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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la
Decisidén 486 de la Comisidn de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcidn; 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 reivindicacién de Prioridad porque esta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de las
prioridades reivindicadas.

3. Objeto de la Invencién

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 borreliosis 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 solucionar aste problema técnico la sohcitud en estudio suministra una vacuna
para la enfermedad de lyme canina que utiliza organismos de una cepa individual de
Borralia sp., particularmente B.burgdorferi, que expresan el antigeno OspC7
consarvado,

El objeto de la solicitud definida anteriormente se clasificé en la IPC: A81K 39/00.
4. No es invencién (Articulo 15 D486 Iite:ral b)

La reivindicacién 23 corresponde a un procese biolégico natural por lo que no es
patentable de acuerdo con el Art citado, |

5. Excepcién a la patentabilidad (An‘fculo 20 D488 literal d)

Bl objeto de las reivindicaciones 17 a 22 consiste en un método de tratamiento aplicado
a humanos o animales, por lo que no es patentable de acuerdo con el Art citado.

¢. De la solicitud de Patente I

Descripcidn (Artlculo 28 D486)

La descripcion no tiene informacion suflmente con relacion a los anticuerpos
reclamados en la solicitud. No hay mformacnén sobre |a estructura de los anticuerpos
(secuencias aminodcidas de regiones variables de ambas cadenas), pruebas de
actlvidad, titulos de anticuerpos y demas gue permitan a la persona del oficio reproducir
la invencién,

De esta manera, |a descripcion presentada incumple el articulo 28 de la D488

Reivindicaciones (artfculo 30 D 486)

El caplitule reivindicatorio presentado carece de claridad y concision por cudnto:

1) La reivindicacién principal se refiere a una composicién de vacuna que comprende
una cepa de Borrelia. Esta composicién c[ebe ser caracterizada a partir de todos los
elementos que contiens, para este caso en particular debe indicar la presencia de
adyuvantes y/0 excipientes para d:feranctarla del microorganismo como tal, e
identificar la especie y cepa especifica empleada, asi como su estado (inactiva,
atenuada, etc.);

2} Lareivindicacion 7 se refiere a un resultado a alcanzar con la vacuna, la obtencion
de anticuerpos en respuesta ala mmunizamén de un animal no puede considerarse
un desarrollo alcanzado porla i mvenmoq sino un resultado del uso de la vacuna,
donde este resultado corresponde ademas a un proceso bioldgico natural,

3) La reivindicacion 13 define el Inmundgeno a partir del resultado a alcanzar con ef
misme, este Inmundgeno debe definirselpor 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 badena ligera y pesada. Esta informacion
no esta presente en la descripcidn por lo' que estas reivindicaciones se consideran
inconsistentes con la materia divulgada en la solicitud.
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De esta manera, el capliulo reivindlcatorio presentado no cumple con los requisitos
establecidos en el art. 30 de la Decisidén 486.

6. Determinaclén del Estado de la Técnica

Para determinar el estado de la técnica se ha tenido en cuenta la fecha de presentacidn
de la solicitud prioritaria reivindicada con la solicitud: 03/11/20086.

Teniendoe en cuanta la fecha indicada se realizd busqueda en el estado de la técnica de
documentos relacionados con la solicitud, encontrandose los siguientes documentos
relevantes a la misma: ,

N° Documento Titulo pﬁﬁﬁ'{:g;gn
Lovrich 8., et al. Clinical “Borreliacidal OspC antibodies specific for a
D1 and Diagnostic highly conserved epitope are immunodominant Jun. 2005
Laboratory Immunology, | in human lyme disease and do not occur in mice '
vo! 12 {B): 746751 or hamsters”

“Characterization of the humoral immune
response in dogs after vaccination against the
Lyme borreliosis agent. A study with five Ago, 2008
commercial vaccines using lwo different
vaccination schedules”

"Multivalent canine vaccines against Leptospira | '
D3 WO 2008/0_381 15 Br_atislava and other pathogens” 13/04/2006

D2 Topfer K., et.al. Vaccine
25 (2007): 314-326

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 infeccién con Borrelia
burgdorferi. Se identifica el epitope inmunodominants localizado en la region altamente
conservada del extremo carboxi-terminal (resumen; folic 1686).

D2: $e usaron cinco vacunas comercialmente disponibles para vacunas perros contra
la enfermedad de lyme, utilizando diferentes esquemas de vacunacién y realizando
mediciones de titulos de anticuerpos para establecer la proteccién por periodos
extendidos (resumen, folic 169).

D3: La invencién se relaciona con vacunas y métodos para proteger perros contra
enfermedad causada por Leptospira Bratislava. La invencién también se relaciona ala
combinacién de vacunas y métodos para proteger perros contra enfermedades o
desordenes causados por patégenos caninos, incluidas especies de Borrelia sp

(resumen).
hitp.//patentscope wipo.int/search/en/search.isf ingresar WO2006038115

7. Anélisis de patentabilidad (articulo 14 D4886)
Novedad (articulo 16 D486)

La relvindicacién 1 de la solicitud reclama una composicién de vacuna la cual
comprende una cantidad inmunoiégicamente efectiva de organismos provenientes de
una primera o una Unica cepa de una genoespecie Borrelia; en donde cuando los
organismos de dicha primera o dicha Unica cepa son cultivados bajo condiciones de
crecimiento estandar de la genoespecie Borrelia, son erradicados en presencia de un
anticuerpo OspC-especifico educido en un animal inyectado con B.burgdorferi ss 50772
(ATCC N° PTA-439).
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Adicionalmente, la reivindicacién 23 reclama el suero que comprende anticuerpos
borreliacidicos que se fijan al B.burgdérferi OspC obtenido a partlr de un can
inmunizado mediante el método de la reivindicacion 21.

Comparacién de las caracter(sticas técnicas esenciales, con las del Estado de la Técnica:

|
(___ Caracteristicas ssenciales - | D1

T Dz
| Composicion de vacuna Composicién de vacuna Compasicién de vaguna
. . B. burgdorferi 50772 aisladas | B. burgderferi s s. (de Ia

i 3?%‘:33?1 g rg:iig'i';t:: g: LL::: : i originalmente de fluido + vacuna comercial Merilym
' genoespecie Borrelia cerebroespinal humano (P4g. | Tabla 1)

- 747 col izq; parr.1)
. n donde cuando los organismos de f | Se producen cantidades de
' dicha primera o dicha tinica cepa - anticuarpos especificos
! son cultivados bajo condiclones de f{'ﬂgg;%‘gf: r?ggfg Barbour- OspC en respuesta a la
- crecimiento estandar de la Stoenner-Kelly (8SK) (P4 vacunacion con Merilym
| genoespecie Borrefia, son i 7 4%30 ol izq yi e( det gctan 9. | (V1-Bbss-lys-ad]

erradicados en presencia de un anticuerpos borreliacidos - lysate vaccination) {Pag.

anticuerpo OspC-especifico educido : "
en un animal inyectado con i (Pag. 747 col. der , par. 1-2)

 B.burgdorferi ss 50772 | |

1 L

f

El documento D1 divulga una composicidn de vacuna que contiene la cepa Borrelia
burgdorfen 50772 aisladas de fluido cerebrbespinal humano (Pag. 747 col izq, parr.1).
La cepa es colocada en medio Barbour-Stoenner-Kelly (BSK) para su crecimiento
(P4g. 747 col izq). Ratones o hamsters'fueron infectados con la cepa Borrelia
burgdorfen por inyeccién de dilucion que cqntiene 100 ul de medic Barbour-Stoenner-
Kelly (BSK). La composicién contiene 10° celulas 297 de B. burgdorferi (Pag. 747 col
izq, parr. 3). Se detectaron anticuerpos anti- B. burgdorferi en las muestras de suero
tomadas a los animales infectados (Pag. 747 col der).

323 colizq.) 1

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

Por su parte, el documento D2 también divulpa 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. chrgdorferis. 8. en lisado celular (Tabla 1),
produce como respuesta inmunoldgica en los perros vacunados anticuerpos especificos
contra OspC (Pag. 323 col izqg).

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

Nivel inventivo (Articulo 18 D486)

i
En las reivindicaciones dependientes se reclama que la cepa utilizada expresa OspCy
es la cepa B.burgdorferiss 50772 (Reivindicéciones 3-5), que la composicion tiene una
segunda cepa que expresa OspA 6 OspB ('[eivindicacién B), la composiciéon también
puede contener un Inmundgeno no proveniente de Borrelia (reivindicaciones 13-16).
El documento D1 como se menciond arriba divulga la composicién vacunal gue
contiene la cepa Borrelia burgdorferi 50772 aisladas de fluido cerebroespinal humano,
en una composicion que contiene 10° células 297 de B. burgdorferi (Pag. 747 col izq,
parr. 3).

La diferencia entre la materia reclamada en |a solicitud y D1 es que la solicitud realiza
en forma preferente composiciones de vacuna combinadas que contienen ademas de
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Borrslia burgdorfer 30772 otras cepas de Borrella, mientras que en D1 solo se tlene
esta cepa en la composicién.

El efecto que produce esta diferencia es que la composicién puede proteger contra
otras cepas de Borrelia. '

El problema resuelto por la invencidén es producir composiciones de vacuna contra la
enfermedad de Lyme que tengan varias cepas de Borrelia, incluida Borrelia burgdorfer
50772.

