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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de |a
Decision 486 de ia Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripeion: " Folios: 69 a 118 04/05/2009
Reivindicaciones: Folios: 118 a 121 , 04/05/2009
Figuras: * Folios: 122 a 128 04/05/2009
Prioridad: US 60/864,258  03/11/2006

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contemdo técnico corresponde con el de las
prioridades relvmdlcadas

3. Objeto de la invencion .

Titulo de la solicitud: “Vacuna para la enfermedad de Lyme canina”.

El objeto de la presente solicitud es suministrar una|vacuna para la enfermedad de
Lyme canina o borrelnoms causada por la infeccién de especies de espiroquetas
Borrelia sp.

El problema planteado en esta solicitud es la necesidad de vacunas alternativas que no
utilicen la proteina OspA, como blanco para inducir anticuerpos borrelicidas.
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Para solugionar este problema técnico ia solicitud en estudio suministra una vacuns
para la enfermedad de lyme canina que utiliza organismos de una cepa individual de
Borrelia sp., particularmente B.burgdoiferi, que expresan el antigeno OspC7
conservado.

El objeto de la solieitud definida anteriormente se clasificd on la IPC: AB1K 39/00.

4. No es invencion (Arficulo 15 D486 literal b)

La reivindicacion 23 corresponde a un proceso bioldgico natural por lo que no es
patentable de acuerdo con el Art citado.

5. Excepecion a la patentabilidad (Articulo 20 D486 literal o)

El objeto de las reivindicaciones 17 a 22 consiste en un método de tratamiente aplicado
a humangcs o animales, por lo que no es patentable de acuerdo con el Art ¢citado.

6. De la solicitud de Patente

Descripgion (Articulo 28 D486)

La descripcién no tiene informacién suficiente con relacidén a los anticuerpos
reclamados en la sclicitud. No hay informacion sobre la estructura de los anticuerpos
(secuencias aminodcidas de regiones variables de ambas cadenas), pruebas de
actividad, titulos de anticuerpos y demas que permitan a la persona del oficio reproducir
la invencion,

De esta manara, a deseripeién presentada incumple el articulo 28 de la D488,

v‘_,,givinf;‘i_icacig nes (articulo 30 D 486)
El capitulo reivindicatorio presentado carece de claridad y concisién por cuanto:

1) La’ rewmdicamén principal se refiere a una composicién de vacuna gue comprends
una cepa de Borrelia. Esta composicion debe ser caracterizada a partir de todos los
elementos que contiene, para este caso en particular debe indicar Ia presencia de
adyuvantes y/o excipientes para diferenciarla del microorganismo como tal,
identificar la especie y cepa especifica empleada, as! como su estado (mactiva
atenuada, etc.);

2) La reivindicacion 7 se refiere a un resultado a alcanzar con la vacuna, la obtencién
de anticuerpos en respuesta a la inmunizacién de un animal no puede considerarse
ufi desarrollo alcanzado por la invencién, sino un resultado del uso de la vacuna,
donde este resultado corresponde ademas a un proceso biolégico natural;

3) La reivindicacion 13 define el Inmundgeno a partir del resultado a alcanzar con el
mismo, este Inmundgeno debe definirse por su propia estructura:

4) Elanticuerpo reclamado en las reivindicaciones 24 y 25 es definido por su actividad,
sin embargo un anticuerpo debe definirse por su estructura indicando las
secuencias de las regiones variables de cadena ligera y pesada. Esta informacion
no esta presente en la descripcidn por lo que estas reivindicaciones se consideran
inconsistenites con la materia divuigada en la solicitud.

'
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De esta manera, el capliulo reivindicatorio preseniado no cumple con los requisitos

establecidos en el art. 30 de la Decisién 486.

8. Determinacion del Estado de la Téchica

Para determinar el estado de la técnica se ha tenidojen cuenta la fecha de presentacidn
de la solicitud prioritaria reivindicada con la solicitud: 03/11/2006.

Teniendo en cuenta la fecha indicada se realizé buspueda en el estado de la téenica de
documentos relacionados con la solicitud, encontrandose los siguientes documentes

relevantes a la misma:

Ne Doeumento Titulo pzﬁﬁzz ::gn
| Lovrich ., et al. Clinical “Borreliacidal OspC antibodies specific for a

01 and Diagnostic highly conserved epitope are immunodominant Jun 2005

Laboratory immunolegy, | in hurman lyme disease and do not occur in mice '

vol 12 (6): 746751 or hamsters” ]
' ' “Characterization of the humarai immune
. response in dogs after vgccination against the
D2 Tézp:e,yéd,;’;,t‘ig X_%%céhe Lyrme berreliosis agent. A study with five Ago, 20086
oA ot commercial vaccines Using two different
vaccination schedules”
| "Multivalent canine vaccines against Leptospira |

D3 WO 2008/038115 Bratislava and othler pathogens’ 13/04/2006

Resumen de los documentos citados:

D1: Los humanos producen anticuerpos borrealicidas altamente especificos contra la
proteina de superficie externa C (OspC) poco después de la infeccidn con Borrelia
burgdorferi. Se identifica el epitope inmunodominante localizado en la regién altamente
conservada del extremo carboxi-terminal (resumen; folio 166).

D2: Se usaron cinco vacunas comercialmente disponibles para vacunas perros contra
la enfermedad de lyme, utilizando diferentes esquemas de vacunacion y realizando

mediciones de titulos de. anticuerpos para estat
extendidos (resumen, folio 169).

D3: La invencién se relaciona con vacunas y mé
enfermedad causada por Leptospira Bratislava. La
combinacion de vacunas y métodos para proteg
desordenes causados por patégenos caninos, i

(resumen).
hitp.//patentacope wipo int/search/en/search isf ingresar WO

7. Analisis de patentabilidad (articulo 14 D486)
Novedad (artfculo 16 D486)

La relvindicacién 1 de ia solicitud reclama una
comprende una cantidad inmunolégicamente efect
una primera o una Unica cepa de una genoespe
organismos de dicha primera o dicha Unica cepa ¢
crecimiento estandar de la genoespecie Borrelia, s
anticuerpo OspC-especifico educido en un ammal in
(ATCC N° PTA-439).
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Adicionaimente, la reivindicacion 23 reclama el suero que comprende anticuerpos
borreliacidicos que se fijan al B.burgdorferi OspC obtenido a partir de un can
inmunizado mediante el método de la reivindicacion 21,

Comparacian de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales 7 b D2
Composicion de vacuna Composicion de vacuna Composicion de vacuna
' B. burgdorferi 50772 alsladas | B. burgdorferi s. s. (de la

Organismos provenientes de una
primera o una Unica cepa de una
genoespecie Borrelia

originalmente de fluiclo vacuna comercial Merilym
cerebroespinal humano (Pag. | Tabla 1)
N ‘ 747 col izq, pérr.1) _
en donde cuando los organismos de | Se producen cantidades de
dicha primera o dicha unica cepa - anticuerpos especificos
son cultivados bajo condiciones de fbiggf%%ifg'gzgg Barbour- | OspC en respuesta a la
crecimiento estandar de la Sto enc; er-Kelly (BSK) (P4 vacunacion con Merilym
genoespecie Boarrelia, son 747 col iz ) ie detectan g - (V1-Bbss-lys-adj
erradicados en presencia de un o 9y e lysate vaccination) (P4g.

, , 4 , anticuerpos borreliacidos SN ; :
anticuerpo OspC-especifico educidp (Pag. 747 col. der , parr, 1-2) 3235 ¢col izq.)
en un animail inyectado con ag. ' - Par. |
B.burgdorferi ss 50772 1 ‘ |

El documento D1 divulga una composicion de vacuna que contiene la cepa Borrelia
burgdorferi 50772 aisladas de fluido cerebroespinal humano (P4g. 747 col izgy, parr.1).
La cepa es colocada en medio Barbour-Stoenner-Kelly (BSK) para su crecimiento
(Pag. 747 col izq). Ratones o hamsters fueron infectados con la cepa Borrelia
burgdorferi por inyeccion de dilucidn que contiene 100 ul de medio Barbour-Stoenner-
Kelly (BSK). La composicion contiene 108 células 297 de B, burgdorferi (P&g. 747 col
izq, parr. 3). Se detectaron anticuerpos anti- B. burgdorferi en las muestras de suero
tomadas a los animales infectados (P4g. 747 col der).

De esta manera, el documento D1 contiene todas las caracteristicas técnicas de la
invencion reclamada en la reivindicacion 1y 23 por lo que afecta su novedad.

Por suparte, el documento D2 también divulga varias opciones de vacunas comerciales
empleadas para vacunar caninos contra la enfermedad de Lyme, con las cuales ensaya
diferentes esquemas de vacunacién y combinaciones de antigenos (resumen). De
estas vacunas la Merilym, que contiene B. burgdorferi s. s. en lisado celular (Tabla 1),
produce como respuesta inmunolégica en los perros vacunados anticuerpos especificos
contra OspC (Pég. 323 col izq).

De esta manera, el documento D2 contiene todas las caracteristicas técnicas de |a
invencion reclamada en la reivindicacién 1y 23 por lo que afecta su novedad.

