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Proteccidn contra babesiosis bovina con una vacuna mixta
de Babesia bovisy Babesia bigemina derivada de cultivo in
vitro bajo una confrontacion de campo. Inmunizacion en un
arealibre de la enfermedad

Protection against bovine babesiosis with a mixed in
vitro culture-derived Babesia bovis and Babesia
bigemina vaccine under field challenge. Immunization
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Abstract

In Mexico, there is an attenuated live vaccine against bovine babesiosis that has been shown to confer
protection to susceptible cattle immunized and challenged under controlled conditions. Immunized cattle
survive a challenge using known numbers of virulent parasites of both Babesia bovis and Babesia bigemina.
However, stress-inducing field situations such as transportation or tick-transmitted infection have not been
takeninto account. The objective of this study was to evaluate the protective capacity of the combined vaccine
in cattleimmunizedinatick-free areaand then transported toan endemic area. Ten, 18 month old, susceptible
Charolais steers were divided into two groups: one group was immunized with 1 < 107 erythrocytes infected
with in vitro culture-derived Babesia bovis and Babesia bigemina parasites; while the second group was
immunized with uninfected bovine erythrocytes. Two months later, both groups were transferred to abovine
babesiosis endemic area and allocated in a corral infested with Babesia-infected Boophilus microplus ticks.
Animals remained there for the rest of the experiment and never received ixodicide treatment. Eighteen days
post-allocation, all five control animals presented with severe clinical signs characteristic of acute bovine
babesiosis, including arectal temperature (RT) greater than 40.5°C for several days and a decreased packed cell
volume (PCV) of 48%. Both protozoan species were found in blood smears and all animals in the control group
had to be treated in order to avoid their demise. The immunized cattle also presented both Babesia species in
peripheral blood samples, increased RT and a 37% PCV reduction, but remained in good corporal condition
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and did not require treatment. This study shows the protective capacity conferred to cattle by the combined
vaccine when immunized in a Babesia-free area and then transported to an endemic area.

Key words: BABEsIA Bovis, BABESIA BIGEMINA, IMMUNIZATION.

Resumen

En México existe un inmundgeno atenuado contra Babesia bovis y Babesia bigemina, que ha conferido proteccién
abovinos susceptibles en condiciones controladas. Los bovinos inmunizados con el inmundgeno combinado
sobreviven el desafio con dosis conocidas de parasitos virulentos de ambas especies. Sin embargo, las
situaciones reales de campo que inducen estrés, como el traslado o la infeccion transmitida por garrapatas, no
se han considerado. El propdsito de este trabajo fue evaluar la capacidad inmunoprotectora del inmundégeno
atenuado en bovinos inmunizados en una zona libre de Babesia y garrapatas, y movilizarlos a una zona
endémicade babesiosis bovina. Diez bovinos de raza Charolais, machos, de 18 meses de edad, se dividieron en
dos grupos: Un grupo fue inmunizado con una dosis de 1 < 107 eritrocitos infectados (Ei) con Babesia bovis y
Babesia bigemina; el segundo grupo fue inmunizado con eritrocitos no infectados. Dos meses después todos los
animales se trasladaron a un potrero localizado en una zona endémica, e infestado con garrapatas Boophilus
infectadas con ambas especies de Babesia. Aqui permanecieron durante todo el tiempo que duré el experimento
y nuncarecibieron tratamiento ixodicida. Dieciocho dias después del inicio de la confrontacion (PC), los cinco
animales del grupo testigo presentaron signos clinicos severos de la enfermedad aguda; en los frotis sangui-
neos se encontraron ambas especies del hemoparasito, temperaturarectal (TR) superior alos 40.5°C por varios
dias y descenso del volumen celular aglomerado (VCA) del 48%, por lo que todos los animales de este grupo
tuvieron que ser tratados para evitar su muerte. Los bovinos del grupo inmunizado, aunque también
presentaron ambas especies del parasito en sangre periférica, TR elevada y descenso de 37% en el VCA,
mantuvieron buena condicion corporal y no requirieron tratamiento. Este trabajo demuestra la capacidad de
proteccidn conferida por el inmundgeno combinado en bovinos vacunados en una zona libre de garrapatas y
movilizados a una zona endémica de babesiosis.

Palabras clave: BABesia Bovis, BABEsIA BIGEMINA, INMUNIZACION.

