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S CLINICAL INVESTIGATION-

Immunogenicity

of 2 Serogmup B Outer-

Membrane Protein Meningococcal Vaccmés
A Randomized Controlled Trial in Chile
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ENINGOCOCCAL DISEASE
cxmse by
Nelsseria meningitidis
serogroups A, B, end C
in young chil-
dnnndmdnu-uhmnllc-ud
morbidity and mortality worldwide.2
In sddition to cansing endemic dis-
ease globally, meningococel, unlike
other encapsulated bacteria, couse epl-
demics. Serogroup B epldemics, prob-
lematic in Norwny and thronghont
much of Latin America in the 1980s and

1990s,! have recently emerged in New

Ses also pp 1493 and 1541
and Palieni Page.

130 JAMA, Apdl 28, 1909—Vel 281, No, 16

Context Meningococeal disease occurs worldwide, andul:o;muplldlnnab-

counts for 4 large of cases. Although persons younger than 4 years are ot
groatest risk for saragroup 8 Mnmdh.vmdueﬂhqhumthmdn-
onstrated In this age group,

Objuctive To evaluxin serum bactericidal activity (SBA) against homalogows
dnltypeﬂnlrnnndl u&mmmdmmm
a5 a potentis] cagelzts for vacdne efficacy.

Design Double-biind; randomiand corrtrolied trial conductad between March 14 and -
July 20, 1994, Al biopd samples were taken by Decembet 1994.

Setiing maia.whmadmdmwplﬁmhmculdhusupl-
demic began In 1993.

Particdipants Infanis younger than 1 year (n = 187), children aged 2 to 4 years (n = 183),
and sdults aged 17 to 30 years (n=173).

intgrvention recsived 3 doses of outer-membrane protein (OMP) me-
n vaccine n elher Cuba or Norway or a with
each dose 2 months Blood samples were obtained at baseline, prior to
doss 3, and 2t 4 ip 6 weelo after dose 3.

Main Outcome Measure Immune response, defined as a 4-fold or greater rse In
SHA titer 4 to § weeks after dase 3 compared with prevaccination titer.

[ Hunconh:ls“devdq: im - to the heterolo, m
to an immune response gous
ﬂmamamumnaﬂdm to the vaccine

vs 5% to 37°% to 60% of adulls responded to vaccine vs 4% to placebo
(P<.05 vs control for all). (nfants, however, did not nd. In contrast, against
% or higher among chil-

Inmirlmdm type siraing, the response rate was
adults and 90% or higher amang Infants (P<.001 vs control for all). Sub-

AMA. 1995;281:1520-1527

Zesland® and the United States.** Re-
sponse to serogroup B uo-
like serogroup A snd C epideies, Is
difficuit becamse existing serogroup B
waccines have not heen shown tobe e~  tigenis
ficacious on e Internations] scale.™*

Quadriyalent meningococeal poly-
saccharide vaccine bs effieacious sgainst
meni disease caused by the
A, C, W-133, and Y serogroups,'-#
Serogroup B polysaccharide antigen,

inbu-
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The senim bactericiisl activity (SBA)
assay hss been shown to be the most
correlste for vac-

523 Serum bactericidsl

‘mmyh- also become the primary
serologic assay nged to assess pro-
tective tmmunity stinmlated by sero-
group B meningococeal veccine candt-
dates.*™® Recent evidence suggests
that class 1 OMP, encoded by the pord
geae > plays s majorrole in the SBA tm-
mune response following meningoenc-
cal carriage. P tvasive disease,” and im-

gococea

Dmhgtlnnﬂd-lm:nﬁmh
city of Iquique, Chile, expezienced high
Incidence rates (20-33 per 100 000) of
serogroup B meningococcal disease.* In
1993, & sharp incresse in incldence (3.9
pex 100 000) was recognized in metro-
politan Sentiago, Chile; more than 60%
of cases occurred among children
younger than 3 yess.* The predomi-
pant B sirain in Santiago was
identica] to the strain causing endemic
disease in Iquique. To control the ex=
panding Chilesn epidemic, 2 OMP-
based vaccines against serogroup B roe-
ningococeal disease, one produced by
the Finlay Institute (FI) io Havane,
Cuba, and snother by the National In-
stitte of Pubtic Heakh (NIPH) in Oslo,
Norway, were considered for wide-
spread vaccination. Vaceine efficscy had
been demonstrated smong children (nge
mnge, 10-16 years) in double-blind, mn-
domized controlled trisls using 2-dose
regimens of the 'waccine in
Cuba and the NIPH-produced vaccine
in N (estimated vaccine efficacy,
83% after 16 months sud 37% after
29 months, ).™ However,
vaccine efficacy was not evaluated in
younger children tn these initial trinks.
In 1989 and 1990, the FI-produced vac-
cine was used o control a serogroup B
meningococaal epidemic in Sko Panlo,
Brazil; in & 2-dose regimien, waccine of-
fcacy was not dernonstraied mnong chil-
dren younger tham 4 years.’

SEROGROUF B OMI' MENINGOCOCCAL VACCT

| vaccines among

3age % Santiago residents,
(younger than 1 yesr),
(aged 2-4 years), and adults

(upd 17-30 yests). Infants end chil-
dren were recyuited from mmong healdhy
Cousultorio Maipd clinic sttendees xnd
sdults from Sen Jos¢ Howpltal stail,
Sample sizes were desighed to include
165 participsnits pet age group, with one
third of the participents i esch age
group randomlized to receive the
Fl-produced vaccine, the NTPH-
produced vaccine, or & control wec-
cine. In each sge group, sequentially
enrolled subjects were assigned 1 of 6
unique study group numberi. Two

sssigned to draw vaccines, all invesd-

gAtoms lndlmdypnrudplmwe
blinded to vaccine stady group

-husmdlwmpldunohhmﬂy

Before enroliment, written in-
formed congent was obtatned from par-
enis of participating children and from
adult study participants, a5 approved by
the Chilesn Ministry of Heslth and the
Human Subjects Protection Institu-

. ional Review Board of the Centers

for Disesse Control and Prevemtion
{CDC).

Vactines and Clinical Specimens

The Fl-prodoced vaccine comaisted of
Bpoolignagecharide-reduced cuter mem-
beane vesicles from sn epidemie Cuban
strain of N (Cu3as, B:4:

. PL15); each dose contained 50 g of OMP

& Norweglan
ingitidis (44/76,B:15:21.7,16); exch s
contained 25 pg of OMP, withno defect-

sble meningncaccal polysaccheride.”™

Both vaccines present theit partially
ﬂﬁdm-m‘ddu
sorbed to shumdnum hydroxide. Veed
were provided by their respective s
. Sactuzers tothie Chilesn Mindstry of He
and stored st 4°C uniil the day of v
mation.

Vaccines were administered int
muscularly ss & 3-dose regimen, w
each dose given 2 months spart.
famt and child cantrol groups recely
8 3-dose series of a Beensed

adub comrrols received 3 doses of a
minum hydroxide adjuvant dissoh
in solvent. Following iunblinding at)

completion of the study, Hib vacei
was to all infimts and child

who bad recetved & serogroup B n
vaccine.

Blood samples were obtained frv

esch study participan: prior to vac

nation, prior to dose 3, and appro

mately 4 to 6 weeks féllowing the thr
dose of vaccloe.

immunogenicity
Serum bactericidsl sctivity sssays wi
conducted by standard meghods. 2
vaccine response was defined as g 4-I
or greater rise in SBA antibody tis
compured with prevaccination titer;-
defined as less thar
4-fold

type (class 2 or 3 OMP), mb:ype(ds
1 OMP), and immunotype (lipoollg
sacchatide) using standard nomenc!
ture (serogroup, serotype, subtype, &1
fomnunotype, , separnted
colons) "lnaddltlon, DNA sequen
datn for pord gene variable reglons
and 2 pre availsble In the GenBank f

. She Chilesn epidemic strain CHS:

(ARQ51536), Fi-produced vaccine ty;
strain CU385 (U92935), and NiP]
produced vaccine type strain 44/,

- {X5299%). Quality control of targ

strajns was conducted periodical
throughout laborinty lﬂﬁ}bym
clonal antdbody resctivity

JAMA, April 28, 1999—Vol 26T, No. 16 18
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Three serogroup B N

meningitidis
strains were ued in the testing of se-

demic sirain (CH539, B:15:P1.3:
L3,1.9; DNA sequence subtype P1.7%.3),
the Fl-produced vaccine sirain
(CU385, B:4:P1.13.1L3,7.9; DNA se--
quence subtype P1.19,15), and the
nced vaccine type strain (447
76, B:15:P1.7,16:13,7,9; DNA se-
quence subtype P1.7,16). These 3
streing are members of s genetically dis-
tinct complex (enzyme tyr: [EI'-SD
of N meningitidis clomes.
Cus enzyme testing ul'
these 3 straina gave identical results

with a panel of 24 exzymes ®

on that strain (eg, CU383 is homolo-

gous for a person vaccinated with the

constructed from the NIFH:
vaccine type strain (44/76, B:13:
P1.7,16); ﬂueuﬂlmappunodlﬁu

on samples of nfant serum obtained

Tuble 1. Charactaristics of Parficipants by Shudy Age Group and Vaceine Received*
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from reciplents of NIPH-produced
ch:dni&cﬁlbwh;?pm‘g
lu,.ulnlm

manipulsied serogroup
for & class 1 OMP-deficient strain (B:

15>); a class 3 OMP-deficient strain (B:-
P1.7,16); and strains B:15%:P1.5,2; B:13:
P1.19,15; B15:PLP 4 B:1%P1.12,13;
and B:13:P1.5°.10.

All SBA ssmys using the Chilesn epl-
demic sirin and the 7 isogenic streins
a3 taget strsins wexe performed nt the
CDC. Serum bactericidal activity sssays
using the vaccine type strains as target
straing were performed both at the CDC
and NIFH. Himan lots nged
at the CDC (lot 1-27-93) and the NIPH
(lot HH) were shown to be comparsbie-
both lots lacked SBA sgairet study tar-
grt strains. Results were highly concor-
dant between the 2 lsboratories.

Safely Monitdling
Reactogenicity was systematically mont-
tored by a study nurse who condncted
daily home visits each dose
of vaccine for a minimum of 7 days or
until slf vaccine-related gdverse ef-
fects had resolved. Althovigh clinical
symptoms were quantified as being ab-
sent or present with moderate or se-
vexe interference with normal activ-
ity, they were analyzed as being either
shaent or present, regardless of levelof -
normal activity interference.

All dats were into standard-
tzed electronic datshases with Epl Info
software; analyses were performed with
Epi Info and SAS software 4 Thé
Krusial-Wallis test and the x* test were
used to compare distributions of con-
tinuous variables and categorical vari-

ablen, respectively.
RESULTS

Prevaccination blood samples were cbh-
tained from 167 infants, 183 children,
snd 173 adults. At enrolbment, the mesn

W af AL TF. months), children

3.0 years), snd adults (23.3 years) were
similar for El-produced, NLPH-
produced, and control vwaccine recipl-
ents (TARLE 1). There was no signifi-
cunt difference in sex distrtbution or
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gous Chilesn

b

time from hlood sample L to subse-
guent blood samples by sge group
among the 3 vaccine groups
(Table 1). Seven infants (4%), 18 chil-
dren (10%), end 18 adults (10%) with-
dmrﬁumthuuldy(nﬁl.lll}.!nd-
equate volume of serum samples
precinded some SBA assays in & small
proportion of participants (TAmE 2).
There wes no algnificant difference in
numbers withdrawn or excluded be-

cause of inadequate serum samples by

age group among the 3 veccine recipl- 1

ent groups (P>.03 for all).

Immumogenicity
Chilesn Bpidemic Stretn. Among tn-
funts, there was no significant differ-
ence in SEK response to'the hetexolo-
target strain
{CH339; B:15:P1.7.3) between those
vaccinated with either the Fl-pro-
duced or vaccine and
those vaccinated with the Hib control
vaccine (Table 2). Among both chil-
dren and adulrs, recipients of either me-
ningococcal vaccine were more Hkely
thum recipients of control vaccine to re-
spand (P<.002 va control for all). Qaly
adults was response between

NIPH-produced vaceine recipients™

(blood sample 3, 60%) snd FI-
produced vaccine recipients (blood
l(;mph;! , 3TE) dpﬂlmlly different
=03
Vaccine Type Straina. Forsll 3 age

all) (Tuble 2), For all 3-age groups, re-
ciplents of Fi-produced vaccine were

mote Ukely than reciplents of NIPH-
produced vacrine 6o respond agaiost the”
Fl-produced vaccine type sirain (blood
sampls 3 for infants and children,

P<.001; blood sample 3 for adults,. |.

produced
-nkS.K.ml foral). . ...

mlmmvm

Isogenic Strains. At blood ssmple3,

32 (96%) of 53 Infants vaccinated with .

the NIPH-prodaced vaceine showed a
4-fold or greater rise in entibody titer
sginesthe homalogem NIPE producid
vaccine type stoain devold of ciam 3 OME,
“Thexe wea no SBA respansein thege sxme
33 serum samples against the homolo-
gous NIPH-pwoduced vaccine type stesin
devald of chass 1 OMP, except 1 savple
that had low titer sguinst several heter-
ologous sirains. Serumssmples from the
4 waccine

oENIPH-prodnced
who had the bighest Hters agsinst the ho-

-~

strain dgvaid of clags 3 OMP were m
sequently tested by SBA against strx

B:15:P1.5.2; B:15:P1.19,.
B1%PL.7"4; B:15:F1.12.13; and B:;

* P Noneofihese 14 seromsiny)

showed a response.

Rsactogeniclly

In general, infants, children, and adu
vaccinated with elther meningococ
vaccine had more pain, indurado
and exythema at the gite of injectic
than did control vaccine recipien
(Tamx3), However, more than 95%

Pt Indicxies Rnlay m-
oxculaberd with
ide adjuvant n

-'- . .-‘ ﬁ . -
mlﬂ-—bplvur.’u“ ity weto

-

J0MA A28, 1995 Vo301, o 10 _ 1528

Y
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did not inyexfere

vaccine recipients, but Interference
Insted only 1 1o 2 duys and was not ag-
gmvated by subsequent doses of vac-
cine. No serlous adverse events were at-
tributed 10 vaccination. .

COMMENT

This s, to oor knowledge, the Arstpro-
spective, double-blind, randomized
controlled immunogenicity trial com-
paring proteoliposome OMP vesicle
waccines against serogroup B menin-
gococcal disease among infants and

§ *.young children. Both vaccines were -

found to be safe among Chilean in-
fant, children, and sdult vaccine recipl-
mls;loclllndqlmlcrucuomm
consistent with y resulta
from adult trials TA®

In the present study, among chil-
dren md aduits who received the FI-

produced and NIPH-produced vac-
cines, theve was s significently higher

conirol vaccine. In addition; axong
childveq and adults, & third dose of
either the Fl-produced or NIPH-
produced vaccine was amociated with
a higher proportion of SBA respond-
ers than 2 doses. However, smong in-
fants, there was no evidence of u sig-
nificant increase in SBA citers in
response to vaccination following
2-dose or 3-dose regimens with elther
vaccine aguinst thie Chilesn epidemic
strain, These data suggest that neither
‘vaccine wonld confer sufficient protec-
tion during a heterologous epidemic.
Children snd adult seciplents of
the and
vaccines demonstrated SBA cross-
reactivity to their respective heterolo-
gous vaccine sirains. Surface compo-
nents for drie
bactericidal activity hsve not been iden-
tified but may inciude shared Hpooli-

89

-

gosaccheride immunotype (L3,%9),
Opa and Ope proteins, ar other sge-
dependent bactericidsl Mua

€pltopes.
Infant, children, and adult recipt-
ents of the Fl-produced sand NIPH-
higher SRA

findings comparing SBA Immmnogenic-
ity elicited by the Fl-produced and
NIPH-produced vaccines among 15- to
20-yesr-old subjects in locland.® How-
evex, becanse infants recetving both Fl-
prodoced and NIPH-produced vaccine
in this study showed lowre-
spomse mates to the heterologous Chil-
ean epidemic strain, we'were surprised
to find thar tofent of the FI-
produced and NIPH-produced vac-
cines demonstrated such high re-
sponse mies against their respective
homologons vaceine type strains.