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

De este documento también se conoce los resultados de reactividad cruzada de los
anticuerpos generados por las tres especies de Borrelia ensayadas (Fig. 4; Pag. 324 col
der dltimo parr.), mostrandeo que los anticuerpos contra B. burgdorferi, también pueden
atacar antigenos de B, garinii y B. afzelii.

A partir de esta informacién, la persona del oficio normaimente versada en la materia
estaba en capacidad de realizar una composicién vacunal mulitivalente para proteger
caninos contra la enfermedad de Lyme, con expectativa de tener éxito en la respuesta
inmune y proteccién generada por esta vacuna. De esta manera, a partir de ia
informacién de D1 y D2 las reivindicaciones 1 a 12 carecen de nivel inventivo.

Respecto, a la composicion multivalente con patégenos 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.
burgdorferis. s. en lisado celular (Tabla 1), produce como respuesta inmunoldgica en
los perros vacunados anticuerpos especificos contra OspC (Pag. 323 col izq). D2
también divulga una composicién muitivalente que contiene antigenos de lisados
combinados de B. garinii, B. afzeliiy B. burgdorferi s. s. (Pag. 316 col izq parr..1).

La diferencia entre 1a materia reclamada en la solicitud y D2 es que la composicion de
la solicitud puede contener inmunégenos diferentes a Borrelia, mientras que en D2 los
inmunadgenos ensayados provienen de especies de Borrelia Gnicamente.

El efecto que produce esta diferencia es que la vacuna muitivalente puede proveer
proteccidn contra los otros inmunégenos de patégeno incluidos en la composicién.

El problema técnico objetivo resuelto en la invencidn 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 partir de D3 el cual divulga una vacuna
de Leptospira bratisiava para uso canino, que puede ser aplicada a cachorros. Esta
vacuna puede contener varios inmunégenos provenientes de virus o patégenos que
infectan caninos, entre ellos Borrelia sp, preparacion de células Lepfospira de
Leptospira canicola, Leptospira grippotyphosa, Leptospira icterohaesmorragiae y
Leptospira pomona, que comprende ademas una cepa atenuada de virus de moquilio
canino (CD), una cepa atenuada de adenovirus canino de tipo 2 (CAV-2), una cepa
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atenuada de virus de parainfluenza canina (CPI), una cepa atenuada de parvovirus
canino (CPV) (Pég. 7 lineas 5-16).

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

8. Conclusién

Los requisitos de patentabilidad de la pres?nte solicitud estan afectados asl:
!

| ’ Reivindicaciones "

L item Documento | afectadas Requisito que afecta |
| Lovrich S., et.al. Clinical and

| D1 Riagnostic Laberatory 11%2; - Nivr:?:;eviic:iv o :
. |_Immunology, vol 12 (6): 746751 , :

[ | Topfer K., et.al. Vaccine 25 o 1.23 o

D2 (2007): 514-326 ! 1.25 Nivel inventivo

. D3 WO 2006/038115 1-25 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comisidn de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados a
partir de la fecha de notificacién de fa presente comunicacién. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegaré la patente.

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

Notifiquese el presente oficio conforme a io d:spuesto en el numeral 5.2, literal e), det
capituio quinto del titulo primero de la Clrcuiar Unica N° 10 de 2001.

JOSE LUIS SALAZAR é :I;PEZ_ '

Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificaéo por fijacién en lista, de fecha

10 0ry o
O o T

Elabord: N. Lamprea Ni-& |
Revisé: Consusle Lequizamdn L. |
Aprobé: 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 Mice or Hamsters

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

Microbiology Research Laboratory’ and Section of Infectious Diseases.® Gundersen Lutheron Medical Center,
La Crosse, Wiscongin 54601, and Wisconsin State Labwratory of Flygiene wnd Department of Medical
Microbiology and Immunology, Madison. Wiscunsin 53706

Received 8 February 2005/ Refvsned for modification 10 March 2005 Aceented 30 March 2005

Humans preduce hfehly specific borreliagidal antibogdies agatust outer surface protein C (Ospd) shortly
afier infection with Borrelia burgdorferi sensu stricto. We previovsly demonsteated the epltope recognized by
Immumeglobalin M (TgM) and 1gG OspC borrellacidel antthodies was located within the 50 aming acids
neatest the carboxy (C) terminus. In this study, we show the immunodominpnt epitope is tocated in the highly
vonserved region within the seven Ceterminal aming acids, Six enrly Lyme disease sera that contained
borrefincidal activity and IgM and/or IgG; OspC antihodies were chosen randomly and adsorbed with truncated
OspC containing the 16 or 7 amino acids nearest the C terminus. Adsorpiinns with each truncated protein
abrogated the borreliacidal wetivity compietely. In addition, only smull concentrations of OspC antibodies
remained detectable by enzyme-linked immunosorbent assay and Western blotting, Moreover, horrelincidnl
OspC antibedies were not induced in laboratory mice or hawsters despite hemsy infections with B. purgdorferi
spirochetes. These findings confirm that borreliacidal antibodies comprise the majority of the IgM and IgG
OgpC anfibody response in huinan Lyme disease and that the epitope is located in the highly conserved C
terminus, It sdditian, rodent animal models appear to e tnappropriate subjects for assessing the cffectiveness

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

Lyme chsease caused hy infection with Borrslia hurgdorfert
sensu strieto fs the most prevalent arthropod-borne human
illpess in the United Siates. The bacteria thrive in a variety of
diversy mches as they eyele between small mammais, frodes
seapuieris ticks, and other aliernative hosts incinding humans.
Their ability to survive appears dependent on the differential
expression or repression of genes selected in response 1o a
variety of environmental cues. For example, the spirochetes
express outer surface protein A (OspA) in the midgut of zest-
ing nymphal and adult ticks but downregulate OspA and up-
regulate OspCin response to temperature after the tick begins
feeding (27). More recently, researchers have demonstrated
the ability of the spirochetes ta regulate a multiude of genes in
the tick (13). at the ck-hest interface (L4). and in the mam-
malian host (4} in response to additonal environmenstal signals
that likely inciude components in bioud, biochemical reactions,
and the host immune response,

Despite the propensity for anigenic variation, however, the
complemeni-dependent borreliacidal (killing) aniibody re-
sponse detected in a human inlection is remarkably predict-
able. Several 8. burgdorferi proteins, including OspA, OspB,
OspC. DbpA, Omshh, and the 30-kDa periplasmic protein,
induse horrelincidal antibodies {7, 9, 10, 17, 14, 26, 28, 31, but
the responae in early human Lyme disenase is specific primarily
for QspC (5.6, 16,17, 251, In additon, borzeliacidul anahodios
specific for OspA and OspB may be produced, but the re-

* Correspanding author. Mailing address: Microhiology Research
Lahoratory, Gundersen Lutheran Medical Center, 1300 Badger Strect,
La Crosse, W1 54601, Phope: (608) 775-2042. Fax: (608) 775.6602.
E-mail; smeallis@gundluth.org.

7ah

sponse is almost exclusively seen in patients with Lyme arthrisis
{7, 10, 26). Morenver, raditinnal labaratory isolates that ex-
press QspA and OspB in vitro can be used 10 deteci OspA and
Osp3 borreliacidal antipodies, becavse the amibodies can ai-
tach to the outer surface proteins (Qsps). However, QOspC
borreliacidal antibodies have not been detected by isolates that
ais express OspA and OspB, likely because the concurrent
exprossion of these Osps hinders the attachment of QgpC an-
tibodies, Detecting OspC borreliacidal antibodies is thercfore
dependent on isolates such as 8. brrgdorfert 50772, hecause the
spirochetes lack the plasmid eontaining ospA and aspB (2), and
the phsence of the Osps enables borreliacidal OspC amibodics
to bind (6. 23). A borreliacidal antibody test that uses eich wype
of isalate reliably provides sensizive and specific serodiagnastic
canfirmation of Lyme disease (5, 6, 8).

We previously exploited the susceptibility of B. burgdarfer
50772 o OspC borreliacidal antibodies (23) to demonstrate
that the human antibody response was specific for the 50
amino acids {aa) nearest the carboxy (C) rerminus of QspC
{16}, In (his study, we examuned smaller fragments of the QspC
C terminus and again used borrelincidal activity specific for B,
burgdurferi 50777 1o more precisely ldentify the ocation of the
horeelincidal epitope. We alse determined whether the re-
sponse was induced after the infection of lahoratopy mice or
Fanisters, The reselts contirm that the GspC borreliscidal an-
tibody response 15 Lighly conserved in human Lyine disease
and prowide compelling evidence that the epitope responsihle
will be an extremely valuubie serodiagnostic antigen and may
provide the basis for an effective Lyme disease vaccine, Addi-
tionally, the resuits demonstrale that the production of OspC
porrgliacidal antibodies is ynique to human infection.
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MATERIALS AND METHODN

Orgamlsms, B bergdorfert sensu stricto 50772 is A noninfections isolate that
lacks the plasmid cantaining ospd and osph (36) B buigelerfen sensy siricio M7
wirs Bolated ongmaly rom human ccrehrospenal uid. and the spirochete ¢
presses QspA, OspB. and OspC, Ercienchin voir IMIOS (Promeys. Madison.
Wis 1w wsed for clommg,

Anlmats. Ten-week-old femaie C3H Hey mice ‘Jacasan Lahoratories. Bar
Harbar, Munm) or 6-week-old LVG hamsters (Charles Rive- Liboraiones. King-
ston. N.Y.) were housed shree or four per vee ot ambivm lemperature. Food
and water were available ad Jibitum, Animal esperiments were reviewed aud
appruved by the Guadersen Lutheran Animal Care and Use Committee (Instis
tational Animal Care and Uss Committees).