Introduction

strong immunity against future reinfections
following infection with Babesia protozoahas
been known since the end of the 19" Century.! This
fact originated the Australian practice of infecting
animals free of the disease with blood from cattle
that had recuperated from the illness, later provi-
ding a specific treatment to avoid their death.? Ca-
llow and Mellors? fine-tuned the process and stan-
dardized the number of parasites that needed to be
inoculated, obtaining parasites from splenectomi-
zed calves, rather than simple protozoan carriers.
This method has been applied successfully in vario-
us parts of the world.*®* However, a serious disad-
vantage to this procedureisthatthe reproduction of
Babesia species in calves could contaminate the im-
munogens with other pathogens, thus dissemina-
ting these in other areas.” This risk is eliminated by
multiplying the parasite populations in vitro.%°
The development of in vitro Babesia spp cultures®®

T he ability of susceptible cattle to develop
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Introduccion

esde finales del siglo XIX se sabe que los bovinos
D susceptibles, después de sufrir la infeccion de
protozoarios del género Babesia, son capaces de
desarrollar fuerte inmunidad contra futuras reinfeccio-
nes.! Este hecho dio origen en Australia a la practica de
infectar animales libres de laenfermedad con sangre de
bovinos que se habian recuperado de ésta, para aplicar
posteriormente un tratamiento especifico y evitar su
muerte.2 Callow y Mellors® afinaron el proceso y estan-
darizaron el nUmero de parésitos a inocular, utilizando
becerros esplenectomizados como los proveedores de
los parasitos, en lugar de simples portadores del proto-
zoario. Esta metodologia se ha aplicado con buenos
resultadosen diversas partes del mundo;*®sinembargo,
una seria desventaja de este procedimiento es que al
reproducir las especies de Babesia en becerros, los inmu-
négenos podrian llegar a contaminarse con otros pato-
genos y producir su diseminacion a otras areas.” Este
riesgo es eliminado mediante la multiplicacion de po-
blaciones del parasito en condiciones in vitro.®°



has allowed and facilitated the molecular study of the
genes that encode parasitic proteins that are poten-
tially protectivel®! for their use as vaccines. Vaccines
made up of soluble parasitic antigens (SPA) liberated
in vivo or in vitro into the plasma of the animal or into
the in vitro culture supernatant, have proved their
immunoprotective capability in all Babesia species
that have been studied to date.’** However, even
though they induce adequate protection in animals
against a homologous challenge, this is not the same
as what occurs when vaccinated animals are con-
fronted with a heterologous population.®® When us-
ing recombinant proteins as vaccines, multiple stu-
dies have been carried out in which results range
from null protection?® and immune responses in ani-
mals that are highly variable,’ to an adequate reduc-
tion in parasitemia following vaccination and chal-
lenge.!® Despite the great advances in the last few
years there is still no molecular-type commercial bio-
logical product against bovine babesiosis, such that it
is imperative to continue studies in live populations
with low pathogenicity.

In Mexico there are no specific prevention proce-
dures against bovine babesiosis, even though thereisa
B. bovis clone and a B. bigemina strain that have proved
to be of reduced virulence yet capable of generating
sufficient immune response for the animal to resist
confrontation against heterologous strains under con-

El desarrollo del cultivo in vitro de Babesia spp®° ha
permitido y facilitado el estudio molecular de los genes
codificadores de proteinas parasitarias potencialmente
protectoras!®!! para su uso como vacunas. Las vacunas
constituidas por antigenos parasitarios solubles (APS)
liberados in vivo o in vitro, en el plasmadel animal oenel
sobrenadante de cultivo in vitro, han probado su poder
inmunoprotector contra todas las especies de Babesia
hastaahoraestudiadas;*?**sinembargo,aunque inducen
una proteccion adecuadaen losanimalesen contradeun
desafio homologo, esto no es igual cuando los animales
vacunadosson confrontadoscon unapoblacion heterélo-
ga.s En cuanto al uso de proteinas recombinantes como
vacuna, se han realizado multiples estudios con resulta-
dosquevandenulaproteccion,respuestasinmunescon
alta variacion en los animales,*” hasta una adecuada re-
duccidn en las parasitemias posterior a la vacunacion y
desafio.l”1® A pesar de los grandes avances en los Gltimos
afios no se ha producido ningun bioldgico comercial de
tipo molecular contra la babesiosis bovina, por lo que es
importante continuar los estudios con poblaciones vivas
de baja patogenicidad.

