' The original system was 
modified for the present study. Briefly, 
the adapted strain of' B bigemina was 
maintained in bovine im"culture con-
sisting of 40%1(' bovine serum 1 601,4 me-
dium 199, 10 , ic'oftbovine io, pH 7.0. 
The depth of media in the flask was 7 
mm and the 37 C incubator had an at-
mosphere of' 5% CO., in air. The culture 
media was replaced daily, and the cul-
tures were subcultured every other lay
by mixing 1 part of culture with I partof media containing 10'3- iw'v of' normal 
bovine mc.Infected bovine ioni fir cry-
opreservation had a parasitemaia be
tween 6 to 10'%;. Merozoites were obtained 
from the infected bovine imio'by the pro-
cedure of Palmer et al.' Briefly. tie flask 
was placed at room temperature in rior-
meal atmosphere for 4 to 6 hours. The su
pernatant was removed, and e 
merozoites pelleted by centrifuging at 
10(- " 


x5g.for 10 minutes. 

(.'ryopres' raion I edure-'T he cry-

op rotrectant solution was iadeaccoiding 
1.oPalmer et al.' Stock solution of' 20;
i'Vi 40" WalS made illPuck's saline so-

Sigma (Chemnical('o. St ILoiis.Mo 

Retrieual 'ofin
liquid N--Sample vials 
were removed from the liquid N. con
tainer and rapidly thawed in a 37 C water 
bath. The thawed samples were imme
diately dilkited into 50 ml of i's(; + or 
VYM and cent'ifuged (4 C) at 1,000 x 
g for 10 minutes. The resulting pellets 
were resuspended in fresh culture media 
containing 101; normal bovine mc.The 
amount of media varied according to 

1whether flasks' (25 cm2 )or 24-well plates" 
(16 miniI)) used. Thewere incubating 
culture depth and atmosphere varied ac
cording to the experiment. Fresh bovine 
im' were added to the cultures on day 3after retrieval; the cultures were sub
cultured ol day 6. 

Eiu!outin o/continuous growt-
Blood seatswere made starting on day 

l' e s lides2 after retrieval. The slides were stained 
with Giemsa's stain and examined. The 

were staind 

ciitei'ia for growt, was based upon par
asite nmorphologic features and on in
creased nuinbers of infected bovine fi.(,.
Observations were continued for at least 
10 days (except for ex perimen ts 1and 7). 

Positive growth was reported when the 
paliasiteinia was - VU,. 

c'I'r.-Ied. NIt ('iie.ns. Mich 
('rning (Ghis.Works. (orning, NY. 
('isar,. 'aiumbridge.o Mass. 
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TABLE 1-The effect of the wash solution onto initiate in vitro culturescutr the ability of cryopreserved 8 bigomina nerozotes 
Wash 

Media 5'; c() in
VYN ;A,-s(.4;.C
VI'YM 5 ;)',, 

:,';Y__5'_(__.,r__ir(A (54;Co,' 
I, 

Experiment Days 

No. in 	N. 
7 

3 
3 

:3,537
:35 

.17 .t75 

:171(.Pm,.it,,i,,: CC (1 

TABLE 2-The effect of culture atmosphere on the ability of cryopres-
ervedB bgemina-infected RBC (experiment 6) to initiate invitro cultureA , ; 0.,.,' ('( 98;. (,th----atmosphere 

At' 2'; 5';( 1,5;CO.),90'; NBt ;5,; t() 5), 0, 93,:; (Growth. iill, ,,, - ,,, l,.. on, da-v 22N ( o ,,,,vth.( Idav,y '.oserv ation 
- :37('.3 tmmi~tdith~l3Ctiid In '; 'or llas,,de (ll)n1 lIII~lloloh;Ic t(qiit''I.-; (:lfl(itreasl]kt hliNo. fitsimetia "r;thro(t, 

o t Il:vs;rl il eItI d 

Nfift'lerlll'ys 

TABLE 3-The effect of culture atmosphere on the ability of cryopreserved B bigemina-infectedRBC andm erozoi les(experiment 7) to initiate in vitro culture 

______,___lcullati,,,n 

r,,'lI;t, tl" AtllosIpIer','A 

free.i,,g 

A fter 
tbawing 

-

t be, .. reo;( (),. 93';5', N.5'('().) ; (' ... 0'; N.air' 
,. Itv; .. s'; '0,, 5; N. 
A 2'; ( 5'. ; C'3)9 ; N ' ,
1t 5', 0,, 5' 90t; N.((C i Ill1 10; C), 5'; 8':N., 

growth Ilaseld upot llo hgic
clultulres Were set, tarasitemia I- ; 

eIatures and increised No. ol" it'icted erythrocyles, 5 days afterno 9rImWth: Nil lot dolle; Degen-

2-&perirnentaldesign, e.perittn't 	I-Merozoites 	were stored in N., fir 7 da's,
thawed, and washed in complete media,
(l'tuores Were set in a flask at a depth 
of'7 in in an a l.nosphere of5 ; CO ., in 

2Eit';'inti' t -ero ere 
in E forriM('/It 2-Merozoites were storedN. 30 days, thawed, and washed 
in VYM. Cultureswere set in flask aia 
a depth of' 	7 min in ;in atmosphere5.6'; (,, 6.4; C()., 	 of'and 88'; N,. 

pi.I'rimt3n 3-Merozoites were stored
in N, f)r 35 days, thawed, and washed
in VYM. Cultures were set in a flask at
i depth of' 7 mm in in atmosphere of' 
5.6'," 01,, 6.4"; CO., and 88'.; N.,. 

E'xperint',nt-Merozoiteswere store]din N., fbr ;37 days, thawed, and washed
ill is; 4. Cultures were set in a flask at 
a depth of 7 in i in in atonsphere of5.6'> 0., 6.4' CO., and 88'; N... 

E'xperimntt 5--Merozoites were storedin N., f('r,17 datys, thawed, and I vial was
washed in VYM, and a duplicate vial -,as 
w ish ed iP Ps G;. S epl i ate Cui ltu res f'rom 

ea ch w a sh solu t i( ow e re s et in in d iv id ual flasks at 7 im depth in an atn o-

sphere of 5(. C(, in air. 

lx/'periment 	 6--lnfected m" fi'-,wn Ill 
experiimentally inoculated calf' Ipara-
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or o growth. 5 dry obse-tation;CO: .,, 	 ; G,.,wth, )Iday,4'; ('(V,. 88'; N. (Growth., on dav 2 
irowty, .', Nit,rwrt'. i da) o1.. rioon day Itt 

I)ih,t iI)fl tion t, ,, 
1:20 1:100i ]:A 1:2 1. 

,mospheref e, ,I ' i i 

Nil t t 

Nil1, 4 NIaNil
Nil fND 

Iarait,,s pyknotc. 

sitemia 67 )were frozen in I0-; Ili VYM.The cells were stored for 79 days in N.,
thawed, and washed in VYM. The packed
cells were diluted 1:4 in 10 '' normal be-
vine m c'and dispensed into 3, 24-w ell 
plates (A, B, and C) at 5-rm depth (I 
mIl/welL. Each plate was placed into a
different atmosphere: A 2'CO.,, and 931 t N.,; 13 - - (),, 5,/1, 02, 5,'- CO,, 
and 90;N,; C -5(1 CO., in air (ca, 1
20; 0,. i iI 1 

E.peTilnell' 7--Infected bovine Jiot' andInerozoites were obtained fiom in vitro
cultures of 	B bigemina that had been
maintained 	in continuous culture ('br 90 
days. Duplicate samlhpc of each wereprel)ared for freezing in i'\' VYM. One 
sample of merozoites and infected bovineRmI'were frozen and stored in liquid N.for 7 days. The othei' sainiple of' meo 
zoites and/or inf'cted bovine OmiCwaswashed in 	 VYM and diluted 1:4, 1:20,
and 1:100. Four identical culture sets (A,B, C, and )) were made in separate 24-well plates 	at 5-m depth I i I/well,

Each plate was incubated ill the flow-
foh' 
in g a tm osphe:-, .s: A - 2 , 0 ,, 5 ( C(., 
an d 93' " N ,: B - 5 ; . 5 " "CO.,, T nd 
90W • ) =in( ir ca 8 -2 '/N ,; C " 5C; CO in ai (ca 	 I-20 1Ot.; 1) - Wi ), 5 : Co.,, and 85; N... 
The cryopieserved nterozoitesf'ected bovine 	 and ill-i'c were, thawed, and 
washed in VYM diluted 1:4 and 1:20 in 

culture media containing 	 10 normal n da o tiig l(, om
bovine 101'. Four identical p)l es were 
set in the A, B, C, and D atrospiheres. 

Restlts 
Results of experiments 1 through5 indicatedsamples that couldthat the only merozoiteinitiate in 	vitro 

cultures had been washed in VYMsolution (Table 1). In addition, the 
5.6% 0, 6.41/' CO,,, and 881/ N, 

was superior to an at
mosphere of 5 /( CO., in air for theinitiation 	of in vitro cultures. 

Experiment 6 was a comparison ofthe effects of culture atmosphere at 
5-mm culture depthinfected bovine on the ability of 
tro cultures (TableRIIC21.to initiate in vi-Cultures weret it e s a ble nc bate d inre 

initiated in samples incubated in 2or 5;' 0., 511 CO.,, and 9311e or 90,
M ,. The samples incubated in an at

of 5 7 C O. in air did notinitiate grow th.In experiment 7, attempts were 
made to define the effects of culire 
a tmosp h ere on th e ab ility of cry 
opreserved B bigemina infected meor merozoites to initiate in vitro cul

tore s Table 3). The best atm osphio es for i nfected Ric and 
merozoites were 2(7 or 57CO.,, and 	 93(7 or 90 G. 0,, 5%The atmosphere of 10(7 02, 57 CO., and
85(/( N., supported initiation of'growth
if a high ratio of infectivity was used. 

was 
atnosphere of 5i CO2 in air did 

not support the initiation of growth
by infected bovine I{'C or merozoitesat the 5-mm culture depth. 

Discussion 
The procedure of Palmer et al > for
the cryopreservation 
 of B bovis in

volved the use of 1017 PVP in PSG +.

This cryoprotectant solution did not
 

work with B bigemina (data not presented). The wash solution used inthe retrieval of B bovis was Ps+

Again, this solution 
 was not satis
factory for the retrieval of' B bigemina (Table 1). Vega et al" reported

the successful continuous propagation of B big'eminu and used VYM
solution to wash the infected bovine

uiu and normal 
 used in cultu re.Rs( a nt of.tBe usestd y in-ts e 

uts( t h ewas n g i u al so1i -
ica e t at washing intf 	 VYM solo

tion is a key factor 
ot 

in the 
establishment 

isd 

from cryopreservedin vitro culturesof 
B bigetnina (Ta

ble D. 
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The in vitro culture procedure used made by Palmer et al ' for B boris. fectivity of Bahesio bigemina in blood diluted 
by Palmer et al7 for B boris was a These conditions, when combined with glycerin. Res ,e!Sci 13:540-545, 1972. 

3. D.algliesh I, Mellors LT: Survival of the modif'ication of' iicroaeroph ious with the use of VYM solution, po- arasil icprotozoan Babesiabigemina in blood 
stationary phase culture of Levy and vided a reproducible procedure for the cooled at widely different rates to 196 C. lnt 

' Ristic. However, this procedure cryopri-serva Lion of B higeinina fbi 4 'Prasitol4: 169-172, 1974. 
would not initiate continuous cul- tile initiation of, in vitro cultures. 4. Mellors L', I)algliesh I, Tnimms P, et 

it: Preparation and laboratory testing of' atures ifthe parasitenia was .01";. The reestablishment of' in vitro froen vaccine containing Boa!,esio hois, Ba-Rodriguez et al' developed a cloning cultures, using fiozen B hilgenin bsia ,,germioo, and Anaplhsma centrale.Res
 
procedure for B htis hased upon the parasites, would eliminate the need \' Sci 32: 19 -197, 1982.
 
use of a low O, culture atmosphere. lr maintaining infected animals and 5 . Palmer )A. Iltoning GM, Carson CA:
 
Vega et al" initially reported the the risk of' spread to susceptible an- cryo servt ion of o bsia bois for in vitro 

I) otiO05 P o ncolt ivion. l'orasioloA' v 62:221-231, 1982.continuous propag;tion of' hi- irnals in the surrounding environ- 6. Vega CA, luening GM, Green'l'J, et al: 
gemiina, which indicated that low 0,, inent. In addition, In vitro cultivation oftlab,'sia I Amthis procedurie 'igemina. 
culture atmosphere is an important would permit the establishment of' , vWI Res 46:416-120, 1985. 
factor. Fhis observation n as con - .,eed cultures of' B bigemina for bio- 7. l'almer IA, uening GM. "arson CA: 

Cultivation oflBathsia houis in vitro, in Hifirmed in the present study. In ex- chew ion] and vaccine studies. dalgo IW,,Jones EW (edl: Proc 7th Natl An
periment 7, s tlhe percentage of' 0,, aplasmosis ('o/, Mississippi State, Miss,
in the culture atmosphere increased, Mississippi State University Press, 1981, pp 
the ability of cryopreserved B hi- 207-217. 
ge, ina to initiate in vitro cultures References 8.l,evy M, list cM: lh'siaboris: Contin

1. IBarnet t HtThe pr'eservat ioin of Babes tulios cultivation in a microaerophilous stadecreased. 
d etteA :ps rtionary phase culture. Science 207:1218-1220,

The observations with regard to the htgemina . Anaphntma central,,, and Ana- 18t. 
use of' 10i iwVl' as a cryoprotectant Fhto trgt by deep freezing. Vet 9 in M7:.1--8. 19611. 9. Rodriguez SD, uening GM, Green TJ,
and freezing rate of' 20 C/min forfB 2. l)alg! iesh Hi: Effects of low temperature et al: The cloning ofBaesia bois by in vitro 
higemina are in agreement with those preservation and route of inoculation on in- cultivation. b/i,et l mmun 42:15-18, 1983. 
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I n¢o:(Coaled silica beads t leColl 

Babesia bovis: Purification and Concentration of Merozoites 
and Infected Bovine Erythrocytes 

S. ). RODRIGUEZ, (. I. J3 vI-N , C. ,. \ '(;A, ANI) C. A. CARSON 
l)€'111r' JlV,. , li . l~l. I'trlrlml l'-divi,"irl ,1l.'clinl ooi~d~~ (,/h of1 il ri' 

,l mh, , , . 6 2i .. .U511 

(AcceplCd 10l pth li,.;rtijvn1 , Ct tIl'el 1 

R ''ourr1. S. )., It'i '"(;, (i
boh Pi 

V ' \..,. C(' A.. . ('.sF9.o0 . A. I. lrrI,lrjit'utlici itl'r and cofl.'ntt;,lill O.f rlerroitc', and inleced bm ine er tl Ic\ ss 1. 
I 'Ui ,'lu l'rnI ihIri ,,u 61, 1. I!l?,/oiu,, uAi%6.-I eI ,lt't ,.cse\eirnaliled l i le.ntt\uIl of ilf.tcl d c'l. l'IL Ic les fl (ti U I Clllite Coii tlioilt j'iniii ', . e Cter. 1ij'l¢el) so ylrlrledIron ed lWood Celk anId Nt1r'rri I) ,e l Irtrilig:lit'll in a ',l.c.'ll rl ienl.. A Ielto ite haud 
frorlir d :rt a Poil oll ipoilding to b tl I.(I87 g nil specilic il.nl,ily. Iltilcied red bloodcells %%VIrc conrcrrttrCd i pro\irinialel, Ibiri toldi obtain riea lc-o r, ceitiifygalitrr ii lercoll. NIot 15:t erik hed than 4(U'; parasiteriai L ni, I nud !rt.'bcttiots eni 1.121 ;nil " 
.123 g nil %l cifC 11010i1 111 prurVi. \ Ail,r "ai s td:iNed. , PA. N,,ll,, 1,1,
I1)1 X I Ihu ,u o., i r' i,%u Iliuh/i :l. paurql ; tcrr,'nrl ',s: ("uhi t in ; lqlj.tio'r I'l lic ,,r ('rnrtihlg;utiu l+r Frl nhrrr' h",. tuI, inc. 

INI (WI)M(1IIiN (!rp Li a!. I978). Tile form_1er eaint;.: 
yielded free merooites mi\ed Ail - itiA rnaior problem in the - ( le hrmne ighosts. and the latter iMded :. 

HO*~li tttldplJI !'O ab.il7iefatospp. is the dirfhCiully of S.pa'raing viable Ine \il edrrcrcvthrocyles. Merozoite viabilily sce:free mero/oils the tature C.\oerIto- comparable to infected blood ,ien il,.;cytic stage. from host cells and sIra. At- laled into susceptible recipient,. (;I. 

tempts to separate artificially or spoti.ta-
 enriched preparalions of infected t e.r ',,[neously released paasites have L,ut 
ported. Nhhoney (1 

re- c\tes are also desirable to study Ihee ir-
7) used discontinmus iologv 0of tIhe inttaerythocytic 5ta2C,.01 ' 


sucrose gradients to separate lBahcja bori
 l url or artificially induced B. beun Ai Ifree forms releaserl b hetysisOW ith dis- fectOims usually lead to a lowe per nr.. Itilled "atet l)ilf krcnial cenwrir'ugation \as (-2.0) parasitized ervtlhrocvtes bul in '.,used to separate It. nicroti released by con- ctIti vation can produce levels up ,tiltoUS-floW sonication and imunue he- (levy and Ristic 1980: Rodrigue ,.molysis (Giravely and Kreier 1974; ian- 19)83). Enrichment nf infected e.u'\tlrt.;':greIh 1976). Neither technique .vieided to 95; parasitized ervthroc vte's hls 'erytlhrocl I. oft strona-ftee parasites. ,Mla- achieved by differential lysis oft1otirFl,, .honey did not test the viability of the freed erytlhrocytes (Nlahonetv 1967) atid fr- " ' parasites but i. rindhalireleased by a .it- to 1%F by affinily cluonlao.r;p1nX ili ,' .
 
flar lyis. ttmetlhod 
 \'\crc severely affected allin-Sephan e colitittns l( tritL'l r'.(Rickard 1970). IDifrretitial cetnttlifugaliotn 1983). Seppatation of plastiodiitu infr,..ati Fic()ll (a tlotiiotdc s, intheic polyit.er of erythrocytes ('Ensta c'f (/. 1,80: Ri1' ,!"sucrose) dttsity etadieun '. e titthod s \re t'I . 1983) and artificially tcl.';1,r*'df.I.t.it,,re
later rep ited by ( ;a elyt I971)) tol (I 1 siles (Nillni 1,1 a?. 1981I fron 1101"111.11"'I .separate spotlnatncotlsl rclaeNd II. l,,nin rocvtes has beei achieved tiitg li'e r:
merozoitCs in short-lerti il viro cultures dieil s of colloidal solk of r1olyvin r*' 

216 
(o l.l.. U.t 56 len -n r 

freefr.eel:parasites c;1alh (If'I 
j.J cnrihed poptlation of inlfer 

.'. t,. The pr t eenr it c - 
, ::thodtolo:(Y Fotlhe ptilicalior
:ntration of I. boiA Ieirozoii.
hent of infected rythrocy.

fi-mcic fecl d tr c,ofr i e r 

M . i .S AND NPl~ti lo: 

t pIheta hrir (,1 isolatered *TC an frornt Ie.'cpL "ias iAlY pnron " Ied. 
lihemoparasiles Project, Intiluio 

,,CS!rFci n0S P'ecriari;rs. Ne\iclo. 
,( it,+ i prrrp;IL';lii n iic lhtre. nio 

4 1 hmmnvteS s,ere collected into sterile 
c,,a glassl beads and defibrinated by

Ill. CClis %%ere %sastedonce in cold Putp , . 19-fatI. the 111rHcoal and uppe 

o,, ;,cr ,ere reno ed. and thecr xthI 
. ;,rcnjh.' in Peick, 'aline G tilli 50', 

,,.,n R d blood ell ' p ,,%C idlh'( 

i,. der colunmn (W l:nnan Co.. Fnl!' 
'c l res. folhu inf; II,cinrirate leukoc
k b) Fuh!on ntt;ranGt 11956) ll!,b,.d 

5t':ltIrt,. 1,o cutiures %%ere prop,! 
,..,ue decribed fiond..6cJ h) Palmer ct al. 11982) and 
or 1)
 
,,.Ftn tectntniqrre oif Rodrignni 


.' and Ristic 

(-Iall. I91,,'P ourceorf rero oitCs ard infected e, 
',,.s mere cultured in 75-crn: t45 ml, 
'" rhrroc)le suspensior in neditiml con 
1s'I.,, rkirnal andbovine ertmin, 60", rrediu,, '.,, 30 rnI TIES 2-1'h dr,lltx)meh. l ethyl arirmoethlranosu
 
's, rcri.n, in volmues of(.4 ml
 

.
 
