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In vitro culture of Anaplasma marginale in endothelial cell lines
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RESUMEN

Anaplasma marginale, bacteria intracelular obligada, es el agente causal de la anaplasmosis bovina, caracterizada por anemia
progresiva, fiebre, pérdida de peso y ocasionalmente, la muerte. Como alternativa para el desarrollo de nuevas estrategias de
prevencién se plantea el uso de cultivos celulares para la obtencion ir vitro de A. marginale. El propésito de este estudio fue
ensayar su cultivo in vitro en células nucleadas empleando estirpes de células endoteliales de bovino y de mono, mismas que
fueron expuestas a eritrocitos infectados con A. marginale. Para demostrar la invasion de las células endoteliales se emplearon
diferentes opciones: tinciones, deteccion genémica o inmunofluorescencia, con resultados negativos; adicionalmente, tampoco se
apreciaron efectos citopatologicos. Sin embargo, cuando se aplico la metodologia de co-cultivo en presencia de las células
endoteliales, A. marginale se detecté durante mas tiempo que en cultivos con eritrocitos tinicamente. Con el supuesto de
evidenciar la presencia de la infeccion, mediante la valoracion de las constantes fisioldgicas y anticuerpos especificos contra la
bacteria, se inocularon bovinos susceptibles con el material biolégico de los cultivos. Atn cuando no hubieron signos clinicos
de anaplasmosis, en el bovino inoculado con la linea de cornea co-cultivada con eritrocitos infectados, se detectaron anticuerpos
especificos contra A. marginale; sin embargo, no se logra dilucidar en este estudio la participacion de las células endoteliales.

PALABRAS CLAVE: Anaplasma marginale, Cultivo, Células endoteliales.

ABSTRACT

Anaplasma marginale, intracellular bacteria causes bovine anaplasmosis, characterized by progressive anemia, fever, decrease
in body weight and death occasionally. The use of A. marginale in vitro cell culture - derived has been suggested as an
alternative for development new prevention tools and control strategies. The purpose of this study was to establish the in vitro
culture procedure in bovine corneal or umbilical cord and monkey retina endothelial cell lines. These were subsequently
exposed to A. marginale infected erythrocytes. Different staining methodologies, immunofluorescent antibody assays or genome
detection tests were used in an attempt to demonstrate the invasion of nucleated cells. In all cases, only negative results were
obtained and no cytopathic effects observed; when the co-cultivation methodology was applied, it was blunt the fact that if
endothelial cells are present, A. marginale can be preserved longer periods than cultivating infected erythrocytes alone.
Susceptible cattle were inoculated with culture-derived biological material, and samples taken to monitor physiological variables,
rickettsemia and immune response against the bacteria. Animals did not show clinical signs of anaplasmosis. Even though a
calf inoculated with the cornea cell line co-cultivated with infected erythrocytes, showed antibody against A. marginale;
endothelial cell lines involvement in Anaplasma marginale infection could not be clearly demonstrated in this study.

KEY WORDS: Arnaplasma marginale, Culture, Endothelial cells.

Anaplasma marginale, es una bacteria Gram- Anaplasma marginale is a round or oval Gram-
negativa redondeada u oval de 0.3 a 0.8 mm de negative bacterium of 0.3 to 0.8 mm of diameter(1)
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diametro() que pertenece al orden Rickertsiales®),
familia Anaplasmataceae, género Anaplasma®) y
es causante de la Anaplasmosis bovina. Identificada
por primera vez en 1893 por Smith y Kilborne®),
la enfermedad fue descrita en 1910 por Theiler(),
diferencidndola de la babesiosis bovina®). Desde
entonces, las tentativas para reproducirlo in vitro,
han sido numerosas(’). Intentos realizados en
México(8.9), arrojaron datos acerca de los
requerimientos de las cepas mexicanas. La
metodologia hasta el momento descrita como
exitosa, involucra el establecimiento de una linea
celular de garrapata del género Ixodes(19), el cultivo
de A. marginale en esta linea celular y entonces,
la transferencia de las bacterias cultivadas a lineas
celulares endoteliales de origen bovino y de
primate(1 D). Por lo que el proposito de este trabajo
fue ensayar la propagaciéon de la rickettsia
Anaplasma marginale, en condiciones de
laboratorio, directamente en c€lulas endoteliales a
partir de eritrocitos de bovino infectados.

Para la reproduccion de la rickettsia se utilizaron
hasta diez bovinos criollos (Bos taurus) entre 12 a
18 meses de edad, provenientes de zona libre de
garrapatas en Chihuahua, negativos a tuberculosis
y brucelosis bovinas, segin las normas de las
campafias oficiales(12,13) ¢ igualmente, negativos
para A. marginale utilizando la prueba de
ELISA(14). Estos se transportaron al CENID PaVet,
en Jiutepec, Morelos y mantenidos en estabulacion
con alimento, heno y concentrado y agua ad libitum.

Se utilizaron cinco cepas de A. marginale aisladas
de casos clinicos en diferentes estados de México

that belongs to the order Rickettsiales?, family
Anaplasmataceae, genus Anaplasma®), and is the
causing agent of bovine Anaplasmosis. It was first
identified in 1893 by Smith and Kilborne®, the
disease was described in 1910 by Theiler(®),
differentiating it from the bovine babesiosis®). Since
then, the attempts to reproduce it in vitro have
been numerous(?). Attempts previously conducted
in Mexico(8.9) provided data regarding the
requirements of the Mexican strains. The
methodology described so far as successful, includes
the establishment of a tick cell line of the Ixodes(10)
genus, the culture of A. marginale in this cell line,
and then, the transferring of the cultured bacteria
to endothelial cell lines of bovine and monkey
originlD . Thus, the purpose of this work was to
assay the propagation of the Anaplasma marginale
rickettsia, in laboratory conditions, directly in
endothelial cells from infected bovine erythrocytes.

For rickettsia reproduction, ten mixed breed bovine
cattle (Bos Taurus) 12 to 18 mo of age were used,
coming from a tick free zone in Chihuahua, negative
to bovine tuberculosis and brucellosis, according
to official campaign regulations(12.13) and equally,
negative to A. marginale by the ELISA(4) test.
They were transported to the CENID PaVet, in
Jiutepec, Morelos and kept in stabling with feed,
hay and concentrate and water ad libitum.

Five strains of isolated A. marginale of clinical
cases in different states of Mexico were used (Table
1), some of them partially characterized in relation to
their virulence or genome characteristics(15,16,17,18)
The strains were kept frozen at -196 °C and to

Cuadro 1. Caracteristicas genotipicas y fenotipicas de los microorganismos utilizados

Table 1. Genotype and phenotype of microorganisms used

Strain (Isolate) mspla Repeats Virulence Ref.
Aguascalientes DQ501243 4,9,10,11,9 High (15)
México AF345868 a,B,B.r High (16,18)
Morelos AF345869 o,B,B,r High (17,18)
Yucatan AF345871 T,C,B,B,C,B,Tt Low (16,18)
(Tamaulipas) — — High NP

NP= Unpublished.
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(Cuadro 1), algunas de ellas parcialmente
caracterizadas con relacion a su virulencia o
particularidades de su genoma(15.16,17,18) 1 ag
cepas se mantuvieron en congelacion a -196 °C y
para reactivarlas se inocularon en los bovinos
previamente esplenectomizados. Para estimar el
porcentaje de eritrocitos infectados (Ei), a partir de
una muestra se prepararon dos frotis tefiidos con
colorante de giemsa(19), observandose al
microscopio con objetivo de inmersion 100X,
tomando el valor promedio de ambos. Cuando los
valores de infeccion fueron mayores al 10 %,
asépticamente se tom(@ sangre infectada mediante
puncién en la vena yugular, empleando un matraz
Kitasato con perlas de vidrio previamente
esterilizado, agitindole mediante rotacion para evitar
la coagulacion. La sangre obtenida se lavd con
solucion VYM estéril(20) | cada lavado consisti en
centrifugar a 1,500 xg por 15 min a 4 °C,
decantando el sobrenadante y resuspendiendo al 50 %
(v/v) en VYM, eliminando la capa flogistica. Los
inoculos consistieron en eritrocitos infectados
suspendidos al 50 % en VYM (v/v) 0 en su caso,
cuerpos iniciales (Ci) que corresponden a los
cuerpos de inclusion de A. marginale liberados
para facilitar la invasion de las células huésped,
obtenidos mediante la aplicacion de protocolos de
lisis, purificados con gradiente de Percoll®, en
presencia o ausencia de fluoruro de fenil-metil-
sulfonilo (PMSF), como inhibidor de proteasas(?1).