En México no se cuenta con procedimientos especifi-
cosde prevencion contralababesiosisbovina, aun cuan-
doexiste ladisponibilidad de unaclonade B. bovisy una
cepa de B. bigemina, que han mostrado ser de reducida
virulencia y capaces de generar una respuesta inmune
suficiente como pararesistir la confrontacion con cepas

Cuadro 1
VALORES PROMEDIO OBTENIDOS EN LAS DIFERENTES VARIABLES REGISTRADAS DE LOS DOS GRUPOS EXPERIMENTALES
DURANTE LA INMUNIZACION EN ZONA LIBRE Y CONFRONTACION EN ZONA ENDEMICA DE BABESIOSIS
AVERAGE VALUES OBTAINED IN THE VARIOUS VARIABLES MEASURED IN TWO EXPERIMENTAL GROUPS DURING
IMMUNIZATION IN A DISEASE-FREE ZONE AND FIELD CHALLENGE IN AN AREA ENDEMIC FOR BABESIOSIS

Immunized Control
Variable/Group Inmunized Control challenged challenged
Animals per group 5 5 5 5
Incubation period (days) 5402 - 14 + 38 11+14
Maximum temperature (°C) 404 £ 0.7 39.7 £ 0.2 40.2 £ 0.8 41+ 0.6
Temperature >39.5°C (days) 6.8+ 18 36+12 6.6 + 3.1 10 £ 28
Maximum PCV* decrease (%) 334 + 88 193 + 49 371375 479 £ 7.7
Animals positive for B. bigemina** 5 0 5 5
Animals positive for B. bovis** 4 0 4 5
B. bigemina parasitemia (days) 14+ 05 0 42+ 11 56 + 35
B. bovis parasitemia (days) 14+ 05 0 3427 6.8 + 1.7
Chemotherapy (No. of animals) 0 0 0 5

*PCV = Packed cell volume
** Blood smears

Vet. Méx., 34 (4) 2003 325



trolled conditions, be they individually**% or in com-
bined fashion.?22

Since these studies are always carried out under
controlled conditions in confinement, with known
challenge doses and without tick-induced stress or
adverse environmental conditions for the animals, it
would be convenient to know the possible utility of
these immunogens in a tick-induced challenge under
field conditions.

Material and methods

Two in vitro culture-derived Babesia populations, the
BORB. hovisclone®and the BIS B. bigeminastrain,’were
used. Ten, greater than 18-month-old, susceptible
Charolais steers from a tick-free area in the state of
Sonora were used.

Two groups of five randomly selected cattle were
housed at the “GB” ranch, located in the El Marques
municipality, in the state of Queretaro, Mexico, loca-
ted at 20° 09’ North latitute and 100° 09’ West longi-
tude, and with a primarily semi-dry temperate cli-
mate and 547 mm of annual rainfall. The first group
received an intramuscular inoculation of the com-
bined BOR clone and BIS strain at a dose of 1 =< 107
infected erythrocytes per species. The second group,
the control, received a dose of 2 < 107 non-infected
erythrocytes via the same route.

Rectal temperature (RT) was recorded daily and
blood samples were collected for packed cell volume
(PCV) determination using a microhematocrit, as well
asfordetermination of percentage of parasitized eryth-
rocytes (PPE) using a Giemsa-stained blood smear. RT
and PVC valueswere statistically analyzed as repeated
measures, using a divided parcel model, where the
large parcel was represented by the animal within the
treatment. Blood forindirectimmunofluorescence (11F)
techniques for measuring the kinetics of the antibo-
dies against the protozoa, using B. bovis as the antigen
and cattle anti-IgG as the conjugate, was collected by
jugular venipuncture on the day of immunization and
every two days after that until the end of the immuni-
zation period (14 days), and then from the first day of
the challenge (day 74). This blood was collected in
plain vacuum tubes and serum was conserved at
—20°C until use.

Seventy days after the immunization (p.i.), animals
were transported to a corral that was infested with
Boophilus ticks, located in the “La Posta” experimental
field, in Paso del Toro, in the state of Veracruz, Mexico,
whose exact location was 15°50" North latitute and
96°10’ West longitude, with a subtropical humid cli-
mate and 1 321 mm of annual rainfall. Animals were
exposed to tick infestation during the rest of the study
period, and no acaricide treatment was applied.
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heterdlogasen condicionescontroladasen formaindivi-
dual®®? o combinadas.??

