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Estudio de la respuesta inmune humoral y celular en la
infeccion y reinfeccion experimental de bovinos con
Anaplasma marginale

Study of the humoral and cellular immune response in the
experimental infection and reinfection of bovines with
Anaplasma marginale

Carlos Ramén Bautista Garfias*
Gustavo Pedraza Alva**
Yvonne Rosenstein Azoulay**
Javier Ontiveros Fernandez***

Abstract

The variations of peripheral blood T CD2+, CD4+, and CD8+ lymphocytes, IgG anti-Anaplasma antibodies
(Abs) and interferon gamma (IFN-y) in sera and complete blood culture (CBC) from bovines experimentally
infected or not with the same Anaplasma marginaleisolate were evaluated. Seven 12 to 14 month old bovines
were used. Four (Group I) were inoculated intravenously with 1 < 108 parasitized erythrocytes (PE)/animal,
which contained the A. marginale Morelosisolate, at day 0,and with 2 < 108 PE, at day 60; while the other three
(Group C) were not infected. Peripheral blood samples and sera were collected from all animals to evaluate
packed cell volume (PCV), percentage of parasitized erythrocytes (PEP), T CD2+, CD4+ and CD8+
lymphocytes by cytofluorometry aswell as Abs and IFN-y by ELISA. In Group |, the maximum average PEP
was 5.2% at day 31 postinfection (p.i.), while the PCV reached an average of 6% at day 46 p.i. Following
reinfection (r.i.), the PEP was 0 and the PCV was normal. The values of CD2+ were similar in both groups
during the study; however the CD4+ and CD8+ values in Group | dropped significantly (P < 0.05) at day 45
p.i., later reaching similar values to those of Group C. A significant increase (P < 0.05) in fluorescence intensity
(FI) in CD2+ and CD8+ lymphocytes from Group I r.i. (days 62 and 83), with respect to the Fl obtained in
lymphocytes from Group C, was observed. Abs levels in infected bovines increased above the basal values and
those of the control animals, beginning at day 51 p.i. Similarly, IFN-y levels in seraand CBC supernatant from
infected bovines were significantly higher (P < 0.05), particularly after reinfection, than those from the non-
infected animals.

Keywords: BOVINEPERIPHERAL BLOOD T CD2+,CD4+,CD8+ LYMPHOCYTES, ANAPLASMAMARGINALE,
1gG ANTIBODIES, INTERFERON GAMMA.

Resumen

Sedeterminaron las fluctuaciones de linfocitos TCD2+, CD4+y CD8+, anticuerpos IgG anti-Anaplasma (Acs)
e interferon gamma (IFN-y) en el suero y en cultivo de sangre completa (CSC) de bovinos infectados con el
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mismo aislado de Anaplasma marginale. Se utilizaron siete bovinos de 12 a 14 meses de edad. El dia 0 fueron
inoculados cuatro de ellos (grupo I) por via intravenosa con 1 x 108 eritrocitos parasitados (EP), con el aislado
Morelos de A. marginale/animal, y con 2 < 108 EP el dia 60; mientras que los otros tres bovinos (grupo T) no
fueron infectados. Se colectaron muestras de sangre periférica y suero de todos los animales, para evaluar el
volumen celular aglomerado (VCA), porcentaje de eritrocitos parasitados (PEP), linfocitos T CD2+, CD4+y
CD8+ por citofluorometriay Acse IFN-y por ELISA.Enelgrupo |, el PEP alcanz6 un promedio maximo de 5.2%
el dia 31 posinfeccion (pi), mientras que el VCA disminuyd hasta un promedio de 6% el dia 46 pi. En la
reinfeccién (ri), el PEP fue de 0 y el VCA fue normal. Los valores de CD2+ fueron similares en los dos grupos
durante el estudio; en cambio, los de CD4+y CD8+ en el grupo | disminuyeron significativamente (P < 0.05)
en el dia 45 pi, para después alcanzar valores similares a los del grupo T. Se observé un aumento (P < 0.05) de
laintensidad de fluorescencia (IF) enlos linfocitos CD2+ y CD8+ del grupo | después de lari (dias 62 y 83) con
respecto a la IF determinada en los linfocitos del grupo T. Los niveles de Acs de los bovinos infectados
aumentaron por encima de los valores basales y de los de los animales testigo, a partir del dia 51 pi. Asimismo,
los niveles de IFN-y, tanto en el suero como en el sobrenadante de CSC de los bovinos infectados, fueron
significativamente mas altos (P < 0.05) que los de los animales no infectados, particularmente en lari.

Palabrasclave: LINFOCITOS TCD2+,CD4+ Y CD8+ DE SANGRE PERIFERICA DE BOVINO, ANAPLASMA

MARGINALE, ANTICUERPOS IgG, INTERFERON GAMMA.