C, 91'; N. or 5- CO. 

HIM" "incubated in atmospheres of 

in air. Suben: 
,,J \cr' 48 to 72 hrras! nucessaryDt'-tJr ilu , gradients. to 

an acteoris SU,1 I; .iraid irthrc'tes. 
,'*''VII'h.irnracia, Upp ala. Srsedent \% 

6 l'',mi)lling file n:mntifacir. 
' (Mciri(if Pucks s:line lo,,xI( 
r'i-i or Percol and used ashstock st 

"- :, &AilPucf" 1.123 gl. wil.)ulas 
":t,J Il'rcoll as I1.3(1 g till. 

i) f I'uck'%saline G H10x) as I.(!, 

"<r.mrtc rrnetomite',, Statiorar., ph; 
. r"r,cnt,r., p:rr:,,i;i,.ea er ''hmcy. 

l'"n,t,.,mt nreuts COitas do 
itr d. luret 

I'1 ' !' r% th l !islturling the sClt 
-' sr.triI'ug,.dki il 301I, at 4 C hr 2 

1u ,': +"ll" -l , , . , ,--i ' ".. .. .. 

2:
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i tfi l I- I ,il il . 
u .S . Ai 

tober I 85)r 

A N D 1S 
A&tI)C.\(Sf)N, C. * 1,. B rll 


infected bovine e"ythitocnlC EP
Q 

miiero/oites es ter I-) 


iditioti.. %%eiecolrlplocl ss'l•ii:it 


Pelctoll cAlrlidi o/ e 
pecific den ity. llrfect d l od 

fin er ter 1l1:11n.tu '; plirer i 

tlonq psitioned bcthoser I1.11 and 

tailed, r I . I,P"" I. 

inc: .sero/oiet; rtis rilion: Ikola-

It a . 197R). The rormer itcc!::? * 

!Ifrce mciozoites mied . 's" 

hosts. atnd the ieI Ml"W 
ractions ixed \%ith ImIe1h l 

xctes. Nierozoite viabilit) Sa(' 
rable to infected blood %%hcn 

nto Susceptible recipients- Gfc-
d r epar tion s of infecteden..-d pl o t tillh 

lso d, i lr o udy If!e 
L " of the intlraerylhocntic Sli ¢ , 

* artificially induCed I.B it if
tstally leatd to a low percc 

pariiilioed ylhroc Ctes buPi 

ion Cant ptoduct ices tq).., 

anrid lRistic 19,'l); }odi~ Z r'i''w cot""'-illhlni' 
S l 


p I 

ntichimitiz oryflhroc)Wt e113 ' 

. 

I '7i of'd bv l l l il ; ,
C'Cs ( laloney 19i) aid f" ' 

. . ap % , 

h.iO coltilill, (C;t Lt ,. 

n];i/i.lot~tcvtes i stli tltof 9~ I i . , 
' 8d) ,.

9"83) and artificiallyt;illnli CI 11. 1981 i rl. ll l101*1l 

11t1• Imnc a'ch iev4edl i!tr 

i" colloidal sols of rpi '. itlr 

I ~r: - sse.e , tsl,,hd tice in cold PIck's salin G. 
., ., ,.l ,rrl eI ' Percoll) , eld ing iltrents 

e of 5 )01 [LI. a nd u ed 
. ,, r i . , -,tC C (it lil 'C tit ' lttl .u~, t d od t t a fi rtal vol rri' C i , ll tf 

ait.4 ( fo llno longer than 2 hr. 
C t 1- jtrtllt' itelv o itol 

•n O t1P 0 1 d C 
sedil i le s% 

of I'eTcoll Pferied ai concentri -',it , (ifIIin, ,.' d C l , uh . rund rc d -rric lo lile r vol o f ile nt %I la y

.- .

' 

I " ic' ft d elclribes the eed m er 75-ml vol 
y 

rC o 
fo n 9Il to .(M; I I I lOtoI . 152 %'rmI). 

. .. ,%fi 1th1ll ttrific it i llatnd Co)n- lions ra ei g 

nl ro Io it Ce a nd e ll- tibe i 158 trotnlo g l we re cetiit i ctedit 216,O(lp, for 30 
. . ... . . . . . . It. /, ,I1i% 

\ v f i iirit in a Sorvi! RIl, ccifro'e ssith a fied ingle 
" me care fu lly co llected rotor 1 a: tS31 .IU . Factioi ,s 
iau t er pipe[ andiolin top to bottoi t iti,iii t1 tdcd pn 

\% l time, saline S%:cks G. teiarsthree itt coldill Mlu S m l Nli- ) 
N I I ll e e p ep; t d. s"-eit t ei rttdM ,an i ic ro (19 , e r i i e d

I \ 1 S \ 
c o p ic il ly . [)e n of a mpl e f t iokic s w s de t e r -Qtt s% 

-. . f ., 'i I.a nin t o ,ite tj iri le vco c o . \ le \ ico . 

* .-... ,j Ill. piOytlded by A. unified a rt ceiifrgrliion by wrnlparison of the final 
v It %%is kndl Dr. C. 

%itl calibration tubes of density 

-l.,, irtilke1 be;ad" l llrt lrci:ii plotted on the graplhic pro
'Y -MO'.5, IrcP .fkjt!lthititruto Naciotnil de Ciuilibt urn po,,iion 

\icol. 

il*. tn r1iii bol ire file of tIre lineJr ilg l eil of I'rcoll.-" ,r I.ll Ii 

1 c',rteentr' te incc:ce t iwhtesles. cultures 
 it all 

..... , C.,dme, !ccr, intro rerile l:AstWs col-

s tCl led. Ihe erythrocy tes \were
 

......t .. t*.',j.l ar1d dctl r rjli;!lCl by getle aLi!ai- s tg of gro llh e 
" , 

-. r. , cold I t'ck
' illin i \ icd thiee littie,, it old P ick saline G It Ifl100t,

-,te o-c ill 

l f :Io- :or upper 111 ill. PackCd er throcy tes. in \volunes of 5001).I. 
. II ''i'. th - trost er) n 

Were "ere mixed %itl 7.5 nil of stock ( lOl(; ) Percoll suts
. .. *ljt, tcrill e . ;ilte er, thoc)ltes 

I'n. sainec ,ill a 0"o'; I Cconceit- petsion aid cenitili ed :is d,-cibed ibove for Ireri

- !, '.... d He pl:lNNtd thrrorllaic ll /oilte- lie fiititi %met collected and iahed lhree 

. UI. t to lIre density of the finc

' 

., i ,,lii'nir r V,!n,. ni.i to Ixtlail. tines intcold I ic k ilihe (Q 

!, *'..sW I hAoc tllQ hitte procetle lions wurs calcrltrted ;is descli be for the rerooteS 

ustnA thre prolile of i cotrlitnsoitding Percoll gradient.
.--. I tlion mnd 

1rnn! Idl:3ortird inmodified by 
1 crrltn, et the To qiratitite recovered merozoRtes and infectedl prrpioyed tb 


u rrd Ristic
. . I " -, lc\n nl 11J)j arnd emy thioc)les. ntelroite frictiols recovered after cen
ial i I arid or b lie !ethced tlifrg'tion \\Cie dilted ill either Piick's saline G or 

"* tit ' lb i',, ,t ai. l'i'I :111dtied 1i .61 ! n so-liirit citrlte saline solution, and tire 

4,,.cmncrrn., tlrtiloc:es. nurniber o! Ilitionite< w;is deteirritred by contrtin,, rid irilected 

"'' : wllted Wit "i-cir- (45 nt flak as a ttovtitg iterotzoiles in a hefnac Itfleter (American 

N"C 11'; O ptical. Itiffio. NY. 'S\) under phase conlrast ni
%'tfipetioti illt ledirtir containing 

. Red blood Cel! fractions were et:altrled for 
- . lleC f tt. (10t; ieditlnti l 9I sitll ClOsCOll 

nd !o t ft S 2-12-htvrloxyl-l. I bis enlicthitient in tiniber of infected erythrocy'les by 
Ie rllrtl , ic acid. corlirtitrg at leaist Il0l er-thriocyles in (iei'sa-staitned 

' witlh the ini" ,.-i'ittnin in \ohuiires of U.4 til.cnlt or I1,12 pieparatiorts aid comtp:arinrg the fithg , 

' 'n,;ubited it1airiolpheres if 2, O, 5' tial percentage of irfected er~throcyes. 
* %. or 5 (1: in air. Srlbciillire,, \%m Cl i deteotlite tle viability of ltie parasites. nero

ino l 2 i ices-,,ritiiinry to ti It) / iitz5 mi c:rideicled tau:t s orf infected er"thrmc'lves 

" '' ','j er" ino¢\ Cs. sere iujusted tI obWin v uliris rntioh of rmeroioiies/ 

- In.Jiir tii ars apes iip ol l 1111uninfecteid er! lhrocytes tr 2 i ;irrsiteini;r. re

'-- ,,. ilaIr.Pp ,S'sedetrni ssa" adjusted speclively Aliqiuots \eredelivered iniog%- ell mricro
fIl ti . It el 'sist iiler plates. cuallured utnder coirdilioi, of hiih o\en 

-;'''r 'lire \%iriis tedrrIedor M. 5,';(7 V.!. hic (G Ill v i\ "; ('(). itt aii I andt c ',Len (2"; 

"s ''- , I:oll .u ie,I i as s.t1ock sithition iii (1 ). 93'; N. ani coittpated io identical tniiibers of 

'a',d ' ,I I 1 1i nil.1 cilrtril lr risin! tnlleirled inlfected Cr liroc.tys roll tilhe ligilil cill. 
..... 'I 'iL sine (i I 10Nt as 1.059 grinI antd tite. Issu, i .) and 5 1rrelipCd. respeCtivels. front 

"" "": is!, I 1it. tire time itlected cilhiotc les iid itero/oiles fitorri 

" ' , 'lai 'itly phlse ci rtlsc" ciltirie srlpetaies \were collected inlil tihe time tihe 

-. ' irma pr ~ir,,, C'i,,t :t doiible foli, eit olitotll fol 72 hr. and p:rh1rsit-liaiii ere es-
Itnti 'h,: iicle:n1 ( atnllrrplhrr for lita',led b' cr iioitg it least 210ii10 ery'tlllrcr le in 

2r ,i,, Hertr.,ts" "" l... I' irl( stc (jitrsnasltrired ir/paoatirs. Twelve hurs after cul
(ic iied lsinte re, .,d . lhil distuibing ire /t tlei ers thio- line inili;lioin. ,lhletsr h rs froit free in 

j it ill(I)( it 4 C Jn 201inn. Sed. ,oite-irnitiirtcd cilltlres "me e\ait rited 1y lighl ln
, 



238 ROtDRIUEZ ET A.. 
Iiibesia bovis: NIiz)oz() 

cr wc py FIr axt f a io I t I. ev y)I;iid
Rislic 1983). 

a niI g ra uinl na ic all )y sh o 's tile e of" .p .l
 
1 ;j*,


I -ISUI+IS lion ill 26,0(1 .1,,101, 30 11111), l o r'i:. lj 
657( Percll concentration was found is the disrrihutioi O I Ifi"L.axrssdis or 	 %r'thba oet *ih'. ,.1o be optimal for the ,ep:aratiOI of Itl1.Ai'
ovi ios. M e o zoiles co ncer t ee 

tlerozcollec .tedl I I)Ind OIcs-cI
•jC .ll, %jl.*•
 aa distance of 38 
 to t) riInt fronl tile me- r Yhands Ile hi-h ClnisCLS, for'n g 	 ig lco . t .a diffu';c 	band at a slpcifice)If Oof ii nlf cclflmntotl e hi gh"viestapp .e j- 'r\ 	 .,__density ofappro\inlately I.(t7 g/nml. Figue 	
" C ~ , s"+ -hand (I. 12.1 to 1 ".'Silustra tcs hot i, the 	 '123 . . asr)o . of- a 65%, ei-, most of, thie ervthrot.,IcoIl linear gradient a Ind 	 ,'tiethe ill n at an t inf .it'c t i e po ii"lerozOiles "I\Voaddilio al bandh , sep: 'are to 1. 1I g 'n ').n ,f 	 i"fiOlm the lIero/, itos. were ol,,cirved. 'he L ', 

tippeitllost . Ii teaI LId near thie top Of thle gra- Y I reoee.rmIdient (5-7 frm hollni rneuis;c' i, conlti d l 	
ecl 1e 4a cerulP lln


mostly red cell mtetnliralnes and a fe\\ 

i os leSus di Purckls ,:il ,,h , 

nero- vereIy Ilanrered by cltitaphI ad ,'zoitos and 'or ghot s, c'itahring o)L zofite \ gJJzits , Cf ' ofthi f -ro, to YSSL'l le and,The lo h,,, located 52-5._ , , Imelo,.v ,e ,, t' Ves,. 
! 	 : 

,, I iO' 	 " -;,rf,,the le i SC.-,, conI sted of bofth nor,m l ilentsate Itre recordedC( inl Tihla to Ic). 	Ner oit, I qr~~e~ClIIlrp',ta,% .
crytlurOcyteS and infected]erytliroc','tes. eluded acc ra e evlutiwi op uI~rfi d 	 mlel-0 7 i tes afte r separa tio n. p slG b i r 0 ies dWene d i So l l j , PJ I '/*Ig re 2isr it o l i thogtil o eoibt eswA gradient formed with the 1(!0', rsritpm irn sto.eroli sedi ,)n P~ilPercoll 	 salinie soltition for coitlIlit g reul't 	, Ih micstock solution 	 -i' 1 t. raph or purified Bw\as optital fbr enri chmIlent lagel Counts of free nierozOites th;1:.,or infected eryt hro.vtes. At lo %\et concen- o)fittinledI using Puek's saline G tilm,trillions, the Cieu 	 :., Iihed fractions sedimenled (Table 1, Experiment 2). Giensi.,,. q i,cd without contaminating

to\\'a'd tile 1Orcl Of tile Rifle. Figu1re 3 dia- preparations examined by light IlIr,,,t,. i ci' nd 	red cell stroma.were virtually free of erythroc ¢, ,
crythrocyte/l(0s ierozoites), r it originally quantif

4 .,' 	 :tline G and mixed with n,'Tb qianlitate infected erythroccI ;, , ,te'.thowed

1.14 m 	
t 30% viabilitymmbrane 

,,,,woi,, 	
tions collected fitom 100% 'CPrcohll glr:; A 

1.12 	 Li were washed three times in Puck,
BC G, and samples were taken for dot;c i .
 

-1.10 ion of p 	 uarsil emia. The percent c - ,r oS1.00 	 sitized erythrocyle values corrcp,n.,Original cutl 	 141e.adfost enidc 
U 1.06 tions from seven experineonts ;Ire ' " , i I
 

104 rized in Tahble If. The parasitenriii !nI.,
lions fart hest from the ncnisci I
 
1,oaInlgeil 
 froml 49.33 to (,5.45%, (tc.in ' ! Ii 

S.98 SI)), representing - .50-io 1 "I., itI I2 4 6 enrichment (6.80 mieini i i . ~i i n t 	 e . +~ u.3.3' "dC~ SI)l I.-I ,___0
cm from m.niscu, located higher
F:1(. 1. D~ensity- callibiaion ciir\e and dliaipatinlnatic 

in file ra iinll ,I' 2 4
J).\'ce r p ercenta ge p a r 't ize d c l , ' ! I lnmil) calibratinn curverepresentalion of the 	 cm from m en scus ani cling,p:uati m of lalic.rt /ea, itik iro- A band of red cez~iICs ini iso-t1u,;m 651' 
oll lb i ft r\%,I% "e' .'+ uW,.,&-nic t'rcott after 26,0l00q cell-	 oif crthrocytes infected wil'at the lop oftrifiigafion 	for 30 min. ie gradient, and :1,fl * k- itl ciculture 10of InerOzoites loctaled be allh it 	

n r inft iso-osmot 
' ."' X I$If tclrntrifugtin for 30 rsin. 

#,1,
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S to q u aIf ti fy f tc 

Balb.%iAa bo is: NI-FR.R)7ZtITE VU RI ICATII(N AND VIAIBILITY 

IlOWS the profile of 
-Percoll after ccn:,,e 

. 

,,,A 
N 4 " , 

r ..30 ruin. Also ii!u',,I 
l of iltfected er1rhif 

1, 
"% I 

. 
'+,a%, 

percentage Of tle 
ced. Red tbliott ce~lj 1, 

Kcrcoll fored ,,t \lc'Lct , ild 

PhC llillest ontct~coc . W
,, 

?6 % , . . -. 

IW 

. 

A S 

,". .. 

Is. 

1 

to I-I'", CiiiID, v:4t 

.rOCtesP' - .ppea,.d • ., 

erniediate positithdn Ith fCicre ci. ,,* ,i,".' d . ,"14' " n. ' l%" I 

rnm Iuck's s, I-ine C ,,r Iby clumpilg ,rid , 
" . . 