Debido aque estos estudios siempre se han realizado
bajo condiciones controladas de confinamiento, con
dosis de confrontacion conocidas y sin ningun tipo de
estrés, producido por garrapatas o por condiciones am-
bientalesadversas paralosanimales, resultaconvenien-
te conocer la posible utilidad de los inmunégenos a una
confrontacion producidapor garrapatasen condiciones
naturales.

Material y métodos

Se utilizaron dos poblaciones de Babesia derivadas de
cultivo in vitro: la clona BOR de B. hovis® y lacepa BIS de
B. Bigemina.* Como animales experimentales se usaron
diez bovinos de la raza Charolais, machos, con edad
superior a los 18 meses, provenientes de una zona libre
de garrapatas del género Boophilus de Sonora.

En el rancho “GB”, en el municipio de El Marqués,
Querétaro, México, entre los 20° 09" latitud Norte y los
100° 09’ longitud Oeste, con clima preponderante tem-
pladosemi-secoy con precipitacion anual de 547 mm, se
formaron en forma aleatoria dos grupos de cinco bovi-
nos cada uno. El primer grupo recibié via IM uninéculo
combinado de laclonaBOR Yy lacepaBISadosisde 1 <
107 Ei de cada especie. El segundo grupo permanecio
como testigo a la infeccién y recibié una dosis de 2 > 107
eritrocitos no infectados por la misma via.

Diariamente se registrd la TR y se colectaron muestras
de sangre periféricaparaladeterminacion del VCA porel
método de microhematdcrito y el porcentaje de eritroci-
tos parasitados (PEP) mediante frotis sanguineos tefiidos
con colorante de Giemsa. Los valores de TR y VCA se
analizaron estadisticamente como mediciones repetidas,
utilizando un modelo de parcelas divididas donde la
parcelagrandeestarepresentadaporelanimal dentrodel
tratamiento. Paramedir la cinética de anticuerpos contra
el protozoario mediante la técnica de inmunofluorescen-
cia indirecta (IFI),% utilizando B. bovis como antigeno y
conjugado anti-1gG de bovino, el dia de lainmunizacién
y cadadosdias hasta el término del periodo de inmuniza-
cion (14 dias) y posteriormente a partir del dia de la
confrontacion (dia 74), se obtuvo sangre por puncién
yugular con tubos al vacio sin anticoagulante; el suero
resultante se conservo en congelacién a —20°C hasta el
momento de su uso.

Sesenta dias después de la inmunizacion (Pl), los
animales fueron transportados a un potrero, infesta-
do por garrapatas Boophilus, situado en el campo
experimental “La Posta”, en Paso del Toro, Veracruz,
Meéxico, situado alos 15°50” de latitud Norte y 96° 10~
latitud Oeste, con clima subtropical himedo y preci-
pitacién anual de 1 321 mm, donde los animales se
expusieron libremente a la infestacién por garrapatas



So as to avoid the death of the animals if at all
possible, itwas determined thatany animal thatwould
evolve to the point of death without receiving any
treatment, would be counted as if dead once the fol-
lowing criteriahad been met: temperature greater than
40.5°C for three consecutive days; a PCV decrease
greater than 40%; as well as anorexia, loss of body
condition, prostration, hemoglobinuria, lack of coordi-
nation and ataxia.

Results

At the time of immunization B. bovis was found in the
blood smears of four of the animals, while B. bigemina
was found in that of the five immunized cattle. The
cattle that received the mixed inoculum had fevers of
up to 40.4°C by day eight p.i. (Table 1). The mean
percentage decrease of PCV was 34 in immunized
animals and 19 in control animals, when compared to
the basal values. The PPE was less than 0.01% in all
cases and lasted, on average, 1.4 days for both species
of hemoparasite (Table 1). By day 14 p.i., the animals
showed serology titers of, on average, 1:3 700, with a
decrease in these values to an average of 1:448 by the
day they were transported to the Paso de Toro pasture
in Veracruz (Figure 1).

