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ABSTRACT
 

Infectivity and Cross Immunity Studies
 

of Colombian Bovine Babesia Species
 

(December 1973)
 

Thomas McKie Craig, B.S., D.V.M., Colorado State University
 

Directed by: 
 Dr. L. G. Adams and Dr. K. L. Kuttler
 

Colonies of bovine hemotropic disease free Boophilus microplus
 

ticks were established. Adult B. microplus females and eggs were
 

incubated at 28 to 300 
C. at a relative humidity of from 70 to 80%.
 

Larvae were maintained at 24 to 28* C. and a relative humidity of
 

60 to 80% for maximal survival.
 

A colony of B. microplus infected with Babesia argentina was
 

established by allowing non-infected ticks to feed on normal cattle
 

for 10 to 11 days, at which time a stabilate of B. argentina was
 

inoculated into the cattle subcutaneously. This resulted in a
 

parasitemia at the time of final tick engorgement. The organism
 

was maintained in ticks by allowing non-infected ticks to feed 
on a
 

calf which was later infected by the release of infected larvae 11
 

to 13 days after the non-infected larvae commenced feeding. 
 Diag

nosis of Babesia sp . in ticks was done by examination of hemolymph.
 

Diagnosis and estimation of the effects of Babesia 
M. in

fections in cattle were made on the basis of thick and thin blood
 

films, packed cell volumes, rectal temperatures, body weights,
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cerebral biopsies, complement fixation titers and clinical signs.
 

Boophilus microplus eggs, larvae and nymphs infected with B.
 

argentina were disrupted by several methods and the resulting
 

material inoculated subcutaneously into splenectomized calves.
 

None of the calves showed signs of infection and proved to be fully
 

susceptible when challenged with B. argentina.
 

Babesia bigemina was isolated from other bovine hemotropic
 

agents by rapid serial passage through splenectomized calves. This
 

isolate was compared with a laboratory strain previously isolated
 

from a different geographic region of Colombia. Two groups of 8
 

calves each were inoculated subcutaneously with 109 B. bigemina
 

organisms of each isolate. 
A third group of 8 calves remained as
 

untreated controls. Twenty-eight days later, 4 calves in each of
 

the 3 groups were challenged with 2 X 1010 B. bigemina organisms
 

of each isolate. The challenge groups were homologous, heterolo

gous and control. Both homologous and heterologous groups demon

strated immunity to challenge. No differences in the virulence of
 

the two isolates was demonstrated.
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INTRODUCTION
 

The frequency of occurrence of hemotropic diseases,
 

anaplasmosis, babesiosis, theileriosis and trypanosomosis has been
 

a contributory factor to limiting beef cattle production 'throughout
 

the world. Babesiosis is endemic to many global areas and remains
 

one of the most costly afflictions of cattle in the world.
 

The development of a reliable program designed to immunize
 

cattle against babesiosis has perplexed scientists for decades.
 

Premunition of susceptible cattle by natural or controlled exposure
 

to viable infectious Babesia organisms usually results in resistance
 

to future exposure to homologous strains, but perpetuates the disease
 

1 6' 19'2 5' 49' 6 9'7 7 
by creating carriers of the infection.4 , To pre

munize susceptible cattle, it is usually necessary to inject whole
 

blood or blood fractions which contain the infective, viable Babesia
 

organisms. Because whole blood or blood products may contain viable
 

and infectious adventitious microorganisms, premunition remains a
 

potentially dangerous procedure. Neonatal hemolytic anemia in the
 

offspring of cows inoculated with blood products has been encounter

2 2 39
 ,

ed and represents a potential problem.


The only known non-bovine tissue in which growth and develop

ment of Babesia occurs is the tick. This study was attempted to
 

provide data to ascertain the feasibility of utilizing macerated
 

The citations in this paper follow the style of the American
 
Journal of Veterinary Research.
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ticks, infected with Babesia argentina, as a source of infectious
 

material.
 

Repeated failure to protect cattle against babesiosis by pre

munition has also been attributed to antigenic variations inherent
 

in different strains of Babesia.9'15'30'75 There is no evidence
 

that antigenic variation persists between various strains of Babesia
 

found in Colombia. However, evidence directed to this consideration
 

could explain variations in susceptibility which are evident in
 

premunized cattle when these animals are geographically relocated.
 

Data relative to the premunizing efficiency of inocula was evaluated
 

to determine if antigenic variation is evident between isolates of
 

Babesia bigemina from two widely separated geographic areas of
 

Colombia.
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LITERATURE REVIEW
 

Immunity to Babesia Infections
 

Immunity from hemotropic disease is generally dependenL upon
 

premunition.41 Premunition using Babesia organisms was described
 

before 1900.25,67 Premunition was established by the inoculation
 

of blood from carrier cattle or by the injeccion of macerated ticks
 

which had engorged on infected cattle. Attempts to attenuate the
 

organisms by cold storage of blood was used.77 Trypan blue was
 

used to regulate clinical response to BLbesia infections by prevent

ing death losses in cattle but not sterilizing the infection.78
 

Blood from latent carriers has been considered a safe inoculum for
 

the induction of premunition. However, the blood from latent car

riers sometimes contained a sub-infective number of organisms.
71
 

Immunity against Babesia argentina (B. argentina) has been
 

established with a vaccine consisting of an inoculum of 107 
to 108
 

14
 
organisms. This vaccine has been tested under field conditions
 

49  
with satisfactory results.19' The organisms were grown in splen

ectomized calves, diluted with blood from non-infected cattle and
 

chilled to a temperature of 1 to 5* C. A loss of approximately 1
 

log of infectivity occurred for each week of storage at that tem

14
 
perature.
 

Apparent strain differences have been observed in both blood
 
8
 

and tick passaged Babesia bigemina (B. bigemina), with isolates
 

increasing37 or decreasing in virulence. One strain of blood
 

http:organisms.71
http:premunition.41


4 

passaged B. argentina lost its infectivity for ticks.54 The organism
 

having lost its capacity to infect ticks cannot be transmitted by
 

natural means. Premunition with such an organism could not be sus

tained under field conditions.
54
 

Infection with bovine Babesia p. usually elicits protection
 

against homologous challenge and partial protection against heter

ologous strains of the same Babesia species.9'30964,75 Therefore,
 

the strain content of an effective vaccine should be selected on
 

the basis of the challenge likely to be encountered.
9
 

The inoculation of tissues has the inherent danger of intro

ducing pathogenic adventitious microorganisms into recipient ani

mals. A greater danger exists with tissues from the same or
 

62
 
closely related species than from unrelated donor tissues. The
 

inoculation of bovine blood or blood products to protect cattle
 

against hemotropic disease has led to the occurrence of neonatal
 
22 39
 ,


hemolytic disease.


Tick Tissues as an Agent for Infecting Cattle
 

Engorged female ticks, ground in mortar and pestle, were in
66 77
 

jected into cattle to induce Babesia infections.
23 ' ,
 

Several protozoan, viral and rickettsial diseases have been
 

transmitted through the inoculation of infected tick tissues into
 
51
 

susceptible animals. Heartwater, a disease caused by a ricket

tsia, Cowdria ruminatium, has been transmitted through a tissue
 

http:infections.23
http:conditions.54
http:ticks.54
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suspension of nymphal Amblyomma haebreum.70 
 Theileria parva, the
 

causative agent of East Coast Fever, was transmitted by the injec

tion of a suspension of ground infected Rhipicephalus appendicula

tus,17,70,76 or salivary secretions of the infected adult tick.56
 

Theileria annulata schizonts were seen in calves after the inocula

tion of tissues from infected Hyalomma dromedarii.4 7
 

Although the mechanism is unknown, cattle can acquire resis

tance to larval Boophilus microplus (B. microplus) ticks. 57 Pre

cipitating antibodies developed in cattle inoculated with eggs and
 

larvae of B. microplus; however, the antibody response had no cor

relation to tick resistance by the cattle.28
 

Boophilus microplus and Babesia spp. Transmission
 

Boophilus ticks are the only known vectors of bovine babesiosis
 

in the western hemisphere. 61 Boophilus microplus shows minor mor

phological differences in various parts of the world but is consid

ered to be one species.
63
 

Pre-oviposition and oviposition periods are influenced mostly
 

by temperature, with the onset of ovipositing occurring earlier at
 

32
higher temperatures.27 , In Australia, B. microplus females and
 

eggs are incubated at 29.40 C. and a relative humidity (RH) of 96%
 

to produce greater numbers of viable larvae in the shortest time.
 