Introduction

by severe anemia, abortion and high mortali-
ty, iscaused by the intraerithrocytic rickettsia
Anaplasma marginalethatis biologically transmitted
by ticks of the Ixodidae family and mechanically
transmitted by hematophagous diptera of the Taba-
nidae family.! Although A. marginaleinfection gene-
rates a humoral immune response,?® the transfer of
antibodies from sera or colostrum to susceptible
animals does not confer protection.*s Animals infec-
ted for the first time with virulent A. marginale stra-
ins develop a strong cellular immune response that
corresponds to the development of clinical signs.
Once the animal recovers from the acute infection
phase it holds a solid cellular immune response and
remains clinically protected and immune against
reinfection, although the animal frequently beco-
mes a subclinically infected carrier.® Crude antigens
from the rickettsia have been used to evaluate the
cellular immune response in cattle.”®
The protective role of the cellularimmuneresponse
has been demonstrated in other intracellular infec-
tions such as those produced by Cowdria ruminan-
tium, > Rickettsia tsutsugamushi,**** Ehrlichiaristicii,*>'®
Theileriaparva,' Plasmodiumspp®and other parasitic
protozoa.’® Not only are the macrophages important
in the protection against intracellular pathogens?*-??
but NK cells and T helper lymphocytes (Th) are too.
The latter are so important that the use of Thl lym-
phocyte clones has been proposed to help identify
and characterize protective antigens and immune
responses.z2

B ovine anaplasmosis, a disease characterized
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Introduccién

por anemia severa, abortos y alta mortalidad, es
causadapor larickettsiaintraeritrocitica Anaplasma
marginaleque estransmitida biol6gicamente por garrapa-
tas de la familia Ixodidae y mecanicamente por dipteros
hematéfagos de lafamilia Tabanidae.! Aunque lainfeccion
por A. marginalegeneraunarespuestainmune humoral,?®
la transferencia de anticuerpos del suero o del calostro a
animalessusceptibles noconfiere proteccion.* Losanima-
les que se infectan por primeravez con cepas virulentas de
A. marginale desarrollan una respuesta inmune celular
sélidaquecorrespondeal desarrollodesignosclinicos; una
vez que el animal se recupera de la fase aguda de la
infeccion mantiene una inmunidad celular vigorosa y
permanece clinicamente protegido e inmune contra la
reinfeccion,aungqueconfrecuenciaelanimal setransforma
enun portadorsubclinicamente infectado.® Paraevaluar la
respuesta inmune celular en anaplasmosis bovina se han
utilizado antigenos crudos de la rickettsia.™
Se ha demostrado el papel protector de lainmunidad
celular en otrasinfeccionesintracelulares, como las indu-
cidaspor Cowdriaruminantium,**2 Rickettsiatsutsugamus-
hi B Ehrlichiaristicii’>*® Theileriaparva,* Plasmodiumspp*®
y otros protozoarios parasitos.'® No solamente los macré-
fagos desempefian un papel importante en la protecciéon
contra patégenos intracelulares®? sino también las célu-
lasNK Yy loslinfocitos T cooperadores(Th). Tanimportan-
tes son los Ultimos que se ha propuesto utilizar clones de
linfocitos Th1 como sondas paraidentificar y caracterizar
antigenos protectores y respuestas inmunes.??
Con base en lo anterior, es necesario conocer los
mecanismos inmunitarios protectores que operan en

I a anaplamosis bovina, enfermedad caracterizada



Based on the previous information, it is necessary
to know the protective immune mechanisms that
operate in cattle against Anaplasma marginale before
establishing effective immunoprophylactic control
measures. In this context and with the objective of
contributing to such knowledge, the current study
presents data concerning the changes of peripheral T
CD2,CD4 and CD8 lymphocytes (numbers and fluo-
rescenceintensity), IgG anti-Anaplasmaantibodiesand
of interferon gamma (IFN-y) in sera, as well as the
production of this cytokine in response to a rickettsia
antigenin in vitrocomplete blood cultures from cattle
infected and reinfected with the same A. marginale
isolate.

Material and methods
Anaplasma marginale isolate

The mexican Anaplasma marginaleisolate usedinthe
study was obtained from infected cattle from the
state of Morelos (MEX-17-029-01) and was keptin a
stable state. The infected erythrocytes were sus-
pendedinal:131.2% (w/v) mixture of dimethylsul-
foxide-phosphate buffered solution (PBS) pH 7.2
and then they were frozen in liquid nitrogen® until
further use.