Nerq. Servin samples that contained significant concentrations of immunoglob-
ulin M (IgM) and'or [eG OspC anitbodies were obtained from paticats with
eatly Lyme disease characienzed by single or multiple erythema migrans lesions.
In addition. immune sera specific fur host-adapted (3 Limne disease spirachetes
were obtained from hamsters and mice. Groups of donor animals were infected
by infecting 100-pl volomes of Rarbow-Stoenner-Kelly (BSK) medium centain-
g 100 8 burgderfer 297 cells subsutaneously in the lower back. Five wecks
pusichallenge, 11 appresamatels 2- by 2.mm pieces of mfecied car ussue were
removed trum each antmal by punch bupsy and implanted suhcuraneawsly inte
the lower hyck of a nave recipaent animal Afier 15 weeke, the recipeent animals
were bled 1o exsangamanon and killed by inhatation of CO,, and the bladder,
kidney. spleen. heart, azd car tissues were cubured i BSK mediam. Culures
were ther examined weekly o1 3 weeks by dark-field nucroscopy.

Cloning of Qsp fragments, Recombinant QspCand OspCeDra (50 C-rermi-
nal amino acids) were recoverad from the previnusly described {16) F. coli
IMI0% contaianing either pX3-22 {QspC) or pX2-Dra (OspC-Drat. A recombi-
nant protein containing the feagment with the final 16 OspC C-terminal amnoe
acids (C1n} wus constructed using forward primer 5 AGTTAAAGAACTTAC
AAGTCCTGTTUTGG-Y, reverse primer §'-GGTTAAGGTTTTTTTGGACT
TTCTG-Y, and pX2.23 (15) as tzmplates. The amplitied Cin fragmen: was
precipitated using Pellet paint {(Novagen, Madison, Wis.} and Lgaied (pXNT1i6)
into & Pinpoint Xasl Tevector {Pramegn, Madison, Wis.), A iragment containing
the final seven C-termungl amiino acids (71 was sinnlarly made by annealing
primers 5 -GGCAGAAANGTCLAAAAAAACC TTAACCAY and 5%GETTA
AGGTTITTITTGGACTTTCTTTCTTCTGCCAA Y and a'se ligaied (pXTT)
mnto a Pinl'eant Xa-1 T-vector {Promegat Both pXain and pX7 were then rrans.
Jormed il Loced IMI09, and proper orientitings were conurmed by DNA
sequencing (BigDye ABI. Foster Cuy. (alin)

Recovery of OspC oor Ospll fragments. ‘The recombinant Ospd’ or OspC
fragments were recovered by cultuning the £ oeofi in a lt-ml voeme of 2
tryptone-yeast extract (TY) broth contwming 100 pgml of ampiciin (Sigma
Chemival Co. St Louis. Moo for 12 2 a0 37°C, dilening wenfold with addivons!
2~ TY broth. and icebating 1or anniher tour, Iopromyl-B-n-thiogalactosidase
{IPTGY {Siwmn) wes then sdded 1w a final concentrition of 0.1 a6, and the
cultures were reincuated for 4 hoat 37°C The suspersions were pelleied iy
ventrifugaiion ar 10,000+ g tor 15 min a1 4°C; resuspended in purific tion butfer
containing 30 mM Tris (pH 5.0}, 50 mM NaCl 2 mM EDTA, wnd 0.3% Trion
X-tvix and lysed with a senicator (model W350: Branson Some Power, Danbury,
Connl), Sonieated £ cofi cells were pelleted by centrifugation at 10,010 % g for
20 min. and the supernztants were passed over columns containing SofiLink
resin {Promegu) at  rate of 0.5 ml/min at 4°C, The fusion proteins contained a
16-kDu biotinylated purification tag oo the smino terminus of the protein that
binds trv SeitLink resin. Celumns containing protein were then washed with 5
column volumes of purificalion bufer, and the bound protcins were eluted with
purification buffer that also contmined 5 mM biotin (Sigma). The proteins were
then examined by vsing sodium dodecyl sulfate-polyacrylamide gel eleetrophere-
sis and Western blotting with imouse monocional antibodies specific for OspC to
contim their purity,

Adsorption with OspC oor o feagments. Que-milliliier volumes of Teiralink
tetramenc avidin resn (Premega) were washed and suspended 7 20 ml ot
phosphaw-bullered satine (PB%. pH 7.25 wnd loaded mio separate 10- by *0-mm
rorrepyiene celamns Amonnts 0.5 1) of OspC, QspC-Dra (1%, (1 07
wete sofubozed o lamd vo umes ab PRS g passed ovet separsts oo umns,
C anplete hurding was confirmed by protein assay (Hio-Rad) Ovevmuliiliter
vubamey <t seia dibuted PG o PRS were then passed over the vebumn £ s,
and the swmounts of antbades removed were confirmed by wang OspCeDira,
Cl6. or C7 enzvme-linked immunescrbent assavs (EL1SAs).

Indirect ELISA. An OspC ELISA and ELISAs vontaming the Cibor ©7 Ospl”
fragments were prepared as described previousty {161, Serum from a person nnt
exposed to B. burgdorferr wis wsed as a normad control,
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Detectinn of borretiacidal antibudies, Borreliacidal anubedies wore detectad
by a flow cytamerrie procedure (6, 8). Viable 8. hwgdorfen 297 or S0T12 nrgan-
isms in logariihmic growth phass were enumeratact with a Petroffi- Hausser counts
g chamber amnd diluted with fresh BSK medivm o o concentration of approx-
imately £ = 10° organismeml Caneamitantly. serum ssmgmes were diluted 1:20
with BSK und filter stenlizcd by passapr through a 0.2-pm microluge il
(Contar, Cambrudge. Mass.). The ltered serum samples were then rransferred t
sterile 1 a-ml screw-can microfuge ribes (Sarstedt. Newtan, N.C ) and ditnied
setiallv 1140t 120,450 with BSK. Scrumaamiples were heat inactivared ar $6°¢C
tar 10 min. and a 100-kl aliguet of the spirochetes and Lt ul o7 srerile guines mig
serum (307 hemobitw component = 200 umits'ml) were added. The assay mix-
wires were mixed thoroughly and incebated for 16 to 24 b at 35°C

Following incubation, 1M ! of each assay suspension was translerred (o a 12-
' by 75-mm polystyrene tube {Becton-Inckingon, Franklin Lakes, N.1.) conlaining

400 pl of PBS and 1 g of acndne orange (Sigma) per ml A FACS.an flow
cytameter (Becton Dickinson Tnmungeytometry Systems, San Jose, €A) was
then used to detect borrelizvidal activity, Spirochztes were {solated by gating
(CellQuest snttware; Bectn Dickinsond and analyzed for 1o 2 minwith the finw
raie soloat low, Borrehacidal antibodics kill <he spirochete by inducing a com-
plement vascrde that digrupts the outer membrane and causes the membrue to
bleb. Borreliaendal antibodies wese detected indirectly by monstormg thy n-
creased Buorescence intensity that oceurs when the aeridine srange iertalutes
inio> blehhed, norviable spirochetes A = 37 shift i the mean Huuresvence
infeasily compared Lo that of a normal serom conteol was conmdered pusitive (5.
6). The presence of blebbed. nonmoetle B bdurgdorfer wiy then venfirmed by
dark.fleld mucroseapy The undiuted 2nd adsorhedt sera were saaved concur-
rently o elinmare the variability of tters caused by teerassay variati-r o the
conventrations of spirochetes,

Western blutting. Western blotling was performed using standird procedures.
Briefly, 223 pg ot B. burgdorferi 50772 protem was loaded inty the preparanve
wells of (142 sodivee dodecy! sulfate-12% polyacrylamide gels, and the proteins
were sepurated by running in aa clecrrophoresis unit (PROTEAN L, Bio-Rad
'Labnramries. Hercuies, Calif.) at 24 A for 4 . The protewns were transferred
fram the gels to polyainylidene diflueride membrane {Perkin-Etmer Lifv Svi-
iences Inc.. Boston. Mass.} by electrophoresing overnight at 18 V. The puivvi-
aylidene ditlvoride was cut intd strips and blocked with 19 bovine <erum albu-
nun in PBS (pH 1250015 Tween 20 for 11 a1 22°C, Strips wer incubated Sor
Jl hoat 22°C woth serum diluted o g rano ot 1100 and washed four tumes wath
i(PBS-0.17% Tween 10, Horseradish perexidase-labeled aro-humun TeM or 1pG
resvy and bight Chains (Kirkegaard wny Perry Lahurateries, Guithersburg, Md
were added, and the stmins were mcabated tor Tk oan 227°C Sinps were wased
s developed using te TMB membrane peroxicase sabstrate sy<tem (Kirke-
Sgaard & Perrvi