Nivei inventivo (Articulo 18 D486)

En las reivindicaciones dependientes se reclama que la cepa utifizada expresa OspCy
es la cepa B.burgdorferiss 50772 (Reivindicaciones 3-5), que la composicion tiene una
segunda cepa que expresa OspA 6 OspB (reivindicacién 6), la composicién también
puede contener un Inmunogeno no proveniente de Borrelia (reivindicaciones 13-16).
El docpmento D1 como se mencioné arriba divulga la composicién vacunal que
contiene la cepa Borrelia burgdorferi 50772 aisladas de fluide cerebroespinal humano,
en una:composicién que contiene 10° células 297 de B. burgdorferi (Pag. 747 col izq,
parr. 3). =

La diferencia entre la materia reclamada en la solicitud y D1 es que la solicitud realiza
en forma preferente composiciones de vacuna combinadas gue contienen ademas de
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Borrelia burgedorfer 50772 otras cepas de Borrelia, mientras que en D solo se tiene
esta cepa en la compaosicion. :

El efecto que produce esta diferencia es que ia ca mpcéieién puede proteger contra
otras cepas de Borrelia. ' ' ‘ o

El problema resuelito por la invencién es producir composiciones de vacuna contra la
enfermedad de Lyme que tengan varias cepas de Borrelia, incluida Borrelia burgdorferi
50772. '

8in embargo, esta composicion vacunal para proteger caninos contra la enfermedad de
Lyme ya habia sido divulgada por D2, donde se realiza una composicién muitivalente
que contiene antigenos de lisados combinados de B. garinii , B. afzeliiy B. burgdorferi
s. 8. (Pag. 316 col izg parr..1). Este documento utiliza B. burgdoftferi s. s. gue induce
anticuerpos especlficos contra OspC (Pag. 323 col izq).

De este documento también se conoce los reault%dos de reactividad cruzada de ios
anticuerpos generados por las tres especies de Borrelia ensayadas (Fig. 4, Pag. 324 col
der Gitimo parr.), mostrando que los anticuerpos contra B. burgdorferi, tambien pueden
atacar antigenos de 8. gariniiy B. afzelii.

A partir de esta informacion, la persona del oficio normaimente versada en la materia
estaba en capacidad de realizar una composicién vacunal multivalente para proteger
caninos contra la enfermedad de Lyme, con expectativa de tener éxito en la respuesta
inmune y proteccion generada por esta vacuna. De esta manera, a partir de la
informacién de D1y D2 las reivindicaciones 1 a 12 carecen de nivel inventivo.

Respecto, a la compesicion multivalente con patdgenos diferentes a Borrelia reclamada
en las reivindicaciones 13 a 16. El documento D2 como se menciond divulga varias
opciones de vacunas comerciales empleadas |para vacunar caninos contra la
enfermedad de Lyme, con las cuales ensaya diferentes esquemas de vacunacioén y
combinaciones de antigenos (resumen). De estas vacunas la Merilym, que contiene B.
burgdorferi s. s. en lisado celular (Tabla 1), produce como respuesta inmunologica en
los perros vacunados anticuerpos especificos contra OspC (Pag. 323 col izg). D2
también divulga una composicién multivalente gue contiene antigenos de lisados
combinados de B. garinii , B. afzeliiy B. burgdorferi s, s. (Pag. 3186 col izq parr..1).

La diferencia entre la materia reclamada en la solicitud y D2 es que la composicidn de
la solicitud puede contener inmunégenos diferentes a Borrelia, mientras que en D2 los
inmunégenos ensayados provienen de especies de Borrelia Gnicamente.

El efecto que produce esta diferencia es que la vacuna multivalente puede proveer
proteccion contra los otros inmundgenos de patégeno incluidos en la composicién.

El problema técnico objetivo resuelto en la invencién es proveer una vacuna
multivalente que proteja a caninos contra la enfermedad de Lyme y contra otras
enfermedades caninas. -

Sin embargo, esta composicién era conocida a pér’iir de D3 el cual divulga una vacuna
de Leptospira bratislava para uso canino, que puede ser aplicada a cachorros. Esta
vacuna puede contener varios inmunogenos provenientes de virus o patégenos que
infectan caninos, entre ellos Borrelia sp, preparacion de células Leptospira de
Leptospira canicola, Leptospira grippotyphosa, Leptospira icterohaemorragiae y
Leptospira pomona, que:comprende ademads una cepa atenuada de virus de moquillo
canino (CD), una cepa atenuada de adenovirus canino de tipo 2 (CAV-2), una cepa
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atenuada de virus de parainfiuenza canina (CPI), una cepa atenuada de parvovirus
canino (CPV) (Pag. 7 lineas 5-16).

De esta manera a partir de la informacién divulgada en D2 y D3, la persona del oficio
normalmente versada en la materia podia obtener la invencion tal como es reclamada
en la presente solicitud, Por tanto, la materia reclamada carece de nivel inventivo e
incumble el articulo 18 de la D486.

8. Conglusién

Los requisitos de patentabilidad de la presente solicitud estan afectados asi:

oo o Reivindicaciones -
itemn | Documento | afectadas Requisito que afecta
; Lovrich S., et.al. Clinical and ' ‘
D1 Diagnostic Laboratory 11‘_ 125’ , Nivl\eilcivn?/dei;tiiv o
Immunology, vol 12 (6): 746~751 7 e
, | TopferK, etal Vaccing 25 123 T
Ws)zir . (2007):314-38 | 125 | Nivel mvangvo
b3 WQ 2006/038115 1-28 Nive!l inventivo

En cumplimiento del articulo 45 de Ia Decisién 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados a
partir de ia fecha de notificacién de la presente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegara la patente.

Se invita al sclicitante se sirva indicar, si asi lo considera, su renuncia al término faltante
para dar respuesta a este requerimiento y presentaria por escrito

Notifiguese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal &), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

JOSE LUIS SALAZAR; WEZ

Director de Nuevas Creaciones (C)

Elabord: N. Lamprea NL-&
Revis6: Censuelo Leguizamén L.
Aprobo: Jose Luis Salazar
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Borreliacidal OspC Antibodies Specific for a Highly Conserved

Epitope Are Immunodominant in Human Lyme Disease
and Do Not Occur in Micg or Hamsters

Steven D. Lovrich,! Dean A. Jobe,! Ronald F. Schell,? and Steven M, Callister***

Micreblology Research Laboratory' and Section of Infectious Diseases,” Gundersen Lutheran Medical Center,
La Crosse, Wisconsin 54601, and Wisconsin State Laboratory of Hygiene and Department of Medical
Microbiolagy and Immunology, Madison,\Wisconsin 53706°

Received 8 February 2003/Returned for modification 10 Msw':c-h 2005/Aceepled 30 March 2008

Hunians produce highly specific borrelincidal antibodies against outer surface protein C (0spC) shortly
after infection with Borrelia burgdorferi sensu stricto, We previously demonstrated the epitope recognized by
immunoglobulin M (Igh) and 1gG OspC bhorreliacide! antihodips was located within the 50 amino acids
nearest the carboxy (C) terminug, In this study, we show the immunodominant epitope is located in the highly
conserved region within the seven Ceterminal amino acids, SIx early Lyme disease sera that contained
borreliacidal activity and IgM and/or IgG OspC antibodies were chosen randomly and adsorbed with truncated
OspC containing the 16 or 7 amino acids nearest the C terminus. Adsorptions with each truncated protein
abrogated the borreliacidal activity completely. In addition, only| small concentrations of OspC antibodies
remained detectable by enzyme-linked immunosorbent assay and Western blotting, Moreover, borreliacidal
OspC antibodies were not induced in laboratory mice or hamsters despite heavy infections with B. burgdorferi
spirochetes. These findings confirm that borreliacidal antibodies comprise the majority of the IgM and TgG
OspC antibody response in human Lyme disease and that the epitope is located in the highly conserved C
terminus, In addition, rodent animal models appear to be inappropriate subjects for assessing the effectiveness

Dn

of the epitope for serodiagnosis or as a human Lyme disease vaccwne.