, 
, 

-. 
, ',,L.. ,1

' . "
 

.1t s to vessel il S , , -r A 

rded in Il-e I (17%;r . " 


!Val1na11uon oif AM 3.-, 

onded in soiM Ci' 
at,'I.,irCO 1llPn reCsul,. I ,_ I h1t I l. ' iu iL'Itraph. (' pmti i i I fhint-Wrozie ,iifit 65 |"er, lWtriliiear gradient 

.C e ro.'otites th~.n ., ;cnrlu;,i ,.,-° 

k's saline G tluom','
lent 2). (3ije sa-sjt, t,'IctiC\(d \withliout nat.im - tiniated b\ counlirig thc number of infectedcontailri .ntC 
ined by light nii'ic T," aid red cell strotna. crvthrocytes at 12 hr after culture initiation 
,e of ery! hroc tes t" 'c fcrvoite,. originalily~ quart ild in (hblc 111. Experiments I and 2). At thisrozoites). ,alilc G and, 
 mixed with normal Iimc. the number of extracellular merocted f ' )Ctes, howed .r 'lirocyes.30'v awi:ilitves- zoileN was greater than tlt calculated (6.8rII ( 'ercoll gi :iJ: and 3.7 nzil() nornial erythrocytes) at theStimesll ickI SP 1 time of culture initiation, and their quanti're taken for deltle;. 0o tation was difficult dile to clumping. Cul-

The perlcentCe P: 14.o 7n lures started ,'illh ncro~oiles counted andvalues correspodi.' . t resuspended in sodium citrale saline solu
[''piri illre lnts SUCI'drlost enriched ft, I 115 50 tion prior to mixing, \%ith nortial erythro

priricws s.- 100T 
ie 

c'tes showed a itnch higher vialility rate:ts 10W '. a wili- ('Ihblc Ill. Exlperimierts 3 and 4). '[le rein
104 vasion rate at tile reduced 0, atmosphereo 6545% ( •an 20 was 89.12C( (mean of Experinients 3a andniting 4.501- to 13.47-f" 10, to 4a) of the originally calctlated number of 

an + 3.30 SI)). tIL-' . tree neroites coipaied to 42.69 (meanIC gradient had 2lExp rieriits 3 and 4)when the high 02 
raSitiZedeff)'lirOC1. cm from, meniscus

%\a rio t a ltn n u mhb of e x 
ll lrt, a , of er% t infected %k . uI 12 
eina i c r s iini:u O rlie re w a s u sed . Th e e r 

ands ai tN" UHM~ltti 'roc'tes i Ih ia tracCllUlar m roZoites olscrved at hrlIercncHitafvii)rloul *d i rorn ,Cu111r in r i,, -'10,,,otic l'erttl aftcr culture initialion was negligible in bothbelleal it could '6)( Ccrllil'Iigatioln
for 30 inin. cases. At 72 hr ifter culture initiation, both 

I"
 

I"
 

' : 

I 



I hAHLi ,infected erylhrocyte pipuldlii "'

tIi.et P l~blj Ptli i cai 'c kocyvets have a lower- demsi11 *(hall infected ery',lhr.lqe ( I. 
ecmld(ric tNo. I'..( nu" SLS '1 N - . ofu e!L\ptci ' 1'.(1.4.; m ,C 

. "' , ''
SC ",(; " 
I A 4.4)2 1I)" Jh ,t.".Previous Oil . ,I- Nt) reports ,tpar 


Ii2.81 M4 NI)Iih
 
C 2.77 .. I' N ) i' ero/oIcs on i ,
 

2 A N )l, (I X0 I0' lures (I. \' Cla/..1981: (;I \cl , I "" 

IH 2.2 IU 1.15 I res;llted ill p'paIautitwr, ofof i . p 
(.+ '4.lI ) It) I 42 Il1" Ile raw material lued 10.r P rcl, ,' 
0 .X0 2 7),t1.-1 u s e d in lI h is r ep o rl . Sp ontjarj e o , , , , '
 

Note. Qu;aiit:i(,, t'ftIee liii.'/O it \,I, pcl- ltiotn of free tllel t()/i.le, , ,, 
ro it'd by C01Mii,, iMiO,ii iCi!o.,it,,.~~~Cin Spiret li J'" ",',j* ;i ' €,* . 

:1h,,i:,..y- r flask culures (1.p ci 

1uun c11 1i irC ,. lt' y\'( ; l ndd .i +
rc i: dic tu11g p hre fish po lle l r ,I
 

fill~ avflecoolev
 
'l'SC; (. 1197)). Accordir hti lh1 ,htIor ,t S
l'u:k, ',;diii 


SAS -- Sodium iir -;itC ."',htion. preclded c'tle qoillli , , ., ,

' Nt) rio) ,Jric. forms. Th-y also reported iljtt,,.
 

rate clu mped flCIO/Olt s h If\Ui'get+,,,,p
 
achil-citralc--dh.xilowe,..\,c.. 
 ) 
of etlq le e.-dia',miun tetr:l'cClt, . ' / 

cullires had lo Cr percentage parasitkied aLents cOlonlM1 t"Ned to h- 'C 
erythrocvte, tha ctltures initiaed wilh in- evy V! ,l.(1981) reported that to. " 1r" 
feted e rv te,;. . lht it i oiffree form, , I r ehrc neou ggl n . ' mn rtgaph of con 

Percoll Ireattclcl to enti.-lh for infecIed alt physioloclic temperatures 17 (*, 
erythrocytes had nto dnrimental el on this phenotmenon could Ie pw'icw,?.. ' 
the capabilit, of infected erythroctes to dtced by handling all itteri, .AI 
initiate cultres,. and replication ingeneral the present study, splitanem, .:) .,n 
seemed comrp:tranle to conuttol. non-Peoll ion was observed atlall ta'c%,, ...AIRLE Ill
 
treated infected ervthrc,.tes (lalble IV). preparation despite careltfl t:tr,,, ,, tirc IhIA'.i, boi.s Merozoi 
The Percoll method yield,; le ,kocte-free 4 C, and ,,cotrer1 "rcoll Separationthis phenomenon 1. 

[,.}ill~lfil'11)0 .... . 

"AFItILE II hlRlc 12 hIr"
Conceitiation tf laiihcia Im i Infected 130%inC I lthricyes hlI'ercoll (GradP,:, 'i-"
 

6.80 1.97 
Hand of I 3.7(l 1.07 
hiphest 2.311 0.93 

Epeiinent Inilial concernuation , ((.93
No. culture 1"1'1:1 ('l'E) Ellichincnt skil r i, 1.92 (.86 

0, 0.81 

•, !__' 2.37 2.16 
I 9.10 49.33 5.-I0
 
2 
 4.25 5725 1347 V.'t %' I r hilihcdfig," erylhrocyies. 
3 7.57 5523 730 it- atcd itoinitiate cultures 
4 9.27 5.68 5.5 j. , of nitro/oiles.
5 13.26 59.85 .1.51 .4 #, I 
6 12.71 65.45 5.15 "1 . I .the tuitic \-ere sampled an 

Mean ± SI) NA 56.30 ± 5.98 6.88 ± 3.3 ," . 'ar"'n ined.-- "- <,++ I. .. . er rtu~ e 
a PPE - Percentage rarasitized erylhicytes. "+ .. " .u - -rt'e 

Numies rcpie,;nt Ire percentfage yield aiftotal iRHt urivd ith Iercall. ' ' d 4 mcre iicubted in a 2 
NA = Not aipplic; hle. "
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cted ervthroc%te preparations silTcs 
 a Iower densit (I.-


!n infected erylr1 ,1' I 
( 121 

I SC ISS IO)N 

reviois reporls o separation 
' '
ts (Le,', ,'ta!. 198,: (;risel\. e pi :

rawrnate i s mrol Seplited in PIcpairtlioru of siruilar 'alo' 

WSSin this report .Sportl ie , i 

irer dflask cillures (Lip ci)).Acor in / i ii .t t e hosi i la 

rep~orted1 b, Gr aveJ| ly\ arid co-,['
uded aCcurate quaril ira iron of 

in0I('IC Iq 
. Th. alfeo rleored failtue 

cimped lref '\ib 'esr i i" 
hrlene dirnrne tl "In Co-%%,raacr i 

ccO!llrliO ng t'led1 111l1l te 

ecla!. ( l9 111I poitled Ilhat p
dgelut iral ior of free fo~rms oc'. 

UlOo(dg i~lte rrp .il [mKrl .7 (I)lld 

3chtiuerimi corLI erbe rehd,.A 
ryItrillic mall ir er ials a 4(:sent sftlX..p' l rrIareolr aotiucobserved at all s',' 

tl. lie s________'11( ' dep c are fl,,lr.,, 'ip lukilli 
uus henmenosemedle


egledntllationion 

ih o, eri Ik t'-ill S...e, f 
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I 4 I'hi iiii raph of ¢on c ciIr:,ted ilhc
,c i I,,ii. inferced ervhiimcviles after 100%fPe rcolI..rtnItare(oft 

Fs T"II1.1 111 ot Ba acentliitd e after Percoll separation. The 
___I________ p h ysiolo gical% ,1,,.,,,lre , /l,,',i ,i, Nleo,i,,c aftert, u e (f a s od i m 

Ptc~l__,_____o 

I1"tei 


II '' 
ptrl nti (l . _ - h12 h," 

.TWIT72ilr 

2.. 
 6O 1.97 

Id ;.r 1.07 
No.l RHOItll' 12 1Mdued .l 
4" I2 r).r, 


-2.1.-(. 7 . 1.97- 1.07 

.
 . ... .... 

\I t ited toititie cu tti 

ii et tt,, , 
I. 12hr. 

5.3.5 

1.4 
72lrj3. 

5.,51.40----

r,it RI C 

;::'d P le ll;wn C'llietsIl' ii1n sle1the< .m plhdatd Gieta.
v\il rle,ti,
 

-n l inl .were iU:,hl'ca.d 
Sl r* ' . .i cul ;tttleditta 2";M .. 5' 

il;titiN 

cit,'ate solution (10 .6 1 ,,,)
l hyilicdsaline (.1 
 ,+ aI e
 

of Ihe free forms, 

r'kiu g a c cur te Clra ntita tio n o f Pe rcollducId 

l 

separa 2I i)t ianattedmerozoites possible. Superior in
fecti'it of erozoites in sodium Citrate sa
line solution resulted in infected erythro
rnake ig a raten it to f ctl .9 Ito 11.2 times e.ftere than 
t9lose obtaiired with trnerozoitesl ib Pucks 
sline G. ohist of sodium citrate salinec 

solution may simply be related to reduced 
lllnpilLg b tillsince calcium is reportedly 

illIp O r ilnlf r p l r r d il ati t atc ohinle nt 
host cells lhnso,. et a . 198)), calcium 
cheltion by the itrate component Ilay
wrant fritier investigation. These results 
Confirm aind exfeld Ilhose of G ravely of (1. 
(19 79) and 1 ' Ill.' ( 198 1) w h o a sse ss e d 
te
he viahility of the.free forns by anini l in
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Enzymatic Characterization cf Babesia bovis' 
S. D. RODRIGUEZ,7 G. NI. LENING, C. A. VEGA, and C. A. CARSON

Departmenri of I eterinar,,.Ihcroio/ogy College of I'etcrinari Medicine. University cqfMissouri Cohmbia, Ifissouri 65211 
'26.: ABSTRACT. Agarose gel electr,phoresisont deh'.drogenase, was used to identify metabohic CnzvmCs in Babevia boviT and B. higemnina. Glutamate 
pa05 

lactate deh.drogenase, glucose plhsphate isomerase, and he,,kinase wete identified in B. boris- and B. bigeminainfected en throcytes and B. boots inerozoite preparations. A ipecific eiectrophorctic mobility ,,as observed for each enzyme. MalatelOS- , rhvdrogenase. glucose 6-phosphate de',drogenase, 6 thosploglucnnate dehvdrogenase, and aden late kinase were only detected in 
normal er-.thiroc. te preparations. lnter-sre.j!es. but not intra-species, variation was noted when comparing electrophoretogra'ns of both 

pr(" species. Kinin-activatrng activity was not detected inB. boris-infccted erytirocyte or merozoite preparations at pl-I4.2 or 7.6. 

Aof rHE biochemistry and physiology of Babesia organisms has 
Ao 1 genc-ralls been documented for nurin. parasites. Rickard 
..-. 
I1-I .1, studying the carbohydrate metabolism in B. rodhaini,"from found that lactate was the major end product of llucose metab-

-cies oisin and concluded that the overall metabolic pattern was veryimilar in both the parasite and host red blood cell (RBC).anat- \lomen (9) us-d starch gel electrophoresis to study metabolic661n differences bet,seen l'lasmodium and Babesia in mice and in-
fll- dicated that three en/ mes, laclate dehy'drogenawe (LIDH),g!u-

p.. cose phosphate isonit'ase (GPI), and glutamatetdehydrogenasec of (Cf)l 1), of eight en:\ mes tested, were of parasite (B. rodhaini)
hin origin. In a later work with several known Babesia spp. of ro-
si1 dents including ;wo isolates of B. microti from hunans (10), 
,:e inter-specie, itt not intra-species, variation was denitonstrated.
 

for GDH arid ILDII. Intriaspecies clone variation Ipolymor-
eti; Phism) has i,,.enreportcd for GPI. LDII. and 6-phosphoglu-

Conate dcehdroi-enase (6-PGDII) in P. fllhciparum and P. 
The knowIhil,si(3,'4, 18).
tO- P,oolytic activity in 11. bhois arid B. bigentima has beendoeumented (22). This esterase was found in particulate extracts 
lIcr. . 

itsJ R So|)pp0 ed iii palrtb) U.S. l)epartmet of Agriculture Agriculturaliearch Scrvice Cooperative Agreenment 58-9A1IZ-2.655. Dr. Rodri-& tue,%asst,Supported by grants provided by U.S.Agency for Itternational 
o-D.Vga;,t:ac~~xPioed
Ice DCVelpncrit ;(:g{ I ;,;;! tll:li ,,tgns
DPI-5542-G-SS-01 .0-11 and IVE-55.t2-G-SS-4026-0l).lIbrftirtlrcr wet k: d,thle"Flstrait, :t 1,.t,,oris, isola ted from,f br, Vega was supported in part by a fillowship providerd lv (Consejo

Nacionat de Cieicia Tecilogia(ai agency oh tre Nlt go. e-can " 
rCet) contract No. 0')7118 and a grant provided bv I.S. Agency for 
A lI)veloprnnt ID1'1V 5542.- ;-SS. 1t.'6 1)lnle1lona 


+Present address- t4S01..l.S.- Microbiolog. 41)1 lotes llridge Rd.,
flethesda, Nil) 21,811. 

prepared by treating infected RBC by sonic disruption or hy
potonic shock and was later reported (23) to activate kininogen 
to kinin. It was suggested that the coagulation cascade was triggered indirectly through kallikrein activation and massive pro
duction of cryoprecipitable kininogen, leading to hypotensiveshock in 8. boris-infected animals. The present stud) was oriented toward the identification of metabolic and kinin-activat
ing enzymes in both B. boris-infected RBC and spontaneously 

released nmerozoites. 

MAVERIAtSAND METIIODS 
I',rasites. a) The KBb strain of B. boitis (from Dr. K. L

Kuttler, USDA, l1emoparasitic Research U.nit, WSU, Pullman. 
WA 99164), a Mexican isolate that had been maintained in
culture for one year, war passaged through nine splenectomized
calves, and returned to in vitro culture for two more years; b)
nine tertiary clones (recloned twice) were derived from the KBb 
s rain by the cloning procedure previously described (16) two
months after passage in splenectoi'ed calves; c) the Falconsttr:in ofIB. boi-is (from Dr. K. L. Kuttler, USDA, Hletnoparasitic
Research Unit, WSU, Pullman, WA 99 164) was originally iso
.latedat the Falcon Experi ment Station ofthe Texas A&M Uni-

Nersity from a clinical case. pass:Igcd thlrotgh 13 splenectomizedcalves, and frozen at - 70C fbr two years, inoculated into asplctrctomizedl calf, reisllateu, and brought to in vitro culture 

cl.) iialcae atk (ie unicip ralitof'B.x i-oc, eicolate, frme
clinical case at the nicipality olexcc Mexico State, ex
ice,
was nairi:tined for oue yt'ar fro,,en at -70'(C, inoculated 

intt a spli'tect tiid callnad ,milr,lit to in vitro culture. The
iTi stra itt Ofh It01-s. 1w 1. l/'iQ'tn1t sIr:aiis (Nlex and ('lig), 
and a tertiary clomet' eti'ed f'rmt (Uigwere irlitiitted fromn The 
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TAIII.E I. ,tIhtalic01:11,1'nes ,vjtldlied. 

Recorllflnded natlne Ctode nlrtiliter S.trnlatric l leGlutamiate dehydrogenase 	 Abbrlt,"E.C. 1.4. 1.,1 

(N A I .)1') L-( luI : N AD(I ) ' ored u se (d in g ) 

nanl
a m ale uxid ta ear a tin Lactale dehydrgenasc
'hosphoglueolnate del)'drogenase E.CI...1.1.27 l-I.actatc: NAt' ,idoreduclase


(dlca rhoxyla i i) 	 E.C. 1.I.1.4 6-Phospho. D- ucurnate' NAD)"6 i l a 
2-oxidoreduetased :hos ut NgA 	 6
pIIU tucose phi isplle isomcrase E.C.5.3. ( I)-t Ose.6 lpsa hI ketIlson(Jlucosc-6-pl~hisphtaie dehydrnigernae t ;erase


NIalate deh.rrot'r'rc l ).e1 E C. I . I. .-19 l)'Ulhtcose6-luirsPha~el'4\
. 1.1. 1.37 I.-Malate: NAI)' )AII I-oxi dorcductase NI )llI exokinase 	 l\iitt.tas,E. 2.7. l A P: 	 )-heos c,.lflst4l9holns er s e l 
Adens late kinase E.C.2.7.4 3 AT': ANIP phiisphotansfcraseIj. 

IlK
 
A K
 

Itterrational I Lt' iprotIozoan Project. Instituto Nacional de Ir-
s'estigaciones I'ecuarias, Coajinimalpa, Was set betweel tIle(GelBond-covered plate and a Secored l':.,.
Mexico D.F.l'url/f',ltin ofmirof,,iet's anld in!'ect 	
plate. The chamber was held in place withred bloo ce//sd iRBC). 	 paper clamp h.,.Percoll purification oficrozoites and iRIBC Fom in vitro cul-
Percent agaro~e gels were prepared using low (<)0. I')eletr't...dosnosis H(Ilure is detailed elsewhere (17). 	 agarose (FNIC Corporation) follo\ingInfected RBiCs in blood collected 	 1 2. AEfrora a splcnectonized calf inoculated 	
Ihcturer's instr;('tions. Agarose was suspended in appriii,with tileIT'D strain of blllkr, heated 	 1 R bos. /B. ovis%\ere purified by tile 100)i Percoll proceduIre (17). la-

to 100 Vj"vith constant gont, Stirring. and t | RIIC;at !his temperaturebcvia il't,'cumm 	 For 10 to 15 minstrains id clones were concentrah.d using 	
so that pariiiles V.rrr .,Pcrcoll lineargradient as desct ibed else\\ here (2 1). ( ultures wete 

a longer visible. 'Ihe gel soilution was allowed to cool tC :pp,centrifuged at 1000 g imtately 70"(C rud poured I
for 10 in . tilepacked RPC fraction 

into prewa ied (7UC) casting ,vhl-ddive'la) ered over 68.461ii Percoll, and the tubes centrifuged at 30,00)0 
bers with the:aid ofa pipette, avoiding the formation of hut , i .cfor (g for 6 imin. lands containing Q0"o iRIBC 	
Gels were cooled to room lemperature andwere c,,llected and in 	 later Stored at4", t 1,L-7processed 	 a hurnidity chamber.They were used 24 to 48 h1as described olr B.,,i, after 
 e mM cilaralion. The covering glass p!ae \as wihdrawn withe,,Za,,we\Ce adjusted to contai I 	 t~o hundrtSa/1111cs./or*M(Ita',lic enti.1'tmc.tevtmg Nlerozoiles and iRICx 10" iRBC or inero/oites 'pl.Prep- trenches of 4 I mm werearations "ere 	 (Gehman Instrrtrents Co., cut with a notched tr:,ugh cu!.,. 1 9 4v)andfrozen at -70'C, 	 nn Arbor, NlI), and 3 ,lof,,thawed, and their centrifuged at (3 x 	 ,, ,the10,000 g for 10 nli n 	 106 iRIlC or merozoites) delivereda nticrofuge (FishIer 23511). Supernatant 	 into each trrr..jfluids were aliquoted in 5-'l volumes and stored at 
Trenches were refilled with warm 	

4(1. TCA I 
70	 agarose after ahsorp,o,- 'C Lntil 	 .. ,Jisilledused. Suspensions of normal red blood cells (nRIC) were pre-

the sample to avoid distortion during electrophoresis. The rpared metabolic enzymes t.'sted were 
i , ! f aciditt the same manner and adjusted to cornitaIn 2 x 10" 	 tateIa ,dcvdrvd.na. i i yaurelactate dchvdrogenase 	 eie(L.Dl"). phosphogluco n	 a t ' f .e dehst I t 