Experimental animals

Seven Swiss < Holstein 12- to 14-month-old cattle
crosses, from the state of Coahuila, Mexico, were
used. Animals were free of tuberculosis as deter-
mined by the tuberculin test; of brucellosis, by
serological tests; of babesiosis, by indirectimmun-
ofluorescence; and of anaplasmosis, by ELISA.
Likewise, blood smears stained with Giemsa were
analyzed to corroborate the absence of hemopara-
sites. Animals were allocated in pens with a con-
crete floor, where they were fed with hay and
commercial food, and had drinking water ad libi-
tum. After the experimental A. marginaleinfection
of animals, parasitemia data were collected every
other day. Each bovine in the infected group (I)
was inoculated with 1 < 108 Anaplasma marginale
(MEX-17-029-01 isolate) parasitized erythrocytes;
while the other three animals were not infected
and served as a control (C). Blood peripheral T
lymphocytes, percentage of parasitized erythro-
cytes (PPE), packed cell volume (% PCV) and tem-
perature were determined in the same animals at
daysO0, 8, 15, 23, 31, 37, 46, 51, 72, 82, 89, 96 and 98.
The infected bovines were reinfected at day 60
with 2 x 108 Anaplasma marginale (MEX-17-029-01
isolate) per bovine.

losbovinos contra Anaplasma marginaleantes de esta-
blecer medidas eficaces de control inmunoprofilactico.
En este contexto y con el objeto de contribuir a dicho
conocimiento, en el presente estudio se presentainfor-
macién sobre los cambios de linfocitos T CD2, CD4 y
CD8 de sangre periférica (cantidad e intensidad de
fluorescencia), deanticuerpos IgG anti-Anaplasmay de
interferon gamma (IFN-y) en el suero, asi como de la
produccidn de estacitocinaen respuestaaun antigeno
delarickettsiaen cultivos in vitrode sangre completade
bovinosinfectadosy reinfectados con el mismo aislado
de A. marginale.

Material y métodos
Aislado de Anaplasma marginale

Elaislado mexicano de Anaplasmamarginaleusadoen
el estudio fue colectado de ganado infectado en Mo-
relos, México (MEX-17-029-01), y se mantuvo como
estabilizado. Los eritrocitos infectados fueron sus-
pendidos 1:1 en solucidn 31.2% (w/v) de dimetilsul-
foxido en solucidn salina amortiguadora de fosfatos
(SSAF), pH 7.2 y se almacenaron en nitrégeno liqui-
do?® hasta su uso.

Animales experimentales

Se utilizaron siete bovinos cruza de Pardo Suizo x
Holstein, de 12 a 14 meses de edad, procedentes de
Coahuila, México. Se determiné que los animales esta-
ban libres de tuberculosis por medio de la prueba de
tuberculina; de brucelosis por medio de pruebas sexo-
légicas; de babesiosis, por medio de inmunofluores-
cencia indirecta, y de anaplasmosis por medio de ELI-
SA. Asimismo, se analizaron frotis de sangre tefiidos
con Giemsa, para confirmar la ausencia de hemopara-
sitos. Los animales se mantuvieron aisladosen corrales
con piso de concreto y consumieron alimento (alfalfa
acicalada, pajadeavena, alimento comercial) y agua ad
libitum. Después de la infeccion experimental de los
animalescon A. marginale, se recolectaron los datos de
parasitemia cada tercer dia. Cada uno de los cuatro
bovinos del grupo infectado () fue inoculado con 1 %<
108eritrocitos parasitadoscon Anaplasmamarginale(ais-
lado MEX-17-029-01); mientras que los otros tres ani-
males no fueron infectados y permanecieron como
grupo testigo (T). Los linfocitos T de sangre periférica,
el porcentaje de eritrocitos parasitados (PEP), el por-
centaje del volumen celular aglomerado (%VCA) y la
temperatura fueron evaluados en todos los animales
los dias 0, 8, 15, 23, 31, 37, 46, 51, 72, 82,89, 96 y 98. Los
cuatro bovinos infectados fueron reinfectados el dia 60
con 2 x 108eritrocitos parasitados con A. marginale
(aislado MEX-17-029-01)/bovino.
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Percentage of parasitized erythrocytes
(PPE), packed cell volume (% PCV) and
temperature

The blood collected from animals was used to prepare
blood smears which were stained with Giemsa to de-
termine the PPE by light microscopy? and to evaluate
the PCV (recorded as a percentage) by standard meth-
0ds.?” Body temperature (in °C) was assessed using a
standard thermometer.