Lyme disease caused by infection with Romelia burgdorfert
sensu stricto is the most prevalent arthropod-borng humian
illness in the United States. The bacteria thrive in a variety of
diverse niches as they cycle between small mammals, fxodes
seapularis ticks, and other alternative hosts including humans,
Their ability to survive appears dependent on the differential
expression or repression of genes selected in response to a
variety of environmental cues. For example, the spirochetes
express outer surface protein A (OspA) in the midgut of rest-
ing nymphal and adult ticks but dpownregulate OspA and up-
regulate OspC in response to temperature after the tick begins
feeding (27). More recently, researchers have demonstrated
the ability of the spirochetes tq regulate a multitude of genes in
the tick (13), at the tick-host interface (14), and in the mam-
malian host (4) in response to additional environmental signals
that likely include compuonents in blood, biochemical reactions,
and the host immune response,

Despite the propensily for antigenic variation, however, the
complement-dependent berreliacidal (killing) antibody re-
sponse detected in a human infection is remarkably predict-
able. Several B. buigdoifer proteins, including OspA, OspB,
OspC, DbpA. Oms66. angd the 39-kDa periplasmic protein,
induce borreliacidal antibodies (7.9, 10, 17, 1%, 26, 28, 31}, but
the response in early human Lyme disease i3 specific primarily
for OspC (5, 6, 16, 17, 25). In addition, borreliacidai antibodics
specific for OspA and OszpB may be produced. but the re-

* Corresponding author. Mailing address: Migrobiology Research
Laboraiory, Gundersen Lutheran Medical Center, 1300 Badger Street,
La Crosse, WI 54601, Phone: (608) 775-2042. Fax: (608) 775.6602.
E-maik: smeallis@gundluth.org.
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sponse is eilmast exclusively seen in patients with Lyme arthritis
(7, 10, 26). Moreover, traditional laboratory isolates that ex-
press OspA and OspB in vitro can be used to detect OspA and
OspB borteliacidal antibodies, because the antibodies can at-
tach to the outer surface proteins (Osps). However, OspC
barreliacidal antibodies have not been detected by isolates that
also expreps OspA and OspB, likely because the concurrent
expression| of these Osps hinders the attachment of OspC an-
tibodies. Detecting OspC borreliacidal antibodies is therefore
dependent|on isolates such as B. burgdorferi 50772, because the
spirocheteq lack the plasmid containing ospA and espB (2), and
the absence of the Osps enables borreliacidal OspC antibodics
to bind (6, P5). A borreliacidal antibody test that uses each type
of isolate reliably provides sensitive and specific serodiagnostic
confirmatign of Lyme disease (5, 6, 8),

We previously exploited the susceptibility of B. burgdorfen
50772 w0 QspC borreliacidal antibodies (25) to demonstrate
that the hpman antibodv response was specific for the 50
amino acids (aa) nearest the carboxy (C) terminus of OspC
(16). In thi§ study, we examined smaller [ragments of the OspC
C terminus|and again used borreliacidal agtivity specific for B,
burgdorferi k()??: ta more preciscly identify the location of the
horreliacidgl epitope. We also determined whether the re-
sponse was|induced after the infection of laboratory mice or
hamsters. Tihe results confirm that the OspC borreliacidal an-
tibady response & highly conserved in human Lyme disease
and providg compelling evidence that the epitope responsible
will be an extremely valuable serodiagnostic antigen and may
provide the basis for an effective Lyme disease vaccine, Addi-
tionally, the| results demonstrate that the production of OspC
horrciiacidat antibodies is unique to human infection.

|
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MATERIALS AND METHODS

Organlsms, B burgforfer] sensu stricto 30772 is a noninfectious isolate that
lacks the plasmid contiining ospA and ospB (36), B. burgdorferi sensu stricto 297
lated originally from human cerebrospinal fluid, and the spirocheie oxe
OspA, OspB, and OspC, Esclierichia coli IM109 (Promega. Madison,
viis used for ele ning.
als, Tensweek.old female CIH/Hej mice (lackson Lahoratories, Bar
+ Minn.) ur 6-week-0ld LVG hamsters (C!mles River Laboratories; King-

ston. h’l.Y ) were huw:d three or four per cage at ambicnt lemperature. Food
and water were availble ad libitum. Animal experiments were reviewed and |

ed by the Gundersen Lutheran Animal Cire and Use Committee (lnsti-
wutionpl Animal Care and Use Committees).

ra. Serum ssmple s that contained significant concentrations of immunoglob-
ulin ‘{IsM} andior TgG OspC antibodies were obtained from patients with
early L
In addllio’:nfn immune ! eta specific for host-adapted (3) Lyme disease spirochetes
were nbtained from himsters and mice. Groups of donor animals were infected
by injiclmg 100+l v lumes of Barbour-Stoeaner-Kelly (BSK) medium contain-

ing 10° B. burgdorfer: 297 eclls mbculancously in the lower back. Five weeks

postehallenge, 12 approximately 2- by 2-mm/ pieces of infected ear tissue were

remoyed from ench s aimal by punch biopsy and implunted subcutaneously into
the lower back of a nive recipient animal. After 15 weeks, the recipient animals
were bled to exsanguination and killed by inhalation of CO,, and the bladder.
Kidaey, spleen. hearl. and ear tissues were cultured in BSK medium. Cultures
were then exantined weekly for 3 weeks by dark- field microscopy.

Cloning of OspC Iragments. Recombinant OspC and OspC-Dra (30 C-rermi-

nal amino acids) were recavered from the previously described (16) £ coli
IM1 } containing ei-her pX3-22 (OspC) or pX2-Dra (OspC-Dra). A recombi-

nant protein containng the fragment with the final 16 OspC Ceterminal amino:
acids| (C16) was constructed using forward primer 5'-AGTTAAAGAACTTAC
AAGTCCTGTTGTI3G-3'. reverse primer 3-GGTTAAGGTTTTITTGGACT
TTCTG:", and pXi-22 (15) as terrlplatcs1 The' amplified C16 fragment was
presipitated using Pellet paint (Novagen, Madisan, Wis) and ligated (pXT16)
into 4 Pinpoint Xa-1 T-vector (Promega. Madison. Wis.). A [ragment containing
the final sever C-termingl amino acids (CT] was similarly made by annealing
imers 3°-GGCAGAAAGT! CCAAAAAAACCTTAACCA-Y and 5-GGTTA
AGGTTTTTTTGGACTTTCTTICTTCTGCCAA-Y and alss ligated (pXT7)
inta i PinPoint Xa-! T-vector (Promega). Both pX16 and pX7 were then trans:
rmed into E. coli IM109. and proper orientations were confirmed by DNA
¢ing (BigDye ABIL Foster City, Caliti).
Recovery of OspC or OspC fragments. The recombinunt OspC or OspC
ments were reqovered by culturing the E coli in a 100-ml volume of 2%
trvplane-veast extrict (TY) broth contuining 100 pgml of ampicillin (Sigmy
mical Co.. St. Lauis, Mo.) for 12 h at 37°C, diluting tenfold with additional
2% TY broth, and {acubating for anather Hour, Isopropyl--p-thiogalactosidase
(ip G} (Sigmn) wis then udded to a final concentrution of 0.1 uM, and the
cuitires were reineabated for 4 h at 37°C. The suspensions were pelleted by
centrifugation at 10 000 > ¢ for 15 min at 49C; resuspended in purification butfer
con 50 M Tris (pH 8.0). S0 mM NaCl, 2 mM EDTA. and 0.1% Triton
x ; and lysed with a sonicator (model WJSG‘ Branson Sonic Power, Danbury,
) Sonicated £ colt cells were pelleted by centrifugation ut 10,000 x g for
min, and the supernatants were passed over columns containing SoftLink
resin (Promegu) at o rate of 0.5 mimin at 4°C, The fusion proteins contained a
16- Da biotinylateii purification tag on the amina terminus of the protein that
ings to SoftLink resin. Calumns containing protein were then washed with 5
n volumes of purification buffer, and the bound proteins were eluted with
ion buffer J:atohowumnedimubium(suma) The proteins were
the mmmnd by using sodium dodecyl mlfa;a-po!ynmhmlda gel electrophore-
sis w Western bintting with mouse monoclonal antibodies specific for OspC to
irm their puritv.
dsorption with OspC or O8pC fragments, One-millfliter volumes of Teiralink
tetpmrru: avidin sesin (Promega) were washed and suspended in 40 ml pf
phnsphate-hufferetl saline (PB5: pH 7.2) and loaded inte separate 10- by 70-mm
pohpropylent ¢l mns, Amounts (0.5 mg) of OspC, OspC-Dra (18), C16, ar €7
were solubilized 11 i-ml volumes of PBS and passed over separate columns.
Complete binding was contirmed by protein assqy (Hio-Rad) One-milliliter
voldimes of st dil afed 1:16 in PBS were then passed over the column four times,
ul‘l i the amoums of antibodies removed were confirmed by using OspC-Dira.
C16, or C7 enzyme-linked immunosorbent assavs (ELISAs),
Indirect ELISA. An OspC ELISA and El.lSAuanmmng the Cléor C7 Ospc
fragments were prapared as described previausly {16). Serum from a person not
exposed to B burcdorfer: was used as 2 normal control.

e disease characterized by single or multiple erythema migrans lesions.

!f | |

IMMUNODOMINANT &ipC ANTIBODY RESPONSE ey

by a flow cytom:
isms in lagarithnic growth phase
ing d;smber d[lu!ed with

were enumerated with a PetroffsHausser
f BSK medium w & ennmmﬂnn of

mn -l aliguot the splrm:ham and 10 wlof sterile ;u
ol)zlc component = 200 units/ml) wore added. The ¢
xed thoroughly and incubated for 16 10 24 h at 5.
cubation, 100 wl of each assay suspension was transferred
by 7S-mm polysiyrene wbe (Becton-Dickinson, Franklin Lakes, N.I) ca
400 wl of PBS fnd | ug of acridine orange (Sigma) per ml. A FACSca
eylomeler (Beelon Dickinson Immunocytometry Systems, San Jose, €
then used to detect borreliacidal activity, Spirochetes were [solated by
(CeliQuest snftware; Becton Dk{mmn} and analyzed for 1 to 2 min with
tate sot at low, Borreliacidal anlibodics kill the spirochete by inducing
plement cmdl! that disrupis the outer membrane and causes the m
blet, Borreliaclda) antibodies were detected indirectly by monitoring
creased fluoresence intensity that occurs when the acridine orange inte
into blebbed, nonviable spirochetes, A =13% shift in the mean fuor
inteasity compared 1o that 0fa normal serum control was considered posite
8). The p of biebbed, nonmotile B. burgdorfen was then conf
dark-field micrbscopy. The undiluted and adsorbed sern were assayed ¢
rently 10 elimigate the varisbility of titers caused by interassay vasiatic
conccu;ntiuru of spirochetes.