12,32 Unfed larvae survived longest when kept in darkness at 23.90
 

C. at 90 to 100% RH.3 2
 

http:temperatures.27
http:species.63
http:hemisphere.61
http:cattle.28
http:ticks.57
http:dromedarii.47
http:haebreum.70
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Feeding and moulting times of the parasitic stages were:
 

larvae, 4.5 to 13.1 days with a mean of 5.5 days, nymphs, 11.9 to
 

20.3 days following larval release with a mean of 15.4 days. Adult
 

females detached from the host in 18.9 to 35.5 days, with a mean of
 

21.9 days following release of larvae.
31
 

Variation in tick infestation rates was noted to be dependent
 

upon breed and age of host, and the time of the year. The nutri

tional status of the host is important. Fewer ticks feed to reple

tion on a well nourished host.
53
 

Most Boophilus are infected with Babesia during the last few
 

days of attachment, with the greatest number becoming infected
 

during the last 24 hours of feeding.10'12'61 Another report indi

cated that the ticks may become infected as larvae and transmit
 
58
 

Babesia through their progeny. High mortalities have been noted
 

in female ticks feeding on cattle with a Babesia parasitemia of 5%
 
60
 

or higher.
 

Babesia argentina was transmitted by the larvae as early as 1
 
45
 

to 2 days following attachment. The infective stage of B. argen

tins was found in the salivary glands of B. microplus larvae 2 to 3
 

days following attachment to the host. Evidence of infection has
 

been difficult to demonscrate in unfed larvae, and it has been im

possible to find evidence of infection in larvae which had fed for
 

longer than 3 days.
60
 

Although the adult tick may be capable of transmitting the
 

organism, B. bigemina is transmitted primarily by the nymph.
 

http:larvae.31
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Infection of cattle with B. bigemina occurred 8 or 9 days following
 

infestation with infected larvae. The prepatent period 
to parasi

33
 temia was 13 to 14 days following larval release.12 ,
 

Isolation and Preservation of Babesia
 

Babesia argentina was isolated after releasing a splenectomized
 

calf in a pasture containing infected ticks for 6 days and spraying
 

the calf with ixodicides as soon as the first larvae were seen to
 
73
 

moult. Another method for isolation of B. argentina involved the
 

use of trypan blue to suppress B. bigemina.1
I


Babesia bigemina was separated from B. argentina and Theileria
 

mutans by rapid passage of blood through 5 splenectomized calves.5'1
 

Attempts were made to eliminate Eperythrozoon spp. by cooling
 

blood to 210 C. for 24 hours prior to inoculation. Treatment of
 

infected cattle with neoarsphenamine or sodium (2-di-(B, gamma,
 

dioxipropil)-aminophenol-(4 arseno 5)-B-(benzoxasolil-(2)-mercapto)
 

'l
propionatea may eliminate Eperythrozoon parasitemias.
 

Stabilates, which are defined as "A population whose reproduc

tion has been arrested by viable preservation on a unique occasion,"
 

40 have been made of Babesia p. by low temperature preservation.
 

Various anticoagulants were successfully used in the preparation of
 

stabilates including: heparin,3 sodium citrate 55'74 and disodium
 
55 74
 ,
ethylenediaminetetraacetate (EDTA).26 Glycerol at 7 to 15% 3 ,
 

aSpirotrypan-fuerte, Farbwerke Hoechst, Frankfurt am Main,
 
Germany.
 

http:EDTA).26
http:bigemina.1I
http:release.12
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and 4 M dimethylsulfoxide (DMSO)
20 have been successfully used as
 

cryoprotective agents.
 

A greater viability of organisms preserved at temperatures
 

less than -60 C. has been observed.3 Rapid thawing bringing the
 

stabilate to body temperature is thought to reduce loss of
 

Stabilates prepared with DMSO can be administered
viability.21 


either intravenously or subcutaneously with equal efficacy; those
 

preparations containing glycerol should be inoculated subcutane

ously for maximum efficiency.
21
 

http:efficiency.21
http:viability.21
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MATERIALS AND METHODS
 

Part I: 
Macerated Boophilus microplus Experiments
 

Experimental Cattle
 

The cattle used in the experiments originated from I of 2
 

farms in the Sabana de Bogota (3,000 meters in altitude).
 

Boophilus ticks have not been found on farms in the Sabana.
 

The Holstein-Friesian calves, primarily bulls, were purchased at 3
 

to 5 months of age. Prior to arrival at 
the research facilities
 

the cattle were vaccinated with Clostridium chauvoei, Clostridium
 

septicum and Pasteurella multocida bacterin. 
A formalin killed
 

foot and mouth disease vaccine, types A and 0, was given every 4
 

months. 
These calves were fed a single ration (Table I) throughout
 

the trials.
 

The cattle were housed in screened and moated barns at the
 

Centro Internacional de Agricultura Tropical (CIAT', El Porvenir
 

research farm, Palmira, Valle, Colombia.
 

All cattle were bled, rectal temperatures taken and body weights
 

determined every 2 weeks unless clinical signs indicated that more
 

frequent sampling was necessary. 
Twenty calves were splenecto

mized.5 0 
 These calves were bled and temperatures taken twice
 

weekly for 45 days following splenectomy.
 

Fecal samples were taken on arrival of the calves at the CIAT
 

facilities. When fecal samplings indicated a parasite burden, the
 

http:mized.50
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TABLE I
 

Ration for Experimental Cattle*
 

Concentrate Mix
 

Maize or Sorghum, Ground 430 Kg.
 
Soybean or Cotton Seed Meal 300 Kg.
 
Wheat or Rice Bran 230 Kg.
 
Iodized Salt 10 Kg.

Vitamin Premix** 10 Kg.
 
Mineral Premix*** 10 Kg.
 

1000 Kg.
 

Three volumes of ground maize cobs were mixed with 2
 

volumes of concentrate and fed at a rate of approximately
 

3% of body weight daily.
 

In addition, the cattle were provided clean water
 

and 1:1 iodized salt: bone meal mineral mix ad libitum.
 

*Based on the 1966 National Research Council recommenda
tions.
 

**Vitamin Premix
 
Maize or Sorghum, Ground 10 Kg.
 
Roche A-D
 

(Vit A 750,000 i.u. Gm.
 
Vit D 150,000 i.u. Gm.) 8 or 10 Gm.
 

10 Kg.
 
8 Gm Roche A-D with Maize diet
 

10 Gm Roche A-D with Sorghum diet
 

***Mineral Premix
 
Copper Sulfate 195 Gm.
 
Iron Sulfate 747 Gm.
 
Zinc Oxide 124 Gm.
 
Magnesium Sulfate 309 Gm.
 
Potassium Iodide 7 Gm.
 
Cobalt Sulfate 20 Gm.
 
Maize or Sorghum, Ground 8.598 Kg.
 

10 Kg.
 



calves were treated with Thiabendazoleb for gastrointestinal para

sites and a combination of Isoniazide and Diethylcarbamizine
 

citrate d for Dictyocaulus viviparus infections.
 

Calves infested with Linognathus vituli were sprayed twice at
 
e
 

a 14 day interval with Carbaryl.


The calves were 5 to 10 months of age at the time of the
 

trials.
 

Establishment and Maintenance of Boophilus microplus Colonies
 

Replete female B. microplus ticks were gathered at the Insti

tuto Colombiano Agropecuario (ICA) Turipana experimental station
 

located in the Sinu Valley, near Monteria, Cordoba, on the Carib

bean coast. These ticks were collected from dairy cattle not show

ing signs of hemoparasitic infection. Another group of ticks was
 

obtained from the commercial beef herd of (CIAT) El Porvenir ex

perimental farm. 
This herd had a low level of tick infestation
 

and hemoparasitic disease was not a problem.
 