Peripheral blood T cells

Peripheral blood lymphocytesin blood samples were
characterized by cytofluorometry (CF) at daysO0, 8, 15,
23,31,37,46,51,72,82, 89,96 and 98, using mouse anti-
CD2*,anti-CD4* and anti-CD8* monoclonal antibod-
ies (mAD) (Serotec, England) as described by Bautista
etal?®To 100 pl of blood collected in tubes containing
EDTA, 10 pl (diluted 1:100 in PBS) of anti-CD2+,
CD4+ or anti-CD8+ mAb were added; this mixture
was incubated for 30 min at 4°C in darkness, after
which, 20 pl of goat anti-mouse immune globulin
serum (diluted 1:100 in PBS), conjugated with fluo-
rescein isotyocianate,* were added; the mixture was
incubated again for 30 min at 4°C in darkness. Next, 2
ml of lysis solution** were added and the mixture
was incubated during 15 min at room temperature.
Later the sample was centrifuged at 380 g for 5 min at
4°C, and the sediment obtained was resuspended in 2
ml of PBS and centrifuged at 380 g for 5 min at 4°C;
finally, the supernatant was discarded and 0.5 ml ofa
0.5% paraformaldehyde solution was added; the sam-
ple was kept at 4°C in the darkness for no longer than
one week. Readings were carried out in a FACScan
cytometer.*** The data, recorded as percentages, were
analyzed with CellQuest software.' The fluorescence
intensity in the analyzed samples was determined
and registered.

Peripheral blood T cells/mm?3

The quantity of CD2*, CD4* and CD8* lymphocytes
per mm? of peripheral blood in the cattle was deter-
mined according to Bautista et al.,® based upon the
peripheral blood leukocyte differential count.

A. marginale purification

The A. marginaleinitial bodies were obtained from
bovine erythrocytes parasitized with the A. margi-
nale MEX-31-096-01isolate according to the method
described by Palmer and McGuire.?® The parasit-
ized erythrocytes (4 x 10°) were rinsed three times
by centrifugation at 27 000 g. Before each rinse, the
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Porcentaje de eritrocitos parasitados
(PEP), volumen celular aglomerado (VCA)
y temperatura

Las muestras sanguineas colectadas de los animales se
utilizaron para la preparacion de extendidos sangui-
neos; con el fin de determinar el PEP por medio de
microscopia de luz, se tifieron con colorante de giem-
sa®y para la determinacion del VCA (registrado como
porcentaje) por medio de métodos estandar.?” La tem-
peratura (en °C) se midié con un termometro rectal
estandar.

Células T de sangre periférica

Loslinfocitos de sangre periféricaen las muestras sangui-
neasfueron caracterizados por citometriade flujo (CF) los
dias 0, 8, 15, 23, 31, 37, 46, 51, 72, 82, 89, 96 y 98, usando
anticuerpos monoclonales (AcM) de ratén anti-CD2*,
anti-CD4* y anti-CD8* (Serotec, Inglaterra) de acuerdo
con Bautista et al.,”® a 100 pl de sangre colectada en tubos
gue contenian EDTA, se le afiadieron 10 pl (diluida 1:100
en solucion salina amortiguadora de fosfatos, SSAF) de
AcManti-CD2*,CD4* oanti-CD8*; estamezclase incubo
durante 30 min a 4°C en la oscuridad; luego se adiciona-
ron 20 pl de suero de cabra anti-inmunoglobulinas de
ratén (diluido 1:100 en SSAF), conjugado con isotiociana-
to de fluoresceina,* la mezcla se incubd nuevamente
durante 30 min a 4°C en la oscuridad. A continuacion se
afiadieron dos ml de solucién de lisis** y esta mezcla fue
incubadadurante 15 min atemperaturaambiente. Poste-
riormente la muestra se centrifugd a 380 gdurante 5 min
a4°C,yelsedimento obtenido fue resuspendido con 2ml
de SSAF y centrifugado a 380 g durante 5 min a 4°C;
finalmente, el sobrenadante se decant6 paraluego adicio-
nar 0.5 ml de unasolucién de paraformaldehido al 0.5%;
la muestra se mantuvo a4°C en la oscuridad durante un
lapso no mayor de unasemana. La CF se llevé acabo con
un citbmetro FACScan.*** Los datos, registrados como
porcentajes se analizaron con el programa CellQuest.!
Asimismo, se determind y registré como porcentaje la
intensidad de fluorescencia en las muestras analizadas.

Células T/mm?3 de sangre periférica

Lacantidad de linfocitos CD2*, CD4*y CD8* por mm?
de sangre periférica en los bovinos se determiné de
acuerdo con Bautista et al.,”® con base en el conteo
diferencial de leucocitos de sangre periférica.

* Sigma, Missouri, USA.
** Becton Dickinson, San Jose, CA, USA.
***  Becton Dickinson, San Jose, CA, USA.
T Becton-Dickinson, San Jose, CA, USA.



sediment from the previous centrifugation was sus-
pended in 40 ml of RPMI 1640 with 2 mM L-
Glutamine and 25 mM HEPES. The sediment of the
final centrifugation was suspended in 35 ml of
culture medium, and then sonicated at 50 W for 2
min, and washed by suspension and centrifugation
twice at 1 650 g for 15 min. The quantity of protein
in the preparations was determined in accordance
with Lowry et al.*®