RESULTS

Ability of adsorptions to remove OspC antibedies. The carly
Lyvme disease sera contained high concentrations of IeM OspC
bntihudics. and three sera also contained significant amounts

f 1gG OspC antibodies (Tahle 1). In agreement with previous
Endings {16), the OspC antibodies were removed almost com-
letely by adsorption with OspC-Dira. More notably, binding to
rhc C16 and C7 QOspC fragmenis also almos: completely re-
jpaved the OspC antibodies detected by ELISA (24-fold re-
fuction in titer) or by Western blotting (Fig, 1), In contrast, the
feactivit}' on the Western blots for the other B. hurgdorferi
proteins appeared unafected.
~ Effect of removing OspC fragment-specific antibodies on
borreliacidal activity. We then determined whether removing
the OspC antibodies by adserption to the OspC-Dra, Clb, or
©7 OspC fragments also affecled the borreliacidal activily, To
anfirm that the decreased activity was not due 1o nonspecific
Binding, we passed o Lyme disease serumn thal contained oy
spA and OspB borrelincidal antibodies (7) over the columns
rior 1o passing Lhe Lyme digease sera thal contained the OspC
gorrcliacidal antibedics, Tn addition, we passed the Lyme dis-
dase sera over a column that contained just the tusion protein,
As reported previously (16), adsorbing the carly Lyvme discase
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TABLE 1. Removal of OspC antibodies from early Lyme disense sera by adsorption with OspC-Dra, C16, or C7
DsplC ELISA renctivity” after adscrption with:
ssatn?;:l‘; pntreafed yerum OspC QspC-Drn Clé . C?
igM 1gG [eM IgG IgM 15 1gh IgG [gM 1gG
i 40,960 20,480 ND ND 160 640 640 320 640 640
2 81,920 2,560 ND ND ND 160 140 169 ND 30
3 20,480 640 NP NI ND RO 160 160 ) &) R
4 40.960 10.240 ND ND 2,560 320 2,560 320 2.560 640
3 3120 320 ND N

iy ND 1) NP nn ND

" Retiproval of last diletion with adsorbunce valug of 20.20¢ above thar o normal serum vontral, 8D, no ELISA reavtivity Jetected.

sera with OspC-Dra aliso abrogated the borredacidal activity
completely (Table 2). In addition, the borreliacidnl antibodies
were removed completely by binding to either the C16 or the
C? OspC fragments. The collective results therefore confirmed
that the IgM and 1gG OspC horreliacidal antibodies were
specific for an epitope contained within the C-terminal 16- and
7-aa fragments of OspC. Moreover, remaving the horreliacical
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FI1G. 1. Representative Western blots of antiboedies in sn enrly
Lyme discase serum reactive against £ huwgdorferi S0772 hetore ad-
sorptivns (lanes 1) and after adsorptions with OspC (lanes 2), Ci6
(tanes 33, or C7 {lanes 4). Paysls A and B are laM and [gG Western
blats, respectively. Nole thay the elfects of the adsarptions on the
deiection of OspC antiboilies in the other four sera were identical.

antibodies also removed almost the entlre concentration (=4-
fold reduction) of QspC antibodies,

OspC boreeliacidal anfibody response in mice and ham-
sters. We next determined whether the immune respense in
laharatory mice or hamsters would mimic the human antibody
responsc after infoction with Lyme discuse spirochetes. To
ensure that the antibodies were specific for proteins expressed
in vivo (3). the animals were challenged with B. burgdorfer; 297
spirochetes that were adapted 1o each animal by infecting
donor animals with & ncedle chalienge and hervesting spirn-
chete-infected ear tissues to challenge additional naive ani-
mals. The immune sera from the infected-tissue-challenged
animals were then harvested, pooled (n = 5), and evaluated for
borreliacidal activity and OspC antibodies. Both responses
were detected, 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 ngainst many
other proteins (Table 3). Furthermore. removing the OspC
antihodies by adsorbing with the recombinant OspC had no
effect an the borreliacidal aetivity (Table 3, Fig. 2.

DISCUSSION

Researchers showed previously (6, 16, 25) that the majorny
of IgM and IgG OspC antibodies produced after infection with
B. burgdorferi sensu stricte were complement-dependent bor-
retiacidal antibodies that killed the spiracheies without the
necessity of scavenging by phagocvtic cells. Moreover, the
QspC borreliacidal amibodies were specific for an epilope(s)
confained within the 50 C-terminal amino acids of the proteln
{16). in this study, we demonsirate that the OspC borrellacidal

TABLE 2. Removal of horreliacidal antihodies from Lyme disease
sera after adsorption with OspC-Dra, C16. and C7

Borrelineidal netivity after sdsorprion with:

Serum

sample Unrreated QspC-Dra Cle t
Cantzolf 5120 5120 5320 5120
1 10,240 ND ND ND
2 H1L960 NI ND ND
a 10,240 ND NI ND
4 19,240 ND ND ND
bl 2,560 D ND ND

! Reciproeal of last dilution with significart borreliacidal activity. NI, no
hoerellacidal activity deected,
" Lyme disease serym conwining OspA and QspB borveiincidal untibodies.

Te3
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TABLE 3. Effect of removail of OspC antibodies on borrelizcidal
activity in mouse or hamster immune ser samples

OspC 13G ELISA

Borreliacidal aerivin

Serum reactivigy?
sample” sl st
P spC. . Ispll
Untreated adsorbed Untreated adsorhed
Mouse 2,550 ND 160 160
Hamster 320 ND 320 320

* Reviprocad of last dilution with adsorbunce vatue of 20.200 above that of
acrmal serum conlrol. KD, no EL1SA reactivity detected.

# Reciprocal of {ast ditution with significant borrelizcidal activity

Y Poeled serum samples (7 = 5).

antibodies are specific for a highly conserved epitope within
the seven C-termiral amino acid residues.

This finding is remarkable. As an infected tick beyins fzed-
ing on a human, OspC is expressed (27) and becomes the
major cuter membrane protein expressed in early infection,
regardless of the Borvelia genospecies infecting the patient (11,
22, 24, 35). Correspondingly, OspC antibodies quickly become
the dominant humoral immune response {22, 35): however,
OspC ELISAs have lached accuracy for confiriring Lyme dis-
ease (12, 20, 24, 20, 33). The shortcomings were cxplained
maost often by the heterogeneity of ospC (15, 18, 29, 30). even
among isolates within the same genospecics {32). The antibody
responses induced by the highly variable regions would have
widcly variable specificitics, Additionally, antibodics induccd
by other infections may also react to these regions, However,
previous studies that characterized the ability of OspC anti-
bodies to kill the spirochetes independent of scavenging by
phagocytic cells have provided compelling evidence that the
horreliacidal antibadies are specific for a conserved region of
the protein, For example. a flow cytometric test that detects
borreliacidal OspC antibedies by monitoring the ability of the
antibodies to kill only B. burgdorferi sensu stricto 30772 de-
tected the response in >70% of early Lyme disease sera col-
fected from throughout the United States (5).

In this study. we extend these findings by demonstrating that
the dominant OspC harreliacidal antibody epitope is lucated
within the surface-exposed {22) seven amine acid residues of
the C-terminal end of the protein. More importantly, a BLAST
search {1) confirmed the region is highly conserved among
infectious 8. hergdorferi sensu striceo, 8. garindl, amd B, afrelii
isolates, The results therefore provide explanation for the in-
creased accuracy (5, 6} of the flow cviomelric borreliacidal
antibody test. Morcover, the findings provide strong evidence
that an ELISA comprised of the epitope would correlate di-
rectly with the highly specific borreliacidal antibody response,
This should praovide a sensitive and highly specific serodiag-
nostic confirmation of Lvme discase without the techmeal com-

TABLE d. Recovery of Barrelia burgdorferi from mice and hamsters
challenged with spirochete-infected car tissues

No o1 posiuve samplesmo. tested in: Tolal no.
Animal posisveing.
Spleen  Kidney  Blodder  lleart  Ear tested
Mice 075 23 55 4:5 L5 375
Hamsters 25 05 X5 4,5 4.5 35
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FIG. 2. Western blots of pooled (2 = 5) hamsier immune serum
pefore (lane B) and alter (lane C) adsorpiions with OspC or pooled {n
= 5) mouse immune serum before (lane D) and atter {lane E) adsorp-
tions with OspC. Lane A shows reactivity by polyclonal antibodics
ppecific for Ospl,

biexity and live organisms necessary to detect borreliacidal
hettvity.

© Mathiesen el al. (22) also reported that the OspC antibodies
n sera from patients with neuroborreliosis caused by infection
with B. garinfi were specific predominantly for the identical
equence of 10 C-terminal amino acid residues of the protein.
However, an ELISA with a synthetic peptide {21}, while more
cactive than the rOspC ELISA, derecied OspC antibadices in
European sera significantly less often (3571 than in sera from
LS patents (110 16, 20, 33 The authors noted the distinet
bsence of lgG OspC antibodies in sera {rom European pa-
tients (34) and suggested the failure of the response to reach
faturity was hecause the epitope induced antibodies in a T-
dell-independent fashion (22). However, this is clearly not the
dase after infection with B. burgdorferi sensu stricto. In this
study. we detected high titers of borreliacidal 1gG OspC anti-
Bodies, and numerous other investigators (5, 7, 11, 2¢, 25) have
dlso confirmed that 1gG OspC antibodies arc commouly
present in all stages of the illness. It scems unlikely the iden-
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tical epitope would induce both a T-ceil-independent and o
T-celi-depenident response,

Rather, we suzpect the fajllure of the OmC antibadies to
switch classes in the European Lyme diseasc patients is more
likely due o the preditection of the spirachetes w calanlze the
gentral nervous system, which may inhibit the maturation of
the antibody respunse. tn support, European patlgnts are ofien
infegrad with B garinii or B, afzeli, which commoanly cause
nearoborretiosis {23}, These penospscies are not found In the
United States, where the patients are instead infeeted with B,
burgdorfert sensu siricin, which most aflen colonizes (he skin ar
joints, Additional stedies 1o ovaluate this hypothesis remain
necessary, hut the collegtive results still highlight the immu-
nedominance of the QspC antibody responso specific fur the C
terminug of the protein and provide support for the develop-
ment of serodingnostic progedures to exploit this finding.

