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RESPUESTA AL EXAMEN DE FONDO

MARGARITA CASTELLANOS ABONDANO, mayor de edad, identificada y
domiciliada como aparece al pié de mi firma, atentamenté me permito presentar respuesta al
oficio No. 11363 notificado por estado del 14 de septiembre 2007 correspondiente al examen
de fondo y para el cual solicite un prérroga el dia 7 de diciembre de 2007, estando dentro del

término legal en los siguientes términos:

1. Claridad de la soticitud

El examinador establece, al igual que en el oficio No. 2810 que el capitulo reivindicatorio
carece de concision porque se presentan muchas alternativas posibles que dificultan identificar
la materia a proteger. De la misma forma, establece que se usan términos imprecisos que
impiden a un tercero determinar con exactitud el alcance de la proteccién solicitada y que las

reivindicaciones carecen de soporte descriptivo.
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Definicion de la materia a proteger

Con el objeto de superar las objeciones hechas a la claridad de la solicitud, presento un nuevo
pliego reivindicatorio en el cual se han introducido las reivindicaciones 18 a 20 (nuevas),
dependientes de la reivindicacidn 1, en donde se definen la primera, segunda y tercera cepas
de Neisseria meningitidis por su numero de depédsito. Asi entonces,' con la anterior
modificacion del pliego reivindicatorio se da cumplimiento a la sugerencia de ese Despacho en
cuanto a la definicion de las preparaciones de la invencién por medio del numero de depdsito
de las cepas.

Terminos imprecisos o relativos

En cuanto a la objecidén hecha por ese Despacho con respecto a que la expresion “por lo
menos una’ (son efectivas para producir una respuesta bactericida del anticuerpo a por lo
menos una cepa de Neisseria meningitidis) dificulta la determinacion del alcance de la
invencion, el solicitante manifiesta su desacuerdo y considera que no se debe eliminar del
pliego reivindicatorio. Lo anterior por cuanto, es bien conocido en el estado de la técnica que la
actividad bactericida esta correlacionada con Ia eficacia de la vacuna en contra de Neisseria
meningitidis y, por lo tanto, el alcance de la reivindicacion 1 es claro toda vez que alli se
establece que las preparaciones definidas son efectivas en la produccion de una respuesta
bactericida a las cepas de Neisseria meningitidis.

Adicionalmente, las caracteristicas técnicas de la composicion de la invencién estan
claramente definidas por una primera y una segunda preparacién las cuales, a su vez estan
bien definidas por los elementos que las componen de tal forma que un técnico medio en la
materia podria preparar la composicion partiendo de fa informacién proporcionada por la
presente solicitud y no se veria limitado en este proceso por el simple hecho que se mencione
“por lo menos una” cuando se hace referencia a la actividad bactericida del anticuerpo a las

cepas de Neisseria meningitidis.

Lo anterior estd soportado por el numeral 4.6.3 del Manual Andino de Patentes,

referente a términos imprecisos:

“.... Se pueden permitir para caracteristicas técnicas no esenciales cuando
esté justificado y siempre y cuando permitan distinguir el estado de la técnica

sin ambiguedad (novedad y nivel inventivo)...”
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Asi entonces, se entiende que, para el presente caso, la expresidn “por lo menos. una’
no limita la determinacion del estado de la técnica ya que no define una caracteristica esencial
de la invencion y, en consecuencia, no debe afectar el estudio de novedad ni de nivel inventivo
de la solicitud. Lo anterior por cuanto, como es sabido, dicho estudio de novedad debe basarse
en la comparacién de las caracteristicas técnicas de la invencion, esto es si existen
documentos que contengan todas las caracteristicas técnicas esenciales de la invencion
(composicién que comprende por una primera preparacion y una segunda preparacién...) y, el
estudio de nivel inventivo debe determinar si las anterioridades llevarian a un técnico medio en

la materia a desarrollar una composicion tal y como se define en la reivindicacion 1.

En conclusion, la reivindicacion 1 si es clara y, contrario a lo afirmado por ese
Despacho, la expresion “por lo menos una“ no afecta la determinacién del alcance de la

invencion.

Falta de soporte descriptivo.

El solicitante manifiesta su desacuerdo frente a la afirmacion de ese Despacho sobre la
falta de soporte descriptivo y, aclara que la preparacion de la invencion se describe en las
diferentes modalidades presentadas en la descripcion, de tal forma que una persona versada

en la materia obtendria la guia adecuada para desarrollar la invencion.

Como lo expresé en el memorial de respuesta al oficio No. 2810, las combinaciones de
cepas que se ejemplifican en la solicitud son una prueba del principio que, si se inmuniza con
preparaciones de antigeno hechas de una primera y una segunda cepa de N. meningitidis que
difieren en serotipo y serosubtipo, se produce una respuesta bactericida de anticuerpo a por lo
menos una cepa de N. meningitidis que expresa un epitope serosubtipo que no esta presente

en la primera ni en la segunda preparacidén de antigeno.

Teniendo en cuenta que se conocen y disponen diferentes cepas de N. meningitidis, la
descripcion de la presente solicitud proporciona la guia para que una persona versada en la
materia pueda reproducir la invenciéon. Por ejemplo la descripcién ensefia que las cepas se

seleccionan teniendo en cuenta la produccion bleb y la produccion NspA.

La descripcion proporciona datos que muestran que la invencion reivindicada es util para
la produccidon de anticuerpos anti-N. Meningitidis que son bactericidas (pagina 70, linea 23 a
pagina 74 linea 7) y que proporcionan proteccion contra la infeccion en el modelo de ratas
infantes (pagina 74, linea 8 a pagina 76, linea 1). Las preparaciones de membrana de
RM1090, BZ198, y 21092 fueron usadas como sistemas modelos. A partir de los datos

proporcionados, una persona versada en la materia técnica reconoceria que las preparaciones
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de membrana de cualquier variedad de cepas de N. meningitidis podria usarse en la

composicion reivindicada, y razonablemente esperaria que dichas preparaciones, cuando se

administran a un individuo, fueran efectivas para provocar una respuesta bactericida a por o
menos una cepa de N. meningitidis que expresa un epitope serosubtipo no incluido en ias

preparaciones de membrana.

Como se dijo anteriormente, en el estado de la técnica la actividad bactericida esta
correlacionada con la eficiencia de la vacuna en contra de Neisseria meningitidis. Por ejemplo,
las medidas de anticuerpos bactericidas (SBA) son la base para el licenciamiento de vacunas

menigococales’ ",

Notablemente, la Organizacion Mundial de la Salud, y las agencias
regulatorias en Europa y Estados Unidos, requieren que se demuestre las respuestas
bactericidas de los anticuerpos como un indicador de la eficacia de la vacuna para obtener la
licencia de una nueva vacuna menigococal. Para licenciar vacunas de polisacarido
menincococal tetravalente en Estados Unidos, la eficacia del grupo Y y de los componentes
W135 fue establecida con base en la respuesta bactericida. En el Reino Unido, la eficacia de
los datos que soportan la licencia de un nuevo grupo de vacunas de conjugado proteina-
polisacarido meningococal C se bas6 en las respuestas sexoldgicas, siendo la medida
bactericida el criterio mas importante. Las vacunas mencionadas fueron licenciadas en Europa,

Canada, entre otros, partiendo de los datos de medida bactericida.

Con base en los datos proporcionados por la presente invencién, y teniendo en cuenta
el hecho que la actividad bactericida es aceptada en el campo técnico como correlacionada con
la eficacia de la vacuna en contra de Neisseria Meninigitidis, una persona versada en la materia
técnica esperaria que las preparaciones de membrana de cualquier variedad de N. meningitidis
podria ser usada en la composicién reivindicada y esperaria que se produjera una respuesta
bactericida a por lo menos una cepa de N. meningitidis que expresa un epitope serosubtipo no

incluido en las preparaciones de membrana.

En conclusion, la presente invencién si proporciona la informacidn técnica necesaria
para que un técnico medio en la materia desarrolle la composicion reivindicada y, por lo tanto el

nuevo pliego reivindicatorio cumple con lo estipulado por el articulo 30 de la Decision 486.

"Borrow et al.. Serological basis for use of meningococcal serogroup C conjugate vaccines in the United Kindom: reevaluation of
correlatos of protection. 2001 Infect Tmmun. 69:1568.

2 Balmer. el al.. Serologic correlates of protection for evaluating the response to meningococeal vaccines. Expert Rev Vaccines
2004; 3:89-99.

3 Milagres et al., Immune response of Brazilian children o a Neisseria meninigitidis serogroup B outer membrane protein
vaccine: comparison with efficacy. Infect Immun 1994; 62: 4419-24. 5

4 Holst et al., Serum bactericidal activity correlates with the vaccine efficacy of outher membrane vesicle vaccines against
Neisseria meningitides serogroup B discase. Vaccine 2003. 21: 734-737 (Exhibit 4).



Materia no patentable

Ese Despacho considera que las reivindicaciones son una adaptacion de una
reivindicacion de método de tratamiento y no a una composicion que puede derivarse del

estado de la técnica.

Pongo de presente a ese Despacho que el pliego reivindicatorio redirige a una

composicion definida en los parametros permitidos, esto es por los elementos que la componen

de tal forma que corresponde a una reivindicacidn de producto y no a un método de
tratamiento. Adicionaimente, el examinador debe establecer si la materia reivindicada se deri{/a
del estado de la técnica partiendo del estudio de divulgaciones concretas en el campo de la
invenciéon y no por medio de sugerencias sobre la “posible” derivacion de las vacunas ya
conocidas.

2. Unidad de Invencion

Las reivindicaciones 18 y 19 referentes a una composicién que puede contener un antigeno
aislado fueron eliminadas del nuevo pliego reivindicatorio y, por lo tanto, éste Ultimo comprende
un unico concepto inventivo.

3. Nivel Inventivo

La objecion por posible incumplimiento de los articulos 14 y 15 debe tenerse por superada toda

vez que la reivindicacion 18 fue eliminada del pliego reivindicatorio.
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Cumplido asi con lo dispuesto, respetuosamente solicito a Ud., se otorgue el privilegio de

patente a la presente solicitud.

4, ANEXOS

» Nuevo pliego reivindicatorio.
¢ Formulario de Modificaciones
e Recibo por concepto de modificacion voluntaria.

o Copia de las referencias citadas

v De la Sefiora Jefe,

@anrlta astelIanoggkj‘t;:)\;gﬁf)Q/e/)/\L

C.C. No. 39.779.654 de Usaquén

T.P.A. No. 70.819 del C. Sup. de la Judicatura
Calle 94 A No. 7 A - 09 — Bogota D.C.
Telefonos: 610 74 80y 610 74 60

Bogota, D.C, 9 9 ENE. 2008 |
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SUPERINTENDENC CI A,

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

SOLICITUD DE:*

sccion de Errror Material .. na solicitud

" Nombre:

B IDENTIFICACION
crante | CENTERATOAKLAND st : ‘

| D|recC|0n 5700 Mamn Luther Ki
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;';Nac:onahdad o Dom\ 10: ¢

L

>Otro [:] »

Lugar de CQnstitucic‘)n: ,Calif‘ofnia,f l

'ESTADOS UNIDOS DE AMERICA .~~~ o Cual
Teléfono: Fax: Ntmero
) E-mait: , o
Nombre:  MARGARITA CASTELLANOS A. IDENTIFICACION
REPRESENTANTE

O APODERADO Direccion: CALLE 94A No. 7A-09 c.c. NT [
Teléfono: 61074 20 Fax:610 07 06 C.E. D Otro D
E-mail: info@castellanosyco.com : Cual

Numero _ 39'779.654 TPA 70.819

cPresento nuevo pliego rewmdwatono al cual sohcuto s6 otorgue el pnvneglo de patente

mprobante de pagoNo. - 1710112008

@ Anexos:

Comprobante de pago de la tasa.

DPoderes si fuere el caso, junto con la sustitucién de los mismos a mi favor.

DDocumento que acredita la existencia y representacion legal de las partes, cuando sean personas juridicas
Nuevo capitulo reivindicatorio

NOMBRE  MARGARITA CASTELLANOS A. FIRMA .

V9.654 Usaqueén - TPA 70.819 CSJ |

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina - MCA/zca-P48s0
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REIVINDICACIONES CORREGIDAS

1. Una composicion que comprende:

Una primera preparacion que comprende un vehiculo
farmaceuticamente aceptable y vesiculas de membrana exterior (OMV),
microvesiculas (MV), o ambas, OMV y MV de una primera cepa de
Neisseria meningitidis que es un miembro de un primer serotipo o de un
primer serosubtipo; vy

Una segunda preparaciéon que comprende un vehiculo
farmaceuticamente aceptable y vesiculas de membrana exterior (OMV),
microvesiculas (MV), o ambas, OMV y MV de una segunda cepa de
Neisseria meningitidis, en donde l|a segunda cepa de Neisseria
meningitidis es un miembro de un segundo serotipo 0 de un segundo
serosubtipo, en donde el serotipo o serosubtipo de la primera y segunda

cepas de Neisseria meningitidis es diferente;

En donde fa primera y segunda preparacién, cuando se administran a
un individuo en serie o como mezcla, son efectivas para producir una
respuesta bactericida del anticuerpo a por lo menos una cepa de Neisseria
meningitidis que expresa un epitope serosubtipo no incluido en la primera

0 segunda preparacion.

2. La composicién de la reivindicaciéon 1, en donde la primera

preparacién comprende MVs y la segunda preparacion comprende MVs.

3. La composicion segun la reivindicacion 1 o 2, que comprende
ademas:
una tercera preparacion que comprende un vehiculo
farmacedticamente aceptable y vesiculas de membrana exterior (OMV),
microyesicuias (MV), o ambas, OMV y MV de una tercera especie de

Neisseria meningitidis, en donde la tercera especie de Neisseria

A
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meningitidis es genéticamente diversa de la primera especie de Neisseria
meningitidis 'y, en donde la tercera preparacién es formulada para
administracion en serie o administracion como mezcla con la primera vy

segunda preparaciones.
4. La composicion de la reivindicacion 3 en donde la primera y
segunda especia de Neisseria Meningitidis son genéticamente diversas en

por lo menos serotipo o serosubtipo.

5. La composicion segun la reivindicaciéon 3, en donde el serosubtipo

de la primera y tercera especies es diferente.

6. La composicion segun la reivindicacion 3, en donde el serosubtipo

de la primera, segunda y tercera especies es diferente.

7. La composicion de la reivindicaciones 2 a 6, en donde la tercera

preparacién comprende MVs.

8. La composicidn de la reivindicaciones 2 a 6, en donde la tercera

preparacion comprende OMVs.

9. La composicién de la reivindicaciones 1 a 8, en donde la primera

preparacion comprende OMVs y la segunda preparacion comprende OMVs.

10. La composicion de la reivindicaciones 1 a 8, en donde la primera

preparacion comprende MVs y la segunda preparacion comprende OMVs.

11. La composicion de la reivindicaciones 1 a 8, en donde la primera

preparacién comprende OMVs y la segunda preparacion comprende MVs.

12. La composicion segun la reivindicacion 3 a 8, caracterizada

24
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porque:
la primer preparacién comprende MV;
la segunda preparacion comprende MV; y

la tercer preparacion comprende OMV.

13. La composicion de cualquiera de las reivindicaciones 1 a 2,
caracterizada dichas preparaciones son preparadas por extraccion

detergente por medio de un detergente diferente al deoxicolato.

14. La composicién de cualquiera de las reivindicaciones 2 a 13

caracterizada porque la composicion comprende un adyuvante.

15. La composicion de la reivindicaciones 14, en donde el adyuvante

es fosfato de aluminio, hidroxido de aluminio, alumbre o MF19.

16. La composicion de la reivindicaciones 1 a 15 en donde la

composicidén es formulada por administracion por inyeccion, aerosol u oral.

17. La composicién de la reivindicaciones 1 a 16, en donde la

composicién adecuada para administracién en humanos.

18. La composicién de la reivindicacion 1, en donde la primera cepa de

Neisseria meningitidis es RM1090 (ATCC No. de deposito PTA-3557).

19. La composicion de la reivindicacién 1, en donde la segunda cepa

de Neisseria meningitidis es BZ198 (ATCC No. de depédsito PTA-3555).

20. La composicion de la reivindicacion 3, en donde la tercera cepa de

Neisseria meningitidis es Z1092 (ATCC No. de depdsito PTA-3556).

i
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The antibody data supporting the use of meningococcal serogroup C conjugate (MCC) vaccines in the United
Kingdom were generated by serum bactericidal assay (SBA) nsing rabbit complement (rSBA). This may give
higher titers than those obtained with human complement (hSBA), for which the “gold standard” correlate of
protection for meningococeal C disease is a titer of =4, Comparison of rSBA and hSBA titers in sera from
unvaccinated adults with an rSBA titer of =8 showed that for 93% (27 of 29) the titer was =4 by hSBA,
confirming natural protection. Furthermore, sera from MCC vaccinees showed that an rSBA titer of <8 or
=128 discriminated susceptibility and protection well (85% with rSBA titers of <8 had hSBA titers of <4, and
99% with rSBA fiters of =128 had hSBA titers of =4). However, discrimination was poor in the rSBA titer
range B to 64, with only 60% having hSBA titers of =4. In such cases we propose that protection can be assumed
if there is a fourfold rise in titer between pre- and postvaccination sera or if there is a characteristic booster
response to a polysaccharide challenge dose with, if available, evidence of antibody avidity maturation or an
hSBA titer of result =4. Applying these criteria to toddlers, 10 to 40% of whom had titers in the range 8 to 64
after a single dose of MCC vaccine, showed that 94% had a fourfold rise in titer, including 98% of those in the
titer range § to 64, o addition, of those with titers of <128 post-MCC vaccination, 90% had titers of =128 after
a 10-pg polysaccharide booster dose, compared with only 7% of unprimed age-matched toddlers given a full
50-p.g dose, Furthermore, the increase in geometric mean avidity index pre- and postbooster was independent
of post-primary MCC titer. These results indicated that the majority of toddlers with an rSBA titer between 8
and 64, and some of those with an hSBA result of <4, have mounted a protective immune response with the
induction of immunological memory.

Y e

Meningococcal serogroup C (MenC) conjugate (MCC) vac-
cines have been extensively evaluated in phase I and 1 trials in
the United Kingdom (7, 15, 31-34) and elsewhere (2, 10, 11,
23, 24, 36) and have been shown to be highly immunogenic,
generating functional antibodies as measured by serum bacte-
ricidal assay (SBA). Studies of military recruits during the
1960s had shown that those with naturatly acquired SBA titers
of &4 were protected from MenC disease (20). The United
Kingdom Medicines Control Agency therefore took the view
that efficacy trials would not be required for MCC vaccines but
instead serological correlates utilizing SBA could be rclied
upon. A similar rationale has also been used to license uncon-
jugated MenC (and MenA) polysaccharide vaccines. Antibody
responses to these capsular polysaccharide vaceines have been
measured by varions serological methods though licensure was
gained using data obtained by radipimmunoassay and SBA in
the United Kingdom. The original licensure in the United
States in the 1970s, however, was based upon classic random-
ized efficacy trials (4, 16). Serogroup C polysaccharide vaccines
have been shown to be efficacious in those over 2 years of age
and to reduce carriage of serogroup C meningococci in the

* Corresponding author. Mailing address: Meningococcal Rofer~
ence Unil, Manchester Public Health Laboratory, Withington Hospi-
tal, Manchester M20 2LR, United Kingdom. Phone: 44 161 291 4633,
Fax: 44 161 446 2180. E-mail: rborrow@nw.phls.nhs.uk.
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short term (4, 12), although they are poorly immunogenic and
not protective in those under 2 years of age (35). .

The original serological correlate of protection in military
recruits was obtained using an SBA in which human sera was
the exogenous complement source (hSBA). However, large
volumes of suitable human source complement preserved sera
are not available or even practical 10 obtain due 10 the occur-
rence of naturally occurring antimeningococcal antibodies in-
duced by oropharyngeal carriage of meningococci or other
neisserial species. In the absence of a commercial source of
human complement, the standardization of assays between
laborartories, each of whom is nsing their own in-house source,
is difficult, :

Commercially available heterologous complement has the
advantage of being manufactured and supplied to a high stan-
dard of consistency and offers the only practical way of achiev-
ing standardization of SBA results between laboratories.
Therefore, 3- to 4-week-old baby rabbit serum is now recom-
mended-as an alternative complement source for the SBA (26,
37).

It is generally accepred, however, that serogroup C menin-
gococci are more susceptible ta serogroup C-specific antibod-
ies when using baby rabbit complement as opposed to human
complement, resulting in higher SBA titers (21). With the
reliance on serological correlates of protection for licensure of
MCC vactines, we have ovaluated the use of SBA titers gen-
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TABLE 1. Comparison of the numbers of sera positive and
negative by human complement stratificd by rabbit complement
titer for subjects who have received MCC vaccination
and for unvaccinated adults

No. of sera with indicated hSBA titer in;

X . Unvaccinated
ISBA titer MCC vaccinees adults”
<4 =4 l <4 =4
<8 34 6

8 3 0 0 2
16 3 3 0 2
32 2 5 2 4
64 4 10 0 5
128 1 26 0 4
2256 0 97 0 10
Total 47 147 2 27

“ Note that only those¢ adults with an rSBA titer of =8 were tosted by the
hSBA.

erated with rabbit complement (rfSBA) with the aim of defining
rSBA responses that predict protection against MenC disease,
The objective is to address concerns about specificity without
introducing unnecessarily stringent criteria that might obstruct
the licensure and use of MCC vaccines elsewhere.

MATERIALS AND METHODS

MCC vaecine. The MCC vaccines vsed in this study were the Meningitee:

vaccine, which containg 10 pg of MenC oligosaccharide coupled 10 CRM,y,
mutant diphtheria toxin (Wyeth Lederle Vaccine & Pediatrics (WLVP], Pear)
River, N.Y.), the Menjugate vaccine, which containg 10 pg of MenC oligosac-
charide linked 1o CRM, g, mutant diphtheria toxin vaccine (Chiron Vaccines,
Siena, Italy) and the Neig-vac, 8 de-O-acetylated MenC polysaccharide (10 pg)
coupled ta roranus taxoid (Baxter Hyland Immuno, formerly North American
Vaceines Ine. [NAVA], Belteville, Md.). Booster doses at 6 months following
MCC vaccination comprised a 0.1 mi dose of licensed meningococeal AC poly-
saccharide (MACP) vaccine [Mengivac (A+C); Pastenr Mericux, Lyon, France)
containing 10 pg cach of MenA and MenC polysaccharides.

Study groups. The study groups were as previously described, camprising
infants (34), toddless (12 1o 14 months) (31), preschool childrén (3 to 4 yeass)
and school legvers (14 10 17 years) (E. Miller, P, Richmond, R. Borrow, E.
Kacamarski, K. Cartwright, R. Morris, and C. Thornton, Abstr. 11th Int. Pathog.
Neisseria Conf,, p. 57, 1998), 18 10 26 year olds (33), and laboratory staff
(R. Borrow, E. Miller, N. Peake, R. Rahim, N. Andrews, M. Acuna, S. Martin,
J. Southern, and E. B. Kaczmarski, submiited for publication) who were partic-
ipants in trials of MCC vaceines in the United Kingdom. The postvaccination
serological data in this paper are restricted fo rocipionts of the WLVP MCC
vaceine with the exception of the toddlers, for whom data for all three manu-
facturers’ vaccines are included. All study sora wore assayed by rSBA ag part of
the respective trials, with selective acra being reassayed by hSBA.