Detection of 1gG anti-Anaplasma margi-
nale antibodies by ELISA

Serum samples were obtained before infection with
A. marginale, and during days 8, 15, 23, 31, 37, 46, 51,
72,82,89,96 and 98. 1gG anti-A. marginalelevelswere
determined by ELISA using A. marginale organisms
as the antigen. These were washed with sodium
dodecylsulfate (SDS), then they were exposed to the
bovine serum according to Winkler et al.** and later
exposed to rabbit serum anti-bovine IgG conjugated
with alkaline phosphatase* in p-nitrophenyl phos-
phate, disodium**asasubstrate. Afteran additional
washing, the readings were carried out in an ELISA
reader*** at an optical density (OD) of 405 nm. The
sera, diluted 1:100, with optical densities greater
than 0.200 (mean + two standard deviations of the
results obtained with sera from A. marginale-free
cattle) were considered positivesto anti-A. marginale
antibodies.

Determination of interferon gamma (IFN-
y) in serum and in supernatant from com-
plete blood culture, by ELISA

The sera collected at days 0, 8, 15, 23, 31, 37, 46, 51,
72,82,89,96 and 98 were analyzed using acommer-
cial bovine IFN-y ELISAKit." Likewise, at days 0, 10,
23, 92 and 98, complete blood cultures from all
animals were carried out (1 ml per animal/well in
24-well flat bottomed Falcon microplates) in the
presence of 10 ug of A. marginale antigen/samplein
a humidified incubator, with 5% CO, at 37°C dur-
ing 24 h. Once the time had elapsed the superna-
tants were collected and examined by the commer-
cial bovine IFN-y ELISA kit following the manufac-
turer’s instructions. The readings were carried out
in an ELISA reader* at an optical density (OD) of
650 nm.

Statistical analysis
The comparison of data between groups was carried

out by ANOVA.* Values of P < 0.05 were considered
significant.

Purificacion de A. marginale

Loscuerposinicialesde A. marginalese obtuvieronapartir
de eritrocitos de bovino parasitados con el aislado MEX-
31-096-01 de A. marginale de acuerdo con el método
descrito por Palmery McGuire.? Los eritrocitos parasita-
dos (4 < 10°%) se lavaron tres veces por centrifugaciona
27000 g. Antes de cada lavado, el sedimento de la centri-
fugacion previa fue resuspendido en 40 ml de medio
RPMI 1640 con 2 mM L-Glutamina y 25 mM HEPES. El
sedimento de lacentrifugacion final fue resuspendidoen
35 ml de medio, sometido a sonicacion a 50 W durante 2
min y lavado por centrifugacion dos veces a 1 650 g
durante 15 min. La cantidad de proteina en las prepara-
ciones se determino de acuerdo con Lowry et al.®

Deteccion de anticuerpos IgG anti-Ana-
plasma marginale por medio de ELISA

Se obtuvieron muestras de suero antes de la infeccion
con A. marginale,y durantelosdias8, 15, 23,31, 37,46, 51,
72,82,89,96y 98. Los nivelesde IgG anti-A. marginalese
determinaron por ELISA usando A. marginale como
antigeno; dichos organismos se lavaron con dodecil
sulfato de sodio (SDS), se expusieron al suero de bovino
deacuerdoconWinkler etal*y despuésfueron expues-
tos a suero de conejo anti IgG de bovino conjugado con
fosfatasa alcalina* en p-Nitrophenyl Phosphate, Diso-
dium** como sustrato. Se hizo un lavado adicional y las
lecturas se llevaron a cabo en con lector de ELISA*** a
unadensidad 6ptica (DO) de 405 nm. Los sueros, dilui-
dos 1:100, con densidades Opticas mayores a 0.200 (me-
dia + dos desviaciones estdndar de los resultados obte-
nidos con sueros de bovinos libres de A. marginale) se
consideraron positivosaanticuerposanti-A. marginale.

Determinacion de interferon gamma (IFN-
Y) en suero y en sobrenadante de cultivo
de sangre completa por medio de ELISA

Mediante un paquete comercial de ELISA' se analiza-
ron los sueros colectados los dias 0, 8, 15, 23, 31, 37, 46,
51, 72, 82, 89, 96 y 98. Asimismo, los dias 0, 10, 23,92y
98 se llevaron a cabo cultivos de sangre completa
heparinizada de cada uno de los animales infectados y
testigo (1 ml por animal/pozo en microplacas de 24
pozos de fondo plano —Falcon-) en presencia de 10 pg
deantigenode A. marginale/muestraen estufa humidi-
ficada, con 5% de CO, a 37°C durante 24 h. Transcurri-

* Sigma, Missouri, USA.
** pNPP, Sigma, Missouri, USA.
*** Multiskan Plus, Labsystems, Finland.
T IDEXX laboratories, Westbrook, Maine, USA.
* Multiskan Plus, Labsystems, Finland.
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Results