Engorged female ticks were placed in individual glass vials
 

with cloth stoppers.f At the completion of ovipositing, the ticks
 

bOmnizole, Merck, Sharp & Dohme, Rahway, N.J.
 

cLuvorem, E. R. Squibb & Sons, Inc., 
New York, N.Y.
 

dFranozan 40%, Cooper, McDougall & Robertson, London, England.
 

eSevin, Union Carbide S. A., Yumbo, Valle, Colombia.
 

fWright, J. E., 
USDA Vet. Tox. & Ento. Res. Lab., College

Station, Texas: Pers. Comm., 1971.
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were removed and the eggs incubated at room temperature 23 to 310 C.
 

and relative humidity 40 to 85%. 
 Two to 6 weeks following emergence,
 

larvae of each isolate were placed on splenectomized calves. Re

plete female ticks, gathered 20 to 25 days following larval release,
 

were placed in glass vials.
 

The calves were bled daily for 30 days following larval release
 

and twice weekly for another 40 days. Blood samples from each of
 

the 3 calves were taken 70 days after larval release, pooled and
 

injected into another splenectomized calf. The calves into which
 

the pooled blood was injected were bled on a similar schedule for
 

60 days.
 

Other generations of ticks were released and collected in
a
 

like manner from splenectomized cattle, except that the eggs were
 

pooled into 1 Gm. (approximately 20,000 eggs), 0.5 Gm. or 0.25 Gm.
 

lots. Ticks were collected from the floor or from the calf.
 

Later generations of pre-ovipositing females and eggs were in

cubated at 28 to 30* C. in a bacteriological incubatorg in which a
 

pan of wet sand was placed to .increase the RH to 70 to 80%, 
as
 

measured by a hygrometer.
 

Larvae were raised under 3 environmental conditions: at room
 

temperatures of 21 to 340 C. and 40 to 80% RH; at 28 to 30* C. and
 

70 to 80% RH; and at 24 to 280 C. and 60 to 80% RH.
 

Attempts were made to overcome fluid loss in larval ticks by
 

gThelco, Precision Scientific Co., Chicago, Ill.
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placing drops of distilled water or filtered, fetal calf serum
 

against the cloth stoppers, in an effort to induce drinking by the
 
65
 

larvae.
 

Establishment of Singularly Infected Tick Colonies
 

Progeny of ticks which for 2 generations did not transmit hemo

tropic disease to splenectomized calves were placed on splenecto

mized and non-splenectomized calves. Ten and 11 days following re

lease of larvae, a stabilate of B. argentina was injected subcutan

eously into the host calf in an effort to coincide parasitemia with
 

the final engorgement of the adult female tick. In subsequent
 

generations, the release of hemoparasite free larvae was followed
 

in 11 to 13 days by the release of B. argentina infected larvae.
 

By these means infected adult ticks were obtained.
 

Methods of Evaluation
 

Thick blood films were prepared using a wire loopful of blood.
 
3
 

Approximately 1.4 mm. of blood were placed near one end of a micro

scopic slide. The drop of blood was smeared on the slide with the
 

loop in a circle approximately 6 mm. in diameter.46 The blood was
 

air dried and placed in an incubator at 650 C. for 45 minutes.6
 

Thin blood films were made on the opposite end of the slide,
 

air dried and fixed in absolute methanol.
 

The blood film was stained in a 1:50 Giemsa solutionh diluted
 

hGiemsa Stain, Gradwohl Labs., St. Louis, Mo.
 

http:diameter.46
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with phosphate buffered water (pH 6.9-7.1) containing 0.01% alkyl
i
 

aryl polyether alcohol. The blood film was stained for 45 minutes.
 

Excess stain was gently washed from the slide using phosphate
 

6
 
buffered water.
 

Packed cell volume (PCV) was determined by the micro-hematocrit
 

method on blood collected in tubes containing 2 drops of a 10% solu

tion of disodium EDTA per 5 ml. blood as an anticoagulant.
 

Rectal temperatures were generally taken before 9 a.m.. each
 

day. Thermometers, scaled in degrees Celsius, were inserted for
 

one minute.
 

Body weights were estimated with weigh tapesi applied around
 

the heart girth.
 

Cerebral biopsies were done with local anesthesia following
 

the technique described by Johnston and Callow.35 The incision site
 

was determined by an imaginary line drawn from the lateral canthus
 

of the left eye to the base of the right horn, intersecting with a
 

line parallel to the median saggital plane 3 cm. left of the midline.
 

A stainless steel 1/8 inch bit in a bone drill was used to penetrate
 

the frontal sinus and calvarium. A 14 gage 3 inch cannula was in

troduced into the brain, until the hub of the cannula or bone on the
 

opposite side of the brain prevented further penetration. The can

nula was rotated and negative pressure applied with a syringe. The
 

contents of the cannula were emptied into 0.85% saline.
 

iTriton X 100, J. T. Baker Chemical Co., Phillipsburg, N.J.
 

iNasco, Ft. Atkinson, Wis.
 

http:Callow.35


The core of cerebral material was separated into 0.5 X 2 mm.
 

segments which were placed between 2 glass slides, squashed and
 

drawn across one slide. The slides were fixed with absolute metha

nol for 5 minutes and stained with Giemsa as for blood slides.
 

Two to 3 days after the onset of ovipositing, 1 leg was re

moved from each tick with a small pair of scissors, as close to the
 

body as possible. The tick's body was gently squeezed and a drop
 

of hemolymph was placed on a slide. The dried hemolymph was fixed
 

in absolute methanol for 5 minutes and stained with Giemsa as for
 

blood slides.
 

Determination of complement fixing (CF) antibody titers was
 
42
 

Blood samples were collected
accomplished by a microtiter method. 


on all cattle at least every 14 days. Serum was separated, clari

fied by centrifugation and stored in glass vials at -20
° C. Serum,
 

inactivated for 35 minutes at 560 C. in a water bath, was used in
 

2
 
the microtiter test.
 

Sheep, obtained from high mountain flocks presumed free of
 

hemotropic diseases, were used as erythrocyte donors. The blood
 

2
 

was collected in Alsever's solution.


Commercially obtained hemolysin (rabbit anti-sheep erythrocyte
 

serum)k was standardized by titration, using 2 units of complement
 

and a 2% washed sheep erythrocyte suspension in veronal buffer. One
 

unit of hemolysin was regarded as the highest dilution producing
 

370 C.
 
complete hemolysis in 45 minutes 

at 


kSheep Cell Hemolysin, The Sylvana Co., Millburn, N.J.
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Complement (guinea pig serum) was obtained commerciallym and
 

titrated using a hemolytic system composed of 2 units of hemolysin
 

and 2% sheep erythrocyte suspension. A unit of complement was re

garded as the highest dilution of complement, producing complete
 

hemolysis in 45 minutes 
at 370C.

2
 

Antigen was prepared from the parasitized erythrocytes of 3
 

calves having parasitemias of 15, 17 and 21%. One hundred ml. of a
 

stabilate of B. argentina were injected subcutaneously into a splen

ectomized calf which was treated with 30 mg. Triamaciolone 
acetaten
 

13
 
prior to injection of the stabilate. When a moderate (2.5%) para

sitemia was detected, 500 ml. of blood were passaged intravenously
 

to a second calf, which was treated with 30 mg. Triamaciolone every
 

second day from 10 days prior to inoculation and continued until
 

death. At the time of maximum parasitemia (21%), the calf was ex

sanguinated by carotid canulation and 500 ml. blood passaged to
 

each of 2 other Triamaciolone treated splenectomized calves.
 

The infected blood used for antigen production was collected
 

by vacuum into filtration flasks which contained 1.2 Gm./liter
 

disodium EDTA as a 10% solution. Plasma was separated at a relative
 

centrifugal force (RCF) of 1,020 for 20 minutes and removed by
 

suction. The erythrocytes were washed twice in sterile physiologi

cal saline. The non-infected erythrocytes were selectively lysed
 

mDehydrated Complement, Texas Biological Labs., Inc., Ft.
 

Worth, Texas.
 

nVetalog, E. R. Squibb & Sons, Inc., 
New York, N.Y.
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in a 0.35% sodium chloride solution. This lysis relies on differ

ences in osmotic fragility between parasitized and non-parasitized

44
 

erythrocytes. The remaining sediment was washed once in physio

logical saline, then lysed in 10 volumes of distilled water and
 

centrifuged.
 