Las estirpes celulares adquiridas comercialmente
fueron, RF/6A (ATCC No. CRL-1780) de retina
de mono Rhesus (Macaca mulatta) y BCE C/D-1b
(ATCC No. CRL-2048) de cornea de bovino.
Ademds se empled una estirpe transformada de
cordon umbilical de bovino denominada BUVEC
EgE7 (Donada por la Dra. Carmen Clapp, Instituto
de Neurobiologia-UNAM)22). Todas se mantuvieron
en criopreservacion a -196 °C en nitrogeno liquido,
hasta su uso. Para la linea RF/6A se utiliz6 el medio
minimo esencial (MEM), para BCE/D-1b se empled
el medio de Eagle modificado por Dulbecco (DEMy
para BUVEC EgE; el medio F-12 HAM
modificado (todos de Sigma-Aldrich, St. Louis,
Mo. EE.UU). Los medios, adquiridos
comercialmente fueron suplementados con suero
bovino fetal, mezcla de penicilina +estreptomicina
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reactivate them, were inoculated into bovines
previously splenectomized. To estimate the
percentage of infected erythrocytes (iE), two blood
smears dyed with Giemsa stain were prepared from
a sample(19), observed through a microscope with
an 100X immersion objective, taking the mean value
of both. When infection was greater than 10 %,
infected blood was aseptically taken by jugular vein
puncturing, using a previously sterilized Kitasato
flask with glass beads, stirring it to avoid
coagulation. The blood was washed with sterile
VYM solution0), each washing consisting of
centrifugation at 1,500 xg for 15 min at 4 °C,
decantation of the supernatant and 50 % (v/v)
resuspension in VYM, to eliminate the bufty coat.
The inocula consisted of a 50 % infected
erythrocytes suspension in VYM (v/v), or if
applicable, initial bodies (Ci) corresponding to the
released inclusion bodies of A. marginale to facilitate
the invasion of the host cells, obtained through the
application of lysis protocols, purified with of
Percoll® gradients, in either the presence or absence
of phenyl-methyl-sulfonyl fluoride (PMSF), as
proteases inhibitorD.

Commercially acquired cell lines were: RF/6A
(ATCC No. CRL-1780) of Rhesus monkey (Macaca
mulatta) retina and BCE C/D-1b (ATCC No. CRL-
2048) of bovine cornea. Additionally, a transformed
cell line of bovine umbilical cord named BUVEC
EgE; was used (donated by Dr. Carmen Clapp,
Institute of Neurobiology, UNAM)22). All lines
were kept in cryopreservation at -196 °C in liquid
nitrogen, until their use. For the RF/6A line,
minimum essential medium was utilized (MEM)
(Cat. No. M-0643), for BCE/D1b the Eagle’s
modified Dulbecco (DEM) medium (Cat. No. D-
5648), and for BUVEC Eg¢E; the modified F-12
HAM medium (Cat. No. N-3520); all from Sigma-
Aldrich, St. Louis, MO, USA. The commercially
acquired media were supplemented with fetal bovine
serum, a mixture of penicillin and streptomycin
(100UI + 125 pg/ml) and amphotericin B (0.25
pg/ml) (GIBCO, USA. No. Cat. 15290-018). All
cultures were performed under strict sterility
conditions, in duplicate. The amount of medium
used was of 2 pl/mm2. The seed density was of
1.0 or 1.2x103 cells/mm?2 for 16 mm diameter
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(100 UI+125 pg/ml) y anfotericina B (0.25 ug/
ml) (GIBCO, EEUU. No. Cat.15290-018). Todos
los cultivos se realizaron en condiciones estrictas
de esterilidad, por duplicado. La cantidad de medio
de cultivo fue de 2 wpl/mm?2 de superficie. La
densidad de siembra fue de 1.0 6 1.2 x 103 células/
mm?2 para pozos de 16 mm de didmetro o matraces
de 25 cm2, respectivamente. El cambio de medio
se realizd cada 48 h y el subcultivo con seis dias
de intervalo.

Para 1la deteccion del microorganismo,
adicionalmente a la tradicional tincion de giemsa,
como alternativa de confirmacion, se aplicd
indistintamente una 0 mas de las metodologias que
se describen a continuacion.

PCR: Para la extraccion del ADN de Ei se empled
el paquete comercial Ultra Clean DNA BloodSpin.
En el caso de las células nucleadas se utilizd la
técnica “Hot Shot”(23) y para la técnica de PCR se
empled el paquete comercial Master Mix siguiendo
el protocolo “Nested-PCR”, descrito por Torioni
de Echaide, utilizando fragmentos del gen
conservado msp5 como iniciadores(4):

(1) sentido 5" —3' GCATAGCCTCCGCGTCTTTC
(2) contrasentido 5" -3 TCCTCGCCTTGCCCCTCAGA
(3) interno 5’ - 3' TACACGTGCCCTACCGACTTA

Los geles de agarosa se prepararon al 1% (p/v) y
se observaron en un transiluminador(23) de luz UV
de 200-300 nm (Ultra-Lum, Modelo UVA-40).

Como antigeno control para inmunofluorescencia,
se prepararon laminillas a partir de sangre infectada,
conservandose a -70 °C hasta su uso. La preparacion
de las células nucleadas consistid en su fijacion
con metanol-acetona y lavados con Nonidet 40® al
0.5% (v/v) en solucion salina fisioldgica (NaCl
0.7% p/v) en agua destilada estéril(26), El
Conjugado se elabor0 a partir del suero hiperinmune
contra A. marginale, obtenido de un bovino
inoculado con Ci de la cepa Aguascalientes y
refuerzos més adelante con Ei de la cepa Morelos;
los niveles de anticuerpos medidos periodicamente
con la técnica de ELISA(4), determinaron el
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wells or of 25 cm? flasks, respectively. The change
of medium was performed every 48 h and the
subculture with 6-d of interval.

For the detection of the micro-organism, in addition
to the traditional Giemsa staining, an alternative of
confirmation by one or more of the following
methodologies was applied.

PCR: For the extraction of the DNA of Ei the
Ultra Clean DNA BloodSpin commercial package
was utilized. In the case of nucleated cells the “Hot
Shot”(23) technique was used and for the PCR
technique the Master Mix commercial package was
utilized following the “Nested-PCR” protocol,
described by Torioni de Echaide, using fragments
of the msp5 preserved gene as indicators(24:

(1) forward 5" — 3 GCATAGCCTCCGCGTCTTTC
(2) reverse 53 TCCTCGCCTTGCCCCTCAGA

(3) internal 5’ - 3' TACACGTGCCCTACCGACTTA

The agarose gels were prepared at 1% (w/v) and
were observed in a UV transilluminator(25) of 200-
300 nm (Ultra-Lum, UVA-40 Model).