Of note, the magainde of homolo-~

Table 2. mdmmwwmmt-dv-hmmmcmp.mmw

mmwmu
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3 age groups. The prevaccinstion geo-
metric mean titers weve cssentislly 2 or
less across all 3 age groups in both ho-
FI

vaceine reciplents, 67.9% of infants,

cine (2-tailed Pisher exact test, P 4T)
{data svaiisble from the suthors on re-
quest). Although SBA may be a less
sensitive messure of protection then
clinical vaccine efficacy, ShA i likely 1o gesting

67.4% of children, and 67.3% of adults _be sn scceptable perologic corelate for

bhad s mesn SBA titer of 1:8

. or greatey following the third dose of vac-

cine (2-tafled Fisher exact test, P>>.99).
Stmilarly, smong
dnendplmu.oﬁ.ﬁdmﬁnn. 100%
of children, snd 96.0% of adults had a
geometric mean- SBA titer of 1:8 ox

" greater following the third dose of vac-

S

estimating the proteciive potential of
Om.::gwplndnpmedm

In 1989 and 1900, the Fl-produced
waccine was used during a homolo-
gous serogroup B meningococeal epl-
demic in Sio Panlo” Age-dependent dif-
ferences in veccine eflicacy smong

mlmmmmu

—
dﬂ&ulﬁlmﬂsmsmm
cbserved. Vaccirie efficacy was not dem-
custrated among children younger than
4ymhbwh;n?rduuwmm.n;-

uhwm did

nguftiat diocmse
mdbylheﬂoh:losﬂuhhm
children.® In our study, infmt recipl-
ents of the Fl-produred waceine had
nesrly a doubling in their homaolo-
gotts SBA response a third
dose of vaccine thate 3-dose

regimen may have had & positive of-
fect on waccine efficacy emong chil-
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SEROGROUP B OMP MENINGOCOCCAL VACCINES

dren vaccinated in Sko Paulo. Age-
dependent vaccine efficacy was also
shown for a serogroup B meningococ-
cal vaceine produced by the Walter
Reed Army Institute of Research, Wash-
ington, DC, and evaluated in Iquique
in 1992." This OMP vaccine based on
@ Chilean outbreak strain was not effi-
cacious among children younger than
5 years. However, the Walter Reed
Army Institute vaccine trial was admin-
istered as 1 2-dose regimen, the vac-
cine did not present its OMPs as pro-
teoliposome vesicles, and the vaccine
contained only 0.1% lipopolysaccha-
ride,'® [actors that may have contrib-
uted to vaceine fatlure in young chil-
dren. Of note, in both the Sio Paulo and
[quique vaccine efficacy studies, poor
SBA responses were associated with vac-
cine failure among children younger
than 4 and 3 years, respectively,
whereas higher SBA responses were ss-
soclated with protection.'*®

In the current study, infant recipients
of the NIPH-produced vaccine demon-
strated a nearly uniform response (58%)
agalnst the isogenic, class 3 OMP-
deficient, NIPH-produced vaccine type
strain, strongly suggesting that class 1
OMP was the immunodominanrantigen
responstble for the elicited bactericidsl
immunogenicity, This finding, in con-
junction with established serogroup B
OMP vaccine efficacy estimates forolder
children and adults,*'® has profound tr-
plications for serogroup B vaccine de-
velopment in response to epklemics. Al-
though serogroup B epidemics are ses-
sonal, they generally persist in the
population for several years to

decades 337109 This persistence, how-
ever unfortunate, provides OMP vaccine
producers ample tme to develop and
rapidiy produce an epidemic smain-
specific vaccine following the careful se-
lection of a vaccine typestrain. Thisstrat-
egy is being actively pursued in New
Zealand in response 1o s highly clonal
epldemic.

Class 1 OMP is conveniionally clas-
sifled by using serosubtyping methods
that characterize the porA OMP vari-
able region epitopes with monoclonal
antibadies.* DNA sequence daw sug-

1536 JAMA, Apuil 28, 1999—Vel 261, No. 16

gest that the current pane] of serosub-
type-defining monocional sntibodies ym-
derestimates porA variable region
wvarigbility ®#® Becavse minor changes
in the variable region can drumatically
alter immune recognition,™ DNA se-
quencing of a representative sample of
eptdemic serogroup B strains is impera-
tive for the selection of an epidenmic vac-
cine type strain. Although a recent study
found the porA gene to be smble for up
to 30 weeks in persons with prolonged
nasopharyngeal carriage.” some evi-
dence suggests that the porA gene may
not be stable over a period of de-
cadles.® Therefore, DNA sequencing of
2 Tepresentative sample of epidemic
strains throughout the epidemic pe-
riod may also be important.

Endemic disesse oc-
curs worldwide.? Serogroup B dc-
counts for nearly half of the 2600 en-
demic cases that occur annually in the
United States™ and two thirds of the
1800 endentic cases of meningoccal dis-
ease reported in England and Wales ®
Laboratory-besed surveillance for N men-
ingitidis Is a reliable method of identl-
fying and monitoring class 1 OMP -
tigens (and the stability of the porA gene)
of circulating strains over time.*-® In the
United States, a imited number of class
1 proteins represent more then three

fourths of class 1 proteins expressed by
endemic serogroup B isolates, suggest-
ing that en efficaciovs, multivalent class
1 OMP vaccine could endemic
disesse, However, DNA
sequencing of these streins will be nec-
essary to evaluate porA varlable region
varlability. ¥ A hexavalent, serogroup B
class 1 OMP meningococcal vaccine has
been developed™® and Is being tested
in lmmunogenicity trials in the United
3 Further research and devel-
opment of multivalent serogroup B me-
i vaccines based on highly en-
dermic sxd epidemic strain-specific class
1 OMP sntigens is warranted.
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Immunogenicity studies with a genetically engineered hexavalent
PorA and a wild-type meningococcal group B outer membrane
vesicle vaccine in infant cynomolgus monkeys
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Abstcuet

The irrunogenicity of two meniogoooocsl cuter membrane vesicl (OMV) vaocines, namaly the Norweginn wild-type OMV
vacoine and the Dutch hezawalent PorA OMY vaccior, wers axamined in infant oynomolgns monkeys. For the firsl time, & wild-
type- and a recombinant OMV vaccins wers compered. Furthermere, the induction of memary and ths peraistence of circulating
antibodiss were messured, ‘The Norwegisn vaccine conizined all four clamswm of major outer membrane proteins (OMP) and
wili-typs 1.3/1.8 Hpopolysaccharids (LPS), Tha Dutch vaccine consisted for 0% of clasm 1 OMPs, had low expression of class 4
and 5 OMP, and GalE LPS. Thres infant monkeys were immunised with & lmman doso ot the age of 1.5, 2.5 and 4.5 months.
Two monkeys of cach group recelved » fourth dose of the age of 11 monthe, In ELINA, both OMV vactines were immmonogenic
and induced booster responsss, particularly after the fourth immunisation. The Norwegian vacoine mostly jodnced sero-mibtype
P1.7,16 specific sormn bactericidal antibodies (SBA), sithough some other SRA wers Induced as well The antibody responses
agalust P1.7,18, induced by the Norweglan vaccine, were genorally higher than for the Duich vaccine, However, the Dutch
vaccine induced PorA spedific SBA againat all six sro-sabtypes included in the vaccine showing differsncey in the magnitude of
SBA responss to the various PorAs. © 2000 Elssvier Scionco Lid. All rights reserved.

Keyweridx: Maningooooeal vaocine: PorA; Mankey

1. Introduction

Bacterial meningitis caused by Nelmeria meninginidis
serogronp B straing is a life-threatoning discane,
Especially young infanty (<18 months) aro at highest
risk. The group B capsular polysaccharide (CPS) is not
immunogenic in man, most likely dus to structural

* Corresponding author. Tel: +31-30-2M-2631; fax: +31-30-T74-
4429,
JEmall addrexr: germin.van den.dobbelsteen@rivm.nl (G. van dan
Dobbwlstoen).
' Coment address RAD , EmithKine
Beoshsm Blologicals, Rus de Mnstitut 89, Rixonsart, Belgtum.

similarities with host componeats [1]. Improvemsnt of
the immunogmmicity of ssrogroup B CPS by chemical
modification and/for conjugation of the B polysacchar-
ide resulted in alteration of the antigenic properties.
Some succeas has beem obtained and this approach I
being continued [2,3].

Two important obsarvations have led to another
vaccine spproach, which is based upon the wse of
ommmmhuouurmhm
protsine  (OMF) and lipopolyssccharides (LPS).
Firstly, in the case of serogronp B imfections, serum
bactericidal antibodies (SBA) are directed against nan-
capsular surfaco antigens [4,5) and secondly, the pro-
sence of SBA i corrdlated with proteotion agminst

O254-4 10003 - seo fioat matter © 2000 Bisovier Solence Lid. Al rights resgrved.

PII: B0264-410X(99)00402-3
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Vaxine composition of & hurmn dose (0.3 m) of the Duteh and the Norweglan QMY vaccins™

Coutants Duich OMY vacains lot R9281 Narwegiin OMY weoing lot MVISIA
Total proloin (i) 100 =
High mol. wt. (% (kD)) 200 5 (0+80)
FPorA (%) = ] n
PL7,163.%19,15% PL.Y%1G:12, 1874 PL216
PorB swotype 15 (%) sheont ]
Rmp (%) 7 2
Opa/Opo (%) 3 Is
LPS (ng), inucxmotype 10, GalB 1,75 wild-type (L3, LE)
Phaspholipid (1) ad 2
BCrS (P Absunt < 0.083
DOC (g 1 4
AIPQ, (mg) -19 -
ANOH),; {mg) - 1.67
Sucross (mg) 1o L
Thicmarl (mg) 0.0 0.03

* PorA: ol | outor mcmbyase proteis (OMYY); ForB: class 2/3 OMP; Rop: dam 4 OMP (reduction modifiable protsin); DOC: dooxycholube;

LPE: lipopolysscolmrids; B CPS: group B eapsular

immuns responses, as induced by OMVlmnd vag-
cinsa, were found to correlate with protection aguinst
discase [9,10). Most of the antibodins reacted with the
PorA porin protein, ons of the major outer membrane
proteins of meningococsi. This is In accordance with
previous animal stodies, which showed PorA as &
potent inducar of SBA [11]. The phase-varisble Opc
protein has also besn found to induce BBA after vaccl-
nation in man [12].

In the late 1980s, an outer membmne vesicls (OMV)
vaccine wes doveloped in Norwsy besed on wild-type
eau-mhbHﬂﬂﬁ. B:15:P1.7,16, a representative for
an ongoing cpidamio [13,14]. An officacy study was
carried out In teenagers and young adulis receiving
two immupisations 6 weeks apart, which showed a
protection mte of approximately 57%, a3 measored
during a 2.5-year follow-up period {7,151 The SBA
was mainly directed eguinst the PorA snd Opc pro-
teins. Booster responses were found when a third im-
munisation was administered afier 4-5 yeary and after
11 months [7,8]. The immunogankity of this vaccine
was also studied in infants and children in Chils [16].

In tho Notheriands, a haxavalont PorA-based OMV
vacoine was dovelopod, which contains the xix predo-
minant PorA-subiypes as isolated in many countries
[17,18]. Two trivalent PorA vaccine strains based on
wild-type strain H44/76 were constrocted by recombi-
mant DNA techniques. In addition, thess triple PorA
strains are deficient in the expression of soms other
mrfaco antigens such as PorB, wild-type lipopolysac-

Opa/Opc: class 3 OMPs; nd: not determinad.

charide (LPS) and group B capsular polywacchacide
(CPS) [17,18). Clinical studies were carried out in adult
volunteers, receiving from one to three dosss of the
vacalne, respectivaly [19-21]. A strong baotericidal
immune respomss directed against PorA was induced,
although no booster respomses were observed.
Rocently, the immunogenicity and reactogenicity of
this vaccine were lested in Infants in UK [22], The hex-
avalant PorA OMYV vaccine was shown to be safe and
immunogenic although multiple doses of vaccine were
roquited to induce a significent SBA response and
thare wors differences in the magnitudes of SBA re-
sponses to different PorA's [22].

In the present study the bmmunogenicity of the
Dutch hexavalant PorA and the Nocwegian OMV vac-
cines were compared after three to four immunisations
administered to infant cynomolgus monkeys starting at
the age of 6 weelkn, Pariicular attention was given to
the aspecificity of the induced SBA by using welk
charactecised targnt strains.

2. Miterials and methods
2.1. Outer membrane vericle (OMYV) voccines

Two OMYV vaccines, namely the Dutch hexavalent
PorA OMV vacine axi the Norwegian wild-type
OMYV wvaccine, wero wped in this study (see Tablo 1).
The Dutch OMYV vaccine is & onginesred
hexavalant PorA OMV vaccins (lot B 9281) that con-
tains clazs | OMP of six meningnooccal subtypes [18).
The subtypes are on two trivalent vesicles
P1.7,1§ P1.19,15; P1.52 and Pl.5,10; P1.12,)3;
P1.7%4. Production, characterisation and control of

(029

741
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the hoxavalent PorA OMYV vaccine were described by
Clazsaen et al. [17]. The safety and immmnogenicity of
the vaccine were tested in adults [19] and infants [22],
Ths Norweglan OMV vaccine (lot MV1 91A) con-
tained OMVs from a olinical isolsts, H44/76
(B:15:P1.7,16), of a [atal cass of meningitls and sept-
cacmia In 1976 [14] Production, charscterisation and
control of the wild-typs OMV vaccine was described
by Holst Fredriksen ot al [13]), Tho safety and immu-
nogenivity of the Norweglan OMV vaccine ware
described in teenagers and young adults [15,16] and
children and infants [16].

22. Monkeys and tmmunisations

Infant cynomolgus monkeys (Maosca farelculorir)
were bred at the RIVM and kept by thelr mothers in
amall groups according to standard regulations.
Bocanso of a lmited availability of monkwys, only
throe animuls could be vaccinated with each QMYV vao-
cine. At the age of 1.5 month (week 0), two groups of
infant monkeys (= 3) wore immunissd ntramuscu-
larly with one human dose (0.5 ml) of the Dutch (100
jig protein per dose; infant monkeys K1362, K13702
snd K138f2) or the Norwegian (25 pg protein per
dows; infant monkeys HS, H10 and H1i) OMV vac-
cins. Boostar immunisations with the homologous vac-
cins ware administered at the age of 2.5 end 4.5
month, after 4 and 12 weoks, respectively. Monkoys
weare bled prior to osch immumisation and wsub-
saquently evary two weeks up to week 16 after the first
dase. After week 16, two infant monkeys of each
group were biad subsequently every two months till

week 39-41 (2go 11 months) and a fourth booater im- .

munisation was administered. Blood samples were
drawmn prior o ths fourth immunisstion snd sub-
sequently every two weels for & period of 48 wedks
postimmunisation. Sera were stored at ~20°C. Both
OMY vaccines were well tolerated by the animals. No
secions adverse ovents oocurred. No abnormal beha-
viour wes observed during the experiments.

2.3. ELISA

preparations were derived from vaccine
straing H44/76 (B:13PL7,16), PLIQIS (=
P1.7,16,5,2,19,15) and PL10124 (-
:P1.5%,10,12,13,7°.4). Heterologous OMVs were darived
from stralns PL9146 (-:-P1.9,14,6) expressing thres
PorAs not presant in the vaccines, and from a wild-
type reference struin 2996 (B:2b:P1.5,2). All stmaina
have been described previonsly [14,18,1924]. The
OMY preparations were produced according to the
production method of the Dutch hexavalent PorA
OMYV vesicle vaccine [17). 1mmnne responses of the
infant monkoys ware mrsasured by enzyme-linked

oMV

Thbo 2

Phonotyplo chamcteristios of meningooeccal stming waed targst In
ihe bactrrioldn] asmy -

St Famolype Origin

1 HAYNGPLLIE BIXPLTI6  ariginal HA4/76 onso-olats
1 n RISPLSY Seopenin HA4/TS

3 TRIS BISPLIDIS  hogexic HS

4 TR0 KISPLEI0  logeokn 4476

5 TRL BISPLIZI3  {sopgario HM4/

6 TRA EISPLA4  bogmle HMYS

7 HI B:ISPL. Isogenic H4/76

§ 29% E2xPLS2  wild-typs patieot isclate

" All struins harve bomn deseribed previcusly [14,19,24).

immuno-sorbent assay (ELISA) as described pre-
viomly [20]. Peroxidsse-labeflxi rabbit mu-lmnun
IgG (DAKO, Denmark) diluted 1:5000 that cross-
roacts with cynotnolgus monkeys IgG was ussd as con-
Jugata [23] Titres were expressed as reciprocal 4i-
lutions giving an absorbance of 1.0 at 450 nm.