In the infected group, the PPE reached a maximum
average of 5.2% at day 31 posinfection (pi) that dimin-
ished to less than 1% at day 46, and later on the
rickettsiawas no longer detected in blood smears even
after reinfection (Figure 1a). The PCV diminished until
itreached an average of 6% at day 46 pi and was within
normal limits from reinfection up to the end of the
study (Figure 1b). The CD2+ values were similar in
both groups during the study; while those of CD4+
and CD8+ in the infected group significantly dimin-
ished (P < 0.05) at day 44 pi and later reached values
similar to those of the control group (Figure 2). A
significant increase of fluorescence intensity (FI) in
CD2+ and CD8+ lymphocytes from animals in the
infected group after reinfection (days 62 and 83) (P <
0.05) with respect to the FI observed in the lympho-
cytes from the control group was noticed (Figure 3).
Antibody titers (Abs) in the infected cattle increased
above the basal values at day 51 pi and increased even
more after reinfection. In the Control group, antibody
titers were within basal values (Figure 4a). The inter-
feron gamma (IFN-y) levels in the sera from infected
animals increased steadily, particularly following day
51 pi, while levels in the Control group remained
within basal limits (Figure 4b). In the supernatants of
complete blood cultures from infected animals, the
IFN-y levelswere higher after reinfection than after the
primary infection; while in the supernatants of blood
from the control group those levels remained within
the basal limits (Figure 5).

Discussion

It has been stressed that vaccination against anaplas-
mosis has been an effective measure for outbreak pre-
vention; however the existent vaccines, live or attenu-
ated, depend on bovine blood as a source of infection
or of antigen.* Vaccines obtained from blood have the
inconvenience of transmitting other bovine patho-
gens, thatare imperceptible at the time of blood collec-
tion; besides, the different Anaplasma marginale geo-
graphical isolates frequently do not induce cross pro-
tection.® In thiscontext, and taking into account recent
studiesonthe differentgenotypes,*®*andon A. margi-
nale antigenic variation® it is mandatory to better un-
derstand the host immune mechanisms responsible
for protection in bovine anaplasmosis, and to identify
the rickettsial epitopes involved in the induction of
both humoral and cellularimmune responses®*so as to
design or establish effective immunoprophylactic con-
trol measures. With this in mind, the information gen-
erated by the present study contributes to the under-
standing of these mechanisms.
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do ese tiempo se colectaron los sobrenadantes y se
examinaron por medio del paquete comercial de ELI-
SA, siguiendo lasindicacionesdel fabricante. Las lectu-
ras se llevaron a cabo en un lector de ELISA* a una
densidad optica (DO) de 650 nm.

Andlisis estadistico

La comparacion de datos entre grupos se llevo a cabo
por medio de un analisis de varianza.® Valores de P <
0.05 fueron considerados como significativos.

Resultados

En el grupo infectado el PEP alcanzé un promedio
méaximo de 5.2% el dia 31 posinfeccién (pi) para bajar
a menos del 1% el dia 46, y posteriormente ya no se
detect6 la rickettsia en los frotis sanguineos aun des-
pués de la reinfeccion (Figura 1a). EI VCA disminuy6
hasta alcanzar un promedio de 6% el dia 46 pi y se
mantuvo dentro de los limites normales en la reinfec-
cion hasta el final del estudio (Figura 1b). Los valores
de CD2+ fueronsimilaresen los dos gruposalo largo
del estudio; en cambio los de CD4+ y CD8+ en el
grupo infectado disminuyeron significativamente (P
< 0.05) el dia 44 pi y después alcanzaron valores
similares a los del grupo testigo (Figura 2). Al exami-
nar la intensidad de fluorescencia (IF) se aprecié un
aumento significativo (P < 0.05) de ésta en los linfoci-
tos CD2+ y CD8+ de los animales del grupo infecta-
do después de la ri (dias 62 y 83) con respecto a la IF,
determinadaen los bovinos del grupo testigo (Figura
3). Se observo que los titulos de anticuerpos (Acs) de
los bovinos infectados se incrementaron por arribade
los valores basales el dia 51 pi y aumentaron mas
después de lari. En el grupo de los animales testigo,
dichos titulos se mantuvieron dentro de los limites
basales (Figura 4a). Los niveles de interferon gamma
(IFN-y) en el suero aumentaron continuamente en el
grupo de animalesinfectados, particularmente desde
el dia’51 pi; mientras que dichos niveles se mantuvie-
ron dentro de los limites basales en el grupo de los
bovinos testigo (Figura 4b). En los animales infecta-
dos, los niveles de IFN-y en el sobrenadante de culti-
vos de sangre completa fueron mas altos después de
lari, que después de la primoinfeccion; mientras que
en el grupo de los bovinos testigo, los niveles se
mantuvieron dentro de los limites basales (Figura 5)