The remaining sediment was subjected to lysis in 2 volumes of
 

distilled water and mechanical disruption in a Ten Broeck tissue
 

grinder. Each fraction was separated at a RCF of 5,000 for 30 min

utes, the supernatant retained and the remaining sediment resuspend

ed in distilled water. To increase complement fixing activity, the
 

supernatant was centrifuged at a RCF of 27,000 for 1 hour, and the
 

resulting sediment resuspended in an equal volume of distilled
 

water. The antigen was stored at 
-60 * C. Antigen was titrated
 

as described, using 1 negative and 3 or 4 positive serums.42
 

The microtiter procedure was done in plastic trays, ° 
into
 

which 0.025 ml. of veronal buffer was added to each well via a
 

dropper pipette.p 
 One drop or 0.025 ml. of inactivated serum, di

luted with buffer 1:2.5, was added to the first well in each row.
 

The serum was serially diluted from 1:5 to 1:640 with a micro loop. q
 

Antigen, 0.025 ml. (2 units/ml.), and 0.025 ml. of complement (2
 

units/ml.) were then added and allowed to react for 1 hour at 370 C.
 

0Disposable Microtiter Plates, Cooke Engineering Co.,
 
Alexandria, Va.
 

PMicrotiter Pipette Dropper, Cooke Engineering Co., Alex
andria, Va.
 

qMicrotiter Loops, Cooke Engineering Co., Alexandria, Va.
 

http:serums.42
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The hemolytic system, 0.05 ml., consisting of equal volumes of 2
 

units of hemolysin and 2% sheep erythrocytes, was added to each
 

well. The trays were incubated at 370 C. for 45 minutes, then
 

placed in a refrigerator overnight. The titer of the serum was
 

considered to be the highest dilution having complete fixation of
 

complement. Controls in the form of positive and negative serums,
 

antigen control and complement control were prepared.
 

Experimental Preparations Using Babesia argentina Infected
 

Boophilus microplus Tissues
 

r
Minimal essential media (Eagle) with Earle's salts (MEM) was
 

prepared in double distilled, deionized water, to which was added
 

bovine serum albumin (BSA) crystalss at 1.05 and 3.5% v/v, then ad

justed to pH 7.5. 17 Sterilization was accomplished by filtration
 
t
 

through a 0.22 p Millipore filter. After filtration the pH of the
 

1.05% and 3.5% batches was 7.35 and 7.3, respectively. The media
 

were refrigerated at 4 C. in 500 ml. bottles.
 

Four hundred twenty-five ml. of fetal bovine serum (FBS) were
 

obtained from abatoirs in Bogota and were mixed with 15 ml. glycerol,
 

sterilized by filtration through a Millipore 0.45 P filter and
 
17
 

stored in 250 ml. bottles at -200 C.
 

rMEM (Eagle) with Earle's Salts, Grand Island Biological Co.,
 

Grand Island, N.Y.
 

SBovine Serum Albumin, Fract. V, Armour Pharmaceutical Co.,
 
Chicago, Ill.
 

tMillipore Corp., Bedford, Mass.
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The dorsal midline of the calves was clipped and shaved. A
 

cloth bag covering an area of approximately 600 square centimeters
 

was attached to the skin with glue.u A flexible adhesivev was used
 

to attach the cloth bags to the last 4 calves. Tick larvae were
 

introduced through a hole in the bag after which the hole was re

sealed. The bag was protected by a burlap cover.
 

Preparation 1: Approximately 6.25 Gm. of B. argentina in

fected B. microplus larvae were released on susceptible splenecto

mized calf 352. Subsequently calf 352 became infected with B.
 

argentina and died as a result of the infection.
 

Larvae and nymphs were removed from calf 352, 6 days after
 

larval release. Approximately 4 Gm. of larvae and nymphs were
 

washed 3 times in physiological saline solution and centrifuged at
 

1200 r.p.m. for 10 minutes. The ticks were then suspended in 50 ml.
 

of MEM with 3.5% BSA, and macerated for 1 hour with ground glass
 

fragments in a mortar with a pestle. After sedimenting for 105 min

utes, 20 ml. of supernatant were injected into calf 341 subcutan

eously. An additional 25 ml. were decanted and mixed with an equal
 

volume of FBS-glycerol, dispensed in 4 ml. vials and frozen in a
 

dry ice cabinet.
 

The same day an additional 6 Gm. of larvae and nymphs were
 

scraped from calf 352, washed twice in physiological saline solution,
 

UWeldwood, U.S. Plywood, Kalamazoo, Mich.
 

VDuratite, DAP Inc., Dayton, Ohio.
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suspended in 150 ml. MEM with 1.05% BSA, macerated, as before, for
 

1 hour and sedimented for 30 minutes. Forty-five ml. of supernatant
 

were injected into calf 341 subcutaneously, and 47 ml. were de

canted and mixed with an equal volume of FBS-glycerol, dispensed in
 

4 ml. vials and frozen in a dry ice cabinet.
 

Calf 341 was bled and temperatures were taken daily for 15
 

days and twice weekly for an additional 33 days. A cerebral
 

biopsy, to determine if infection with B. argentina was present,
 

was performed on day 35 post inoculation. Approximately 0.25 Gm.
 

B. argentina infected larvae was released on calf 341 on day 48
 

post inoculation to establish the susceptibility of calf 341.
 

Preparation 2: Approximately 2 Gm. of B. argentina infected
 

B. microplus larvae were released on susceptible splenectomized
 

calf 348. Subsequently calf 348 became infected with B. argentina
 

and died as a result of the infection.
 

Larvae were removed from calf 348, 48 hours after larval re

lease. Approximately I Gm. of larvae from calf 348 was suspended
 

in 16 ml. of MEM with 3.5% BSA and macerated for 30 minutes as pre

viously described. After sedinienting for 1 hour, 10 ml. of superna

tant were injected into calf 243 subcutaneously. An additional 2
 

ml. were decanted and mixed with an equal volume of FBS-glycerol,
 

dispensed in a 4 ml. vial and frozen in a dry ice cabinet.
 

Calf 243 was bled and temperatures were taken daily for 15
 

days and twice weeily for an additional 23 days, On day 35 post
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inoculation, a cerebral biopsy was performed. 
On the same day,
 

approximately 0.25 Gm. B. argentina infected larvae was released
 

to establish the susceptibility of calf 243.
 

Preparation 3: Approximately 20 Gm. of larvae (from the same
 

source as used in preparations 1, 2 and 4 and presumed to be infected
 

with B. argentina), 20 days after emergence from the egg, were sus

pended in 15 ml. of MEM with 3.5% BSA and macerated in a glass Ten
 

Broeck tissue grinder. After sedimenting for 45 minutes, 5 ml. of
 

supernatant were injected into calf 247 subcutaneously. An addi

tional 8 ml. of supernatant were decanted and mixed with an equal
 

volume of FBS-glycerol, dispensed in 4 ml. vials and frozen in a
 

dry ice cabinet.
 

(,;'.f 247 was bled and temperatures were taken daily for 15
 

days and twice weekly for an additional 10 days. On day 25 post
 

inoculation, a cerebral biopsy was performed. 
On the same day,
 

approximately 0.25 Gm. B. argentina infected larvae was released
 

to establish the susceptibility of calf 247.
 

Preparation 4: Approximately 1 Gm. of B. argentina infected
 

B. microplus larvae was released on susceptible splenectomized calf
 

338. Subsequently calf 338 became infected with B. argentina and
 

died as a result of the infection.
 

Larvae were removed from calf 338, 30 hours after release.
 

Approximately 1 Gm. of larvae was washed in a 1:50 solution of
 

chlorhexadinew and rinsed in distilled water. 
The larvae were
 

WNolvasan, Fort Dodge Labs., Ft. Dodge, Iowa.
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suspended in 6 ml. of HEM with 3.5% BSA and macerated in a Ten
 

Broeck tissue grinder. After sedimenting for 30 minutes, 5 ml. of
 

supernatant were injected into calf 266 subcutaneously. An addi

tional 4 ml. were decanted and mixed with an equal volume of FBS

glycerol, dispensed in 4 ml. vials and frozen in a dry ice cabinet.
 

Calf 266 was bled and temperatures were taken daily for 30
 

days and twice weekly for an additional 25 days. On day 55 post
 

inoculation, approximately 0.25 Gm. B. argentina infected larvae
 

was released to establish the susceptibility of calf 266.
 