As control antigen for immunofluorescence, infected
blood smears were prepared and kept at -70 °C
until their use. The preparation of nucleated cells
consisted on their fixation with methanol-acetone
and washings with 0.5% Nonidet 40® (v/v) in
physiological saline solution (0.7% NaCl w/v) in
sterile distilled water(26). Conjugate was made from
hyperimmune serum against A. marginale, obtained
from an inoculated bovine with Ci of the
Aguascalientes strain and further boosters with Ei
from the Morelos strain; antibody levels,
periodically measured with the ELISA(4 technique
determined the optimal time for the collection of
the serum. Immunoglobulins were purified,
concentrated, and conjugated with Fluorescein
isothiocyanate (FITC), according with what was
already published@7). For the direct immunodetection,
the test was performed in accordance to what has
been previously reported and samples observed with
an epifluorescence microscope8). Regarding the
indirect immunodetection, previously published
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momento Optimo para la colecta del suero. Las
inmunoglobulinas se purificaron, concentraron y
conjugaron con isotiocianato de fluoresceina (FITC),
segn lo publicado®7). Para la inmuno deteccion
directa, el ensayo se realizd6 de acuerdo a lo
publicado previamente y las muestras se observaron
en un microscopio de epifluorescencia@8). En lo
relativo a la inmuno deteccion indirecta, se empled
la metodologia anteriormente publicada9.30); en
el primer paso se utilizaron anticuerpos monoclonales
anti- mspl o msp2, (VMRD Laboratories, Pullman,
Washington, EE.UU.) incubéndose a 37 °C por 30
min, y después de un enjuague, se agregd el
segundo anticuerpo (Alexa Fluor 488; Invitrogene,
EE.UU.), incubando, enjuagando y dejiandose secar
nuevamente, para su posterior observacion.

La tincion de contraste supravital consistio en la
incubacion a 37 °C durante 30 min de suspensiones
de Ei o células nucleadas, con 50 ul de una solucion
compuesta de 10 uM de Di acetato de carboxi-
fluoresceina (CFDA) en solucion salina amortiguadora
de fosfatos (SSAF) pH 7.2 6 10 uM de acetato de
carboxi-metil-rodamina (CMRA) en SSAF; concluida
la incubacion, se adicionaron 500 ul de VYM y se
enjuagl vigorosamente, incubando nuevamente a
37 °C por 30 min; finalmente se retird6 el VYM
enjuagando el sustrato durante dos ocasiones®).
La incorporacion de colorante se observa bajo el
microscopio de fluorescencia al distinguir segin el
color, verde para CFDA o rojo para CMRA.

Ensayo 1. Cuando las lineas celulares BCE, BUVEC
y RF/6A presentaron al menos 90 % de confluencia
en cultivo, se inocularon por duplicado con la cepa
Morelos de A. marginale, obtenida de un bovino
esplenectomizado. Se prepararon seis tipos indculo,
cada uno a partir de una dosis infectante de 1x109
cuerpos de inclusion. Los indculos consistieron en:
Ei intactos, Ei sometidos a choque térmico, Ei
sonicados, Ei tratados con saponina y Ci extraidos
con o sin PMSF como inhibidor de proteasas que
los degradaran. Después de la inoculacion los
cultivos se mantuvieron con cambio de medio cada
48 h y subcultivo cada 6 u 8 dias, evaludndose su
morfologia y rendimiento celular expresado en
namero de células. El remanente celular entre cada
subcultivo se almacend a 4 °C 0 -20 °C.
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methodology was used29.30); in the first step anti-
mspl or msp2 monoclonal antibodies were utilized
(VMRD Laboratories, Pullman, Washington, USA),
incubated at 37 °C for 30 min, and after the rinsing,
the second antibody was added (Alexa Fluor 488;
Invitrogene, USA), incubating, rinsing, and letting
dry for its later observation.

The supravital contrast stain consisted of the
incubation at 37 °C during 30 min of suspensions
of Ei or nucleated cells, with 50 ul of a solution
composed by 10 uM of carboxy-fluorescein diacetate
(CFDA) in phosphate buffered saline solution (PBS)
with pH of 7.2 or 10 uM of carboxy-methyl-
rhodamine acetate (CMRA) in PBS; after the
incubation was concluded, 500 ul of VYM was
added, rinsed vigorously, and incubated again at 37
°C for 30 min; finally, VYM was removed by
rinsing the substrate in two occasions®. The
incorporation of colorant was observed under the
fluorescence microscope to distinguish the green
color, for CFDA or red for CMRA.

Assay 1. When the BCE, BUVEC, and RF/6A cell
lines presented at least 90 % of confluence in
culture, they were inoculated in duplicate with the
Morelos strain of A. marginale, obtained from an
esplenectomized calf. Six types of inocula were
prepared, each from an infecting dose of 1x109
inclusion bodies. The inoculums consisted of: intact
Ei, Ei submitted to thermal shock, sonicated Ei,
Ei treated with saponin, and Ci extracted with or
without PMSF as protease inhibitor. After the
inoculation the cultures were kept with a change of
medium every 48 h and subculture every 6 or 8 d,
having their morphology and cellular development
assessed and expressed in numbers of cells. The
remaining cells between subcultures were stored at
4 °C or -20 °C.

Assay 2. The BUVEC cell line was inoculated
with the Yucatan strain obtained from an
esplenectomized bovine. The inocula described in
test 1 were used, with the same infecting dose.
The change of medium was performed in three or
four day intervals and subcultures performed
weekly. Cellular morphology was observed and
development expressed in number of cells. Unlike
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Ensayo 2. La linea BUVEC fue inoculada con la
cepa Yucatdn obtenida de wun bovino
esplenectomizado. Se emplearon los tipos de indculo
descritos en el ensayo 1, con la misma dosis
infectante. El cambio de medio se realizd a
intervalos de tres o cuatro dias y los subcultivos,
semanalmente. Se evalu6 morfologia y rendimiento
celular expresado en nimero de células. A diferencia
del ensayo anterior, después de cada subcultivo se
sembraron 2x103 células en placas de 24 pozos,
con un cubreobjetos en el fondo. Estos se extrajeron
24 h més tarde, para su tincion con CMRA, giemsa,
wrightGD y naranja de acridina®2). Se extrajo el
ADN celular y se caracterizaron mediante PCR
para el gen especifico msp524. El remanente
celular de cada subcultivo se criopreservd con
sultoxido de diMetilo (DMSO) al 8 % (v/v).

Ensayo 3. La linea BCE fue previamente inoculada
con 4.1x106 de Ei con la cepa Yucatan, procedente
de un bovino esplenectomizado. Las células
nucleadas se incubaron con 50 ul de solucion CFDA
10 uM, al momento de la siembra, paralelamente,
25 pl de Ei al 50 % en VYM fueron incubados
con 50 ul de solucion CMRA 10 uM. 24 h después
se co-cultivaron, el cambio de medio se hizo cada
48 h, hasta las 144 h. Se tomaron muestras del co-
cultivo a las 24, 72 y 144 h y se observaron con
diferentes filtros en el microscopio de
epifluorescencia, con rangos de emision de 490 6
548 nm y excitacion de 520 ¢ 576, para CFDA o
CMRA, respectivamente.