2A. Bactericidal nzsay

The phenotypic chameteristica of the target straima
used in the bactericidal assxy aye shown in Table 2.
Strains H44/76 (315.!'1116) and the six ixogenic
PorA straing (TRS2, TRI1S, TR1213, TR4 and TR10)
muedtoehnau-‘-eﬂnSBAaﬁnItindividull
PorAs. Strain HIS5, a PorA-deficiont (B:15:P1.-) iso-
ponio wsiant was used to determino if the induced
SBA was PorA specific. In addition s wild-type refor-
enco struin, 2996 (B:2kPL.S5,2) was used. All strming
have been described previously [14,19,24].

The bactericidal amsay wes carried out as described
peeviously [19]. Briefly, afl sesum samples of the mon-
hylmhmlhdfmmmhuﬁ‘c“d
tesated in twofold dilution series starting at 1/4 against
the salooted strains. Blﬁtﬂ'lddnlmbtypelpuiﬂo
MAbs and a human servm with known bactericidal ec-
tivily were included in cach day's experiment as in-
ternal control. A human serum with no bsctericidal
aotivity against the target straing was used as an exter-
nal complemsnt source at a final concentration of
10%. The baotevicidal titre is roported as the highest
reciprocsl serum dilution showing killing (>90%) of
tha bacteria (by visual inspection).

3. Resdlls

3.1. Antibody responses induced by the OMYV vaccines
mseasursd by ELISA

3.1.1. Dusch hexavalent PorA OMV vaccine
Bera from the individual infant monkeys KI13612,
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Fig. 1. IgQ astibody respossm of {acividual tnfant monksys nmvnised with the Dwich hoewvalont PorA OMY vamioe detsrmined in ELISA.
The

results aro shovwn with QMY
indioate Hmeg of immoaisstion.
KI1372 and K138 wore tested against the homolo-

poua trivalemt vaccine PL16215 OMVs end PL10124
OMVs and agninst the hetsrologous PL9146 OMVa.

are shown in Fig. 1.
IgG antibodies to P116215 OMVs couid already be

of wamine straisg PLIG21S (-PL.7,16,9,2,15,!5) and PLI0124 (P1.5%10,12,13,7.0 md the
beéwrologons strain PLO146 (-=P19,14,6) an anllgen. Tiires ware expreased as reciprooa] ditutions

giving sn ahaorbanes of 1.0 at 450 am. Atvows

detacted four weekn aftor the first doso given woek 0 In
all three animala Lower Ig0O responses ware found to
FL10124 OMVs and the heterologous PLI146 OMVs.
Four weaks after the socond dose (week §), & marked
tiss in IgG antibody titre was observed against
PL1621S OMVs for monkeys K136f2 and K137f2.
K13612 showed also an increase in antibodies against
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Fig. 2. IsQ antibody reponses of Individual hafent monkeys broumised with the Norweginn GMYV vaccins delermibosd in ELIZA. The results s
showa with CMV preparations of veocine strais He4/76 (B:15:P1.7,16) and the hetwrolopons strein 2996 (R:2b:P1.5.7) s antigen. Tiires wars

sxprossed as rociprocal dilutions giving sn abesorbemce of 1.0 at 450 mn. Arrows indieate times of immeniastion.
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PL10124 OMVs snd against PL9146 OMVs. A lower
increase in IgG antibody titre was observed in monkey
K138f2 after tha sccond doss, Right weeks wfter the
second dose (weak 12), & decling in antibody titres was
observed in all threo monkeys. The third immunisstion
indoced high IgG responses in all three monkeys
against the two OMVs of the vaccine and agaimst hot-
erologous PL9146 OMVs as measured 24 weoks later
(woek 14-16). Compared to the first two doses, the
highost responses wers mensursd 4 weeks after the
third immunisation {(week 16) for monkey K137f2. The
antibody response was directed against OMVs of both
vaccine strains, the responses were highor and persisted
longer (12 weaks) than the responses after the second
immunisation. The response of K136£2 after the thind
dose was similar to that after the second doss. Twelve
to 13 wosks after the thind dose, aguin a declms in
antibody titrea (week 24/30) was obsarved, especially
in monkey K136£2.

A fourth doso was given to monkeys K136f2 and
K1372 at week 40 when the monkeys were 11 monthe
old (Fig. 1). This dose induced a strong IgG response
against PL16215 OMYVs and PL10124 OMVp in both
monkeys despite the different levels of specific antl-
bodies atill present. The IgG-titres against the vaccine
vasicles were markedly higher compared to the titres
after tho second end third dose,

3.1.2. Norwegian OMYV vaccins
Sora from the individoal infant monkeys H9, HI0
and H11 immunised with the Norwegian OMV vaccine
werv tested homologous vaccine OMVs from wild-type
strain H44/76 (B:15:P1.7,16) and hsterologous OMVs
from wild-type strain 2996, B:2b:P1.52. Total IgG
antibody responses fnduced with the Norwegian OMVY
vacoing afier consecutive immunisations are shown in
Fig. 2. Anti-H44/76 OMVs IgG antibodies were
dotoctod in scra [rom all thres monkeys four wecks
after the first dose. The antibody titres of monkey H9
and H10 were highar compared to those in H11. Four
woeks after the second doss, an incremse of specific
1gG antibodies was detected in scra from all
ospecially H10, againat the Ha4/76 OMVs. Lower IgG
titres were found againet 2996 OMVa The titres

cine OMY;. HI0 only showoed a small increase in IgG
titre to H44/76 OMVs. At the same time, the IgQ titre
to 2998 OMVa increassd in HY and Hil. For both
monkeys, IgG titres against H44/76 OMVs persisted
19 weeks after the third doss (week 33), The IgG
of monkey H1l declined already four wecks after
ird dose. A fourth doso was given to monkeys

F5E

HY and H10 at the age of 11 months (seven months
after the third dose, weok 39-41). Two weeks after the
fourth doss a stong IgG response was detected
against the H44/76 OMVs in both monkeys. This re-
aponse wes higher compared to those after the second
and third dose.

3.2, Bactericidal antibody respomses induced by the
OMYV vaccines

3.2.1. Duteh hexavalent PorA OMY voccine

The resulty for the monkeyx imnvumised with the
Duich OMYV vaccine are shown in Table 3. The
induced SBA wore specific for PorA, as no SBA ware
found with atrain HIS at any tims point. A strong bac-
turicidal immune response was already Induced 4
weeks after the first imomonisation againat the majority
(5 to 6) of the isogenic straina exprossing the six PorAs
in the vaccins in all monkeys. The Dutch OMV vac-
cino induced the highest titres specific for PorAs P1.5,2
(prosent in PL16215) and PLSSI0 (present in
PL10124) in all three monkoys at week 4, Two mon-
keya (K136£2, K137€2) alsc showed astrong SBA
specific for PorAs P1.7,16 (present in PL16215) und
P1.12,13 (preseut in PL10124). An intormadints ro-
sponse was found for monkey K136/2 agninst PorAa
PL19,15 and PL."4. This monkey responded to all
six strains expressing the PorAs represented in the
Dutch OMV vaccine, Monkay K137f2 showed an
Increase in SBA specific for PorA P1.19,15, tut no ao-
tivity was found for ParA P1.7'4. Monkey K1382
showed, besides the strong responses specific for the
strains expremsing PorAs P1.5,2 and P1.5°10, also in-
PorAs PL.19,15, PL1%13 and P1.7°4. The Duwh
OMYV wvaccing indoced in all thres monkeys PorA-
specific SBA for wild-type strain 299§, which oxprosses
the same PorA P1.5,2 s In the Duich waccine. The
titres against 2996, however, were lower compared to
titres against isogonmic stmin H44/76 PL1.5.2
(B:15:P1.5,2),

The observed immunodaminance of PorA sero-sub-
typaa P1.5.2 and P1.5°,10 compared to ths other four
PorAs remaingd after the second and third dose, which
was algo reflected in the SBA ageinst wild-type strain
2996 (B:2b:P1.5,2). SBA against the other PorAs
daclined compared to responses after the first dose, but
somo activity waa observed for monkeys K136£2 and
K137f2 up to 28 woeks after the third immunisation.
These remaining SBA were st laast 4-fold higher com-
pared 1o proveccination levels and was directed against
two to four of the six vaccing antigens.

The fonrth dose mduced strong bactercldsl booster
responscs in monkeys K136[2 and X13712 directed
againat three to four of the PorA target straios Ako
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Tabln 3
Scrum bectericidal antihody responses In infant monkeys aftcr multipls immnaisations with 100 pg of the Duich Husvalmt PorA cuier mem-
brane vesicls veodine™
Wosk Thrrpet struins
HM76 TRx2 ‘TRIS TRIO TR T4 HIS 2096
EK15PL1I6 EISPLS2 ELSPLISIS  BISPISe)0 EIXPLI2ID BISPLTh4 BiI%- B2kPLS2
Ki3¢f2
-0 <4 <4 <4 <4 <4 <4 <4 <é
—4 F 512 ] 512 4 16 <4 128
] 128 M <4 o 16 <4 <4 n
- )2 128 12 <4 13 16 <4 <4 [ }
16 2 2% <4 oM o4 <4 <4 13
M <4 s <4 12 (] <4 <4 ]
n <4 4 <4 6 <4 <4 <4 <d
- 0 <4 18 <4 n <4 <4 <4 <4
42 512 1024 <4 od 156 16 <4 ud
o ass siz <4 »d o <4 <4 13
4 16 &4 <4 od 16 <4 <4 8
g
-0 < 4 <4 < 4 <4 <4 <4 <4 <4
-4 256 512 | nm [ ] <4 <4 n
3 156 255 16 o 16 <4 <4 |
-+ 11 ] 512 16 12 a2 | <4 16
16 n 1024 16 2% 123 16 < 4 m
3 a 1% <4 n -} | ] <4 ()
1 16 128 <4 16 16 4 <4 n
— 40 1 o4 <4 ] ] <é <4 n
a 512 024 | > 2048 14 ] <4 1024
“ 156 215 4 52 1 ] <4 25
Xiem .
—0 <4 <4 <4 <4 <4 <4 <4 <4
—4 <4 128 n 128 16 16 <4 n
. <4 17 <4 13 4 <4 <4 16
—-12 4 2 <4 128 4 <4 <4 <4
16 128 1 <4 sia 16 <4 <4 16

* Bactaricidyl tinr wro reparted as reciprocsl srum dilutions showing > 90% kifing od: zot detsrmined; —» imumnlgtion.

aftor the fourth doss an immunodominance was fonnd
for PorAs P1.52 and PL1.5°10 followed by PorAs
P1.7,16 and P1.12,13 (Tebls 3, weck 42). This was
reflectod in strong SBA against wiki-typoe strain 2996.
Overall, a cloar difforence in magnitude was obecrved
with respect to the induced bactericidel antibodies
against the alx sero-subtypes in the Dutch OMV vac-
cing; PorAs P1.19,15 and P1.7%4 were the least iy~
nogunio.

3.2.2. Norwegian OMY vaccine

Four weaks after tho first dose, strong SBA
detected in sera from monkeys H9 and H10
vaccine atrain  HA4/76(B:15:P1.7,16) (Table 4).
SBA of monkey Hll was low compared to the

tehs

two monkeys, Monkeys FY showed no activity with
isogenic atrain HIS (PorA-deficiont) at any time point.
Monkeys H10 and Hll showed intarmediate titres
aguinst this strain. None of the animals showsed any
SBA to wild-type strein 2996 (B:2b:P1.5,2), but intey-
madiste titres against TRS2 (B:15:P1.52) wers
observed. The bactericidal titres of sora from monkeys
HY and H10 sgamst vaccine strain H44/76 P1.7,16
showed no further increaso 4 weokn after the second
dose. However, for monksy HII, the second dose
tnduced a high SBA response againat the vecoine
sirain. At weak 12, when the third dows was given, the
SBA rosponses of monkeyy H9 and H10 had decreased
to Jow levels, wheveas mankey Hi L still showed s high
titre againgt the vaccine strain. Four wecks after tha
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Tablo 4

Sxrmm bactericidal astibody responses Is infant monkeys afior mul-
tipls imownimtions with 25 g of the Nerwoglen HA4/76 dadved
satey mambrans veaicls vascine®

Wesk Target straina

B4Af76 TR R1S 296
BRISPLLI6 BI1SPLS2 RIS B2hP1.52
m
-0 <4 <4 <4 <4
—d 13 16 <4 <4
8 129 16 <4 <4
- 12 4 <4 <4 <4
16 1004 4 <4 <4
n o4 <4 <4 <4
n 2 <4 <4 <4
-39 16 <d <4 <4
41 10M n <4 <4
4 512 <4 <4 <4
&7 128 <4 <4 <4
HI0
-0 <4 <4 <4 <4
-4 512 16 12 <4
B 256 [ ] % <d
- 12 4 4 1§ <4
17 128 <d 4 <4
25 n <4 <4 <4
~ 41 4 <4 <4 <4
43 512 <4 <4 <4
45 128 <4 <4 <4
i
-0 <4 <4 <4 <4
—4 4 [ ] <4
] 56 n 8 <4
—-12 i | 2 | <4
16 > 204 n | <4
* Bactaricidal titecs are rporicd se netiprocal ssom dhstions
showing >90% killing —: innmninstion.

third dose (week 16), all three monkeys showed a good
booster responsc agrinst tho vaccins strain H44/76
PL7,16. Although monksy H11 still showed a strong
SBA uctlvity against veocine strain H44/76 P1.7,16 of
1/128 at week 12, a stromg booster response was
[nduced by the third irmmunisation as measured at
weoek 16 (> 172048).

The SBA declined gradually afier the thivd dose,
although remsining activity wes observed against vac-
strain H44/76 P1.7,16 for monkoys H9 (week
23.33,39) and H10 (week 25 and 41).

The fourth ddee induced good booster responses in
monksys H9 and H10 afier two wooks against vaccine
straln H44/76 P1.7,16, All obsarved responsss wero
.PorA-dependent, as no or low SBA were detecied
ngainat tha other strains,

Oe
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4. Discossion

Far the first time, two types of meningococcal OMY
vaccines, namely a couveations] wild-type OMV vac-
cine vorsus & recombinant OMV vaccine, were com-
pared for their immunogenicity in infant cynomolgus
monkeys. Both vaccines shared tho same meningococ-
cal backgronnd, since they were both derived from
parental strain H44/76, Howover, the OMV vaccines
viry with raspeet to tho amount of total protein, the
scro-subtypes of proteins and LPS-immunotypes pre-
sont within tho OMVs and the adjuvant used,

In goneral, both vaccines induced sero-subtype
specific inmune responses in BLISA and bactericidal
amay. Both OMV vaccines slready induced OMY
ipecific IgG-responses after the first dose similer to
human studies [7,8,19,21,22]. The mntibody lovels
decreased afier the firat two injections, bowever boas-
ter respomses ware noted independent of the antibody
level present. This indicates that immunological mem-
ory was induond by the first immunisations. The effect
of a boostor dose was also obwerved in adulis 17,16)
and in infants [n Chile [16] using the Norweglan OMV
vaccina.

Serum bactericidal activity has become ths primary
serclogic asssy used to assess protootive immunity
stimulnied by scrogroup B meninigococcal vaccins can-
didates [7-9,12,16,19-27]. However, the lowest lsvel
titro of SBA consistent with protection against Invasive
serogroup B meningococcal dissase hay got been doter-
mined. For the Duich OMV vaccine, the baoctericidal
activity was directed against most of the PorAs present
in the vesicle vaccine and the stromgest booster ro-
sponses wars found against PorAs P1.5,2 and P1.5°,10.
The immunodominance for some of the ParAx, par-
ticularly P1.5,2 and P1.5°,10, within cach Lrivalent vao-
cine vesiclo oonfirmed previous findings with respect to
the bactericidal activity mduced by the Dutch OMV
vaccing in adults [21] and infants [22]. The bactericidal
antibodics aguinst sero-mbtypes P1.7,16 and P1.12,13
wars gemerally high as well. The responses against
P1.7*4 and P1.19,15 were lower, suggesting that some
PorA arv lems imnmunogenic compared to other PorAs
or that three PorAs presonted by one vewicle might be
& suboptimal formulation. Studies in mice indicate that
the difference in magnitude of response to various
PorAs is not duo to the presentation of throe PorAs
on one vesicls but doe to the cherectedstics of the
PorA tteelf (van dan Dobbelsteen ct al, manuacript in
preparation). The antibodies also ahowed PorA-specific
bactericidal activity agninst the heterologous wild-type
strain 2996 (B:2h:P1.5,2), however, the titrea ware gen-
erally lower than agalnst isogenic TRS2.