\ting was performed ueing standard pr
r 50772 protein was loaded into the
iIfate-12% polyacrylamide gels, and, thg
by running in an electrophoresis unit (PROTEAN III_:I:
Laboratories, Hetcules, Calif.) t 24 mA for 4 h. The proteins were ir
[rom the gelss o polyvinylideng diffuoride membrane (Perkin-Fime

Briefly, 225
wells of 0.1%

1 hiat 22C with urum di]umj to a ratio of 1; mo and wuhed lom' :

en 20, Horseradish peroxidase-labeled antishuman IgMi

chains (. Kirkcgllard and Perry Luboratorfes, Gaithen
the strips were incubated for 1k at 227C. Strips w

using the TMB! membrane peroxidase subsirate syslelﬂ] Kis

|
J RESULTS -t

Ability oLndsorptions‘ to remove OspC antibodies. T mi
Lyme disease sera conta?ned high concentrations of Ig}
antibodics| and three sera also contained s;sniﬁcant
of 1gG OspC antibodies (Table 1). In agreement with p} e
ﬁndmgs (16), the Osp(janubodles were removed almo
pletely by adsorption with OspC-Dra. More mtably,‘-b '
the C16 and C7 Ospclﬂ'agments also almost comple ly
moved the OspC antibodies detected by ELISA (=4-fok
ductlon in titer) or by Western blotting (Fig. 1). In contrast,
re_ac_tmt_y ‘on the Western blots for the other B.

were added, 7
and develo
ganrd & PerrIl

proteins appeared unaffected. i
Effect of removing OspC fragment-specific antibod
borreliacidal activity. We then determined whether rem

C7 OspC fragments als rreli Aactivily
confirm that the decreased activity was not duc to no
binding, we passed a L'&me disease serum thal contain
OspA and OspB borrcliacidal antibodies (7) over the
prior io P ssing the Lyme disease sera that contained t
borreliacidal antibodics. In addition, we passed the L
ease sera lover a column that contained just the fusion pre

As rcport:;cd previously (16), adsorbing the early Lyme d

e e
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TABLE 1. Removal of OspC antibodies from early Lyme disedse sera by adsorption with OspC-Dra, C16, or C7

OspC ELISA raactfvit:‘i" after adsorption with:

ssﬂ::::: Untreated serum : OspC Otﬂ(‘—Dra Clo c?
1M 1£G fgM 1£G 1M [ 158G IeM 18G IeM 156G
i 40,560 20,480 ND ND 180 \ 640 640 320 640 640
2 81,920 2,560 ND ND NP 160 160 160 ND 320
3 20,480 640 ND ND ND R0 160 160 80 R
- 40,960 10,240 ND ND 2560 320 2,560 320 2,560 G40
5 5,120 320 ND ND 16i1 ND 160 ND 320 NG

“ Reciprocal of lest dilution with adsorbance value of 20,200 above that of normal a:nlml] control, ND, no ELISA reactivity detected,

sera with OspC-Dra also abrogated the borreliacidal activity
completely (Table 2). In addition, the borreliacidal antibodies
were removed completely by binding 19 either the C16 or the
C7 OspC fragments, The collective results therefore confirmed
that the 1gM and IgG OspC borreliacidal antibodies were
specific for an epitope contained within the C-terminal 16- and
7-aa fragments of OspC. Moreover, removing the borreliacidal

A B
kDa

300 -

21.5-

P 23 % 1.2 3|4

FIG. 1. Representative Western blots of antibodies in an early
Lyme discasc scrum reactive against B, huwgdorferi 30772 hefore ad-
sorptions (lanes 1) and after adsorptions with QspC (lanes 2), C16
(lanes 3), or C7 (lanes 4). Panels A and B are 1gM and 1gG Western
blots, respectively, Note thay the eflects of the adsorptions on the
detection of OspC antibodies in the other four sera were identical.

antibodies also removed almost the entire concentration (=4-
fold reduction) of OspC antibodies.

OspC borreliacidal antibody response in mice and ham-
sters, We next determined whether the immune respense in
Iahnraanry mice or hamsters would mimic the human antibody
response after infection with Lyme discase spirochetes. To
ensure that the antibodies were specific for proteins expressed
in vivo b ). the animals were challenged with B. burgdorferi 297
spirochetes that were adapted to each animal by infecting
donor gnimals with a ncedle chalienge and harvesting spiro-
chete-infected ear tissues to challenge additional naive ani-
mals, The immune sera from the infected-tissue-challenged
animals were then harvested, pooled (11 = 5), and evaluated for
borreliacidal activity and OspC antibodies. Both responses
were defiected, but the titers of all responses were significantly
lower than the titers detected in human immune sera (Table
3), even |though the animals were heavily infected (Table 4)
and produced significant amounts of antibodies against many
other proteins (Table 3). Furthermore, removing the OspC
antibodies by adsorbing with the recombinant OspC had no
effect on the borreliacidal activity (Table 3, Fig, 2).

| DISCUSSION

Rescaréhers showed previously (6. 16, 25) that the majority
of IgM and IgG OspC antibodies produced after infection with
B. burgdorferi sensu stricto were complement-dependent bor-
reliacidal antibodies that killed the spirochetes without the
necessity of scavenging by phagocvtic cells, Moreover, the
OspC borreliacidal antibodies were specific for an epitope(s)
contained within the 50 C-terminal amino acids of the protein
(16). In \hi# study, we demonstrate that the OspC borreliacidal

|

TABLE 2. Removal of borreliacidal antibodics from Lyme discasc
scm]ial'lc.' adsorption with OspC-Dra, C16, and C7

Seruf | Borreliucidal uctivity” after sdsorption with:

sample \ Untreated OspC-Dra Cl6 7
Controlt | 5120 5,120 5,120 5,120
1 \ 10,240 ND ND ND
2 | 40.960 ND ND ND
3 | 10,240 ND ND ND
4 \ 10,240 ND ND ND
5 | 2,560 ND ND ND

N

1
“ Regiprocal n{ last dilution with significant borreliacidal activity. ND, no
horrellacidal actiyity deiceted
" Lyme dasrasc\semm contnining OspA and QspB borreliacidal antibodies,

Te1
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'TABLE 3. Effect of removal of OspC antibodies on borreliacidal
| { vity in mouse or hamster immune serum samples

' OspC 1pG ELISA : ‘
Serum I reactivity” Borreliacidal activity”
- sample® ] j : i
] bt adsorbed Untreated sdaathied
Mouse | 2560 ND e T
Hamster | 320 ND 320 320

* Reciprocal of last dilvsion with adsorbance value of 0200 above that of
normal serum control. ND, no ELISA reactivity detected
) ® Reciprocal of last dilusion with significant hm‘re!m:lda] activity.

£ Poolec‘ serum samples (n=5).
|

antib.od{es are specific for a highly conserved epitope within

the seven C-terminal amino acid residues.

This finding is remarkable. As an infected tick begins feed-

ing on a human, OspC is qxpresm[ (27) and becomes the

- major outer membrane protein expressed in early infection,
~ regardless of the Burrelia genospecies infecting the patient (11,

22, 24,35). Correspondmslm OspC antibodies quickly become

the dominant humoral immune response (22, 35): however,

OspCtIELISAs have lacked accuracy for confirming Lyme dis-

ease (12, 20, 24, 30, 33). The shortcomings were explained

most often by thel heterogeneity of aspC (13, 18, 29, 30), even
among isolates within the same genospecics (32). The antibody
respopses induced by the highly variable regions would have
wadcl}l’ variable specificitics. Additionally, antibodics induced
by other infections may also react to these regions. However,
previous studies that characterized the ability of OspC anti-
bodifs to kill the spirochetes independent of scavenging by
pha
borreliacidal antibodies are SpeClﬁc for a conserved region of
otein. For example, a flow ¢cytometric test that detects
liacidal OsnC antibodies by monitoring the ability of the
dies to kill only B. burgdorferi sensu stricto 50772 de-
the response in >70% of early Lyme disease sera col-

lcct .- from throughout the United _Staxcs (5).

/In this study, we extend these findings by demonstrating that
the/dominant OspC borreliacidal antibody epitope is located
within the surfiice-exposed (22) seven amino acid residues ot
the C-terminal ¢nd of the protem More importantly, a BLAST
sedrch (1) confirmed the region is tught} conserved among
mf{ectious B. burgdorferi sensu stricto, B. garinii, and B. af:elii
isolates. The results therefore provide explanation for the in-
cr_ased accuricy (5, 6) of the flow cvtomeiric borreliacidal

ibody test. Morcover, the ﬁndmgs provide strong evidence
lhﬁl an ELISA comprised of the epitope would correlate di-
;Eﬂy with the highly specific borreliacidal antibody response.

is should provide a sensitive and highly specific serodiag-

nostic confirmation of Lyme discase without the technical com-
i .

|

TABLE 4. Recovery of Borelia burgdorfen from mice and hamsters
chzllenged with spirochete-infected ear rissucs

yeytic cells have provided compelling evidence that the

| No, of positive samples/no. tested in: Total no.
| Animal positive/no.
J Spleen | Kidney Bladder Heart  Ear tested
Mice 0/5 25 5/5 45 15 5/5
Ih-lamstcrs s 0/5 355 45 45 5/

R A mEETRN e

=TS S

A RE
1| |I
| !