Ensayo 4. La metodologia de co-cultivo fue similar
a la empleada por Waghela y colaboradores(3),
con algunas modificaciones. La finalidad de este
estudio fue sembrar con Ei intactos, las lineas celulares
endoteliales no expuestas, adicionando periddicamente
eritrocitos no infectados. Las lineas BUVEC y BCE
fueron utilizadas en co-cultivo con las cepas Morelos
y Yucatdn (primera variante) y con el aislado
Tamaulipas (Soto la Marina) y la cepa Yucatin
(segunda variante). Estos inOculos se obtuvieron
de bovinos esplenectomizados. La siembra se hizo
por duplicado en placas de 24 pozos. Cada placa
se dividid en tres grupos: testigo, con Ei y con
eritrocitos no infectados. En la primera variante,
después de la inoculacion de los monoestratos

78

the prior test, after each subculture 2x105 cells
were seeded in 24 well plates, with a coverslip in
the bottom. These were recovered 24 h later for its
staining with CMRA, Giemsa, WrightGD, and
acridine orange (NA). DNA was extracted and
characterized by PCR for the msp524 specific gene.
Remaining cells after subculture were cryopreserved
with 8% (v/v) dimethyl sulfoxide (DMSO).

Assay 3. BCE cell line was previously inoculated
with 4.1x106 of iE with Yucatan strain, from an
esplenectomized bovine. Nucleated cells were
incubated with 50 ul of 10 uM CFDA solution, at
seeding moment, and at the same time 25 ul of
50 % iE in VYM were incubated with 50 ul of 10
uM CFDA solution. Twenty four (24) h later they
were co-cultured and the change of medium was
performed every 48 h until 144 h were reached.
Samples of the co-culture were obtained at 24, 72,
and 144 h and were observed with different filters
in the epifluorescence microscope, with emission
ranges of 490 or 548 nm and 520 or 576 nm
exciting filters, for CFDA or CMRA, respectively.

Assay 4. The co-culture methodology was similar
to the one used by Waghela and associates33), with
some modifications. The purpose of this study was
to seed with intact iE the non-exposed endothelial
cell lines, and periodically adding uninfected
erythrocytes to monitor growth. The BUVEC and
BCE lines were used in the co-culture with the
Morelos and Yucatan strains (first variant) and with
the Tamaulipas (Soto la Marina) isolate and the
Yucatan strain (second variant). These inocula were
obtained from splenectomized bovines. The seeding
was performed in duplicate in 24 well plates. Each
plate was divided in three groups: Control, with iE
and with uninfected erythrocytes. In the first variant,
after the inoculation of the cell layer with 1.25 ml
of iE, the change of medium was performed
subtracting and reconstituting 1.0 ml of culture
medium every 24 h. Subculture was performed
weekly and 24 h later 25 pl of uninfected
erythrocytes at 50 % in VYM were added to all
wells with the exception of the control group. Before
each medium exchange the proportion of the infected
erythrocytes was counted in the Giemsa stained
smear. For the second variant, a coverslip was placed
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celulares con 1.25 ml de Ei, el cambio de medio
se realizO sustrayendo y reconstituyendo 1.0 ml
del medio de cultivo cada 24 h. El subcultivo, se
hizo semanalmente y 24 h después se adicionaron
25 ul de eritrocitos no infectados al 50 % en
VYM, a todos los pozos exceptuando el grupo
testigo. Antes de cada cambio de medio se realizd
un conteo de la proporcion de eritrocitos infectados,
mediante frotis teflidos con giemsa. Para la segunda
variante, se colocd un cubreobjetos en el fondo de
los pozos de las placas, la inoculacion y cambio de
medio fue a los mismos intervalos que en la primera
variante. Semanalmente se llevaron a cabo los pases,
retirando el material suspendido en el medio de
cultivo y agregandolo a un nuevo pozo con un
monoestrato de células endoteliales previamente
sembradas y sin infectar. Se realizd el conteo de
rickettsemia con frotis tefiidos antes de cada cambio
de medio, los cubreobjetos del fondo de los pozos
se tifieron con giemsa O S€ prepararon para
inmunofluorescencia.

Ensayo 5. Se hizo una inoculacion con BUVEC
expuesta a A. marginale in vitro, a partir de material
criopreservado en el segundo experimento, del que
se obtuvo el inOculo conformado por células
expuestas a Ci extraidos con inhibidores de proteasas
y su respectivo control negativo. Se inocularon dos
bovinos con 2x105 células cada uno via intramuscular
(IM). A partir del dia de la inoculacién los bovinos
se monitorearon dos veces por semana, durante 60
dias, valorando titulo de anticuerpos y constantes
fisiologicas. Otro bovino se inoculd con BCE
expuesta a A. marginale in vitro obtenido a partir
de cultivos de células BCE expuestas a Ei con la
cepa Morelos y su control negativo; 1x109 células
de cada uno de estos, fueron administrados IM; a
partir del dia de la inoculacion el monitoreo de los
bovinos se desarrolld como ya se menciond.

Los resultados de la inoculacion de cultivos de
células nucleadas con la cepa Morelos, indican un
cambio gradual en las formas celulares,
principalmente en las células expuestas al inoculo
conformado por Ei intactos; estos cambios fueron
mas radicales conforme se incrementaba el nimero
de pases, se inicio en el pase cero y se realizaron
al menos cuatro pases, dependiendo de la estirpe
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in the bottom of the wells, the inoculation and
change of medium was performed at the same
intervals as in the first variant. The screenings
were performed weekly, removing the suspended
material in the culture medium and adding it to a
new well with a monolayer of endothelial cells
previously seeded and uninfected. The rickettsemia
was counted with stained smears before each change
of medium, the coverslips were stained with Giemsa
or were prepared for immunofluorescence.

Assay 5. An inoculation with BUVEC in vitro
exposed to A. marginale was carried out with
cryopreserved material of the second experiment.
Inoculum consisted of cells exposed to iB extracted
with protease inhibitors and their respective negative
control. Two bovines were inoculated with 2x103
cells each, intramuscularly (IM). From the day of
the inoculation the bovines were monitored twice a
week, during 60 d, assessing antibody titers and
clinical signs. Other bovines were, one inoculated
with BCE in vitro exposed to A. marginale obtained
from BCE cell cultures exposed to iE with the
Morelos strain and another as their negative control.
1x109 cells of each of these were administered via
IM; from the day of the inoculation, the monitoring
of the bovines was carried out as mentioned.

The results of the inoculation of cultures of nucleated
cells with the Morelos strain indicated a gradual
change in the cellular forms, mainly in the cells
exposed to the inoculum conformed by intact iE,
these changes were more radical as the passage
number increased, it began in passage zero and at
least four more passages were performed, depending
upon the cell line. These changes consisted in
noticeable fine forms with increasing numbers of
intracytoplasmatic granules or particles, these
characteristics were more evident in the RF/6A
and BCE lines. In the rest of the inocula the
morphological characteristics were kept without any
apparent changes throughout the experiment. All
the inoculated cultures with the iE subjected to
thermal shock presented bacterial contamination,
thus they were disposed of, similar to the majority
of the cultures of BCE, after the third screening.
Meanwhile, the unexposed cells to A. marginale
with more than 90 % of confluence showed typical
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celular. Estos cambios consistieron en formas
ahusadas pronunciadamente con incremento en el
namero de granulos o particulas intracitoplasmaticas,
caracteristicas mas evidentes en las lineas RF/6A y
BCE. En el resto de los indculos se mantuvieron
las caracteristicas morfoldgicas sin cambios
aparentes, a lo largo del ensayo. Todos los cultivos
inoculados con los Ei sometidos a choque térmico
presentaron contaminacion bacteriana, razon por la
cual se desecharon, al igual que la mayoria de los
cultivos de BCE, después del tercer pase. En tanto,
las células no expuestas a A. marginale con mas de
90 % de confluencia mostraron formas tipicas de
“mosaico” en las lineas RF/6A y BCE. En cuanto
a los rendimientos celulares, en RF/6A se presentd
una disminucion dréstica, conforme el nimero de

forms of “tile” in the RF/6A and BCE lines. As
for cell performances, in RF/6A a drastic decrease
appeared, depending on the number of passage, in
the cultures exposed to sonicated iE, treated with
saponin and iB with and without inhibitors of
proteases, while cellular performance of cells
cultured with intact iE were kept constant. In
BUVEC very little differences in shape, size, and
number of cells were observed between passes and
inocula, the same occurred with BCE and RF/6A.
In Figure 1 the fluctuation in the growth of these
cell lines exposed to extracted iB with or without
PMSF as inhibitor of proteases is illustrated.