The hexavalant PorA OMYV vacvine was capable of
boosting the SBA responses in the infant mookeys.
This was also seen in infanty in the UK, where three
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doses of the hexavalent PorA OMYV vaccins induced
good bactericidal jmmuns responses to two of aix
meningocoocal stralns of the vaccine, Following a
fourth doss, larger bactericidal rosponses to all six
strains were observed, suggesting that the initial course
had primed memory lymphooytes ar a booster re-
sponse in theso infants [22).

The bactaricidal activity induced by the Norwegian
OMYV vaccige was particularly directed against PorA
P1.7,16, but some additional bactericidal activity was
obhssrved. Two showed some becterickial ac-
tivity to HI5 and B:15:P1.5,2. This sctivity could be di-

mwmwlsmmmm

;
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%.
i
:

B:15:P1.7,16 induced by the Norwegian OMV vexine
were gonerally higher than for the Dutch OMV vao-
cins. As the Dutch OMV waccine contains twice the
amount of PorA compared to tho Norwegian vaccing
(15 pg va. 7-8 pg, this indicates that singis PorA
OMYVs might be more immunogenic compared to triple
PorA vasicles [13,17]. Alternativaly, the presentation of
PorA in the conventional OMYV formulation might be
moro optimal dus to the wild-type LPS, presence of
PorB or other membmne components, Compared to
the P1.7,16 responses for the Norwegian vasoins,

bigh titres wero observed for the immunodoml-
pant PorAs P1.5.2 and P1.5510 in the triple PorA

PorA OMVs and ils conwational wild-typs analogue,
i.c. harbouring the same PorA sero-subtype, to eluai-
date this question.

relatively wesk booster responses wero found In this
and another study [21]. These characteristics probably
relate to the intrinsic B cell mitogenic properties of the
outer membrans proteins, This phenomsnon was also
noted when meningocacss]l OMP were used ax carrier
for H. influsnxas type b polysaccharide [25].

This study clearly shows the potential of a geneti-
czlly constructed hexavalent PorA OMV vaccine,
which induces a bactericidal immune regponse against
the majority of meningococcal sero-subtypes. The anti-
bodies were otill detectabls after 40 wecks and ths

immune response could be boostered st that time.

vant components not contributing to the indnetion of
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NspA Is a highly conserved membrane protein that s reported to eliclt protective antibody responses against
Nuisseria meningitidls serogroups A, B and C in mice (D. Martin, N. Cadieux, J. Hanel, and B. R. Brodear, J.
Exp. Med. 185:1173-1183, 1997). To investigate the vaccine potential of NspA, we produced mouse ant-
recombinant NspA (rNspA) antisers, which were used to evaluate the accessibility of NspA epitopes on the
suriace of different serogroup B strains by an immunofiuorescence flow
to antibody-dependent, complement-mediated bacteriolysis. Among 17 mtlcllly diverse struins tested, ll
(65%) were positive for NspA cell surface epitopes and 6 (35%) were negative. All six negative strains also were
resistant to bactericidal activity induced by the antl-rNspA antiserum. In contrast, of the 11 NspA surface-
positive strains, 8 (739%; P < 0.05) were killed by the antiserum and complement, In infamt rate challenged with
one of these eight strains, the anti-rNspA antiserum conferred protection against bacteremin, whereas the
antiserum falled to protect rats challenged by one of the six NspA cell surface-negnative straing, Nelther NspA
expression nor protein sequence accounted for differences in NspA surface accessibility, since all six negutive

were 99 to 100% identical to those of three represemtative positive strains. However, the six NspA cell

tive strains produced, on average, larger amonnts of group B polysaccharide than did the 11
positive strains (reciprocal geometric mean titers, 676 and 224, respectively; P < 0.05), which sogpests that the
capsule may Himit the acceasibility of NspA surface epitopes. Given these strain differences in NspA surface
accessibility, an rNspA-hased meningococeal B vaccine may have to be supplemented by additional antigens.

thﬂiemnunlofﬂamwﬂuhsmﬁueme type b disease by
vaccination, Neisseria as the most
mmmonuuleol'blneﬂllmeﬂnglmlnclﬂldrenmdyuun;
adulta (45, 56). Strains of N. meningitidiy can be divided into 12
scrogroups based on chemically and antigenically distinctive
ide capsules (14). Five serogroups, designated A,
B, C, Y, and W-135, account for virtually all discase-producing
isolates (67).
Plain meni polysaccharide vaccines are currently
available for the prevention of discese caused by serogroups A,
C, Y, and W-135 (18). These vaccines are efficacions in older
children and adults but not in infants, the age group at greatest
risk of acquiring tho discase (18). Second-generation polysac-
charids-protein conjugate vaccines are in various stages of
clinical development. These vaccines are much more immuno-
genic in infants than are plain polysaccharide vaccines (16, 28,
32). It is likely, therefore, that highly effective meningococeal
conjugate vaccines for the prevention of disease caused by
serogroups A, C, Y, and W-135 strains will be licensed for
routine use in children in the near future. However, attempts
to develop a vaccine for the prevention of group B meningo-
coccal disease have been problematic. Group B strains are a
common causc of disease, currently accounting for approxi-
mately onc-third of discase-producing isolates in the United
Statea (10, 11), half in the United Kingdom (49), and up to 80
to 90% in The Netheriands (55). Therefore, lack of an effective
vaccine for the prevention of serogroup B discase will substan-
tially limit the overnll effectiveness of a vaceination program
for control of meningococcal disease.

* Corresponding author. Malling address: Children’s Hospital Ouk-
land Research Institute, 747 Fifty Second St, Oskiand, CA 94609.
Phone: (510) 450-7640. Fax; (510) 450-7910. E-mail: dgranof@chori.org.
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To date, experimental meningococcal B vaccines have been
designed to elicit serum antibody responses either to the group
B capsule or to noncapsular antigens. Capsule-based vaccines
are limited by poor immunogenicity, even when the polysac-
charide in conjugated to a protein carrier (15, 26). The group
B polysaccharide consists of a(2—»8)N-acetylneuraminic acid
(polysialic acid). The poor iImmunogenicity of this polysaccha-

ride is attributed to immunologic tolerance as a result of ex-.

posure to cross-reacting polysialic acid expressed by a variety
of host tissues, particularly the ncural cell adhesion molecule
(17, 23). In an innovative strategy for overcoming immunologic
tolerance to the meningococcal B capsule, Jennings et al. sub-
stiuted N-proplonyl (N-Pr) groups for N-acetyl groups and
conjugated the N-Pr meningococcal B polysaccharide deriva-
tive to a carrier protein (25). The resulting conjugate vaccine
was highly immunogenic in experimental animals, eliciting
immunoglobulin G (IgG) antibodies that activated comple-
ment-mediated bacteriolysis in vitro and passively protected
experimentel animals infected with meningococcal B bacteria.
However, a subset of the antibodies elicited by this vaccine
were also autoantibodies (20, 21). Given the unknown risks of
a vaccine that elicits anticapsular antibodies that are also au-
toantibodics, recont efforts to develop a vaccine for prevention
of serogroup B discase have focused on the use of alternative
noncapsular antigens as vaccine components,

Non-ca; ntigen-based vaccines include outer mem-
brane vesicles (3, 7, 42, 59, 68), specific outer membrane pro-
teins such as PorA (6, 12, 24, 40, 41, 51, 62, 63), Iron-regulated
proteins such as transferrin binding protein (3, 31, 43), outer
membrane opacity proteins such as Opa and Opc (39, 50), and
detoxified lipopolysaccharide (54).

‘While vaccines based on outer membranc vesicles or recom-
binant PorA appear to be safe and can induce protective an-
tibody in humans (18, 59), the bactericidal antibody responses
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TABLE 1. Reactivity of anti-rNspA polyclonal antiserum with NspA exposed on the surface of live, ancapsulsted, N. meningitidfis serogroup B
bacteria in relation to susceptibility to bacteriolysis and capsule production

N. meningltidis serogroup B* NapA eell
wafncn bactericidal activity” eapaule produrctioen
Sunin Country v mkbk BT coapa reactivity” (reciprocal tter)  (resiprocalhisar)

SWZI0” Switzeriand 190 4P12 104 Positive =64 824
NG&S8*  Norway 1988  NT:PLI 17 Positive 4 15+ 23
CUMS  Cuba 1980 4 PLIS 5 Pasitive 4 1162 1
IH541  Finland 1985 1SPL7,16  ND Poaitive 16 176 £ 61
BZI%8  The Netherlands 1586  NT: P~ 154 Positive =64 362+ 1
NMB United States 1968  Zn:P125 ND Poaltive 16 244+ 20
8047 United States 197 7 Pi3 ND Positive 16 1,125 = 50
H/T6  Norwsy 1996 15PL7,16 5 Positive % 9 16
1000* USSR 1989 NT:PLS 61 Positive <4 27212
S3446 United States 1972 14:P123,14 11 (Al cluster) Positive <4 (static=16) 585 = 151
H3sS Norway 197 15 PLIS 11 cluster Positive <4 (static=4) 656 = 141
BZ232*  The Netherlands 1964  NT:P12 % Negative <4 1493 = 18
NGIE®*  Naway 1988 8Pl A4 cluster Negative <4 498 + 105
MCS8 United Kingdam 1985 15:P1.7,166 S Negative <4 627 = 121
M136 United States 1968  11: PLIS D1 cluster Negtive . <4 1,056 = 81
M986 United States 199 2uP15,2 B2 cluster Negative <4 1,442 x 206
NGPI65  Norwwy 199 NTP12 37 Negative <4 1386

* Strainy wers abtamed fram the eallection of C. Prasch, Ceater for Binlogics Evaluatton and Research, Rockville, Md.; 3057 was abtained from W. Zollinger, Walter
Recd Army Ingtitte of Research, Whiogion, D.C,MGIHMmhMbyThIﬂdemhl—nhhmmmﬂﬂwm
fram M. hv.,NllhllPuH:Hﬂll.'llmwmﬂﬁmhhm“m&mmw&hﬁi(ﬂ).ﬂﬁﬂmﬁm
Caugaat &t aL (9) and Seller ct al. (57).

& Strain has been characterized further by multilocus sequence typing (33).

'Seeuhml’hld-ﬂnlllwdlhemnlw and subtyps clamificarion system.
“ By indirect-fluorescence flow lelhnll-rl’ht\nm
* Dilution of anti-rNspA antisers that when incubated for 6) min with bacterial cells and 2% human complemeat yielded a 50% decreass in CFU par milliliter
to that st time . “Sistle™ refors to straing that were Inhibited but oot idlled in the amay (=50% but <100% sarvival at 8D min.}.
£ Titer defined o3 dilution of capsule extract giving S0% Inhibition of untbody binding to meningococeal B polysaccharide antigen in an ELISA (se0 Materialy and
Methads). Results are means and standard ermom

are strain specific, cspecially in infants (18, 59). Therefore, 2  quence and expression, we found strain differences in the sur-
multivalent PorA approach is required. In initial clinical stud-  face nccessibility of NspA epitopes and in the susceptibility of
ies of one multivalent vaccine, an outer membrane vesicle  different strains to anti-NspA bactericidal activity.

vaccine containing multiple PorA recombinant proteins, only

modost serum bactericidal titers were elicited in infants, and

there appeared to be antigenic interference between some of MATERIALS AND METHODS

the serotype antigens (52). Given the propensity for meningo- Bacterial stralss meningiddis siraing sturled were lsnlted from
coccal digease during nonepidemic periods to be caused by Mumhdw::&mmum;whddm:-t;nmmmt
multiple strains or strain variants (53), together with the fre- mmﬂumdaadnummdmm
quent temporal shifts in the predominant strains in a commu- groups, &
nity, it will be difficult to develop a univeraal meningococcal B acacs 7R O ST S M7, Wt b e e et (300 A
vaccine with only outer membrane protoin components that  of the cther strains were encepsulated.
are highly variable from strain to strain. h(:l-l-; exprassien, and pun-:!u drl:ﬂiw'n Based an
Recently, Martin et al. described a membrane proteln, des- nuclootids sequance published by Martin -  following primens
ignated noissernl surfaco protein A (NepA), which was ro. 1k Sompmeniy o g iy fe 1 ol of v
ported to be highly conserved acroas Neisseria strains (36) and  C3''and §-GTAGATOAAGCTTTGGACATTTC-Y'. In addhion, the primers
elicited serum bactericidal antibody responses in mice to N. mﬂ?mwmgm?mnhwhmng
meningitidis strains from serogroups A, B, and C (36). Inmu- " te ¥ ' respactively, gems. By wsing the method
nized mice also were reported to bo protocted from a lethal ~ 9ocribed for DNA sequencing below, theae peicness were med in PCR to
challenge with live meningococcal B organisms (36). Thus,  fragment, which incindes the wild-fype promoter region, was thsequently
N3pA appesms to represent a novel and promising vaccine  cloned into the muiticopy plasmid .
cunidae Sl et 23 & v s Ve S o)
To investigate further the vaccine potential of NspA, we .'“ the of the the hias been
cloned the nspA gene, expressed NspA In Escherichia coli, 80d repiaset whh DNA eacoding & sris of s bistiine reestocs {copaeasion voraes
produced mouse polyclonal anti-recombinant NspA (antl-  pTrcis [Invitrogen, Carlshad, Calif.]).
rNspA) antisera. The resulting antisera were used to cvaluate Recombinant HisTeg-NapA was expressed in Escherichis col BL21(DE3)
the accessibility of NspA epitopes on the surface of different ST TRermed 10 PRSI PTETL br ieton i © B
strains of live encapsulated N. meningiridis group B bacteria Ni-ilrilotriscetic acid chramatogrphy of call lymizs solubllleed b
and the susceptibility of these strains to antibody-dependent,  6M guaniiing hydrochlorkis by using the materials and methods provided in the
complement-mediated bacteriolysis. In this report, we confirm ~ QiaBzprom kit (Qlagen, Valencla, Callf). Recombinant wikd-iype Napa, e
that the NspA gene and protein sequences are highly con-  Prosed eader tho coutro) of i own promoter from plamid pGMS 1.0, was sho
served among genetically divergent strains of N. meningitidls  medium and was partially purified by precipitution of colture medium with
group B. However, despite conservation of the protein se- mmﬂmﬁ.mx "
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DNA preparatisn and sequencing. Muliiple and single clonss of each sirain
were grown (o am absorbance st 83 am {(Agp) of 1 in 7 ml of Mueler-Hinen
M(mmuu)wmuummnm

Polycioas! anti-rNspA antisera. To prepare antisera against NapA, 30 pg of
pusified HisTag-NspA or pastially purified wild-type rNspA expremed from lts
own promoter was used Lo intmonk groups of 4 1o G-week old female CD-1
mice (five to eight mice per group). Injections were given intraperhaneally (Lp.).
Complete Fround's mdjuvam was ased for the first dose, and incomplate Fround's
ﬂmln“hﬂnhquuhﬁhﬂnﬂlm&ml
Intervals. As exmirals, groups of mice were immunized with the ssme adjuvants
combined with protolos precipitated fram culture medium supernstant of E coli
nu:(nmdu:mw-ummmpsu(+).mum
Mmh.::u'u-lﬂus d“.h QuilA (gift of G. On Corp,
50 pg of 'NspA t, Chiremy
Emeryviile, Calif) lllll!d’ll'llll,u mlu:dulbmdﬂllmd
female BALB/ and CD-1 mice, For sssestment of strum antihody responses,
individual mouse sera obtained 2 to 4 weaks after ths third Immumization wers

Blioding of antisers to the suriace of live cnmpmisted meaiagororel. The

and resuspexxied (o blocking bulfor

(phuphlu-bumnd-l 1% [wit/vol] bovine serura albumin
ﬂMI[wM]ndhmdlu)uadﬂdlydﬂﬂ'alhpumLDihl—d
tost or eontral antiserum (typleslly 1:10 to 1:100) were Lthen added and allowed
1o bind 1o the cells, which were maintpined oo ice for 2 b. Following two washes
mmmmmmmammwm
mlm-dl’(-b'hhmldnn IgG (hoavy plus Iight chalns)
{Jackson IomumoResearch, West Grove, Pu.) and fixed with 0.25% formaide-
kyda In PBS buffer, and tha bactarial eells were analyzed by Sow cytometry.
Pasitive coatrol antfbodies incduded menlngncoccus-specific seroryping or jub-

(MNZOB and MN16C13F4 [Rijininzhuut Voor
Volksgeaoadheld en Mlleu, Bithoven, The Netherlands]) aad SEAM 12, sn
anth-polysaccharide manocions] untiody (MAD) that i specific for
group (21) The oegutive contral consisted of & mouee IgG MAD
(VIG10) of Lrraicvant specificity.