ABJCDE

|
|
FIG, 2. WJ tern biots ofu pooled (n = 5) hamster immune §
before (lane B) and after (lane C) adsorptions with OspC or puoléd'

= 5) mouse immune serum before (lane D) and after (lane E) a
tions with OspC. Lanc A shows reactivity by polyclonal anl
specific for OspC. I

! .'
| |
|

plexity and live urganlJms necessary to detect borr
activity. | |

Malh:es;n et al. (22) also reported that the OspC antit
in sera fr pa!:enls with neuroborreliosis caused by infec
with 8. gannu were specific predominantly for the iden
sequence uf 10 C-terminal amino acid residues of the pro
However. an ELISA with a synthetic peptide (21). while
reactive than the rOspC ELISA. detected OspC antibodie
Europeat sera sigmﬁc ntly less often (367 ) than in sera f
U.S. patients (11, 16, 20, 33), The authors noted tlw
absence of [gG DspG antibodies in sera from Europ
‘tients (33) and suggeq‘lcd the failure of the response |
maturity was because the epitope induced antibodies

cell-independent fashion (22). However, this is cleaxly{'
case after infection with B. burgdorferi sensu stricto
study, we detected high titers of borreliacidal IgG

‘bodies, and numerous other investigators (5, 7, 11, 20‘ pi
also copﬁrmcd that 1gG OspC antibodies arc com
present in all stages of the illness. It scems unlikely tl
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tical epitope would induce both a T-ceil-independent and a
T-cell-dependent response,

Rather, we suspect the fallure of the OspC antibodies to
switch classes in the European Lyme disease patients is more
likely due to the predilection of the splmchctes 0 calonize the
gentral pervous system, which may inhibit the maturation of
the antibody responsg. In support, European patlents gre often
infected with B. garinii or B afzelii, which commonly cause
newroborreliosis (23), These genospegies are not found in the
United States, where the patients are instead infocted with B,
burgdorferi sensu stricio, which most often colonizes the skin or
joints. Additional studies to cvalyatc this hypothesis remain
necessary, but the collective results still highlight the immu-
nodominanece of the OspC antibody response specific for the C
terminus of the protein and provide support for the develop-
ment of scrodiagnostic procedures to exploit this finding.

In addition, the results provide compelling evidence that the
C terminus of QspC is a good human vaccine candidate. How-
ever, we failed to detect borreliacidal QspC antibadies in serg
from the lahoratory mice or hamsters, despite vigorous antis
body responses against many other B. burgdorferi proteins. The
sera instead contained vnly small concentrations of OspC ans
tibodies detected by ELISA or Western blotting. More signif-
icantly, the OspC antibodies were not borreliacidal antibodies,
The findings therefore confirmed a significant difference in the
antigenic reactivities of B. burgdorferi sensu stricio spirochetes
that infect human or rodent hosts, More importantly, the re-
sults cast considerable doubt on the ability of redent animal
models to provide experimental data that accuratelv predict
the ability of vaccination with OspC to provide protection
against human infection.

in conclusion, the immunodominant IgM and 1gG OspC
antibody response in human Lyme discase {s specific for the
highly conserved seven C-terminal amino acid residues. This
finding provides valuable informution for future efforts to de-
velop: effective serodiagnostic tests and vaccincs, but an aceu-
rate assessment of their effectiveness cannot be obtained by
using laboratory mice or hamsters.
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Using five commercially available vaccines, groups of dogs were vac::inntei against Lyme borreliosis and followed for 13 months, A

maodified vaccination schedule was included in the study in an attempt to induce

igher and therefore longer-lasting protective antibady levels

during the first year of imumunization, Following vaccination antibodies were mJnimrcd using ELISA and Western blotting. Serum samples
were examined either with antigen preparations derived from either Borrelia hJJ(gdmfer{ s. 5., B. garinii or B. afzelii lysaies or separaiely
with recombinant OspA derived from the three species. Regardless of the vaccine used the third vaccination induced significantly higher
antibody levels, Further analyses of the sera with homologue and heterologue detéction systems showed in vitro only a minor gross-reactivity

of vaccinal antibodies towards antigens. derived from heterologous Borrelia specibs in vitre and consequently only minimal cross-protection

can be expected.
© 2006 Eisevier Ltd, All rights reserved.

Kevionds; Antibodies; Lyme borreliosis; Dogs; Immunity; Vaccination

1. Introduction

Borrelia burgdorferi, a bacterium transmitted by ticks,
causes Lyme borreliosis, a common vecior-horne disease in
humans and animals [1,2]. After the successful generation
of a lysate vaccine for dogs in the United States of Amer-
ica [3,4] research focused on additional vaccine candidates
with the introduction of formulations derived from recombi-
nant OspA [5-7], Studies have shown that antibodies directed
against OspA are able to protect the host from the transmis-
sion of borrelia through the tick [8,9]. A recombinant OspA
vaceine for the use in humans has been available for a few
years {10,11] but was removed from the US American mar-

* Corresponding suthor, Tel.: +49 341 9737837, fax: +49 341 9738147,
E-mail addresses: siraubinger @ vetmed, uni-leipzig.de,
rhsd @cornell.edu (R K. Straubinger).

0264-410X/8 = see front matter © 2006 Elsevier Ltd, All rights reserved,
doiz 10,1016/, vaveine 20006.07, 031
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ket for economic reasons [12] even though studies showed a

good immune response in humans [10,11,13-15]. This was
also proven for dogs when whole cell preparations as well as
lipidated recombinant OspA were administered [14,16-19].

The need for a protective vaccine is well-founded in the
pmblcmjtic nature of the discase, Lyme discase commonly
causes severe lameness due to arthritis in one or more joints
[20]. These early signs of Lyme disease in humans and dogs
are sometimes not recognized and therefore remain untreated
[21}. Thi% allows the borrelia to disseminate in the host and
to induce'chronic disorders {22,23]. Treatment of human and
animal L}l. me borreliosis by antibiotic therapy is highly effec-
tive in the early state of disease (22}, but the therapy of a
chronic disease becomes more complicated [24]. In addition,
research data suggest that a successful treatment of Lyme dis-
case is nof accompanied by the complete elimination of the
spiracherte| from the host’s tissues [25,.26].
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Since treatment is difficult, the level of protection achieved

with vac#ines is important. Consequently an evaluation of
recombinant OspA-vaccines was performed in two major
studies 1

. humans. In 1998 Sigal et al. were able to show

that 68% of all vaccinees were protected after two immu-

‘nizations within the first year, while the level of protection

rose (0 92% after the booster immunization the following
year [10]. In a study carried out Steere et al. the percentage
of protoptc_d individuals was even lower at 49% rising to 76%
after the third vaccination in the second year [11]. A further
study revealed that i third vaccination during the first year is
able to f'mse the level of protection so that during the first 12
monlhsJ 91-93% of the vaccinees were protected [27]. Since
OspA antibodies are taken up by ticks when feeding on the
immu host, where they block Lyme borreliosis organ-
isms from migrating within the tick, antibody levels have to
be high at the time when ticks feed [9,28.29]. However, a
specific value for a protective antibody level has not yet been
defined for dogs as it has been for humans [15].

The goal of this study was to compare the current vaccina-
tion regime of two first-year immunizations with a modified
three-time vaccination schedule in order to induce high anti-
body lcvcls in dogs.

2. Mw and methods

!
2.1. Dogs and vaccines
|

Empcnmcnts were conducicd in compliance with the
Samfn Ministry for Social Affaires, Health, Youth and Family
in Dresden, Gerinany. Dogs of both sexes, different breeds
and age were chosen from the area of Saxony, Germany,
and screened for specific antibodies against B. burgdorferi
s. L. with serological assays (ELISA and Western blots) prior
to immunization. Only animals negative for B. burgdorferi
s. |. antibodies were included in the study for experimental
immunization. Dogs were assigned randomly to one of the
five vaccine groups as well as to one of the two vaccina-
tion groups. At the time of vaccination all dogs were healthy,
based on pulse, temperature and clinical examination as well
as information of the owners.