SBA. The SBA for infant, toddler, and 18- 1o 26-year-old coharts was per-
formed as described previously (2) using broth culture for growth of target
straing prior to the SBA assay, The SBA for preschoo! and school leaver cohorts
was performed ag described by Maslanka et al, (26), in which agar culture was
utllized for target strain growth. The complement source used was either 3- to
4-weck-old baby rabbit complement (Pelfreeze Biologicals, Brown Decr, Wis.) or
complement-preserved human serum collected from a subject with no intrinsic
SBA activity against strain C11, The target strain wsed throughour was C11
(C:16:P1.7%1). SBA titers were expressed as the reciprocal of the final serum
dilution cawsing =50% killing at 60 min. For computational purposes and the
culeulation of fourfold rises. SBA titers of <4 were given a valug of 2.

Avidity indices. Serogroup C-specific immunaglobulin G avidity was tested by
an' elution enzgme-linked immunosorbent assay, using the chaotrophe thiocys-
nate as described clsewhere (18) and modified for the MenC assay (32),

Statistical methods. rSBA and hSBA titers determined for the same sera were
compured by ealculating the proportion with protection by hSBA at diffaront
ISBA titers with 95% confidence intervala (95% Cls). Specificity within & pop-
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wlatlon of unvaceinated infants and toddiers was also ealeulated with 8 95% CL.
95% Cls were also calewlated for tha geometric mean avidity index.

RESULYS

Comparison of rSBA and hSBA titers for the same sera.
Paired SBA titers generated with both rabbit and human com-
plement were generated on 4 total of 194 post-MCC vaccina-
tion serum samples (Table 1). These comprised sera from
infants after single or multiple doses of MCC (34) as well as
those from toddlers after a single dose (31). An rSBA titer of
<8 or =128 discriminated well between susceptibility and pro-
tection as defined by the “gold standard” hSBA cutoff, since 34
of 40 (85% [95% CI, 70 to 94]) of sera with an rSBA titer of <8
had an hSBA titer of <4 and 123 of 124 (99% [95% CI, 96 to
99.9%]) with an rSBA titer of =128 had an hSBA titer of =4.
However, diserimination was less good in the rSBA titer range
8 to 64, with only 18 of 30 (60% [95% CI, 41 to 77%)) showing
a titer of =4 by hSBA. Although all three sera with titers of 8
by rSBA had titers of <4 by hSBA, this titer was included in
the equivocal region because only three paired results were
available. Sensitivity and specificity are not calculated for the
post-MCC vaccination sera because they are highly dependent
on the proportion of samples that are in the rSBA titer range
8 to 64, which varies depending on the age and dose (Table 2),

In unvaccinated adults with rSBA titers of =8 (Table 1), 27
of 29 (93%) had an hSBA titer of 24. Of these 27, only 14
(52%) had an rSBA titer of =128, This shows that a high
proportion of individuals with natural exposure have an rSBA
titer in the equivocal range of 8 to 64. It also shows that in a
population of unvaccinated adults, an rSBA of 8 to 64 predicts
positivity (natural exposure) well with 13 of 15 also positive by
hSBA (87% [95% CI. 60 to 98%]).

Age groups in which equivocal rSBA results occur after
MCC vaccine. The rSBA responses in different age groups and
with different immunization schedules using the WLVP MCC
vaccine are shown in Table 2. Over 90% of infants have rfSBA
titers of =128 after two doses, with a similar proportion being
found in 14 to 17 year olds and 18 to 26 year olds after a single

TABLE 2. rSBA titers 4 weeks after vaccination with
MCC vaccine (10-ug dose)“

No. (%) of subjects with
No, of No. indicated postvaccing-
dgs:s tested M tion 1SBA titer:

=4 864 =128

Vaceine manu-
facturer and age
at first dose

Wyeth
2 mo 1 50 33 16(32) 15(30) 19(38)
2 mo 2(moaparty S6 776 1(2) 3(3) 51(93)
2 mo 3(moapart) 53 1,011 1(2) 1(2) 51(96)
12«14 mo 1 71 141 6(8) 17(24) 48(68)
34y 1 87 908 1(1) 10(11) 76(88)
14-17yr 1 81 3890 0(0) 0(0) 8100
1826y 1 B6 1,425 0(0) 6(7) B0(93)
Chiron
12~14mo 1 72123 6(8) 29(40) 37(52)
NAVA
12-14mo 1 72 564 0{(0) 7(10) 65(90)

* Data from United Kingdom trials.
? GMT, geometric mean titer,

2%
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dose. However, a substantial proportion of children under §
years of age have rSBA titers in the equivocal titer range 8 to
64 after a single dose. The proportions of toddlers given a sin-
gle dose of Chiron or NAVA MCC vaceine who had rSBA
titers in the equivocal range were 40 and 10%, respectively
(Table 2).

Resolution of the immune status of children with equivocal
titers was essential in order to decide whether a one- or two-
dose schedule was required for children of 1 to 4 years in the
United Kingdom catch-up MCC immunization program,

Specificity of rabbit complement in the SBA in unvaccinated
infants and toddlers, Prevaccination sera from 212 toddlers
(31) and 54 infants (34) participating in MCC vaccine trials
in the United Kingdom were tested by rSBA. None of these
children had a history of prior meningococcal infection and
should therefore be susceptible 1o MenC unless protective
SBA antibodies were acquired through carriage or, in infants,
through rransfer of maternal antibodies.

Of the 212 toddler sera, 200 (94%) had rSBA titers of <4,
with the remaining 12 distributed as foliows: for six sera,
titer = 4; for two sera, titer = 16; for three sera, titer = 32; and
for one serum, titer = 512. For the 54 prevaccination infant
sera, 46 (85%) had rSBA titers of <4, of the remaining 8 sera,
six had titers of 4, one had a titer of 8, and one had a titer of
64. Thus, only one prevaccination toddler serum with a titer
of 512 would have been categorized as protected based solely
on the rSBA result being =128. The hSBA titer with human
complement for this serum was 64, confirming protection, The
specificity of the rSBA. test in a population of unvaccinated
uninfected individuals is therefore estimated to be 97% (258 of
265 [95% CI, 95 to 99%)]) with a cutoff of =8 and 100% (265
of 265 [95% CI, 98.6 to 100%]) with a cutoff of =128, This

shows that the rSBA does not measure nonspecific functional -

antibody in nonimmune subjects,

Fourfold rises. In the United Kingdom toddler study, 1
month after the primary dose of MCC vaccine, 94% of sub-
jects, had a rise of four fold or more in ¥SBA titer compared
with their prevaccination titer (for the Chiron vaceine, 91% [60
of 66]; for the WLVP vaccine, 89% [S6 of 63); for the NAVA
vaccine, 100% (71 of 71]). For individuals in whom the post-
MCC vaccine rSBA titer was between 8 and 64, 98% (50 of 51)
had a fourfold rise in rSBA titer compared with prevaccination
levels, regardless of the MCC vaccine administered.

Immunological memory responses to plain polysaccharide,
In the United Kingdom MCC toddler study (31), the effect of
a booster dose with 10 pg of C polysaccharide in toddlers
previously immunized with MCC vaccine was investigated. For
recipients of the Chiron, WLVP, and NAVA MCC vaccines,
47, 33, and 10%, respectively, had rSBA titers of <128 1 month
after the first dose, but only 3, 6, and 3%, respectively, had
titers of <128 postbooster (Table 3). For those with a postpri-
mary SBA titer of <128, $0% had a postbooster titer of =128.
This compares with 1 of 12 (8%) age-matched children (17 to
28 months) vaccinated with 50 ug of MACP vaccine as part of
an outbreak control measure (8) (P < 0.0001).

Avidity fndices for assessing immunological memory. Al-
though the United Kingdom toddler study demonstrated a fall
in rSBA titer, the avidity index was shown to increase from
postprimary to preboost titers (Fig. 1). There was no significant
difference in the avidity index when comparing subjects with
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TABLE 3. Proportion of toddlers with postbooster rSBA titers
of =128 grouped by postprimary rSBA titer

Proportion of toddlers with the indicated

Vaccine postprimary rSBA titer”:
manufaciurer
<8 8-64 =128
Chiron 2/3 22124 34/34
WLVP 6/6 11/12 41/44
NAVA 6/7 62/63
Total (%) 8/9 (89) 39/43 (91) 1377141 (97)

? Regults are given as number of wddlers with posibooster tSBA titer of
=128/total number of toddlers.

postprimary SBA titers of <8, 8 to 64, or =128, the geometric
mean avidity indices (95% CI) being 119 (90 to 158), 128 (118
to 138), and 128 (123 to 134), respectively, for all three vac-
cines combined,

Fourfold rises, response to boosting and avidity maturation
according to post-MCC rSBA titers. In Table 4, the. United
Kingdom MCC toddler study participants were categorized by
three different criteria: (i) by the presence of a fourfold rise in
SBA titer pre-MCC to 1 month post-MCC, (ii) by the achieve-
ment of an rSBA titer of =128 after a 10-pg MACP booster,
and (iii) by evidence of avidity maturation (i.c., rise in avidity
index from 1 month post-MCC to pre-10-pg MACP booster 6
months later), There were no differences in the proportions
meeting the above criteria between those with post-primary
MCC titers of 8 to 64 compared and those with post-primary
MCC titers of 2128,

DISCUSSION

We have demonstrated the high specificity of the rSBA in
young children who have not been previously vaccinated with
MenC polysaccharide or MCC vaccines and could therefore
be presumed 10 be susceptible 1o MenC infestion. There-
fore, rSBA titers of <8 predict susceptibility, This conglusion
was corroborated in a recent university outbreak of MenC
disease in which rSBA titers in students prior to or ar the onset
of invasive disease were all <4, suggesting that it is the absence
of bactericidal activity is that is important irrespective of the
complement source used (22). We have also shown that rSBA
titers of 2128 are highly predictive of protection but that many
sera with rSBA titers in the range 8 to 64 also come from
individuals with protection, particularly for adults with natural
exposure. The main issue is therefore the interpretation of
rSBA titers in the region of 8 10 64. For groups in whom there
is likely to be a large proportion of results in this range, it is
important to have other information in order to determine
protection. We propose that the other information could be
either an hSBA titer (the gold standard), a pre- and postvac-
cination sample pair that would enable the assessment of fold
rises, or a post-polysaccharide booster result that ¢an be com.
pared with the primary response in age-matched controls.

We have shown that evidence of protection, as defined by
a fourfold rise in rSBA titer with a characteristic booster
response, may be present despite an hSBA titer of <4. We

" conclude, therefore, that while an hSBA titer of =4 indicates

protection, an hSBA titer of <4 does not always indicate sus-
ceptibility. A similar conclusion was reached by Goldschneider
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FIG. 1. SBA titers (solid lines) and antibady avidity (dotted lines) in toddlers receiving one dose of MCC followed by a 10-pg dose of MACP
6 months later, The three vaccines uscd in the study were manufactured by Chiron (diamonds), WLVP (squarcs), and NAVA (triangles).

et al. (20), who stated, “The fact that base line ser4 from cases
of meningitis have bactericidal titers of less than 1:4 does not
mean that all people with titers below this level are susceptible
to infection, although many obviously arc.”

Fourfold rises in titer from pre- to peswvaccination are
widely used as measure of a significant response 1o vaccination,
including the meningococcal polysaccharide vaccine (37). The
World Health Organization specified the requirements for the
meningococcal polysaccharide vaccine, advocating the use of 3-
to 4-week-old baby rabbit serum as an exogenous complement
source, and stated that “The antibody titers of the sera from at

least 90% of the subjects should show a fourfold or greater rise -

after immunization.” It is therefore already accepted that four-
fold rises in serum bactericidal titers are indicative of the
development of a protective response to unconjugated menin-
gococceal vaceines, and extension of this notion to recipients of
MCC would seem appropriate, Using this criterion, we showed
that 98% of individuals with post-MCC titers of 8 to 64 should
be protected against MenC disease.

Another indicator of long-term protection that is proposed
is the SBA response to a polysaccharide booster. For toddlers
with a postprimary SBA titer of <128, 90% had a postbooster
titer of =128, compared with only 8% of age-matched naive
controls given a full 50-pg dose of C polysaccharide (8). This
difference in response confirms the induction of immunologi-
cal memory in the MCC vaccines despite postprimary SBA
antibody levels in the equivocal range. Response to a plain
polysaccharide boost has also been used to demonstrate im-
munological memory following Haemophilus influenzae type b
(Hib) conjugare vaccination, even in the absence of a detect-
able primary response to the Hib vaccine (14, 19), and it is
memory which is thought to contribute to the persistence of
protection against Hib in United Kingdom children vaccinated
only during infancy (6, 17).

There is now a growing consensus that evidence of successful
induction of immunological memory by conjugate vaccines can
be obtained by documenting avidity maturation in the months

after primary vaccination with a further increase following a
booster dose of plain polysaccharide antigen (1, 14, 18). By
examining avidity maturation following a 10-pg booster dose
of meningococcal polysaccharide, we have demonstrated that
vaccinated individuals with SBA titers above and below 128
display similar avidity maturation in their antibody response
and by this criterion should therefore have immunological
memory established. Data now exist which demonstrate the
increase in avidity over time following priming of infants or
toddlers with Hib (18, 30), Streptococcus pneumoniae (3), and
Neisseria meningitidis serogroup C conjugate vaccines (31).
Such data have been generated in the context of boosters
of low doses of plain polysaccharide or conjugate vaccine in
young infants and are now accepted as indicative that a T-cell-
dependent response has been generated.

Concerns have been raised about the relative protection
afforded by immunological memory to the different organisms

. for which conjugate vaccines are available. SBA titers fall dra-

matically in young children after the primary series, with 25 of
53 (47%) infants with a three-dose schedule (34) and 16 of 65
(25%) toddlers with a one-dose schedule (31) of the WLVP
vaccine having SBA titers of <8 6 to 10 months Jater. This
suggests that, as with Hib conjugate vaccines (14), reliance on
immunological memory rather than maintenance of SBA Titers

TABLE 4. Categorization of United Kingdom MCC toddler sera
post-primary MCC rSBA titers into numbers positive by fourfold
rises, response to boosting, and avidity maturation

No. with fourfold  No. with rSBA titer No. with avidity

Past-MCC \ rise in titer from  of 128 post-10-pg N
ISBA tier T A0in® pre- to postMCC/  MACP baoster/ ,’Z,‘{Zﬁ"'?,m;';g
total no. (%) total no. (%) no. (
<8 All 0/11 (0) 8/9 (89) 3/5 (60)
8-64 All 48/49 (98) 39/43 (91) 2527 (93)
=128 All 116/117 (99) 137/141 (97) 78/86 (1)

“Rise in avidity trom posi-MCC 1o pre-MACP booster.
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above a protective threshold will be necessary if MCC vaccines
are to protect over the long term. In general, the pathogenesis
of the infections caused by N. meninginidis involves invasion
following nasopharyngeal colonization (9). Observations dur-
ing epidemics (13, 20) and in infected laboratory workers (9)
indicate that this period is usually short, though a recent case
report demonstrated a 7-week interval (28). This suggests that
local immunity, induced by carriage, is able to prevent inva-
sion, but in naive subjects, recent acquisition is associated with
invasion because of the delay associated with the mounting of
an effective primary response against the relevant strain. The
length of this delay is unknown, but is likely to be different in
naive from that in subjects primed by MCC vaccine. For ex-
ample, with Hib conjugate vaccines, a detectable antibody re-
sponse post-polysaccharide boosting is present after 4 to 5 days
(29), while responses following a primary seéries take up to 7
days (25). Pneumocaccal ¢onjugate vaccines (27), and even
MenC polysaccharide vaccines (4, 12), reducc nasopharyngeal
carriage of strains contained in the vaccine and therefore
clearly provide a degree of mucosal immunity; this is further
reinforced by recent pneumococcal conjugate vaccine efficacy
data from the United States (5).

Until more data are available it is difficult to correlate the
seriousness or speed of an invasive infection with the relative
protection afforded by memory. Furthermore, it is likely that
some degree of protection at the early stage of infection is
mediated by factors other than antibody (such as complement).
In addition, data on the seriousness of invasive infection have
been corrclated with host factors such as cytokine promoter
polymorphisms, which may ultimately be more relevant to the
outcome of infection. In the context of our current understand-
ing of memory and protection, the theoretical concerns raised
above do not justify unnecessarily stringent criteria for licens-

ing and use of the current MCC vaccines. The United King- .

dom postlicensure surveillance program will validate these im-
munological criteria against measures of clinical effectiveness
over the coming years.
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Review

Serolbgic correlates of
protection for evaluating

the response to

meningococcal vaccines

Poul Balmer and Ray Borrow'

Meningococei ¢cause gerious disease worldwide and the organism remains the most
commen cause af bacterial meninglils in chlidren and young aduits. The only affective
means of controlling disease is through vaccination, Although polysaccharide vaccines
have been avdilable for serogroup A, C, Y and W135 for many yedrs, serogroup C
polysaccharide-protein conjugate vaccines have only recenily been licensed in many
countries. Conjugate vaccines for combinations of serogroup A, C, Y and W135 are
progressing through clinical trlats and major efforts are being made to develop a safe and
efficaclous vaecine against serogroup B. To assass the qudlity of the immune response
aftet vaccination, laboratory cofielates of protection are needad. For sarogroups A and C,
serum bactericidal antibody is a well established predicior for protection but for serogroup
B, other mechanisms besides serum bactericidal antibody may also be involved in
conferring profection against disease. The serologic correlates of protection for evaluating
the response ta meningococcal vaccines dre descibed in this review,

Bupert Ren Viaeoines 3(1), (2004)

Meningococeal disease remains 2 significan
global public health problem wich approxi-
mately 1.2 million cages per year causing an
estimared 135,000 dearhs {1). Large epidemics
oeenr in sub-Saharan Africa, in a region kngwn
as the ‘Meningiris Belt' which extends from
Sencgal to Ethiopia., Neisseria meningitidis sero-
group A is mainly responsible for the epidemics
observed in this region, however in 2002, a
lazge outbreak of serogroup W135 occurred in
Burkino Faso. Endemic meningococeal disease
duc mainly 1o scrogroups B and C is observed
in Europe and the USA, with the addition of
s¢zogroup Y conenbuting o a significans pro-
portion of meningococcal disease in the USA.
An epidemic of meningococcal terogroup B
disease is ongoing in New Zealand and previ-
ous cpidemics of scrogroup B diseasc have
occurred in Brazil, Norway, Chile and Cuba.
The epidemiology of meningococeal disease
in Eusope is changing to predominantly sero-
group B infection due o a decling in seso-
group C infeerion following the introduction

of serogroup C conjugate (MCC) vaccines.
Meningococcal serogroup A and C polysac-
charide vaceines have been available since the
1970s bur have limired use due ro the sero-
group C componenys' lack of immusogencity
in children aged less than 2 years and the
narure of the Tucell-independent immune
response stimulated by vaccination which in
geneeal fails to induce immunologic memory.
Conjugation of the capsular polysaccharide o
a protein carrier converts the vaccine o a
T-¢ell-dependent immusogen and is immu-
nogenic in young childrea (271, Unforwu-
nagely no such vaccines exist for serogroup B
disease due to rhe serogroup B capsule being
peorly immunogenic 8] and concerns over
safery with the possible induction of auvoanti-

bodies 6. Thcrcfore, the approach taken has f

been"to “tilize subcapsular antigen cither as

-ourcx membrance vesicles (OMVs) (10-121, an

aggrcgrarc of outer membrane proteins 03 or

mote recently i individual aatigens are being

explored. [le]
ol
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This review derails whar is known to dare abourt serologic
correlates of short-term protecrion for evaluating meningocoe-
cal vaccines, The correlates described below are 1o dare only for
shont-term ¢fficacy following vaccination. It should be nored
that even the performance of efficacy trials, such as the one
recently performed for Prevnar® (Wyeth, NJ, USA) in the Kai-
ser Permenente medical center (CA, USA) 14) only provide
information on correlates of short-tetm protection, in this case
for the particular pneumocnccal conjugare vaccine, Qnly post-
licensure surveillance can help ro provide informartion on long-
rerm efficacy and rhe immunologic mechanisms correlated with
‘this. An example of this'is Haemophilus influenzac type b (Hib)
disease in the UK where 10 years following the introduction of
the Hib conjugare vaccine, long-term efficacy data arc available
through post-licensure surveillance, Thus, for MCC vaccines
described below we are still many years away from realizing the
cosrelates for long-term protection,

MCC vaccines S
The UK veas the first connury to inrroduce MCC vaccines (173,

. A phased introducrion commenced in 1999/2000 with infants

teceiving dree doses at 2, 3 and 4 months of age, infants 5
11 months of age reccived two doses and those aged 1 ro
19 years reccived one dose, The vaccinaton program was
extended i 2001 to include those aged up 1o 24 years 18], A
cahanced sucveillance program was initiated (101) which was
designed co investigate any vaccine failures and provide vacci-
nation coverage dara. Those data generated have been used o
calculate vaccine efficacy cstimares and to determine if herd
immuniry was occurring in unvaccinated individuals.

The impact of MCC vaceines has been significant 117,19-20},
A reduction of 67% in the attack rave in the rargeved age groups
from 2001-2002 was observed with vaccine ¢fficacy escimares
axr 94% overall (20), The success of the vaceination program has
resulted in 2 significane reduction in deaths due o meningo-
coccal serogroup C infecrion from 84 in 1998/1999 in those
aged less than 20 years to nine in 2001/2002. The prevalence
of nasopharyngeal carriage of scrogroup C meningococei has
also reduced by 67% in reenagers following immunization with

- MCC vaccines 121}, Evidence of a herd immunity cffecr from

the MCC vaccines has been secently published demonstrating a

" 67% reducrion in the amack rare in unvaccinared children

within the targered age groups (20),
The success of the MCC vaccines in the UK has also been

observed in other European counrries, such as Ircland and the

Netherlands and has prompred councries, such as Spain, Aus-
tralia and Iceland to implement similar vaccinarion programs,

Mseningococcal serogroup C correlotes of profection

The MCC vaccines were licensed in the UK and elsewhere
without large-scale Phasc Il efficacy trials. Exvensive pre-licen-
sure studies funded by both the Deparumeny of Health and
vaccine manufacrurers demonstrared the safery and immutno-
geniciry of the candidate MCC vaceines in the racgered age
groups 11719} The MCC vaccines were then licensed using

No. 1983 P

those dara generated from cthese studics and the known cfficacy
and corrclates of protection of the meningococeal plain
polysaccharide vaceine in children aged 2 years and abave. The
immunogenicity studies required a subsrantial efforr 1o
develop and standardize laboratory assays to provide data on
relevant laborarory correlates of prorection.