Blood smears showed all cattle to be infected
with both species of protozoan (< 1%), thus prov-
ing that the challenge wasadequate. The RT in both
groups of animals increased above 40°C, on one
occasion for the vaccinated group, and for six con-
secutive days for the control group, though this
was not significant (P > 0.05). Control group ani-
mals showed the increase from day ten p.i., and
values were 1.8°C greater, on average, than the
individual values at the moment of challenge. In
the vaccinated group, the average increase was of

12000

on

10000

8000

D
o
o
o

Reciprocal of the dilut
5
8

2000

0 2 4 6 8 10 12 14

—O— Days post-immunization —#— Days post-challenge ()

74 76 078 80 82 84 8 83 90 02 94
© @ @ 6 (8 (10) (12) (14) (16) (18) (20)

durante todo el estudio, sin que se les aplicara trata-
miento acaricida.

Con el proposito de evitar la muerte de los animales
cuando eso fuese posible, se determind que un animal
gue evolucionara hacia la muerte de no recibir ninguna
intervencion, al llenar ciertos requisitos se consideraria
muerto. Fiebre por arriba de los 40.5°C durante tres dias
consecutivos y descenso del VCA superior a 40%; ade-
maés, deberia de presentar: anorexia, enflaquecimiento,
postracion, hemoglobinuria e incoordinacion y ataxia.

Resultados

En lainmunizacién se observé en frotis sanguineos pre-
sencia de B. bovis en cuatro de los animales y B. bigemina
en los cinco bovinos inmunizados; los bovinos que reci-
bieronelinéculo mixto presentaronfiebre de hasta40.4°C
paraeldiaochoPI(Cuadrol). El porcentaje promediodel
VCA sufrié un decremento de 34 puntos en los animales
inmunizados y de 19 puntos en los animales testigo con
respecto al valor basal; el PEP fue < 0.01% en todos los
casos y tuvo un promedio de duracion de 1.4 dias con
ambas especies del hemoparasito (Cuadro 1). Para el dia
14 PI los animales seroconvirtieron con un titulo prome-
dio de 1:3 700; se observd disminucién en los titulos
promedio de 1:448 el dia de la introduccidn al potrero en
Paso del Toro, Veracruz (Figura 1).

Mediante los frotis sanguineos se observo que todos
los bovinos presentaron ambas especies del protozoario
< 1%, lo que demostr6 que la confrontacién fue adecua-
da. La TR en ambos grupos de animales lleg6 a ser
superioralos40°C; en unaocasién parael grupo vacuna-
do, y durante seis dias consecutivos parael grupo testigo,
sin observar diferencias significativas (P > 0.05). En los
animales del grupo testigo se observé que el incremento
inicia a partir del dia diez PC, llegando a ser de 1.8°C
superior en promedio con respecto al valor individual al

Figura 1. Titulos promedio por
grupo de anticuerpos mediante la
técnica de inmunofluorescencia
indirecta contraBabesiaspp en ani-
males vacunados y testigos.
Average titers of antibodies
against Babesia spp per group
usinganindirectimmunofluores-
cencetechnique invaccinated and
control animals.
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0.5°C when compared against individual tempera-
tures at the moment of challenge (Figure 2). PCV
results showed a continual decrease in value, both
in the vaccinated and control groups, reaching per-
centagesof30.5and 44.1, respectively, ascompared
to the initiation of the challenge. Figure 3 shows
how values decreased continually from the second
day p.i. in both groups, though they were always
greaterinthe control group. Eventhough the 13.6%
difference between both groups observed at day 20
p.i. was not significant (P > 0.05), it was broad. A
decision was made to treat animals in the control
group due to the marked decrease in their PCV and
increased RT and due to the poor clinical condition
they werein. Onereceived treatmentonday 16 p.i.,
when it presented a PCV decrease of 50% and RT of
40.5°C; asecond on day 17 p.i.,, when it presented a
PCV decrease of 50% and RT of 40.9°C; two more on