Preparation 5: One Cm. of B. argentina infected B. microplus
 

eggs, obtained from females which had fed on a calf with a tick
 

induced B. argentina infection, was suspended in 10 ml. of MEM with
 

3.5% BSA and 10 ml. FBS-glycerol. Using siliconex coated glassware,
 

the suspended larvae were macerated in a Ten Broeck tissue grinder.72
 

After sedimenting for 30 minutes, 8 ml. of supernatant were injected
 

into calf 248 subcutaneously. An additional 12 ml. were decanted,
 

dispensed in 4 ml. vials and frozen in a dry ice cabinet.
 

Calf 248 was bled and temperatures were taken daily for 15
 

days and twice weekly for an additional 36 days. On day 34 post
 

inoculation, a cerebral biopsy was performed. On day 51 post inocu

lation, 5 ml. of a stabilate containing approximately 1.35 X 109
 

B. argentina organisms were injected intravenously to establish the
 

susceptibility of calf 248.
 

xSiliclad, Clay-Adams, Parsippany, N.J.
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Preparation 6: Approximately 2 Gm. unfed larvae from the egg
 

pool used in preparation 5 were combined with 0.5 Gm. larvae which
 

had fed on susceptible splenectomized calf 338 for 48 hours.
 

The larvae were suspended in a solution of 10 ml. of MEM with
 

3.5% BSA and 10 ml. of FBS-glycerol. Using silicone coated glass

ware, the suspended larvae were macerated in a Ten Broeck tissue
 

grinder, and the resulting mixture injected into calf 286 subcu

taneously.
 

Calf 286 was bled and temperatures were taken daily for 17
 

days and twice weekly for an additional 10 days. On day 14 post
 

inoculation, a cerebral biopsy was performed. 
On day 27 post inocu

lation, approximately 0.25 Gm. B. argentina infected larvae was re

leased to establish the susceptibility of calf 286.
 

Preparation 7: Approximately 5 Gm. of B. argentina infected
 

B. microplus larvae, 17 days after emergence from the egg, were
 

suspended in 50 ml. of MEN with 3.5% BSA and 50 ml. of FBS-glycerol
 

and macerated in a silicone coated Ten Broeck tissue grinder. 
After
 

sedimenting for 30 minutes, 10 mi. of supernatant were injected into
 

calf 295 subcutaneously. An additional 48 ml. of supernatant were
 

decanted, dispensed in 4 ml. vials and frozen in a dry ice cabinet.
 

Calf 295 was bled and temperatures were taken daily for 14
 

days and twice weekly for an additional 16 days. On day 14 post
 

inoculation, a cerebral biopsy was performed. 
On day 30 post inocu

lation, 5 ml. of a stabilate containing approximately 1.35 X 109
 

R. argentina organisms were injected intravenously to establish the
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susceptibility of calf 295.
 

Part II: Strain Immunity Experiment
 

Twenty-four, 6 to 8 month Holstein-Friesian calves, 23 bulls
 

and 1 heifer, were purchased from one of the same farms as pre

viously indicated. The calves were managed in a similar manner as
 

previously described, except they were housed in a non-screened
 

barn. The calves were divided into 6 groups of 4 calves each.
 

Replete B. microplus were collected from cattle at the ICA
 

experimental station Carimagua, Meta in the Colombian Llanos. The
 

ticks, eggs and larvae were incubated at 28 to 30* C. with 70 to
 

80% RH. Two weeks after emergence, larvae were released on a
 

splenectomized calf. Daily temperatures and blood samples were
 

taken. Upon the detection of a B. bigemina parasitemia, 5 ml. of
 

blood were passed by intravenous inoculation into a second splen

ectomized calf which in turn was examined until the onset of para

sitemia. One hundred ml. of blood were passaged to a third calf
 

and 12 ml. into a fourth calf in a similar manner. A stabilate
 

was prepared from the blood of the fourth calf. Shortly after
 

ath, each calf was subjected to necropsy and organ smears were
 

examined for evidence of B. argentina.
 

A stabilate of B. bigemina originating from Monteria, Cordoba
 

on the northern Colombian coast was available in the 
laboratory.5
 

Babesia bigemina isolates were preserved in a manner similar
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to those previously described.21 ,26 ,55,74 Blood was collected from
 

calves with a parasitemia greater than 5% via jugular venapuncture.
 

Collection was into flasks with 12.5 ml. of 10% sterile disodium
 

EDTA per liter of blood. Glycerol 11.6% v/v was added to whole
 

blood, placed on a magnetic stirrer for equilibration at 4 C. for
 

30 minutes. Aliquots of 5, 50 and 100 ml. were placed in plastic
 

bottles and frozen in an insulated dry ice cabinet where they were
 

stored. Stabilates were thawed in a water bath at 370 C. with
 

gentle agitation. The calves were inoculated subcutaneously.
 

The estimated number of infected erythrocytes was based on
 

erythrocyte counts and percentage of parasitemia. Counts and para

sitemias were done in triplicate and the average used for calcula

tion; an example is given as follows:
 

4.6 X 106 erythrocytes/m.3 determined by hemocytometer
 
3.5% parasitemia determined by direct count on a thin blood film
 
4.6 X 106 eryt rocytes/mm.3 - 11.6% glycerol displacement = 

4.07 X 10 erythrocytes/anm 3
 

4.07 X 106 erythrocytes/nun.3 X 103 = 4.07 X 10 erythrocytes/ml. 
4.07 X 109 erythrocytes/ml. X 3.5% parasitemia
 

1.42 X 108 organisms/ml.
 
1.42 X 108 oroanisms/ml. X 5 ml. volume = 

7.1 X lO organisms/stabilate
 

Two isolates of D. bigemina were inoculated into splenectomized
 

calves. These stabilates, from calves 61 and 265, were frozen for
 

22 and 31 days respectively.
 

The day of primary inoculation was defined as day 0, and prior
 

to this time, temperatures, weights, blood and serum samples were
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taken to determine an approximate base line for each calf. The
 

blood and serum were examined for evidence of hemotropic disease,
 

by examination of blood films and CF tests.
 

The Llanos stabilate (calf 265) was calculated to have approxi

mately 3.2 X 108 B. bigemina/ml. prior to freezing, and the Monteria
 

stabilate (calf 61) approximately 109 B. bigemina/ml.
 

On day 0, 8 calves were inoculated subcutaneously with 1 ml. 

of stabilate 61 Monteria isolate (109) organisms; another 8 calves 

were inoculated with 3 ml. of stabilate 265 Llanos isolate (109) 

organisms; the remaining 8 calves were not inoculated and served 

as controls. Half of the calves of each group were inoculated sub

cutaneously on day 28 with 20 ml. of stabilate 61 containing ap

proximately 2 X 1010 organisms, and the other half of each group of
 

calves inoculated subcutaneously with 60 ml. of stabilate 265 con

10

taining 2 X 10 organisms. The groups were designated as to
 

homologous, heterologous and control challenges.
 

Samples were taken as follows: daily temperatures for the
 

duration of the experiment, daily blood samples for parasitemia and
 

packed cell volume (PCV) for 15 days, then every other day until
 

day of challenge on day 28. Following challenge, blood samples
 

were taken daily until day 45, then every other day until the end
 

of the experiment on day 48. Serums for CF tests were taken ap

proximately every 5 days. Weight was estimated every 2 weeks with
 

a measuring tape, at which time the average weight on 2 successive
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days was recorded.
 

For the purpose of this study, a negative parasitemia occurred
 

when the examination of 50 fields of a thick blood film at 
1000 X
 

failed to disclose any Babesia organisms. Positive parasitemias of
 

<0.01% occurred when at least one Babesia organism could be found
 

in 50 fields of a thick blood film. 
Higher percent parasitemias
 

were calculated by counting the number of parasitized cells in 50
 

fields of a thin blood film, when each field contained approxi

mately 200 erythrocytes. Statistical methods used, including
 

standard deviation and an analysis of variance, to establish signi

ficance are described by Snedecor.68
 

Prior to the commencement of the experiment, 8 calves were
 

identified as having Eperythrozoon pp. On day -5, all calves were
 

treated with 20 ml. Spirotrypan-fuerte intravenously.1
 

http:Snedecor.68
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RESULTS
 

Part I: Macerated Boophilus microplus Experiments
 

Experimental Cattle
 

Generally good health and satisfactory weight gains were
 

maintained by the cattle, although a variety of infections were
 

encountered during the first few weeks following arrival at the re

search facilities. 
 Some of the calves were treated for digestive
 

disturbances, pneumonia, purulent arthritis and pododermatitls.
 