The original corrclate of protection for meningococcal sero-
group C (MenC) discasc was establishied by Goldschacider and
colleagues (22) as 2 serum bacrericidal antibody (SBA) tirer with
human complement (hSBA) of = 4 for a short-term of dura-
tion (approximartely 8 weeks). The study involved bleeding
army recruies at the inidation of their basic training and che
level of SBA determined in those who subsequently acquired a
meningococcal infection during the subscquent 8 weeks. It

- was found thav only thiee out of the 54 prospective meningo-

coccal cases had circulating SBA diters 2 4 prior to initiation of
training compared with 444 of 540 controls (those who did
not acquire a meningococcal infection) who had a SBA tter of
> 4. The correlare of an SBA titer was then used to determine
the relarionship berween the age-rclated incidence of discase
and the presence of bactericidal antibody above the proposed
cut-off. Sera from children and milicary recruies were used o
give an age range from 0-26 years. The percentage of individ-
uals wich a SBA titer 2 4 in defined age groups was observed 1o
have an inverse celarionship to the incidence of MenC disease.
The low incidence of MenC disease in early infancy correlares
with 2 high proporrion of individuals with.an SBA icer > 4
due to marternal antibody. As the percentage with a SBA titer
24 declines from birth, che incidence of MenC discasc
increases peaking at 1-2 years. From 2 years onwards, except
for a small peak in young adules, the incidence of disease is
lower, while the percentage with an SBA riter 2 4 remains
high. The study by Goldschneider and colleagues established
that an SBA titer of > 4 was an appropriate individual correlate
of protection bur also thar this transtates ro a carrelare for a
populacion, An interesting observation made in the studies
petformed by Goldschneider and colleagues was thar the bac-
rericidal activiry observed was not limited to capsular polysac-
charide-specific antibodies because sera from army recruits
demonstrated bactericidal activity against scrogroups A, B and
C 122). Purther work confirmed thar antibodies to subcapsular
antigens were of imporrance by the obscrvarion thac adsorp-
rion of sera with serogroup C polysaccharide inhibited bagreri-
cidal activity to scrogsoup C strains bur ot to serogroups A
and B 13l Mence, it is likely that the correlace of shore-rerm
protection established as an SBA viver 2 4 included capsular
polysacchacide and subcapsnlar antgen specific bacrericidal
activicg. However, Goldschneider er4l 221 also stared thar
although an SBA titer of > 4 indicares protection, an SBA riter
of <4 did nor always indicare susceptibilicy co MenC discase.
The classical studies performed by Goldschacides and col-
leagucs established SBA as the ‘gold standard’ correlate of
protection. However, this was achieved using human com-
plement ag the source of exogenous complement in the bac-
tericidal assay which is difficult to obrain and standardize,
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thus preventing sigaificanr inter-labora-
tory comparisons of data. It is now rec-
ommended thar commercially available
baby rabbir complemenc is used in 2
standardized bacrericidal assay (rSBA)
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Fitst, the iaverse telationship berween
distase incidence and SBA was recently
re-assessed in the UK using che rSBA
27. A roral of 1689 sera from age-strari-

Aga(years)

Figure 1. Age-spedﬂc incldence of laboratory confirmed serogroup C meningococcal disease in
England and Wales 1997/98 and the prevalence of SBA titers >8 and 2128 (22).

fied individuals (ranging from 53-267
per age group), collected prior to the introduction of the
MCC vaccine (1996-1999) were tested and SBA riters plot-
ted against disease incidence for those age groups (FIGURE 1.
Similar plots ro the Goldschneider and colleagues study (221
were obsesved with peak incidence of disease occurriag in
infancs and young children and a sccondary peak occutring in
older tecnagers, It is ingeresting to note that the percencage of
infants with 2 :SBA riter 2 8 chat corresponds to the peak
incidence of disease in the UK daca is similar o the percent-
age of US infants with 2 hSBA tiver 2 4 in the studies of
Goldschncider and colleagues (22). There are imporrane differ-
ences berween the two studies, such as the sample size, which
was substantially bigger in the UK study and the epidemiol-
ogy of the study populations that may account for the differ-
cnces in magnitude of responses especially in the older age
groups, The inverse relationship between disease incidence
and the prevalence of prorective antibody titers s described
previously (22) appears more consistent with 2 rSBA ticer > 8§
than 2 128 (meurs ). This study provided evidence for the
establishment of a correlate of protection for MenC disease
using rSBA tirers rather chan hSBA.

However, it was unknown if the established correlate would
be appropriate for responses 1o conjugare vaccines, hence the
SBA correlare of protection required further evaluation. An
£SBA tiwer < 8 0 2 128 was found 1o discriminate susceptibil-
ity and protection, respecrively when compared with the
human protective SBA tirer 2 4 [28). It was proposed thar for
those individuals with an rSBA riter between 864, addirional
evidence was required, such as a hSBA titer 2 4, a fourfold
rise in SBA titer from pre to postvaccinarion, evidence of anti-
body avidity maturation or a typical booster response to a
polysaccharide challeage (28).

Establishment of an individually-based correlate of prorec-
ton using 1SBA titers would be extremely difficult and
require a large cohort (approximately 250,000) to be analyzed
postvaccination and followed up for subsequent development
of disease (29}, Hence, it is deemed more appropriate to rely
upon a population-based correlate which may be-exurapolated
1o give 2 threshold required to proteet an individual from dis-
casc (301 The posc-licensure surveillance daca generared in che
UK hag enabled vaccine efHicacy estimates vo be caleulaved,
Henee, to esrablish a popularien-based correlare of provec-
tion, the level of rSBA titer achieved by the majority of a vac-
cinared group and nort achieved by the majority of an wnvacci-
nated group can be compared with the vaceine efficacy in a
specific age group. An rSBA of 2 8 was found 10 give strong
correlation with the vaccine efficacy estimate for toddlers,
! month postvaccination indicating chis is an appropriate cor-
selate of short-term protection. At 7 mouchs postvaccination,
all sSBA tiers underestimate the vaccine efficacy observed in
the roddler age group suggesring thar rhe individuale ate ar
least reliant upon - immunologic memory. The differences
between the Goldschneider approach and the UK approach
are summarized in TABLE 1.

Long-term  procection  following MCC  vaccination is
assumed to be conferred by che inducrion of immunologic
memory as it is known that in infants and roddlers antibody
levels decline rapidly 131). The MCC vaccines have beea shown
to induce memory responses in all targeved age groups inelud-
ing young childrea (3-s1. The tradirional method 10 demon-
suate the presence of memory B-cells is to challenge with a
plain polysaccharide and obscrve if a typical booster response
Is present. However, an alrernative laboratory surrogate has

been developed which can be used to demonstrace char those
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fTab{e 1. Seralogic correlation options for meningacoccal
serogroup C disease.

Goldschneider et af UK

(1966 to 1968) (1899 to 2001)
Population Military recruits Toddlers (1-2 years)
Number 14,744 Approx 450,000
Intervention None Conjugate vaccine
Qbservation Period Average 9 months

8 weeks
. {range 1-18 months)
Rabhit complement

Serum bactericidal  Human complement

assay
SBA threshold 1:4 ‘Range
Method Prospective cohort, Observational study
study {post-licensure
sunveiliance)
Sera Not available available

| Table reprirted with kind permission of Dr, Dace Madore, Wyeth Vateines,

Rachester, NY, USA,

individuals with low levels of circulacing SBA have been suc-
cessfully primed and would be able to mount a rapid memory
respoasc if challenged. The generation of immunologic mem-
ory requires affinity maturaton of humoral responses 1o
T-cell-dependent anrigens. This occurs i germinal centers
where B-cells undergo somatic murarion, the random mura-
tion of che immuunoglobulia (Ig) variable region genes preduc-
ing B-cell receprors of high affinity for antigen. Competition
for survival signals oceurs within the germinal cencer between
B-cells of differing affinities with the selection process favor-
ing chose with high affiniry receptors. Failure to obuain the
correct survival signals results in apoprosis. The selected
B-cells, following a cognare interaction with T-cells, leave the
gecminal center and form either memory cells or plasna cells
that produce antibodies of a high avidity,

The derermination of antibody avidity indices has been uti-

+ lized as an indicaror of affinity maruration and the induction of

. immunologic memory (3.5.31-33). Avidiry indices have been used

to illustrate the induction of memory following MCC vaccina-
tion 13,51 and have shown to increase in the presence of declin-
ing circulating SBA (5510, In children immunized with MCC
vaccing 4 years previously, SBA tirers had declined 1o prevacci-
nation levels whereas avidity indices increzsed following the
primary vaccination and remained constaac $31). Following 2
challenige with plain polysaccharide vaccine, 4 vypical booster
response was obscrved, characterized by the production of high
avidity antibody. Hence, determination of avidity indices can
be used to assess if successful priming of memory’ responses
have occusred following conjugate vaccinacion. It scems possi-
ble therefore, thar it may be necessary to use SBA riter a¢ a cor-
relate of short-term protection and assessment of immunologic
memary as a predictor of longer term immaniry.

No. 1983  P.

Determination of avidiry indices following conjugare vaccina-
tion may enly be appropriate in children, Adules rend to produce
an antibady tesponse of higher avidiry, naturally and even follow-
ing polysaccharide vaccination (341. Absence of a maturation of
antibody avidity has been observed in adults following immuni-
zarion with pneumococca) plain polysaccharide or conjugate vae-
cines (3s-361. As shown by Goldschaeider and colleagues 22} and
more recenty, Trowes and colleagues 271, narural immunity
meningococeal disease in adults was associated with a low inci-
deace of disease, It is thoughr that natural exposure to meningo-
cocci or exposure [o cross-reactive antigens throughour life resulvs
in the development of memary B-cells and thar any challenge
encountered, such as polysaeccharide or conjugare vaccination
will stimulate the memory B-cells present. Henge, the use of
avidicy indices may be limired ro the assessienc of immuaclogic
priming of young children. However, it is imporrant vo note chat
unlike the correlate of shost-term protecrion, SBA drer, which
has been validared usiag postticensure efficacy estimartes in the
UK. no thresholds have been defined for avidity indices.

An alternarive method vo avidity indices is being investigated
in our laboratory. Theoughour a primary course of vaccinaton
the level of both SBA titer and serogroup-specific [gG increase.
Affinity matuzation is reflecred by an increase in antibody avidity
which is likely o resule in a grearer proportion of the antibody
produced in response’to vaccination to be funcional i.c., bacteri-
cidal, The SBA detecred tends to be of high avidity whereas the
serogroup-specific [gG is both high and low avidiy antibody.
Hence, the ratio of SBA tirer to serogroup-specific IgG may be a
useful mcthod of detecting the induction of memory following
vaccination, This approach has been used previously to assess the
response to serogroup B vacclnes containing outer membrane
complexes (371. The refative bactericidal activity (RBA: baeteri-
cidal virer/ourer membrane complex specific IgG) was observed
to increase following primary vaccination and continued o
increase after a second dosc of vaccine reflecting the affinity mar-
uration of the response. Preliminary investigations in roddlers
and older age groups suggese thar those dara gencrated analyzing
SBA titer — serogroup-specitic IgG rario — reflects the induction
of immunologic memory as indicated by avidity indices fos vari-
ous age groups following MCC vaccination (UNPUBLISHED DATA),
This analyrical method requires further validatien but it may be
applicable for analysis of memory fesponses to othér meningo-
coceal conjugate vaccines with the advantage of removing the
need for an additional assay to be performed.

Meningococcdal serogroup A correlates of protection
For serogroup A discase, the only correlate of protection we
have to dare is from the Finnish efficacy trials of meningocaceal
serogroup A polysaccharide vaccine (38-39) and was derermined
by radioimmunoassay to be 2 pg/mL. This value was the mean
level in unimmunized adulrs (381

The SBA assay has not been widely used sinee the early srudies
of Galdschncider and collcagues (22) and inverestingly, the serain
Al Goldschneider used i these studies is no longer considered
optimal as it casily lysed even in prevaccinarion scra in che bacteri-
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cidal assay; therefore tending to very high SBA drers. The Gold-
schreider studies also wsed human complement 225, The sero-
group A SBA assay was also used in the Finnish feld trials in the
1970s and thoagh the strain used was not quoted, the referenced
methodologies cluded to the use of the tSBA 139). Thus, since the
carlly Goldschneider studies, only rabbit complement has been
used in the serogroup A bactericidal assay (4043}, Most ather sero-
group A vaccine trials have relied upon solely measuring rotal sero-
group A polysaccharide antibody concentration. With the genera-
tion of the rSBA cortelate of protection for sesogroup C license it
is likely thar serogroup A conjugate vaccines will be ¢valuared and
licensed on the back of rSBA and appropriate safery dara. Exten-
sive rrials will be required to confirm the immunogenicity of a can-
didate serogroup A conjugate vaccine which will provide the
oppormuaity co further validate and standardize laboratery assays,
such as SBA and enzyme-linked immusnosorbent assay (ELISA).
Immunologic memory responses 1o meningococeal serogroup
A vaccination, both unconjugated and conjugare vaceines, have
been evaluared using both the zespanse to a polysaccharide chal-
lenge and avidity iadices. It is inreresting to note thar the sero-
aroup A capsular polysaccharide does not appear o be a rradi-
tional T-cell-independent anrtigen as is the sexogroup C capsular
polysaccharide. First, serogroup A unconjugated vaccine has
been shown to be immunogenic in children under 2 years of age
(43). Second, the serogroup A polysaccharide appears to stimulare
affinity maturation, as indicated by an increase in avidiry indices
following vaccination (44). However, it does appear that there is a
difference in the quality of the response induced if the sexogroup
A polysaccharide is conjugared or unconjugared. A grearer level
of bactericidal anribody is produced following serogroup A
polysaccharide conjugation and the mewory response appeass to
be sustainable (44). Furthermore, in those aged berween 10 and
29 years, serogroup A responses following repeated A/C polysac-
charide vaccination were boosted, whereas for serogroup C,
immunologic hyporesponsiveness was observed (451,

Meningococcal serogroup B cortelates of protaction

The poor immunogesicity of the serogroup B capsular polysaccha-
ride means chat the conjugarion rechnology applied o vaccings for
serogroups A, C, Y and W135 may not be appropriare and alterna-
uve vaccine approaches have to be investigared. A numbey of

OMY vacceines have been trialed and urilized o conrain epidemics'

in Norway 110), Brazil 46}, Cuba (113 and Chile (7). Data frem the
Norwegian scrogroup B cfficacy tral thar took place from
1988-1991 has been recently re-analyzed o evaluate SBA as the
appropriate cosrelate of protecrion for serogroup B 1481, This rand-
omized double-blind, placebocontrolled efficacy wial involved
172,000 schoo! children aged 13 10 14 years who reccived two
doses of the OMYV vaccine (strain B:15:P1.7,16:1.3,7.9). The esti-
mated efficacy after 10 months and 29 monthg was 87 and 579,
respectively. An immunogenicity study wsing human complement
in the SBA, showed thar 31% of the vaccinees had SBA riters 2 4
before vaccination and 97% reached this SBA drer 6 weeks afier
the second dose. Tivers 2 4 persisted in 42% of vaccinees 2 years

. postvaccinarion, The percenrage of subjects with 2 fourfold rises in
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SBA titer 6 weeks post second dose was 80% whilst this percentage
decreased o 26% 2 years postvaccinadon. A separate three dose
immunogenicity study was also performed with the cohort receiv-
ing a third dose at 10 moaths. The inclugion of a third dose was
observed to imprave the clinieal performance of the Norwegian
OMV vaccine with 96% of individuals achieving an SBA ier = 4
or a 2 fourfold rise in SBA. dter 6 weeks after the thizd dose (4s),
The good response observed persisied to 1 year after the third
dases with 85% of individuals with a SBA tiver 2 4 aad 81% with
2 2 fourfold rise in SBA tier. Good coreclazion bewween observed
protection and SBA titess was found aand a renrative prorecrive
SBA titer of 2 4 was proposed, Thus, measurements of SBA may
be used to evaluare differear vaccine formolations against
serogroup B diceace,

Most studies of serogroup B OMYV vaccines have not zelied on
absolute SBA titers as 4 cut off; bug have used > 4-fold tises from
pre 1o postvaccination, This approach seems more rarional as tic-
ers can vary in magnitude beoween different labosaories duc o
the inherent variadon of the SBA assay, yer the percensage with
2 fourfold increases remains relatively constant (48.49).

Assessment of avidiry indices as a marker of antibody marura-
tion following meningococeal OMYV vaccination has now been
utilized (50,511 These assays have been of use when investigacing
avidity mawuration in differene dose schedules of OMV vac-
cines and in the study of Longworth and collergues (s0) indi-
cared thac avidity maruration was taking place even though
SBA titers did not reach purtative protective levels in all immu-
nized infants. Further studies using avidiry indices as a marker
of vaccine responses following OMV vaceination are required
to gain full understanding of the usefulness of these assays in
predicting both protection and immunologic memory in
combinarion with clinical daca.

Additlonal correlates of protection

SBA titess and assessment of immunologic memory have been
geaerally accepted as appropriare correlates of protection,
however, there are other mechanisms of protection involved
in immoniry to meningococcal disease that mighe be used 18
correlares of protection,

The wholc blood killing assay is a method that can assess
the bactericidal activity of bleod incorporating antibody-
mediated complement lysis and phagocyrosis i.c., both
humoral 2nd cellular killing mechanisms (s2-541, It has deen
suggested thar the whole blood assay is more sensivive than
the SBA (5.31) with bacrericidal activity derecred in sorne indi-
viduals by the whole blood assay but not by che SBA ascay.
However, the whole blood assay is unlikely ro be suirable for
the evaluation of candidace serogroup B eaccines due to the
réquirement for large volumes of fresh bloed for the assay and
the difficulty in standardizarion of the assay.

Opsonophagocytasis is one mechanism that has beea demon-
straved to be bactericidal against meningococci (55-57). Nefsserig
meningitidis can he phagocytased by polmerphonuclear (PMN)
cells (55-60) and monocytes {6n.62). The opsonophagocyric assay
(OPA) has provided a uscful correlate of protecrion for
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Streptococcus prewmoniae along with the ELISA (631 and could
provide additional information regasding protection against N.
meningitidis. The OPA can be semi-auromared and usé beads
conved with capsular polysaccharide and can also be multiplexed
to analyze four serogroups in the one assay js4), The QPA can
also use inacrivared bacteria as the targer (651 but concerns have
becn raised thar in che trearment of the meningococei, new or
hidden epitopes may be exposed that have no funcrional rele-
vance (66.67). Furthermore, there are issues of standacdizarion
berween laboratories, parvicularly regarding che use of cultred
cell lines or freshly obrained PMN calls, Further validation of the
OPA is required to determine if it is a suicable correlate of protec-
tion. A recene study has suggested thae SBA is the main immune
effcctor of the vaccine protection against N, mensngiridis rather
than apsenophagocytosis following serogroup C vaccination (e8],
It is possible thar ir may be more appropriate for the evalnarion of
serogroup B vaecine candidares where the prarective epitopes are
subcapsular and may involve a greater role for cell-mediared
immunicy unlike serogroups A, C, W135 and Y where the capsu-

* lar polysaccharide is the focus of the protecrive mechanisms. An
» OPA 1o analyze the level of prorection against scrogroup B iso-

lates have been developed 165,67,69) A surface labelling technique
which detects the initial stage of ancibody binding to killed
meningococci has also been developed and shows potential as an
additional assay for the evaluarion of serogroup B vaccines [s9),

Another method that has been used to assess immune
responses 1o meningococel is animal models. This approach can
provide informarion on the impact of che host—pachogen rela-
tionship on whole rissues and the interaction berween both
humeoral and cellular immune respanses. However, there are dis-
advantages of the animal models, including the face thar the only
natural host for N, meninginidis is humans and that there are no
good models available char mimic the course of human disease.

The murine model has been’ mast exrensively used. This
involves an intraperitoneal challenge of mice with meningocacei
bur also requires an additional iron source for the infecring bac-
terial strain (701 The murine intraperivoneal challeage model has
been used to assess active prorection and passive protection for
evaluation of vaccine candidates (71-73). This model was recendy
urilized 1o demounstrare protection against different serogroups
and strains conferred by Neisseria laczamica immunization (74),
It is interesting to note chat although protection was observed
against a lechal challenge, no bacrericidal activity was obscrved
in mouse sera. '

An infane car model has also been developed thax has the advan-
tage of nor reguiring an addirional {ron source and lower inocnla
are equired to produce disease than in the mouse model, How-
evex, the rat model does not allow acrive pratection to be assessed,
nort all strains are virulent and the durarion of bacteremia is shore
and morralicy low. It has been used w demonstrate passive protee-
tion with antibodics against a number of meningococeal compo-
pents [75.76) and has been used in evaluating responses to sero-
group B meningococel (76791, One anomaly is thac anticapstﬂa.r
antibody has been shown ro be prorective against a serogroup B
challenge in the infant rac model (80] yet the serogroup B capsular
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polysaccharide is only poorly immunogenic in humans. Further-
more, the assessment of the protection conferred by a monoclonal
antibody specific for inner-core lipopolysaccharide epitope in an
infaat 1ar model was observed to correlate with bacrericidal and
not opsonophagocytic activiry (8, illustrating che conflicung data
thar is curcently being generared by animal models, Recendy, dif-
ferences in the response of adults to vaccinarion wih plain
polysaccharide serogroup C vaceines or MCC vaccines were inves-
tigated using an infant rar model (821 Ir was observed thar ar a
limiting dose, the immuae scra from vaccinees receiving the
MCC vaceine was able to confer a greater degree of prorection
than sera from chose receiving the unconjugaced polysaccharide
vaccine. The infant rar model has also been vsed to evaluare the
porential vaceine candidare, genome-derived Neisserial antigen
2132 (GNA2132) (3}, Anti-GNA2132 antibody was shown to
bind to the surface of seragroups B or C and could passively pro-
rect infany raxs against meningococeal bacteremia yet lacked bacee-
ricidal acriviry, again highlighting the diserepant daca generared
between the rac model and SBA assay:

Further dara are required to establish bath the QPA and ani-
mal models as credible correlates of prorection. It may be char,
as stated, they are more appropriare for use in the evaluation of
scrogroup B vaccines char are likely to be noncapsulac polysac-
charide vaccines and induce a wider range of immunologic
mechaoisms unlike the MCC vaccines which induce mainly
baceericidal ancibody.