Ashasl protection. The ability of the antl-rNspA antiservm to confer pamive
protection agaiost N. meningltdis group B bacizremia was tested in infant rats
meauuuwrmmd&mnu.(mhw
6-u1-dEﬁrll)pup Ih“ﬂmdﬂﬂhi“lrllﬂ(&lﬂﬂ d
Hollister, were rindomly redistributed to the aursing mothers, Groups
ﬂuwﬁuhﬂ-nnﬂﬂhﬂupﬂhlmﬂdmsxlﬂ'm
of N, meningithdls group B bacteris. Two srains, M986 and 8047, cach of which
mmwm:mummmmmmmm
from biood cuftures afier the thind pess wene grown oo chocnlne agar overaight

InFECT. INOMUN.

and piored fromen at —70PC in visls contmining stexile skim milk. Qa the dwy of
the esperiment, the bacieria were grown, wazbed, snd resspended in Gey's
buifer, 23 describod above for the bactericldal asmy. Immedintely before sdmin-
mixed with diferent dilu-

Singla colonies were grown o 50 Agy of 0.7 1o 09
in 7 m of Muslipr-Himon broth (Difco) supplemented with 1.2% giocom, The
‘T-ml cufture wad then used to lonocuiste 200 mi of the same medium prewanmed
0 ITC. After growth of the culture to an A gy of 0.9, the bacieria were collected
b;mnﬂuwhnn!ﬂx.hrlimh.ﬁﬂpllmmﬁmu—m
until wed for prepanation of membrane proteios. Sodium Ilnlqi aarcoginate-

membranes wars propared 23 deseribad previously
fox IL m—wb«). Briefly, the cell peliets were resuspended in 10 mi of
buffexr (pH 7.4) &t 4°C. The cell sugpension was then sonlested on ke
with mveral lhhﬂ!ﬁ:lmllh'(m

pelet was resospended in 2
ml of HEPES buffer (pH 7.4) containing 1% (wi/vol) soxdinm Isurey] srcosbiate
(Sigma, S¢. Louly, Ma.) at amblent texmperature. After 8 X)-atln incubation, the
sodium laureyl sxrconsinate-tnantuble
don 1 Tﬂ.? xgforlh

SDE-P. mnl Westers blots. NspA protein prepartions were

wbﬂm@m—r@ (215
) aa deseribed by Lasmmill (27) with a Minl-Protean 11 electro-

AppArins Richmond, Samples were npended In
8DS, $% [volol ﬁmﬁn Gbﬂm-iﬂ:“dl L i e
gither basted nlm'c for 3 min or, h"m ".-Lm
temperature for 5 min befooy heing loaded directly anio the gel, For Western
biots, the gel was oquilibra umm(nmmquwmﬁ

i

!.ol.ﬂgdhd]nuhnd n(:bu“l—hmdm:nluoulluk- -
ab mbh:' muuh)umu(mhnl)ﬂnnluhm

membranes
MMMINM)WHHLM&}M&M“M“M

ml'nrl.sm!hh?nld‘hlﬁhr—ﬂhmhuhuud-dlumuﬂ Tha
bacteris wara collected by centrifugation at 5,000 X g for (3 min, The cells ware
washed once |a 0.5 ml of 10 mM HEPES {pH .4) apd then In 0.5
ml of the same buffer containiog 10 mM EDTA and Incobsied st 37°C for 1 b,
The cells were pelieted at 10,000 X g for 1 min, and the relixtive amomt of

!Mnﬂnr&lﬂdlﬂﬂu matnnt was de-
m-mwmunmm
solid-phase antigen In the EI.ISA'-

slmence of inhibitor, this concemmtion of antibody wes slficiant to give sn Agy
d-ﬁ?blhdﬂlﬂ-ﬂhhﬂhﬂn-ﬂmmmwdm
charida raleased bato the supernniant was measured by determining the dilution
of superastent that resulied ln 50% nhibitlon of antiady bindiag. Controls in
thl amxy included sn BDTA extract prepared from strain M7, which does oot
pdnlwmlupdmhrﬂe (58). and purified meningococeal B poly-
saccharids. Te ensare that all of the capsular polysaccharide

EDTA trostmentt, the sune inhihition ELISA was performed with the cefl pellet
resmapended in the same bolier and volume as the capsules exiract. The obeere
able inbibitory sctivity fram the cell pellet was between § and 109 of (he ativity
obeerved in the capsule extracts, with the Iatter, higher percentage comning from
cell pollets of stvaing that produce the Inrgest amomty of capnae.

RESULTS

Figura 1A shows a Coomamie blue-stained SDS-PAGE gol
(21% polyacrylamide). The sample in lano 1 contains the
HisTag-NspA, purified by Ni-nitrilotriacetic acid Sepharose
chromatography of cell lysates solubilized in 6 M guanidine

3|
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FIG. 1. (A) Coomassic blue-stained SDS PAGH gal (21% polyscrylamide). Lanes: 1, HisTeg-NopA eluted from the NI-NTA Sepharase meial affinhy ectuma with
8 M ures-0.1 M NaH,PO,-0.01 M Tris-HCI buffer s pH 4.5; 2, smmonium milfete-precipitated colture medivmn from K codf BL21(DE3) tranxiormed with pSK({+)
(lhpuullﬂllnﬂldlhﬂllllltmp!pn):!uﬂﬂ ammanium sulfate-preciphated culiure mmmzﬂmunm)wmpamm[umﬂ
plasmid costsining the wild-type npd gens withoot the His tag); production of riNspA & evident by the appearance of a proteln with an apparent molecular mass of
145 kDa {arrow}; 4 to £, lanroyl sarcosinate-lnsolubls outer membrane propurstions of meningncoceal B strains 8047 (lane 4), CUAES (lane 5), NO&/SS (lane 6), MYS6
('llnu'r,l.udMliﬁ(lml).(l)!ldlngduu—ﬂiru—m.umm-lbnbymmLlnlmnhuﬂln!h-hnndﬂ.mph
HiuTag-NapA, which sppears a8 two immunoresetive bands ut b apparent molecular mames (see the text), the presence of NspA In each of the samples is indiested
by the arrow &t &n apparent molecular mas of 186 kDa. (C) wmmn-mmmmmmn.wmmm
raembrane protelns from straia 8047 that has not been heatod (o semple buffier; 2, mmple comparahls tm that in Line 1 that was heated to 100°C for § min; 3, sumontum
sulfute-preciplisted culturs medium from E. coll BL21(DES) transfarmed with pGMS 1.0 (the pSK(+) plasmid containing the wild-type ntnd gene without the His tag]
IllllhllllmwIﬂlﬂlhllﬁ"ﬂllﬂﬂlmﬂhumlﬂlhnmmIWCMSMTHMHHEIHM““IM
appareot malecular weight to 1the expected molecolar weight of NapA, s & yasult of hoating the sampie kn sampie buffer.
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nonencapgulated straing of Eve meningococeal B bacieria s determined

by indirect-fluorescance flow cytometry. &nhmlnnmmpdlummnmnnhmnbymnu:dn(slj.unlhnmmn-

dilution of 1:25. The control MAls and antisers include VIG10, » murine MAb with wn invlevant

N. mexdugicidis subtyps MAb antl-P1.2 reagent

(nthumVuvuu.-nmuummmmmxuumu:,-mwmmmx-ﬂ-mmnum

mehhhmmﬁndaﬁmmmymmemmum
with smmeedum sulfte-preciphiated

Include anti-rNapA antisers elicited by Immunbetion of mice
planid pGMS 1.0 and polycional anti-HisTag-NipA antiserum.

hydrochloride, which resolves as two bands with apparent mo-
lecular masses of 20.2 and 24.5 kDa. Thesc bands appear to be
different forms of HisTag-NspA rather than different proteina,
since both the number and the apparent molecular masses of
the bands in the HisTag-NspA sample are dependent on the
content of SDS and EDTA in the sample buffer (data not
ghown).

According to Martin et al. (36), NspA is associated with the
outer membrane, However, recombinant NspA produced in E.
coli (without the His tag) is secreted into the culture medium.
In their experiments, the “secreted” fraction of the riNspA
protein was affinity purified and uscd as a vaccine. Figure 1A,
lane 2, shows the proteins present In ammonium sulfate-pre-
cipitated culture medium from E. coli BL21{DE3) transformed

. with pSK{ 4-), the parent cloning vector without the napd gene.
Lanes 3 and 9 contain duplicate samples of the ammonium
sulfate-precipitated culture medium from the same E coli
strain tmngformed with plasmid pGMS1,0, which contains the
wild-type nspA gene. The prescuce of riNspA is evident by the
appearance of a protein with an apparent molecular maas of
18.6 kDa, corresponding to the molecular mass of NspA pre-
dicted from the smino acid sequence. This protein ia not
present in the control (lane 2). Lanes 4 to 8 contsin sodium
lauroyl sarcosinate-insoluble membrane proteins from strains
8047, CU385, NG6/88, M986, and M136, ly. All con-
tain & protein having the same mobility (18.6 kDa) as rNspA
(lanes 3 and 9).

Confirmation that the 18.6-kDa protein observed in Fig. 1A,
lanes 3 ta 9, is NspA was obtained by Western blot analysis
with anti-HisTag-NspA polyclonal serum as the detecting an-

tibody. The results are shown in Fig. 1B. The 18.6-kDa banda

present in Fig. 1B, lancs 3 to 9, arc reactive with the anti-

HisTag-NspA sera. Note that in lanes 2 and 3 the anti-HisTag

NspA antisera also react with higher-molecular-weight pro-

teins. However, these cross-reacting higher-molecular-weight
proteins were present in both the control (Le., without NspA)
and rNspA-containing preparations.

When analyzed by SDS-PAGE, NspA is reported to have

two forms, a 22-kDa diffuse band and a 18-kDa band (36).

However, we found that these two forma resulted because

nspA geoo (anthE coll comtrol). The west anthera
exlture medium from E coll BL21(DEY) that exprosmes riNspA from

NspA is u heat-modifiable protein. Figure 1C shows an SDS-
PAGE gel (21% polyacrylamide) of sodium lauroyl sarcosi-
nate-insoluble outer membrane proteins from strain 8047 and
partially purificd INspA. Lane 3 contains ¥NspA that has not
been heated in sample buffer. A diffuse band with an spparent
molecular masa of 23 kDa is present. Although not shown, a
comparable band was not present In protelns in am-
monium sulfate-precipitated culture medium from E. coli con-
taining the parent vector without the npA gene, As
shown in Fig. 1C, lane 4, when the partially purified rNspA was
heated t:m}IJO'C wbl;ufer, the za-kgn band disap-
peared was a with an apparent
molecular mass of 18.6 kDa. A similar shift in mobllity was
observed in the respective proteins present in the detcrgent-
insoluble outer membrane protein prepamation from strin
8047 (compare lanes 1 and 2). In both the rNspA preparation
snd the outer membrans preparation from strain 8047, the
18,6-kDa band was by the antl-HisTag-NapA anti-
serum in the Western blot (Fig. 1B). The anti-HisTag NspA
antiscrum also recognized the ive 23-kDua bands in sam-
ples that had not been heated (data not shown).
Binding of antl-rNspA serum (o native NspA on the surfuce
of live meningococeal B bacteris. Binding of serum antibodies
to the cell surface of live meningococci was measured by flow
cytometric detection of indirect immunofluorescence (21). Fig-
ure 2 shows the results of a typical experiment examining
antibody binding to two test strains: NMB, a fully encapsulated
N. meningitidis group B strain, and M7, s transposon-contain-
ing capsule-deficient mutant of NMB (58). As expected, the
anti-group B polysaccharide MAb (SEAM 3) (21) binds only to
the encapsulated strain whereas as the positive control anti-
P1.2 (PorA) MAD binds to both the encapsulated strain and
the nonencapsulated mutant The ability of pooled antisera
from mice immunized with riNspA to bind to bacteria is also
shown. The antisora from mice immunized with wild-type
rNspA show an increase in fluorescence intensity with both the
encapsulated and ulated motant strains when the
antisera were tested at dilutions of 1:10 to 1:100. In contrast,
polyclonal antisera prepared to proteins precipitated from cul-
ture supernatant of the £, coli vector aione (without the nspA
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FI1G. 1. (A) Binding of polyciamal ami-rNspA antiserum and eontrol MAbs

B strales B047, CLI3SS, and MPSS, a3 determined by

Indirect-fucremence fiow cytometry. All sers wero lasted at a dilution of 1:25. The tet and eontrol MADs end antisers are those desertbed In the legend o Fig. 2. (B)

Binding of polyclonal anlserum and contral MAbs to

anthrNspA sacapsulaied meningococeal
indirect-flucrescence flow cytametry. All sers were tested at dllutinss of 1:10 and 1:100 e indicyted, The irvelevam

coll antisera are thass described In the legend to Fig, 2,

gene) showed only low-intensity background fluoreacence and
were considered negative, Note that in Fig. 2, representative
data are shown only for antisern diluted 1:25.

As shown in Fig. 2, the antiserum prepared against purified,
denatured HisTag-NspA gave background levels of fluores-
cence with strains NMB and M7 and were considered negative,
This antiserum was also negative for bacterial binding with
strains 8047, CU38S, and M986 (Fig. 3A, right). However, by
Western blotting (Fig. 1B), the anti-HisTag-NspA antiserum

B stralng 8047, BZDZMGI.NGHI.HNNGPIE s determined by
and anticapsular coatrol MAbs and control snth-E

recognized purified HinTag-NspA (Fig. 1B, lane 1), wild-type
rNspA (Janes 3 and 9), as well as NspA present in a detergent-
insoluble outer membrane fraction from four different N. men-

group B stralns, including strains 8047, CU38S5, and

ingitidis
M986(Imu4md8) Taken together, the data suggest that the

antibodies to HisTag-NspA reengnl:e epitopes that
are present bn denatured NspA but not in native NspA present
on the surface of live m B bacteria. In contrast,
tho antibodiea prepared against wild-type rNspA, which were
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detected by the flow cytometric binding assay, are likely to be
specific for conformational NspA epitopes.

Struin differences in NspA sorface accemsibility. The flow
cytometric assay was used to assess the ability of pooled IgG
anti-TNspA antibodies to bind to the surface of 17 genetically
diverse strains of live, encapsulated pathogenic N. meningitidis
group B bacteria isolated from patients residing in different
countrics over a period of more than 30 years, Figure 1A shows
cxamples of antibody binding to the surface of N. meningitidis
8047, the homologous strain from which we cloned the aspA
gene, and two heterologous strains, CU3B5 and M986, All
three strains showed no binding with a negative control MAb
of irrelevant specificity but bound strongly to two positive con-
trol MAbs, an anticapsular antibody and anti-P1.2 (left). In
contrast, the anti-rNspA antibody bound only to strains CU385
and 8047 and there was no detectable anti-rNspA antibody
binding to strain M986 (right).

Figure 3B shows examples of four additional strains, BZ232,
MC58, NG3/88, and NGP16S, that showed no detectable anti-
rNspA antibody bindlngl:othecr.ll surface when tested by flow
cytometry at an antiserum diktion of 1:10. By comparison,
strain 8047 was strongly positive when tested at dilutions of
1:10 and 1:100. All five strains also showed strong binding to
the control anticapsular MAb.

As summarized in Table 1, of the 17 N. group B
strains tested by flow cytometry, 11 (65‘!:) were poultlve for
NspA cell surface binding and the remaining 6 were negative.
There was no apparent relationship between cell surface NspA
expression in & given strain and the respective serotype or
subtype, or electrophoretic type (ET) classification, or the year
or country of isolation.