In addition, the results previde compelling evidence that the

P rerminus of QspCis a good human vaceine candidate, How-
ever, we failed to detect berreljacidal OspC antihodies in sera
from the fuborutory mive or hamsters, despite vigorous antis
bady responses against many ather B. burgdorfer! proteins. The
sera Instead contained only small cuncentrations of QspC an-
tibadies detected by ELISA or Western blotting. More signif-
icantly, the OspC antibodies were nat borreliacidal aniibodies.
The findings therefore confirmed a significant difference in the
antigenic reactivities of B. durgdorferi sensu stricio spirochetes
that infect human or rodent hosts. More mportantly, the re-
sults cast considerable dpubt on the ability of redent apimal
models to provide experinental data that accurately predic
the abiity of vaceination with OspC to provide protection
against human infection.

In conclusion, the immunodominant [gM and 12G OspC
antibody response in human Lyme discase is speelfic for the
highly conserved seven C-lerming! aming agid residues, This
finding provides valuable informution for future cfforts to de-
velop effective serndiagnastic tests and vaceines, but an aceu-
rate agsessment of their effectivencss cannot be obtained by
using laboratory mice or hamsters.
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Ahstract

Using ttve commercially available vaccires. groups of dogs were voccinated against Lyme barreliosis and fallowed for 13 months. A
madified vaccination schedule was ingluded in the study in an attermnpt to induce higher and thersfore longer<asting protective antibody levels
during the {irst year of iprununization. Following vaccination antibodies were nonitored using ELISA and Western blotting, Serum samples
were examined either with aniigen preparations derived from either Borretiq burgedorferi s s.. 8. garinii or B. afzefli lysuies or sepruately
with recombinant OspA derived from the three spevies. Regardlass of the viccine used the thivd vaceination induced significant|y higher
antibody levels. Fugther analyses of the sera with homotogte and heterologue detection systems showed i vitro only a minor crass-reagtivity
of vaccinal antibodies 1awards antigens derived from heterologous Borrelia species i vire and censeguently only minimal cross-protection

can be expagted.
@ 2006 Elsevizr Lid, Al} rights rescpved,

Kevwonls, Antibodies: Lymee borreliosis; Dogs: Imunity;, Yaceinadon

1. Introduction

Borretia burgdorferi, a bacterium transmitted by ticks,
causes Lyme borreliosis, a comman vecior-home disease in
humians and animals [1,2]. Afrer the successful generation
of a tysate vaccine for dogs in the United States of Amer-
ica [3.4] research focused en addirional vagcine. candidates
with the introduction of formulatipns derived from recombi-
nani OspA [5-71. Swdies have shown that antibodies directed
agpinst OspA are able to protect the host froms the transmis-
sion of borrelia through the tick [8.9], A recombinant Ospa,
vaceine for the use in hwmans has been available for o few
years {10,11] but was removed from the US American mar-

* Congsponding nuther, Tel.: +49 341 9737837 fax; +49 341 9738147,
E-mail oodresses: stravbinger@vetmed, uni=leipzig.de,
thad @carnelLedu (R K. Supibinger).

0264-41 0X/S ~ see front tingter @ 2006 Kisevier Lad, All rights reserved.
doi 10, 118/ vieine, 2006 07,031

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 whale cell preparations as well as
lipidateg recombinant OspA were adminisiered [14,16-19],

The need for a profective vaceine is well-founded in the
problematic nature of the discase. Lyme discase commonly
causes severe lumeness due to arthritis in one or more joints
[201. These early signs of Lyme disease in humans and dogs
are sometinies not recognized and therefore remain untreated
[21]. This allows the horrelia to disseminate in the host and
10 induce chronic disorders {22,23]. Trearment of human and
ammal Lyme borreliosis by antibiotic therapy is highly effec-
tive in the early state of disease [22], but the therapy of a
chronlc disease becomes more camplicated [24], In addition,
research data suggest thal a sucgessful treatment of Lyme dis-
case is not accompanied by the complere climination of the
spirechate from the host's tissues [25.26).
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Since treatment is difficult, the level of protection achieved
with vaceines is important. Congeguently an evaluation of
recombinant OspA-vaccines was performed in two major
studies in bumans, In 1998 Sigal et al. were able to siiow
that 68% of all vaccinees were protected after two immu-
nizations within the first vear, while the level of protection
rose (o 92% aflter the booster immunization the following
year [10]. In a study carried out Steere et al. the percentage
of protected individuals was even lower at 49% rising to 76%
after the third vaccination in the second year (11}, A further
study revealed that a third vaccination during the first year is
able to raise the level of protection so that during the first 12
months 91-93% of the vaccinees were protected [27]. Since
OspA antibodies are takan up by ticks when feeding on the
immunized host, where they block Lyme borreliosis organ-
isms fronr migrating within the tick, antibody levels have 10
be high at the time when ticks feed {9,28.29]. However, a
specilic value for a protective antibody leve] 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 levels in dogs.

2. Materials and methods
2.1, Dogs and vaccines

Fxperiments were conducted in compliance with the
Saxon Ministry for Social Affaires, Health, Youth and Family
in Dresden, Germany. Dogs of both sexes, different breeds
and age were chosen from the area of Saxony, Germuny,
and screened for specific antibodies against B, huredorferi
5. |. with seralogical assays (ELISA and Western blots) prior
to immunization. Coly animals negative for B. burgdorferi
s. . antibodies were included in the study for experimental
immunization. Dogs were assigned randomly 1o one of the
five vaccine groups as well as to one of the two vaccina-
tion groups. Al the time of vaccination all dogs were healthy,
based on pulsc, temperature and clinical examination as well
as information of the owners,

2.2, Vaccination and serology

Five commercial vaccines currently available for dogs
were used ror the study and each vaccinated dog was followed
over a period of 13 months. Vaccines were administered sub-
cutaneously either at the chest wall or between the shoulders.
Each study group contained up to 10 dogs. Dogs received
one of the ive available vaccines and were immunized either
according to schedules A or B. In total 49 animals received
two vaccinations 3 wecks 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 vagcina-
tion, biood samples of all dogs participating in the study were

collected after each immunization and in monthly intervals
thereafter. The last sampie was taken | monthafter the boostar
vaccination administered 376 £ 2 days after the first immu-
nization. Blood was drawn either from the Vena cephulica,
the Venq saphena, or the Vena jugiduriy,

Collected blood samples were allowed 1o coagulate for
30min and then centrifuged at 3,500 x g at 15+C for 13 min.
iThc resulting scrum was stored at =25 °C,

2.3. Amtigen preparation
|
Performing the study in Europe, where the causative agent
of Lyme borreliosis is notonly B. burgdorferi s, 5., butalso 8.
iqm-inii . 8. afzelii and probably other species [31,32}). the need
ifor heterogeneity in the immune response has to be consid-
ered, By using not only antigens derived from B. burgdorferi
5. s but also from B. garinii and B. afzelii as detection anti-
gen vaccines were analyzed in vitro (or their ability (e induce
&mss-rcactivc and probably cross-protective antibodies.
Low-passage B. burgdorferi s, 5. N4QO {passage 2) were
grown in 6 ml of Barbour-Stoenner—Kelly (BSK-II) medium
[33]. B. afzelii PKo and B. garinii PBi (passages 30 and 16,
respectively} in 6 ml of Modified Kelly Pettenkofer (MKP)
medium [34] (FKo and PBi borrelia strains and protacol were
icind]y provided by Dr. Bettina Wilske, Max von Pettenkofer
Institut Munich, Germany). After reaching the destred den-
ity of 107 to 108 borrslia/ml. the organisms were placed in 1§
f the corresponding medium in air-tight screw cap glass bor-
lesand grown Lo stationary phase (7-9 days). The preparation
was concentrated by centrifuging the eulture at 10,000 x g at
f0°C for 15 min. Supernatants were discarded and the pel-
rers re-suspended in sterile phosphate buffered suline (PBS).
The suspensions were centrifuged at 10,000 » g at 4 'C for
:15 min. This step was repeated twice. After Lhe last centrifu-
ation borrelia were re-suspended in Sml PBS and placed
gn ice. Ultrasound disruption of horrelia was performed on
Zlce at 33 W for s repeating the procedure 10 times (Ban-
?elin Sonoplus UW 2070, Berlin, Germany). Using dark field
microscopy (Zeiss, Jena, Germany) the solution was con-
frolled for spirochete disintegration. Nexlt, the solution of
disrupted spirochetes was centrifuged at 10,000 x gard°C
'or 10 min, supernatant was collected, and stored at —-80°C
tntil usage. Protein concentration of the cell 1ysate was mea-
sured using the BCA protocol (Pierce, Rockford, USA). the
duality of the antigen preparation was evaluated after SDS
PAGF. electraphoresis [35] on gels stained with sitver nitrate
dale (SilverQuest Silver Staining Kit, Invitrogen, Karlsruhe,
é‘mrmany) or Coomassie brilliant hlue dye as described else-
\ii!1ere [35].