In the second assay, the observed results indicate
that no morphological differences caused by inocula

Figura 1. Rendimiento comparativo promedio de las lineas de células endoteliales de bovino y mono, expuestos a
cuerpos de inclusion (Ci) de Anaplasma marginale cepa Morelos, extraidos, con y sin PMSF como inhibidor de proteasas

Figure 1. Comparison of bovine and monkey endothelial cell lines average growth, exposed to Anaplasma marginale
Morelos strain inclusion bodies (Ci), extracted with or w/o PMSF protease inhibitor
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pase, en los cultivos expuestos a Ei sonicados,
tratados con saponina y Ci con y sin inhibidores
de proteasas, siendo constante el rendimiento de
las células cultivadas con Ei intactos. En BUVEC
se apreciaron diferencias minimas en forma, tamafio
y nimero de células, entre pases € inoculos, 1o
mismo ocurrié con BCE y RF/6A. En la Figura 1
se ejemplifica la fluctuacion en el crecimiento de
estas lineas celulares expuestas a Ci extraidos con
0 sin PMSF como inhibidor de proteasas.

En el segundo ensayo, los resultados observados
seflalan que no se encontraron diferencias
morfologicas provocadas por los indculos, ya que
a lo largo del experimento BUVEC mantuvo sus
formas ahusadas, independientemente del tipo de
inoculo y namero de pase. La adhesion celular no
se vio afectada y el nimero de gréanulos
intracitoplasmaticos no variaron. En el rendimiento
celular las diferencias no fueron mayores a un
logaritmo. Con la tincion de giemsa se pudo
distinguir entre citoplasma y nicleo y comparando
el grupo testigo contra cada uno de los indculos,
no hubo indicios de A. marginale a través de cada
pase; con el colorante de NA se observaron las
membranas citoplasmética y nuclear bien definidas,
se tifieron indistintamente citoplasma y nucleo
celular, por ello, fue de nula utilidad para distinguir
el ADN de la rickettsia, de aquél de la célula
huésped nucleada. Este resultado también se obtuvo
con la tincion de CMRA. Finalmente, con el
colorante de wright el nicleo y citoplasma se tifieron
del mismo color. A partir del ADN extraido de las
células endoteliales expuestas a A. marginale, se
realizd el protocolo de PCR, sin embargo, se
consideré negativo al no obtenerse la amplificacion
del gen especifico msp5 utilizado.

Los resultados del tercer ensayo orientado a observar
el contraste entre la linea celular BCE y la cepa
Yucatan de A. marginale con la tinciOn supravital,
en la primera lectura a las 24 h, se pudieron apreciar
las formas celulares bien definidas, los eritrocitos
contenian al A. marginale en su interior. Al
sobreponer los filtros del microscopio, para CFDA
y CMRA, los Ei aparentemente se encontraban en
contacto cercano con las células endoteliales. Este
mismo patron se observo en la segunda la lectura,
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were found because throughout the experiment
BUVEC kept its fine shapes, regardless of type of
inoculum or passage number. The cellular adhesion
was not affected and the number of
intracytoplasmatic granules did not vary. Cellular
performance was not greater than beyond a
logarithm. With the Giemsa stain it was possible
to distinguish between the cytoplasm and the
nucleus, and comparing the control group against
each of the inocula, there were no signs of A.
marginale through each phase; with the colorant of
NA the cytoplasmatic and nuclear membranes
were observed, that is why it was of no use to
distinguish the DNA of the rickettsia from that
of the nucleated host cell. This result was also
obtained with the staining of the CMRA. Finally,
the nucleus and cytoplasm stained of the same
color with Wright colorant. From the extracted
DNA of the exposed endothelial cells to A.
marginale, the PCR protocol was applied, however,
it was considered negative because the amplification
of the depicted msp5 specific gene was not
obtained.

The results of the third assay oriented to observe
the contrast between the BCE cell line and the
Yucatan strain of A. marginale, with the supravital
staining; in the first reading at 24 h, well defined
cell shapes could be observed and the erythrocytes
contained the A. marginale in its interior. When
placing the microscope filters, for CFDA and
CMRA, the iE were apparently in close contact
with the endothelial cells. This same pattern was
observed in the second reading at 72 h, however,
the intensity of the colorants drastically decreased
and made the visualization difficult. In the last
reading, at 144 h, both colorants were showing
lesser intensity, mainly the CMRA (Figure 2).

In the fourth assay, the results in the first variant,
allowed to observe iB as the result of the infection
by A. marginale during 91 d in the erythrocytes
co-cultured with BCE and 87 d with BUVEC. The
dynamics of the rickettsemia for both cell lines
showed different patterns; the cornea cell line was
supportive from the 5th d of culture, with
rickettsemias of 0.13 % up to 1.1 %. Meanwhile,
the umbilical cord line showed fluctuations between
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Figura 2. Fotomicrografia de la tincién de contraste supravital empleando los colorantes CMRA* y CFDA**, en la linea
celular nucleada BCE cultivada con Anaplasma marginale cepa Yucatan
Figure 2. Photomicrograph of BCE nucleated cell line cultured with Yucatan strain of Anaplasma marginale, stained

with CMRA* and CFDA** supravital contrast dyes

A - -
24 h 72 h

144 h

B e
e %

100x objective epifluorescence microscope. Readings at 24, 72 and 144 h. White arrows point to CMRA stained

rickettsia.

Row A= 490 nm absorption and 520 nm emission filters.
Row B= 548 nm absorption and 576 nm emission filters.

*CMRA= Carboxi-methyl-rodhamine acetate.
*CFDA= Carboxi-fluorescein di acetate.

a las 72 h, sin embargo, la intensidad de los
colorantes disminuyd dristicamente dificultando la
visualizacion. La altima lectura, a las 144 h ambos
colorantes mostraban menor intensidad,
principalmente CMRA (Figura 2).

En el cuarto ensayo, los resultados en la primera
variante de co-cultivo, permitieron observar Ci
como resultado de la infeccion por A. marginale
durante 91 dias en los eritrocitos con BCE y 87
dias con BUVEC. La dindmica de la rickettsemia
de ambas lineas celulares mostrd patrones diferentes,
la linea de cornea se mantuvo, a partir del dia 5 del
cultivo, con rickettsemia del 0.13 % hasta 1.1 %. En
tanto, la linea de corddén umbilical mostro
fluctuaciones entre los dias 8 y 10 con porcentajes
de 1.14 y 4.25 respectivamente; entre los dias 16
y 17 con porcentajes de 0.74 y 3.41; al dia 18 los
cultivos aparecieron negativos y al dia 26 el
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the 8t and the 10th d with 1.14 and 4.25 percent
infection respectively; between the 16th and 17th d
with of 0.74 and 3.41 percent; on the 18th d the
cultures appeared as negative and on the 26t d
observed percent rickettsemia was 4.39 (Figure 3).
The results of the second variant allowed us to
observe A. marginale in the erythrocytes during
145 d in the co-culture with BCE and 149 d with
BUVEC, the maximum percent after the culture
had initiated was of 17.96 % with BCE and in
BUVEC only 2.5 %, which represents a difference
of 15.19 % (Figures 4,5). At the beginning of the
cultures A. marginale presented the typical shape
of iB but as the months were passing by it went
on decreasing until they became small subunits or
marginal bodies, some iB were observed before
increase of percent rickettsemia. In certain cells of
the BCE line, stained with Giemsa, at the periphery
of the main cell nucleus, particles with similar
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Figura 3. Rickettsemia promedio encontrado en el co-
cultivo de Ei con A. marginale de las cepas Morelos y
Yucatén con las lineas nucleadas BCE y BUVEC (primera
variante)

Figure 3. Average rickettsemia found in Morelos strain A.
marginale infected erythrocytes (Ei) co-cultured with BCE
or in Yucatén strain Ei co-cultivated with BUVEC cell lines
(first variant)
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BCE = Bovine cornea endothelial cell line known as
BCE C/D-1b (ATCC No. CRL-2048).