Discusién

Se haindicado que lavacunacién contralaanaplasmo-
sis bovina ha sido una medida efectiva para la preven-
cién de brotes; sin embargo, las vacunas existentes,
vivas o inactivadas, dependen de la sangre de bovino



Regarding the results, a plausible explanation for como fuente de infeccién o de antigeno.® Las vacunas

the marked decrease in CD4+ and CD8+ lymphocytes derivadas de sangre tienen el inconveniente de trans-
at day 45 after infection is that these cells were located mitir otros patégenos de los bovinos, que son imper-
in a higher proportion in secondary lymphoid organs ceptibles al tiempo de colectar la sangre; ademas, los
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mm?® de sangre periférica de bovinos infecta-
dosy reinfectados (n = 4 barras grises) con el
aislado MEX-17-029-01 de Anaplasma
marginale(infecciondiaOcon1 > 10°%eritrocitos
parasitados, EP; reinfeccion dia60con 2 < 108
EP)y de animales no infectados (n = 3 barras
blancas). Cada punto representael promedio
=+ error estandar. * P < 0.05.

CD2, CD4 and CD8 lymphocytes per mm? of
peripheral blood frominfected and reinfected
cattle (n=4gray columns)with the Anaplasma
marginale MEX-17-029-01isolate (infection at
day 0 with 1 < 10° parasitized erithrocytes,
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Days postinfection

(forexample, spleen and lymph nodes) than in periph-
eral blood, to be stimulated by antigen presenting cells
with processed rickettsial peptides on their membranes.
These results concur with the decreased packed cell
volume, and it is also probable that a transitory immu-
nosupression was induced by the infection. In this
regard, it has been reported that there is a lowering of
the percentage of circulating bovine CD8+ lympho-
cytes, between weeksfive and eight, after Mycobacteri-
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62

PE; reinfection at day 60 with 2 < 108 PE) and
from non-infected animals (n=3 white
columns). Each point represents the mean +
standard error. *P < 0.05.

diferentesaislados geograficosde A. marginalefrecuen-
temente no inducen proteccion cruzada.® En este sen-
tidoyalaluz delosestudios recientessobre losdiferen-
tes genotipos**y la variacion antigénica de A. margi-
nale® es indispensable conocer mejor los mecanismos
inmunitarios del hospedero responsable de la protec-
ciénen laanaplasmosis bovina, asi como identificar los
epitopos de la rickettsia involucrados tanto en la res-
puestainmune humoral como en la celular® paradise-
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um bovisinfection;* likewise, the possibility that T cell
apoptosis had occurred cannot be ignored, in a similar
way tothatobserved in Plasmodium falciparum®*and
Mycobacterium tuberculosis®* infections.
Thesignificantincrease in fluorescence intensity
observed in CD2+ and CD8+ lymphocytes at days
62 and 83 might be caused by a higher metabolic
activity in the CD8+ lymphocyte population that

Each point represents the mean + stan-
dard error. *P < 0.05.

fiar o establecer medidas inmunoprofilacticas efecti-
vas de control. En este sentido, lainformacién genera-
daenel presente estudio es unacontribucién mas para
el esclarecimiento de dichos mecanismos.
Encuantoalosresultados, unaprobable explicacién
del marcado descenso de los linfocitos CD4+ y CD8+
el dia 45 pi observado, es que éstos se hayan localizado
enmayor proporciénen drganos linfoides secundarios
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AnaplasmamarginaleMEX-17-029-
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> 108 parasitized erithrocytes, PE;
reinfection at day 60 with 2 < 108
PE) and from non-infected animals

Days postinfection

gave rise to an increment of CD molecules on the
cell surface after reinfection and, in turn, affected
the CD2+ lymphocyte population (which approx-
imately corresponds to the addition of CD4+ and
CD8+).

IgG anti-A. marginale antibody levels increased
after infection and after reinfection in the infected
group. In this regard, it has been observed that high
IgG2 antibody levels in animals immunized with
external membranes from Anaplasma marginaleFlor-
ida strain, protect cattle against reinfection with the
same strain.*
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(n = 3 white columns). Each point
represents the mean + standard
error. *P < 0.05.