2_.4. Antibody detection using ELISA amd Western blors

i rJ . . . -
‘l, Sera were tested for B. burgdorferi-specific antibodics
'ith a computerized kKinetic enzyme-linked immunosorbent
assay {KELA) and by Western blotting as described else-
\{;hﬂ& [38].
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Pasitive control serum samples were included in the study:
sern of dogs experimentaily infected with 8. burgdorferi s.
5. N40) by tick infestation (dog 898-4/1, dog §98-4/12, dog
A86-4/11), serum from a dog immunized experimentally
with OspA derived from 8. burgdosferi s. s.. B. garinii
and &. afzelii (triple QspA, dog 598-5/8) as well ns serum
of a dog experimentaliy immunized with rQspA of B,
burgdorferi s. 5, without adjuvant {dog $98-4/2). Al scra
were collected in carlier stadies | 19), Additionally 1 mixture
of monaclonat antibodies directad against OspA, QspC, p3v
and p60 of B, burgdorferi s, 5. Z87 wera included in Wesiem
blol experiments {antibodies kindly provided by Dr M.
Simen, Max-Planck-Institut fitr Immunbiologie, Freiburg,
Germany).

ELISA plates (C96 Maxisorb. Nunc, Wieshaden, Ger-
many} were coated as previously described {36] with
160wl per well carbenate buffer comaining 0.34 g per
welt cell lysate of either B, burgdorferi 5. s or & mixture
of B. garinii and B, afrelii mixed with (.04 g per well
rOspA of the corresponding species. The spiking with
rQspA was performed (o ensure maximal QspA-aptibady
detection (rOspA antigens were kindly provided by D,
Vincent Weynonts, GlaxoSmithKline Biologicals, Rixensart,
Belgium). A goai-anti-dog 1gG HRP (ICN/Cappgl, Durhom,
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 45-8 intervals (kinetic ELISA, Spec-
raMAX340PC, Molecular Devices, Munich, Germany).
Knowing that after vaccination proteetian from the mnfection
with B. burgdorferi sensu lato organisms is comvelaicd
with high antibody levels of anti-OspA-antibodies | 18,30,
the level of protecting untibodies of canine vaccines was
additionally measured with ELISA using plates coated with
recombinant OspA. A coating with 1.0 g rOspA per well
of either B. burgdorferi 8. 5. Z87. B. afzelii ACAI or D
garinii ZQ1 allowed the detection of vaccine-induced OspA
antibodies.

To correct for inter-day vagiations canine control sera were
lested repeaiedly and correlated back to ELISA values from
previous experiments [19). This correlation was applicd to
subsequent ELISA analyses.

In addition, a set of smnples including the first serum sam-
ple of each dog (207 samples) us well as samples with high
titers from each vaccinated dog (days 42 or 72) were ana-
lyzed in a quantitative C6 ELISA test (IDEXX Laborateries,
Maine. USA). Four serom 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

levels (day 376) and samples after booster vaccination (day
407),

SDS PAGE gels (12%, 115 mm x 130 mm) were prepared
for Western blotting as described previously [35,36). Gels
were loaded with 300 g of protein diluted in samiple buffer
{single 35.imm lane) and with two molecular weight markers
in separate lanzs {prestained Precision Protein Standards
and biptinylawal broad range SDS-PAQE Standard. Biorad,
Municly, Germany), Separation was perforted at 200V for
L5 h {ullowed by a transfer anto a nitrocellulose membrane
fmiembraPure  CN-Membran 33 cm x 3mm, 0.45um,
Bodenhsim, Germany) at 30 V over night. After washing and
blacking in 3% gelatin solution with TBST. the nitrocellulose
membrane was placed in a 24-lane miniblover chamber
(Immunetics, Boston, USA). Serum samples were applied
on the membrane in ¢ {% gelalin solution with TBST and
incubated for 1 hat 37 *C on a slowly rotating plat{orm, Alter
washing, Mmembranes were incubated with gont-anti-dog
lgCi-HRP (11000 dilution: JCN/Cappel, Durham. USA)
or with goat-anti-moyse 1gG-HRP (1: 1000 dilution; R&D,
Minneapolis, USA) for [h at room temperature, Signaly
were visualized with OptidCN (Sigma-Aldrich, Munich,
Germany).

2.5, Suaistical analysos

Mean KELA-values were caleulated for each single time
point. Only experiments cerried out with the sers of all 92
dogs were statistically analvzed. Sera from dogs vaceinated
according to schedule A werg compare fo those drawn from
dngs immunized according to schedule B. Since effects ol an
additional antigen application can only be documented afler
hasic immunization has been completed, statistical analyscs
were performaed after this time point. Using the restricted
maximuy likelihood method, (REML) the antibody levels
belween days 42 (maximum antibody response) and 376
{minimum antibody levely were compared in each vaccina-
tion group in order to find significant differences between
the two vaccination schedules. In the beginning data were
analyzed for interactions between vaccine and regimen but
no interactions were detectable. Therefore the REML was
calculared without the consideration of interactions hetween
vacrine and regimen, This resulled in the comparison of all
dogs vaccinared according 1o schecule A with all dogs vag-
cinated acecording to schedule B independent of the vaceine
usedl. The differences of the leust sguare means were adjusted
using Tukey—Kramer. All statistical analyses were performed
at the Department for Biometry, Epidemiology and Inlorma-
tion Processing (IBED, University of Veterinary Medicine
Hannover, Germany.

Fig. 1. Antibody tevels inducod by five cpmmereial vaceines detectad with B, burgdarfuri 8, 5. «derivad (A) or with o mixtuee of 5. gavinil- and B, qfcetil-derived
ntigens (W), Dogs in group A (vaceinated twice) pre shown with open symbnl; dogs jo group B (vaceinated three 1imes) are shown with ¢losed symbol. 1gG
antibody detection was accomplished wilh hacterint lysates produced with B. burgdnrfer! s, & N40 arganisms or with o mixiure of 8, garinii PB and B. efselii
PKo organism enriched wilth rOspA of the rarrgsponding species. Genphs with grey-shaded backgrounds show messurcinents conducted witl, hamotogous

antigens.
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3. Results
3.0, Scrgening of 207 base lne sevin samples

Of 207 dogs analyzed 46 (22.2%) reacted positive for
B. burgdorferi antibodies using an in-house two-tierstests
system (ELTS A combined with a confirmatory Westeen hlob),
The infection rate was 20.3%: the remaining four animals
(1.9%) had vacging-induced aniibodies. Seropositiviry was
net ascompanied by any ¢linieal sings of illness. Analyzing
the serp wlih the guantifarive C5-PLISA lowerad the number
of posilive reacting dog sera to 11, an infeclion rale of 5.3%.

3.2, Toval anribody levels after immunization .

Ninty-nine of 207 dogs tested were chosen to be vacei-
nated with one of the five vaccines listed in Table 1. During
the coursg of the experiment five dogs Teft (he study due 10
their awners’ moving (two dogs) or sale 1o new owners (three
dogs). It addition, one dog died of a generalized infegtion,
another une of cancer. Thus the study consisted af 92 dogs
over the complets survey period ag shown in Tahle 3.

The typical development of vaccine~-induced antihodies
was seen in both groups (A and B} shorily afier the com-
pletion of the first year's immunization as shown in Fig, 1,
Both A, burgdorferi s, s.-derived lysate vaceines (V1-Bhas-
lys-adj and V2-Bhss-lye-adj) produced sptibody lavels of
nearly 500 KELA units that declined to 200 KELA unifs
within the first & manths when tesizd on homologous Barrelia
antigens (Fig. 1A}, The use of heterologous antigens derived
from B. garinil and B. qfzelii organisms, however, allowed the
detection of cross-reactive antibodies and censequently lower
antibody-lavels were phaerved during s same Hime periods
{Fig. IB). Dogs vaccinated pocording (o schedule A or B with
rOspA combined with adjuvant (V3-Bbss-1QspA-ad)) pro-
duced the highest antibady levels of 500 KGLA units which
¢id not drop belew 200 KELA wnits during the first yeae. The
use of heterologous detection antigens however resulted in
lower peak antibody-tevels that disappeared quickly daring
the first 6 months. Dogs having received rOspA only (V4-

e

Paronsheses indieute the nymber of nimats whih ¢ the stusdy proaasiiely,

BhrerDspA) showed a maximum af 430 KELA units and the
antibindy levels deettned rapidly 1o 150 KELLA units within the
first 12 months when wated with B. birgdarferi s, s.-derived
intigend. Apain, the heterologous deteetion system wias much
less efficient in deteeting antibodies, In contrasi, the lysate
produced from both B, garinti and B. afzefli organisms (V5-
BgHo«dys-adiy induced o peak antibody lgvel of 430 KELA
unirs that deopped off swiftly to 130 KELA units within the
first 12 months when tesied on heterplogous B. burgduiferi
8. s.-derlved antigens, whils elevared and longer lasting anti-
body levels were obsorved when the same sera were tested
with the homologous deltection system,

All vacgine groups combined showed a siaistically sig-
nificant diffcrence hatween regimen A and B of p=0.0331
when tested with B, biergdarfer! s. s, antigens. Concerning
the B, garinii, B. afzelli gntigen preparation the p-vajue was
even lower at Q.0115.

3.3, OspA-specific amtthadies indueed by inmunization

Samples Tram three individupt dogs representative f{or
each single study group (30 dogs In total) were analyzed
in species-specific OspA-ELISA syslems. Plates were coated
with rQspA derived from clther 8, burgdorferis, s. (Fig, 2A),
or i, garinii (Fig. 2B). or B. afrelii (Fig. 2C).