Eperythrozoon spp. were encountered in both splenectomized
 

and intact cattle. 
A mild anemia and transient temperature rise
 

accompanied most infections. Eperythrozoon infections were treated
 

with 20 ml. of Spirotrypan-fuerte intravenously.1
 

Establishment and Maintenance of Boophilus microplus Colonies
 

The splenectomized calves, on which B. microplus larvae were
 

reJeased, did not develop hemoparasitic infections, as evidenced
 

by negative blood smears, lack of temperature response, negative
 

complement fixing antibody titers and lack of clinical signs.
 

The tick strains were arbitrarily chosen from the progeny of
 

a single female (Figure 1) of each isolate and maintained for 4
 

generations without causing hemoparasitic disease in any of the
 

splenectomized calves on which they were fed.
 

The pre-ovipositing period was shortened from 5 or 6 day4,at
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room temperature and RH to 2 to 3 days at 28 to 300 C. with a 70 to
 

80% RH. The incubation period of eggs was shortened from 39 days
 

zo 20 to 22 days.
 

Larvae survived approximately I month at room temperature and
 

RH; 2 months at 28 to 300 C. and 70 to 80% RH; and 3 months at 24
 

to 28' C. and 60 to 80% RH. Considerable variation in longevity
 

of individual groups of larvae was observed. Some groups of
 

Babesia infected larvae died within 2 weeks of emergence under
 

optimal conditions.
 

Methods of Evaluation
 

When parasitemias were low, Babesia were more easily detected
 

in thick blood films. Thin blood films were more useful in study

ing morphology and to determine percentage parasitemia (Figures 2,
 

3, 4 & 5).
 

The PCV of normal calves ranged from 30 to 35% when first
 

purchased but decreased to 26 to 32% after remaining at the experi

mental facility. The PCV of calves infected with B. argentina de

creased to 15 to 25% but seldom fell.below 15% even in fatal cases.
 

Considerable variation in normal temperature was observed;
 

rectal temperatures of 39.50 C. or higher were considered indica

tive of a febrile response. Febrile response usually preceded the
 

appearance of parasitemia in B. argentina infections. On several
 

occasions the calves had a febrile response with conditions other
 

than babesiosis.
 



FIGURE 2: 	 Babesia argentina in a thick bovine blood film, Giemsa,
 
approximately 1400 X.
 

FIGURE 3: 	 Babesia argentina in a thin bovine blood film, Giemsa,
 
approximately 1400 X.
 



FIGURE 4: 	 Babesia bijemina in a thick bovine blood film, Giemsa,
 
approximately 1400 X.
 

FIGURE 5: 	 Babesia bigemina in a thin bovine blood film, Giemsa
 
approximately 1400 X.
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Cerebral biopsy was performed on 13 calves, including 1 calf
 

on 2 occasions. 
Most of the calves showed no deleterious effects
 

due to the biopsy and were eating within one-half hour of comple

tion. 
The presence of B. argentina in the capillaries of the
 

cerebrum were readily observed (Figure 6).
 

Many vermiculi were found in the hemolymph of female ticks
 

feeding on cattle with a high Babesia parasitemia. A lower percent

age of ticks were found to be infected if they fed on cattle with
 

lower parasitemias. The B. argentina vermiculi tended to be slight

ly larger than those of B. bigemina, with enlarged heads and curled
 

tails (Figure 7). Babesia bigemina vermiculi tend to be cigar
 

shaped (Figure 8). More than 800 hemolymph samples were examined
 

with the number of vermiculi positive samples varying from group to
 

group.
 

Positive complement fixation titers, of 1:10 or more,
44 first
 

appeared 5 to 10 days after the exposure to Babesia 2U. Some B.
 

argentina infected splenectomized calves died without exhibiting
 

CF titers.
 

Experimental Preparations
 

None of the calves inoculated with B. argentina infected tick
 

material had any evidence of babesiosis as a result of the inociua

tions, nor was there evidence of induced protective immunity. 
All
 

calves proved to be fully susceptible to a B. argentina challenge
 

(Table II).
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FIGURE 6: 
 Cerebral Babesia argentina from a fatal case of bovine
cerebral babesiosis, Giemsa, approximately 2000 X.
 



FIGURE 7: 	 Babesia argentina vermiculi from the hemolymph of a
 
replete female Boophilus microplus, Giemsa, approximately
 
2500 X.
 

F11URE 8: 	 Babesia bigemina vermiculi from the hemolymph of a
 
replete female Boophilus microplus, Giemsa, approximately
 
2500 X. 
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TABLE II
 

Inoculation of Various Preparations of Babesia argentiLna
 
Infected Boophilus microplus Eggs, Larvae and V:-iphs
 

into Susceptible Splenectomized Cattle
 

Calf InoculumI Response Challenge Prepatent
 
No. to Period
 

Inoculum Following
 
Challenge
 
(Days)
 

341 	 Prep. 1: Larvae & none 1/4 Gm. in- 12
 
Nymphs fed on 3522 fected Larvae
 

243 	 Prep. 2: Larvae fed
 
48 hours on 3483 none 1/4 Gm. in.- 12
 

fected 	Larvae
 

247 	 Prep. 3: Unfed 40.10 C. on day 1/4 Gm. in- 13
 
infected Larvae following fected Larvae
 

inoculation
 

266 	 PrP-4: Larvae fed none 1/4 Gm. in- 9
 
30'hburs on 3384 fected Larvae
 

248 Prep. 5: Infected none 1.35 X 109 9
 
Eggs B. argentina
 

Stabilate 2865
 

286 	 Prep. 6: Unfed & 40.30 C. on day 1/4 Gm. in- 9
 
Larvae fed 48 2 following fected Larvae
 
hours on 338 inoculation
 

295 Prep. 7: Unfed none 1.35 X 109 9
 
infected Larvae B. argentina
 

Stabilate 286
 

1Preparations as listed i:i Materials and Methods.
 
2352 died with cerebral B. argentina 12 days following larval release.
 

3348 died with cerebral B. argentina 14 days following larval release.
4338 died with cerebral B. argentina 12 days following larval release.
 

5Stabilate 286 B. argentina preserved in dry ice.
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Part II: 
 Strain Immunity Experiment
 

Seventeen days after release of larvae of Llanos origin, B.
 
bigemina was found in blood smears. 
On the following day, 5 ml.
 
of blood was passaged by intravenous inoculation to a second calf.
 
The first calf died on day 18 with a mixed B. argetina and B.
 
bLgemina parasitemia. Twenty-seven hours following inoculation of
 
the second calf, blood was inoculated intravenously into a third
 
splenectomized calf. 
 Blood was passaged intravenously to a fourLh
 
calf 50 hours following inoculation. 
A stabilate was prepared from
 
the fourth calf as shown in Table III. 
 All of the calves in the
 
isolation process died as a result of the B. bigemina infections,
 
except the first calf which had a dual infection. No evidence of
 
B. argentina was found in the other calves.
 

TABLE III
 

Isolation of Babesia bLemina
 

Calf 

No. 
Method of 
Infection 

Elapsed Time From 
Exposure to Passage 

Passaged 
to Calf No. 

345 0.15 Gm. B. microplus 18 days 284 

larvae released 
284 5 ml. blood I.V. 27 hours 288 
288 100 ml. blood I.V. 50 hours 237 
237 12 ml. blood I.V. 4 days Stabilate 
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Results of the cross immunity experiment are recorded in
 

Figures 9, 10, lla, llb, 12a and 12b. Average prepatent period to
 

parasitemia, average maximal teaperature, average maximal CF titer,
 

aver age minimal percentage of PCV and average daily gain are re

corded (Table IV).
 

At the time of the first inoculation, there was an increase in
 

the temperature of control as well as inoculated calves. 
During the
 

febrile period, the calves were coughing, lacrlmating, anorectic and
 

1 calf had signs of pneumonia. Attempts were made to isolate
 

viruses or pathogenic bacteria from whole blood, serum and nasal
 

swabs. No known pathogens were isolated. A similar temperature
 

response did not accompany the challenge inoculation.
 