Conclusions

The inrroduction of the MCC vaccines in the UK has been
successful in significanty reducing the level of serogroup C dis-
cast incidence. The previously decermined correlate of protec-
tion, SBA, for nutural immunity co scrogroup C diseasc has
been re-evaluated for MCC vaccines. An rSBA titer of 8 has
been validated using the vaccine efficacy estimares as an appro-
priate ecorrelate of short-term protection. For long-cerm, a more
appropriate correlate may ro be che assesement of immunologie
memory or a balance of cireularing antibody and memory or
even an as yec unrealized mechanism, The majoriry of dara have
been generated from the derermination of avidity indices,
which has been shown to seflect affinicy maruration and che
induction of immunologic memory in infants and young . chil-
dren following MCC vaccination. It is currendy unclear if avid-
ity indices are a valid correlate for older age groaps duc to the
production of antibody with a higher avidiry in this age group.
Addirional comelates of protection, such as opsonophagacytic
titer, may be of importance for OMV vaccines,

Expett opinion

The introducton of the MCC vaccines into the UK was backed
by exensive safery and immunogenicity studies thar provided
those data required for licensure, Standardizarion and opdimiza-
uon of laboratory assays were required to cvaluare the immuno-
genicity of MCC vaceines in various age groups and o provide
data on appropriate corzelates of protecrion, A combination of
immunogenicity dam and information gathered through the
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enhanced surveillance program ro gencrare vaccine cfficacy esu-
mates, have been used to validare the serum bactericidal assay, and
1o some degree, avidity indices as correlaves of shorr-rerm protec-
tion. These dara have sct a precedent for the evaluarion of farure
meningococcal capsular polysaccharide~protein conjugate vac-
cines thar include four serogroups A, C, W-135 and ¥, and arc
likely vo be licensed over the coming years. It is expecred that these
vaccines will induce similar responses, i.c.. T-cell-dependent pro-
ducrion of $BA. as the MCC waccines. The serum bacrericidal
assay for serogroup C has been well characterized but there may be

~ some issucs regarding the assays for the remaining serogroups

which are not as eqensively standardized. Terravalent plain
polysaccharide vaccines have been available for several years and

_ successfully induce pravecrive responses in older age groups bur the

conjugare vaccine(s) should be immunogenic in younges children,
Unlike rhe rewravalent conjugare vaccines thay will be availa-
ble in the furure and are predicred 1o be as successful as the
MCC vaccines, the prospect of 2 successful universal serogroup
B vaccine for global use is less encouraging. The poor immune-
genicity and the potential for aureimmunity due co the struc-
tural similarities co fetal neural cells means the useof a conju-
gared serogroup B polysaccharide vaccine will be difficule.
Therefore, differenc approaches are being taken to vaceine for-
mulation with the asscssment of immune responses to surface-
exposed proteins.and noncapsular polysaccharides essential in
idendfying candidate anvigens. Hence, the differen: compasi-
tion of the candidare vaccines diceates thar addirional protective
mechanisms are investigared that may be found ro be suitable
laborarory correlates of protection for scrogroup B vaccines.
This will include SBA and opsonophagocyrtic titers, antibody
surface labelling, immunologic memory, T-cell responses and
protection in animal models. The most substandal dava gener-
ated for serogroup B vaccines has been from * wild type’ OMV
(wtOMYV) vaccines based on one representative epidemic bacte-
rial isolate. However, chese wtOMV vaccines, tead to induce
funcrional immunity (SBA) ro the homologous (vaccine-rype)
strain and only low levels (approgimately 1096) of response to
hereralogous strains s infanes (67). In adulbrs, the hererologous
SBA responses have been shown to be abour 50-60% 7).
Numerous, phenortypically and genotypically diverse serogroup
B straing cause invasive disease in the UK (and other countries)
angd henee it is unlikely that 2 monovalent vaccine will be suiva-
ble. Further work is required to ¢stablish eorcelates of protec-
tion for serogroup B to enable the thorough evaluarion of the
immunogenicity of candidate sexogroup B vaccines.

five-year view

With the recent resurgence of Hib discase and the decline of
efficacy in the UK (845, a carch up program of a boosrer dose
of Hib conjugare vaccine commenced in the UK in May 2003
85,861, Factors which may have contribured to this increase aze
fitst, a waning over time of the impact of the carch-up cam-
paign (1—4 years of age), therefore the cate of Hib discase seen
now may reflect the true level of protecrion given by Hib vac-
¢cine as pare of the rourine childhood program alone, Sec-
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endly, a diphrheria—~teranus—accllular perrussis—Hib vaecine
used in 2000 and 200} may not have provided the same high
level of protection against Hib disease as the vaccines used
before this period, or subsequently. Moreover, as chis popula-
tion of children, immunized with a 3 dose vaccine course
were known reliably to induce immune memory (67), this sug-
gests thar absolore levels of circulating ancibody may be of
more imporcance than previously chought. This may have
implications for the MCC wvaccine and smudies looking ar
booster doses in preschool children will undoubtedly
commence in the acar future.

A project  introduce a serogroup A conjugate vaccine ino
Africa has recently been initiared by the World Health Ozgani-
zation (WHO)/Progray for Appropriate Technology for
Health (PATH) 28). The aim of the project is vo alleviate the
large epidemics of scrogroup A discase that occur in the sub-
Saharan meningitis belt in Africa. Ir is hoped thar the vaccine
will be produced, validated and ready for introduction within
the next 5-10 years. Trials followed by introduction of this vac-
cine in Africa will assist in the establishment of correlaves of
protection for serogroup A.

Furcher informarion is sequired on immuaicy o serogroup B
disease and new candidate vaccines will require assessing. Cur-
rently New Zealand is expesiencing an epidemic of serogroup B
discasc domminatcd by 2 single strain (B:4:P1.7-2,4) which
commenced in 1991 and has seen the incidence of meaingo-
coccal discase rise from 1.6 per 100,000 prior to the epidemic
to 13.9 per 100,000 over the period 1996-2000 (9. Since the
epidemic is dominared by a clonal outbreak of a serogroup B
meningococel with a single PorA scrosubrype, it was decided
thar a homologous PorA-based OMV vaccine would have a role
in controlling the epidemic (#9). A candidate vaccine has been
developed and is curzently uadergoing Phase I and II trials in
New Zealand (901, Serologic analysis is primarily using bacteri-
cidal assays and will provide extensive dara, which will help 1o
determinc if SBA viter is an appropriate correlate of protection
for meningococcal serogroup B OMV-based vaccines.
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The following websifes contain addifional Information on

meningococci & meningococeal disease

+ Website of the Health Protection Agency: www.hpa org.uk
Accessed 21st December, 2003.

+ Meningitis health topics page on the websire of the World
Health Qrganization: www.who.int/health_topics/meningiris
Accessed 21st December. 2008,

» Website of the central resource for the Neisseria research
community: www.higisseria,org
Accessed 20th December, 2003.

» Websice of the Meningivis Research Foundation:
www.meningitis.org
Accessed 20th December, 2003,

» Websire of the Meningitis Trust:
www. meningitis-tougt.org.uk
Accessed 21st December, 2003,
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rKey issues

« The introduction of meningococeal seragroup C vaccines in
the UK has been successful in significantly reducing the
incidence of seragroup C disease. There is also evidence of a
herd immunity effect reducing the incidence in unvaccinated
individuals.

« The established correlate of protection for serogroup C,
serum bactericidal antibody (SBA), has been validated
against the vaccine efficacy estimates demonstrating thata
SBA titer of B is an appropriate short-term correlate. For the
estimation of long-term protection, the assessment of
priming of immunolagic memory may be 3 suitable correlate
of protection,

¢ To evaluate future meningococcal conjugate vaceines, it is
aceepted that determination of SBA titers and immunologic
memory in response to vaceination will be crucial in
predicting the protective potential of the actual vaccines.

« Correlates of protection need to be established for immunity
to serogroup B meningococdi to enable the evaluation of
candidate vaccines. This may include not only SBA titers and
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Siuce 1986, serogroup B Neissarla meningitidis has caused approximately 80% of the meningococcal disease
in Brazil. In 1988, an epldemic caused by N. meningitidis B:4:PL.15 was recognized fn the greater Sio Paulo area
of Bragil, The S0 Paulo state government decided to vaccinate children from 3 ta &3 months of age with a
vaccine consisting of serotype 4 outer meaibrane protein

produced in Cuba. About 2,7 million children were vace

and group C menlngococeal polysaccharide that wes

inated dering two hmmunization campaigns conducted

fm 1989 and 1990. Because of this, a case-control study was deslgned to determine vaccine efficacy against group
B meningococeal disease. The purpose of our study was ¢

from disease estimated from the case-control study.

o compare the antibody response with the protection

We measured the immune responses of vaccinees by

enzyme-linked immunosorbent assay (ELISA), immunoblot, and bactericidal assay, The development of

bactericidal antibodies was age dependent and in good

agreement with the resutts of the case-control study.

Only 40% of vaccinees showed fourfold or greater increases in bactericidal antibody titers afer vaccination. A
poor correlation between antibody levels detected by ELISA and those by bactericidal assay was fonnd.
Immunoblot analysis showed that about 50% of the serum samples with bactericidal titers higher than 1:4 were
reactive with class 1 outer membrane protein. We conclude that the bactericidal assay is a good, labaratory-
based, functional assay for the study of vaccine immunogenicity and that aun effective solution to group B

meningococeal disease yemaing (o be demonstrated.

Since 1986, serogronp B Neisseria meningitidis has been
responsible for approximately 80% of the meningococcal dis-
case n Brazit (29). In 1988, an epidemic situation in the
greater Sio Paulo arca of Brazil, which extends up to the
present, was rccognized (6). In 1990, greater Séo Paulo
included 17.8 million inhabitants in 38 municipal regions. A
single serogroup B N. meningitidis clone, being of the ET-5
complex and having serotype 4:PL.15, has been the prevalent
strain in the region (8, 29).

Bffective polysaccharide vaccines against N. meningitidis
serogroups A, C, Y, and W135 are available (10, 15, 17). In
contrast, the sevogroup B polysaccharide is poorly immuno-
genic and antibodies to this polysaccharide do not appear to be
protective (21). Most of the cfforts to develop an cffective
serogroup B vaccine have therefore focused on lipooligosac-
charide-depleted outer membrane proteins (OMPs) (2, 14, 27,
36). Efficacy trials with such vaccines have recently been
conducted in Chile, Cuba, and Norway (3, 5, 32). Efficacy levels
of approximately 50% werce found in the Chile and Norway
studies, Better protection was reported for the vaccine pro-
duced in Cuba, with an cfficacy around 80% against disease
caused by a B:4:P1.15 strain (32). This was the fist clear
demounstration that antibodies induced to noncapsular anti-
gens can protect against meningococcal discaso. In view of the
¢pidemic situation in greater Sdo Paulo, i.c., 4.06 cascs per
100,000 inhabitants in 1988, and recent acquisition of the
Cuban serogroup BC vaccine by the Sio Paulo state govern-

* Corresponding author. Mailing nddress: Bacteriology Divislon,
Adolfo Lutz Imstitute, Av. Dr. Amaldo 351, Sido Paulo 01246902,
Brazll, Phone: 55 (034) 851 0111. Fax: 5§ (011) 853 3505,
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ment, jt was decided to vaccinate all children from 3 months to
7 years of age. Two immunization campaigns were conducted,
In the first (1989), about 300,000 children atteading day care
centers were vaccinated (12% of the estimated 2.7 million
children In the target ape range), and in the sccond (1990),
about 2.4 million children (9245 of children in the target age
sange) were vaccinated, Both campaigns were casried out in
regional health clinics where children received two doscs of the
vaccine (6, 7). The vaccination campaigns in S&o Paulo were
the first use of the Cuban-produced vaccine outside of Cuba.
Analysis of the immune responses of vaccinated children was
considered fundamental to an cvaluation of vaccine effective-
ness in Brazil. The purpose of thig study was to measure the
antibody responses of vaccinees by quantitative and functional
methods such ag enzyme-linked immunosorbent assay (ELISA)
and bactericidal assay and 1o correlate thesc responses with the
protection against discase by using the results of the case-
control study (24), which was designed to determine vaccine
cfficacy against group B meningococeal disease.

MATERIALS AND METHODS

Vaceine. The vaccine was produced in Cuba (it is often
referred to as Cuban BC vaccine) from straln Cu3g5/83
(B:4:P1.15), consisted of lipooligosaccharide-depleted OMPs
and group C polysaccharide, and was enriched with cavelope
proteins from 65 to 95 kDa (32). The group C polysaccharide
was present to improve the solubility of the OMPs and to
provide protection against group C meningococcal disease.
The vaccine was adsarbed onto aluminum hydroxide. Bach
dase contains 50 pg of group B proteing, 50 pg of C polysac-
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TABLE 1. Antibody levels as measured by ELISA pre- and posivaccination with the Cuban BC vaccine

Antibody levels (U/ml)”

© graup No. of Strain of ELISA > "
Ag( & . of o C——— — Pold ncrease % >Twofold % >Fourfold
323 275 Cu385/83 25.5 111.2 44 81 51
276 N.150/88 217 590 2.7 63 35
120 N.44/89 36.1 156.7 4.3 84 56
120 N.577/89 372 136.3 37 85 51
120 N.614/89 239 7.0 3.0 80 2
2447 144 Cu385/83 233 1105 4.8 8s 54
144 N.150/88 186 79 4.0 6 45
20 N.44/89 208 91.0 47 100 60
2 N.577/89 209 8.9 40 90 2
2 N.614/89 170 53.6 32 95 38
48-83 141 Cu385/a3 271 1480 55 87. 56
141 N.150/88 . 178 824 4.7 86 56
19 N.44/89 N1 173.1 S6 95 58
19 N.577/89 23.9 108,9 4.6 89 63
19 N.614/89 . 263 100.4 ' 38 84 58

* Goometric mean walys per milliliser, -

b Percentages of vaccinees showing greater than two- and fourfold lacreases in wnribody levels, respectively,

charide, and 2 mg of aluminum hydroxide with 0.01% thimer-
osal as a preservative (32). Two intramuscular doses of 0.5 ml
were administered to children between the ages of 3 and 83
months at an interval of 6 to 8 wecks.

Seram samples from vaccinees. During the first campaign,
blood samples were collected before the first dosc and 4 wecks
after the second vaccination. Serum samples were stored at
+20°C. For serological studies, children were classified in the
three age groups used for the case-control study. -The age
groups and numbers of individuals studied can be seen in
Tables 1 and 2,

Meningococcal strains. Brazilian straing designated N.44/89
(B:4:PL1S), N.150/88 (B:4:P115), N.577/89 (B:4:nt), and
N.614/89 (B:NT:P1.15) and a Cuban strain [Cu385/83 (B:4:
P1.15)] were used for the preparation of ELISA solid-phase
outer membrane antigens. Strains Cn385/83 and N,150/88
were uscd in immunoblot analysis and as the target strain for
the bactericidal assay, respectively. These straing were sero-
grouped by slide agglutination and serotyped by immunoblot
analysis with monoclonal antibodics (29).

ELISA and immunoblot antigens. Culturcs of N. meningifi-
dis were grown overnight at 36°C in tryptic soy broth (TSB)
(Difco Laboratories, Detroit, Mich.) on a rotatory shaker at
120 rpm. Outer membrane vesicles (OMYV) were prepared by
extraction of the wet cell pellet for 2.5 h at 50°C with S mi of
0.2 M lithium chioride in a 0.1 M sodium acetate buffer (pH
5.8) per g of cells (33). Protein concentrations were deter-
mincd by the method of Lowry ¢t al. (22), and sodium dodecyl

sulfate-polyacrylamide gel electrophorcsis (SDS-PAGE) was
wsed to analyze the OMV proteins. Stalic acid and 2-keto-3-
deoxyoctulosonic acid were anmalyzed by the resorcinol and
thiobarbituric acid techniques, respectively (26, 34). Addition-
ally, strain Cu385/83 was grown in TSB containing 42 WM
EDDA [cthylcnediamine di(o-hydroxyphenylacetic acid); Sigma
Chetmical Company, St. Louis, Mo.] to chelate free ferric iron
and induce the formation of iron-regulated protcins (IRPs).
OMYVs containing IRPs were used oaly for immunoblot anal-
ysis.
ELISA technique. A standardized ELISA was performed in .

triplicate in microdilution plates (Difco) as described by
Harthug ct al. (19) with an alkaline phosphatase-conjugated

_ goat snti-human immunoglobulin G (IgG) (Sigma) detaction

gysteém. As an intemal antibody standard, a twofold dilution
series of a positive postvaccination serum sample was used
in all experiments. The mean value of the observed optical
density was transformed to arbitrary units per milliliter by a
sigmoidal standard curve (log-logit transformation) calculated
from the values of the reference serum sample with a compy-
ter program provided by Cari E, Frasch, Initially, all serum
samples were analyzed at a 1:200 dilution. Samples with aptical
density values of =90% of the maximum optical density of the
standard were further diluted and reanalyzed.

Bactericidal assay, A modification of the assay described by
Frasch and Robbins was used for determining bactericidal
activity (12). Serum samples were titrated in flat-bottom plates
(Linbro; Flow) with Hanks' balanced salt solution containing

TABLE 2. Goometric mean bactericidal titers against N. meningifidis N,150/88 (B:4:P1,15) in serum samples from vaccinees

OMT=

% >1:4° 95 Point cstimate of

5&‘\0

Age group No, of 2 =Fourfold vaccine effica
(mo) children Provecciath Fortvaecination Provacoipation Postvactination increase® (5% cx)‘w
3-23 122 1.1 2.0 2.5 13.1 22 ~37 (~100 to 73%)

24417 44 1.5 49 20.4 432 45 47 &—72 10 84%)
48-83 44 20 92 250 52.3 52 74 (16 to 92%)
Total 210 15 46 109 362 40 54 (Not givon)

* GMT, geometylc mean bactericidal oy,

b Parcentagen of vaceinces with bactericidal thers of greatsr than 14,
 Parcentages of vaceinees with bastericidal titer increases of at Jeast fourfold.
4 From the esse-conteol sfudy (24), with the 95% CI also given,

30
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0.1% bovine serum albumin (HBSS-BSA) as diluent. Menin-
gococci were grown to log phase (2 h) in Mueller-Hinton broth
(Difco), and then an equal volume of 10% milk (Oxoid) was
added. The cultuge wes then aliquoted and frozen at —70°C.
An gliquot was thawed and diluted ta yield approximatcly
2,000 CFU/mi, with the final dilution in HBSS-BSA. By this
method, a uniform number of organisms could be used for
esch assay and a comparison With freshly grown colls gave
nearly identical results, The source of complement was human
serum from a single domor ‘that lacked bactericidal activity
against the target strain and by immunoblot showed no reac-
tivity against the class 1 through class 5 OMPs of strain
N.44/89. Microtitration plates were incubated at 37°C for 30
min, and approximately 150 ul of Mucller-Hinton agar con-
taining 10% horse serum and VCN inhibitor (BBL Microbio-
logical Systems, Cockeysville, Md.) was added each well,
Plates were further incubated for 24 h at 37°C with 5% CO,.
The CFU per well were determined with the aid of a stereo-
scopic microscope (X40). The bactericidal titer was deter-
mined with the recipracal serum dilution yielding a =50%
roduction in the viable count. A positive serum sample and
bacterial inoculum plus complement source controls were
included in each experiment.

Immunoblot. SDS-PAGE and the detection of antibodies by
immunoblot were performed as described by Wedege and
Frgholm (35), except that Tris-glycine transfer buifer without
mothanol was used. Monoclonal antibodies against type 4
(2303C5), subtype P1.15 (2731C6), and class 4 (AE3) and class
5 (AG10) OMPs were uscd to identify the class 1 to 5 proteins.
The monoclonal antibodies 2303CS and 2731C6é were pro-
duced by onc of us (C.E.F.), and the monoclonal antibodies
AE3 and AG10 were provided by Biomanguinhos Institute,
Rio de Janciro, Brazil For class 3 monoclonal antibody
reaction, Empigen BB 0.25% (Albright and Wilson, White-
haven, United Kingdom) was added to the primary antibody
solution (23). The binding of human IgG and mouse 1gG was
detected with goat anti-human and anti-mouse IgG antibodics
conjugated with horseradish peroxidase, The pre- and postvac-
cination serum samples of 15 individuals with postvaccination
titera greater than 1:4 were tested.

Statistical methods, The ELISA and bactericidal assay
results were transformed to logarithmic values to calculate the
geometric means, This gave a normal distribution of data and
allowed us to use standard statistical tests (1), The significance
levels of differences between groups were examined by the
Student ¢ test, Wilcoxon scores, or the Kruskal-Wallis test on
the log-transformed data, Fisher's cxact Tost was used to
analyze the differences among percontagos.

RESULTS

Antigenic analysis. SDS-PAGE analysis of the antigens used
for ELISA showed a predominance of class 1, 3, 4, and 5
OMPs. In strain N.150/88, class 4 and 5 OMPs were present in
small amounts (data not shown).

The antigens used for immunablot anslysis can be seen in
the first lanc of Fig. 1. These nitrocellulose strips were stained
with amida black. Class 1, 3, 4, and S OMPs predominated for
both antigens. Also, some high-molecular-weight IRPs can be
seen with antigens from strains grown in TSB with EDDA (Fig.
1B).

For ali antigen preparations, the ratio of proteln to lipooli-
gosaccharide was approximately 1:1 and only traces of sialic
acid could be detected.

Antibody responses to OMPs. Table 1 shows the ELISA
antibody levels against dificrcnt N. meningitidis group B strains
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FIG. 1. Immunoblots showing IgG binding to OMPs of N. menin-
gitidls Cu385/83 (B:4:P1.15) of pre- (lancs 1) and postimmunization
(tanes 2) serum samples from children older than 24 months of age.
1gG binding to antigens extracted from the strain grown in normal TSB
(A) and TSB containing added EDDA (B) is shown. Amido black-
staincd strips are shown in the lanc at the far left. ‘The next three lanes
represent monocional antibodies binding to class 1, 3, and 4 proteins,
respectively. The bactericidal titers (expressed as log, of the veciprocal
titers) for pre- and postimmunization serum samples are also shown.
The numbers 1, 30, 103, etc., ropresent vaccinees.

for the age grovps examined. The observed differences be-
tween the pre- and postimmunization serum samples for all
age groups were statistically significant (P < 0.05). There were
no significant differences in the antibody lovels or percent
responders among vaccinees among the threc age groups
studied, except for children from 3 to 23 months of age who
showed lower responses against strain N.150/88 (P < 0.05). Of
all vaccinees studied, 85 and 52% showed at least two- or
fourfold increases in antibady levels after vaccination, respec-
tively.

Blzctericidal antibodies. Table 2 shows the bactericidal
antibody titers against N. meningifidis strain N.150/88 (B:4:
P1.15) in serum samples obtaincd before and after yaccination.
Some of the serum samples were slso tested against two
additional B:4;P1.15 strains (N.44/89 and N.131/88), with com-
parable titers. For cach age group, the increase in antibady
titers after vaccination was statistically significant (P < 0.05).
Also, the percentages of children with bactericidal titers of
>1:4 pre~ and postvaccination are shawn. The postimmuniza-
tion antibody lcvels it children less than 24 months of age werc
significantly lower than those of older children (£ < 0.05). No
differences in bactericidel titers or fold incroases in children
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TABLB 3. Geometric mean bactericidal titers against
N. wieningividls N.150/86 (B:4:P1.15) in individuals with and
without detectable prevaccination bactericidal activity

Log 2 bactericidal tites”

s’:‘:‘fp Withowt nctivity With sctivity

(mo0)  provacci- Postvacel- ., Provacch-  Postvaccl- ,
nation®  nation Fo=L¥ lkond  npation % =14

323 0(76) 17 19.7 13 (46) 2.5 26.1

241 0(24) 43 - 540 25(20) 61 450
48-83  0(23) 46 35 461 197 610
Total 0(123) 32 391 25(Q%) 65 460

# A value of 1 was assigned to each titer of <1:2; thus, log 20f 1 = 0,
® Values in parentheses are numbers of individuals.
¢ See Table 2, footnote ¢.

fess than 1 ycar old compared with children 1 to 2 years of age
could be scen (data not shown).