Sequence variability in NspA from different strains. One
possible explanation for apparent strain differences in reactiv-
ity with the anti-riNspA antisera in the flow cytometric assay s
polymorphisms in the NspA protein. To test this poasibility, we
cloned and sequenced the npA gene from five of the six neg-
ative strains (BZ232, NG3/88, NGP16S, M136, and M986) and
from three of the positive strains (8047, CU385, and NG&88).
The GenBank accession numbers for the nspAd gene sequences
for these strains are AF175676 to AF175683, For the sixth
negative strain, MC58, we obtined the nucleotide sequence
of the nspd gene from data generated by The Institute of
Genomic Research, as part of thelr MC58 genome sequencing
studies {60). The rspA gene sequences of all 10 strains were
highly conserved. In comparison to the DNA sequence pub-
lished by Martin et al. (36), there were between zero and five
nucleotide differcnces resulting in zero to three amino acid
differences. Further, as shown in Fig. 4, with one exception, all
of the amino acid variants involved the same respective resi-
dues in discrete segments of the protein. These included the
signal peptide, which is not present in the mature proteln, and
two short scgments in the carboxyl-terminal 50 amino acids of
the protein, Evidently, these differences are inconsequential
for recognition of the protein by the anti-rNspA antisera, since
there arc examples of identical derived amino acid sequences
of the maturc NspA from strains that were negative for reac-
tivity with antl-rNspA antisers and those that were positive
(compare M136 to 8047, NGP165 to NG6/88, and MC58 to
CU385).

Detergent-insoluble outer membrane fractions prepared
from different N. meningitidis group B strains. The indirect-
fluorescence cell binding assay information on the
surface eccessibility of NspA epltopes that are likely to be
important in interacting with protective antibody. Given the
identical or nearly identical aspA genes in the different strains,
the fallure to detect NspA surface expression in some strains
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but not others could reflect decreased amounts of NspA in the
outer membrane of the former, possibly as a result of strain
differences in ap4 gene expression.

To investigate possible strain differences in NspA expression
in the outer membrane, we extracted bacterial cell pellets with
sodium lauroyl sarcosinate and analyzed the insoluble outer
membrane fraction by SDS-PAGE and Western blotting. Data
from five representative strains, three that were positive (8047,
CU385, and NG6/88) and two that were negative (M986 and
M136) for anti-TNspA antisera binding by the flow cytometric
assay, are shown in Fig. 1. Aa deacribed above, a band with an
apparent maolecular mass of 18.6 kDa was obscived in mem-
brane fractions from all fivo straina analyzed by SDS-PAGE
{(Fig. 1A), and this band was cross-reactive with anti-HisTag-
NspA scrum by Western blotting (Fig. 1B). In other experi-
ments (results not shown), NspA was detected in sodium lau-
royl sarcosinate-insoluble outer membrane fractions
from the remaining four struins that were negative for cell
surface binding by the flow cytometric assay (strains NG3/88,
MC58, NGP165, and BZ232). NapA was also detected by
Western blotting with antisera prepared to partially purified
rNspA without the His tag (data not shown).

Among the strains tested, the density of the 18.6-kDa NspA
band present in the OMP preparation from strain 8047 (Fig.
1A) and BZ198 (data not shown) appeared to be greater than
that of the corresponding bands from the other strains. These
observations were consistent in multiple membrane protein
preparations from the strains.

Production of capsular palysaccharide. The ability of anti-
tNspA antibody to bind to the bacterial cell surface could also
be influenced by the amount of polysaccharide capsule present.
To test this hypothecis, we compared the quantity of capsular
polysaccharide produced by cach of the strains that were
scored as positive or negative for anti-NspA binding by the
flow cytometric assay. As described in Materials and Methods,
the bacterial cells were suspended in buffer and incubated with
EDTA to release capsular polysaccharide. The amount of sol-
uble capsule relcased was measured by an inhibition ELISA.
The data were expressed as the reciprocal dilution of super-
natant giving 50% inhibition of binding of an anticapsular
MADb to biotinylated meningococeal B polysaccharide adhering
to avidin-coated wells. Each strain was tested for capsular
polysaccharide production in two to four independent experi-
ments. From these results, 8 mean value (* standard error)
was assigned to each strain. The results for the individual
strains are summarized in Table 1. Although there are a few
notable outlicrs (c.g., strmins 8047 and NGP165), on average
the 6 strains that were negative for reactivity with anti-rNspA
antisera by the flow cytometric assay produced threefold more
capsular polysaccharide than did the 11 strains that were pos-
itive (reciprocal geometric mean dilutions of 676 and 224,
respectively [P < 0.05 by the ¢ test]). We also measured the
amount of capsular polysaccharide released into the culture
medium for representative NapA-positive (CU385 and H44/
76) and -negative (M136 and M986) strains by the same inhi-
bition ELISA_ In each case, the relative amount of polysaccha-
ride released by each strain into the medium correlated
directly with the amount of capsule polysaccharide measured
in the bacterial extracts (data not shown). Thus, the smaller
amounts of cell-associated capsule in the NspA cell surface
positive strains were not a result of greater shedding of cap-
sular material into the broth.

Complement-mediated bactericidal activity of anti-rNspA
antiserum. Table 1 summarizes the results of measurement of
complement-mediated bactericidal activity of the anti-rNspA
antiserum for each of the strains tested. All 17 strains were
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antlsanum binding as determined by the flow cyiometric amay,

killed by complement together with similar concentrations of a

Of the 11 strains that were positive for NspA surface

positive control anti-capsular MAb (SEAM 12; subtype 1gG2a
[21]). In contrast, the six strains that were negative for anti-
rNspA antiscrum binding by the flow cytometric assay were
resistant to anti-rNspA antibody-induced complement-medi-
atod bactericidal or bacteristatic actlvity (cach showed a 150 to
200% increase in CFU per milliliter compared to the control
CFU per milliliter at time zero when assayed at the lowest
dilution of the anti-NspA antiserum tested, 1:4).

sion by flow cytometry, 8 (73%) (SWZ107, IH534], CU385,
NG/88, BZ198, H44/76, NMB, and 8047) were killed by com-
plement and the anti-rNspA antiserum and 3 were not killed
(strains 1000, H355, and 53446). Of interest, with the exception
of strain 1000, growth of the other two NspA cell surface-
positive strains that were not killed in the assay was inhibited
by the ant-rNspA antiserum and complement (survival after a
60-min incubation was less than 1009 but greater than 50%,

3le
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TABLE 2. Protective activity of anti-rNspA antisers”

Hiood calture
Dose/mt
Treatment ‘:Ilm Stmin  No. o w
folsl g FU/ml contral)*
Anticapsular MAb 2pg M98 OF§ <1 <l
Anti-rNspA 1:5 MS86 &6 i 45
Anti-rNspA 1235 MSBS 66 9¥ 95
Ant-E coll negative 135 M986 66 98°
control
Anticapsular MAb 2pug 8047 w5 «<] <1
Anti-rNspA 1:5 8047 146 o2 2
Antl-rNspA 125 BO47 1) 0.4 4
Ant-E coli negative 135 8047 &6 10¢
control

* Infant rais (6 days old) were challenged Lp. with 100 ul of bnffer containing
5.4 x 10° CFU of straln M985 (negative for NspA surface-accomdhie epitopes) or
63 % 10° CFU of strain 8047 (positive for NapA surface-accessible epitopes)
w'lﬂlul-mnrmomlhmﬂnﬂulnmmmllh
Iater. For caleularion of geometric mean CFU per milliiter, antmals with sterile
culturey were sasigned values of 0.1 CFUjml.

& Caleulated in comparison to geometric mean CFU per milliliter for animals

with the respective strain.

P > 03 compared to goametric mean CFU per milllfiter for respective

coatral
‘r<%:mmmmu=unmmmmm
control rats,

compared to the CFU per milliliter at time zero). This inhibi-
tion was complement dependent (not detected with heat-inac-
tivated complement) and, as noted above, was not observed in
the six strains that were NspA cell surface negative.

Passive protection by anti-riNspA antiserum. The ability of
the antj-rNspA antiserum to confer passive protection against
bacteremia was cvaluated in infant rats subjected to ip. chal-
lenge. Two representative strains were selected for this study,
i.e., M986, which was negative for NspA surface eccessibility by
the flow cytometric assay and resistant to anti-NspA-induced
bactericidal activity, and 8047, which was positive for NapA
surface-accessible epitopes and susceptible to anti-NspA bac-
tericidal nctivity. The challenge doses used were similar for the
two strains (5.5 X 10° cells of strain MS86 and 6.3 X 103 cells
of 8047). To maximize the likelihood of observing protection,
the bacteria were resuspended in buffer and different dilutions
of test or control antiscra immediately before the challenge.
Table 2 summarizes the results of quantitative bacterial cul-
tures performed on blood specimens obtained 18 h after chal-
lenge. A dose of 2 pg per rat of the positive control anticap-
sular MAb, SEAM 3, was completcly protective against both
straina. Two dilutions (1:5 and 1:25) of the anti-rNspA anti-
scrum (the highest dilutions tested) protected against bactere-
mia causcd by strain 8047 (positive for NspA surface epltopes).
However, neither dilution conferred protection against strain
M?985 (negative for NspA surface-accessible epitopes).

DISCUSSION

In 1997, Martin et al. described NspA as a potential vaccine
candidate for the prevention of invasive N. meningitidis discase
(36). NzpA epitopes appeared to be highly conserved across V.

itidis based on reactivity with a murine anti-NspA MAb,
designated Me-1. This MADb cross-reacted with 248 of 250
meningococcal strains in a colony blot ELISA with whole bac-
terial antigens. This strain collection included niatives
of serogroups A, B, C, 29E, W-135, Y, and Z (including 44
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serogroup B organisms). The MAD also was bactericidal
against isolates with serogroups A, B, or C. In mice, NspA
administered with QuilA elicited serum bactericidal antibody
responscs against tive strains of scrogroups A, B,
and C and protected animals from challenge with live N. men-
ingitidis group B bacteria. Recently, rNspA absorbed to alum
also was reported to elicit serum m: bactericidal

antibody responses in rabbits and monkeys (37). Based on
these data, an rNspA vaccine is being developed for the pre-
vmﬂonofmenhgowcmldlmmuedbydlmp.
However, serogroup A and C polysaccharide-protein conju-
gate vaccines are highly immunogenic in human infants (8, 16,
29, 32) and alzo induce po ific memory B cells
{28, 30). Thus, the greatest utllity for an rNspA vaccine would
be for prevention of serogroup B disease, since, to date, no
other to vaccination against serogroup B strains has
proven to be safe and broadly efective (18). Therefore, in the
present study, we focused on further characterization of NspA
in a collection of 17 N. meningitidis group B strains that were
nlectedbue.donﬁ'l‘nndlormultﬂocuuequeuee typing to be
genetically highly diverso (Table 1).

N=pA is reported to be accessible at the surface of all intact
N. meningitidis strains tested (36, 44). Howsver, we found no
detectable anti-rNspA antibody binding to the bacterial sur-
face of 6 (35%) of 17 meningococcal B strains as assessed by
indirect-fluoreacence flow cytometry. The six strains that were
negative for anti-rNspA antiserum binding had nspA genes
that were identical or nearly identical to those of representa-
tive strains that were positive for anti-tNspA cell surface bind-
ing. Furthermore, based on SDS-PAGE and Western blotting,
all six straina that wero negative for anti-rNspA antisera bind-
ing contained NspA in detergent-insoluble outer membrane
preparations. Thus, failure of these strains to express NspA
epitopes on the bacterial surface is not a result of absence of
the gene, lack of expression of the gene, or polymorphisms.

At present It Is unclear why there are strain differences in
NspA surface epitopes. One possible clue is cur finding that
the 6 struins that were negative for surface-reactive NspA
produced, on average, greater than threefold more capsular
polysaccharide than did the 11 strains that were positive for
surface-reactive NspA. Conceivably, the presence of larger
amounts of capsule interferes with the ability of the anti-rNspA
antibody to bind to NspA epitopes, which, in strains with
amaller amounts of capsule, are accessible to antibodies. To
gain insight into the pomible antigenic sites of NapA and into
why NspA surface accessibility might be restricted by the pres-
ence of increased amounts of capsular ide, we have
developed a tentative model for the structuro and the organi-
zation of NspA In the bacterial membrane (Fig. 5).

Based on the pattern of alternating hydrophobic and hydro-
philic amino acids, which ia characteristic of many p-barrel
porin structures (66), we predict that NspA contains eight
transmembrane B-strands and four surface-exposed connect-
ing loops. According to Martin et al., the only significant ho-
mology between the deduced amino acid sequence of NspA
and those of other proteins are weak homologies to the Neir-
seria opacity protein (Opa) family in two small scgments (~20
amino acids) near the C-terminal end of the protein (36).
However, when we compared the N-terminal and C-terminal
halves of NspA sepamately with sequences In the nonredundant
GenBank CDS database (1), we found a high degree of ho-
mology (>-40% identity and >705 similarity) betwecn NlpA
and Opa proteins from N. meningitidis, N.
flavius, N. sicca, and H. influenzae (data not shown). TheOpa

proteins are thought to be integral membrane proteins that
have cight transmembrane segments and a p-barrel topology In

213
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the membmane similar to that of porin (34). The presence of
NepA in detergent-insoluble membrane preparations indicates
that NspA is located in the outer membrane of meni

which would be consistent with the Opa-like membrane topol-
ogy shown In the model. In addition, the segments of NspA
that are most similar to those of the Opa proteins are the
putative transmembrane segments and loop 4 indicated by the
baxed areas In Fig. 5. Finglly, as was found for Opa (46), NspA
is a heat-modifiable protein, as shown in Fig. 1C.

The opacity proteins of Neisseriz may be virulence factors
(65) and, under certain circumstances, can elicit protective
antibody (50). However, problems with limited antibody acces-
sibility of the opacity proteins in encapsulated bacteria, vari-
ability of amino acid sequences in exposed loop segments, and

phase variation of protein during clinical infection
have limited the ability of Opa to elicit protective antibody
consistently (34).

In contrast, there appears to be little or no sequence varia-
tion in the putative surface-exposed loops of NspA based on
the sequence data produced in this study and by others. How-
ever, Planie ct al. recently reported that a panel of anti-N,
meningitidis NspA MAbs that reacted with all meningococcal
straing tested, reacted with only a limited number of N. gon-
orrhoege strains, cven though the amino acid se-
quences in the two species are 92% identical (44). When the
respective NapA sequences of the ment andpnn—
coccal strains were compared (Fig. 4), all of the
amino acid differences that resulted in changes in hydropho-
bicify or charge were found to be located in the putative sur-
face-exposed connecting loops (Fig. 5). This finding suggests
that the connecting loops In NspA, which are highly conserved
in N, meningitidis, may be important epitopes for antibodies
that bind to native meningococcal NepA. However, the puta-
tive surface loops of NspA are relatively smalt (10 to 16 amino
acids) compared to, for example, the highly immunogenic ex-
ternal VR1 and VR2 loops (loop 1 and loop 4, respectively) of

PorA (~10 to 40 amino acids) (61). Although there is some
overlap, the NspA loops would appear to be smaller, which
might account for lower surface accessibility of NspA epitopes,
especially in the presence of abundant capsular polysaccharide.

The full implications of our data with respect to the potential
protective efficacy of an riNspA vaccine require additional
study. However, our obscrvations suggest that approximately
one-third of meningococcal B gtraing have decreased expres-
sion of cell surface NspA epitopes when grown in vitro, Fur-
thermore, strains that are negative for NspA cell surface
epitopes are also resistant to anti-NspA-induced complement-
mediated bacteriolysis, and for one of the strains tested in the
infant-rat model, the anti-NspA antiserum failed to confer
protection against bacteremia. In contrast, this antiserum was
highly protective against a test strain that was positive for
NspA surface-accessible epitopes and that was susceptible to
anti-NspA antibody-induced bactericidal activity. Finally, the
anti-rNspA-resistant strains also tended to be the same strains
that produced the largest amounts of capsular polysaccharide
and therefore would be expected to have the greatest viru-
lence. Taken together, these data maise concermns about the
abllity of a vaccine containing only riNspA to confer broadly
protective immunity against meningococcal B discase. An
rNspA vaccine, therefore, may need to be supplemented by the
inclusion of additional antigens, such as PorA, which Is an
important target of bactericidal antibody in humnana (18). How-
ever, before reaching this conclusion, it will be important to
investigate the immunogenicity of NspA in humans snd to
dctermine whether the addition of other candidate meningo-
coccal antigens to an rNspA vaccine can augment protective
immune responses.
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Neisserial surface protein A (NspA) Is currently being investigated with humans as a candidate vaccine for
the prevention of meningococcal disease, Althoogh NspA is highly conserved, the ability of antl-NspA antl-
bodies to bind to or elicit complement-medinted bactericidal activity againat diverse Nelsperia meningitidiz
serogroup B strains is controversial. To evaluate strain differences in NspA surface accesibility and suscep-
tibility to bactericidal activity, we prepared murine immunogiobulin G2a ant-NspA monoclonal antibodies
(MAbs) snd evaluated their fanctional activily against 10 genetically diverse N. meningitidis serogronp B
strains. By colony Western biot, all 10 strains expressed NspA as detected by one or more MAbs. By flow
cytametry, iwo MAbs were found to bind to the bacterial surface of 6 of the 10 siraing, In addition, two strains
showed variable NapA surface accessibility fior the MAbs despite being uniformly pesitive for NspA expression
by colony Western blotting. Only 4 of the 18 strmins weve susceptibie to anti-NspA complement-mediated
bacteriolysis. Passively sdministered MAD protected infunt rets from developing bacteremin afier challengs
with N. meningitidis serogroup B strain 8047 (surface binding positive, susceptible to anti-NspA bacteriolyxis),
wus poorly protective against strain BZ23] (surface binding variable, resistant to bacteriolysis), and did not

protect against

strain M986 (surface binding negative, resistant to bacteriolynis). Finally, NspA does mot

appear to be critical for cansing bacteremia, as an NapA knockout from strain 8047 was highly virulent in
infant ruts. Taken together, these findings suggest that en NepA-based vaccine will need to ineorporate
additional antigens to clicit broad protection against N. meningitidir sevogroup B.