2 -
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inicio de laconfrontacion; mientras que el grupo vacuna-
dopresenté unincremento promediode 0.5°Cenrelacion
alatemperatura de cada animal al inicio de la confronta-
cion (Figura 2). Los resultados del VCA mostraron des-
censo continuo en los valores tanto del grupo vacunado
como del testigo llegando a porcentajes de 30.5y de 44.1,
respectivamente, con respecto al inicio de la confronta-
cion. EnlaFigura3se puede apreciar apartir del segundo
dia PC un descenso continuo en los valores tanto del
grupo vacunado como del testigo, siempre mayor en el
grupo testigo. Aunque ladiferencia observada, de 13.6%,
el dia 20 PC entre ambos grupos no fue estadisticamente
significativa (P < 0.05), si fue amplia. Se decidié realizar el
tratamiento en los animales del grupo testigo debido al
marcado descenso en el VCA e incremento de TR, pero
debido al mal estado clinico en el que se encontraban. Un
animal recibid tratamiento el dia 16 Pl cuando presentaba
descensodel VCAde50%yTRde40.5°C;unoeldial7con

Figura 2. Promedio por grupo de
los incrementos de temperatura
rectal enanimalesvacunadoscon-
tra Babesia spp y testigo con rela-
cién a la temperatura observada
al inicio de la confrontacion.

Average rectal temperature
increases per group in animals

16

vaccinated against Babesiasppand
in control animals, as compared
to temperatures observed at the
beginning of the challenge.

18 20 22 24

=7/~ Inmunized group

Figura 3. Promedio por grupo del
porcentaje de descenso del volu-
men celular aglomerado en ani-
males vacunados contra Babesia
spp V testigo posterior a la con-
frontacién de campo.

0 2 4 6 8 10 12 14
Days post-challenge
—— Control
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day 18 p.i., when they presented a PCV decrease of
56% and 42%, respectively, and RTs of 41.3°C; and
the last one on day 20 p.i., upon presenting a 40%
PCV decrease and RT of 40.3°C. The animals were
also prostrate, had pale mucous membranes,
marked loss of condition and neurological signs. In
contrast, and despite an important drop in PCV,
with a maximum average of 30.5% on day 20 p.i.,
none of theimmunized animals required treatment,
given that none presented signs heralding death,
and began to show increased PCV values from day
22 p.i.. By day 45 p.i., the average drop in PCV and
RT in the immunized animals were 15% and 38.6°C,
respectively, added to a clear recovery of body con-
dition. Even though this study did not include a
follow-up of weight gain or loss in the animals stud-
ied, it isimportant to point out that during the time
period in which the animals remained at pasture,
from the beginning of the challenge until day 20 p.i.,
the immunized group registered an average loss of
only 4 kg per animal, compared to an average loss of
20 kg per animal observed in the non-immunized
group.

Regarding specific anti-Babesia antibodies, de-
tected via lIF technique during the challenge peri-
od, a secondary response was observed by day
seven in the immunized group, with titers of 10 240
ofday 20 p.i.. While in the control group the immune
response did not commence until day 12 p.i., with
titers of 10 240 only being reached at day 18 p.i.
(Figure 1).

Discussion

Two of the main problems encountered when using
live populations of hemoparasites as immunizing
agents are: the possibility that these might cause such
severe reactions in the immunized animals that the
latter shall require treatment; and that some other
pathogen will be transmitted through the inoculated
blood. Both of these inconveniences were avoided in
the present study since the low pathogenicity of the in
vitro culture-derived populations was proved upon
inoculating these into susceptible calves. Furthermore,
the use of these populations eliminated the need for
splenectomized calves for the reproduction of Babesia,
thus avoiding contamination problems.

The results obtained during vaccination, in which a
34.2%decrease in PCV was detected in theimmunized
group, could indicate an increase in the pathogenicity
of the immunogen used, much as in results obtained
by Canto etal., who observed a 21.4% decrease when
using the same immunogen in Holstein cattle born in
the same municipality where the study was carried
out. However, on that occasion the animals were from

40.9°Cde TRy descensodel VCA de 50%; dosel dial8con
descensosdel VCAde56%Yy42%y TRde41.3°Cenambos
casos; por ultimo, uno el dia 20 con descenso de 40% de
VCAyYTRde40.3°C. Losanimalesademasse encontraban
postrados, las mucosas palidas, con enflaquecimiento
muy marcado y presencia de signos nerviosos. En con-
traste, y a pesar de una caida importante en el VCA, con
un promediomaximode 30.5% parael dia20PC, ninguno
de los animales inmunizados requirié tratamiento, ya
gueno presentaronsignosqueindicaransu posible muer-
te, y comenzaron arecuperar sus valores de VCA a partir
deldia22PC.Parael dia45PC los promedios de descenso
de VCAYy TR del grupo de animales inmunizados fue de
15% y 38.6°C, mostrando también clara recuperacion
corporal. Aunque el estudio no contemplo el seguir las
ganancias o pérdidas de peso de los animales en estudio,
es importante mencionar que durante el tiempo que los
animales permanecieron en pastoreo, desde que inicid la
confrontacion hasta el dia 20 PC, el grupo inmunizado
registré una pérdida promedio de sélo 4 kg por animal
contra una disminucion de 20 kg por animal que se
observo en promedio en el grupo no inmunizado.