When a homologous detection system was used, OspA
antibody levels between 400 and S00 KELA unis werg
megsured alter completion of the hosic immunization with
ViwY4. Afterwards peak aruibody levels dropped off rapidly
and reached pre-vaccinntion levels within the following 10
months, V3-BeBa-lys-adj produced iow peak OspA antibody
levels after g regular inpmumization eonsisting of two vac-
cine ppplications. Tliree inumunizations in 3-wesk-intervals,
hiowever, raised peak QspA antibady levels by approximately
200 KELA upits when measured in the homaologous detection
system.

When heteroiogous detection systems were used. only
cross-reactive untibodies were detected and a loss of detac-
tion sansitivity was observed in all study groups (Fig. 2).
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OspA-specific antibody lovels meagured with rQspA derived from

(A} B. burgdorferis. s {B) B. garinii ) B. afzelii
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Fig. 2. Antibady levels induced by five commercial vaccines detected with specied-specific rOspa proteins, Dogs in group A (vaccinated twiced are shown
with open symbal, dogs in group B (vaccinated three times; are shown with closed jymbel. The 1OspA derived from either B, birgdoiferi s. s, ZST 1A} or B.
garndi ZQ1 (B1or B. apzelit ACAY (C) served as delection anligens for IgG antibodjes. Graphs with grey-shaded backgrounds show measurements conducted

with homaologous antigens. ;
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Fig. ). Wesiern blows shawing vagoine-induged anitbodies fren wdag immunlsdiwice with Vi-Rbes-lys-ad] detvcun) with amigens derivor from B hurgdnrferi
6. 5 Naf (AYor B. garinll PR (8, The fiest semple wos drown at day D (presviecinations: lune b represents tho timg of tha secund vacoinutien, samples shown
in Innes 2=14 (days 42-407} were tukon in monthly intervala: the sumple in fune 13 (day 376) wis collested hetore the booster vaccination was applied.
Viceine-induged antibodies nre geen beglnning with lare 1. Mainly OspA antihadies develup, necompanigd by various othery g experted after vaccination with
a lysate-gerived vacying, Signnlx fude guickly until boesrer imnandelon is sdintnisiered | year lnres,

A Charaeterization af vaccine-tngueed antifody
responses I Westenn blot qnalysis

Fig. 3A shows the vaccine-induced antibody respanse of
a dog immunized with a Iysate-bused vaccine decfved from
B. burgdarferi s. s. tested with B, burgdorferi s. s.~derived
antigens, Prior to vaccination the serum showed no spe-
cific antibodies for infection (lane 0), After vageination (lane
1 and following) antibodies mainly directed against OspA
{31 kDn), OspB {34-36 kDa) and Aagellin (41 kDa) were vis-
ible. Starting at day 72 (lane 3} signal intensity degrensed
continuousiy until day 376 (lane 13) gnd then increased peain
after the boostler vaceination at day 407 {lane 14).

‘Fhe soma serm spmples were also appliad 10 membranes
conled witli B gavinfi-lerived antigens as sbown in Fig, 38,
Bunds developed at 31,41, 66 and 83 kDa as well as a variety
of signais for larger angd smaller antigens. The wenslty and
number of signals ineressed afler the booster vaceination.
This analysis was also performsd with blots conted with a
lysate derived from B, afzelii organisims {data not shown),
Here the serwin samples showed Fewer bands in the high and
low molecular range and a strongly reduced intensity of the
31,41 and 83 kDa signals,

Fig. 4A is a Wastern hlot of serum collected from u dog
vaeeinated with the combined Jvsates derived from B. garinii
and B afeelti and assessed with B, burgdorferi <. s.-derived

72



K.H. Topfer, KK, Siraubinger / Yaceine 25 (2007) 113326 n

(A} B. bumdorferi s. s.-derived antigens
i Br234EETE TN EK

kDa
1167 wamts

662 k¥
Qe L

) -

] EA i

OspA =2
no

205 g

il . 4

(8) B. garinii-derived antigens

! M G123 456 78 1014 2131

{Da

i

§62 wee i
E-ﬁﬁag_”.

450 sl o o

ol

N
et . - E
'I!IIllunﬂﬂﬂﬂ“l

' ]

OspA
e

r .

H3 -

Fig. 4. Western blots showing vacging-induced antibodies from a dug finmunized twice with V5-BpBa-lys«adj detected with antigens derived from B. burgdorferi
5. 8. NdD(Ayor B. garmi) PBi (B). The tirst sample wes drewn at day O {pre-vaccination); lane | represents the time of the second vaccination: samples shewn in
lanes 2-14 (days 42—407) were 1aken in monthly intervals; the sample in lane 13 {day 376) was cellected before the booster vaceination was applied, Vaceine-
induced amibodies are seen beginning with lane 1. Mamly amibodies directed agdinst 41-43kDa develop. accompanied by various others 05 expected alter
vaceination with a lysate-derived vaccine. Signals fude quickly apart from the strung reaction against the 41-43 kIbi-sized antigens untii booster imrounization

s admimstered | year later.

antigens. Again, no signals were visible before vaccination.
Afterthe first immunization, on day 21 (lane 1) one strong sig-
nal developed at approximately 41-43 kDu. which increased
in intensity by the second vaccination and lasted throughout
the year. Afler day 42, bands faded within the first 6 manths,
including p39, p60 and others. With the booster immuniza-
tion signals appeared again, but their intensity was reduced
compared 1o the reaction in the previous year. Up to day
376, no signal was detected at 31 kDa, but after the boaster a
weak band became visible, The same serum was applied to a
membrane coated with the lysate produced from a 8. garinii
culture (Fig. 4B). The nuinber of bands and their intensity
wias stronger compared to the Western blot coated with 8.

urgdorferi 3. s.-derived antigens. A prominent signal was
gbserved at 41-43kDa and a weuk signal visible at 31 kDa.
A similar Western blot with B. afzelii-derived antigens (data
not shown) showed a reduced number of bands in compari-
s;on to the Western blot using 8. garinii-derived antigens and
only one prominent signal at 41—<3kDa.

.5, Cross reactivity of vaccine-induced antibodies

A Western blot was prepared carrying separately the anti-
gens of all three species, that allowed the comparison of three
fepresentative vaceinees us well as the reacrivity of a serem
s‘ample from a dog experimentally infected with B, burgdor-
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Fig, 5. Weslem blot showing serum samiples from an Infected and trom vaccinaled dogs analyzed will antigens produced with 8. pwgderferi s 5. {N401, 8.
garindi (PRI ar B. afzelii (*Ko) orpanisms. [nf.: serum from 8 dog experimenially infected witl B, burgdagferi 5. 5. by tick exposures V1! serum from e dog
vaceinated three times with Vi-Bhss-lys.adj: V3: serum fromn & dog vaceinated three tlmes with VS.BgBRa.lys.ad): V¥ serum from a dog vaceinated three rimes
with V3-Bbss-rOspA-rdj: OspA: serum from & dog vaccinaied experimentally with rOspA of all three species (8. burgdorferi <. ¢, B, garimi and B. afzelii).
The comparison of infected and vacoinmed dog sera shows the variations in detectabie antibodies when tested with different species. OspA antibodies induced
with vaceines V| =V4 rderived from B, biergdarferi s, 5.) bind weakly (o B. gorinii and B. af-efii anngens and vice verse,

Sert &5, NAO (Pig. 3). This expeciment was glso conducted
with menoctonal antlbodles deseribed in mareriuls and meth-
ods to ensute a correct interpretation of detected signals (data
not shown).

Antlbedies induced by infection showed similar but not
identical patierns when tested with antigens derived fram the
three different borrelia species. The pattern visualized with 8,
burgdarfery s, s.-derived antigens resembled a typical reaction
atter an infection with 8. burgdoiferi s. s. as it was reported
carlier [37-39], In contrast, reactions @t 14kDa as well us

{7 kDa were seon with B, garinfi- and B. afselit-derived anti-
gens bt were missing on blots coated with 8. brgdorferi s,
5, antigen. A band at 30 kDa varied from a double signal on
the B, burgdorferi s. s,-specific blot 10 a single broad signal
on the B. afseffi-specific blot 1o o triple signal when tested
with B. garinii-derived antigens. A missing signal at 80kDa
on the B. afrelii-speclfic blot represented another difference.

In comparison, the sera from dogs immunized with Vi-
Bbss-lys-adj and V5-BgBa-lys-adj showed some signals sim-
iar to these detected after infection. but the vaccines induced

H3
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Kig. 6. (A) Antihody levels of serum samples collectad {rem dop KHI-156 {clmeql thombus), Two additionsl vaccinied dogs ure shown with a characieristic
ontibody respunse afler immunization with V4-Bbss-rOspa, (B) Western blot oftl!: serumn samples collected from dog KHT-156. The first sminple was drawn
at day 0 (pre-vaccination); lane | represents time of the second vaccination; samples shown in lunes 2-14 (days 42407} were taken in monthly intervals;
sample in lane 13 (day 376) was collected before the hooster vaceination was applied 1 year later. Beginning with day 72, development of signals indicative

for an infection with A. burgdarfert can be observed.

fewer bands. In addition, Vi-Bbss-lys-adj induced a strong
response against OspA, OspB. and p60 when tested with B.
burgdorferi 5. s.-derived antigens. Small amounts of OspC-
specific antibodies appear in response to V1-Bbss-lys-ad]
lysate vaceination, but are absent in response to V2-Bbss-
lys-adj (data not shown). When the same serum samples
were applicd to antigens from the other two species, all
signals were less intense. The recombinant vaccine V3-Bbss.
rOspA-adj induced two signals, one against OspA, the other
appearing in the lower molecular range, showing breakdown
products of the OspA antigen preparation as seen in ear-
lier experiments [19]. On the heterologous detection sysrems
the previously strong OspA signal changed to a very weak
response directed against the OspA molecules trom B. garinii
and B. afzelii.