BUVEC = Transformed bovine umbilical vein endothelial
cells, known as BUVEC EgE5.

porcentaje de rickettsemia observado fue del 4.39
(Figura 3). Los resultados de la segunda variante
nos permitieron observar A. marginale en 1os
eritrocitos durante 145 dias en el co-cultivo con
BCE y 149 dias con BUVEC, el porcentaje maximo
después de iniciado el cultivo fue de 17.96 con
BCE y en BUVEC de 2.5 %, lo que representa una
diferencia del 15.19 % (Figuras 4,5). Al inicio del
cultivo A. marginale presentaba la tipica forma de
los Ci y con el paso de los meses fue disminuyendo
hasta pequefias subunidades o cuerpos marginales,
algunos Ci se observaron antes del incremento en
el porcentaje de rickettsemia. En ciertas células de
la linea BCE, tefiidas con el colorante de giemsa
se apreciaron en la periferia del ndcleo celular
principal particulas tefiidas con caracteristicas
similares a los acidos nucleicos, a la periferia de
los nucleos celulares, este hallazgo estuvo ausente
en BUVEC (Figura 6). Las caracteristicas
morfologicas de ambas lineas permanecieron sin
alteraciones durante todo el experimento. La técnica
de inmunoflourescencia confirm¢ la presencia de
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Figura 4. Rickettsemia promedio encontrada en el co-
cultivo de Ei con A. marginale de la cepa Yucatan con
dos lineas nucleadas BCE y BUVEC (segunda variante)

Figure 4. Average rickettsemia found with Yucatan strain
A. marginale infected erythrocytes co-cultivated with BCE
and BUVEC nucleated cell lines (second variant)
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BCE = Bovine cornea endothelial cell line (BCE C/D-1b;
ATCC No. CRL-2048).

BUVEC = Transformed bovine umbilical vein endothelial
cells, known as BUVEC EgE;.

Figura 5. Rickettsemia promedio encontrada en el co-
cultivo de Ei con A. marginale del aislado de Soto la
Marina, Tamaulipas; con dos lineas celulares endoteliales,
BCE y BUVEC (segunda variante)

Figure 5. Mean rickettsemia obtained with Soto la Marina’s
A. marginale isolate infected erythrocytes co-cultured with
BCE and BUVEC endothelial cell lines (second variant)
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BCE = Bovine cornea endothelial cell line (BCE C/D-1b;
ATCC No. CRL-2048).

BUVEC = Transformed bovine umbilical vein endothelial
cells, known as BUVEC EgE5.
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A. marginale en los Ei, en cambio, con la técnica
directa aplicada a las células nucleadas no pudo
distinguirse a la bacteria pues toda la silueta celular
se aprecioé con FITC y con la técnica indirecta no
se detectd a la bacteria (Figura 7).

Los resultados de la inoculacion del bovino con
BUVEC expuesta a A. marginale in vitro no
arrojaron alteraciones sugestivas en alguna de las
constantes fisiologicas medidas, tampoco hubo
signos de anaplasmosis, ni variaciones en la
respuesta de anticuerpos. En el caso del bovino

Figura 6. Fotomicrografias de frotis tefiidos con el colorante
de Giemsa de la lineas celulares BCE y BUVEC co-
cultivadas con eritrocitos, infectados 0 no con las cepas
Yucatan (Series 1) y Aislado Soto la Marina (Series 2)

Figure 6. Photomicrograph of Giemsa stained slides of
BCE and BUVEC cell lines co-cultured with and w/o
infected erythrocytes: Yucatan strain (Series 1) y Soto la
Marina Isolate (Series 2)

A B

‘o oo
& n . Expositian
$Tv. "

i

Serie 1

: Mo Exposition

Exposition

e
e N i

a® @ - i
* . . ; Mo Exposition
o & .“

Slides obtained from bottom of well, before medium
exchange. Pictures taken with 100x objective white light
microscope. Arrows indicate nucleic acid like stained
particles, surrounding the nucleus.

Column A = BCE cell line.

Column B = BUVEC cell line.
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characteristics to the nucleic acids were observed
at the periphery on the cellular nucleus; this finding
was absent in BUVEC (Figure 6). The morphological
characteristics of both lines remained without
alterations during all the experiment. The technique
of immunofluorescence confirmed the presence of
A. marginale in the iE, in turn, with the direct
technique applied to the nucleated cells the bacteria
could not be distinguished because the entire cellular
profile was observed with FITC and with the
indirect technique the bacteria were not detected
(Figure 7).

Figura 7. Fotomicrografias de la técnica de
inmunofluorescencia directa e indirecta de los eritrocitos
co-cultivados con las lineas celulares endoteliales

Figure 7. Photomicrograph of direct and indirect
immunofluorescent procedures on erythrocytes co-
cultivated with endothelial cell lines

Infected
erythrocytes

Non Infected
erythrocytes

Exposed cell

Unexposed
cell

Pictures taken with 100x objective epifluorescence
microscope. Infected erythrocytes undergoing direct and
indirect immunofluorescent procedures are depicted.
Arrows point to Yucatan strain of A. marginale. No
difference is observed on exposed versus non-exposed
endotelial cell lines.
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inoculado con BCE expuesta in vitro con A.
marginale, tampoco se presentaron alteraciones en
las constantes fisiologicas, ni signos de anaplasmosis,
pero en un animal hubo una momentinea respuesta
de anticuerpos especificos contra la rickettsia a los
dias 31 y 35 post-inoculacion, retornando a
negativos al dia 38.

La idea de usar diversas presentaciones de A.
marginale, con el propodsito de evaluar qué
condiciones permitirian la invasion de la célula
huésped y en dado caso, la proliferacion de la
bacteria en su célula hospedera, pretendia identificar
aquéllas que mas le favorecieran. Se intentd buscar
a este microorganismo mediante la observacion de
su morfologia o por los probables cambios
citopatologicos en el hospedero. En la linea celular
de retina de mono (RF/6A), las observaciones
microscopicas mostraron marcadas diferencias
morfoldgicas, evidentes entre el inoculo de Ei
intactos respecto al resto. Estas mismas diferencias
coincidieron con las distancias numéricas apreciadas,
determinadas con los conteos celulares, durante la
duracion del experimento a través de cada
subcultivo. Cuando se emple0 esta estrategia con
la Iinea celular de cordon umbilical igualmente se
buscOd a la bacteria mediante los cambios en la
morfologia, combinando la microscopia Optica con
técnicas de tincidn mencionadas por otros autores.
También se intentd6 comprobar la presencia de A.
marginale por la amplificacion del gen msp5
caracteristico de la bacteria, mediante PCRG4 y
por andlisis microscopico en células posiblemente
infectadas utilizando la tincion de giemsa(35). En
ambos casos los resultados no fueron exitosos
aunque existen reportes en los que ha sido posible
observarla en las inmediaciones de las membranas
nucleares o citoplasmaticas(30), en el presente
estudio no se observaron en las células nucleadas.