13C1. 	 - i t.drcd Ph.lgar gel cec.trorhol.I,t Gels were cast- on chambers con- nasesisting of [o 100 	 hydrogeiase(61OD), glucose phosphate isomerase (GPI). malitr> 	 (NI)I I), glucose-6-phosph:|te % . 2 05-urn glass plates with a I-rmn thick 	 deh\ dr.rrsj I I1IIM ferr o.rr"U"-shaped acrylic spacer. One glass plate was covered 
((ioPDlI), hexokinase (I1K), 	 mea.uand adenvlate kinase (.\Ktwith a 	 I,,, I .:!ancc wzfew drops of water and layered with a sheet of Gell3ond (FNIC 
eight enzymes studied are listed in TableI.Enzne ac t m,it%, 

hesler,Corporation, Rockland, NIE), hydrophilic side tip. The spacer 
delcted by the use of NI lT-letrazolitini-linked color rrt,,., I g:parcd b:as described elsewhere (2. 3). Specific reagents for eachtri,,a ,n-jingan 
were purchased (Sigma Chemical Co., St. Louis. MO). I hcubation bulfr for GDH, LDHl, 6PGD, and GI 	

,'i). at I 
%%t,%tliTris-WIi, 	 % I Cotp-i 8.0. and fbr NIDII, G6PI)lI, 11K, and \K 0.10 NI 	 ,, I .prepartYris-I LU (NIDlI, PH1 8.5: (i6PIDI-, P1H 7.0;

nRBC 	
Ilk J-.1 j (ppropri.AK, pH 7.4). After reaction, gels were destained, washed t,.,for 15 Minill10% 	 vxs comia!.1 IRBC 	 glacial acetic acid, and dehydrated undrrKBb" 	 ,,,filter paper (Whatman No. 	 .cous hycI). Approximately. 2 h,-,,
cm (if frrIlMisdue
 paper were placed os:,r th,"filter and pressure applied %%0 1S !.,itrate,

KBb mz 	 2-kg weight. After removin./ the weight. filter paper and IlU;.towel, gels were dried in a f.ircedl-draft oven at 40"C and 
' Iming ilhas permanent reccrds. ','. Mrg celfthFalcon IRBO 
ia 
n',,r
Samph's for kinin-activaiiug et'sra.sc. Samplcs for kin,, 

kinin 
livating esterase 	 li-!r applie(Falcon ur 	 \%ere ;repared by hvpotonric IsSis iid,,disrupt ion ofparasite material as (le'icri bed (23). Percoll.p ,,', 

I!4.,' acetiat 
I I1 1 1nM TrjncrooitIs and iRlCwith pat;.sikctia ;of65"h or hi"hrTO B IROC I :-'iscd allysed with ninle 	 c,,''olunit's ofdistilkd water or soric:it'd W11,; " ! it.),%%, 

'V TCB mz 	
cells remained intact (as asseserd by light nicrocopl I"r,'i '1,wandrations were centrifiged at 3000gw\'as tnixed \ilh 	 fbr i rirt. and tile 'ch''nine volhmes (ifdistilled water. Httl, 

I hplosp1
zt";'" rr heatnatant fluid and resuspended sedirieiti
Fig. I. 	 tntil used. \\ere stoled it *Agarose gelelectrophiiresis iif heokinae (Ili:) 	 *:'"ilc. \s." 
Arrow indicates point of origin. inz, 

I,?P. ,'iis. " vr]l ili t'vilr. F i 	
" llt 

nierozoites, iRlC 	 il ', :I r:' W .infecled RtJC; 	 r; i' %\p, , '.nRIIC, normal RIIC. 	 lovirig the procedure for m:imritn, ' plate
.ytillictic on. 	 tlie late of t100la ' lt)subtrates (15). Fiit:,Ipl satriplcs oI/?. / .tiill w'! long (3 
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__L LDH -GPI 

" nRBC 
K~b mz
 

1' nRBC Kab mz 
-O) W mz KBb KBb IRB 

f"iz Falcon Falcon mz 
mz Falcon _Falcon IRBC 

01-
L mzTCa TCB mz 

< mz TCB 2CB IRC 
,rid 14"C 

Ig m.i Z. Agarose gel electrophoresis of lactate dehydrogenase (LDII)

prorq'sv 1%,is.Arrow indicates point of origin. 
mz, merooites; nRBC, Fig. 3. Agarose gel e!,ctrephoresis of glucose phosphate isomeraseRBC; KBb,and h r-jl RBC infected with KBb strain of B.boris. (GPI)ofB. boris.Arrow indicates point oforigin. mz, merozoites; iRBC,'Af( , infected RBC; nRBC, normal RBC. 

nrtc 
 " delivered into centrifuge tubes (12 x 75) and incubated
"hu,,rt 
 i -"C for 60 min in the presence of 50ul of 100 mM p-toluene RESULTS

'd at4 .'n*l-[.-arginine methyl ester (TAME), and 100 ul ofeither 
 No variation in the migration Pattern of B. boris clones orict lVr, ' ml citrate buffer, pl1 4.6, or 100 mNi Tris-llCI, p1 8.6. strains wos detected, but clear inter-species variation was ob-Ic%4. ' hundred pl of 2 NI hydroxylamine hydrocnloride (stored served for parasite-specific enzymes.gh suu :V'('1and 200 j1 of 3.5 N NaOl were delivered into each Ghttainatedehydrogenase. The GDH activity was observeda.-;, 'e. the tubes allowed to stand for 30 miin, and 200 pi of 

I. 
as a faintly stained anodic band in B. boris-infected RBC andtrrN ' TCA (one part concentrated 1CI diluted with two parts merozoite preparations. No activity was detected in nRBC. There

lr(vni ':tilled water, plus 6 g oftrichloracetic acid dissolved in 00 was no detectable difference between cloned material and orig-Th,r'-
,r 

of acid solution) were added. After 30 min at room tern- inal strains. Evidence of B. bigeinina activity appeared in al(;I)II iture the tubes were centrifuged at 2000 g fbr 10 min. Five slower mobility range than B. boris (Fig. 4).th. dn' .'red Plof the supernatant fluid were mixed with 2000 pi of Glucose phosphateisoincrase.Normal RBC samples showedelae S- 'I I ferric chloride in 0.04 N HCI, pH 1.2 ± 0.1, and the two cathodic bands of activity, which were close together androgerlV t ;or measured within 2 to 3 nin of formation. Percent trans- stained strongly. Babesia borissamples showed a single anodicK. 1' I ,ance was compared ina Spectronic 21 (Bausch and Lomb. band of activity (Figs. 3, 4), which migrated more slowly thanli"itV 1! icster, NY) spectrophotometer at 525 nm against blanks the comparable pattern of B. bigemina.reacbO" I 'rcd by mixing enzyme, substrate (TAME), and corre- Lactate dehdroge'nase.Normal RBC presented three anodici cnn I 37"nding amounts of buffer and reagents. Trypsin (Trypsin 250, bands of fast, intermediate, and slow mobility. The two faster. The" ! ,-0o)at 1% concentration in 0.01 N HCI. was used as the bands were stained strongly while the third w'as broader, staineds 0.03 ' f':ive control. Controls for spontaneots TAME hydrolysis weakly, and was less anodic than the others. Babesiabovis LDHAK I" "prepared by substituting enzyme for an equivalent amount
IlK d ' " 

ac;ivitv was also anodic in position (Figs. 2, 4), bordering theppropriate buffer. The rate of disappearance of the ester in slow band of nRBC. Bal'esia bigetinaactivity was faster thanicd t-, ,, containing B. hoi'is extracts minus the rate of the spon- B. borisand located between the slow and intermediate nRBCindcr' ' .l"us washydrolysis control equal to the rate of ester hy- bands.of tu' - due""l to enzyme present in extracts. ltexokinase. Normal1 RBC showed only one broad anodic,d ,wtt- .crase I and 3. Presence of Es-I and Es-3 was determined' ' band of negligible activity. Bab,sia bo;'is merozoites or iRBCnd p w -• the procedure described by Ruddle & Roderick (19),"Owing showed one strongly stained anodic band that moved faster thanid stce '19 cellulose acetate electrophoresis. Samples were prepared the nRBC band (Figs. 1, 4). Babesia bigemina remained closer 
"lrkinin-activating esterase assay. One-microliter samples to the line of origin.kinin'-" "rpplied to Titannd ' " llI Isollur (Helena Laboratories, CA) cel- 6-lhospho'ghconatedehyldrogenase, G6PDt. AK. and.ID.aceute plates previously stabilized in electrophoresis buffer Parasite-specilic enzymes could not be detected in any of the B..pun',.- MM Tris. 191 mM glycine, pli 8.5). Plates were electro- boris or B. biemina samples tested although activity was obher.til Isresd at 220 volts (constant voltage) for 30 min. EtzymeI ,Un 'lty served for each of these enzvmes in nRBC extracts.Was revealed by the use ofan overlay consisting of 1.0% Kinin-actit'atingesterase. No estermse activity was detected 

). P" ~44se and 0.06% (v/,) of4-metlivlunlbellifervl acetate in 100 in the samples tested except for the positive (try, .in) control.udirn'c' -.i Phosphate buller. pH 7. Agarose Was suspende,J in 6 ml or Trypsin activity was almost absent at pH 4.2. degrading only 
"Ic,
h 'r"heated to 100°C, and held at this temperature until no 0.0 13 uNI substrateI/mi n at 370C. Activity at'41 es Were visible. Substrate dissolved in 6 ml of buffer was pF 8.6. however, 

d With the hot agarose solution and poured onto the eel-
could not he tlistingtishied from the spontaneous degradationcontrol, which was total at 15 niin. For this reason, a pit 7.6aycd ",:'5"eplate after electrophoresis. Plates were allowed to stand hollir (10 i) NI 1 ris-I I") was used. Spontaneous hydrolysis at.l')On felperat ure for 60 riin and then exposed to short (281) the reduced pl Iwas only ().0 Nl.rniin ol'substrate while try'pat'* ' long (351) wave ultraviolet (uv) light, 

17 
sin action was cornplete. degrading all substrate by 30 min. 
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Fig. 4. Schenatic representation of the migration pattern ofgluta-
mate delhdrogenase ((tl1li,hexokinase (IlK). lactate dehydrogenase
([_DI), arid glucose plisphaah isomelase ((1P11). Lanes: I. rmin lRIX;2. Jial'edo 3l.vishoi--iificd RtI 3. i. rnerozoites 4. Bi.hig ina-

Esterase 1 and 3. Two bands of activity were developed after 

uv exposure. One was located close to the origin, and a second

band of fast mobility s'as located close to the anode. These 
bands of activ%:y were found only in nRBC and iRBC but not
in merozoite samples. 

DIS('I ;SI( )N
Results ftorn the present intvestigation clearly denonstraite 

that only four metabolic ci/yties, LI)H, (I11)1. ('3P. and IlK,
ofeight tested are piesent in I. boI'is and B. i.,mmc',i,ta. Tiis is
in agreement with observations previously reported (0) for ro-
dent Bahsia and Plhl,.sotdiut spp. It liits ;udv parasite from
host GM. L[)11, and (11)11, bit not (36P1)l., '.711,l and (,P(;f)FI,
weiee diflerentiated inBH.rwhi.IThe p,.ele of the same 

. , 4.n )%VMIlR 1986 
comlSinst of Ilsales of iRI c were used. It was nOted, hoer 

Ihat fi ilure to detect parasite-derived enymes was riot pro fi, 
e/nT 
 l ' a.ChI


"lc-if.. , ,
p lvsunce 7 . c •either to identicalor, .. elect1r,.. '[ n7'\11.((cnc ntrations beJlow 1ph"Icc licmbility of prasie and host enzYmes or thetJhe sensnlit o.ly f'l 


millnln/cd Ihc possnbility that hos! ewy~me may mask th%-siassayro()).Inthe present study, use of i (s e 

Iniaddition, nerozoi te and iRl3C prepa'rat'
% lliglly centrated and staining intensity 'vas llstalIy t 
enouh to demonstrate the presence of enzYmes tested. 

Th p:,.,-
 off!IV, ( 1,and LD IIV;-lot surprising inof previous reporis (12-14) indicating glycolysis as the 
energy poduction pah,way in Baesia. Ricl:ard (14)(;6Pl )1I in extracts ofi. rodhaini-infectect RI3C but ueslir
tle pri,;ence of a "unctional pentlose phosphate shunt since r.,olher en/vic ofthis pathwvv could be detectedmen (t) was untra however ,,.ble to detect (;61')ll. Since the present %ju,!, .,-sifcSI'la 

ascribed no such acti vity to nierozoites and "ctivity Of this ,1l7Vme is high in P 1317,it is possible that kickard mistakc,.
nicasured host cell activity. Iliaddition it is reasonable in ,suile that ( ;l)l I through glutlanate dearninalion could supp!, 
at least in part, NA MI or NA for other s,nthetie a. 
degradative purposes. Absence of NlDlI is in conflict vitl R, .
 
ards observations that hii lcvels of activity occur in B.r,,haini extracts. Nontn (9). however, fOUnd this enzyme in hoiiRB(C preparations aid noted that reticulocytes accounted f,, 1I 7.Meflrosiroplasn
most oftlt activity. Rickard (1-1)front his preparations and did not include controls for immalu., 

had not removed reticulocilrl I ..to and T 
Ii.elrO
 

erthrocytes. Polymorphism of the parasite-specific Cnz7ro..,. 
was not observed either in cloned material or strains from dif. I 
ferent geographic areas. The Kith and Falcon strains were pr.saged througlh splenectomi,,d calves (9 and 13 tiones, rcsts
ti vety) arid maintained for at least one nmonth in culture bt-,rtestitng. It could therefore be argued Ithat selection nia\ h,3r 1 
occurred, thus eliminating previously existing subpopulatIi.iwith dilferent electrophoretg nms. This phencmenon iskno. 
to occur in Phivinodium (, 3. 5,18) and Thcileria (7, ,,Il1 1' 

not to be the case with B. bvis since passage ofa cliniz,
isolate to asplenectomized calf and further cultivation in ':t,for oie month showed io cliatiges in serial electrophoretogran.tThis is in agreement with previously reported obsersatmni. iB.microti strains (10) and R. hIiotina-cloned materials (2(- I 

Inter-species variation inthe electrophoretic migration ol' ?asite-derived enzyme w.as noted ".lienelectrophoretograns v!
11. Ijovts anl B. t'intmina were comlpared. Similar observaitiw,
were reported lbr B. ht'lov~sc IL. mcroi, ..muralov. and to
rodhaini(10). Other bovine babesias have not been comparrm 
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but this system may be useful for taxonomic purposes. Hovr(6), for example, questioned the validity of the taxonomic ,xr I
aration of B. bovis and B. divergens, which are very sin:' ABSTmorphologicallv" •rpan 

Kinin-activating esterase was not detected in samples of h grow iboris clones or strains. This is in contras;t with obsersati, t mediu
reported earlier (23) in which high levels ofactivity (0.7 etri,r
units nil) were found in extracts prepared in a manner siri: 
to the present study. Further studies (22. 24) showed tlhat t:lr,r RYP!strains, attetluated by rapid serial passages in at least nie sr Ilatic 

-
nectomized calves (I), produced no esterase and suggr-est'd . !,ceae sp
this enyte was rela ted to virulence by virtue of its il!  :,mosan
netivating fntction thinli'uconversion ofiplasma prek:ilhiki'- 'Nlism,
into the active kalli: rcin Ilithe present studs. clones loStt'dI.N-bed U, in 
this enzymne \%-,ere derived fronm rone strain (1Kl3h) atier pais.r
niuje linl ,;itt "necto ,'','c:rlveg.and another F:lconl " --.
after I Isimila, p:lsages. Snrtli!S fioa Irl*"('13 strin. pIC'.l'renzymes inB. /igccina and the eol ha be icein infleted b,.od or in vitro ci'itr. Itad no acti,'docnumented (22). li ).\5lit tlhetse previous w rs. tO). prepararions Ptehitiry work (S. I). Rtdriguez, MS Thesis. I. i'ss,:'! T%wh 

en( 
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04'r,, indicated that a prinmary clone derivedLIron the K131b hl:v.iid c~lihnes inl e ith Tcilriaspecies. Res. Ve. S i,30: 38l 'cbJ 3Vi il,.vil lo t.i ra titaIi n , (iIC% ,aio 	 Icted 
.,.
i+,,.+ t~t'Llch'd in tihe same mnlier as Australian ,.aecine strains, 413. 

C , ... '.jcolg a mild reaction in bucinates In lull 12. Rila l, . I, ). I 0' 6 . C halboh in llal/n'iaitt reV'crtiI dlate nitalisru 
,,n..' \hcn possible thatile 111(1un: dillt.rnces in tle"metaholismi of normal and infected rat erythsubinoculated. Thus. it seCems h 

isan inducile or epressible trait. "is, howeser, dwos roc\ les. FqI,. /'araibit .. 25: 16-31.13. ---- I070. Carbohydrate rnetaholism!%! ., .	 
inBabesia rod!wini:cxpltin tle abscCe ofesteraIse activ'ity ill "1'113 strain sam- c:iiholidrate metalolinl and infectivity for rats ofcells freed from host
 

lhr . s.sud. including samplCs Ir,1 other virulent ,trains seelms 
 Cr\thl c'I'; l*,q'' l'apiitol, 27: 136-142.
 
101, . ..ted itclarif' the problem. 14-. 197), Calhohdrale metabolism in Ba/ecria rodhaini: 
.'%!-... ir.'estigaltio s \ b I .- C-labeled substrate and enzyme assays. Exp. 

L I IRI 
, R1F ITE!) 28: 5 2--520.Z017('1:0/., 

in1!-,.15. 	 Roberts, P. S. I 958. Measurement of the rate ofplasmin actionI T;	n', , ll(how..L. N ellors, I. & Nt('regor. \V. 1979. Reduction on ,;.nlhteic substiates. .. Biol. C/hein., 232: 285-291.
 
ft. , flcl'o'ttaT 16. RIodhiguez, S. D., fluening, (3. NI.. Green. T. J. & Carson, C. A.
oflcc b,,f due to rapid passage in splenectont i7Cd 
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Cultivation of Phytiomonas fran a Associated with Poor 
dII Development of Root System of CassavalI 
red 
rar MARIIYNF IlENNIN(; V.AINSTEIN and ISAAC ROHl MAN' 
Ic;' Dcpartanwento de Bioogia (Ct,'r. ('niverriladc th Brasflia. 70.910 Brasfia DF. Brazil 

ABSTR.\CT. In fle State of Espirito S:tnmo. BraiI. a c sava disease was recentis decrihed. and subtsequeniily a high density of 
t pa trnsotItils was revealed in the latex of tnialthy plants. To better clharacterize this IPah'.:t re. I '/t'tolo.,tasiratnrt, we tried to 
grow it axenic:,lly. Successfiul resulls were obtaintied using a biphasic medium containing rabbil Wiood inthe solid phase and a defined 

IT: f lied iur, as o\erlay. 

RYP,\NOISONI.VII5 ) flagellates have beel detcrih,'d in tihe There are Ihree well-known c:toes in which P/tt'lwntotas has 
latic "ts tts of several I-ttplhorhiaccae and Asclepia- proved to be the only nictrorpgarnisnl sp,:-lictllv associated with:aceae after"i species the irst report by l.afont in 19(),) (12). lettlt plant 1keases: the pltlti necrosis of Ctfcia /iberica (I 9). 

i ',ttOsani (7)sltggestetl the generic namie I'/tiil'tutfas for ilre "marchitez- ofoil palm (61,r i it halex planls. There 	 and lre "harrot' ofcocontit paintRecentliv -I species /)/ttare proably six species de- (I 7). 	 l' onta. firan'ai was Found as
o,"ilbed in 1ie gellus, each ihinl a dilleretit faIrily of plantls (13). soriated with a distlse known Is chochanento chs raies. 

which ne'nirs "etiiplv riois,"' illthe cassava (./atilti c.s'tctutfa 

(':1t1W): tile dise:se is cl:rtceried hy a poor root syslenlden'"Stig:ttinn sritt lcl 	 'h ''ili t rro the Nali,'n:1I P',"t:v! ! ,f il vttlft pllilln antd gret:;l ihli,,osis of the aerial par lfithe plant 
We th;ink I)r..1. 