Nelsseria meningitidis serogroup B s an important cause of
meningitis and sepsis, Efforts to develop an N. meningitidis
serogroup B vaccine have been hampered by poor immuno-
genicity of the polysaccharide capsule, which is cross-reactive
with host polysialic acid, and the potential danger of eliciting
anticaprular autoantibodies. Alternative approaches using
noncapsular antigens are being investigated (8). Hawewrthe
ability of most noncapsular antigens to elicit broadly protective
responses is limited by antigenic heterogeneity (15, 17, 20, 21,
24), and/or variable expression of the surface-exposed epitopes
(3, 11, 22), One posaible exception is Nelsserinl surface protein
A (NspA), first deacribed in 1997 by Martin and colleaguca
(13). NspA iz highly conserved (4, 12, 13, 16, 19; D. Martin,
C. R. Rioux, A. Villencuve, J. Hamel, and B. R. Brodeur,
Abstr. 11th Int. Pathog. Nelsserla Conf.,, p. 198, 1998), appeans
ta be expressed in all N, meningliidis serogroup B struins tested
(13, 16), and elicits protective antibody responses in mice
against strains of N. meningitidis serogroups A, B, and C (13).
Murine monoclonal antibodies (MAbs) prepared against
rNspA are also reported to be broadly cross-reactive and pro-
tective aguinst N. meningitidis serogroup B strains (4, 12, 13).

Despite gene conservation and expression of NspA by all
meningococeal strains tested to date, our laboratory noted
differences among N. meningitidis serogroup B strains in bac-
terial surface binding, as determined by flow cytometry and
complement-mediated bactericidal activity of mouse poly-
clonal antl-rNspA antisera (16). Binding and bactericidal ac-
tivity were lowest for strains producing the greatest amount of

* Corresponding suthor. Mailing address: 3700 Martin Luther King
Jr. Way, Oakiand CA 94509, Phone: (510) 450-7640. Fax: (510} 450-
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capsular polysaccharide (16). While other factors may be im-
portant, these data suggest that the capsule can limit the ac-
ceasibility of NspA surface epitopes and/or block complement-
mediated bacteriolynis evoked by anti-NspA antibody binding.
Thorcfore, an NspA-based vaccine might have only Hmited
ability to elicit protective Immunity against highly encapsulated
strains, the very strains expected to have the groatest virulence
(7. 10, 14, 23).

In contrast, Martin et al. (11th Int. Pathog. Neisseria Conf.,,
1998), using anti-NspA MAbs, reported that NspA was acces-
gible on the cell surface and elicited complement-mediated
bacteriolysis of nearly all meningococcal strains tested and that
ent straina (4).

To resolve the discrepancies among these ohservations, we
prepared a panel of murine MAbs to tNspA. Herein, we report
the abillty of these MAbs to bind to the bacterial surface, to
elicit complement-mediated bactericidal activity, and to pes-
sively protect infant rats challenged with N. meningitidis sero-
jroup B strains.

Bacterial siruina. The 10 N. merxingitidis serogroup B strains chosen for this
study (Tuble 1) were selected to be genetically diverss and represmtative of the
17 simim examined in an earller study (16). Tho N. meningitid serogroop B
colloction incinded five stralos previously considered to be NapA surface positive
using polycions] sntl-rNapA antizera snd five strains coosidered NapA surfacs
oogative. The five surface-positive straine Inchuded thros that wemn muceptible 10
aoti-rNapA complement-mediated bacterinlyals and two that wene reslgtant. All
five nufeco-negative straing were also resistant to bactericlysie with polycional
sotl-rNapA sotimra. The 10 sirains wers isolated ovar a pariod of 25 years from
paticats roskding in diferent countries. Based on electyophoretic typing (ET), the
straloe reprwsent s brosd renge of genetic diversity for N, meniegitidis serogroup
B strainy cucning dlsease (9, 18).

22|
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TABLE 1. N. meningitidls scrogroup B strains
Previously reported sath
Year Sexologic Nph NipA resctivity
Sirain o Reference BT
Coustry of arlgln. oy ey camification e B 2
binding activiy
8047 USs 1578 Zollinger, CHORI*  2b:P152 ND yes + +
CU3ss Cuba 1980 Sacchi et al. 4,7.P1.19,15 5 yes + +
BZ19%8 The Netheriands 1986 Caugant et al. NT:P.NST* 154 no + +
S3446 uUs. 191 Sacchi et al. 1904P1.3,14 8 no + - (static)
1000 USSR 1989 CHORI NT:P15 61 no + -
BZ232 The Netherlands 1964 Caugant et al. NT:P1.2 76 yes - -
NG3/88 Norway 1988 Caugant et al B:P1.1 A4 complex yes - -
NGP163  Norway 19%4 CHORI NT:P12 37 ya - -
MCs8 United Kingdom 1985 McGuinness et al. 15:P1.7,16 5 yes - -
M986 uUs. 1963 Sacchl et al. 2a:P15,2 16 ya - -

* Previously reported results from Moe et al. ming nmrine polycional astisers (16). Surface binding was determined by flow cytometry. Static, strains that were

inhibited but not killed in the asay (=50 but <100% suvival &t 60 min),
'SIT-EORI dﬂumh:lbymhhmmy

* NT, nonscyotypeable. NST, sonseromsbtypeshie.
'mmuwdwmﬂ:m(znmmmw
“ Previowusly reported (16).

Mutants of strains 8047 and BZ198 (B047ANspA s HZ198ANSDA, respec-
tively), in which the ngpd gene was inactivated, were prepared by transforming
the parent sirmin with the pissmid pBSUDNspAFRM (gift from J. Abu-Bobie,
Chlron Corp., Siena, Italy). The plasmid contains a troncated npA gene and the
ermC gene (erythromyein resistanee). The bacteria were transformed by selecting
 few colonles grown ovemnight on chocolste agar piates (Remed, Leness, Kana )
and mixing them with 20 pl of phosphate-bufiered uline (PBS) conisining 0.5%
bovine serom shbumin (BSA) and 1 pg of plasmid DNA, The mixturo was
spoited oalo a chocolats agar pinie, incubated for 6 b st 37°C, 5% COy, and then
diited in PBS-BSA snd sproad on chocolxte agar pistes contsining 7 pg of
erythromyein per ml. The presence of the disrupted amA gene In the ganome of
both straing was confirmed by PCR vsing the following primenx 5'-ACAGCAG
CGATCCTTTAACGGATTC-Y and 5'-OTOGATOAAGCTTTGOACATTTC-
3'. Lack of NspA expression was confirmed by whole-cell emayme-lloked franu-
sosorbent emuy (ELISA) an described balow and Western biots of outer
membrane protelos propared from the knockout strabm and rescived an sodium
dodacyl sulfate-polyscrylamide gel electrophoresis (SDS-PAGE) gels ns de-
scribed previowly (16).

Preparation of MAbs, Fenale CD1 mice (Charles River, Holllster, Calif)
were vaccinaled with misrovesicles prepared from a trassformed Escherichls coll
straln thu expressed recombiaant NspA from & mulhticopy plasmid containing
the aspd geme under the control of ts own promoter (plesmid pGMS1.0) {16).
The mice were given three 100l injections, each separated by 3 weeks, con-
taining 10 pg of protain und 10 pg of CpG oliganudentides (3*-TOCATGACO
TTOCTGACGYT-)Y'). The fimt two dases were given subcutaneously together
with glumingm phesphate (0.5%, wt/val), and the final dose was given without
adjuvent and miminitered intraperiteneally (Lp.). Three days Inter, the animaly
were mcrificed and 1helr spieen cells were fused whh myeloma celln (PIXNAY-
AgRE5Y) u a ratlo of 1 spleen eell to 1.7 mycioma cell. After two woaks of
Incubsiion In hypmnthine-sminomeria-thymidine seleciive medium, bybrid-
oma supernalanly were acreened far antibody binding activity by ELISA uzing
encapsulated N, meninglidis serogroup B sirain BZ193 es the target aotigen (seo
description below). Specificity of sntibody binding to NspA was demonstrated by
Inck of binding in & replicate ELISA performed with BZ198ANspA. Hybridomas
secreling NepA-specific antibody were doned by Limiting diluthon sud then e-
punded and fromen for subsequent use in tissue enlture.

Antihodirs from four cell lines were chamuctarived In detafl. The subclames of
the MAbs were determined using an mntibody capture ELISA and alkaline
phasphatese-conjugaied polycional antfbody specific for each of the mouse im-
munoglobulin G (Ig0) subcinases, TgM, IgA, and x and X light chains (Southern
Blatechnalogy Asmocistes, [ne, Blrmingham, Ala) (%) The MAbs produced by
the hybridoma clones were harvested from tisne culture media by ammonium
sulfatn precipitation (55%, wtivol) and, afier exhaustive dialyals in PBS buffor,
purified by affinkty chromatography using a Poros G/M column {(Applied Blogys-
tems, Foster Chry, Callf.). The concentration of the purified MADb was deter-
mined spectrophotomatrically ssuming 3 1-mg/ml antibody solution having an
absorbance of 135 i 280 am.

Binding of sniisern to the surface of lve encapsainied meaingseocel. The
ability of the MAbs to bind to the surfaces of live N. meningizidls serogroup B
straing was determined nsing » flow cytometric detoction of indirect fluorescence
sssay, pesformed as described previowdy (16). Positive-control antibodles bn-
cluded meningococcal-specific serotyping or subtyping MAls (MNI4CILS,
MNISCI13F4, Rijlainstitvnt Voor Vollagexondheld an Mico, Bithoven, The
Nethariands) and SEAM 12, an antipolysaccharide MAD that b specific for
encapsulsind group B stralos (9). The nogative control congisied of a mouss IgG
MAD (V1G10) of trrehevant specificity.

Complerngnd-depensient bactwrickin] antibody activity. (I} Low lnoculam as-
muy. After ovemight growth on chocolate sgar, 3 to 1 colonks wers hoculated
Into Mueller-Hinton broth (stwrting optical dengity st £20 nm [ODgg) of ~0.1)
and the text organism was grown for spproximately 2.5 b to sn OD g of ~0.6
(estly log phase). One of the sest stralms, CU3ES, was grown In an Identical
menner except that gioceso (0.25%, wival) was added to the broth. In the
abssoce of glucoss in the broth, the resulting bacteria from this strain did not
whow an fncrease In CPUMml during the bactericidal apsay (pes below). To
prepare the bacteria for the asay, the cells were washed ance in Gey's balanced
sl poluthom (Gibeo BRL, Rockville, Md.) containing 1% (wtivol) BSA (Cey's-
BSA). After an appropriate dilution, 12 pl comaining approzimately 300 to 400
CFU was added to a final resction volume of 60 pl, consisting of 20% (vol/val)
exmnplement and serial twolold dintions of MAbs In Gey's-BSA buffer. The
complement source was human serum from a healthy adult (MAS) with oo
detectable anticapsular sntfbody 1o group B polyssccharkie us tested by ELISA
and oo deieetahls intrinsic bactericiial activity against the tesi strain when the
serum was tested 5 a fnsl eoncentration of 20 or 40%. After Incubation st 37°C
for 60 min, 20 pl of the reaction misture was transfesred (0 & Mucdler-Hinton
plate s previowsly deseribed (16). Serum bactarieidal thvers (BCon) were defined
21 the aniibody concentration resulting in & 50% decrease in CFU per ml after
&0 min of Incubstion of bacteria in the resction mixture, compured to the contral
CFU per ml at time xero. Typically, bacteris incobated with the negative-control
antibody and complement showed & 150 o 2009% incresss in CFU/mi during the
60 min of incubation.

(1) High-inocnium bacterickial amuy. This exay was sdspted from that pro-

viously deseribed by Amir et al. for measuring bacterkcidal sctivity agalnst Hiro-
mophlius influenzae type b (2). Tho amzy b cmentially the same a8 the low-
Inoculum sssry axcept that the final reaction mixture (120 pl to 1 mli) contained
8 fixed concentration (100 pg/ml) of unth-NapA MAb AL12 dituted in Gey's-BSA
buffer, 20% (vol/vol) human serum as & complement soureo and ~10° CFU/ml
log-phase meningacoceal cells diluted in Gey's-BSA. Controts included the text
organion incubated in the ahsence of antibody (complement slone) or MAD in
the prescace of beat-inactivated (56°C for 30 min) complement. The roaction
vhals were incubated at 37°C on a Clay Nutstor orbiial mixer (Flsher Sclentific,
Pimsburgh, Pa.) for 60 min, snd serial diutiony were plated onto chocolate agar
plates. The resuhts wero cxpremed ax the log decrease in meningococeal cells as
compared o that of control bacteria incubated with MAb snd Insctivated com-
plement.
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Expression of NspA by colony hiot asmy. In order to determine whether
particular bacterial colonles were expressing NspA, the colonles were transferved
from the surface of chocolate agar plates onto oltrocellulose filters (Bin-Rad,
Richmond, Calif) by hiotting. The fliters were washed emcs with PBS bulfer
coutalaing 0.1% (wi/vol) Tween 20 (Sigms, St. Louls, Mo.) and 0.1% (wt/vol)
sodlum szide {wash buffier) and then biocked with wash bolffer containing 1%
{wiivol) oonfut dry milk (blocking buffar). NspA was detocted by adding a
solution of ant-NapA MADb AL12 (~0.1 pg/ml) in blocking tmffer, incubating at
ambisnt twmperature for 2 b, and then washing the filvern with wash buffer.
Bound antibody was detected by adding mbbit snt-mouse Ig0-, IgA-, and
IgM-alkaline phosphatuse conjugated polycional sntibody (Zymed, South San
Franchoo, Calif) diuted in wash buffer contsining 1% (wt/vol) BSA. Afer
incubation for 1 h ot amblent temperature, the filters were washed as described
sbove, and Sigma Fast BCIF/NBT (5-tromo-4-chloro-3-indolyl phosphate/nl-
troblue tetramilum) substrate was added.

ELISA, The whols-cuil ELISA sssay was performed as described by Abdillahi
and Poolman (1). Brisfly, bacterial cells grown overnigit at 37°C in 5% CO, an
chocalate agar piates were resmapended Lo sterile PBS buffer and then inactimted
by beating to 56°C in 2 water bath for 30 min. The suspension was adjusted to an
ODgyp of 0.1, and 100 pl of the mumpension was added 1o wells of flat-bottom
96-well microther plates (Nalpe Nunc International, Rochester, N.Y.). The Hq-
uld In the wells was allowed to evaparate ai amhient temperniure Lo a fame bood.
Plates coniuining the dried bacteria wers stzwed at ambient temperature untd
use. Before adding antibodies, the plates were washed once with wash buffer md
blocked by adding blocking tmffer snd iocubating at 37°C for 1 b. After removal
of the blocking buifer, test mntibodies diluted in blocking buffer were added to
the welly jnd incubsted st £°C overnight. The plates wers washed five times with
wash buffer followed by the additin of rabbit mti-omse Ig0-, IgA-, and Igh-
alialine phosphatase conjugated palycional antibody (Zymed) diluted in wash
buffer contalning 1% (wiivol) BSA. Afier 1 h of Incubation at amblent temper-
wture, the piates were washed five times with wash builfer and developed with
p-iitro pheaylphosphate substrate {1 mg/ml; Signa) in 1 M diethanalemine, pH
9.4, contalning 0.5 mM magnesinm chiorkde. The OD oy wat measured ving &
microther plate reader.