Los resultados Optimos de contraste con las tinciones
supravitales se obtuvieron con la primera lectura,
pues permitian diferenciar las estructuras celulares
y a los Ei, aunque no pudo ubicarse A. marginale
dentro de la célula nucleada, ya que no se realizaron
apreciaciones sagitales o transversales.

Ante este panorama poco satisfactorio, se implementd
otra metodologia donde se co-cultivan dos poblaciones
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The results from the inoculation of the bovine with
BUVEC exposed to in vitro A. marginale did not
show suggestive alterations in any of the vital signs
that were measured and there were neither signs of
anaplasmosis nor variations in the antibody response.
In the case of the inoculated bovines with in vitro
exposed BCE with A. marginale, there were neither
alteration in the vital signs nor signs of
anaplasmosis, but within an animal there was a
momentary response of specific antibodies against
the rickettsia on the 31st and 35t d after the
inoculation, returning to negatives by 38th d.

The idea of using different presentations of A.
marginale, with the purpose of assessing the
conditions that would allow the invasion of the host
cell and eventually, the proliferation of the bacterium
within the cell, could pretend identify those that
favor it the most. Efforts were made to find this
micro-organism through the observation of its
morphology or by the probable cytopathologic
changes in the hosting cell. In the monkey retina
cell line (RF/6A), the microscopic observations
showed marked morphological differences, evident
among the inocula of intact iE in relation to the
rest. These same differences coincided with the
observed numeric discrepancies, determined with
the cell count, during the duration of the experiment
through each subculture. When this strategy was
used with the cell line of the umbilical cord, the
bacterium was looked for through the changes in
the morphology, combining the optical microscope
with staining techniques mentioned by other authors.
The presence of A. marginale was also tested
through the attempts to amplify the characteristic
msp5 gene of the bacterium, through PCRG4, and
by microscopic analysis in cells possibly infected
using the Giemsa stain(>). In both cases the results
were not successful, although there are reports in
which it has been possible to observe it in the
surrounding areas of the nuclear or cytoplasmic
membranes(30), in the present study the nucleated
cells were not observed.

The optimum results with the supravital contrast
stains were obtained with the first reading, because
they allowed to differentiate the cellular structures
and the iE; while it was not possible to locate A.
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celulares, una célula hospedera tipica y otra atipica.
El resultado mds halagiiefio fue el obtenido con la
metodologia de co-cultivo, ya que se logrd el
mantenimiento de la bacteria en los eritrocitos por
mas de 84 dias, superior a lo descrito en estudios
anteriores(35). Respecto al trabajo de co-cultivo
informado por WaghelaB3), en el presente estudio
se emplearon diferentes lineas celulares, medios y
manejo de los cultivos; se rebasd el ntimero de
dias en cultivo, hasta los 149 dias, periodo mayor
al maximo de 112 dias (16 semanas) y uno de los
animales experimentales presentd respuesta de
inmunoglobulinas G totales especificas contra A.
marginale; sin embargo, la presencia de la bacteria
en las células nucleadas no fue contundente, sOlo
se apreciaron inclusiones a la periferia del nicleo
celular, situacion similar a la comunicada por Blouin
et al37) quienes utilizaron como soporte células
turbinadas y de aorta de bovino, inoculadas con A.
marginale proveniente de células de glandula salival
de garrapata; ese material biologico cultivado fue
administrado a bovinos susceptibles, que tampoco
desarrollaron signos clinicos de anaplasmosis o
produjeron inmunoglobulinas especificas en
respuesta al estimulo de la presencia del antigeno.
En este estudio, el hallazgo de las inclusiones se
aprecid solo en la estirpe celular de cornea, sin
embargo, éstas no llegaron a cardcter de colonia,
formacion mencionada por Munderloh et al(1D
cuando se cultivd con la misma estirpe,
probablemente porque en dicho estudio el indculo
de A. marginale provenia de un cultivo en células
de garrapata Ixodes scapularis, previamente
establecido. En cuanto a la viabilidad de A.
marginale en eritrocitos, empleando un modelo de
extincion por diluciones, en el que diariamente se
reemplaz6 gran parte del volumen del medio de
cultivo y tomando en cuenta la adicion de eritrocitos
normales, observamos que los eritrocitos infectados
inoculados originalmente (dia cero), debieron haber
desaparecido para el dia 13 del cultivo; por lo que
en teoria, tomando en cuenta el factor de dilucion
y su namero, los Ei apreciados a partir del dia 14
posiblemente no corresponden a los inoculados al
dia cero del cultivo. Otro aspecto a considerar es
que antes de los incrementos en la rickettsemia,
con los frotis tomados del fondo de los pozos, se
evidenciaron los cuerpos inclusion, mientras que
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marginale inside the nucleated cell, since neither
sagital nor cross-section observations were made.

Faced with this unsatisfactory panorama, another
methodology was implemented, where two cell
populations were co-cultured, one is the typical
host cell and another one non-typical. The most
promising result was obtained with the co-culture
methodology, because sustaining the bacterium
within the erythrocytes for more than 84 d was
accomplished, superior to what has been described
in prior studies(5). Regarding the co-culture
procedure informed by Wanghela®33), in the present
study different cell lines, media and culture handling
were used; the number of days in culture was
surpassed, up to 149 d, a greater period than the
maximum of 112 d (16 wk) already reported.
Additionally, one of the experimental animals showed
response of specific total G immunoglobulins against
A. marginale; however, the presence of the
bacterium in the nucleated cells was not convincing,
the inclusions could be observed only at the
periphery of the cellular nucleus, which was a
similar situation to that published by Blouin et
al®7), who used the turbinated cells as support
and of aorta of bovine inoculated with A. marginale
coming from cells of the salivary gland of the tick;
that cultured biological material was administered
to susceptible bovines that neither developed clinical
signs of anaplasmosis nor produced specific
immunoglobulins in response to the stimulus of
the presence of the antigen. In the present study,
the finding of the inclusions was observed only in
the cell line of the cornea, however, these did not
reach the character of a colony, formation mentioned
by Munderloh e al(11) when it was cultivated with
the same line, probably because in such study the
inoculum of A. marginale came from a culture of
Ixodes scapularis tick cells, previously established.
Regarding the viability of A. marginale in
erythrocytes, using an dilutions extinction model,
in which a large part of the volume of the growth
medium was daily replaced and considering the
addition of normal erythrocytes, we observed that
the originally inoculated infected erythrocytes (on
day zero), must have been disappeared by the
13th d of the culture; which in theory, taking into
account the dilution factor and its number, the
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durante la curva de disminucidén estas formas
estuvieron ausentes. Las graficas de la rickettsemia
de los ensayos de co-cultivo presentaron ciclos de
aumento y descenso, indicando que el
microorganismo se encontraba viable conservando
su capacidad invasiva, independientemente de la
cepa o aislado y tipo de linea celular. Con Ia
aplicacion de las diversas metodologias disefiadas
para la deteccion de A. marginale inicialmente se
pretendié distinguir a la rickettsia en un entorno
diferente de su célula huésped y eventualmente
esclarecer el papel de la célula endotelial en el
desarrollo de la bacteria, si es que interviene, como
se ha planteado por otros autores(30). En definitiva,
la célula endotelial contribuyd favorablemente en el
ciclo vital de A. marginale.