The influcnee of preimmunization antibody levels on bacte-
ricidal activity is shown in Table 3. For all age groups, except
24 to 47 months, there were significantly higher bactericidal
titers after vaccination for children with demonstrable antibod-
ies before vaccination than for those without such sntibodies
(P < 0.05). No significant differences in the percentages of
children showing at least a fonrfold increase in antibody titer
among the three age groups were found when those with and
without previous bactericidal antibodies were compared.

An analysis of the correlation between ELISA and bacteri-
cidal assay results is shown in Fig. 2. Paor corrclation between
the fold increases in antibody levels measured by those two
assay techniques was cvident. The correlation coefficient (]
varied from 0.2 to 0.4 among the three age groups.

Immunoblot studses. Figure 1 shows the binding profiles of
IgG antibodics zeactive with different OMPs in the serum
samples of 13 vaceinees with bactericidal titers greater than
1:4. The antibodies bound most intensely to class 1, 4, and 5
OMPs. Postvaccination serum samples from individuals 30,
160, 370, 381, 415, 545, and 1069 showed distinct IgG binding
to class 1 protein. High-molecular-weight IRPs were recog-
nized in postvaccination scrum samples from individvals 30
and 545, Two postvaccination serum samples with bactericidal
titeys of 1:256 and 1:128 showed no reactions with OMPs (data
not shown).

DISCUSSION

Bactericidal antibody against meningococeal group C poly-
saccharide has been shown to corrclate with protection against
meningococeal disease (10, 16). Some OMPs from group B
meningococei induce bactericidal antibodies and have been
used as alternative vaccines (4, 11). Scveral immivnologic vests
have been uscd in the evaluation of meningococeal group B
protective immunity, These include ELISA studies, serum
bactericidal and opsonic assays, and immunoblot studies (18,
19, 28, 35). The vaccination campaign of 2.4 million children
from 3 months through 6 years of age in greater Sio Paulo
provided an important and useful opportunity to study the
correlation between immunogenicity and vaccine efficacy as
estimated by the case-control study.

Qur results showed that the functional immune responses of
vaccinated children against group B meningococei are age
dependent, There were significantly lower bactericidal titers
for children less than 24 months of age and also & significantly
fower percentage of these children with bactericidal antibodies
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FIG. 2. Comclations between the fold increases of ELISA I1gG
antibody levels and bactericidal titers against N. meningitidis N.150/88
(B:4:P1.15) for children less than 24 months old (r = 0.20) (A), from
24 10 47 months old (- = 0.20) (B), and from 48 10 83 months old (# =
0.41) (C). Leasr-square regression lincs are shown,

{titer, =1:4) after vaccination compared with the percentages
of older children. The percentage of children under 24 months
of age with postvaceination titers of greater than 1:4 was only
13% compared with 47.7% for those over 24 months of age. It
is intercsting to note that the postvaccination seroconversion
rate of children under 24 months of age (13%) was less than
the naturally acquired levels of those over 24 months of age
(Table 2). The age-specific incidence of group B meningacoc-
cal discasc is much higher in children under 2 years of age, with
a peek incidence in children under 1 ycar old. Our results are
sivaflar to those described by Frasch ct al. (11), who studied the
antibody responses of children to serotype 2a and 2b OMP
vaceines combined with group B meningococcal polysaccha-
ride but without adjuvant,

In agreement with our bsctericidal assay results, the Sio
Paulo casc-control study showed that the estimated vaccine
¢fficacy varied by age. The cfficacy was 74% (95% confidence
interval [95% CIJ, 16 to 92%) for children over 4 years old and
47% (95% CI, —72 to 48%) for those 24 to 47 months of age.
The vaccine showed no protection for children less than 24
months of age (~37% and a 95% CI of —100 1o 73%), and
only 13% of the children showed postvaccination bactericidal
titers of greater than 1:4 (24).

Greater increases in bactericidal titers after vaccination
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were scen for children with preexisting antibodies than for
those without such antibodies. Prior exposure to Neisseria
proteins may explain the mare Vigorous résponse to vaccina-
tion. It is known that vaccination with a group B meningococ-
cal outer membranc vaccine primes for a later anamnestic
response (32). Although the immune responses in subjects
without measurable preexisting antibodies were significantly
lower than in those with demonstrable antibodies preimmuni-
zation, we found similar seroconversion rates as indicated by a
minimum of fourfold increases in antibody titers after vacci-
nation. The increase in antibody levels before vaccination was
age dependent (P < 0.05). These observations support the role
of naturally acquired immunity in protection against meningo-
coccal discase.

On the basis of the estimated antibody levels to noncapsular
surface antigens as measured by ELISA, the vaccine induced
significant immune responses against gronp B N. meningitidis
in vaccinees of all age groups, There were, however, some
variations in rcsponsc against the three B;4;P115 strains
studied. The increase in antibody levels 10 OMV from strain
N.150/88 .after vaccination for children less than 24 months of
age was significantly smaller (P < 0.05) than those for the
other wo age groups, The OMV from this strain showed
smaller amounts of class 4 and § proteins in relation to class 1
protein, Perhaps there are important antigenic differences
between strains of the same serotype that are isolated in
different regions of the country,

The BLISA results with different group B meningococcal
serotypes demonstrated more-intense antibody reactivity with
4:nt than with NT:P1.15 OMV. However, no differences in
reactivity against these antigens could be seen by immunoblot
studies (data not shown). This is not surprising because
conformational differences and associstions among major
OMP; may account for the differences between ELISA and
immunoblot reactivities,

The poor correlation between the overall antibody levels to
various surface antigens estimated by ELISA and the bacteri-
cidal titers can be cxplained by the fact that the bactericidal
assay measures only the subsct of BELISA antibodies that are
functionally important. Among important factors for bacteri-
cidal activity are the isotype and affinity of antibody molecules,
as well as the ability of antibody malecules to activate comple-
mont (28, 31). Further studies are required to determine the
predominant class of immunoglobulins induced by vaccination
since they may have different functional activitics.

The immunoblot stadies showed considerable individual
heterogeneity in antibody responses to vaccination. Consider-
ing that the primary antigenic epitopes detected by immuno-
blot arc lincar cpitopes, ¢lass 1 and class 4 OMPs appeared to
be the most reactive. An important fnding was the correlation
of IgG antibody binding to class ] OMP in serum samples with
high bactericidal activities (Fig, 1), This was observed for 7 of
the 15 serum samples with titers of greater than 1:4, In this
regard, others have correfated the antibodies induced to class
1 protein with protection (20, 30). The ability of antibodies 1o
class 4 OMP to block otherwise bactericidal antibodies to
specific cell surface antigens has not been well investigated
(25). In general, pre- and postimmunization serum samples
tested in our study showed weak reactivities with this protein,
Scrum samples from individuals 140 and 204, whose bacteri-
cidal titers postvaccination were 1;16 and 1;8, respectively,
were reactive with class ¢ OMP. The preimmunization serum
sample from individual 204 clzarly showed binding to this
protein but did not have bactericidal activity. Weak IgG
reactivitics of 10 scrum sample pairs with bactericidal titers of
<1:4 were seen on immunoblots (dara not shown).
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Although the Cuban BC vaccine does niot contain increased
amounts of IRPs, one of 30 individuals (nimber 30) showed an
increase in IgG binding to IRPs after vaccination, Also, the
pre- and postimmunization serum samples from {ndividual 545
shawed reactivity with a high-molecular-weight protein. The
human immune response to infection indicates that IRPs are
expressed and immunogenic in vivo (4), There is considerable
interest in exploring the use of ane or more of these IRPs as
vaceines (2, 9, 13).

These results demonstrate that the bactericidal assay is a
good functional assay for the study of group B meningococcal

- vaccine immunogenicity, which appears to correlate with vac-

cine-induced protection, It is, nevertheless, also important to
include the role of phagocytic killing in protection against
meningococcal disease in future studies,
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efficacy of outer membrane vesicle vaccines against
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Abstract

For evaluation of serum bactericidal activity (SBA) as surrogate for the cfﬂcacy of outer membraze vesicle (OMYV) vaccines against
Neisseria meningitidis scrogroup B disease, we have reanalyzed data from a randomized double blind placeba-controlled efficacy trial

. involving 172,000 secondary school students (aged 13-14 years) in Norway (1 588-1991). A coliort of the efficacy trial consisting of 880

Individuals wes selected for immunogenicity smdies. An efficacy of 87% was calculated for a 10-month observation period. However, after

- "an observation period of 29 months, the estimated efficacy against group B disease induced by vaccination was 57%. The immunogexicity

smdy showed that the SBA geometric mean titer (GMT) for the vaccinees wes 2.4 before vaccination and 19.0 six weeks after the second
vaccine dose. Oue year after vaccination the GMT was reduced to 2.8. A separate three-dose study with 304 adolescents showed that with

. a third dose at 10 months after the second dose (i.e. whea cases of disease started to appear) a strong booster response was induced. Ten

months after the second dose the SBA was reduced to near pre-immunization level, Following the third dose the SBA geometric mean titer
of 2.7 increased 1o 62.3, One year after the third dose, the GMT was markedly higher than 6 weeks after the second dose (12.6 versus 8.8).
Thus, protection after vaceination corresponds with the level of SBA. In order to reach lasting protective levels of SBA in a population,
three vaccine doses arc probably required, Measurements of SBA. are likely to be useful for evaluating various upcoming formulations and
improvements of immunization regimens for OMV vaceines.

% 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction ‘ " 95% of adults was bactericidal to meningococcal camier
. , isolates {3]. This evidence for individual variation in im-

In the UK the serum bactericidal activity (SBA) is - mune responses and individual susceptibility to infection
considered sufficient for lcensure of memingococcal con-  led Heist to postulate that most cases of meningitis oc-
jugate vaccines against serogroup C disease without the cur among those few individuals who lack bactericidal

" -Classic randomized efficacy trial [1]. The rationale for activity (4],

“ this decision is based on a long history of empiric ob- The importance of bactericidal antibodies for protection

servations and laboratory studies. Already in 1918 Mat- against meningococcal disease has been demonstrated indi-
sunami and Kolmer [2] used a whole-blood bactericidal rectly by the inverse relation between anti-meningococcal
assay to show that the bactericidal activity of the blood antibody titers or serum bactericidal activity and the
of various anirpals was .related to the resistance to infec- age-related incidence of meningococcal disease [5]. Also
tion with Neisserla meningitidis of these animals. They . the observation that individuals with defects in the terminal
also provided the first evidemce of age-dependent rise complement pathway are highly susceptible to meningo-
in immunjty to meningococci in humans, demonstrating coccal disease indicates that complement-dependent killing
less bactericidal activity of serum from children com- of the bacteria is correlated with protection [6]. More di-
pared to the activity of sera from adults. Early in the . rectly the comelation between SBA titers and protection
19208, Heist et al. showed that blood from more than (or rather clinical estimated efficacy) has been shown in
- ‘various vaccine trials. Most clearly Goldschneider et al.

* Corresponding author. Tel.; +47-22042423; fax: +47-22042301. {5,7) and Gotschlich et al. [8,9] showed this for the group

E-mail address: johanholst@fhino (I, Holgt). C polysaccharide vaccine.
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9. Materials and methods
2.1. Vaccine and vaccinees

The vaccine, vaccinees and immunization schedule for
the efficacy trial have been described previously [10.11}.
Briefly, the immunogen was deoxycholate-extracted outer
membrane vesicles (OMVs) from meningococeal srain
44/76 (8:15:P1.7,16:L3,7,9). The OMVs were adsorbed 10
aluminum hydroxide, and each dose contained 25png of
protein. The placebo was AXOH)3 in 0.5ml buffer. The
vaccine, MenBvac, or placebo was injected as 0.5ml into
the deltoid muscle. The ¢fficacy trial, lasting from 1988
until 1991 (29 months), included 172,000 secondary school
students (aged 13-14 years), receiving two doses 6 weeks
apart. The randomization (1:1) was done at school level.
The corresponding two-dose immunogenicity study included
880 individuals, a cohort of the exact same group as those
participating in the efficacy wrial. The randomization in this
trial was done on individual Jevel in the proportion vac-
cine:placebo, 2:1. A separatc three-dose immunogenicity
study, giving two doses § weeks apart and a third dose 10
months after the second injection, was done in the same
age group from 1993 to 1995. In this study, 311 received
MenBvac and 62 in the control group received Meningovax
A + C from “Pasteur Merieux”, The Norwegian Medicines
Control Authority and the Regional Committee for Medical
Rescarch Ethics in Norway approved all three studies.

2.2, Serum bactericidal acriviry

The standardized meningococcal —variant 44/76-SL
(B:15:P1.7,16:L3,7,9), was nsed as a target strain in the
bactericidal test, Other strains, e.g. for analyzing the het-
grologous immune response, might be used after appropriate
characterization. This test for functional immunity is based
on two-fold dilution steps of serum in microplates using the
agar ovezlay method, a8 previously described {12,13], The
bacteral inoculum was adjusted to 70-90 colony-forming
units per well, and the assay Was performed in presence of
95% huwnan plagma ag AN eXOEEnoUs Complement source.
The mixture of diluted test serum, bactenia and complement
sertim ‘was incubated for 60min (alternatively 30 min; see
Sections 3 and 4) at 37 °C before the agar was added and
the incubation continued overnight at 37 °Cin a 5% CO2
atmosphere. The titers are given as the reciprocal of the last
serum dilution giving >50% killing of the inoculum,

3, Resnlts
3.1, Efficacy trial for MenBvac

The total observation period, for the efficacy trial, was 29
months and the estimated cfficacy was calculated to 57%

Table 1
The efficacy trial: number of cases and estmated cfficacy at different

time-points after two doses of MenBvac®

&;amaﬂom time Number of cases Estrated
Vaccine Placeba efficacy (%)
T (0-2 weeks 0 P -
0.5-10 months 1 7 87
11-20 menths 4 9 59
21~29 months [ 8 30
0.5-29 months® 1 24 57

8 Vcoine group: 690 schools (89,000 stadants); placebo group: 643
schools (83,000 swdepts). Total observation period was 29 months.

®Two cases of MenB disgase occusred in the placebo group duing
the first 2 weeks. According to the protocel, these two cases were oot
incloded in the efficacy calculstion. )

<11} '

(95% CI = 21-87%). Nearly all cases among vaccinees ap-
peared later than 10 months after immunization (except for
one case which occurred after 6 months), In the placebo

.group, however, seven cases appeared within the first 10

months of the stady (Fig. 1). Retrospective calculations at
varions time points show that the observed protection rate
decreased with the increase of time after vaccination. Dur-
ing the first 10 months the estimated efficacy was 87% (95%
CI = 62-100%), whereas it was as low as 30% for the Jast
10 months [14] (see Table 1 and the right part of Fig. 1).

3,2. Immunogenicity following two doses

As can be seen from Table 2, the increase in SBA 6 wecks
after the second dose, dropped rapidly after the second dose.
One year after the second dose the functional immunity was
almost redueed to pre-vaccination level (in contrast to anti-
bodies measured in ELISA that persisted at substantial levels
up to 52 weeks {15]). After 2 years the SBA level increased
somewhat, probably due to natural immunization.

3.3, Immunogenicity following three doses

Dats from this study can be seen in Table 3 and
the immunogenicity part of Fig. 1. In this study the
pre-immunization titers appeared to be lower than in the
protection trial. However, this is perhaps due to 30 min in-
cubation time as opposed to 60 min (now used as standard).
The latter is thought to increase the semsitivity, Six weeks

Table 2
The two-doge immunogenicity study: $BA Ina cohort of the efficacy trial
Time GMT  Percemage Percentage with
with SBA >4-fold rise
. tier >4 in SBA
Befare first dose 2.4 31 -
6 weeks afier first dose 85 72 46
6 weeks after second dose  19.0 97 80
1 year after second dose 28 12 19
2 years after second dose 3.5 42 26
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Fig. 1. Bactericidal activity in a three-dose sﬁxdy (left Y.atis) as compared to number of cases (cumnlative) in vaceine and placebo groups in the original
two-dose efficacy wial (right Y-axis). All cascs with systemic group B meningococcal digease, ocourring from week 0 are included.

~.. Thble 3

The three-dose immunogenicity study: SBA rcsponses®

GMT Percentage Percentage with
with SBA >4-fold rise
tter >4 in SBA

Before first dose 1.2 4 -
6 weoks after second doso 88 M 73
10 months after second dose 2.7 35 28
6§ weeks after third dose 623 96 . ‘96
1 yenr after third dose 126 85 81

% A 30-min incubarion was uscd. This serology was done prior to the
“reanalysis” of the cohort from. the efficacy wial. At present 60min is
chosen as standard (see Sections 2 and 3}

after the second dose the SBA level reached a similar
height as seen in the two-dose study. The same, rather rapid
decline in SBA after two doses was seem in both studies.
Ten months after the second dose the geometric mean titer
(GMT) was reduced to 2.7. Six weeks after the third dose,.
however, the GMT increased to 62.3, and one year after
_ this third dose it was 12.6 (more than five times above the
; level, one year after two doses),

4. Discussion

The immunogenicity measured by the SBA test follow-
ing two doses of MenBvac reflects what is seen in the effi-
cacy trial: a rather short dnration of protective immunity. A
third dose at 10 months after the second gave a markedly in-
crease in SBA, which persisted higher than after two doses,
even & year after, Fig. | is a condensed illustration of key
performance-data for MenBvac, with the mean SBA titers of
the vaccinees in the three-dose study. It is important to note,
that the first part of Fig. 1, i.e. immunokinetics following the
first Two doses, is similar to the resujts fonnd in the cohort

of the efficacy stdy (two doses). The immunbgcnicity data

from the three-dose study is compared to the cumulated
number of cases appearing with time in the original two-dose
efficacy trial. The graph illustrates the point that MenBvac
was highly protective up to about 9 months after the second
dose. At this time the SBA GMT for the vaccinated pop-
ulation was estimated to be about 4. Ten months after the
second vaccination the GMT decreased to 2.7 and “vaccine
failures” started to appear. Related to the experimental con-
ditions used, 2 “mean protective SBA titer” of 4 can be sug-
gested. This value corresponds well with the assumed pro-
tective SBA titer for serogroup C disease (§ when baby rabbit
complement is used [11). Furthermore, it can be seen from
the figure that a third dose given 10 months after the second
dose induced higher and longer-lasting SBA Jevels. Even 1
year after the third dose, the GMT was about four times

higher than the assumed “protective level”, which is likely to

indicate an increased protection in the vaceinated population.

Bactericidal antibodies against meningococcal group C
polysaccharide have been shown to correlate with protection
against meningococcal disease [5,16). For protection against
serogroup B meningococeal disease, less clear and gencral
statements have been given (i.e. for all strains, versions of
SBA tests and different MenB vaccines [16)). However, for
MenBvac all data available show a consistent gobd corre-
lation between SBA and efficacy. Two comparative interna-
tional studies, involving the Norwegian vaccine as one of the
products tested, have also been consistent with this [17~19].

The SBA test is a biological assay, which may be variable
[12,20]. Thus, standardization is of substantial importance,
Several factors can influence the SBA titers, These include
the choice of bacterial strain, growth conditions of the bac-
teria, the time of incubation with serum and the source of
exogenots complement (human serwm or sera from het-
erologous species such as rabbits or cows). Exogenous
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complement from a person with no SBA antibodies and
normal complement activity is the procedure chosen as
standard, The use of e.g. baby rabbit complement gives
substantially higher titers [1].

The tarpet strain in SBA for evaluation of vaccine response
of MenBvac is a standardized version of the seed-lot strain
44/76-SL. Among the different technical varisbles men-
tioned above, the presence or the degree of expression for
some key antigens is most important. One of the key variable

outer membrane antigens is the Opc protein (some others are

capsule and degree of LPS sialylation) [21). Human antibod-
ies to Opc are bactericidal, but only bacteria expressing high
amounts of Ope are killed in the bactericidal test. The level
of surface expressed Opc protein may vary by transcriptional
regulation of the opc gene, €.g. due to variable growth con-
ditions, and the observed titers may differ depending on the
expressed amounts of Opc {12,21). This illustrates that it is
crucial to standardize the inoculum for the target strain in
SBA and to include control sera when performing the test.
Using defined conditions, the SBA results have proven to
be reproducible in both inter- and intra-laboratory studies
[17-19]. .

Results presented in this report demonstrate that the bac-
tericidal test performed according to standardized conditions
is a good functional assay for immunogeniciry studies of
group B meningococcal vaccine. Based on the evaluation
of data from three clinical studies with the MenBvac, we
conclnde that protection after vaccination corresponds with
SBA, suggesting that for this vaccine and its improved for-
mulations the SBA test is a good surrogate assay for pro-
tection. In order to reach lasting protective levels of SBA,
three doses of MenBvac are required.

For different epidemiological situations and other vaccine
formulations the SBA test might aiso be a valid surrogate
for protection. However, this needs to be evaluated case by
case. The procedure for establishing such a surrogate assay
should be through a panel of sera from vaccinees receiving
the actual formulation, thorough selection of a suitable tar-
get strain and standardized conditions for cnltivation of the
inoculum and performance of the SBA test.
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INTRODUCTION

Thefe have been numerovs attempts to develop vaccines against
meningocaccal meningitis employing whole-cell suspensions or nuto-
Iysates, Unfortunately, however, the data from, trials using these vac-
cines were often difficult to interprot because the trials were not adequately
controlled,

Qver the last few years considerable progress has been made in the
development of vaccines containing purified capsular polysaccharides
of Group A and Group C meningococsi, Cantrolled Beld trials of
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the Group A vaccing in Egypt, Finland and the Sudan huve demon-
strated cxocllent protection against the clinical discase, and similar
studies in the USA with the Group C vactine have shown it 10 be 90%
effective. The protection is group-specific. As these vaccines are already
in use¢ io public health practice in severl countries their standardization
is necessary.