1"}
2.::"LE Vaccination and serology

|

iFwe commercial vaceines currcnlly available for dogs
were used for the study and each vaccinated dog was followed
nvhr a period of 13 months. Vaccines were administered sub-
cutaneously either at the chest wall or between the shoulders.
Bach study group contained up to 10 dogs. Dogs received
onc of the five available vaccines and were immunized either
adlc_urdmg_ to schedules A or B. In total 49 animals received
two vaccinations 3 weeks apart (schedule A, Table 2) and 50
dogs were vaccinated three times in 2- or 3-week intervals
(schedule B, Table 2). Beginning with the second vaccina-
tion, blood samples of all dogs participating in the study were

| K.H, Tipfer, R.K, Straubinger / Vaccine 25 (2007) 314326 ! 315 r #
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collected after each immunization and in monthly intervals l’ !'-"r
thereafter. The last sample was taken | month after the booster |
vaccination administered 376 £ 3 days after the first immu- "I
nization. Blood was drawn either from the Vena cepha!ica. {
the Vena saphena, or the Vena jugularis. ok
Collected blood samples were allowed to coagulate for;
30 min and thi;:nlnfugcd a1 3,500 x g at 15°C for 15 min. |

The resulting serum was stored at =25 “C. [ LIS
|
2.3. Antigen p[epnmrim: I' ; - g- §
: L G
Performing the study in Europe, where the causative agent

of Lyme borreliosis is notonly 8. burgdorferis. s, but also'-&.ll. :
garinii, B. afzelii and probably other species [31,32], the nee .
for heterogeneity in the immune response has to be constd

ered. By usmg not only antigens derived from B. burgdarﬁ:?
s. 5. but also from B. gaﬁ: and B. afeelii o5 detection anti-

gen vaccines were analyzed in vitro for their ability to indu

cross-reactive and probably cross-protective antibodies. I

Low-passage B. burgdorferi s. s. N40 (passage 2) were L
grown in 6 m]; of Barbour—Stoenner—Kelly (BSK-II) medmm_ '
[33], B. cy'zeﬂr PKo and B, garinii PBi (passages 30 and 16, A
respcctfvelyl in 6 ml of Modified Kelly Pettenkofer (V '
medium [34]4(1’!(0 and PBi borrelia strains and protocol wei:p
kindly provided by Dr. Bettina Wilske, Max von Pettenkofer
Institut Mun.’ch Germany). After reaching the desired 4
sity of 107 10108 borrelia/ml, the organisms were placedin 11
of the corresponding medium in air-tight screw cap glass bot- '
tles and grown 1o stationary phase (7-9 days). The prepara
was cunccn;atcd by centﬁfuging the culture at 10,000 x
20°C for 13 min. Supernatants were discarded and the
lets re-suspdndcd in sterile phosphate buffered saline (PBS)
The suspen$lons were centrifuged at 10,000 x g at 4°C forr
15 min. Th:F step was repeated twice. After the last
gation borrelia were re-suspended in 5ml PBS and placed' i3
on ice. Ultrasound dlsmpuon of borrelia was perform ’
ice at 3§ W{ for 105 repeating the procedure 10 times
delin Sunoj!lus UW2070, Berlin, Germany). Using dark fie
rmcroscop; (Zeiss, Jena, Germany) the solution was
trolled for spirochete disintegration. Next, the solutio
disrupted ﬁpirochctcs was centrifuged at 10,000 x g at ¢
for 10 min, supernatant. was collected, and stored at —80 °
usage{, Protein conl'.entranon of the cell lysate wa
sured using the BCA pllotocol (Pierce, Rockford, US,
quality of the antigen preparation was evaluated after §
PAGE electrophoresis [35] on gels stainad with silvern
salt (SilverQuest Silver Staining Kit, Invitrogen, Karl
Germany) or Coomasste brilliant blue dye as dcscnbed.
where [35]. |
1 [ <
24, Ann‘f)aa’v detection using ELISA and Western blots ;T|

with a computerized lltmetu. enzyme-linked immunos
assay ( A) and by Western blotting as describ
where [36],

Sera \L;crc tested fnr B. burgdorferi-specific anj

i
i
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Positive control serum samples were included in the study: |
sera of dogs experimentally infected with B. burgdorferis. |  407),
s. N40 by tick infestation (dog $98-4/1, dog S98-4/12, dog | SDS PAGE gels (12%. 115 mm x 130 mm) were prepared
A96-4/11), serum from a dog immunized experimentally | for Western blotting as described previously [35,36]. Gels
with OspA derived from B. burgdorferi s. s., B. garinii | were loaded with 300 g of protein diluted in sample buffer
and B. afzelii (triple OspA, dog S98-5/8) as well as serum | (single 35-mm Jane) and with two molecular weight markers
of a dog experimentally immunized with rOspA of B | in separate lanes (prestained Precision Protein Standards

levels (day 376) and samples after booster vaccination (day

burgdarferi s. s, without adjuvant (dog 5§98-4/2), All sera
were collected in earlier studies [ 19], Additionally a mixture
of monoelonal antibodies directed against OspA, OspC, p39
and p60 of B. burgdorferi s. s. ZST were included in Westem
blot experiments (antibodies kindly provided by Dr, M,
Simon, Max-Planck-Institut fiir Immunbiologie, Freiburg,
Germany).

ELISA plates (C96 Maxisorb, Nunc, Wiesbaden, Ger-
many) were coated as previously described [36] with
100wl per well carbonate buffer containing 0,34 11g per
well cell lysate of either B. burgdorferi s. s. or & mixture
of B. garinii and B. afeelil mixed with 0.04 pg per well
rOspA of the corresponding specics. The spiking with
rOspA was performed to ensure maximal OspA-antibody
detection (rOspA antigens were kindly provided by Dr,
Vincent Weynants, GlaxoSmithKline Biologicals, Rixensart,
Belgium), A goat-anti-dog [gG HRP (ICN/Cappel, Durham,
USA) diluted 1:4000 was used as secondary antibody.
Tetramethylbencidine (TMB 2-C microwell substrate, KPL,
Gaithersburg, USA) served as substrate, The extinction was
read three times in 438-s intervals (kinetic ELISA, Spec-
traMAX340PC, Molecular Devices, Munich, Germany),
Knowing that after vaceination protection from the infection
with B. burgdorferi sensu lato organisms is correlated
with high antibody levels of anti-OspA-antibodies [18,30],
the level of protecting antibodies of canine vaccines was
additionally measured with ELISA using plates coated with
recombinant OspA. A coating with 1.0 ug rOspA per well
of either B, burgdorferi s. s. Z87, B. afzelii ACAl or B.
garinii ZQ| allowed the detection of vaceine-induced OspA
antibodies.

To correct for inter-day variations canine control sera were
tested repeatedly and correlated back to ELISA values from
previous experiments [19]. This correlation was applied to
subsequent ELISA analyses.

In addition, a set of samples including the first serum sam-
ple of each dog (207 samples) as well as samples with high
titers from each vaccinated dog (days 42 or 72) were ana-
lyzed in a quantitative C6 ELISA test (IDEXX Laboratories,
Maine, USA). Four serum samples of each vaccinated dog
were tested with a semi-quantitative C6-SNAP test (IDEXX
Laboratories): base line at day 0, samples with the highest
antibody levels (days 42 or 72), samples with low antibody

| and biotinylated broad range SDS-PAGE Standard, Biorad,

| Munich, Germany). Separation was performed at 200V for
| 3.5h followed by a transfer onto a nitrocellulose membrane
'| (membraPure CN-Membran 33cm x 3mm, 0.45 um,
| Bodenheim, Germany) at 30 V over night. After washing and
'b}ockmg in 3% gelatin solution with TBST, the nitrocellulose
membrane was placed in a 24-lane miniblotter chamber
(Immunetics, Boston, USA). Serum samples were applied
on the membrane in a 1% gelatin solution with TBST and
incubated for 1 hat 37 °C on a slowly rotating platform. After
washing, membranes were incubated with goat-anti-dog
IgG-HRP (1:1000 dilution; ICN/Cappel. Durham, USA)
or with goat-anti-mouse 1gG-HRP (1:1000 dilution; R&D,
Minne.lpnlis USA) for | h at room temperature. Signals
wdre visualized with OptidCN (Sigma-Aldrich, Munich,
Gek'm.mw

2.5, Statistical analyses

I\'&;can KELA-values were calculated for each single time
point. Only experiments carried out with the sera of all 92
dogs|were statistically analyzed. Sera from dogs vaccinated
according to schedule A were compared to those drawn from
dogs i,mnmmzcd according to schedule B. Since effects of an
a(lduupml antigen application can only be documented after
basic ifmnumz.}uon has been completed. statistical analyses
were ncrrnrmx.d after this time point. Using the restricted
maximum likelihood method, (REML) the antibody levels
between days 42 (maximum antibody response) and 376
(minimym antibody level) were compared in each vaccina-
tion group in order to find significant differences between
the two lvaccination schedules. In the beginning data were
analyzed for interactions between vaccine and regimen but
no intergctions were defectable. Therefore the REML was
calculated without the consideration of interactions between
vaceine ahd regimen. This resulied in the comparisan of all
dogs vaccinated according to schedule A with all dogs vac-
cinated aceording to schedule B independent of the vacegine
used. The dlttcrem.cs of the least square means were adjusted
using Tukey-Kramer, All statistical analyses were performed
at the Department for Biometry, Epidemiology and Informa-
tion Processing (IBEI), University of Veterinary Medicine
Hannover, Glermany.