One calf in the Monteria X Llamos group failed to exhibit para

sitemia or CF titer as a result of the premunizing inoculation.
 

This calf proved to be fully susceptible to challenge; data gathered
 

on this calf is not presented in the graphs and tables.
 

Significant differences in the severity of disease between the
 

Llanos and Monteria isolates were not demonstrated except for a
 

shorter prepatent period to parasitemia by the Llanos isolate (Table
 

V). The response to homologous and heterologous challenge indicated
 

no significant differences between the isolates, but the control
 

calves demonstrated a significantly higher average temperature re

sponse and lower packed cell volumes than the premunized calves
 

(Table VI).
 



FIGURE 9: 
 Daily morning rectal mean and range temperatures in
 
degrees Celsius. I - day of "premunizing inoculation."
 
C - day of challenge.
 

*Llanos X Llanos = Group of calves inoculated and
 
challenged with Llanos isolate.
 

Llanos X Monteria = Group of calves inoculated with 
Llanos isolate and challenged with Monteria isolate.
 

Llanos = Group of calves challenged with Llanos isolate.
 

Monteria X Llanos - Group of calves inoculated with
 
Monteria isolate and challenged with Llanos isolate.
 

Monteria X Monteria = Group of calves inoculated and 
challenged with Monteria isolate.
 

Monteria = Group of calves challenged with Monteria
 

isolate.
 

*Groups of calves so designated above are used throughout
 
the paper.
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FIGURE 10: 	 The mean and range of the percentage of packed cell 
volumes. I - day of "premunizing inoculation." 
C - day of challenge. 
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FIGURE lla: Percentage of Babesia bigemina parasitemia from thick
 

and thin bovine blood films, with individual para
sitemias indicated. I = day of "premunizing inocula

tion." C = day of challenge.
 



47 

Iuesw ieweIS~lmla i~aeIl blomlno 

I I 

.0 

.0 

.4.2

.3 

.4.i 

.2 

(ol° 

1.0. 

.I

< 0.01 

12 
I.11 

.0 

I .6 

(1 LillLLL 

5 

<0* 

2A 

Ids 
-I 07 

AA 

.;l 
o I ,1 323 3 04 4 64 

Uc 

10~~100 4 A 



FIGURE llb: Percentage of Babesia bigemina parasitemia from thick
 
and thin bovine blood films, with individual para
sitemias indicated. I - day of "premunizing inocula
tion." C - day of challenge.
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FIGURE 12a: Individual complement fixation titers for Babesia
 
bigemina. I - day of "premunizing inoculation." 
C - day of challenge. 
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FIGURE 12b: Individual complement fixation titers for Babesla
 
-
bigemina. I - day of "premunizing inoculaton-7'r

C - day of challenge. 
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TABLE V 

Relative Severity of Babesia bigemina Isolates in Intact Calves Prior to Challenge
 

Isolate No. of Average 
 Average Average Average 
 Average Average

Calves Prepatent Maximum Maximum Minimum Maximum Daily Weight


Period Parasitemia Temperature PCV 
 CF Titer Gain
 
(days) () (0C) 
 () (log mean) (Gm./day)
 

Llanos 8 
 4.9 0.49 40.6 19.6 1:98 
 1000
 
±0.6 ±0.31 ±0.4 ±1.1 
 ±350
 

Monteria 7 5.9 
 2.33 41.0 18.0 
 1:87 730
 

±0.7 ±3.50 ±0M9 ±4.5 
 ±650
 

Significance P<0.02 
 NS NS NS 
 NS NS
 

±: Standard deviation from the mean
 

NS: Not significant
 

LA 
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DISCUSSION
 

The presence of Eperythrozoon spp. in both intact and splen

ectomized cattle was a cause for concern;24 9
33 however, parasite

mias of Babesia sM. appeared simultaneously with that of Eperyth

rozoon M . The influence of Eperythrozoon M. on the level of
 

the parasitemia or prepatent period of Babesia is unknown. 
The
 

Babesia parasitemias iLn Lhis study did not appear to be influenced
 

by the presence of Eperythrozoon Treatment with Spirotrypan

fuerte eliminated a demonstrable parasitemia within 24 hours on
 

nearly every occasion it was used. However, blood from treated
 

calves was infective when inoculated into other calves.
 

The parasitic period of B. microplus agrees very closely with
 

that found in Austral..a.31 The ovipositing and incubation environ

ment of 28 to 300 C. with a 70 to 80% RH seemed to be quite satis

factory, because it was impossible to achieve the higher humidities
 

considered optimal elsewhere.12132 
It was also impossible to a

chieve the low temperatures reported as being ideal for survival of
 

larvae;32 however, larvae kept in the dark at 24 to 28* C. with a 60
 

to 80% RH survived for 3 months. Lower humidities probably helped
 

in curtailing the problem of fungal growth on eggs and larvae y
 

The observation was made that ticks singularly infected with
 

Babesia had a higher percentage of infection when infected via a
 

tick-cow-tick rather than blood-cow-tick transmission. This
 

YWright, J. E., 
USDA Vet. Tox. & Ento. Res. Lab.# College

Station, Texas: Pers. Comm., 1971.
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finding supports previous observations on the infectivity of blood
 

61 
for ticks.54 .The maintenance of infected ticks on splenecto

mized calves resulted in a higher percentage of infected ticks
 

than those maintained on intact calves.
 

Combination thick and thin blood films were a useful diagnos

35
 tic tool;6, ,46 it was possible to detect parasitemias 1 to'2
 

days earlier by examination of thick blood films. The thin blood
 

film provided excellent visualization of parasites; however, it
 

was not always possible to differentiate Babes a species by mor
34
 

phology alone.


The use of a weight tape to estimate weight allowed consid

erable chance for error; however, its use on a rather homogenous
 

group of cattle (age, sex, breed) improved relative accuracy.
 

One advantage the use of the weight tape had was that it wan not
 

necessary to withhold feed and water to establish shrink.
 

The technique of cerebral biopsy was quite satisfactory and
 

one of the most useful techniques in the diagnosis of B. argentina
 

infections.34335 The use of cerebral or renal impressions were
 

useful adjuncts in necropsy procedures in cattle with suspected
 

B. arSentina infections.
 

Examination of hemolymph from Boophilus ticl's was simple and
 

identification of Babesia M. was relatively easy; however, nega

60'64
 tive findings were of little value.
45'59'


The infective particles of B. argentina apparently must 'be
 

http:ticks.54
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excreted from the larval salivary glands. 61 
It appears that ver

miculi are not infective for cattle, and evidence to support this
 

concept might be gained by harvesting vermiculi from hemolymph.
 

The vermiculi present in hemolymph would be intact and not dis

rupted as many in this experiment apparently were. Silicone coated
 

capillary tubes with an anticoagulant might facilitate this ap

proach.
 

Experiments using B. bigemina rather than B. argentina may be
 

more rewarding, because the percentage of infected female ticks,
 

eggs and larvae seemed to be significantly higher.45 Because B.
 
bigemina is transmitted at the nymphal rather than the larval
 

stage, as with B. argentina, dissection rather than disruption
 

techniques might be used to harvest infective particles.
 

Failure to infect the cattle was possibly due to collecting
 

insufficient numbers of mature infective particles.61 
Serial col

lections of larvae from 30 to 60 hours post release might give some
 

insight as to the optimum time of collection.
 

Previous attempts to transmit Babesia M. 
 with tick tissues
 

involved the engorged female which was in fact only a package for
 

the transportation of bovine blood.23'66'77 
Tick borne diseases
 

have been successfully transmitted by disruption of the tick and
 

injection of the resulting material into susceptible hosts. 51'70
 

Of the agents transmitted by this method, Theileria MI.
are the
 

most similar to Babesia. Adult ticks are disrupted to infect
 

http:particles.61
http:higher.45
http:glands.61
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17 47 76 
cattle with Theileria ppM. ' ' The relative amount of chitin
 

is less with adult ticks than larvae, and the size of the salivary
 

glands is larger in adults. The number of infective particles
 

necessary to establish an infection in cattle may be greater with
 

Babesia than with Theileria.
 

No significant differences in the virulence of the 2 isolates
 

of B. bigemina could be ascertained, with the exception of the pre

patent period which was shorter with the Llanos isolate (Table V).
 

Because samples were taken at 24 hour intervals the prepatent
 

period should not be considered to be of great value in assessing
 

differences between isolates.
 