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

gainst heterologous OspA proteins, while the main reaction
was directed against an antigen at 4i—43 kDa.

3.6. Dhifection after vaccinarion

The analysis of total antibody levels of all dogs made one
ample appear conspicuous. While two other dogs in Fig. 6A
eveloped normal peak antibody levels of 400 KELA units
hfter being vaccinated twice with rOspA. antibody levels in
the conspicuous dog reached 550 KELA units by day 235. As
khown in Fig. 6B Western blotting illustrated an increase of
signal number and also intensity for most signals beginning
Wwith day 72. Due 10 OspA vaccinalion the dog developed

ntibodics dirceted against OspA, burt later (lanc 1) also
against QspC (23 kDa), flagellin (41 kDa), p39 (39 kDa), and
hntigens at 45 kD as well as 55 and 90kDu, signals that are
Characteristic for an infection, When the same serum sam-

les were tested with the semi-quantitative C6-SNAP test
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provided hy TDEXX Lahoratories, Ing., the fivst sample prior
10 vaggination was negative. Samples coliected at later times
were highly positive for C-specific antibodies. In contrast,
samples from al} other vaceinated dogs were negative before
and at all Hmes after vacginption.

4. Discussign

By vaccinating 800 human pasticipants van Hoegke el
al. showed that the addition of a third dose of rOspA
within & months of starting the basic immunization protocot
conld ingrease the proportion of protected individuals from
53-55% 10 91-93% [27), Applying this approach to veteri-
nary medicine led o the outline of the study prescnted here.
‘The expansion of (ke vaceination schedule by a third vogcine
application was intended 1o achieve long-lasting, prolective
antihady tevels thal exceed thnse induged by a regular two-
applicption-schedule urad forkilled vaccings, in ndditlen, the
vaceing schadule was simplificd by reducing the applization
intervgl between the second apd third limnunization from 5
months to 2-3 weeks,

Prior io vaceinalion, the evaluation of 207 serum samples
¢f possible study participanty shawad an Infaction rmtg wilh
B. burgdorferi 5. 1, arganism of 20,3%, Cansequently, in the
gengraphic area where these dogs reside, an infection with B,
birgdorferi s. 1. oceurs {requentty, underlining the need for
a good protestive vaecine. However, it is important io point
out that seropositivily dogs not necessarily equate with the
expression of clinical manifestations as it was reported by
Levy and Magnarelli [40], But more importanily, ¢ signifi-
cant diserepuncey in the specificity for antibady detection was
observed using different tesr systems: the commercial FLISA
and Western blol sysiem using only recombinant proteins
found 60.9% positive, mainly infected and a few vnecinated
dogs in 2 group of 169 individuals, This rute was proba-
bly due to a very high reactivity of the test kit resuiting in
the development of many wenk signals difficult to interpret.
In addition, by using the rend out scheme and evalyation
poims far each signal, guestionable results were Toynd. In
contrast, o detection system using the synthetic pepride C6
in an ELISA-format lowered seropositivily to 5.3%, Maost
likely this low-level detection rite has its origin in the differ-
ent nature of this test being designed o monitor C8-antibady
levels specific for B, burgdoerferi s. 1, after antibiptic treats
ment is applied in infaoted individuals [41), Considering the
effect of nptibiotic therapy on €6 antibodies und the inherent
and purposely estahlished lower sensitivity ol the test, it is
conceivable that o smalter number of infected aninnls was
detected compared (o the stapdard 1wo-ler-test-svstem. In
summary, an infection rale of approximately 26% ss delected
with the conventional in-house (wo-tirs-1ost-sVsien Was cone
siderad a trustworthy approximation of the trus infoction rate
since no questionnble cases wers obseeved and this seroposi-
tvity Is in accordance with results published by other groups
using well-estiblished tests [42,43),

As nconsequence all subsequent analyses invelving vacci.
nated dogs were condugted with the in-house test system. All
voceinated dogs (with ane exception) showed antibody levels
as expected afler an immunization with a killed vaceine. For
Vi-Bbss-lvs-adj a positive impact of o third antigen dose is
apparent with higher amibody levels during the year and after
hogsierinymunizalionin group B. The facl that the major frace
tion of bacterin-nduced antibngdies is directed against OspA
was aiready shown by Bartheld ot sl, as well as Gauthier 1
al. They achieved similar results when unalyzing sera of vace
ciniited dogs in comparison to infecred anfals [37,44). The
reaction seen on the Western blot resembles a typical pattern
expected afler vaccination with a lysate vaccine [19] and was
also obsarvedd for V2-Rhss-lys-adj {37]. This vaceine, how-
ever, does not show such a strong antibody-rising etfect ns a
result of a third antigen dose as seen in V1-Bhss-lys-adj. In
this selitary case a regular first-year immunization based on
only lwo vaceinations atready produced high antibody levels
plmost yndistingulshahle from those induced with the mod-
ified extended immunization sehedule. The third lysate vace
cine, VE-BgRu-lye-adj again ilustrotes the impact of an addi-
tional antigen upplication, Butths OgpA vignal appears weak,
mising the guestion of the upderiving protection meehanism.

e cantrust i the lysitesderived vaceines thelr counter-
parts vontaining only single recombinamt proteins induced
only 5 limied array of QspAsspecific aptibodies. Unexpect-
edly, V3.Bhss-rOspA.adj showed antibody kinetics that sur-
passed the other vaceine formulations and probably provides
longer-lasting projection. The differences in antibody lev-
els ohserved with Borrelia-lysate-coated and rOspA-coated
ELIS A arc possibly the conscquence of the reduction of iested
animals from 1010 3 per group and therefore individual varia-
tions influenced the analysis much stronger, In contrast, dogs
vaceinated with V4-Bbss-rOspA produced lower antibodies
levels tha declined rapidly. This vaceing induced the weakest
untibody response probably due to the lack of adiuvant,

In conclusion the majority of the antibody kinetics
deseribed ubove as well as their combined statistical anplyses
showed a positjve impacr of a third vaccination on the anti-
body levels. It was possible to induce higher, longersiasting
antibodics ip dogs by applying addittonad antigens within the
hasic immunization schedule.

In additien to the kinetics of vacgine-induced anmibody
lavels the detection of gruss-reactive antibodies was a spe-
cind aspect of this awdy, Modifying the detection system
hy exchanging 8. burgdorferi 5. 5.« agpinst B. garinti- or B.
afselit-derived antigens and vice versa in ELISA and Western
blot systems mrde it possible to gain detailed information
nhour the aatibadies’ crosgerenetivity i oo, As seen in
Fig. 5. antibodies of o dog experimentally infecied with B,
burgdarfert ». 5. altuch 1o many B. garinli- and B, afzefii-
derived antigens. Signals appeir 1o a contain extent atdifferont
molecuiar weights. The reaction against OspC is variable
and 4 clear gap at 31 kDa in all three species demonstrates
n lack of OspA-specific antibodies alter natural infection
ns it was publiched previousty [37,38,44.-47]. Staining with
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monoclongl antibodies and with a canine serum containing
OspA-specific anlibodies against alf three species confirmed
that sufficient OspA antigens were present in the B. garinii-
and B. afzelii-derived lysates and therefore in the detection
systems. The variattons of serum reactions to the different
species are in accordance with those seen on Western biots
prepared with sera of infected humans described by Hauser
et al, [48]. In addition, van Dam showed the different behav-
ior of scra from individuals infected with different European
straing and related the results to the difficulties of generat-
ing a protective vaceine [49]. Therefore, weaker signals were
expected when vaccine-induced antibodies were allowed to
bind to heterologous antigens. This low binding affinity of
vaccine-induced antibodies against related borrelia species
was evenn more evident in quantitative assays using either
ELISA coated with lysate or single rOspA (Figs. 1 and 2).
‘This probably is indicative for a low-level or even the lack
of cross-prolection as il was demonstraled with the murine
mogcel for Lynme borreliosis when species-spocific sfOspA pro-
teins were used to induce antibodies [30]. The serologically
confirmed infection of one dog in this study may point in the
sume direction (Fig. 6). However, we cannot rule out the pos-
gibillty that the dog contracted its infection during the early
phase of the study when vaccinal antibodies were low and
rising and thus were not protective.

In summary, this work illustrates that (i) a third antigen
application within 2-3 weeks nfter the second timmuniza-
tion induces an elevated antibody response. The significant
increase leads to the recommendation for it (o be put intw
practice. However, we suggest applying the third vaccination
to dogs preferably at a later interval, 4-6 months foliowing
the second imnmwnization. This allows a booster of antibody
levels at times when in our study animals showed very low
antibody levels. (i) Our data also indigute, that the protection
achieved by an immunization might be species-specific, as it
was also shown with recombinant OspA by Gern et al, [50].
Therefore, protection from infection by immunization only
is difficult to achieve within Europe and tick control seems
to be an additional adequate measure to prevent infection.
Daily tick checks and substances, which prevent tick attach-
ment, ar¢ recommended. Acaracide substances alone or in
combination with repelients are advisable to reduce the risk
of infection with B. burgdarferi s. 1. and with other tick-borme
organisms, (iii} A substantial variability of outer surface pro-
tein patterns antong Lyme borreliu species exists. This has
o bg considered when diagnostic agsays are established and
interpreted to avoid a large number of false-negauve and espe-
cially false-positive test results.
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