GENERAL CONSIDERATIONS

Meningococea] polysacoharide vaccines differ substantially from
commonly used whole-ccll bacterial vaccines and the rcquirements
therefore differ in many pasticulars from those applied to other vaceines,
The most importsnt difference is that these products are made from
bighly purified polysaccharides that are partislly chemicelly defined
so that they can be substantially characterized by their composition
and molecular weight,

The evidence suggests that the antibody responses of snimals to the
purified polysaccharides differ from those observod in man. This
factor necossitates an appronch different from that applied to the bio-
logical standardization of other bacterial vaccines in common use.
With meningococeal vaceings ft is important that the initiai batches
from a new menufacturer and even batches prepared by an existing
manufacturer using & pew process bo evaluated in man for immuno-
penicity by monitoring antibody vesponses,

Unfortunately the lack of suscoptibility of experimental ammnts
to meningococeal infections also makes it impossible 1o estimate the
cfficacy of these vaccines for man on the basis of studies in animals.
Efficacy can be evaluated at pregent only by clinicsl studies. The field
trials concluded to dutc have provided a considerable body of data.
Howaver, there is still a lack of definitive data on the ¢feacy of Group C
vacoines in Infants and young children, It would therefore be desirabls
to keep appropriate groups of vaccinated infants and young children
undor surveillance to obrain such data,

Group A polysaccharide consists of repeating units of ,0-diacctyl-
mannosamine phosphate linked with 1-¢-phosphodiesier bonds, and
these components, together with calcium ions and residuaf moisture,
account for over 90% of the dry weight of the preparation. Unfortu-
nately this polysaccharide is iutringically unstable and readily depoly-
merjzas at ambient temperatore, but the rate of degradation becomes
negligible at temperatures of —20°C or Jower. The molecular weight

5t
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js thus not readily identiffable, because the molecular size distribution
is polydispcrsed, with components ranging from lese than 50 000 to
well over 200000, The distribution of the molecular weight is best
estimated by gel filtration on Sepharose 4B, and this procedure has been
included as & requircment. It is known that preparations degraded by &
prolonged exposure to ambient temporatures arc significantly less immu-
nogenic; howcver, the requirements concerning molecular size are
‘uch that they nre met relatively easily in praduction yet allow & margin
of safety for changes that may occur under non-ideat but practical
conditions,

The Grouwp C polysaccharide Js a polymer of N,0-diacetylnoura-
minic acid, and these components, together with caleium ions aod
pesidual moisture, account for over 90% of the weight of the material.
Unlike Group A polysaccharide this polymer is not susceptible to
degradation at ambient temperatures but in all other respects the prop-
erties of the o polysaccharides sre similar,

Another unugual feature is that purification of the polyeaccharides
is carried out nnder chemically clean but not aseptic conditions (because
the tatter would be prohibitively difficult), the final product being
rendered bacteriologically steclle by membrane filtration.

Chemical tests are not carried out on the fina! bulk but rather on
aliq{xots of lots of purified polysaccharide. If these meet all the require-
ments they may be pooled to form & final bulk of any desired size.
Moreover, any lot of purified polysaccharide that fails to meet any of the
chemical requirements may be, ro-treated and if it is then able to meet
the requirements it may be included in a final bulk.

Each of the following sections constitutes a recommendation, The
parts of each section that are printed in large type have been written In
the form of requirements so that, if & health edministration so desires,
thess parte as they gppear may be included in definitive national require-
ments, The parts of cach scction that are printed in smal]l type are
comments aad recommendations for guidance, Detatled descriptions
of technical methods that may be used are given in Part C of these
requirements.

Should individual countries wish to adapt thege requiraments as the
basis for their national regulations concerning meningococcal vaccine, it
is recommended that a clsuac be included that would permit modifica-
tions of manufacturing requirements on the condition that it be demon-
straied, to the satisfaction of the national cantrol authority, that such
madified requirements cnsure a degree of safety and a potency of the
vaccine at least equal to those provided by the requirements formujated
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below. It is desirable that the World Health Organization ghould
then be informed of the action taken,

The terms ‘' natiopal control authority™ and “ natioral control
laboratory ', as used in these requirements, always refer (o the country
in whioh the vaceine is manufactured.

PART A:
MANUFACTURING REQUIREMENTS
1, DEFINITIONS

1.3 International name and proper nameo

The internationa) name shall be Vaccinum meningitidis cerebro-
spinalis followed in parentheses by the serogroup specificity, thua:
polysaccharids Group A and/or polysaéoharide Group C. The proper

name shall be the equivalent of the intornational name in the lunguage

of the country of origin.

The vso of the international nams thould be limited 1o vateines
that satisfy the royuiremonts formufited below.

1.2 Descriptive definition

Vaccinum meningitidis cerebrospinalis shall consist of purified
Group A andfor Group C meningococcal polysaccharide(s), The
polysaccharides shall be prepared from steains of Nelsseria meningitidis
that bave satitfied the requirements of Part A, section 3.1.1, and
purified by methods outlined ia Part A, sections 3.3.3 and 3.4, The
final preparation shall satisfy alf the requirements formulated below.

1.3 TYerminology

Forent seed lov, A quantity of living Neisssria meningitidis organisms
of a specific strain processed together and of uniform composition,
A pareat seed lot may be maintained in the dried form or frozen at
temperatures below —~45°C.

Working seed lot, A quantity of living Nefoseria mentngitldly organ-
igmr derived from the parent sced lot by selecting a colony, growing
the organisms aud maintalning them ia aliquots in the frozen stams at
—~45°C or below. '
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Single harvest. A sediment obtained on the same day by centrifu

gation of ane culture irrespactive of the volume of hexadecyl trimethyi-
ammonium bromide® that has been added 10 precipitate the group-
specific polysaccharide.

Lot of purified polysaccharide. The tnaterial obtained after final
porification, The lot may be derived from a single harvest or from
several single harvests.

Final bulk. A pool of lots of purified polysaccharide that have been
digsolved and filtered through membyanes under aseptic conditions.
The final buik is contained in a single Vcssel from which the final oon-
tainers are filled.

Filting lot (final lot), A collection of sealed final containers that are
homogeneous with respect to the risk of contamination during filling
or drying. A filling lot must, therefore, have been aseptically filtered,
filled, and dried togethar,

2. GENERAL MANUFACTURING REQUIkENIENTS

The general manufacturing requircments contained in the revised
Requirements for Biological Substancés No. | (General Reguirements
for Manufacturing Establishments and Coatrol Laboratories)® shall
ﬂPP]-y- Stafl assigned (o the production of i al i

thould be vaccinafed against tho partioular sarogmup that is
ander production.

) 3. PRODUCI‘ION CONTROL
3.1 Control of source of material

3.1.1 Serains of Neisseiia meningitidis ,
The strains of Neisseria meningltidis Group A and the strains of
N. meningitidiz Group C used for proparing polysaccharide shall be
approved by the national Jicensing authority. They shall also have been
shown to. be capable of produmng polysaccharide known to be safe
and effective in man.
The following strains have been shown 10 be suitable: for

Group A polyssccharldo—Al, M1027; for Group C poly-
saccharido—Cl1, C2241.

} Theintcrnational nonpropsietary name for this substanca js celplmonium bromids.
¥ WHO Technical Report Series, No, 323, 1966, pp. 11-22.
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The pacent seed Jot used shall bs {denfified by a record of ite history,
inctuding the source from which it was obtained and partioviars of 2il
tests made periodicafly for the verification of strain characters. The
cultures shall have the following characteristics s (I} stained smears
made from & culture shall be typical of N. meningitidis ; (2) the organism
shall grow at 37°C but not at 25°C ; (3) the culturs shall ferment glucose
and maltose ; (4} the colonics on agar shall be oxidase-positive ; and
(5) a suspension of the culture shall be agglutinated specifically with an
appropriate grouping serum.

3.1.2 Seed lot system

The production of meningococcal vaccine shall be based on a seed
lot system. Cultures of the working seed lot shall have the same charac-
teriatics ag cuitures of the strains from which the parent seed lot was
derived (Part A, section 3.1.1)., The preparation of seed lots shall
bz in compliance with the requirements of Part A, section 3.2.

A syitoble meastzpum for drying or presecying & paront or
working soed Jot in the frozan stute s ons containing 5% rmono~
sodivm glutamate and $% bovine pitsma,; in some countrivs
gkimmed milk is used. MuellervHinton agar medium may bo
used for the preparation of working seed lots.

-3.2 FProduction precautions

The general production precantions, &y formulated in the require-
ments of Part A, section 3, of the revised Requirements for Biological
Substances No. 1 (General Requirements for Manufscturing Estab-
lishments and Control Laboratovies) shall apply.

Particolar ¢fforts aro necessary to majotsln the culture tanks
and all othet equipmont scropulously ¢lesn. In pertioular,

" efforts should be mado to avoid ceoss-contaminntion of 1he poty-
saccharfdes.

3.2.1 Culture medium jfor vaccine production

The fuid culture medium used for veccioe production shall be
frec from, ingredients that will form a precipitate on addition of hex-
adecyl trimethylammonjum bromide to 4 final concentration of 1 g/l.
It shall be frec also from substances that may give rise to sensitization
in man if the ingredients appear in the final vaccine,

1 WHO Techules) Report Scries, No. 323, 1966, p. 15,
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The basal medium described by Frantz* supplemented with

2 g/l dlaiysate of yeast exaract may be used. Tho basal medium
may be saroclaved but tho rupploment, consitting of yeast
oxtract dlslysate, magnestum sulfate, and dextrose, should be
sterliized dy Bluration.

3.2.2 Method of produciion

The growth of the cultuves shall take place at 35.5°Cx1.5°C. A
working seed lot shall be plated on solid medium and after 12-18 hours
of incubation the culture shall be used as an inoculum for liquid pre-
cultures, As these precultures reach the stationary phasc they shall be
uged as an inocuflum for the production tanks, and the production
cultures shall be harvested during the late logarithmic or early stationary
phase,

The moment af harvest of tha producuon cujtyra should ba
aetermined keeping two considecations In miod, Latc harvestr
tends to Improve the final yleld of polysaccharide but Its average
molecnlar size will be lower. Most often the optimum sime for
harvest has been (0-12 hours after inoculatlon.

3.3 Control of production caléare

3.3.1 Freedam from contamination

Samples of the culture taken before killing shall be tested for bac-
terial contamination by microscopic exumination of Gram-stained
smedys and by inoculation into appropriate media. Severat microscopic
fields shall be examined at high magnification such that at least
10000 organiams have been ingpected, I any contaminating bacteria
are found the culture or any product derived fromn it ghall be discarded.

3.3.2 Treatment of production culture

Az 3001 as freedom from contamination is established by examination
of stained smears purification shall be undertaken.

Theculture may bo hervesed divectly or efwer killing the organ-
{sxae by hoatlng at $6°C for a perlod of 10 minutes, Two
focthods cxigl ; cither hexadecyl teimothylammonfom bromide
is ndded 19 tho culture to » fina} cancentration of 1 g/}, or the
culture io firet clarified by centrifigation efter which hexsdeeyl
trimcthyl bromide §§ addod to the supernate,

3 FRANTZ, 1. D, Jowrna! of bacteriology, 431 757 (1942),
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"3.3:3 Purification of polysaccharide

All steps-in the porification procedure shall be carricd out in ¢lean
glass or plastic ware. Only plastic warc compatible with the solvents in
use during the particular step of the procedure shall be used. Resgent
grade chemicals or squivalent shall be empioyed, and aqueous solutions
of ealcium chloride, sodiom acetate, or other saits shall be filtered to
remove particulate matter present in these materials, Al purification
steps shall be carried out in a cold room at & temperature of 8°C+5°C
with chilled veagents, The precipitated detergent-polyeaccharide complex
shall be collected as rapidly a5 possible by centrifugation and, unloss
preliminary purification is carried out immediately, the sediments shall
be stored {rozen at —20°C o lower.

3.3.3.1 Preliminary purification of meningococcal polysaccharide. The
precipitate of hexadecyl trimethylammonium bromide and polysac-
charide shall be partially purified, the material resuiting from this
preliminary purification being referzed to as intermediate produet.
This produat shall be stored at —20°C or below. The method of puri-
fication shall be approved by the national eontrol authority,

Suitablo mothods for prolininary purificatlon sre showa in
tha Appendix to thess Requiramonts,

3.3:3.2 Final purffication of meningococeal polysaccharide. The inter-
mediate product, which contains approximeately 50% by weight of the
desired polysaccharide (the remaminder being principally protein and
lipopalysacchavide with endotoxic activity), shall be subjected to further
purification. The method of furthex purification shall be approved by
the national control authority.

Suitable mothods for furthee purification ure shown in the
Appetdix to these Requirements,

After final purification the material is referred 10 as the lot of purificd
polysaccharide, The final dry product shall be handled with sterile
precautions and stored 8t —20°C or lowex.

I tests carsied out on the lot of purified meningococcal polysaccharide
indicate that nuolefc acid, protein, or ¢udotoxic contamination is present,
the purification procedure applicable to the particular contaminant may
be ropeated, followed by the procedure for drying the polysaccharide.
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3.4 Chemfcal reqoirements for Yots of porified polysaccharide

All chemical anatyses of afl lots shall. be. based on the dry weight
of polysaccharide in the salt form. The moistore content of the purified
polysaccharide shall be determined by thermogravimetric analysis at
50°C. In laboratorles lacking facilities for thermogravimetric analysis,
the moisturc content may be determined by the Karl Fischer method
or by drying in vacuo over-PyOj at 37°C until a constant weightis reached.
Thess date shall be used for the calculation of the dry weight.

3.4.1 Protein content”

Esch lot of purified palysaccharide shall contain less than 10 mg of
protein per gram of polysaccharide us determined by’ the method of
Lowry et al.1 nsing bovine plasma albumin a¢ a reference, .

3.4.2 Nucleic acid content

Each lot of purificd polysaccharide shall contain less than 10 mg
of nucleic acid per gram of polysaccharide as determined by spectro-
scopy, assuming that the internal tranamisgion density of a 10 g/l solution
contained in & ccl 1 cm wide at 260 nm is 200.

3.4.3 O-aceryl content

“The O-acetyl content of each Iot of purificd polyssccharide shall be
equal to or greater than 2 mmol/g of polysaccharide for Group A and
1.5-mmol/g of polysaccharide for Group C. Thé O-acetyl content shall
be determined by the method of Hesirin® ’

3.4, Phosphoris content

Each lot of Group A polysaccharide shall contain at least 80 mg/g
of phosphorus: - -
3.4.5 Sialle acld content

“The sinlic acid content of the purified polysaccharide, calculated ag
free N-poctylnenraminic acid (molecular- weight 309), shall be not less
than 800 mgfg of the dry weight of the isoluted product.ag dotermied

} Lowny, O. K. et al, Journal'of blologloal chemistry, 198 ; 265 (1951).
* Heatwan, §. Journal of btalogical. chomistry, M0 : 288 (1949).

58

01/14/2008 LUN 12:48

No. 1983 P. 44

[# TX/RX 6350]

uox

4T

o044



Jan. 14. 2008 11:46AM

BFF

"by the method of Svennerholm! using the reference sialic acid, N-

ucetylnenraminic acid, as the reference preparation.

3,4.6 Molecular size

The molecular size- of each lot of purificd polysaccharide shall be
estimated by pel filtration uaing Sepharose 4B, Chromatography shall
be carried out in-g solvent having s concentration of 0.2 jonic strength.
The olecular weight shall be determined by mezsuring the distribution
constanpt Ky of the polysaccheride at the main peak of the elution
curve. The X, value must be no greater than 0.40.%

There are clinice] data indfeating that vaccines with a Xy, valus
as high as 0.45 are immunagente for man. As thors it & genera)

relationship berwesn framunogeniclty aed molecolar weight,
howaver, mnterlal with the lower Xy valuc of 0.40 §s considerad

preferable, Attempts shonld be wiade o producs materis] with

still lower Xy vahics, and whon such veccinot are being produced
segularly these regulations may be amonded te require a reducy
tfon [n Kp value befow tho curroatly specified upper timit of 0.40,

3.5 Preparation of fina) bulk

The final bulk shall be prepared either from 2 single ot of purified
polysaccharide or from several poaled Jots. The polysaccharide shall
be dissolved under aseptic conditions in a sterile solution containing
mannitol or other sultable materials as the menstruum for freeze-
drying and shall be sterilized by membrane filtration. The salvent
used shall be free from pyrogenic substances.

Membranes with a pore §iza 6 0.22 pm have been found satis-
factory. ' '

3.5.1 Sterility test on the final bulk

Fach final bulk shall be wested for bacterial sterility according to
the requirements given in Part A, section 5, of the revised Requirements
far Biological Substances No. 6 (General Requirements for the Sterility
of Biological Substances).?

i vmnamnrtorm, L, Biochintes et blophystea acta, 24 : 604 (1957).

2 The wechnology of B Iysacchacide pr ion ix such that it is
not oasy to obtaln agrecment on an absolute figure for molscular size. In some coun-
triok i¢ bas been suggested that tha Ko value should ba loss than or equat 10 0,40 and
:hné jaé least 65% of the materia} should. elute with & Ao value:Jess than or cqual
0 0,50,

® WHO Technical Report Series, No, 530, 1973, pp. 4B.52,
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3.5.2 Test for serological specificity .

The final bolk of meningococeal Group A polysaccharide and th
fina} bulk of menimgoeocoal Group C polysuccharide used for the
combined vaccine ghall be tested for serological specificity and identity
by the heemagglutination inhibition assay procedur. The meningo-
coccal Group A final bolk shall epecifically inhibit haemagglutination
of erythrocytes sensitized with Group A meningococeal antigen in the
presence of Group A, antibody. There shall bo no inhibition of haemag-
glutination by the vaccine at 2 minimum final concentration of 100 mg
(dry weight) per litre in the presence of meningococcal Group C snoti-
serum and orythrocyles sensitized with Group C meningococcal antigen.
The meningococeal Group C final bulk shall specifically inhibit hacmag-
glutination of erythroeytes sensitized with Grovp C meningococosl
autigen in the presence of Group C antibody. There shall be no inhibition
of hacmagglutination by the vaccine #t 2 winjmum final ooncentration
of 100 mg (dry weight) per litre in the presence of meningococcal Group A
antiserum and crythrocytes semsitized with Grovp A meningocaccal
antigen,

4. FILLING AND DRYING

The requirements concerning filling 6hd containcrs given jn Fart A,
gection 4, of the revised Roquirements for Biological Substances No. 1
(General Requirements for Manufacturing Establishments and Control
Leboratories) ! shall apply. The vacningococcul vaccine shall be freeze-
dried, The Group A and the combined Group A and Group C vaceines
shall be stored at a temperature of —~20°C or lower whereas the Group C
vaccine shall be stored at a temperature of 5°C or lower.

S. CONTROL TESTS ON FINAIL PRODUCT

5.1 Identity test

An identity test shall bo performed on at least onb labelled contatner
from each €iling lot. The presence of the group-specific antigen(s)
shall be confimed by tests described In Part A, section 3.5.2,

5,2 Test of contsmination by heterclogous polysaccharide

The monavalent vaccine shall bo tested for the presence of hetero-
logous polysaccharide by the test described in Part A, section 3.5.2.

3 WHO Technical Repori Soriss, No. 323, 1966, pp. 16-17.
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" 8.3 Conceniration of polysaccharide

At least one fina] container shall be checked to determine that if
contains the stated smount of palyteccharide, It shall be shown that
Group A vaccine contains 75 mg of phosphoris per gram of poly-
seccharide and that Growp C vaccine containg 750 mg of N-ucetyl-
neuraminic acid per gram of polysaccharide.*

5,4 Sterility tests

Each filling 1ot shall be tested for sterility according to the require-
ments given in Part A, section S, of the revised Requirements for Bio-
logical Substances No. 6 (General Requirements for the Sterility of
Biological Substances).®

%.8 Yonocufty tests

5.5.1 Pyrogenicity test

Rach filling lot shall bo tested for pyrogenicity by the intravenous
injection of rabbits, Three or more healthy rabbits thet have not been
injected previously shall be vsed., The vaccine, reconstitured in the form
in which it ig to be used, shall be diluted further in pyrogen-fres physio-
logical saline so that each vabbit ghall reccive, by injection iato the ear
vein, the following doses of dry weight polysaccharide per kilogram
of rabbit weight :

Group A vaccins, 0.0025 pg
Group € vaccine, 00025 ug
combined Groups A and C vaccine, 0.0050 pg

In ¢ach jnstance the specified dosage level of polysaccharide for each
rabbit shall be suspended in 1 ml of physiological salins per Kilogram of
rabbit weight. The criteria for passing the test shall be those specified
in the Interpational Pharmacopocia ®

* The cantent of phasphords and N-acatylucuraroule acid In the final containers

" I Inpvitably somewhat lower than s content of these sub in the inc lots,

a3 glven In sectiony 3.4.4 gnd 3.4.5 of this anacx.

§ WHO Tocbulcal Repors Series, No, 8§30, 1973, pp. 48-52,

® A detailed deacriplion of the test for pyrogons is given in : Specifications for 1he
quallty control of gharmaccmical ﬁrepamﬂom — second edition of rthe Yurerradonal
Pharmacopoeia.  Goneva, World Health Orgenlzation, 1967, Appondix 43, p, 747,
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5.5.2 Tests for abnormal 1oxicity

5.5,2.1 Guineqpig toxieiry, No fewer than five gumcaplgs weighing
approximately 350 g each shall-be injected. intraperitoneally with 500 pg
of the polysaccharide(s). The animals shall be observed for 7 days and
the injection shall cause neithet mgmﬁoant symptoms nov clcath during
thig period. \

5.5.2.2 Mouse toxicity, No fower than.five mice weighing approxi-
mately 12 g cach shall be injectod intraperitoneally with 100 pg of the
polysaccharide(s). The animals shell be obsetved for 7 days and the
injection shall causc neither significant symptoms noy death during this
period, .

5.6 Estimetion of molecular size

The molecular $ize of the polysaccharide in at least one final container
from cack filling lot shall be dotermined by Bepharose 4B gel filtration as
outlined in Part A, section 3.4.6. The polysaccharide shall clate with
2 distribution constant, Kp, of 0,40 or less.

5.7 Test for rcsidunl moistare

A test-shall be performed on #t least one contriner t‘rom -cach filling
lot to determine the amownt of moisture in-the product. The filling lot
shall pags-the test if the moisture content is not more than 3%. The
method used for the determination of the wmoisture content shall be
approved by tho national control authority.

5.8 Storage

The Group A vaccine shall be gtorcd 8ty tcmpemmre of ~20°C or
lower, The Group C vaccine, shall be stored at a temperature of 5°C
or lower, .

6. RECORDS
The requirements given in Part A, section 6, of the revised Require-
ments ‘for Biological Substances No. | (General Requirements for
Manufacturing Bstablishments and Control Laboratories) 2 shall apply,

i Seo footnote on p. 59,
* WHO Tuchaical Report Serfes, No 323, 19686, p 17,
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7. SAMPLES

The requirements given in Part A, section 7, of the revised Require-
meunts for Biological Substances No. I (General Requirements for Manu-
facturing Establishments and Coatrol I.aboratovies) ! shall apply,

8. LABELLING

The requirements given in Part A, section 8, of the revised Require-
mentg for Biological Substences No, I (General Requirements for
Manufacturing Batablishmentz and Contral Laboratories) t shall apply,
with the addition of the following.

The label on the container shall show :

— the number of micrograms of polysaccharide(s) in the human dose
~— the volume and nature of the recongtituting fiuid.
Furthermore, the label on the container or the label on the carton

enclosing several containers, or the leaflet accompanying the container,
shall contain the following additional mformation ;

— a ststement that after the dried vrccine hag been reconstituted it
should be used within 8 hours; .