En relacion con los titulos de anticuerpos especificos
contra Babesia, detectados mediante la técnica de IFI du-
rante el periodo de confrontacion, se observéd una res-
puestasecundaria parael diasiete enel grupo inmuniza-
do, con titulos de 10 240 el dia 20 PC, mientras que en el
grupo testigo se observa el inicio de la respuesta inmune
para el dia 12 PC, con titulos de 10 240 para el dia 18 PC
(Figura1).

Discusién

Dos de los principales problemas que se presentan al
utilizar poblaciones vivas de hemoparasitoscomo agen-
tes inmunizantes, son la posibilidad de que ellos mis-
mos puedan causar reacciones tan severas que los
animalesinmunizados requieran tratamiento, y que se
llegue a transmitir algan otro patégeno en la sangre
inoculada. Estos dos inconvenientes se evitaron en
este estudio, al comprobarse la baja patogenicidad de
las poblaciones cultivadas in vitro al inocularlas en
becerros susceptibles; ademas al utilizar estas pobla-
ciones, se elimina el uso de becerros esplenectomiza-
dosparalareproduccion de Babesiacon lo cual se evitan
posibles contaminantes.

Los resultados obtenidos durante la vacunacion, en
los que se detectd disminucién del VCA de 34.2% en los
animales del grupo inmunizado, podria indicar un in-
crementoenelgradode patogenicidad delinmundgeno
utilizado, como los resultados obtenidos por Canto et
al.,2 quienes al utilizar el mismo inmundgeno en bovi-
nos Holstein nacidos en el municipio donde se realizé el
estudio, observaron un descenso de 21.4%. Sin embar-
go, en esta ocasion los animales provenian de una zona
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an arealacking in water and probably had a very short
time to climatize (seven days) prior to the start of the
study such that the decrease in cellular concentration
could have been due to physiological adaptation to a
new environment, especially since the control group
showed a considerable PCV decrease (19.3%).

Upon transportation to the challenge pasture it
was observed that the challenge was almost immedi-
ate when the animals arrived at the endemic zone,
and B. bovis was detectable in blood smears of con-
trol animals from day 11 p.i.. Given that it is the
larval stage of B. microplus that transmits B. bovis, the
prepatent period observed in this study coincides
with that found in the literature.® The 32% PCV
decreases observedintheimmunized group and the
44% decreases observed inthe control group, though
not significant, do point to a less satisfactory evolu-
tion in the control animals, especially when viewed
in light of the presentation of other, more severe,
clinical signs. The decreases observed are greater
than those found in a previous similar study under
controlled confinement conditions. In that case an
8.8% decrease was observed intheimmunized group
and a 31.3% decrease was observed in the control
group. The differences between both studies could
indicate the difficulty faced by the animals in mount-
ing an adequate immune response when faced with
stressful situations caused by an adverse environ-
ment.

Studies by various authors using radiation-attenu-
ated Babesia spp populations, calf passages or in vitro
cultures, indicate that when challenged, animals tend
topresentPCV reductionsthatrange from 14 to 50%.%%

The most realistic method for evaluating the immu-
nity conferred by the immunizing agents employed is
to measure the intensity of the infection during the
challenge under natural conditions. In the present
study this characteristic was manifested given that
calves remained in the pasture infested by Boophilus
spp without receiving any acaricide treatment. The
immunized animals resisted a field challenge that was
severe enough to produce clear signs of illness, inclu-
ding prostration, pale mucous membranes, loss of con-
dition and neurological signs, in the control animals.
The latter were treated, three of them on two separate
occasions, with a specific drug, so as to avoid their
demise. The physical appearance of the animals, though
not numerically pondered, did indicate an overall bet-
ter state of health in the vaccinated versus the control
animals.