The minimal infective dose of B. bigemina for cattle was cal

culated as 103 organisms.8 Data obtained in other experiments 

indicated that 2.55 X 104 B. bigemina were an infective dose but 

9.5 X 104 organisms were not.38 This experiment utilized several
 

donor cattle and the recipients were of varying ages, so a minimal
 

infective dose could vary with the source of organisms or with
 

variations in the cattle receiving the inocula. The Australian
 

vaccine for B. argentina contains 107 to 108 organisms to insure
 

its infectivity for cattle. This vaccine is calculated to lose
 

one log of infectivity per week .ofstorage at 1 to 5 C.14 The
 

loss of infectivity for frozen B. bigemina is not known, but the
 

stress on the erythrocytes and organisms by preparation, freezing
 

and thawing surely would be significant. Therefore, 109 organisms
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were arbitrarily decided as a dose which would insure infectivity
 

to most susceptible cattle and would probably not kill.
 

The challenge dose of 2 X 1010 organisms was arbitrarily
 

chosen as likely to be high enough to overcome natural resistance
 

and to cause disease in control and non-protected cattle. The
 

reason for the generally mild response to the challenge by the
 

control calves is unknown. The literature indicates there is
a
 

direct relationship between inoculation dose and prepatent period,38
 

and the severity of the clinical signs.15'25'38 
The febrile re

sponse of unknown origin at the time of the primary inoculation
 

may have made the Babesia seem more virulent. The virulence of
 

the smaller dose may have been due to the volume of the containers
 

used in preservation. Stabilates used for the initial inoculation
 

were stored in 10 ml. bottles, the challenge dose in 60 ml. con

tainers. The contents of the smaller containers may have frozen
 

and thawed more rapidly, causing less damage to the organisms, so
 

that more viable Babesia were inoculated with the smaller volume.3
 

The severity of the disease, as a result of the premunizing
 

inoculation, on this group of well fed and housed calves was such
 

that death losses due to B. bigemina in field stressed calves might
 

be expected with the dose given. 
 In all likelihood the experimental
 

calf with a 10% PCV would have succumbed under field conditions.
 

One calf did not become infected with the premunizing inocula

tion but later proved to be fully susceptible. The injection of
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the stabilate into this and all of the calves was carefully done.
 

One possible explanation is that the stabilate was deposited into
 

an area which did not absorb the stabilate into the body rapidly.
 

Extra-erythrocytic Babesia probably do not survive long.33 The
 

injection of only 1 ml. of stabilate increases the likelihood of
 

an error being made in the inoculation. A minimum dosage of 2 ml.
 

using normal bovine tissue fluids as a diluent should reduce pos

4
 
sible vaccination mistakes.1


Thick blood films, used to determine parasitemia, are more
 

sensitive than thin blood films.
6
 

Packed cell volume seemed to be the single best criteria for
 

observing the progress of the B. bigemina infection. The usual
 

pattern of PCV during an infection was that of a slight increase
 

at the onset of parasitemia, then a rapid decrease followed by a
 

slow steady recovery. Parasitemias following challenge were not
 

accompanied by the same decrease in PCV as occurred during the
 

initial infection and some PCV continued to increase despite an
 

increase in parasitemia.
 

No demonstrable differences were detected in previously pre

munized cattle to both homologous and heterologous challenges
 

(Figures 9, 10 & 11; Tables IV & VI). Strain differences in Babesia
 

spp. are reported18'19'29'51 with varying degrees of resistance to
 

'36'61 
heterologous challenge.9'30 Callow7'8 indicated that cattle
 

premunized to B. bigemina were resistant to reinfection to either
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a homologous or heterologous strain. While in cattle challenged
 

after loss of infection, immunity was more pronounced with homolo

gous than heterologous strains of Babesia. 
The method of determin

ing the presence or absence of Babesia organisms was by splenectomy
 

or by the passage of blood to susceptible calves.8 Determination
 

of the presence or absence of Babesia M. in cattle by the passage
 

of blood, even in large quantities, may be misleading. In some
 

instances infections have been detected in cattle apparently free
 

of infection by this method.43 This finding makes it very diffi

cult to state with absolute certainty that a cow who has at any
 

time been exposed to Babesia is now free of infection.
 

Six of the 15 calves challenged in this experiment did not
 

have a detectable parasitemia at the time of challenge. No differ

ences were detected between these calves and those who were chal

lenged when a parasitemia was present (Table VII). Challenge 6
 

months after the initial inoculation may have shown differences
 

in the isolates not apparent at 1 month.
 

Response to challenge was based on the criteria recorded; PCV,
 

parasitemia, temperature and CF titers as well as clinical evalua

tion, i.e. anorexia, lethargy, hemoglobinuria etc. On the basis
 

of response to challenge (Table VI), it would seem that cattle
 

premunized with B. bigemina could be moved from the Monteria area
 

of the Caribbean coast to the Carimagua area of the Llanos with
 

little danger of dying as a result of B. bigemina infection acquired
 

http:method.43
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TABLE VII
 

Comparative Response to Challenge of Calves
 
With and Without Parasitemia on Day of Challenge
 

Group No. of Average Average Average Average 
Calves Maximum Maximum Minimum Maximum 

Parasitemia 
(%) 

Temperature 
(0C) 

PCV 
(%) 

CF Titer 
(log mean) 

With 9 0.09 39.1 26.9 1:80
 
Parasitemia ±0.12 ±0.2 ±3.7
 

Without 6 0.03 39.0 26.7 
 1:80
 
Parasitemia ±0.04 ±0.2 ±1.2
 

Significance NS NS NS NS
 

±: Standard deviation from the mean
 

NS: Not significant
 

in the area to which they were moved.
 

Cross immity was demonstrated in this experiment (Tables IV
 

& VI), as shown by the mild response to the homologous and heterol

ogous challenges. The control calves showed a significant response
 

to the challenge inoculum, as far as temperature and PCV were con

cerned. No significant differences were seen with parasitemias;
 

this may have been due to concurrent challenge parasitemias and
 

recrudescence of the premunizing parasitemia occurring in the
 



65 

homologous and heterologous groups.
 

The response to the premunizing inoculation was considered to
 

be too severe for field use. A smaller number of organisms to
 

establish premunition would probably be sufficient to cause in

fection.
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SUMARY 

Experiments were conducted at the Centro Internacional de
 

Agricultura Tropical (CIAT) El Porvenir research station, Palmira,
 

Valle, Colombia using Holstein-Friesian calves obtained in Boophilus
 

free areas. The cattle were maintained in such a way as to elimi

nate chances of natural tick infestation.
 

Colonies of Boophilus microplus infected with Babesia argen

tina were established. Attempts were made to transmit B. argentina
 

to susceptible calves by artifici'L means using pro-,iy of infected
 

ticks. Tick eggs, unfed larvae larvae which had fed for 30 hours
 

or 48 hours, and larvae and nymphs which had fed for 6 days on
 

non-infected calves were used in these experiments. The eggs,
 

larvae and nymphs were macerated using a mortar with pestle and
 

ground glass fragments or a Ten Broeck tissue grinder. Glassware
 

was siliconized for several trials. The resulting supernatant
 

fluid was injected into splenectomized calves subcutaneously. None
 

of the calves showed indications of infection and proved fully sus

ceptible when challenged with B. argentina.
 

Immunologic and pathogenic characteristics of a Babesia
 

bigemina isolated from the eastern Colombian Llanos were compared
 

with an isolate obtained near Monteria, Cordoba on the Caribbean
 

coast. Eight calves were inoculated with the Llanos isolate and
 

a second group of 8 calves was inoculated with the Monteria iso

late; a third group of 8 calves remained as untreated controls.
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Twenty-eight days later, 4 calves in each of the three groups were
 

challenged with the Llanos isolate and the other 4 calves of each
 

group were challenged with the Monteria isolate. Parameters re

corded were rectal temperature, PCV, percent parasitemia, CF titers
 

and rate of gain. No s±gnificant differences in the pathogenicity
 

of the two isolates were detected. Both homologous and heterol

ogous challenge groups demonstrated a significant resistance to
 

challenge when compared to the response of control calves. No
 

differences could be ascertained in the response of Babesia carrier
 

calves to challenge by the Llanos or onteria isolates.
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