1,i). 'hilip Marsualen fiihIt,% ith flie, n t ts'ripl. ( I I ).1 Ire presenl paper t.i ves t'lails of Ie1 "limt correo'nm,.hnt.e shoitid le senl. 	 istilalio 1nil cullivaliitI1, Ihce Ihl!;,ll;nr m l eileo Ih'F 'iasalalicill.rotus (ilt'et. 
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CLONING OF IN VITRO PROPAGATED BABESIA BIGEMINA 

C.A. VEGA', G.M. BUENINGW, S.I). HODRIGUEZ' and C.A. CARSON! 

'Depto. lleetoprotozourios, 1NIP. Kit. 15 1/2 CGrr. llex., Tol. Palo Alto, D.F., C.P. 
05110 (Mexico) 
SDeptrtment of Ucterinary Microbiology, College of Veterinary Medicine, University of 
Missouri, Columbia. .11 65211 (U.S.A.) 

(AcCfup)ted for publication 21 November 1985) 

ABSTRACT 

Vega, C.A., Buening, G.M., Rodriguez, S.D. and Carson, C.A., 1986. Cloning of in vitro 
proplgated Babesia bigeinina. Vet. Parasitol.,22: 223- 233. 

The original Babesia bigemina culture conditions were modified with regard to in
lccted bovine ery'throeyt(, concentration and atmospheric environment. A procedure was 
designi d Whi('h WoUld y'ield a homogeneoUs parasite population, beginning with a single 
infected ervthrocyle. (Cah'ulated dilutions were made in 96-well tissue culture plates to 
apl)roach (Ale infected erythrocyte per four w,,!ls. Growth of parasites in wells was de
tected )etwlen 1G and 28 days after cultures were initiated. Clones were transferred to 
2,l-well tissue culture plates for regular maintenance. Three l)rimary clones were selected 
for additional reclonig. The probability that the pprasites detected in one well are the 
progeny of a single infected erythrocyte pproaches 0.99 for tertiary clones. 

INTRODUCTION 

Bovine babesiosis is considered among the most important tick-borne 
diseases of cattle in tropical and subtropical regions of the world. Babesia 
bigernina and B. bovis are recognized as the etiologic agents of the disease 
in the Americas. 

Studies of intra-erythrocytic protozoan parasites have been advanced by 
the development of procedures that allow their replication under controlled 
laboratory conditions. Cloning of Plasinodiumfalciparum has employed one 
of two methods, limiting dilution (Rosario, 1981) and direct microscopic 
selection (Trager, 1981), utilizing the in vitro culture conditions developed 
by Trager and Jensen (1976). 

Continuous in vii ro cultivation of B. bovis has been reported by Levy and 
Ristic (1980) and Erp et al. (1980). Rodriguez et al. (1983) developed a 
cloning procedure after refining the B. bovis culture method. In the latter 
case a limiting dilution scheme was used and cultures were maintained under 
a low oxygen atmosphere. Vega et al. (1985a) described a continuous in 

0304-4017/86/$03.50 © 1986 Elsevier Science Publishers B.V. 
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vitro culture procedure for B. bigemina, in which a suspension of infectedbovine erythrocytes was maintained under low oxygen conditions. In thismethod, relatively low numbers of infected erythrocytes (0.03% parasitemia)have been used to successfully initiate cultures. The percentage of parasitizederythrocytes (PPE) obtained, however, rarely exceeded 3%. The present investigation was designed to define optimal culture conditions and devise a
procedure for cloning B. bigemnina. 

MATERIALS AND METIHODS 

Babesia bigemina strain 

The source of parasites was a Mexican strain provided by Dr. K.L. Kuttler(USDA, Hemoparasitic Disease Unit, Pullman, WA99164). Three differentsub-isolates (S, It, K) of the same strain were employed and maintained in 
continuous Culture prior to cloning. 

Culture conditions 

General culture conditions were basically the same as those described byVega ct al. (1985a). The following experiments were carried out to refine
the culture method for the purpose of cloning. 

Experiment 1.Dcternainationof optimum red blood cell (RBC) con
cen tration 
To establish the limits for the B. bigemina culture procedure, five concentrations of red blood cells were compared. A thin smear was preparedfrom cultures of B. bigemina, stained by the Giemsa method and the PPEwas determined by counting the number of infected and normal cells in18 microscopic fields. The PPE was adjusted to 0.1%. Packed erythrocyteswere resusl)ended to a .10 (v/v) concentration by addition of fresh complete medium. Serial 2-fold dilutions vith complete fresh medium weremade to obtain .10, 20, 10, 5 and 2.5/( (v/v) RBC concentrations. Each suspension was then distributed in duplicate into a 24-well plate (CosLar,Cambridge, MA 21793) (16-mm ID) in 805-pl volumes with 4 mm depth.
The plate was incubated at 37°C in humid 5% CO,, 2% O2, 93% N2 atmo

sphere. Spent medium was replaced daily with 400 pl fresh medium. Parasitedevelopment was monitored by preparing Giemsa-stained thin smears from
either of the two culture wells 
 for each different RBC suspension. At 72 hall du)licate cultures were sampled, pooled accordingly and diluted 1:10
with the appropriate nRBC's Susl)ension. The experiment 
 was terminated 
after 6 days. 

Experiment 2: Determination of the effect of 'seed' densityThis experiment was designed to assess the possibility of initiating cultureswith very low numbers of parasites. Two culture wells containing replicating 

i/-p 
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B. bigernina parasites in a 10% RBC (v/v) concentration with a PPE of 1.0% 
were pooled and adjusted to a 5% RBC (v/v) by the addition of fresh medi
um. Serial 10-fold dilutions were prepared by mixing one volume of the 
original 5% RBC (v/v) suspension containing 1% infected RBC (iRBC) with 9 
volumes of a 5% (v/v) normal RBC (nRBC) suspension in fresh medium. 
Thus, cultures were initiated with 0.1, 0.01, 0.001, and 0.0001 PPE. Dupli
cate wells were filled with 805 pl of each dilution in a 24-well tissue culture 
cluster plate, and incubated at 37°C in a humid 5% CO 2 , 2% 02, 93% N, at
mosphere. Six hundred pl spent medium per well was exchanged daily. A 
2.5% (v/v) nRBC suspension in fresh medium was added on Days 3 and 7 in 
600-pl volumes instead of fresh medium exchange. Subcultures were made 
by 1:2 dilution on Day 5, ard 1:4 dilution on Days 9 and 12 after initiation 
of cultures. Samples of 3-5 pl were obtained from duplicato wells to moni
tor parasite development through the use of Giemsa-stained thin blood 
smears. The experiment was terminated after 15 days. 

Experiment 3: Determination of optimal fluid level 
This experiment was designed to observe the effect of five different fluid 

levls in four different atmospheres. Several culture plates containing B. 
bigemina iRBC in a 10';i v/v concentration were poolen. This suspension was 
diluted 1:6 with a 10'; (v/v) suspension of nRBC in fresh medium to obtain 
a PPE of 0.05. This suspension was dispensed into four 24-well tissue culture 
cluster plates in volumes of 603, 804, 1005, 1206 and 1407 pUl in duplicate 
wells for 3, .1, 5, 6 and 7 mm depth, respectively. One plate was incubated at 

=
37°'C under each of the following atmospheres: A 5% CO,, 2% 0,, 93% 
N,; B = 5 CO,, 5/; 0., 907 N,; C = 5% CO, 10% 02, 85% N, and D = 5% 
CIO2 in air (approximately 18-20'/c 0,) in humid chambers. Proportional 
amounts of medium (75% of volume) were exchanged daily. Each duplicate 
culture was pooled after medium exchange at 72 h and subcultured by 1:10 
dilution, with a 10'/, (v/v) nRBC suspension in fresh medium. Parasite 
growth was monitored daily by examination of Giemsa-stained thin blood 
smears obtained from either duplicate well. The experiment was concluded 
after 6 days. 

Experiment 4: Dcvelopment of a cloning scheme 
Duplicate cultures, which contained a majority of singly-infected erythro

cytes, were pooled after medium exchange and mixed with 1.0 ml of VYM 
solution (Vega et al., 1985a). The initial PPE was determined by counting 18 
fields of two thin blood smears by the Giemsa method. A sample of the sus
pension was used to determine erythrocyte concentration by the Newbauer 
hemacytometer method. Concentration of erythrocytes was adjusted to con
tain 10" iRBC in 200 pl (based on the average PPE), by the addition of fresh 
culture medium. Initially a 1:10 dilution was made by transferring 20 11 
(10' iRBC) of the above suspension into a well (96-well microtiter plate; 
9-mm ID) containing 180 pl of fresh medium. Serial 10-fold dilutions were 
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carried out in single wells in 200 pl volumes up to 10-. Ten iRBC weretheoretically present in the final 2 0 0 -pl volume. A final 1:10 dilution wasmade by transferring 2 0-pl volumes of the previous dilution to 10 differentwells, all containing 180 pl of fresh medium. The final 2 0 0 -pl volume (theoretically containing a single iRBC) was divided into four aliquots of 50 pleach in another 96-well microtiter plate (average 0.25 iRBC/well). Theseultimate wells constituted a cloning set. Ten cloning sets were contained ina single plate. The peripheral wells of the plate were filled with steriledistilled H.0 to prevent excessive evaporation. Seeded wells were replenishedto a final 160-pl volume (5 mm depth), by addition of a 5% (v/v) nRBC sus
pension in fresh medium. All plates were incubated at 37C in a humid atmosphere containing 5% CO, 5% 0,, 90% N2. Fresh culture medium in 100pl volumes per well was exchanged daily. Addition of 100 pl well-' of a2.5% (v/v) nRBC suspension in fresh medium was carried out at 48-h intervals after subculture. Subcultures were made every 96 h by a 1:2 dilutionwith 5$ (v/v) nRIBC suspension in fresh medium. Detection of parasites wasdone by preparing thin blood smears for each well at the time of subculture,
beginning at 384 h (16 days) after initiation of cloning and every 96 h thereafter up to 768 h (32 days). If the number of parasites found in a smear hada PPE of ; t 0.3% the contents of that single positive well were transferred toanother well in a 24-well plate. The culture was expanded for continuouscultivation by adding a 5% (v/v) nRBC suspension in fresh medium to a totalvolume of 1005 p1well ' (5 mm depth) and incubated under the same atmospheric conditions. Clones designated primaryare if obtained from theinitial cloning procedure. Repeated cloning, or recloning, results in the isola
lion of secondary and tertiary clones. 

It was assumed that the results of the cloning procedure would fit thePoisson distribution for rare events. The model used for the determination
of the probability values is the same the oneas described by Graves et al.(1984) for P. falciparum where the probability that the parasites detected
in one well are the progeny of a single iRBC is pe "/(1 - e-1), and the p
value was estimated as the average density 
 of parasites per well per plate
using the formula p = In (1 + total 
no. positive wells/total no. negative
 
wells).
 

RESULTS 

Experiment 1: Optimum red blood cell concentration 

The growth pattern of B. bigemina was affected by low and high concentrations of cells (Table I). Suspensions containing 5-10% volumes supported increased replication of the parasite. Total yield of iRBC was largestusing a 10% suspension, and all effects were more apparent after subculture 
at a 1:10 dilution after 72 11in culture. 

L')/ 
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TABLE I 

Effect of red blood cell concentration on the in vitro growth of Babesia bigemina 

RBC Hours in culture 

0 a 2.1 .48 72" 96 120 144
 
PPE
 

2.5 0.1 0.183 0.222 0.059 0.000 0 025 0.000 
5.0 0 1 0.180 0.652 0.375 0.138 0.233 1.016 

10.0 0.] 0.173 0.37. 0.487 0.091 0.225 1.064 
20.0 0.1 0.170 0.263 0.220 0.0-1-1 0.090 0.5.17
 
-10.0 0.1 0.12.1 0.06-1 0.012 0.000 0.020 0.018
 

"Cultures were initiated with 0.1 % parasitized erythrocytes (PPE).
 
tSubculture by dilution 1:10.
 

Experiment 2: effect of 'seed' density 

The time required for parasite detection in vitro was extended as de
creased numbers of parasites were used to initiate cultures (Table II). Ad
dition of fresh nRBC favored multiplication of the parasite, and extended 
the time required for subculture. No detrimental effect on parasite growth 
was observed at the low dilutions (1:2 and 1:4) when the PPE was low prior 
to subculture. Without adjusting data for the dilution effect, a 100-fold in
crease in the number of parasites was noted between 6 and 9 days in cul
tures initiated with PPE ! 0.01. 

Experiment ,':determination of optimal fluid level 

Fluid levels > 6 mm diminished par site growth when oxygen tension was 
< 105 (Table Il). The highest PPE of 3.322 was observed after 144 h in cul
ture with 5 mm fluid level under a 5% 0, atmosphere. Total P6.rasite yields 
were optimal when B. bigemina cultures were maintained under a humid 
atmosphere composed of 5%: CO,. 5% 0, and 90% N,. 

Experim:i en t 4: c!oning 

More than 20 l)rimary clones were obtained from each of the three sub
isolates, yielding low probability values (Table IV). The probability that 
clones were begun from a single iRBC increased after secondary and tertiary 
procedures (Table IV). Positive wells were detected as early as 16 days and 
all clones were harvested and expanded between 20 and 28 days after initia
tion of the cloning procedure. Wells in which parasites were not detected by 
Day 32 were considered negative and discarded. 

Primary and secondary clones maintained in vitro were randomly selected 
for further cloning. Recloning was not totally predictable, however, since 



TABLE II 

Effect of the initial seed density (percent parasitized erythrocytes) on continuous in vitro growth of Babesia bigernina 

Days in culture 

0 1 2 3a 4 5 6 7a 8 9 10 11 12 13 14 15 

0. 1 0 b 0.068 0.250 0.828 1.317 2.332 0.800 1.155 1.229 Discontinued 
0.01 ND ND 0.021 0.075 0.312 0.493 1.409 1.626 Discontinued0.001 ND ND ND ND + + 0.028 0.085 0.385 0.563 1.239 1.528 Discontinued0.0001 ND ND ND ND ND ND ND + 0.011 0.012 0.109 0.353 0.370 1.083 1.345 
aReplacement 2.5% nRBC Days 3 and 7, subculture by dilution 1:2 on Day 5 and 1:4 on Days 9 and 12.bSeed density of initiating culture in percentage of parasitized erythrocytes (PPE). 
+ = Positive but too low to count. 
ND = Not determined. 
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T/ BLE III 

Effect of fluid level under different atmospheric environments on the in vitro growth of 
Babesia bigemina 

Depth Hours ill culture Atmosphere 

0; 2-1 -18 7 2 1) 96 120 141 

3 0.05 0.207 1.1.19 2.294 1.232 1.5-10 2.001 A (2, 0.) 
4 0.05 0.217 1.118 2.271 1.139 2.498 2.ij50 
5 0.05 0.2-12 1.235 1.938 0.180 0.9-10 1.8-14 
6 0.05 0.1It) 0897 2.103 0.955 1.379 1.539 
7 0.05 0.236 1.2,10 1.532 0.613 1.338 0.989 

3 0.05 0.484 1.35.1 2.535 1.055 3.223 2.109 B (5% 0,)

-1 0.05 0.157 1.00-1 2.37, 1.255 2.5.12 2.280
 
5 0.05 0.379 1.259 1.888 0.882 2.291 3.322 
6 0.05 0.336 1.183 1.30.1 0.787 2.003 2.203 
7 0.05 0.307 1.200 1.7-13 0.709 1.101 1.926 

3 0.05 0.1,17 1.682 2.219 0.666 1.718 2.027 C (10% 02) 
4 0.05 0.273 1.116 2.17,1 0.962 1.36,4 1.932 
5 0.05 0.19-1 1.028 1.676 0.601 1.767 1.761 
6 0.05 0.233 1.111 1.713 0.689 2.305 1.803 
7 0.05 0.102 0.857 1.686 0.928 1.785 1.805 

3 0.05 0.022 + + + D (20% 02 approx.)

.1 0.05 0.017 + + +
 
5 0.05 0.022 + + + 
6 0.05 0.075 0.008 + + + 
7 0.05 0.115 0.023 + + + + 

"Initial percentage of parasitized erythrocytes (PPE) 0.05 at 0 h. 
bSuieUlture Oy dilution 1:10. 

4= Positive but too low to count.
 

= Negative.
 

derived clones initial growth rates in subsequent recloning did not prove to 
be uniform and scveral attempts to reclone primary clones derived from the 
S-sub-isolate were unsuccessful. 

DISCUSSION 

A sensitive method for in vitro cloning of B. bigeminaparasites was devel
oped. Contrary to our expectations, a red cell concentration of 2.5%did not 
support parasite development under in vitro conditions. In contrast, cloning 
procedures for P. falciparum (Rosario, 1981; Trager et al., 1981; Graves
al., 1984) were successful at an initial packed cell volume of 2%. Apparently

et 

a strong contact or pressure between host cells was required for B. bigeinina 
to penetrate into new cells. The detrimental effect observed with higher con
centrations of cells may be explained by the competition for nutrients. 



TABLE IV 

Derivation of B. bigemina clones: identification of sub-isolates, time in culture and associated probability valuesa 

K-sub-isolate R-sub-isolate S-sub-isolate
 

52 days in culture 
 138 days in culture 177 days in cultureprimary cloning primary cloning primary cloning(x = 0.85 parasites/well) (x = 1.38 parasites/well) (x = 0.79 parasites/well)
III-KC11b + 22 primary clones III-RF8 + '9 primary clones III-SE2 + 21 more primary clones(p, = 0.63) (p, = G, .6) (p, = 0.65)
 
96 days in culture 
 73 days in culture
 

secondary cloning secondary cloning
 
(x = 0.10 parasites/well) 
 (x = 0.07 parasites/well)

III-KC11C10 + 3 more secondary ciones III-RFSF3 + 2 more secondary clones

(p2 = 0.94) 
 (P2 = 0.96)
 
P" = 0.98a 
 p, = 0.97' 

58 days in culture 11 days in culturetertiary cloning tertiary cloning
 
(x = 0.10 parasites/well) 
 (x = 0.10 parasites/well) 

III-KC11C1OE9 + 3 more tertiary clones III-RF8F3C3 + 3 more tertiary clones

(p,=0.94) 
 (p, 0.94)p'. 0.99 a 

p, 0.99' 

aAfter each recloning, the probability that a line arose from a single parasite was obtained by multiplying together theprobability that a line arose from more than one parasite in each individual cloning and subtracting from 1.bClone identification number. 
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A favorable effect on parasite maintenance was observed when a suspen
sion of fresh normal bovine erythrocytes was added at intervals between sub

cultures, particularly when parasite numbers are small. This same effect was 
not observed when the nunher of parasites was > 1 PPE. 

Normal parasite development, was iml)roved when cultures were main

tained under low oxygen tension, especially at the level of 5% 0. Vega et al. 
(1985b) had shown that when cultures were started from cryopreserved sam

piles, optimum growth was obtained using a similar concentration of 0. in 
the atmos)heric environment. Higher fluid levels were less efficient in sus
taining parasite growth compared with lower fluid levels, although the effect 
is minimized if cultures are maintained in atmospheres with < 10% 0. When 
cultures are initiated with low numbers of parasites, high oxygen tensions 

of 18-20% obtained with a regular CO, incubator do not favor growth. In
creasing the fluid levels up to 7 mn does not seem to he sufficient to main
tain an adequat( microaerophilic environment for B. bigcmima. 

Considering Jhe large number of clones derived from the first attempts, 
also representing low probability vilues (0.65, 0.46 and 0.63), it is still 
possible that sL,!h populations might not be homogeneous. Therefore re
cloning two additional times was desirable. 