Concerning theimportance of antibodies, Mahoney?
pointsout that the administration ofimmune serumor
a mixture of IgG1 and 1gG2 to animals free from the
disease, prior to challenge with homogenous isolates,
confers protection, thus indicating the importance of
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conescasez de aguay probablemente el corto tiempo de
aclimatacion (siete dias) que tuvieron los bovinos antes
del inicio del estudio ocasion6 que parte de la disminu-
cién en laconcentracion celular se debieraal proceso de
adaptacionfisioldgicaa unnuevo entornoambiental, ya
gue los animales del grupo testigo presentaron dismi-
nucion considerable del VCA (19.3%).

A laconfrontacion se observo que ésta fue casi inme-
diataalallegada de los animales a la zona endémica de
babesiosis, y se pudo detectar B. bovis en frotis sangui-
neos de los animales testigo a partir del dia 11 PC. Dado
gueesel estadio larval de B. microplus el que transmite B.
bovis, el periodo prepatente observado en este trabajo
coincide con la literatura.* Los descensos en el VCA de
32% para los bovinos del grupo inmunizado y del 44%
para los animales del grupo testigo, aunque no fueron
estadisticamente significativos, si sefialan una evolu-
cién menossatisfactorialosanimalestestigo,aunadoala
presentacion de otros signos clinicos mas severos. Los
descensosobservadossonsuperioresaloencontradoen
unestudio similar previo en condiciones controladas de
confinamiento, en el que se determinaron disminucio-
nes de 8.8% para el grupo inmunizado y de 31.3% para
el grupo testigo. Las diferencias entre ambos estudios
podrian indicar la dificultad que tienen los animales en
montar una respuesta inmune adecuada al sufrir situa-
ciones de estrés originadas por el entorno ambiental
adverso.

Los estudios de diversos investigadores que utilizan
poblaciones atenuadas de Babesia spp por irradiacion,
pases en becerros o cultivo in vitro, indican que a la
confrontacion se llegan a presentar reducciones en el
VCA que van de 14% al 50%.%%

La forma maés realista para evaluar la inmunidad
conferida por los productos inmunizantes utilizados es
medir la intensidad de la infeccion durante la confron-
tacion en condiciones naturales. En el presente estudio
se manifesto esta caracteristica, ya que los becerros per-
manecieron enel potreroinfestado con Boophilussppsin
recibir tratamiento acaricida. Los animales inmuniza-
dos resistieron la confrontacién de campo, que fue tan
severa que produjo signos claros de la enfermedad
como postracion, mucosas palidas, pérdida de peso y
signos nerviosos en los animales testigo, que fueron
tratados, tres de ellos en dos ocasiones con el farmaco
especifico para evitar su muerte. Las caracteristicas del
aspecto fisico, si bien no se ponderaron numéricamente
indicaron tendencia a mejoria del estado general de los
animales vacunados contra los testigos.

En relacién con la importancia de los anticuerpos,
Mahoney? sefialaque laadministracién pasivade suero
inmuneodeunamezcladelgGlelgG2aanimaleslibres
de laenfermedad parasu posterior desafio con aislados
homogéneos, transfiere proteccion, lo que indica la im-
portancia de los anticuerpos protectores. Asimismo,



protective antibodies. Likewise, he mentionsthateven
though the administration of antibodies confers pro-
tection against in vivo challenge, the exposure of para-
sitized erythrocytes to antibodies in vitro has no effect
on parasite viability, thus indicating that antibodies
mediate their protective effects through other compo-
nents, such as macrophages or the complement fixa-
tion system. Furthermore, Brown and Palmer?® indi-
cate that only animals who have been successfully
immunized or those who have managed to resolve an
acute infection acquire immunity against subsequent
challenges, probably due to the development of an
efficient immune response. Thus, in the vaccinated
animals decreased antibody titers were detected prior
to the challenge and these could be associated to the
more benign evolution of disease seen following the
challenge. Antibody levels remained high, making it
possible toassociate these toaprotective quality against
more acute forms of the disease.

From these results it is concluded that the mixed
fresh B. bovis and B. bigemina immunogen, when ad-
ministered in a 1 < 107 parasitized erythrocyte dose,
confersadequate protection in cattle immunized prior
totheirintroduction toanendemiczone. The variables
analyzed that allowed us to distinguish the immuno-
gen’s protective effects were prostration, ataxia and
weight loss, permitting a clear distinction between
immunized and control animals.
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