— o statement that the Group A vaccine shall be stored at —20°C or
fower ;

— a gtaternent that the Group C vaccine shall be stored at 5°C or [ower;

w~ @ statement that & combined Group A and Group C vaccing shall be
stored at —20°C or lower.

9. DISTRIBUTION AND SHIPPING

The requirements given in Part A, section 9, of the revised Require-
menfs for Biological Substances No. 1 (General Requirements for
Manufacturing Establishments and Contro} Labogatories) ! shall apply.

¥ WHO Technical Report Sorfes, No, 323, 1966, p. 18.
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10. STORAGE AND EXFIRY DATE

1o Storage conditions

The manufacturer shall recommend such conditions of storage and
shipping as will ensure that the vaccine conforme to these requirements
until the cxpiry date as stated on the label. The Group A vaccine shall
be stored at —20°C or lower ; the Group C vaccine shall be stored at
5°C or lower,

10.2 Expiry date

The expiry date for dried vaccines shall be not more than § years from
the date of harvest or not more than 18 months from the date of fssue,
‘The manufacturer shall provide data to confirm the stability of the
_product.

PART B :
NATIONAL CONTROL REQUIREMENTS

1. GENERAL

The general requirements for control laboratories contained in Part B
of the revised Requirements for Biological Substances No, 1 (General
Requirements for Mannfacturing Retablishments and Control Labora-
vorjos) 1 shall apply,

In addition, the national control authority shall give directions
to manufacturers concerning thc most suitadble strains from which
polysaccharide vaccine shall be praduced,

2. RELEASE AND CERTIFICATION

A vaccine lot shall he releaged only if it fulfils all requirements szt
forth in Part A of the present document.

A statement signed by the appropriate official of the natjonal control
laboratory shall be provided at the request of the manufacturing estab-
lishment and shall certify whether tho lot of vaccine in question meets all
nationa! requirements as well as Part A of the present requirements.

1 WHO Technlcal Report Series, No. 323, 1966, pp. 15-22,
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" The oertificate shall also state the date of the fast satisfactory test for

molecular weight, the lot number, the number under which the lot was
released, and the number appesring on the labels of the containers.
In addition, a copy of the official national release document shall be
attached, - '

The purpose of the certificate is 1o facilitate the exchangs of men-
ingocaceal polysaocharide vaceine between countries.

3. REACTIVITY AND IMMUNOGENICITY
OF VACCINE IN MAN

The national control authorities shall satisfy themselves that adequate
control of meningococcal vaceinie has been achicved by drranging for
studies in man* to be made on the first series of production lots and
thereafter at regular intervals on some of the vaccine Iots. Such studies
shall be repeated if any changes in production methods sre made,

The national control authorities shall ensure that the studies are done
in an adequate number of subjects 1o obtain ‘statistically valid data on
reactivity and immunogenicity.

The following mathods of demonstrating safety and efficacy
may be used. .

Heelthy adult human sobjects should be Immanized in the v

manner prescribed for the produet and thelr remporatures
measured befweon 4 mnd 6 hours, and again between 24 and
48 hours, After injection. Such temperatures, as wefl ap pll
sdverse regctions during the Arst 48-hour peried should be
reported,

Semples of tora from each subject takeq immediately prior
10 injcction and again at 2-4 weeks efter immunizatlon should
be assayed for bactoricidal antibodies. The bacterlcidal nssay
should be performod with paired sern from each subject ln
serlat twolold dilations against the Al strojn for Growp A and/or
the Cr11 atrain for Group € or equivnient sivalns of Nelaseria
meninglddis. The antibody tlire showld be expressed as the
teciprocal of the highest dilution thar effects 50% or greater
Killing of the mct organisms. The entibody titres of vhe sera
from af lonst 90% of the subjects should show a fourfold or
gronter rise zfter immunizstlon. If the sera from less than 90%
but greater than 80% of the subjecis show such a rise, one

re-test of the product may be allowed, but in sich & cade the

sort fram i Jeust 90% of all subjects in the two tests combined
should show s fourfold or greater antlbody Increase.

¥ Tho perzony should be valupteers.
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Appendix

DYELAILS OF SOME METHODS AND TESTS USED IN THE MANUFACYURE
AND CONTROL OF MENINGOCOCCAL POLYEACCHARIDE VACCINES

These mothods and 108t ars given as 8 gulde to control laboratories.

1. Suitadle methods for preliminary puvification

A satisfactory method of preliminary purification is ax follewe. The quantities
snggestad adsumo that the xediment from 100 lityes of eulturs ig avaitable, The sediv ,
mont, which may come from a cingle barvest ov may he 8 pool of tovers) single harvests,
|s smoathly suapended in U litre of distillod water, Ono fitre of 2 mol/] calcium chlorids
Is ndded to distoctate the detergent-polyasccharide complex and the suspension s
sdrred for one hour, ¥n ovder to precipitate the nuciele eids nnd'the butk of soleble
prowin, absolute othanol or 95% ethanol is added to 8 finel ethenol concentration
of 250 m)Jl. After ane bour of standing the precipitate is scdimented by oentrifugation
at appraximately 20 000 g for 20 minutes and the parfectly claar supeTRAtant is retained.
Unlest this sotutlon i free from particulate maiter ji is probabls that 1he final preduct
will contsin an unacesptable Jovel of ouclefe acld contamination. Ethanol js added
to this solution to & fins) tration of 750 mi/l for the Group C polysscchuride
and 800 wi/i for the Group A polysaccharida. Afer agplomeration of the pretipftate
fa complete (ushally within one hour), the precipitatod polysreeborside is collcctcd by
centrifugation 1t approximately 3000 g for 10 minutes. The sediment it washed
at {east twice with about 1 flive of absolute ethanol (cach time) to remavs hexadoey)
trimethylsmmonium bromido and calclum chivride. It is casentinl to use sbsolutc

hano! b ptablc [oscs of polysaccharide will aceur if 95% ethanol is
employed, The sediment is washed twice with spproximately 1 fitre of acetono snd
dried in vacuoum,

2. Sultablo methods for further purfficatlon

Two methods for furthor purification have boen Wsed. The Avst §s bused on the

mcthod of Bevag! and consists of homogenlaing in n blonder dn 4g) fution of

) ths intermediate product (about 20 g/l) and a mixture of chioroform and n-butsnel
(in the ratio of §: 1), After centrifugarion for 10 minutes at appraximately 10 000 g,
the cloar aqueous supernatant is decantod and the homoganization of thiz Jayer
repeated uniil a negligible interfacial precipitate forma on centrifugation.

The other mothod depends on cold-phenoi fon, The intermediate product
io dissalved in 0.1 saturated neutrnl sodium dcetats to give » cpncentrating of inter-
wmodiats product of 20 g/l It {s then extracted throo thmes with twice its volume of
cold phenol (100 g crystalline pheao! diszolved in 40 ml of 0.1 saturated noutral
sodium acetate), The oxtraction congists of vigorous shaking by hand for ppproximately
30 seconds, To minimize loszss the three phenol Inyers are ssquontially extracted
with twics thelr volume of distilled water and added to the first aquecus supornitunt.
Phase separation {8 schisved by centrifugation for 15 minates at 35000 g. The poly-
snccharids solation is dialyced for 24 honrs agafnst cold 0.1 mol/) calefum chloride,

¥ SEvaa, M. G, Blechemisohs Zalischrift, 2731 419 (1934).
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The solution is contrifuged for 1 hours 8t 100 000 g to sedimont endotoxic lipopoly-
saccharide. Ethanol is udded to the sup t to a final tion of 750 mi/l.
The precipitated polysaccharide is coliected by centrifugation, washed twics with
absolute othanol and twice with acetonc. [t it then drisd i vacuum.

Por the production of the Group A polysaccharide the cold-phonol proccdure -

i$ to bo preferred because the 9icld and melocular $ize are much higher, Thit procs.
dure tan 8lto be uted for the production el Group C polysaccbarida, but frequantly
endotoxic activity is not readily removed by ultravcentrifugation unléss ape or more
cyclen of hombgenization with & mixture of chloroform and butanal have besn carrisd
out,

3. Molocular sfxing of capsular pofyseccheride antigens by Scpharese 48 colemn
chromatography :

Reagenis *

Sepharose 4B gol

0.2 mol/f ammonlum acstate, pH 7.0, as cluant
Mcuiabelled sodium soetate

Blus dextran 2000

Scintillation liquid

Reagents for chemical assay of polysaccharides

Equipment

Colemn (1.5%90 cm)

Aut le fraction collector snd test-tudos

Gel and chusnt reservoly

Liquld sclntfliation counter and counting visls

Refractomelcr or other appropriats monftoring device and recorder (optional)

\, FProcedures

(1) Washing of the Sephurose 40 gel:
(@) To approximately 200 ml of packed Sopharess 48 gel add 400 ml of
0.2 mol/[ ammontura scetate. &ty the get thoroughly and let it sediment for
about 1 hour. Remove the supernaiant fluid together with the fine particies
suspended in if. )
{b) Rnyen.t ths abpva procedurs until thars ure no fine particlss in the super-
nAtant, ’
{c) Docant all the supernatant and add 200 m! of fresh 0.2 mol/) ammonium
acelate to the gel. De-seratc the gel suspensfon o & vacuum,

(2) - Packing of the columpn;
(0) ‘Mount the column vertically nnd conoectif 1o the go! and cluant resorvolr,
Kill the column with 0.2 mol/l smmenium acetate to & degth of about 30 ¢m,

(&) Pouy the washed Sepharose 4B slurey into the reservalr slawly (o avaid
trapping aic bubbles and adjust the helght of tho surthee of the slurry sbava

¥ Advice on the availability of guitabla products may be odtained from Blo-

logfeals, World Health Organization, 121] Gensva 27, Switxetland.
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the column ontlet to uboul 70-75 ¢m. Qpen the calumn outlet and lat the gol ’

sedinaent at that aperating presoure for abous 16 hours ; the flow rate of the
column is approximately 15-20 mi/h, .

(¢} When ths cofump iz packed to n-height of about 87 em, equillbrate the
gel bed with two' 10 thees colimm vofumes of eluant. The operating pressure
should'shways be squal 16 of 1669 than thet at whith the column was packed,
Mazk the gel bed level,

Calivratlon aof tha co!umn: !

{a) Void velume (Vg !
(b The vaid yolume is detarmibcd with blue dextrap dissclved in
0.2 mol/l ammonium acctate to & coneentration of 2 g/l,
() Drain the excest cluant (vom the colomn vpiil the clugnt lovel is
¢qual ta the gel bed Invel ; closs the column outlet,
(i) Carefully layer 1 ml of blue dextsan on top of the gal bed and allow
the sample to drain into the gel bed by opening the column ocutlet.
{i¥) When tho tample level 18 oqusl to the gat bad level, fill ths column
with eluant and connact it 10 the eluant reservoir. Start callecting the
fractions (approximately 2 ml per fractfon) with an nutomsticfractionator.
(Simultaneously, the eluant may bo monitored for b!uo doxtren with a
wonltoring device aud a recorder.)
(v) The interna! tranenitstlon deusfty (optical denclty) of stch (raction
Is read ot 260 nm and plorcd againat the number of fmctions. ¥y is
determined s the volume of ctuant collected up to the position of the
maximum of the fivst hlua dexiran peak in the clution diagram. Deter-
mination of the position of the apax of tha elution prak may bo done by
axtending vpiwards the two straight linos on (he slopes. 'The Interception
of the two slopes ia taken as the ppex of the slution peak.

Total bed valume (V)):

() Tho total bed volume I dstermined with MCelabelled sodium
acetats. The colarin {8 fosded with 1 mi of the sodium acefate salution
containing 0.4 KCi of redioactivity.

(i) Fractions of about 2 mi each are collscted and a 0.5 mi portion
fram euch fraction is transferred (nto soparrte scintillation vial containing
10 mi al scintillation liquid, Tho vials are counted in & liquid scinillation
countor.

(iii) 'The radioactivity, expressed ug'counts per minuts, is plotted against
tho respective fractioa aumbdors, The toral bed valume is the volume of
eluant collectad up 10 the poditlon of the maximum of the H¥C sodium
. ecetats peak in the lwtion diagram, Symmolrical peeky in the elution
profiles are indicative of the acceptability-of the column.,

-

@

(4) Vnccine mensorement ¢

68

(a) Preparations of mening: | polysaccharide vaccine Group A of Group
C or Groupe A and C combined In, the final conteiness are roconstitulod with
water to a concentration of 2,5 gff of antigen for Group A or Group C or
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5.0 g/1 of antigens for Groups A and C combincd. The vaccins poaal should
contain 4t leest 2.2 ml. No mors than 10 mg of polysaccharide should be
used,

(b) One millilifre of the vacelne s used to charge the column, the column
is eluted with n volume of 0.2 mol/l ammwvnium acetate using not less than
1.5 times the fotn} bed volume of the ¢olumn, and the eluate is collected,
(6} The gquentity of phosphorus in fractions of Group A Vaccine and the
quantity of sialic acid ip fractlons of Group C vaccine ars detarmined, The
readings are platted ag2inst the number of fractions. Altsrnatively, the slunte
may be monitored with 4 rvefY or 2u absorptiometer and g pecarder,
However, the protlle thus obisincd by the menitoring device should ba com.
pured with g profile of the came typs of vaccine as detormmed by chemlical
assay of fractions eluted undec Identleal chr phic i Tmmy
nachemical snalyses of the polysaccharides are not sufﬁcmntly quantitative
to bo reliable,

(4) Tho clution volums ¥, is measured at the main pezk of the poly-
saccharido elution cusve, and the distribution constant §s calculated from the
6quation :

Vo—Vo

=57,

using the values of ¥ and ¥y dotermined for the calumn. The Ky, value of the

polysaccharide must de no greater than 0.40.2

4. Dotermination of the O-atetyl grovp In ings | polysnccharides Group A
and Grouy C

Tho methods described in this section are based on the work of Hostrin® and
Xabat & Mnyer?

Tastrumeniation
Spectrophotomoter for the ultraviolst acd visible regians of the spectrum.

Mechanism

O-acetyl groups react With hydroxylamine in 2lkali 10 ferm hydroxamic acid.
Tho hydroxamic acid formed is measured by the farmation of a coloured complox with
Fe'* {o acld solution,

Reagenty

(1) 2 mol/] hydroxylamine hydrochloride, Store in tha cold.

(2) 3.5 mol/l NaOH.

(3) Contentrated HCL (specific gravity 1.18), diluted with twice its yolums of
Watcr.

(4) 0.37 mol/l solution of FeCly.6H0 in 0.1 moljl BQy,

(5) 0.001 mol/l snd.mrn acetate, pH 4.5,

(6) Ref ion ol acetylcholine chlorlde (molecular weight 184.7).

L §eo footnote on p. 55,
1 Heston, S, Journal of blologlosl chamistry, 180 : 249 (1945).

® Kanar, E. & MAver, M. Experimental Immunochsmistry. Springfield, Chatles
C. Thomas, 1971, pp. 493494
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Mened of preparing réfacsnce salurion

The referanca solution should conain {50 mg acetylcholine chlorids per vial, To
eaclt vial 10 mi of 0.001 mol/l sodium acetato (PH 4.5) are sdded with a volumetsice
pipette. One millilitre of this solution is transferced to 8 fest tubs and mixsd with
4l 0£0.001 moi/t codinm acatate (pH 4.5), tistag 4 5 m! volumatric Aask if sveilable,
From this solution 0.1, 0.2, 0.3, 0.4, and 0.5 i quaniicles are trapsferred accurately
In duplicate to 10 tast tubes, and 0.9, 0.8, 0.7, 0.6 and 0,5 m! of water are added L0
make 1he volums in ench tubs 1 ml. Thetc roforcace tubes contain reapectively 1,66,
3.32, 5.0, 6.64 and 8.30 micromoles of O-acetyl per milliliire. The duplicate at sach
concentration is used as & reforence dlank, The opproximate tnternel transmission
densitics of thoso solutions at 540 am {n the visible range of. the spectrophotometer
are 0,2, 0.5, 0.8, 3.0 a0d 1.3. Ths readings are aot taken ot the maximum of shsorp-
tion but rathar on the shoulder of tho peak. Purther dotails are given by Hesurin, ¢
The reaction is curxied out af room temperature,

A roference blank is run for sach standavd prepnrod as indicated above. Acld
is added to the blanks hefore the NaOH-hydroxyiamina selution i added.

Procedure
(1) Propare the sampls for analysis by making up o 0.1% solution of the poly-

taccharide (no salt) in wrier. For each test uio 1 mi of this selution, which contains:

L myg of polysaccharide,
(2) o i mlof thesample and rcfe preperations add 2 ml of & freshly prepared

. (within 3 hours) mixture of equal paris of reagents (1) and (2) (2 mol/) hydroxylamine,

and 3.5 mal/l sediym hydroxide) and mix.

(3) Afer 4 minutes at room wmperature, add 1 ml of reagent (3), HC, o bring
the pH to sbout 1.2 % 0.2, snd mix,

(4 Add 1 m] of reagent (4), {esric chioride, and mix.

(5) Swirl the confonts of the (et (whes rupldly durlng (he addition of ench of
the aboye reagents.

(6) Both a refevonce blonk (ane blank for each concentration of the refarencs)
and a gample bfank (1 ml of 0,1% polyzeccharide solution) must be Included. In
Hestrin'a method the blank determination is called the test for non-apecific colour,
Acid is ndded to the bianks.before the NaQH. hydroxylamine solution it gdded,

(7) Read tho internal transmission density of tha purpls-brown celour at 540 nm
prompily.

(8) Subatract the sample blank readings from those. of the samples and subtract
(he raference dlank readings from thosa of the reference preparations,

(®) Plot » cucve of internal Trapsmisefon density versus molarity of O-acety),
The values of internal frapsmistion densfty of the samples on the refersnce curve
correspond to micromole of Ouiocetyl per milfigram of polysaccharide (since the test
was conducted on 1 ml of the polysaccharids solution, which containg ! mg of poly-
aacebar(do). :

Tha weight of polyssecharida used in the 1 g/f polysaccharide solution is corrected
for its moltturc contont ® and tho final result iy oxpressed as “millimoles of O-noatyl
por gram of dry pofysaccharide ',

2 Yestriw, S, Journal of blolugical chemistry, 160 1 245 (1949),
3 Sea seclion 3.4 of Annex 2,
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Eyampls : Moigue conlont @ 107%. Thua 1 mg f * wht ** pelysaccharid
prises 0.1 mg of Waler and 0.9 mg of * dry " polysaccharids. 1f, for every milligram
of ¥ weat * polysaccharide there are 1.85 wmol of Owacetyl, this fgure i cquivalent ta
1.35 pmol O-acetyl
1 mg el polyszacharide
o 195 pmol O-scety
0.9 mg “dry" polysaccharide
= 2.16 pmol OCwacetyl per milligam of “ dry ** polysaccharide,

5. Procodunes for haemagglutination-Inhidition agsay for meningococeal

polysaccharide vaccine
Sensitizatlon of erythrocytes

Seasitized crythrocytes aro prepared actording ¢o the method of Axtenstein ot sl
with the following modifications ¢

(1) Dulbetoo'’s phosphate-buffersd saline, pH 7.4, with calchim and magncatom
salts is waed not anly ws o dilusnt but for wazhlag cclls ag welt,

(2 Sheep orythracytos (washed three vimes) are used,

(3) Antlsera are heated at 56°C for 30 minutog and adsarbed on to packed normal
shoep orythrocytes befors uss.

(4) Bonsitixlng natigons (Group A or Group C polysaccharides) are used at a
concentration of 20 wefl,

Nitratlan of antisera

8ern nre Hiekted ln triplicats uilng microtitre U-plares,

(1) 0.025 ml of buffsred saline it ndded ta each well.

(2) 0.025 ml of antleerum {2 sdded 10 the first Well of cach row and dilntions are
made whih 0,025 mf loops dowa the rows of tho wolls, :

(3) 0.025 ml of buffer is added to sach well after the sntlserum has been dilpted,

(4) 0.05 ml of sonsitized cells is addad to each well, The plates are jocubated
for 1~2 hours al soom Iémperature for Group C antigen-canted cells and at 4°C for
Qroup A aptigca-coated cells. The cell coatral consisty of 0,08 m] of sensitized calls
and 0,05 ml of normal sorum or salipe.

“Tho highest serum dilution giving o definfiive haemagglutination pattera by consld-
exed a8 baving one univ of acitvity, The proceding well i considercd 1o have 1wo walls
of netivity and the next preceding well four uaits, etc.

A titration of ntiserum over an appropriste rangs of difutiont is included with
each haemagglotinatlon inhibition test.

Haemagglut n tnkibint )

(1) The test vacciae to bo Nsed as inhibitor is reconstin®ed with diluent so that
ita fina} concentration ia the first Well will ba at Jeast 100 mg/l. It shoyld be noted
that, sin¢a the dilution factor for the test vaccine In the fcst wall fs 2 1 8, the Initial
vaccias concentration ghould be at least 800 mg/1,

b ARTENSTEIN, M. 8. ct al. Jowrnal of infectious diseases, 124 : 277-288 (1971),
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(@) 0.025 mi dltuont §s added (o each well.

(3) 0.025 ml teat vaccine Is added to the first well of cach row, Using 0.025 mi
loops, make serinl twofold dliutions.

(4) The natiserum vitrated s described above (see section on tliration of antisera)
is diluted In tubes to cover & range of atlsast 1, 2, 4, snd 8 units. A 0.025 m! quantity
of esch antiserum dilution f¢ added to sach woll of the appropriats rows of vaccine

Idﬂutions\

The microtitre plate is goatly switled to énsurs the miking of the matorin} in each
well and {s incubated at 37°C for 30 minutes.

(5) 0,05 miof the appropriats senzitized colfs fa addad "to each well.

The ooll contral consists of twa drops (0,05 m} total) of diluent in place of the tost
vaceine and antlscrum. A known mhiblior shauld be incleded in sach experiment ag
antigen control, Incubmtion it continued for 1-2 hours at room temperaturs for
Group C antigon-costed cells and at 4°C for Group A antigen-conted cells.