B. bovis clones appeared to have a defined growth rate (Rodriguez et al., 
1983). The concept of constant growth rate for B. bigemina clones in vitro 
was not observed. It has been reported that in inoculated animals, B. bigemina 
apparently multiplies faster than other bovine babesia species (Sergent et al., 
1927). Callow and Hoyte (1961) and Bishop et al. (1973) were able to 

separate B. bigemina from B. bovis by rapid passes in splenectomized calves. 
In addition, the doubling time in the blood of infected animals has been 
estimated to be 8.13 h (Wright and Goodger, 1977). In culture, a PPE of 
0.3% is a good estimate of parasite development if one considers that clones 
are initiated with only one iRBC. Also values > 2% are not easy to obtain 
with the culture conditions described in this report. The PPE of 0.3% repre
sents approximately 3 X 10' iRBC in 10" erythrocytes. By simple calculation 

" 
these 8 X 10' iRBC will convert into 2.4 X 10 iRBC in 24 h and 23 min if 
the doubling time of 8.13 h is considered. This appears not to be the case in 
culture; 2.-1 X 10" iRBC represents a 2.4% PPE and this is usually not achieved 
until after 48 h in culture. Therefore, the doubling time in culture must be 
longer than that observed in inoculated animals. The in vitro culture method 
still has some limitations. Future studies are required to determine the true 
doubling time for B. bigemina in culture. 

It has been known that individual isolates of Plastrodiumfalciparum are 
heterogeneous (Rosario, 1981; Trager et al., 1981; Graves et al., 1984). Al
though exactly the same phenomenon has not been described forB. bigemina, 
it has been documented that avirulent strains can be derived after passage in 
intact calves (Dalgliesh et al., 1981). Apparently, such manipulation allowed 
the selection of avirulent subpopulations for use as immunizing material 
(Mellors et al., 1982). It is possible that this and other biochemical and im
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munological properties of the strains or sub-populations of B. bigemina 
could be better differentiated or demonstrated if they are selectively sep
arated by in vitro cloning. These and many other potential applications of 
the B. bigemina cloning procedure have been projected. 
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ccdurcs. The dcist. ranlgc ol idflo crilIrot'ytis t aining lirs of pirasics %kas1.717 to I.08') g fil. wheicas tlie dcnsity range ofinfected ertlhro.otIcs contaiining single parasites was I.092 to I.100 g fiil. "three en/yncs-lactaic dclidrogt'nasc. glucosc-ploshateisom'0.ris . nd gIlal lnri at' dlhyi. -\slte Iiulond assottd withasligeoasc inlfected erytlirothctes. "Ilihe lrasi Ic- pt-ilitc' n/ylmc antd/or iso-ClZVic. \Wcrc shoss\n to lac dillcrcnit iltillil io lteris ill starch getl clecrophoresis frl thoseIuind in the nornhal hiv inc crythrocvtes.
Tle cnnmc +-plII0tiIIgut'oilaIt' delidrogCeNaSC w\as 110ottltctIcd as a parasitc-specific cn/yi, in I. igmtina- icctetd crvlhrocytcs. 

ill conlinuous il vitlo culti\ation ilctlhidior Iloid'ci bi- \%ell as (iI)lI. IntraSlpictics dillret'cS Could not be dCtCeled.T i,('cIl/\nasIrccc lI\ l'scribif by \'edga ci'l. (231: liiwcvcr. ( "altr and associatcs (3-5) werc able to idcnltil' clectrophoret
the pcrcentage of parasili/td crytlirotVts (PIT) scltoiii cxccctlS icall. distinct fbritis of (;P. 11)11, and 6-phosphogluconate
3 to Vol. 'I'icliir. it \was n'cssary to ticvchlp a it'tliot to tlchdl'cogcnasc (-i(1I)) drilicrit humnat isolates of No/.s\
ctoncentraic the inictctld cr. Ilrocytcs befoirc atill I pt ati aial- midill flih',,. 1 It w111,as asCI(flild that individual samples
vsis of the ciiy,'nic conticilts of thtc parasite. Nlalioiw' (14) ib- \\i rc IcttrTOgt ncoos in thai tlillicrnt sulpiipolations OIl'paasitcs
Served that litC coicctttt tion 01 1?. /,iA-ilIfccttCd 'WIthrots \\it ft isrctSCt in lit. blood. 
incrcascd Wcn IaCkct \%ti'r cXpiStld to h:Jpitolti fhlka r'd tcls H1it ct-Cti\ts of'ihc plt'tlite stuc W're Orienlted toward I)
saline solutitOis. Ihs c'liiictlalrltill i.tIlo liii B. bois has flit' concentratiotn tif '. /cl-''c,,ii-inifctcclt crythirocy'tcs drivedhecn usccl 1itr many dillLcrtit purptIIsts h\ scWcial inst'stigatIOrs Iilini iii \itroi cuLhtt and 2) then utili/ing thesc I. /'li,'q'lcIn
(112, I5. 22., "7. 28). Ihe samc hcnlol. tict lect lhi hf\poniiic illc dt-Icltlirtr cles to e'aluate Iaraslte enym"c contcnt by
sailInc solutions was tlot OhscL Ol .Ibi.li,l'i-inl'ct'tt'dtrN th- iiitalis of' tlohility in Starch gel clcctrophorcsis.
 
tocytcs (14, 27).
 

PIcrtollct al. (I8) fir t it itt'Cd the usc OIfp\il l\invlpyrrfOlidoni"

(PVlP)-coated colloidal silica particics (Ptrcoll,. Pharmacia MATIRIAI.S ANI) NI lI 101)S
 
ltlrical ( .. St'dn). I)t'Si I ii off'rcoll i o'toi prcpareodc ti 13besia bigetina. Thc original Mexican strain was111%C h)cI

(K. 2(0). 
uIS' loz- 1ht" Separation O~f dill~in ce'll po~pulation~s prto\icd 1w )r. K. L. Ktntlcr (t IS)A. Ilcmoparasitic DiseasePIrtcoll clnsil\ graltits ha'c also bccii ustd for til' I nit. Pullman. WA ) 164). l)ilflcnt clones wrteclerived from

Steparation of' prito/iiat parasits (6. H. A\I.UCotN solutions of Ihrt' dill'relnt atiimal subisolates ofthc saic strain 1y in itro 
ditritoate mcglunin (Renografin", Squibb Lab.. Pr:.iccton, N.1) cult ation (24).
have also been utilizcd in density gradieints for tile purilication hb I'i r e'pri'dunr. Normal ho \iiiccr tlhirtcys(icnRl( )ofit' icketts. and A umudsiia niari;,nalt'(7).a thi (26) la Conibi- w're collected into sterile flasks with defibrinating glass beads.
nalions of Pcrcoll-lRenogralin have been usci asdcnsitygratlient washtd twicc with VYM (Vega v Martinei) solution (23). and
nmcditu in for the scparaion of1 hInan crythrocytcs into age- aftr removing ihc bulls coat and uppermost erythrocyte lver,
dependent fractions ( 1, '5). W'trc rtsuspctndcd at 25%1i( c) A moldtIonctntraion in VYN. 


Shcrnan (21). using inifcclCd crvthroctcv. dttt'ctd hctcro- ification ofthe method described by 
 Fulton & (;rant (9) utiliinggcncity for lactate dcll tlrogentasc (11)1-1) in I'/Cl.mlhill/ /(;- cclltlosC fIowder Was Carritcd Out f"urthcr to clininate cor tanphitro ' in ducks atd I'. /igt,,]ho'i in mice. hut Could tlcc'tC(l IMi inating ltuktocylts. 
l'h proetcsscd crvtn'roc,'tcs \vc'" stored at
tIi lkrccc~s for It ',dhi-inflclctd iiut-;cvt~rylirocyt's. lHt- cion- 4,, -.
 
tluded that in I. rodhainithnt' cnturation of11),,I was small Thc in vitro culturct-onditions wcirc sini lar to thtisdestcrihcbl

and not dct'ctable or that tict parasite enzynic had tht saitic prt's\iii,;il (24). In oidcr to obtaii largc voluilics of'!B. bi.i,s'min,.

mobilits as t[it host cell cn/yiic. Moiicn (16), SILudviing the in t'cttcd crvtiiroc'tc Culturs wcrcegolvil in 25-cin' ir 75-t'i
dililrcnccs in mcabolismi bctwccn l'/asntioditm and Ihdicsiiu in culiurte Ilasks with total volunics of' 13.5 or 38.5 ml, attaining
In ic, Ibtind that tlcc cui/ ts-lactatctcchydrogcinasc (ILDI I), a 5-nii fluid tdcpth. ('oinpleic culture mcdiltim was Ipreparcd,
glucose-phiospliate isomerasc ((iPI). antId glitainae dehydro- and 10 or 30 ml oflt' culture nmcdiuIm were exchanged daily.

gC iia stc (( I)I -I oLitf 'ighl 1ci/5' CsIn, tcst'd could bc asstillt d InI.iN ' rIdhI 
 I. W h en lt'iltLi-cs had iach ed Ilhe (t131iiiiiii
to bc of/l. n /hainrjoiiginh c'catiusc of[ciiltlrcnt imiigration pat'trns ti'ceiit parasitize'd erythrocytes (PPIE), usually 2 to 8% at 72 Ih
in starch gel electrphoresis. Latr, Mlncn t al. ( 17) studitd aiter subculturc, supcrnaiant fluids were carefully removed from
several known IBa/v'.ia specics of rodt'nts indttswo IhUsil iso-lthc lasks. and the stt inicntd erythrocylts wre rcceivercd. In
laes Fron 1umn1s bcl icvtd to hc offrodeit Origin Ini/'inlt fccicd etryhrotcyes wrc cont'lrtc.Iby one of the flollowing
variation \%,as denonstrattd for aIll folr isolates with I')t, is i, rocedures: 

1. I'icoll-Renogralin gradicnl./\nAIuttous suspension of Per
tcoll (icnsity I 131 g/inl) was purchascd. Likcwise, Renogralin-Supportcd ini pa rf b t .S. I)cpariiinli Of AgriCtitorc. Agrit'ilitoral 75 (inct iviglucarnine, NN'-ciia in in o-2,4,(.,-triionioen zaIte) wasResearch Scrvic Coopcratikic Agccicnl 58-AIIZ-2-655. l)r. \'cg:, obtain iit in a '75% aqueous solution (dtnsity 1.332 g/il). Awas suppo-id in pa rt i \a fl lowshi pro 'id d hy (C nsei Nacionaltl-Ogi' working flnSolution was rpar d as described (1): 

IHa,0. fil Renograln-75,
No. 09708 antIa grain tprovided by I.S. Agency lir Int,'rnalioi al I)c- ml i olutio n II). t ha me e dst ed

dc Ciencia3 l'ecnologia (aiiagciil'y oft lie Mcxican governnit'ni) contract 22 il . 15 N N -(l,and 28 fl distilled 
k N I r andvclopmnt DPE-5542-G-SS-4026-0). Dr. Rodrigue was supported by This solitici was checked with a hydroneter and adjustedby

grants provided by the U.S. Agency for International )cvelopment the addition 0f equal vs limes of t. 15 M NaC! and distilledDPE-5542-G-SS-3014-00 and I)I1 E-5542-G-SS-402i-00. I1I() until the density was 1.095 g!il. The resulting solution' Present address: Henioprotozoan Disease Section, INIP. Palo Alto, wias fillered through a (1.45-pim nembrane filter and stored atD.F., Mexico City, Mexico. 4( ".' '[he Renogralin working solution was mixed with an equal 
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volume ot'iso-osmotic 95% lv v) Percoll (95 it IPercoll 1 5 fil 
3.0 M NaI). 

The density gradient for separation ofl' 1. /hig,mtna-inflccled
ervthrctes was es;ablished as Ibllows. One inillililcr of secli-
niented ervthrocytes was inixed witlh 7.5 nil of* Percoll-Reno-
gralin in a 14 x 7 0-1nnl rounil bottom polycarbonate tube. The 
tubes were ccntrifligCd (for Cxactll 6 rmin) at 30.0(0,, in an angle 
rotor (Sorvall Model R(U2-It. Rotor No. SS-34) at 4( deac-
celeration without braking. At least loLr diflLrnt cell fractions 
or' bands could be iccu\ erCd \ tile ise 01' a bent-tip paSteLir 
pipette. -each fraction \as washed two toc three limes with at 

.least 1(0 volumeICs of' 0. 15 I Na(I so)LtLiL1 and Stored at 4'(
 
until used, 


2. Percoll 68.46" iso-osmotitc gradiCnt. A ()% (v v) iso-os-
mactic PerColl solultion (P-iso 90) was prepared bI mixing 9) 
\olunics of slock Pcrcoll \with 10IvolLIniCs of stCrilC 1.5 M Na( 
to attain a dCnSi1 of' 1. 123 g il (manuLifacturer reconunenda-
tiolns). Stock PI-iso 9( was,, adjusted to a dcnsity of 1.095 g ml 
by nliing 10 \oluines of" i-iso 9( with 3.140 volunes of (1.15 
NI Na('l. The resulting Solution had a concCntraion fl 146..
(V v) PcOll (IP-iso 6(8.416). Packed crvthroclcts from inl'i'Ct'd 
Ctllture Ill of '.6 were llixcd with 7.5 ill of' P-iso\ 011111iCme nI 
68.46 in 14 clear plvearbotate tuhc ;. [li tubes were 
cCiiril'igcd f'r Cxactl nin) (31),00(1 g) at 4( %dcaccclcratioil 
without braking...\ slight niodilicationi ofthC procdLIre invol\cd 
adding packed infeh'ctcd crvthroc\tes wit I -iso 08.46 exactl\ as 
described 	except the tubes are ccnitri lfgCd at 310111)) g flr 3(1

" min at 4°( . Al'tcr centril'uga io(n,cie fract'iins were collccd 

and washed as described ahovc. A inxliurc oft' dCnsit illarker 

bcadls ill a 0.0-n1I \olun11]e WaS imixcd il a ipolycarbonalte !ue 
with 7.5 til PI-iso 68.46. This tube \Nis centrifuged at tihe Same 
timie as ite tube ciltCainiig titnfeIIctcd erlhrocytcs to viilie 

ile dlensities anid conrstruct a di'nsit Curve. 


3. 1)iScontliniuous dcnsi tS gradient. Concentration ol larger 
voluein.s o1" infected cilvtItroevtc \was carried out by preparing 
a disco11irrluLius griadicnl it Iercoll. ,All iso-osillotic Percoll sor-
lutions were nade frioml h-iSO 9(1 (dinSity 1.123 g/nil). Ten 
volulries of I-iso 90 were inixd '.l ith 1.81 8, 3.928, I 1.272. anid 
29.11 \olnics of' sterilIc 0. 15 M Na('l solution. The resulting 
Solition , with densities ot' 1.115. 1.090, I.061, and 1.036 g/'nil, 
corresponded to IP-iso 76.15, P-iso 64.61, P-iso 42.30, and 
P3-iso 23.07 in percentage (\,v) of Percoll concentration. 

Infeted crthrocyts were obiained iy reno val sl'uperna-
tanl fluid t lie flasks. and the sedinicnriti cells wCrc itIs-Ilroi 

peinded in 10 to 15 nill (t' VYM isoluion (23) aid transfe.rrcd to 
a conical I 5-rnl sterile pol'st\ relic centriliugc tibe. The tube was 
cenitril'uged at 7510 q,,for 15-21irminat 4°('. Supernatani fluid 
was carelblyv r.'novcil, and t lie Vo)lnile qunantilied aind tiiscard-
ed. Packed eC'vtihroCyCs were vigorously inixcd within the tube 
wiil cxaclly the same vsolunmc of1'P-iso 90. One- to thiree-rnil-
Iiliter 'olinles oi'leach of the previously lrepareld sterile h ercoll 
sULiiCnsiorils were carefully layered oi lop if' the erythrocyte-

Suspensions of normal bovine ervthrocvtes maintained under 
similar culture condition!; and separated in an identical manner 
were iclhLded. 

.Ntar'hgel ei'ctrphoresi. Samples for electroph)oresis were 
removed Ironi the f'reer and allowed to thaw at roon tern
prat'lure. Lysed crytlir(cvte material was translirred from the 
\ ials to 6-mii squale pieces if Whatman No. 3 paper by
dispensing 15 pl with a i icropipettc. These pieces were placed 
immediatcly in the starch gel. 

(;CIs were pircpared and lused \\ithin 24 Ih according to tile 
procedurues described \ ( (,el identili('arter P). nuimber and 
cation were written on the top surface glass, and the gel allowed 
to solidil' overnight al room temperature. The gel was incised 
all the way thro ugh with a scalpel blade. The gel was then care
fIull 3 Separated aboLi It) nim along the incision. The 6 x 6-ni 
'Stuares of'filter paper containing the lysed erythrocyte material 
%\Crcplacd in tile edge of the incised gel, Which was rejoined. 
I'hc gel was then placed in an clectrophoresis apparatus in a 
refrigerator. Vhe line of origin (samples) was always 60 ni 
fi-onl th calhodlaI cnd o(flthc gel. Afterelectrophoresis, the power 
St, ply was tr'ned oll'and the gel renioved for staining as de
scribed by Carter (2). Eo'ns'nme activity was detected by specific 
color dcvlopiinit asC. ol-oi 	 Cxplained by S erman (21 ). The appro
priate reagents (Signa Chemical (o.. St. Louis. MO) vere mIixed 
and poured oil tile sirliace of' t1 gel Miid incubated at 37°C for 
3) to 601inmin. Results were recorded by photography. The fol
lowing enzmts were assayed: lactate dehydrogenase (LDII), 
gI icose pihos phate isonierase (G PI). 6-phosl)hLgIluconatc de
hvdrogerrase (6-P(;)), and NA)Pl-depltndent gltamate dcly
dhogcinase ((ii)11). 

RE III'S 
l) 'nll.',i'radi nls. I ercolI-Rciograliu density gradiet,nls sep

arated /1. hig,'mina-iilctcd erytlhrocytes from non-inlcted 
cryhrucy les. Four niajor fractions or hands were collected and 
identified by thcir position from tile top to the bolton of the 
cntrilige tube. A well defined pinkish band at the top of the 
lheconsisted of red cel ,stroina and parasilc-onltaini rig ghosts. 
Thl next hand was a broad zonc and contained greater than 
)(% in l.','tcd crylhrocytes. Most ol the infected cells contained 
pairs ul' le parasite. The tliird iand was located below the center 
Lf' the tube and iwasuisually well defined, with a majority of' 
infec ted crythrocytes containing a single parasite. Fle fourth 
band was locateid close tLothe hottorn ol'the tube and contained 
densely packed non-inffected crytlhrocvtes with a f w erythro
cyles containing v'cry immature parasites. 

Fractions ibtained fronl the 68.46% (v/v) Percoll cenitrifuged 
for 6i ini were sirinlar in distribution and composition to those 
reportedIl'mr the Percoll-Reiogralin gradient. Figure I is a graph
ic r'epresentation olf he ti'aclions obtained by the two methods 
and presents a density calibration curve. When the time ofcen
tril'Ligation was increased to 30 min, the separation pattern

Percoll mixture. beginning Withthe highest densiy of . 11)5 changed. Four rlajor bariids were still observed, but the corn
g/Il to the last SUSpension with a dnsity of 1.036 g/nl. Tubes positions and locations had changed. The uppermost band was 
\\,ere centriluged at 751) q, for 31) to 6(0 rlin (average oLf45 rnin) cori)osed of'nori-ii.fcted erythrocytc ghosts. The second band .at 4°(' The fractions were collected andIprOcesscd as iLcfcribed conltained niostly infected ghosts or pycnoltic parasite forms.
above. The third firaction was a [)road zone. conposed of nmany (10 to 

P'rep'rallion1) sailih's1imr enzitali' Vi 1(lies. Alter elimina- 24) narrow red bands, conitaining B?. /hi,,hina-infctelderytlh
lion of nlost oLfthe non inlcteld crytlhrocytes by any of theafire- roicytes in all developnctal stages (rings, singles, pairs). The 
mentioned procedures, cell harvests containing 65% or more of last band, locate l sonle distance from the botton, contained 
infected erythrocytcs were selected. Suspensions of' parasitized non-infiecfcd erytihrocytes (Fig. 2).
erytlhrocytes were adjusted toia concentration of' I x 10' ml, )cisity values, the average interphase values between tlhe 
transferred to cryotubes, and frozen to - 79°(' for 24-48 If. Vials fractions, for the discontinuous Percoll density gradients were ,were quickly thawed at 37C resuspended by gentle agitation, arrived at graphically (Figs. 1, 2). Each value presented is the 
and dispensed in I 5- 2 0-ml aliquots into previiously labeled in- average of flour individual determinations. The calculated av
dividual vials and immediately frozen and stored at - 79o(', erage densities for B. higenina-in|ectederythrocytes containing 
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Ig.i. I)env calibration curve and diagrammatic representation
 
ol thle separa tion of Bahvsia /)liina culture material in iso-osmotic
 
68.46% Percoll after centrifugation for 6 rain.
 

pairs of parasites were between 1.076 to 1.089 g/ml and !'or
 
ervt hrocvtes containling a single parasite between 1.092 to 1.100
 
g nil. Figure 3 is a photomicrograph of concentrated B. hige
mina-infeced erythrocytes.
 