Fig. 1. Antibody levels induced by five commiercial vaceines detected with 8. burgdarferi s, s, duwcd(Amr with a mixture of B, garinii- and B. afzelii-derived
antigens (B), Dogs in group A (vaccinated twice) are shown with open symbol; dogs in group B :uac;innled three times} are shown with closed symbol. 1gG
antibody delection was aceomplished with bacterinl lysates produced with 8. hurgdorferi s. s. N40 grganisms or with & mixture of B. garinii FBi and B. afzelii
PKo organism enriched with rOspA of the correspending species. Graphs with grey-shaded h‘u.kﬂround» show measurements conducted with homologous
antigens. \
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3. Results
3.1, Sereening of 207 base line serum samples

Of 207 dogs analyzed 46 (22.2%) reacted positive for
B. burgdorferi antibodies using an in-house two-tier-test
system (ELISA combined with a confirmatory Western blat),
The infection rate was 20,3%: the remaining four animals
(1,9%) had vaccine-induced antibodies. Seropositivity was
not accompanied by any clinical sings of illness. Analyzing
the sera with the quantitative C6-ELISA lowered the number
of positive reacting dog sera to 11, an infection rate of 5.3%.

3.2. Total antibody levels after immunization

Ninty-nine of 207 dogs tested were chosen to be vacci-
nated with one of the five vaccines listed in Table 1. During
the course of the experiiment five dogs left the study due to
their owners” moving (two dogs) or sale o new owners (three
dogs). In addition, one dog died of a generalized infection,
another one of gancer. Thus the study consisted of 92 dogs
over the complete survey period as shown in Table 2.

The typical development of vacgine-induced antibodies
was seen in both groups (A and B) shartly after the com-
pletion of the first year's immunization as shown in Fig, 1,
Both B, burgdorferi s, s.-derived lysate vaccines (V1-Bbss-
lys-adj and V2-Bbss-lys-adj) produced antibody levels of
nearly 500 KELA units that declined to 200 KELA units
within the first 6 months when tested on homologous Berrelia
antigens (Fig. 1A). The use of heterologous antigens derived
from B. garinil and B, afzelii organisms, however, allowed the
detection of cross-reactive antibodies and consequently lower
antibody-levels were observed during the same time periods
(Fig. IB). Dogs vaccinated aecording to schedule A or B with
rOspA combined with adjuvant (V3-Bbss-rOspA-adj) pro-
duced the highest antibody levels of 500 KELA units which
did not drop below 200 KELA units during the first year, The
use of heterologous detection antigens however resulted in
lower peak antibody-levels that disappeared quickly during
the first 6 months. Dogs having received rOspA only (V4-

i

BhagrOspA) showed a maximum of 430 KELA units and the
anli%ﬂdy levels deglined rapidly 1o 150 KELA units within the
first 12 months when tested with B. burgdorferi s, s.~derived
;mtigkns. Again, the heterologous detection system wis much
less afficient in detecting antibodies, In contrast, the lysate
produced from both B, garinii and B. afzelii organisms (V5-
BegBa-lys-adj) induced q peak antibody level of 430 KELA
units that dropped off swiftly to 150 KELA units within the
first 1R months when tested on heterelogous B, burgdorferi
8 s.-dE-ivcd antigens, while elevared and longer lasting anti-
body levels were obsesved when the same sera were tested
with the homologous detection system,

All vaccine groups combined showed a statistically sig-
nificant difference between regimen A and B of p=0.0331
when tested with B. birgdorferi s. s. antigens. Concerning
the B, garinii, B. afzelii antigen preparation the p-value was
even lower at 0.01135.

1.3, OspA-spegific antihodies Indiced by immunization
|

Samiples from three individual dogs represeniative for
each single study group (30 dogs in total) were apalyzed
in specigs-spevific OspA-ELISA systems. Plates were coated
with rspA derived from either B, burgdarferi s, s. (Fig, 2A),
or B, gmﬁm’i (Fig. 2B), or B. afzelii (Fig. 2C).

When a homologous detection system was used, OspA
antibody| levels between 400 and 500 KELA units were
measured after completion of the basie immunization with
V1-V4. Afterwards peak antibody levels dropped off rapidly
and reachied pre-vaceination levels within the following 10
months, M5-BgBa-lys-adj produced low peak OspA antibody
levels aftdr a regular immunization consisting of two vac-
cine applications, Three immunizations in 3-week-intarvals,
however, rpised peak OspA antibody levels by approximately
200 KELA units when measured in the homologous detection
system. |

When heterologous detection systems were used, only
cross-reactive antibodies were detected and a loss of detec-
tion sensitivity was observed in all study groups (Fig. 2).

I
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in lanes 2«14 (days 42-407) were taken in

3.4. Characterization queinf-kidmd antibody
responses by Western blot analysis

Fig, 3A shows the vagcine-induced a : body response of
a dog immunized with o lysate-based vaccine derived from
B. burgdorferi s. s. tested with 8. bnrgdb;j‘en s, s.~derived
antigens, Prior to vaccination the serum showed no spe-
cific antibodies for infection (lane 0), After vaccination (lane
1 and fotlpwmg) tmtlbodies mainly dz md against OspA

ible. Summg at dn)' 72 (lane 3) nianal imensuy decreased
continuously until day 376 (lane 13) and 1en increased again
after the booster vaceination at day 407 (lane 14).

. garinikderived antigens
e . 4

g f?ff;..,ﬁnﬁsi

pg‘,r_ 3 2308 ‘l

Fig. 3. Wester blots shawing vageine-induced mql}wu from a dns immunizad iwiee with V| -Bhas-lys-ad] detectesd with antigens derived (rom 8. burgdorfert
5. 5. N40 (A) or B. garinii PBI (B), The first sample was drawn at day f {pn—vawmuuom 1

1 represents the e of the second vaceination; samples shown

y intervals: the sample in lane 13 (day 376) wis caollected before the booster vaccination was applied.
lane 1. Mainly OspA antibodies develop,

ompunied by various others as expected after vaccination with

is & Western blot of serum ¢ollected from a dog
tad with the combined lysates derived from B. garinii
and B. afcelii and assessed with B. burgdorferi s. s.~derived

e
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Fig. 5. Westem blot showing serum samples from en infected and from vaccinated dogs analyzed with antigens produced with B. burgdorferi s. s. (N40), B.
garinii (PBi), or B, afzelii (PKo) organisms, Inf.: serum from a dog experimentally infected With 8. burgdorferi s. 5. by tick exposure; V1: serum from a dag
vaceinated three times with V1-Bbss-lys-adj: V5: serum from a dog veceinated three times with V3-BgBa-lys-adj; V3: serum from a dog vaccinated three times
with V3-Bbss-rOspA-ndj; OspA: serum from 4 dog vaccinated experimentally with rOspA of all three species (8. burgdorferi s. 5., B. garinii and B, afzelii),
The comparison of infected and vaccinated dog sera shows the variations in detectable antibodies when tested with different species. OspA antibodies induced
with vaceines V1=V4 (derived from 8. birgdorferi 5. 5.) bind weakly to B. garinii and B. afeelii antigens and vice versa,

Seri s. 5. N40 (Fig. ). This expariment was also conducted
with monoclonal antibodies described in materials and meth-
ods to ensure a correct interpretation of detected signals (data
not shown).

Antibodies induced by infection showed similar but not
identical patterns when lested with antigens derived from the
three different borrelia species, The pattern visualized with B.
burgdorferis. s,-derived antigens resembled atypical reaction
after an infection with B. burgdorferi s. s, as it was reported
earlier [37-39]. In contrast, reactions at 14 kDa as well as

|

|
17 kDa wiere seen with B, garinii- and B. afzelii-derived anti-
gens but were missing an blots coated with 8. burgdorferi s.
8. antigen', A band at 20 kDa varied from a double signal on
the B. burgdorferi s. s -specific blot to a single broad signal
on the B. afelii-specific blot to a triple signal when tested
with B, garinii~derived antigens, A missing signal at 80kDa
on the 8. d(ze!t’i-spcciﬁc blot represented another difference.
In comparison, the sera from dogs immunized with V1-
Bbss-lys-adj and V5-BgBa-lys-adj showed some signals sim-

ilar to those detected after infection. but the vaceines induced
|
|
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Fig. 6.|| (A) Antibody levels of serum samples collected from dog KH1-156 (closed rhombus). stic
response after immunization with V4-Bbss-rOspA. (B) Western blot of the serum samples collected from dog KHT-156. The first sample was drawn

‘at day| 0 (pre-vaccination); lane | represents time of the second vaccination; samples shown in lanes 2-14 tduyq! 42-407) were taken in monthly in
'sample in lane 13 (diy 376) was collected before the booster vaccination was applied | yelr Imt Beginning wiﬂa day 72, development of signals ind

anti

for anmfocl.mn with B. burgdorferi can be observed.

fewqt' bands. In addition, V1-Bbss-lys-adj induced a strong
response agains! OspA, OspB, and p60 when tested with B.
burgdorferi s. s.-derived antigens. Small amounts of OspC-
specific antibodies appear in response to V1-Bbss-lys-adj
lysdt,c vaccination, but are absent in response to V2-Bbss-
lys-adj (data not shown). When the same serum samplcs
were applied to antigens from the other two species, all
s:g‘hsls were less intense. The recombinant vaccine V3-Bbss-
rOspA-adj induced two signals, one against OspA, the other
app: ing in the lower molecular range, showing breakdown
products of the OspA antigen preparation as seen in ear-
1 expenmems [19]. On the heterologous detection systems
the previously strong OspA signal changed to a very weak
response directed against the OspA molecules from B. garinii
and B. afzelii, _

f'Dogs vaccinated with V5-BgBa-lys-adj showed a small
reaction against homologous OspA detection antigens and
almost no binding of the same antibodies was observed

additional vaccinated dogs are shown with a ¢

against hetamlogous OspA proteins, while the main rea
was dmctefﬂ against an antigen at 41-43 kDa.