(porejemplo, el bazo y los ganglios linfaticos) que en la
sangre periférica para ser estimulados por células pre-
sentadoras de antigeno con péptidos procesados de la
rickettsia. Estos datos se correlacionan en la disminu-
cion del volumen celular aglomerado, también es pro-
bable que haya ocurrido unainmunosupresién transi-
toria inducida por la infeccién. Asi, se ha informado
gue hay una disminucion del porcentaje de linfocitos
CD8+ debovinocirculantes, entre las semanas cincoy
ocho, después de lainfecciébn con Mycobacteriurm bo-
vis;® asimismo, no se puede descartar la posibilidad de
gue se haya presentado apoptosis de células T, tal
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On the other hand, interferon gamma (IFN-y)
levelsinthe serafrom A. marginaleinfected animals
increased steadily after the first infection and
reached high levels after reinfection. However, in
the supernatants from complete blood (collected
after reinfection) cultures exposed to a rickettsial
antigen, the levels of this cytokine increased con-
siderably (Figure 5). This observation suggests that
IFN-y has an important role in the protective im-
mune response against Anaplasma marginale infec-
tion and it is highly probable, based upon the fluo-
rescence intensity increase after reinfection, that
CD8+ lymphocytes are involved in the production
of this cytokine (Figure 3). In this context, it has
been demonstrated that the immunization of cattle
with surface proteins from purified A. marginale
membranes, induces solid immunity in which mac-
rophages, 1gG2 and IFN-y produced by CD4+ T
cells participate.®? This supports the proposal that
the CD4+ lymphocyte that expresses IFN-y ampli-
fies IgG2 synthesis and a concomitant activation of
macrophages to increase the expression of recep-
tors in these, phagocytosis, phago-lysosomal fu-
sion and the release of rickettsiacide nitric oxide.*®
Similarly, in experimental cattle tuberculosis, it has
been demonstrated that peripheral blood T lym-
phocytes, both CD4+ and CD+8, but not WC1+,
produce IFN-y after stimulation with PPD, and with
live or dead BCG.*" In support of the protective role
played by IFN-y in hemoparasitic infections, a re-
centstudy demonstrated that this cytokine, togeth-
er with CD4+ T lymphocytes, are essential in the
protective immune response of mice against Ba-
besia microti.** Likewise, it has been reported that

[Te) — i
< © ~

from non-infected animals (n = 3 white
columns). Each point represents the mean
+ standard error. *P < 0.05.

98
100

como se ha observado en infecciones por Plasmodium
falciparum®®y Mycobacteriumtuberculosis. 4

Encuantoalaumentosignificativode laintensidad de
fluorescencia, observadaen los linfocitos CD2+ y CD8+
los dias 62 y 83, es probable que se haya debido a una
mayor actividad metabdlica de la poblacién de linfocitos
CDB8+, que dio lugar a un incremento de moléculas CD
en lasuperficie celular después de lareinfecciony que se
reflejé en los linfocitos CD2+ (que corresponde aproxi-
madamente a la suma de CD4+ mas CD8+).

Los niveles de anticuerpos IgG anti-A. marginale au-
mentaron por sobre los valores basales en el dia 51 posin-
feccionenel grupodeanimalesinfectadoscon la rickettsia
yseincrementaron ain mas después de lareinfeccion. En
este sentido, se ha demostrado que los titulos altos de
anticuerpos IgG2 de animalesinmunizados con membra-
nasexternasde lacepaFloridade A. marginaleprotegena
los bovinos contra la reinfeccién con la misma cepa.*?

Porotrolado, losnivelesdeinterferongamma(IFN-y)en
el suero de los animales infectados con A. marginale se
incrementaron paulatinamente después de la primoinfec-
cion hasta alcanzar altos niveles después de la reinfeccion.
Sin embargo, los niveles de esta citocina aumentaron de
manera considerable, después de la reinfeccion, en los
sobrenadantes de cultivos de sangre completa expuestos a
un antigeno de la rickettsia (Figura5), o que sugiere que el
IFN-y participa de manera importante en la respuesta
inmune protectoracontra Anaplasma,y que muy probable-
mente, con base en el aumento de la intensidad de fluores-
cenciadespuésdelareinfeccion, loslinfocitos TCD8+estan
involucrados en la produccién de dicha citocina (Figura 3).
En este contexto, se hademostrado que lainmunizacionde
ganado bovino con proteinas de superficie de membranas
purificadas de A. marginaleinduce unainmunidad sélida,
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the inoculation of cattle with Mycobacterium, a po-
tent inductor of interleukin 12 (IL-12) and CD4+ T
cells expressing IFN-y, significantly increases the
immune control of acute rickettsemia produced by
Anaplasmamarginale.®®

On the basis of the obtained results it is concluded
that: ) The infection and reinfection of cattle with the
same A. marginale isolate generates high levels of IgG
antibodies and of IFN-y in serum and supernantant of
complete blood culture; b) The supernatants of com-
plete blood cultures from infected animals, in the pres-
ence of A. marginale antigen, showed high levels of
IFN-y particularly after reinfection, suggesting a role
for this cytokine in the bovine protective immune
response against A. marginale; c) The increase of fluo-
rescence intensity in the CD8+ T lymphocytes after
reinfection suggests an active role of these cells in the
protective immune response, probably by IFN-y pro-
duction; d)there is the need to carry out more studies
to clarify the roles of IgG subclass antibodies, of IFN-y,
and of CD4+ and CD8+ lymphocytes in the bovine
protective response against different A. marginaleiso-
lates.
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