.';ta'h i,'lC'/('ilrol/orc.i.s.Enzyme activity could be detected
 
for the1Cfour enzymes studied by tile starch gel electrophoresis
 
method. Five distinct /ones of"LI)lH acti, ities were observed ) 
 -
when normal bovine serum was used. Three distinct LDH zones ,
 
were detected in normal bovine erythrocyte extracts and four
 
listinct zones inI. hii'nna-infectederylirocyte extracts: lowN-
 Fig. 3. Photomicrograph ofconcentrated Bahesia bige',ina-infected 

ever. the electrophoretic mobility of' one zone of' LI)H activity erythrocytes. Bar = I pml. 
in infected extracts was dilerent fron that of normtal erythrocyte 
extracts or serum. Figure 4a is a schematic representation ol'the 
migration pattern of' Li)H isoenzymes. No diflfrences wore de- plus a Cast broader band oriented toward the anode. No differ
lected between the cloned parasites and the original strain. ences were detected among the cloned parasites (Fig. 4b).

The isocnizme migration pattern of GPI was as follows. Bo- Only one band of6-PGD activity was detected in both normal
vine serum and nermal eiythrocyte extracts had two narrow and B. higemina-infected erythrocyte extracts. This band had 
bands located toward the cathode while B. higemina-infectcd the same electrophoretic mobility (Fig. 4c). No activity was 
ervthrocyte extracts had tile two previously mentioned bands detected in normal serum. 

The activity of GI)H was detected only in extracts from B. 
-/iemina-infectederythrocytes (Fig. 4d). All of the cloned par

asites had enzymes with the same electrophoretic mobility. 

60 . DIS('USSION 

50- Balesia hieinina-infected erythrocytes were successfully
501.061 concentrated at least 20 times by Percoll and Percoll-Renogralin 

E density gradients. A report by Wright & Kerr (29), based on theE 40 size of infectcd erythrocytes in splenectomized calves, claimed 
W that B. higemina preferentially invades young erythrecytes. It 
z30 is known that B. bigcmnina-parasitizcd erythrocytes appear larg
0) er than non-infiected erythrocytes, have basophilic inclusions. 
0 20 1.103 and tend to accumulate at the edges of thin smears, as do re

ticulocytes or immature red blood cells. In this study, recorded 
10 densities of infected cells were always smaller than those of non

inflected erythrocytes. 
0 1 Tie density curve for separation of cellular elements in in

,,cted B. biiemina cultures was based upon determinations made1.000 1.040 1.080 1.120 in Percoll gradients because the density beads do not separate
DENSITY (g/ml] in tile Percoll-Renogralin density medium. Fractions containing 

Fig. 2. Density calibration curve and diagrammatic representation infected erythrocytes separated by tile Percoll-Renografin pro
of the separation of Bahesia bigemina culture material in iso-osmotic cedure showed less non-infected cell contamination than those
68.46% Percoll after centrifugation for 30 min. separated in Percoll alone. The time elapsed after subculture 
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Fig. 4. Schematic representalion of l'e isocnymtye migration pat-

terlis ront bovine serunl and normal d iBah.sia /4ii,' mina-infi.cted
Crylii lcyie'S. Open aredJs __Iosi origin shaded areas - parasit' origin. 
I.anes: 1. normal bovine serni; 2. norinal Iho vine ervhrocytes: 3. B. 
/ligem/iilua-(origialil isolale: 4. ('lone 111-S1-2: 5. ('lone III-K(I 1(0Il 6. 
('lone llII-RF8I:F3(3. 

(ondiiions: I.I)11 -c l Ihulk r: 65 NI i ris-22.2 nNI ciirate.ppl 6.4: 
Eilciirode hulI'r: 220 inki lris-78.5 filiaNci irate., ptl 6.2, 70 iniA, I01)
V, 14 h. (i l-Gel bufk{r: 10 ilN Tris-I1(1, pIll 8.0: Electrode lhulfkr: 
510 imN lris It(1, pil 8.0. 60 mA, 400 VA h. 6-PGi!)-(ieI hil'r: 17.5 
mNi1Tris-6.3 iNI citrate, p1 6.2: Elecirode htifli.'r: 220 ill' IIris-78.5 
l 1i citralte, pl I 6.0, 75 iA. 190 V, - h. C 1I-( iel huller: 5.4 citrat-

32 ruM NaiII),, pil 7.0; lct'lrode hutllr: 13 nli citrate-155 mlM 
Na IIP(), pll 7.11, 75 mA. 6(l V. 14 h. 

also appeared to all'ct separation. ( ultures maintained less than
18 Ii or iiore than 72 Ir after a li isually yielded fcwersubculture 
inf~cted crylhr0cylCS. osniolieC also have alThe11C pressure_ iitil 
effct oin separaion patterns in Percoll-Renogralin gradientlS. 

Three enzyrmes- -. )1. GP1, and ()lI -appear to be oifB. 
/iiigenti/taorigin as visualized in starch gel elect ropioresis. Only 
one band (iso,-nzyme) for each of the enzymes was buid ti be 
dillkrnlit From olher bands observed ni norial bovine seruin 

or erytlrocytes. Momen( 16)obtained similarresuIts for Balesia 
rodhaini.Momen et al. (1 7) also reported similar findings with
ftour species ,1"Iatleam Fromi rodents, naiely B. h.'ah,,v'ci.B. 
micronI, B. )?iUrallol, niidiB. roc/haini. Momen (I16) noted that 
Iiilure to detect a para:.ite-derived enzyme was not positive
proof that the eivilie ,,as not present. 'i was possible that it 
imax have the same elect rophorctic mobility as the enzyme of 
the host cell and th us be masked or that the concentration was 
well tlhe sensitivity of the assay. In the present study, 
infected erythrocytes were concentrated. The 15-ml lysate sam
pies contained the equivalent of I x 10' parasites. Also theintensity of*the reactions was indicative of tie presence of the enzymes indicated: however, 6-lP(iI) activity was not detected 

in any of the electrophoresis systems described in this study or
the alternate system mentioned by C'arter (2). It is reasonable 
to assuime, in accord with tile results preset' "d by Momen et
al. (17), that ia/u'sia apparently lacks this en,.yme. 

lPolymorphisinl of the palasite-specilic enzyies in the cloned 
parasites was not observed. Several conclusions could be drawn 
fiol this observation. The parasites may not possess isoen.'vwllls lor the enzyles studied, forall of the clones studied wereIl'oni it, same siraiu. At extension of' the work would be to 
tcvahit isolates frorn difll.rfnl geographicail areas. Tbe con
pal atiye studies by Monien et al. (17) showed that all enzymes 
of parasite origin had dilli.freni elcetrorphoretic mobilities foreach parasite species. The bovine babe.ias have not been coni
pared, like the rodent babesias. Iloare (13) for instance, ques
tionefd tie val idity of tIhe tax onon ic sepa rat ion between B. hovis 
and Bi. dthir't',,ws, which arc morphologically very similar. De
tailed studies of the biochemical characteristics of each species 

clarify this point. Ellectroplhoretic studies ofenzyme varianls of plasmodia in rodents (2) showed that polymorphism is 
found ill several species. 

(ilutiate dehydrogerase (NA l)l-dependent) is present in
rodent and bovine Bahesia. Il this study, DI)l staining was 
shown to be parasite specific because marninalian red blood 
cells lack this enzyine. 

Tile results of this study will contribute to the knowledge base 
conecrning tile hiochenliical characteristics of tie bovine para
site. Bahvia /imitla. 
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In vitro cultivation of Babesia bigemina 
C. A. Vega, DVM, MS; G.M. Buening, DVM, PhD; T. J.Green, PhD: C. A. Carson, VMD, PhD 

SUMMARY 

A strain of'Babesia bigemina was 

isolated from an infected calf and 
propagated in vitro. Culture condi-
tions included washing of infected' 
and normal bovine erythrocytes in a 
special solution, and the use of a 5(

to 10 (v/v1 erythrocyte suspension 
in medium 199 (with 201, to 5(01'
fresh nlulral] bovine selum11l) it I 
depth of ,1rnm in a 5"(CO.,. 2- O,,
93: N., atmosphere. After :36 days
in vitro and 9 subcultures, the cul I-
tu red organism was inoculated into 
a susceptible calf. This calf' (level-
oped clinical signs of disease and re-
covered when treated with 1( trypan
blue solution. The strain was also re-

isolated from the second call' The 
original isolate had l)een main-
tained in continuous in vitro culti-
vation for more than 99 days. 

Babesiosis, caused by protozoan 

parasites Babesia boris and 
 B bi-
genina, has impaired bovine live-
stock production in many tropical and 
subtropical areas of the world. Long 
term in vitro cultivation of*B bot~is 

' 


and cloning of' 13 i'oijs has been re-ported. I vitro cultivation ofResearch 

gemina has long been a research 
objective for the production of' anti-gens foi' serologic test procedu ries and 
immunogens br dlisease prevention. 
--nl d 

Ietvi ved for pilicaioin elj , 11.1
I 1 
From the IDelmrtnit' ' Vii.ai i i t ,O,,is-v;e
C0,,h(gV 01 VI, iif ,Nh'dicHI,. IM',T,',1t 

son, 'olumbia. MO 65,11" 
Supprtcdi part hv s lp riant ot A',g ul-ture. Agriltural Ie.sarch Srvic,'. C',il,,'rativv
VYM solution was composed of'CaCI., •Agreentent 58-lA1 IZ-2-65.5 Vrga was suppo't.dDi,. 
 211,0 afellowship privuld bhy('Nionsvio Nai,'nal deiilly a ( . (16.0 mg(, ECI (.loom ig), KI-12P0Cienciay 'eniogia an agecy, ftl,,M xicgo,,v-(1,415.4 mg(, MgSO, .7 ILO (154 img),ernnwent) 'cotract No. 0970S NaJ1P0, 7 1-LO (1,45(0.0 mg), NaCIThe inlhirs thank i)r K.I,Kutthlr. US Ileparl. (7,077.0 nmg), and dextrose (20.5 g) inttieot~~~ilifaiin Anoirmarl' 1 

met fAgricltur, Agricuural
ilenimparasitl sarch Sv,i nhllt.Wshington Stae. of doube-distilled deionized waterVYM 
University Iullan,fr provilingl
h11te 

the Mexican iso, containing 0.25 inl ofadenine and 0.50ofB 111genitilia. il-mof'guanosine. This solution was sup-

Tirnms reported that B bigemina was 
successflly maintained in vitro for 
96 hours using a method similar to 
that of Trager and Jensen.' The ob-
jectiwe ofthe present work was 
to de-

Vclop a procedure by which 

biemina parasites can be propa-
gated continuously under 
laboratory conditions. 

in vitro 

Materials and Methods 
Bi',sia hi'mina sti-A frozen 

stabilate of a Mexican isolate was inoc-
ulated into a Spleiiectomized call'fan 
subl)assed twice in similarly orel)ared
calves. Blood was collected ()arasitemia 
2.5' I, washed, apportioned into 1.5-mIl 
aliquots, and frozen in liquid nitrogen as 
described by Palmer et al." 

E 
Erperi nial animalsl wo ,4-to 5-tmonth-old Hereford-cross calves (A and13) were purchased from a sale barn. Blood 

samples were examined microscopically, 
culturel, and flund to be fri e ofI'rv-
panosoma slp.Serun samples were card 
test-negative for antibodies to Aia-
plasma marginah,. Each calf' was sple-nectomized 2 to 3 wec, ; before 
inoculation and maintained in screened 
isolation stalls with reed, hay, and watel 
ad lilbitum. One 18-month-old intat 
Holstein steer, a,so negative for the 
aforementioied diseases and main-
tained at the Univeisity o!'Missouri Vet-am, served 
as the dono' fo' roral bovine m' andnormal se,rumi thrlughout the expeli-
inent. 

Oiigmnl isoltn--An imal inoculun 
was prepared byvquickly thawing five 1.5-
inl vials containing B hi,,emina-inficted 
br] oM 11lod inmixing immediately with 22.5 
ml of sterile Vega y Martinez (VYM
lh sphate-tbuftred saline solution. The 

plemented with penicllin (100 IU/mI), 
streptomycin (100 pg!ml), and ampho
tericin B (0.25(0 g/ml")and was filtered. 
(all A was inoculated with 15.0 ml of 
inloculum i wand 15.0 fil subcutaneouslyEar vein 
collected every 24 hours and rectal tem
perature was recorded. The i)cv was de
termined by the microhematocrit method. 
Parasite development was monitored by
microscopic observation Giemsa

on luny0. blood samples were 

stained blood smears ofl)repared daily.Levels of infection were expressed as the 
percentage of parasitized erythrocytes 
(I'1:). On lIostinoculation day (!i))5 when 
i'an: was 0.20 and increasing, 35.0 ml of 
blood was aseptically collected from the 
jugular vein into sterile evacuated glass
tubes containing heparin (5to 10 lU/ml
of'blood) as the anticoagulant. Blood was 
washed 3 times by centrifugation at 1,000 

g fbr 15 minutes at 4 C. Supernatant
and hufly coat, including one-third of thetop ml layer, were discarded after eachwashing. Babesia bigemina-infected mic 
were gently resuspended in VYM solu
tion after e'ich wash. 

Preliminary studies had indicated that 
B biAemina-infected blood collected by
defi bri nation with glass beads hemolyzed rapidly and contained fewer in
fected im:. The use of heparin as an
 
anticoagulant prevented hemolysis and
 
increased the yield of infected imn. How
ever, extensive washing was necessary
 
",remove the wo' in heparin-collected
 
Iood. The detrimental effect of contamating wiw in the establishment of par

cultures was reported by Timms.'

Normal venous blood was aseptically


collected into a sterile flask while shakcl e t d i t t rl l s h l h k
 
ing over the contained glass beads. Thedefil)rin-ited blood was then centrifugedat 1,500 xg for 15 minutes at 4 C. Su

pernatantuted into serunlsterile,wasdisposablerecovered, distrib15.0-mil
 
t)ed insteril diosa 1.

plastic tubes in 5.0-ml a iquots, and i imediately placed at -40 C until use. Thismaterial was designatet as frozen fresh
normal bovine Buffyserum i rsI). coat
cells were then carefully removed, and 
the ' in nMl ui wa shedmwiuluawereiil wirvhed 

solution at 1,000 x gotrf15 minutes at 4 C and resuspended 

( ico Iaiiratories. nt Iiml, NY. 
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Fig 1-The Pcv and rectal temperature changes in calf B inoculated with invitro-grown B bigemina and challenge exposed with in vitro-grown Bbovis.Pig 0: inoculated with 1.5 x 108 B bigemina organisrn.; produced after 36 days in cuiture; PIe 4: blood sample for u-isolation (.); PiD 5 and 7: treatmentwith 1% trypan blue solution (V); PID 28: challenge exposed with 1.5 : 108 B bovis organisms grown in vitro (1)I); days B bigemina were observed inGiemsa-stained blood smears (,,,,); days B bovis were observed in Giemsa-stained blood smears ( man). 

TABLE 1-Original isolation: Babesia bigemina growth in vitro using six different culture media under different atmospheric environments (I-VI) 
At mosphere PiE-PII'Media I 2t :1 , 86 7 9 10 11112- 0.163 0.013 O.OLO (I.. 0.000 Neg199.,i iss 0.170 ... ...(. lot 0 107 0.016 0.029 0.041 (1O1110 0.105MEISS 0.248 0.121 0.035 0.017 0.014MEI:,. ().l,48 0.038 0.0,10 0017 0.028 0.011RP I51610 0.112 0.1560.090 0.051 0.2950.015 0.061 0.000 0.008 0,009 0.008 0.03:3 0.016 0.088

L-15 0.012 0,000 Neg199-,:,,ss 0.037 0.001 0.0001 N ,g ....... 
 ...

F-12 0.2(10 (1087 (1.021 0.029 0.008 0.033199- IISs 0.105 0.030 0.047 0.099 0.098 0.0280.115 0.069 
 0(150 0.051 0.033 0.108 0.313 0.616MEM. MISs 0.812 1.2081.335 W1192 0.163 0.207 0.065RPMII 1610 0.121 00415 0.0:10 0.021 0.178 0.132 0.3790.03 (.215 0.070 0.0,18 0.0,1:30.02511.15 0.032 0.2000.015 0.000I Neg 0.177 0.392 

I . . . .... 
 .. 
 .. 
 ..
199-1.,iS 0.(18 (.000 Neg I ..
 
F-12 
 0.090 ().()16 ().(()11.10. 0.000 NegI 
 ...
199.iiss 0.054) 0.009 0.0(15 0.000 Neg

Mt ().1:1) 0.175 ().100 0.077 

...

.,M11:55IRPMI 16,10 0.162 0.059 0.020 

0.026 011.000 Neg02,1 (.2028 0.(100 NegL- 15 0.0,10 0.000 Neg ... 
 ... .199-ESS 0.0111 0.000 Neg ..... .. 
 ..
 

F-12 0.038 0.0116 ( 1J.(12 Neg 
199-111S 
 0.010 0.000 Neg 

IV MIEiS SRPMI 1640 0.163 0.096 ().0119 Neg0.101 0.067 0.000 NegL-15 
 0.000 Neg .

199-Pi- ss 
 0.000 Neg ... ...
 
F-12 
 0.302 0.152 0.011 Neg
199-1aims 0.136 0.010 0.000 Neg

VI" MFM.EIISS 0.011 ().01:3 0.000 NegRPMI 1640 0.102 0.01:3 0.018 N,,g
L-15 0.040 0.000 Neg 
 ..
199-F.ISS 0.000 0.010 0.000 Neg 
F-12 0.028 0.100 Neg 
199-1inss 0.151 0.000 Neg


VI MEM-EIISS 
 0.000RPMI 1640 Neg ... 
0.000 
 Neg 

L-15 0.011 0.000 Neg ... 
199-EIss 0.015 0.000111 0: 111,F0.051; 50% iws Negin medium; pH 6.85 to 6.95; 5% unc concentration; 4-mm depth; temperature, 37 ± 0.1 C. t mto 2 and 7: addition ota 2.5% normal Hicsuspension. f I'U) 4 and 9: subcultures 1:2 with a 7.5% normal min-suspension. 