|
3.6. Infer:rfm: after vastffnmimr

'The _n‘m{lysis of total ]nntibody levels of all dogs mad:
sample appear conspicuous. While two other dogs in Fig. 6
developed normal peak antihody levels of 400 KELA
after being vaccinated twice with rOspA., mtihody leve
the conspicuous dog iched 550 KELA units by day 235
shown in Fig. 6B W:Lm blotting illustrated an inc
signal nu;ber and alse intensity for most signals b
with day 72. Due to OspA vaccination the dog de
antibodies directed against OspA, but later (lane 11) 4
against OspC (23 kDa). flagellin (41 kDa), p39 (39 kDa), 2
antigens at 45 kDa as well as 55 and 90kDa, signals that
characle tic for an infecnon When the same serntri
ples wm tested wuh the semi-quantitative C6-SN;
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provided by IDEXX Lahoratories, Inc.. the first sample pricr
to vaeeination was negative. Samples collected at later times
were highly positive for Cé-specific antibodies. In contrast,
samples from all other vaccinated dogs were negative before
and at all times after vaceination,

4. Discussion

By vaccinating 800 human participants van Hoecke et
al. showed that the addition of a third dose of rOspA
within 6 months of starting the basic immunization protocol
could inerease the proportion of protected individuals from
53-55% to 91-93% [27). Applying this approach to veteri.
nary medicine led to the outline of the study presented here.
The expansion of the vaceination schedule by a third vaceine
application was infended to achieve long-lasting, protective
antihody levels that exceed those induced by a regular two-
application-schedule used for killed vaceines. In addition, the
vaceine schedule was simplified by reducing the application
interval between the se¢ond and third immunization from §
months to 2-3 weeks.

Prior to vaceination, the evaluation of 207 serum samples
of possible study participants showed an infection rate with
B, burgdorferi s, 1, organism of 20,3%. Cansegyently, in the
geographic area where these dogs reside, an infection with B.
burgdorferi s. 1. occurs frequently, underlining the need for
a good protective vaccine, However, it is important to point
out that seropositivity does not necessarily equate with the
expression of clinical manifestations as it was reported by
Levy and Magnarelli [40]. But more importantly, a signifi-
cant discrepancy in the specificity for antibody detection was
observed using different test systems: the commercial FLISA
and Western blot system using only recombinant proteins
found 60.9% positive, mainly infected and a few vaccinated
dogs in a group of 169 individuals. This rate was proba-
bly due to a very high reactivity of the test kit resulting in
the development of many weak signals difficult to interpret,
In addition, by using the read aut scheme and evaluation
points for each signal, questipnable resulis were found. In
contrast, a detection system using the synthetic peptide C6
in an ELISA-format lowered seropositivity to 5.3%. Most
likely this low-level detection rate has its origin in the differ-
ent nature of this test being designed to monitor C6-antibody
levels specific for B. burgdorferi s. 1. after antibiotic (reat-
ment is applied in infected individuals (41]. Consideting the
effect of antibiotic therapy on €6 antibodies and the inherent
and purposely estahlished lower sensitivity of the test, it is
conceivable that o smaller nupber of infected animals was
detected compgred to the standard twostier-test-systen. In
summary. an infection rate of approximately 20% as detected
with the conventional in-house two-tire-test-system wis con-
sidered a trustworthy approximation of the true infection rate
since no questionable cases wers observed and this seroposi-
tivity is in accordance with results published by other groups
using well-established tests [42,43].

Asagonsequence all subssquent analyses invelving vacei-
nated dogs were conducted with the in-house test system. All
vaccinated dogs (with one exception) showed antibody levels
as expegted after an immunization with a killed vacgine. For
V1-Bbss-lys-adj 4 positive impact of a third antigen dose is
apparan{ with higher antibody levels during the year and after
booster immunizationin group B. The fact that the major frac-
tion of bacterin-induced antibodies is directed against OspA
was alrdady shown by Barthold ef al. as well as Gauthier et
al. They achieved similar results when analyzing sesa of vac-
cinated fogs in comparison to infected animals [37,44). The
reaction seen on the Western blot resembles a typical pattern
expected after vageination with g lysate vaccine [19] and was
also observed for V2-Bbss-lys-adj [37]. This vaceine, how-
ever, dogs not show such a strong antibody-rising effect as a
result of a third antigen dose as seen in V1-Bbss-lys-adj, In
this solifary case a regular first-year immunization based on
only 1w vaccinations already produced high antibody levels
pimost Undistinguishable fraim those induced with the maod-
ified extended immunization schedule. The third lysate vac-
cine, VE-BgBa-lys-adj again illustrates the impact of an addi-
tional atigen application, But the OspA signal appears weak,
raising the quastion of the underlying protegtion mechanism,

in coptrast to the lysate-derived vaccines their counter-
parts coptaining only single reconibinant proteins induced
only a limited array of OspA-specific antibodies. Unexpect-
edly, V3:Bbss-sOspA-adj showed antibody kineties that sur-
passed the other vaccine formulations and probably provides
longer-lasting protection, The differences in antibody lev-
els obsgrved with Borrelia-lysate-coated and rOspA-coated
ELISA are possibly the consequence of the reduction of tested
animals from 10to 3 per group and therefore individual varia-
tions influenced the analysis much stronger, In contrast, dogs
yageinated with V4-Bbss-rOspA produced lower antibodies
levels that declined rapidly. This vaceine induced the weakest
amitzmdy'I response probably due to the lack of adjuvant.

In crlnciusian the majority of the antibody kinetics

describedl above as well as their combined statistical analyses
showed 4 positive impaot of a third vaceination on the anti-
body levpls. It was possible to induce higher, longer-lasting
antibodids in dogs by applying additional antigens within the
basic iminunization schedule,

In addition to the Kineties of vaceine-induced antibody
levels the detection of cross-reactive antibodies was a spe-
cial aspeet of this study, Modifying the detection system
by exchanging 8, burgdorferi s. 5.~ against B. garinii- or B.
afzelii-darived antigens and vice versa in ELISA and Western
blot systems made it possible to gain detailed information
ghout the antibodies’ cross-reqetivity in vitro, As seen in
Fig. §, antibodies of a dog experimentally infected with B,
hurgdruﬂlfrr % 5. alluch to many B. garinli= and B, afzelii-
derived aptigens. Signals appeartoa certain extent at different
molecular weights, The reaction against OspC is variable
and a clegr gap at 31 kKDa in all three species demonstrates
a lack of OspA-specific antibodies after natural infection
as it was published previously [37,38,44-47]. Staining with

e
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monoclonal antibodies and with & canine serum containing
OspA-specific antibodies against all three species confirmed
that sufficient OspA antigens were present in the B. garinii-
and ,B afzelii-derived lysates and therefore in the detsction
systems. The variations of serum reactions to the different
species are in accordance with those seen on Western blots
with sera of ml’acted humans described by Hauser

etal, (48], In addition, van Dam showed the different behav-

ior of sera from individuals infected with different European
s and related the results to the difficulties of generat-
mg ﬁprotective vaceine [49]. Therefore, weaker signals were

ed when vaccine-induced antibodies were allowed to
bind to heterologous antigens. This low binding affinity of
vaccine-induced antibodies against related borrelia species
was even more evident in quantitative assays using either
ELISA coated with lysate or single rOspA (Figs. | and 2).
This probably is indicative for a jow-level or even the lack
of ¢ross-protection as it was demonstrated with the murine
madel for Lyme borreliosis when species-specific rOspA pro-
tcmb were used to induce antibodies [50]. The serologically
conﬁrmed infection of one dog in this study may point in the
same direction (Fig, 6). However, we cannot rule out the pos-
sibility that the dog contracted its infection during the early
phase of the study when vaccinal antibodies were low and
ris%l; and thus were not protective.

summary, this work illustrates that (i) a third antigen
application within 2-3 weeks after the second immuniza-
tio induces an elevated antibody response. The significant
qase leads 10 the recommendation for it o be put into
pra tice. However, we suggest applying the third vaccination
to dogs preferably at a later interval, 4-6 months following
the second immunization. This allows a booster of antibody
IGE;S at times when in our study animals showed very low

ody levels. (ii) Our data also indicate, that the protection
achieved by an immunization might be species-specific, as it
was also shown with recombinant OspA by Gern et al. [50].
Thsrefurc. protection from infection by immunization only

fficult to achieve within Europe and tick control seems
to e an additional adequate measure to prevent infection.
Daily tick checks and substances, which prevent tick aitach-
ment, are recommended. Acaracide substances alone or in
combination with repellents are advisable to reduce the risk
of infection with B, burgdorferi s. . and with other tick-borne
organisms. iii) A substantial variability of outer surface pro-
tein patterns ainong Lyme borrelia species exists, This has
to be considered when diagnostic assays are established and
interpreted to avoid a large number of false-negative and espe-
cially false-positive test results.
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