A positive test (or inhibitina is defined &3 2 reduction of the titrs of the tilrated
satlverum by two twafbld dilutlan ttaps of more by any vavsine dllvton with & Snal
concentration in tha well of 100 mg/ or less,

6. Bactedcidal antibody sssey

Maierials 1

Tisaue oultars trays, 20 X 30 om, 96 cups, 2 mi per cup, with sterlls cover
Storllo sutomatic syringes, 1 and 2 ml
Dizposeble serological pipettes, 1 ml, stesile glass plugged
' Nephelometer fasks with side-arm, 300 m1 capacity
Nophelomatsr
Sterlle pipettas and test-tuheg !
Liquid madinvm : Muolles-Hinton broth or soybean-cassin digest broth
Solld wedinm ! soybean-¢aseln digest broth with 1,2% rgaross '
Normal horse serum, hcat-Inactivated .
Dufbecco's phosphate buffored saline (DPBS) with enloium and magneaium
0.85% aaline, sterils “
Cormplement from baby mbbits (34 wecks 0id), or freshly collected baby rebhit
(approximataly 3 waekta 0ld) serum atorsd 8t «§0°C. Complement should be
pre-soreened for the abssice of anti-mening: 1 Rativity. ’

Procedure

(1) Serum samples:
(4) Al tert sora are dijuted 1:2 fn DPBS and inactivated 8t J6*C for
30 minutes, A refersace {a {ncjuded at poshtive captrol. )
(5) Sexlal twofold dilutiona of antisers-are mads by placing 0,2 m! DPBB in
euch cup of the tray, naing a sterlle 1.ml autometic syringe, and adding

3 Advitc on the aveilability of sufiable products mnay be obtained from Bio-
jogicals, Worid Health Organization, 1211 Geneva 27, §witxerland,
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0.2 m1 of inactivaxsd toat sctum to the firtt weli, vetog s sterfle dleposuble I-m)
pipette aspiratad by a l-ml ic syringe 4 to It by & plece of
rubber tubing (teking cars not to fill the zyrings). The sorum is mixcd, and
0.2 m] of the mixed serum is trapsfecred (o the sext well using the same
pipette, This dilutlon process is continued succesgively through the rast of
the wolls, the 0.2 mi taken from the Jast well beiag disonzded.

Bacterin

(o) A lyophifizca meningococeal culture of a vecently transforred culture is
inocniated on o the solid medium and incubated overnight at 37°C in nir
contalning 5% CO,. A 25-m) quantity of droth is added aseptically to a
acphelometer flask &nd a S-mi quantity to & sterdle cwiurs tube, Approxi-
roately  foopful of the overnight cufturc s iransforred to the 5 ml of broth
in The culturs do. Aftst mixing thoroughly, the calture is poured inte ths
flask and fncubated a1 37°C on a shaker for approximatsly $ hours. Yarbidity
is rogd at 530 nm and tho number of cells (colony forming unlts) per millilitre
is determined from a $fandard curve. Tho culturc it diluted Ib saline to a
concantration of 500 cells/ml.

() 0.2 ml of the cell suspension in added to sach well, nsing 4 sterils 1-ml
automalic syringo.

Complement ¢
() 0.2 ml of pre-screcnsd complement is added 10 each wall witk & I~ml
sutomatic syringe.
() The follawing controls ara included.
(0 Celf control: 0.2 ml DPBS, 0.1 m} bacteria, and 0,1 mi hest-
ingctivated comploment,
(i) Complement confzol | 0.2 m1 DFBS, 0.1 wm] bacterin, end 0.1 mi of
activs complement.
(iii) Serum control: 0.2 mt seyum, 0,1 ml bacteria, 0.1 mi DPBS,

Tacubation ;

(a) The platcs are covered nnd jncubated at 37°C for 30 minutes fo $% COy.
@) Sterlls solid medium Is prepaced sftesh cach time in the following
munner, Agar gol {7 heated to §20°C and slerilized fn an sutoclave, ‘When
it has cooled to approximately 43°C, nermnl hozse secum (hoat-tnsctivated)
it added to a concontration of 10 w171, Ons millilitre af the medium Is added
1o cach woll, using & warm 2-ml automatic syringe. The trays are then gently
sWwirled and the mediom 15 allowed to se¢ at room temperature, The trays are
covered 8nd incubatcd at 377C for 18-24 howss o $% COq.

Rending of results:
The growth in the complement control 14 uded as growth cootrol, which should

be the same oy anly slightly less thap that of the col) cantrol. The end-point of sach
serum titration i§ the st well shat gives 30 % or greater Killing as compared with
the cell control. Some scra, capocfally high-ilired samples, may have ¢ provono,
Sazra showing & Kitiing offect In the serum control should be titrated Withoul com-
plpracnt to determine the extont of (his killing effect,
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Federal Register / Vol. 50, No. 162 / Wednesday, August 21, 1985 / Notices

1. Cccupalional lung disease:
asbestosiy, byssinoasis..silicosis. coal
workers' pneumocaniosis. lung cancer,
snd occupational asthma.

2. Musculoskeietal injuries: disorders
of the back, trunk. upper axtamity, neck,
and lower extremity: and traumatically
induced Raynaud's Phenamenon,

3. Occupational cancers (other than
lung): leukemia; mesothelioma; and
cancers of the bladder, nose, and liver,

4. Amputations, fractures: eye loss,
lacerations, and traumatic deaths.

5. Cardiovascular diseases:
hypertension, coronary artery disease,
and acute myocardial tnfarction.

8. Digsorders pof reproduclion:
infertility, sporitaheous abortion, and
teratogenesis,

7. Neuratoxic disorders: periphara)
neuropathy. toxi¢ encephalitis,
paychoses and extreme personality
changes (exposure-related).

8.Noise-induced loss of hearing.

9. Dermatologic conditions:

- dermatoses, burns (scalding), chemical
_burns, and contusions (abtesions).

10. Psychologic disorders: neuroses,
personality disorders, alcoholism, drug
dependency,

11. Control technology research:
application of scientific principles to
control strategies, preconsiruction
review, technalogy forcing/new source
verformance concep!s, technology
transler, substitulion, unit operations
appraaches. .

12. Respirator research: new and

_innovative respiratory protective

devices; techniques to predict
verformance; effecliveness of respirator
programs; physiologlc and srgonomic
factors; medical surveillance strategies;
psychological and motivational aspects;
and physical propertjes,
FOR FURTHER INFORMATION CONTACT:
Far teghnical information: Roy M.
Fleming, Sc.D., Assaciate Director for
Grants, NIOSH, Bullding 1, Room
3053. Centers for Disease Control,
Atlanta, GA 30333, Telephone: 404/ -
329-3343 or FTS 236-3343

- For business information: Leo A,

Sunders, Chief, Grants Management
Brunch, Procurement and Grants
Office. Cenlers for Disease Coniral.
255 K. Paces Fetry Road, NE, Room
321, Atlanta, Georgia 30305,
‘Telephone: {404} 282-0575 or FTS 236~
6572, .

{This piogeam s déseribed in the Calalog of

Frederal Domestic Assiatance Program No.

13.262. Occupalional Safely and (fealth
Ruaearch Cranta)

Dated: Auguat 19, 1085,
Elliott 8. Harris,
Acting Director, National Inctiute for
Occupational Safety ond Heaslth,
{FR Doc. 35-19948 Filed 8-20-85; §:45 am]
BILLING CODE 416018~ ’

Food and Drug Administration

Advisory Committee Meeting; Flling of
Annual Reports -

AGENcY: Food and Drug Administration,
ACTION: Notice.

summany: The Food and Drug
Adntinistration (FDA) 18 announcing
that, as required by the Federal .
Advisory Committee Act, the agancy
has filed with the Library of Congrass
the ennuel reports of thoge FDA
advigory committees that held closed
meetings. . .

ADDPRESS: Copies are available from the
Dockets Management Branch (HFA~

305), Food and Drug Admiristration, Rm.

4-62, 5600 Fishers Lane, Rockville, MD
20857, 301—443-1751.

FOR FURTHER INFORMATION CONTACT:
Richard L. Schmidt, Gonunittee
Management Office (HFA~108), Food
and Drug Administration, 5300 Fishera

Lane, Rockville, Md 20857, 4014432765,

SUPPLEMENTARY INFORMATION; Under
section 13 of the Federa] Ac'visory
Committee Act (Pub. L. 92-¢53, 86 Siat.
770-776 (6 U.S.C. App. 1)), FDA has filed
with the Library of Congress the annuat
reports for the following FDA advisory

committoes-that hield closed meetings— - -

during the period July 1, 1984, through
june 30, 1985:
Center for Drugs and Biologics:

Anesthetic and Life Suppert Drugs

Advisory Committee,

Anti-Infective Drugs Advirory

Committee,
Blood Product Advisory Committee
Vaccines and Related Biological
Products Advigory Camaivtee.
Center Far Devices and Radinlogical
Health:

Circulatory System Devicen Panel,

Immunology Devices Panel

Ophthaimic Devices Panel,

Annual reports are availab’e for
public inspaction at (1) the Library of
Congress, Newspaper and Cu:rent
Periodical Reading Room, Rm. 1028,
Thomas Jelferson Bldg., 2d and

Andependence Ave. SE., Waskington,

DC, (2} the Department 6f Her Ith and
Human Services Library, Rm. 1436, $30
Independence Avenue SW.,
Washinglon, DC, on weekday: between
9 a.m. and 4:30 p.m., and (3 th: Dockets

' Management Branch (HPA-30), Food

01/14/2008 LUN 12:48
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and Drug Administration, Rm. 4-82, 5600

Fishers Lane, Rockville, MD 20857,
between § a.m, and 4:30 p.m., Manday
through Friday.

Dated: Augusi 14, 1888,
Mervin H, Shumate,
Acting Associale Commissioner for
Regulatory Affairs,
(FR Doc, 65~19837 Piled 8~20-85; 8:45 am)
BILLING CORE 4180-01-N

[Docket No. 84D-0263)

Meningococcal Polysaccharide
Vaccines; Availablity of Guideline

AGENCY: Food and Drug Administration,
ACTION: Notice,

SUMMARY; The Food and Drug
Administration (FDA) is announcing the
availability of a guideline for the
manufacture and releane of
Meningococoal Polysaccharide Vaceine
and the bulk powders of each
polysaccharide used for the manufacture
of the vaccings, '

ADDRESS: Written requests for a copy of
the guideline or comments conceming
the guideline to the Dockets
Menagement Branch (HF A-805), Pood
and Drug Administration, Rm. 482, 5600
Figshers Lane, Rockville, MD 20857, -
FOR FURTHER INFORMATION CONTRACT:
Carl E. Frasch, Center for Drugs and
Biologics (HFN-858), Food and Drug
Administration, 8800 Rockville Pike,
Bethesda, MD 20205, 301496-1920,
_SUPPLEMENTARY INFORMATION: . ... . .
Meningocaccal Palysaccharide Vaccine
are biological products Hcensed under
section 351 of the Public Health Service
Act (42 U.S.C, 262), '
FDA issued the first licanse for
Meningococcal Polysaccharide Vaccine
“in 1974, FDA regulates production of
these vaccines not only through

standards in the license applications but

aiso through requirements in the
regulations on establishment and
product licensing in 21 CFR Parts 600
and 601. the general biologica! standardg
in 21 CFR Part 610, the labeling -
requirements in 21 CFR Parts 201 and
202, and the current good manufacturing
practice [CGMP] regulations in 23 CFR
Part 211. FDA has not [ssued specific -
regulations for Meningococcah
Polysaccharide Vaccinas, .

The Office of Biological Research and
Review tn FDA's Canter for Drugs and
Biologics has developed a guideline
concerning the manufacture and releass
of Meningococes] Polysaccharide
Vaccines and the palysaccharide bulk
powders from which the individual
polysaccharides uged for makiag the
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vaccines are derived, FDA ig making the
guideline available to provide guidance
to the twao currently licensed
manufacturers and any possible new
manufacturers concerming the
prod}nction of safe and effective
VACCInes,

FDA fs making the guidelinie available
under 21 CFR 10.90(b}, That regulation
brovides for FDA's use of guidelines to
outline procedures or standards of
general applicability that aze acceptable
to FDA for a subject matter that failg
within the laws adiministered by FDA.
Although guidelines are not legal
Tequirementa, a pergon may be assured
that in following ag agency guideline the
procedures followed and standards used
will be dcceptable to FDA. A person.
may also choose ta use alternativa
procedures or standards for whick there
is scientific rationale even though they
are not provided for in a guideline. A
person who chooses to uge procedures
~ orstandards different from procedures

T standards in a guideline may discugs
. ae matter further with the agency to
prevent an expenditure of resources for
& may-later determine to
be unacceptable.

Interasled persong may gubmit written
comments on the guideline to the
Docketa Management Branch {address
#bove). Two copies of any comments
are to be submitted, except that
individuals may suhmit one copy.
Comments are to be identified with the
docket number found in brackets in the
heading of this document, FDA will
congider the comments when
determining whether amendments or
revisions to the guideline are warranled.
The comments will assist the agency in
developing additional standards for
Meningocaccal Polysaccharide -
Vaccines. Received comments may be
seen in the'office above betwaen 9 a.m,
and 4 p.m.. Monday through Friday.

.. Dated: August 14, 1885,

“prvin H. Shumats,

- _ting Asiociate Contmissioner for
fRogulatary Affairs,

(FR Doc. 8519936 Filed 8-20-85; 8:¢5 am
GILLING CODE 4180-01- :

Public Health Sarvice

Privacy Act of 1974; System ot
Records .

AGENCY: Department of Health and
Human Services; Public Health Service.
ACTION: Notification of a new system of
records: 09-25-0158: "Records of
Participants in Programs and
Regpondents in Surveys used to
Evaluate Programs of the National
Institutes of Health, HHS/NIH/OD."

t
SUMMARY; In accordarice witk the
requirements of the Privacy Act, the
Public Health Service (F HS] is published
nolice of a proposal to ¢stablish a new
system of records, 09-25 -0156, "Records
of Participants in Progra ns and
Respondents tn Surveys Used to
Evaluate Programs of the National
Institutes of Health, HHS /NIH/OD,"” We
Are also proposing routis 3 uses for this
system.

The National Instituted ‘'of Haaith
(NIH) will uge the propos :d system of
records to support evaluation of the
methods, matsrials, activities and
services used by NIH in fi Ifilling Ita
legislated mandata to con luct and
support biomedical resear sh into the

‘causes, prevention and cuie of diseages,

to support training of resei rch
Investigators, and to supp: rt
communication of biomedi 3al
information.

.PHS invites interested p¢ raons to
submil comments an the prposed
routine uses on or befdre Si ptember 20,
1985, ’

of Management and Budget {OMB} on
August 12, 1085, The system of recards
will be effective 60 days fro11 the date
submitted to OMB unless PE S receives
comments on the routine use s which
would result in a contrery
determination. .

ADDAESS; Comments shauld e
addresged to the NTH, Privacy Act
Coordinator at the addresa lis ted below,
Comments received will be ' ‘ailable for
inspection weekdays betwee: 9 a.m,
and 8 p.m. in Room 3811, Buil ling 31, at
that address, . .

FOR FURTHER INFORMATION CO NTACT:
Dr. Kenneth. Thibodegu, NIH £ rivacy
Act Coordinataor, Building 81, } oom
3B07, 9000 Rockville Pike, Beth ssda, MD
20205, or cail 301496-2832. (Tt is is not
a toll free number.) ..
SUPPLEMENTARY INFORMATION; NIH was
established to improve the health of the
American people by conducting
biomedical research, by funding such
research through grants, contra ts and
aother awards, and by promoting
communication and disseminati n of
biomedica! knowledge. NI con lucia .
reviaws to determine how well t tese
programs and projects achisve ¢ eir
goals.

The proposed systam of recoré s will
covar cases where (1) NIH collec 3
opinions, suggestions or other pei sonal
information concerning programs which
do not use any system of records, or (2)..
program evaluation requires geve, sl
categories of information which a e not
contained in any existing aystem,

01/14/2008 LUN 12:48

: . . largeted populations, or when they can
DATES; PHS has gent a Repirt of New _. _ . ¥ pop e

: oblaimror provide the desifed -
System to the Congress and to the Office ‘ atio

“instrusion upon {ndividuals,

_ lo & request initiated by.the individua),

Evaluation studies may take the form
of survays In which individuals who
have or could participate in, contribuia
to, or benefit from NIH programs,
provide opinions, suggestions ar other
information ugeful in evaluating the
programa. For example, surveys of how
much the public knows about certain
methads for reducing the risk of disease
may be used to avaluate dissemination
of information about disease prevention,
Other studies may use information from
existing source. For example, to
evaluate regearch training programs,
NIH may azsemble information about
publications by individuals wh& have
received research training-eupport, or
from NIH grants files aboyt research
grants subsequently awarded to such
individualg, .

Evaluation studies may be conducted.
elther by NIH staff or by other
organizations under contract. Such
contracts might be awarded when NIH
staff is not available, when other
organizations have better access to

information at fower cost or with less

The routins uses proposed for these
systems are compatible with the
purposa of evaluating NIH programa.
The first two propoged rautine uses are
needed to accomplish the purpose of the
system; that Ig, information would be
disclosed under these routina wses to
conduct, review, analyze or follow-up
evaluation studies. The third proposed .
routine use for disclosure to &
congressional office acting on behalf of
an individual would not violate the
privacy of an indlyidual because such
dizclosure would be made only pursiiant

The proposed ‘system will cover
evalnation studies throughout NIH.
Recards.in this system will be organized
and maintained according to'the
particular evalustion study of which
thay are a part. NIH.wil! not enter
racords into & general or comprehensive
data base, nof create any ovetall index
lo the separate sats of records used in
different evaluatton projects; however.
NIH is treating the separate sets of
records ag a single system under the
Privacy Act (1} because all of the setg of
recards serve the same purpose, (2) in
order to epply consistent policies and
practices in the maintenance of such
records, and([3) to make it saaiér for
subject individuals to obtaln notification
of or access to their records.

When it becomes effactive, the
proposed aystem will subsume records
currently covarad by three existing
systemg; 08-25~0147, "Racopds of

&
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GUIDELINES FOR THE PRODUCTION OF

MENINGOCOCCAL POLYSACCHARIDE VACCINES

Docket No. 84D~0263

Notice of Availability Published August,Zl, 1985
' FR So (162) ¢.33882

P

Center for Drugs and Biologics
Office of Biologics Research and Review
'Food and Drug Administration
5600 Fishers Lape
Rockville, Maryland 20857
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Guidelines for meningocoecal vaccine,
groups A, C. Y, and W135 polysaccharides combined

A. Testing procedures

1.

Group A, C, Y, and W35 fipal bulk powders used for formulatlon of the

final container should pass all tests descrdibed in section A.1. of the

release specifications for the individual polysaccharides,

2"0

The following tests should be conducted using material in final

containers:

a. Quantitation: The final containes should contain 50.0 Lg 20,02
per dose of groups A, C, ¥, and WL35 polysaccﬁarides as determined by
the rocket lmmuncelectrophoretic technique of the Qffice of Blologies
Research and Reviey. Other quantitative %mmunochemical procedures,
shown to yield results equivalent to the above technique, would be
acceptable after heing submitted in writing and approved by the

Director, Office of Biologics Research and Review. The reference

bulk powders (sge A.l. above).

b. Stabilizer content: Lactose should be Present at a concentration

of 2.5-5.0 mg per human dose of the vaccine.

¢. Pyrogenic substances: The vaceine should meet the standards of 21
CFR 610.13(b)(3) in a'teat dose of 0,10 micrograms vacceine (dry weight)

per williliter per killogram of rabbit body weight.

01/14/2008 LUN 12:48 [# TX/RX 6350]
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7.

d. Molecular sizing: Molecular sizing of meningococcal groups A, C{
Y, and W135 polysaccharides should Se determiqed by Sepharosge CL-28
(Pharmacia Fine Chemicals, Piscataway, NJ) gel filtration, using the
procedure of the Office of Blologics Researéh‘add Review or a procedure
shown to yield equivalent results. The individual polysaccharides
should be ‘quantitated by an immunoelectrophoretic or equivalent
procedure. The recommended specifications for wolecular size are -
waximum Kd values on CL-2B as follows: Group A, 0.70, group C, 0,70,

group ¥, 0.57, and group W35, 0.68,

‘ @, Moisture: The moisture content of the vaccine in final containers
should be determined by the gravimetric procedure (21 CFR 610.13) or an
equivalent procedure. The test should be performed on one vial per

thousand up to a maximum of 10 vials but not less than 5 vials taken at

~

random throughout the filling lot. The average residual woisture

should not exceed 1.0%.

f. General safety: A general safety test must be conducted as

provided in 21 CFR 610,11,

g+ Sterility: Requirements with Tespect to gterility are set forth

in 21 CFR 610.12. . ~

h. Tdentity: Requirements with regspect to estgblishment of ldentity

are set forth in 21 CFR 610.14.

1. Clinical potency: A clinica] potency test should normally be
conducted on at least two of the first three first-filline lots of a,

C, Y, WI35 tetravalent vaccine.

&
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8.
Samples of sera from each subject taken ilmmediately prioi to Injecriom
and again 3 to 4 weeks after fmmunization should be assayed for

bactericidal antibodies.

The bactericidal assay should be performed with paired sera from each
subject 1n serial two-fold dilutions against the following
meningococéal'strains: for.group A strain Al, for group C strain c-11,
for group Y straim $~1975, and for group W135 strain $-4383. The
aﬁtibody titer should be expressed as the teciprocal of the highest
dilution that effects 50% or greater killing of the test orfganisms. At
least 90% of the subjgcts should show a four-fold or greater rise to

all four strains after Immunization. If the sera from less than %0%

~ but greater than 80% of the subjects shoy such a rise, one retest of

the product using not less than 25 human subjects may be performed. The
sera from at least 90% of all'subjects in the two .tests combined ghould

show a four~fold or greater antibody inpxease.‘
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At leagt 2 williliters each of pre—and post-imﬁuﬁizatidn sera from each
of the human subjects tested should be saved by the manufacturer. The
Office of Blologics Research and Review may request these saﬁples to}be
submitted for testing. These sera will contain no additivés, and
shéuld be stored and shipped in 2 wmanner which preveats the growth of

possible microbial contaminants.

Manufacturing protocol. For each lot of vaccine, a release protocol

which consiats of a summary of the history of manufacture, filling date,
date of performance and result(s) of each requizred test and the

calculation of the actual fill weight of each of polysaccharide Group A,

- Group C, Group Y and Group W135 antigens should be submitted to the

Director, Office of Biologics Research and Review. Protocols are to
include all clinical potency results and any adverse reactions observed
in the elinical tést (A2.g)), if performedﬁ Protocols for each lot of
c0mbined A, C, Y, W135 vaceine should include the lot mumber of the
final dry bulk for each of the polysaccharides used in fofmulation of

the vaccine lot.

Samples. TFor each lot of vaccine, a sample of no less than 60

"wmilligrams of the vaccine distributed in no fewer than 12 final

contalners, and an appropriate amount of diluent éhould be submitted
to the Director, Office of Biologics Research and Reviey. Additional

samples include (also deseribed in final bulk release gpecifications):
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10.

(1) 75 milligrams of powder from the Group A, Group C, Group Y, and Group
W135 final dry bulks for the first lot of vaccine derived from these

bulks.

(1) 10 willigrams of powder for each subsequent vacclue lot utilizing

the final bulk powder,

D. Dating period

1. The in-house storage period and storage temperature of groups A, C, Y
and W135 combined vaceine im filled but undated final containers should be
S no longer thaa thirty—six (36) months at ~20°C or colder from date of

£11ling into f£inal containers.

2. The dating period and storage témperaturé of labeled and packéged
final container vaceine should be twenty—~four (24)'montha at 2-8°C from
the date of injitiation by the manufacturer of the lagt valid potency tests
(A.2. a through g), and the term of the dating period should not exceed

sixty (60) mounths from date of filling.

Vo _ | =2
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