La técnica de IF indirecta aplicada a las células
endoteliales co-cultivadas con eritrocitos infectados
arrojO resultados insatisfactorios, los anticuerpos
monoclonales no reconocieron a las proteinas de
superficie de A. marginale, posiblemente porque
durante el cultivo hubo cambios de conformacion
en algunas de ellas que interactuaban con los
eritrocitos y las células nucleadas. De hecho existen
evidencias que muestran que presentan alteraciones
en las caracteristicas infectivas de esta rickettsiaG7).
Pese a que se logra la demostraciéon de la bacteria
en las células hospederas al momento de inocularse
en bovinos susceptibles, no se presenta anaplasmosis
clinica o diferencias en la respuesta de anticuerpos
especificos(3®), cuando se comparan con los testigos
inoculados con células no expuestas a la rickettsia.
Otros estudios han demostrado que 10 ul de sangre
infectada podrian ser suficientes para infectar a un
animal adulto susceptible e inclusive causarle la
muerte(9) y que no ocurri en este trabajo.

La pérdida, modificacion o ausencia en los cultivos
celulares de algunas propiedades bacterianas
determinantes en el proceso de infeccion in vivo,
ponen en riesgo la capacidad infectiva de A.
marginale hacia bovinos susceptibles. Las
interacciones célula-célula durante un proceso
infectivo son muy importantes. Estas regulan
diversas vias de sefializacion importantes in vitro e
in vivo. La adaptacion in vitro de A. marginale en
cada uno de los modelos experimentales en este
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observed iE from d 14t possibly do not correspond
to the inoculated on the day zero of the culture.
Another aspect to consider is that before the increase
in rickettsemia, with the smears taken from the
bottom of the wells, the inclusion bodies were
evident, whereas during the decreasing curve, these
shapes were absent. The rickettsemia graphs of the
co-culture tests presented cyclic of increments and
decrements, indicating that the micro-organism was
viable at conserving its invasive capacity, regardless
of the strain or isolated and type of cell line. It was
pretended with this implementation of the diverse
methodologies designed for the detection of A.
marginale that the rickettsia in an environment
different of its host cell, would eventually clarify
the role of the endothelial cell in the development
of the bacterium, if it happens to intervene, as it
has been proposed by other authorsG0). As a
conclusion, the endothelial cell contributed favorably
in the vital cycle of A. marginale.

The indirect IF technique applied to the co-cultured
endothelial cells with infected erythrocytes provided
unsatisfactory results since the monoclonal
antibodies did not recognized the surface proteins
of A. marginale, possibly because during the culture
there were changes of conformation in some of
them that interacted with the erythrocytes and the
nucleated cells. In fact, there is evidence that show
that they present alterations in the infective
characteristics of this rickettsia(37). Even though
the demonstration of the bacteria in the host cells
at the moment of inoculating them into susceptible
bovines is obtained, the clinical anaplasmosis or
differences in the response of specific antibodies(38)
is not present when they are compared with the
controls inoculated with unexposed cells to the
rickettsia. Other studies have shown that as low as
10 pl of infected blood would be enough to infect
a susceptible adult animal and even to cause its
death(39), which did not occurred while conducting
this study.

The loss, modification, or absence in the cell
cultures of some determining bacterial properties
in the process of in vivo infection set at risk the
infective capacity of A. marginale towards
susceptible bovines. The cell-to-cell interactions
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trabajo pudieron generar en las formas infectivas
de la bacteria; cambios moleculares de membrana,
modificindose la sefializacion proteina-proteina entre
los microorganismos y células huésped.

Cabe recordar que no fue posible encontrar la
expresion evidente del gen msp5 por PCR. Los
cambios adaptativos se han explicado, en el caso
de microorganismos parésitos intracelulares, como
un proceso de evolucion reductora0.41) | quiza por
esta razOn no existen patrones uniformes ni
protocolos estdndar para el cultivo de esta rickettsia,
comparando con los sistemas de cultivo de otros
hemoparasitos(20,42),

Los primeros estudios de cultivo in vitro se
realizaron en estirpes celulares nucleadas, por
ejemplo, en médula Osea, rifion o nodulos linfaticos,
sin resultados satisfactorios. Por otro lado, ha sido
demostrado el desarrollo de A. marginale en
intestino y glandula salival de garrapatas, por
ejemplo, del género Dermacentor3:44) e Ixodes*).
Los informes exitosos del cultivo in vitro de A.
marginale involucran formas cultivadas obtenidas
en c€lulas de garrapata. Las células infectadas son
re-cultivadas en un soporte bioldgico de células
endoteliales. Esa metodologia, pretende simular lo
que sucederia en la naturaleza: la rickettsia
proveniente de un animal infectado se desarrolla en
la garrapata y luego infecta al momento de
alimentarse en otro animal. Es importante continuar
con el estudio de la relacion in vitro entre el
eritrocito, células de garrapata y células endoteliales
durante el establecimiento y preservacion de A.
marginale en cultivos viables. De esta forma y
considerando en ciclo de infecciOn caracteristico de
la rickettsias, se podrdn mantener microorganismos
con capacidad infectiva hacia bovinos susceptibles.
Fue contundente el hecho de que A. marginale se
preservd mas tiempo en presencia de las células
endoteliales, que uUnicamente con eritrocitos. Sin
embargo, €l cultivo in vitro de eritrocitos infectados
con A. marginale unicamente con células
endoteliales, no proporciona evidencia de la division
de esta rickettsia en este huésped atipico. En
conclusion, el cultivo in vitro de Anaplasma
marginale debe replantearse empleando condiciones
experimentales diferentes a las de este estudio, como
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during the infection process are very important.
These regulate several in vitro and in vivo ways of
important signaling. The in vitro adaptation of A.
marginale in each of the experimental models of
this work could generate molecular changes of
membrane in the infective forms of the bacterium,
modifying the signaling of protein-protein among
micro-organisms and host cells.

It is important to remember that is was not possible
to find the evident expression of the mspS5 gene by
PCR. The adaptive changes have been explained,
in the case of intracellular parasitic micro-organisms,
as a process of reductive evolution0,4D) perhaps
for this reason do not exist uniform patterns or
standard protocols for the culture of this rickettsia,
in comparison with culturing systems for other
hemoparasites20,42),

The first studies of in vitro culture were performed
in nucleated cell lines, for example, in bone marrow,
kidney, or lymph nodes, without satisfactory results.
On the other hand, the development of A. marginale
in the intestine and the salivary gland of ticks, for
example, of the Dermacentor(43.44) and Ixodes(4>)
genus, has already been demonstrated. The
successful reports of the in vitro culture of A.
marginale include cultured forms obtained in tick
cells. The infected cells are re-cultured in a
biological support of endothelial cells. That
methodology pretends to simulate what would occur
in nature: the rickettsia that comes from an infected
animal develops in the tick and then infects at the
moment of feeding at another animal. It i important
to continue with the study of the in vitro relation
among the erythrocyte, tick cells, and endothelial
cells during the establishment and preservation of
A. marginale in viable cultures. In this way, and
considering the characteristic infection cycle of the
rickettsia, it will be possible to maintain micro-
organisms with infective capability towards susceptible
bovines. It was convincing that A. marginale was
preserved for more time in the presence of endothelial
cells than with only erythrocytes. However, the in
vitro culture of infected erythrocytes with A.
marginale with only endothelial cells does not
provide evidence of the division of this rickettsia
in this atypical host. As a conclusion, the in vitro
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podria ser el uso de indculos con origenes diversos
a los utilizados. El cultivo bien podria iniciarse a
partir de lineas celulares que hayan demostrado ser
permisibles para el crecimiento de la rickettsia,
como las de origen embrionario de garrapata y
entonces, explorar la posibilidad de crecimiento en
otras lineas celulares.
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