•..= no data; Neg = negative. 
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TABLE 2-Effect of four related media on B bigemina 9wth in vitro TABLE 5-Reaction titer of specific B bigemina
,_._"ana B bovis serum samples to homologous andMedia _ _ 1 2 I3_ 5__ heterologous in vitro produced Babesia anti

199- S. . 1927: 1 o73)520 5 1MEM 1
iss 0l.|335 1.106 1 ()011 ( 271 0 6 0n 
I o.53 ens 
() 7:35 
 Antigens199 ,lvi'ss 0.231; 0., IIoI7.15I- 17 2715 1,20MIEM Iss S,3ra i hi.n'milrr 11 boviso315 0,73.1 1762 0).327 07H 0.90 

I11 ( 1 75 I'],]:; culture sli ti _ - _ _ __ _L! Negaiit vi' cotr ol 1:20ng IIl., pli6 85 I6 . ' 1:2010'11 ; III Il'lullll. t 1 Ill'; Im rialtion. . i i ,I'irnvoili lit lit 1! titi 1:5,120nu rath-1rnn1; rotvip lir 7 •I I , rn at oSplivre, II 15'; ' ,, 2'; 1-, 9' No Ii; Sijl ltilti b'tv Il ris 
1:80 

1.80. - 1:10, 240 
llhvdatil ini expre-..d itsOil, tvviragcIu duplicatt' vutlrell,' 

Subculture was carried out on day 9 byTABLE 3-Effect of different serum concentrations on B bigenna growth in vitro diluting 1:2 with a 7.51,' (v/vi normal ut(t:S ,.r m H .: H ,'s 
 u s p ns io n . T h e c r it e r ia fo r p a ra sit e)TV grimwth in culture was a steady increase -
,1... 
 .
 

51 ________ in the percentage of infected erythro0,231 1:21 it ITS Io.115h (133.1 lISS15 13361; ]..1715 6.55 ( i:.1 
cytes. When parasite development was1.755 1.6.11 considered established, a 3rd subculture210 1 691111 IIslI 10.1.119 II1 11.771 [25.1i085 0 its 0.11:10 11020 1)0110 0,10 001117 was performed by a 1:10 dilution with a0 000S 00011 1,(000 0.0ll0l(0 000 0,000 11.(( 1).1)O0, (V V) normal I1i(' suspension ini l I 11,12; 'i:; rvdiumii' !9iiilsl,s wilh NitlI0,' 11ti ;;5to6.95:101 ii' itico 'enrtilrlitrn -oni corresponding medium. This 1 bigem ina
(h-iSO: 'iiratilr'. 17 0 1 C Ii aiinhpl ori I Y'; (1., 2'; ()., 93'; N,). i 'll SMihcutilutr bY strain was then maintained continualfhtiorn
120 

,it a'l I.Xl't'ss-d oI:.1 01isv ill vito.h,'i its li';ivi-age ,i duplicate (tIur'v Ol';] l vt o
 

TABLE 4--Reisolation: In vitro growth of B bigemina from calf B. previously inoculated with in Med-a in','rin'ent-After original isolation was proven to Ibe successfui undervitro-grown Bbigeorna __ I of the chosen atmospheric environ
...., 
 ments, the following closely related me. .- . . 2 .. :5 6 7 di were compared: medium 199-1-:liss,

,'i-i 0,7:11; 0.18.1 0.28! 11.755 .1.lli 0.271 1.1115 1LM I 99-iniss," ME i-Etss,' and MEMIInSS."
u('lur-' sI with 1i0;ll'111t itIn tdium 11-Iiss with Nailt')with :301'; ;is:l]t[6.85 i) .15; .t Theilhi1111; tt'ii. 'rtuii, 3:17,• I atmospi i ,11 15'; 

']hese media contained 2.2 g, 1.4 g, 2.2*'; ', 2'; 0_,. 91'; N.i. ; S it'iulturts: I:A on i'Iii 2 and 1:1o g, and 0.35 g of NaiICO ,/L, respectively.oi-1,-t. Forty percent concentrations of' Itts in 

each mediuin were prepared, p1H adin VYM to a final 30'. to 5W)',concen- well (16 mm i) tissue-culture cluster iusted (6.85 to 6.95), and filtered throughtratioll finr storage at It C until used (usu- llates' were used throiigh(llt the exper- a 0.22-gim membrane. A W40concentraally withinl :3to I days), iments. Topl1d bottom (A and 1)1 row8 ftil (v/v)ol infected inoa and normal ma', 
Culture media were prepared daily by in the plates were filled with 1.5 ml of with a l ).178 was prel)ared.c'u:usingmixing 1 voluile ui(tickly thawed it's sterile tap water to prevent excessive ell medium tested. Duplicate cultureswith I volume of each of the following evaporation. The final infected normal were set with 81 5 -t'l volume/well and incommercially available media: Hai's ittt' suspensions with a 'i.: if'(.05 were cubated at 37 1 0.1 C under a low oxynutrient mixture F-12 il'-12)l';medium distributed involumes of'805 til/well (4- gen atmsphere 15 CO 2 0., 93
199 with lanks's balanced salt solution mil depth) in duplicate iells. Each )late 
 N.. .Spent medium (60( gl was removed 

199-11SS)'; minim essential uedium then contained duplicates of each of t li'from each well and replaced with freshwith l'irle's balanced salt solution 6,';.( media p)replarations. Plates were in- medium at 24-hour intervals. Subcul
l:,1s8'; MIMI 1640 medium"; Leibovitz cubated at 37 - 0.1 C in humidified tures were done at 72 hours by poolingmedium (IL-15'; and nleditim 199 with chambers that had I of the fol lowing at- the contents of culture wells with eacht:itss (199-i:iss).' All niedia preparations Ifsl)lheric conditions: 11; C(),', medium treatment, and di!uting 1:10contained NalHICO, with the exception of' and 801 N. (1; 5'; CO, 20.(, and 93', with normal m( in lreshf medium at aL-15 and 199-j.ss. In each case, the p11 N, IlIl); 6.4, ,(,10lo prepaeCO.,, 5.6; 0., and 88"; N,, v /v) ationd staind byearswas adjusted (6.85 to 6.9,5, using (.1 N 111); 5.6'; CO,, 13.6'; ... and 80.8',:; N2 were prepaed daily and stained by theHCI. Serum-supplemented nedia IV: 5. ; C(). it air (V); iln1d iemsawere normal air methtod to obseth The parasitesterilized by passage through a f0.22-pj.ii (VIt. Spent medium was cillected in vol- a onitrl its gowth. he experimentcellulose filter, and used within 2 hours. umes of 600 gI/well and replaced with tionc.Antibiotics were not added toi ainy cul- freshly preparep( 50; erun-supple- ti
 
ture ruedia used in the exlperiments. mented media at 24-hou 
,ntervals. Cul-Normal or infected i(o' suspensions were ture samples 13 to 5 g l)were obtained Scrun requirement experiment-After
prepared at 5'. concentration (v. by the time ofv) daily at medium exchange I medium was selected through the premixing 1 part of sedinmented eirythro- and Gielisa-stained blood smears Were vious study, an experiment was concytes, previously centrifuged at 1,000 :< prepared foin icroscopic ohserwation. A ducted to observe the effect of differentg ftr 10 minutes at 4 C, with 19 parts in 2.51 suspension of'normal Imw in each serum concentrations. Ten percent (v/v)each of the serum-suppleniented media, medium was added at 48 and 168 hours intected/normal mwt suspensions with aOne part of a 5 i infected i(n' suspension after initiation of cultures. Cultures, in i'i'i of 0.126 were prepared in mediumwas mixed with 3 parts of the 5);(vv, which the parasites were found, were 199-i:nss with NalICO, containing 501;',normal im(,( suspension Far a final 1:4 di- subcultured on day 4 by diluting 1:2 with 35';e, 201, 5';, and 0'; serum. Cultureslution ofinl'ected/normnal i0(' suspension a 7.5 ; (v/v) normal itt' suspension in were set in duplicates with 805 gI/wellwith 57 (v/v) concentration foir each of' the corresponding Medium and trans- volumes and incubated at 37 - 0.1 Cthe 6 media used. Sterile, disposable 24- ftrred to separate plates under the ap- under atmosphere II (51; CO_, 21 0.,, 93%

KC propriate atmospheric conditions. A 2nd N."). Spent medium was removed fromKC Biological lne, L,nt-xi,
Kati.
MA tiloproducts. Walk,.rsville. Md. ('star,Canibridir,, Mass. each well and replaced daily. Subcultures were made at 72 hours by pooling 
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duplicate cultures and diluting 1:20 with 
a 1014 (v/v) normal low suspension pre-
pared with the respective serlmll concen-
tration. (iensa-stained blood smears 
were prepared daily. and observed tni-
croscopiCally to evaIuiate parasite growth. 
The experinent was terminated after 6 
days. 

A nimal inoculation with material froz 
cell culture-On day 29, after initiation 
of in vitro cultivation, several culture 
wells were Iooledto obtain a volme of' 
2.5 m], mixed with 22.5 illof a ]0 ()i(v/ 
V 	normal I1l(' Suspension illinediun 199-

:t~SS with Na ll(), sulpp~lem.ented with 
'35(, I"s and 10.0 inl transferred to it 15.0-
ml plastic flask (25 cm:'surface to pre
pare the inoculUm. On day 0, calf 13was 
inoculated ivwith 12.5 ml of' blood con-
taininog 1.5 x×1)P 1.?li'mina partasites 
produced after 36 (lays in vitro. Rectal 
temperature and i'v'were recorded daily.
Giemsa-stained blood smears were also 
prepared anti observed each day. Serum
samples were collected on i'l 0,7, 28, 
and 35. Afterclinical signs ofthe disease 
were observed, the aninial was treated 
(Iv injettion)on I'li) 5 andl 7 with t 1.(1,0 in saline solution with 1.54 bovine il-
tryl)an blue sterile solution in nornmal bumin. Thin smears tnade with these
(0.75'); NaCi) saline solution at a dosage suspensions were wrapped in tissue pa-
of 1.0 mIl/kg of hody weight. Ier and immediately stored at - 70 C 

,isol(ion-On itti 4, 401 il 	 (f b i until use. Serial 2-fold dilutions of pos-
1 and negative sera were made withfroit calf were tseptical ly otained y

jugular veniplncture and collected into 

sterile, evacuated, heparin-containin 
glass tubes. The infected blood, with a 
1.476 WaswIT,centrifuged at 1,00(0 .. g
flor 15 minutes at ,IC anl the Sul)orna-
tant, buffy coat, and the upper laer of' 
sedilimented ervthrocytes were cdiscarded. 
The original volume was restored using 
VYM solution. Remaining m(w were sub-
sequently washed twice under the same 
conditions, removing supernatant and 
uppermost it( layers each time. Eryth-
rocytes were mixed 1:2 with fresh nor-
real mtc collected as previously descril)ed 
and resuspended to a final 7.W'; (v/v) 

concentration illeed withNaiHCO:, supplemented :30()'with 10's. 
Cultures were set induplicate as 805 Vl 
volumes/well and incubated at 37 4 0.1 
C under atmosphere 11 (5,;CO.N,2 02, 

93X NJ,. Spent medium was replaced at 
24-hour intervals. Parasite development 
was monitored by Gtemsa-stained blood 
smears prepared daily for microscopic 
observation. Subcultures were made as 
a 1:4 dilution at 48 and 1:10 dilution at 
96 hours using 10,e, (v/v) normal ini: in 
freshly prepared serum-supplemented
medium, 

Challenge exposur'--CalfB, which had
been given the in vitro cultivated B bi-
gemina parasites 28 days earlier, was 
challenge exposed iv with 1.5 x 10' cul-
tured B bovis parasites. Rectal temper-
ature was monitored, and blood samples 

February 1985 

TABLE 6-Summary of Bbigemina growth in invitro erythrocyte cultures from original
isolation on day 0 until day 102 

Dilution
 
Day Subcuhlurte accutulaIve, Initial Final 
; 	 2.50 T1 0(.051 0.050 

96 2 (.25 •0l05 	 tos1208 
11 4 6.25 1o 0.17H 0.717 
2:31. 7 3.12 I) 0.126i 09,19
264 8 1.56 10 0.0417 1. 3 

" 0.0t1;35 11 1.!" to , 1.30753 17 1 95 to 0,(095 1.9112
0.092
68 22 1.95 	 (1 1.186 

83 27 1.88 to 0.101 1.026 
99 33 ..sS to o.1
0 	6.1 I.393 
* Average Irlofduplicate cultures. Ii)0) originat isolatioun:culture riieiu Il)199-itliss: 

5, tis; 5' t concentration; .*l-m depth: :17 (.1C: and atnmsplhere 1 5' CO,, 2' 
0, 91; N21. f il 1tratho I: culture line started by subcuttur, at a 1:10 dilution; 10;Itl) .io§ I 1.1:culture ruedium 	 COMM]changed t' 1199- 1;Itl'B.'s. ) ,.i 1Io23:2O4( IH"s. 29:I Pculture expanded fur aninal itnocuilation. 

for i('v and t'i't-: determinations were col-
lected daily, 

Indirect fluorescent antiboy((l'A)
itst-Antigens were prepared separately
from cultured B t'ouis and B /igeMina. 
Infected b)od was washed 3 times with
sterile saline solution ((.75' NaCI) at 
1,000 :x g for 15 minutes at 4'C and 
resuspended to a 5( (v/v)concentration 

an initial 1:5 dilution in phosphate-buff-
ered saline solution (pl-I 7.4). The test 

v 	was carried out as previously described,' 
except that antigens were fixed in ace-
tone for 30 minutes; the slides were in-
cubated at 37 C fbr 30 minutes. 

Resuits 
Original isolation-Babesia bi-

gemina parasites were first identi-
fled in Giemsa-stained blood smears 
from calf A on I'll) 4. Parasite num-
hers increased , -maximum PPE of 
0.583 on I'[1) 7 antu slowly decreased 

to 0.229 on I~In 14, when the calf be-clfbe
 
came moribund and was euthana-
tized. The I'(v decreased ftom 33;' 
(I'ii) 0) to 1817 (Pn) 14). Tempera-
tures L 40.0 C were recorded on im 
2, 3, 13, and 14. Hemoglobinuria was 
observed intermittently from Il) 7 
to 	14. 


Only 3 media (199-]BSS, MEM-EBSS, 
and RPMI 1640) of the 6 used in the 
original isolation procedure sup-
ported parasite growth under low 

oxygen atmospheres I and I!.Higher 

oxygen atmospheres (III, IV, V, and 

VI) were detrimental to parasite

growth (Table 1). Parasites disap
peared rapidly in cultures set in me-

dia L-15 and 199-EBSS, which lacked 


Na-ICO,. Cultures set in serum sup
plemented medium 199-mIBSS in at
mosphere II reached PPE values of > 
1.0 before others. By PID 12, cul
tures set in MEM-ISS and RPMI 1640
medium in atmosphere II had reached 
m 
'I'E that were indicative of growth

(0.723 artd 1.108 PIll, respectively).
Parasite morphologic features in 
successful cultures were mostly in
distinguishable from forms found in 
B bigemina-infected animals. Sub
sequent parasite development was 

continuously maintained by subcultures because the addition of freshnormal RBc enhanced parasite
 

growth. Infected erythrocytes with 
parasite pairs were proportionally 
more abundant at 24 hours after 
subculture, regardless of the initial 
PPE; ring forms were more numerous 
at 72 
at 72 hours. In cultures kept for 
longer periods without subculture, 
the PPE decreased with the intracor
puscular forms rounding up and be
coming aberrant and degenerative 
(pyknotic). 

Media experiment-All 4 media 

testedgrwt wereunderable to sustain parasitespciie conditionsth 
growth under specified conditions
 
(Table 2); however, medium 199-Enss
 
sdpported higher parasitemias than
 
did 199-HaSS and it was therefore se
lected. Sodium bicarbonate was added
 
to all subsequent media prepara
tions.
 

Serum requirement experiment-
Concentrations of fresh serum of 20% 
or higher seemed to be required to 
sustain growth. Parasite morpho

logic features appeared normal in 
cultures with 5% or more serum (Ta
ble 3). 

Animal inoculation with material 
from cell culture-In vitro grown B 
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bigemina retained its infectivity for 
cattle (Fig 1). Parasites were first 
noticed in blood smears 24 hours after 
inoculation of cultured material and 
Pm'E peaked at 1.476 on 1'1) 4. On PII) 
5,calf B became severely ill, its tem-
perature was ,10.4 C and the l'('\V was 
22( (, which corresl)onded to a 501,
reduction of the original 4W on day
0. HIemolytic crises had occuri'ed 
overnight on in) 2 throaigh 5, but 
hemoglohbinuria was not observed 
until 1)11) 4. Treatment with trypan
blue solution was effective, because 
the parasites transiently disap-
peared from the peripheral blood and 
I',(' values stabilized. Calf' B had 
clinically recovered by day 26 with 
a P('V of 81 , but reniained a pos-
itive carrier for the rest of the ex-

periment, 

Reisola/ion-Balesiabigivnina was
successfully recovered from the pc-
ripheral blood of' calf' B at the time 
of' clinical illness. Parasite cultures 
were initiated with 0.736 m'r on I'll) A, using the same culture medium0 and increased to more than 1.0 I'Pl.: 
by pl) 6 (Table 4;.y1 6(Te 4. 

Challenge (.I)osure-Calf B was
challenge exposed with B boriisafter 
clinical recovery Bfrom bigemina 
infection (Fig 1). Decreases in l'v•5.'tivn 

were not noted. Morphologically dis-
tinct B boris infected miib were de-
tected in Giemsa-stained peripheral 
blood smears 5 days after challenge 
exposure. Neither hemolytic crisesnor hemoglobinuria were observed,
However, calf 13 had typical clinical 

sigs of ('NS damage, such as incoor-


(linaion 8genoioadination and paddling, by day 8 afterchallenge exposure when calfil died. 

Te IFA test--Specific positive sera 
did not cross-react at a dilutionI-
1:80 when tested against heterolo-
gous antigens (Table 5). 

Discussion 
This report presents evidence of thecontinuous in vitro cultivation of B 

bigemina (Table 6). The use of VYM 
solution for the washing and storage
of infected and normal miP( was bell-
eficial for the establishment of' par-
asite cultures. De-Verdier et al 
reported" the favorable effect of cit-
rate-phosphate-dextrose supple-
mented with adenine-guanosine on 
the stability of' human blood stored 
at 4 C. Such treatment promoted
higher levels of' nucleotide triphos-
phates within the mw and was as-
sumed to provide a reserve of energy-
rich compounds. Whether this same 
('ffe't occurred with respect to the 
bovine Eit , the parasite, or both is 
not clear. The present system still 
may not be optimal, because the PI'PI
rarely becomes 3.0. One possible
explanation may torelate limited 
availability of key Iiu trients or crit-
ical changes in pil. An illustration 
of's :h a critical effect was indicated 
by the successful parasite reisola-
tion fron calf' B, as opposed to the 
original isolation attempt from calf' 

199-1., iss, with and without Na-
H{(CO(), respectively.
1 
The results of this study on thecomparison of' the effects of various

atmospheres on the in vitro culti-
vation of'B bigemino emphasized its 
microaerophilic nature. The best at-
inosphere was 5 (;CO.,, 21;;0).,,and 
93; N. Rodriguez et al' reported a 
similar bservation when a para-
sitemia 0f.1)(1was used to estab-
lish ;r: vitro cultures of' 1B bov'js, atclosely related organism, 

The established process does not 
alter the infectivity of B bigemina 

for the bovine host, as illustrated bythe inoculation of calf 13. The organ-
ism was isoleted in pure culture irnvitro, inoculated into a susceptible 
animal, the disease was reproduced. 
and the organism was reisolated in 
pure culture. The definitive identity 

of the parasite as B bigemina was 
substantiated by the results of thechallenge study and IA test results; 
the lEA observation basically agreedwith the data reported by Leeflang 

and Perie.'" Immunogenically, the 
cultured parasite did not elicit pro
tection against challenge exposure
with B boi'is. This result was a con
firmation of the absence of cross pro
tection between B bigemina and B 
bot'is, as reported by Smith et al." 

Ti.9 in vitro procedure of the pres
ent study can be used to produce spe
cific antigen for serology and has the 
potential of contributing to the pro
duction of specific immunogens. In 
addition, in vitro cultivation can be 
used to study the life cycle, physio
logic processes, and biochemistry of 
the parasite. 
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