Ths specificiky of the antl-NspA MAbs for NspA was determined using the
following solid-phese antigsax microvesicles prepared from K coll expreming
rNspA and microvesicles prepared fram E colf tansformed with the parent
plasmid lacking the x4 gens, luroyl mrcosinate-ingolubla outer memheane
protems prepared from N memingiidis serogroup B straina BZ198 and
BZ198ANspA, and recombinant HiTag NepA purified by Ni-NTA Sepharose
metal affinhy chromatography. Methnads oeed for preparing the antigens were the
same as described previowly (16). The antigen preparations were diluted In PBS
buffer (10 to 100 pg of total protein per ml), sdded to the wells of micrositer
plates, and aliowed 1o bind at 4°C overnight. After washing the plates with wash
budfar, the plates were blocked with PBS buffer contalning 1% (wtAxl) BSA. The
antl-NspA and control MAbs were diluted in wash buffer containing 19 (wtAol)
BSA or, for HisTag NspA, PBS buffer containing 1% (wt/vol) BSA and 0.3%
{wi/vol) Empigen BB (Calbiochem, La Jaila, Calif). After overnight incubstion
at 4°C, the plates were washed, incubsted with secondary antlbody, and devel-
oped as described above.

Asnbual protection. The sbility of the anti-riNspA antiserum to confier passive
protection againg N. meniepitidis serogroup B bactoreenla was tested o infant
rats (16). In bulef, 5- to B-day old pums from Diters of outbred Wistar rats
(Charies River, Raleigh, N.C.) were randomly redistributed to the nunsing moth-
e Thres stralns, M985, B2232, and 8047, were tesied. Each strain had bean
serlally pamuged three times in infast rats After the third pamage, the blood
cultures from the rats were grown overnight on chocolste egar. The bacteria were
suspended in merile akim milk and stored frozen st —80°C. On the day bafore
challenge, freahly thawed bacteria were inoculaied onto chocolutn sgar and
grown ovaroight at 37°C in 5% CD,. On the marning of the challenge, colonics
were picked, lnoculated into & broth culture, and grown sad prepared s de-
acribed above for the baciericidal amay. In two experiments vaing straing 8047
snd BZ232, the animals wers pretreated ip. with 100 ul of different concenira-
tioms of test ar control MAbs or buffer slooe. Two hours Iater, the animals were
challenged Lp. with spprosimately 10° to 10* CFU of N. meningisidls scrogroup
B bacteria. To enhance the sensitivity of the assay, in the third expesiment with
strain M986, the bacteris were aapended in different concentrations of test or
cantrol MAbs immediately before the challenge and 100 i of the mixture was
administened i.p. Heparinized blood specimens were obtained by heart punctore
18 h ufior the bacterial challengs. In ons experiment with siraln M988, blood
samples were also obtained & h afier challenge. Aliquots of 1, 10, and 100 pl of
blood were plated onto chocolate agar. The oumber of CFU per milllitter of

INFECT. TMMUN,

blood was determined after avernight Incubation of the plates at 37°C in 5%
O,

RESULTS

Production of anti-NspA MAbs. Polycional sera from indi-
vidual mice immunized with E. coli microvesicles containing
INspA were evaluated for antihody binding by ELISA and
complement-mediated bactericidal activity. As the target anti-
gen, the ELISA included encapmiated N. meningitidis sero-
group B cells from strain BZ198 or the same strain in which the
NspA genc had been deleted (BZ198ANspA). With anti-
INspA antisers, strain BZ198 gave the best binding in the
whole-cell BLISA compared to that of the other strains. The
bactericidal assay included two test N, meningitidis serogroup B
staina, CUI385 and 1000 (Table 1). Based on the results of the
ELISA and bactericidal assays, a high-responder mouse was
selected for the fuslon. From this fusion, we obtained five
hybridoma cell lines producing antibodies that were positive by
ELISA for binding to strain BZ198 but were negative for
binding with the NspA Inockout strain, BZ198ANspA, Each
hybridoma cell line was subsequently cloned and grown on &
larger scale in tissus culture to produce larger amounts of
antibody for further characterization. The MAbs expressed by
each of the five clones were designated ALA4, ALS, ALS, AL11,
and AL12, and were IgG2a(x). Because of low binding and
functional activity of ALB, the results reported below are lim-
ited to the remaining four MAbs,

By ELISA, the four MAbs bound to microvesicies prepared
from the E. coll strain containing recombinant NspA, which
hed been used to immunizs the mouse for preparation of the
hybridomes. In contrast, only background binding was ob-
served when the MAbs were tested at 10-fold higher concen-
trations against microvesicles prepared from the same E, coli
strain transformed with the plasmid without the nspd gene
(Fig- 1A). Similarly, the four MAbs bound to lauroyl sarcosi-
nate-insoluble outer membrune proteins prepared from N.
meningitidis serogroup B strain BZ198 but were nogative when
tested at 10-fold higher concentrations with outer membrane
proteins prepared from strain BZ198ANspA, which does not
express NspA (Fig. 1B). Finally, the four MAbs bound by
ELISA to affinity-purified HisTag-NspA. In contrust, a nega-
tive-control MAb, VIG10, with an irrelevant specificity,
showed only background binding when tested at 10-fold higher
concentrations (Fig. 1C). The above results show that the four
MADbs are specific for binding to NspA. Note that much higher
concentrations of the MAbs were required for binding to
HisTag-NspA than to NspA present in the E. coli or Nelsveria

membrane preparationa. This result likely reflects the loss of -

conformational epitopes in the HisTag-NspA cluted from the
affinity column in the presence of 8 M urea,

Figure 2 shows binding of the MAbs to heat-killed, whole
bacterial cells from strain BZ198 as measured by ELISA. All
MAbs showed only background binding (OD oy < 0.05) when
bacterial cells from strain BZ19RANzpA were employed as the
terget instead of the respective BZ198 wild-type strain.

Antl-rNepA MAD cell surfince binding as determined by in-
direct finorescence flow cytometry. The four purified MAbs
were tested by flow cytometry for their ability to bind to live
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FIG. 1. Binding of the anti-NspA Mabs by ELISA. (A) Binding to
microvesicley from sn E coll strain expressing recombinant
NpA (closed bars) or from the same E coll sirain tranaformed with
the plasmid without the apAd gene (open bars). Data for the mi-
cravesicles containing rNspA were obtained at an antibody concer g
tion of 60 whereas the negative control microvesicles were
tested at 600 ng/ml. (B) Binding to lauroyl sarcosinate-insoluble outer
membranes prepared from N. idis serogroup B straim BZ198
(cloved burs) or BZ198ANspA (open bars), In which the gene encoding
NspA hed been inactivated. The antibody concentrations were the
same m thoge for panel A. (C) Binding to Ni-NTA Sepharose metal
affinity-purified HisTag-NspA. The anti-NspA MAbs were tested at §
pg/m, the irrelevant MAD was tested at 50 pg/ml, and the polyclonal
anti-HisTag NapA antisera were tesied at a dilution of 1:108,000.

cells from various N, meningitidis serogroup B strains. Repre-
sontative data for three strains, BZ198, 8047, and M986, arc
shown in Fig. 3. The enticapsular MAb SEAM 12 bound to all
three strains, whereas an irrelevant MAb, VIG10, showed only
background binding. With strain BZ198, the four MAbs were
all positive for binding when tested at 6 pg/ml. In contrast, with
strain M986, all four MAbs were negative for binding when
tested at 60 pug/ml. Note that with this strain, a positive-cantrol
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FIG. 2 Whole-bacierial-cell ELISA comparing binding actlvities of
the anti-NspA MAbs ALA4 (©), ALS (L), AL11 (A), and AL12 (O) to
N. meningitidis serogroup B strain BZ198. The respective filled sym-
bols show the remuits from s comparwble experiment with strain

BZ198ANspA us the solid-phase antigen,

ant-PorA P1.2 MAb (MN16C13F4) bound strongly when
tested nt & dilution of 1:20,000 (Fig. 3). With strain 8047, AL12
was positive at 10 and 60 pg/ml (data only shown for the higher
dose), and AL4 was positive only when tested at the higher
antibody concentration (60 pg/mi). ALS and AL11 were neg-
ative at the highest concentrations tested (60 pg/ml). Thus,
based on the flow cytometry results, the four clones appear to
be different. Also, MAbs AL4 and AL12 showed the best
binding of the four MAbs when tested with strain 8047,

Variation in anti-NspA surface binding of AL4 and AL12
was apparent for two straing, B2232 and MCS8. Representa-
tive results with strain MC58 are shown in Fig. 4 for three
separate subcultures of MCS8 tested in the same experiment.
Isolate 1 was strongly positive for surface binding with AL12 at
10 pg/ml, the lowest concentration tested. In contrast, isolate 3
showed much lower binding even when tested at 60 pg/ml
Also, there appeared to be a mixed population of positive and
negative binding. Binding of isclate 2 appeared to be homog-
enous but less than isolate 1 and more than isolate 3. The
binding results with AL4 were similar {data not shown), The
control anti-PorA (P1.7) and anticapsular MAbs showed com-
parable respective results of binding to bacteria from all three
subcultures. Clonal bacteria obtained from positive and negs-
tive subcultures were positive or negative irrespective of
whether the parent subculture was positive or negative (data
not shown).

The variable binding of AL4 and AL12 to bacteris from
different strain MCS8 cultures did not result from failure to
express NspA. As shown in Fig. 5B, all bacterial colonies tested
from subculture 3 with negative or mixed surface binding with
Al4 and AL12 by flow cytometry were positive for NspA
expreasion when tested by colony Western blotting using AL12
s the detecting antibody. For comparison, representative pos-
itive and negative colonies from a mixture of strains 8047 and
BO47ANspA are shown In Fig, 5A,

Table 2 summarizes the results from flow experiments mea-
suring the ability of the different MAbs to bind to the surfaces
of Jive bacteria from each of the 10 strains. All five strains that
had been positive for binding with the polycional antiserum
were pogitive for binding with MAbs Al4 and AL12. One
strain, NC13/85; that had been negative for binding with poly-
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FIG. 3. Binding of anti-rNspA and control MAbs to live encapsulated N. meningitidis serogroup B strains BZ198, 8047, and M986 as determined

by indirect-fuorescence flow cytome
an irrelevant specificity (VIG10), an

cylometry. 'rhenu-NlpAMAhllndudeAM.AU ALll, and AL12 The control MAbs include a murine MAbD with
ific murine MAb (SEAM 12),
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subtype
MADb anti-PorA P1.2 (Rijksinstituut Voor Volksgezondheid ea Mileu, Biithaven, The Netherlands). A subtyping anti-PorA MAb was not availabie

for strain BZ198.

clonal anti-NspA antibody in our previous study, was positive
for surface binding with these two MAbs (compare Tables 1
and 2). Two strains that had been negative with the polyclonal
antisera in our previous study (MCS8 and BZ232) showed
varisble binding with the MAbs, and two other streins
(NGP165 and M985) were negative with both the polycional
and monaclonal anti-NspA antibodies.

Bactericidal activity. The ability of the anti-rNspA MAbs to
clicit complement-mediated bacteriolysis of the 10 strains in
the low inoculum Is summarized in Table 2. MAb ALA, which
was positive for surface binding by flow cytometry for six
strains, was bactericidal only against strain BZ198. MAb AL12,
which was positive for binding by the flow assay for the same
six strains as ALA, was bactericidal against four strains. How-
ever, for two of these four strains, the antibody concentrations
of AL12 required for eliciting bacteriolysia were high (32 and
110 pg/ml). The remaining two MAbs tested, ALS and AL11,

were bactericidal only against strains 8047 and BZ198 (ALS)
and 8047, BZ198, and 53446 (AL11).

Figure 6 summarizes the bactericida] activity of AL12 when
tested in the high inoculum assay in which s fixed concentra-
tion of antibody (100 pg/mi) is incubated with ~10* CFU/ml of
log-phase meningococeal cells and 209 complement. The five
strains tested in this assay included one strain that was suscep-
tible to bacteriolysia in the low-inoculum assay (8047), two
srains that were moderately resistant (S3346 and 1000), and
two strains that were resistant (CU38S and NG3/88). By flow
cytometry, all five test strains showed strong binding of AL12
to the bacterial surface, The three straina with BCyy > 100
pg/ml in the low-inoculum amay were poorly killed when re-
tested under the high inoculum conditions (no killing of NG¥
88, and 0.8 and 1.2 log;, kdlling of CU38S and 1000, respec-
tively). In contrast, the two straina with BCy, of 8 and 32 pg/ml
in the low-inoculum assay were efficiently killed under the .
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FIQ. 4. Binding of anti-NepA MAb AL12 1o bacteria grown from different szbeultures of strain MC38 a3 detarmined by indirect-fucrescence
flow cytometry. The murino coatrol MAbs include & MAb of irrelovant specificity, an anti-ParA P1.7 MAb, and an anticapsular MAb,

conditions of the high-Inoculum assay (4.4 log,, killing of 8047
and 4.9 log killing of 53446).

The results of the high-Inoculum assay provide further sup-
port for the functional activity of the enti-NspA antibody
against some but not all strains. Since even among susceptible
strains not all bacteria are killed under the conditions of this
agaay, we were also able to examine large numbers of surviving
colonies for NspA expression by colony Western blotting. Bac-
teria surviving after complement-mediated killing with AL12 in
the high-inoculum assay were tested for NspA expression by
blotting ~1,000 CFU on nitrocellulose filters and probing for
NspA expression by Westemn blotting using AL12 as the pri-
mary antibody. All surviving colonies appeared to be strongly

* positive. Furthermore, repeated selection (two times) of CFU

surviving in the high-inoculum assay with strain 53446 (4.9 and
5.7 log,, killed per selection) did not result in the identification
of NspA-negative CFU. As a control for determining whether
NspA-negative CFU could be detected in a background of
NspA-positive CFU, blotting was performed on a mixture
(100:1) of 8047 wild type and BD47ANspA. After incubation
with ALL12 and complement, approximately 90% of the surviv-
ing CFU examined were negative for NspA expression. Figure
5A shows an example of 8 Western blot of colonles from a
plate containing a mixture of strains 8047 and 8047ANspA
probed with AL12

In the high-inoculum bactericidal assay of strains 8047 and
$3446, we observed 4- to 5-log, decreases in CFU after 60 min
of incubation with the MAD and complement. Given the uni-
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FIG. 5. Colony Western blots using anti-NspA MAb AL12 as the detecting antihody. {(A) Mixture of strainx 8047 and 8047ANspA. The arrow

indicates an of a strain B047ANSA co

lonry. (B) Strain MCS8 CFU from the flow

iment depicted in Fig. 3 in which the strain was

cxpeTune
negative for ALA and ALI2 binding (isolate 3). All colonies tested in the Western blot were positive for AL12 binding.

form expression of NspA among >1,000 CFU surviving after
the bactericidal assay, we can estimate that the occwrrence of
an NspA-negative CFU to bs <1 in 107 to 10" bacteria. By
comparison, when aimilar sclection experiments were per-
formed with strain 8047 using the anti-PorA P1.2 MAb, CFUs
negative for P1.2 were obtained at a frequency of approxi-
mately 1 in 10® bacteria. Finally, for strains CU385, 1000, and
NG3/88, which wore moderately resistant to anti-NspA-in-
duced bacteriolysis, we also probed approximately 100 to 1,000
CFU after incubation with AL12 and complement. The CFUs
tested from all of the strains showed uniform strong expression
of NspA. Thus, resistance of these strains to anti-NspA bacte-
riolysis was not a result of failure to express NspA or the
inability of the MAD to bind to the NapA epitope.

Passive protection by smti--NupA MAb AL12, The ability of
anti-rNspA MAD AL12, the most active MAD in the flow and
bactericidal assays, to confer passive protection against menin-
gococcal bacteremia was axsessed in an infant rat model. Three
experiments were performed (Teble 3). In experimont 1, the

animals were pretreated with test or control MADs at time zero
and challenged 2 h later with 23 X 10* CFU of strain 8047

(pasitive with AL12 in the flow assay at 10 ug/ml and suscep-
tible to bacteriolysis with a BCy, of 8 pg/mi). In experiment 2,
the protocol was similar but the animals were challenged with
15 X 10® CFU of strain BZ232 (variable binding In the flow
assay and resistant to bacteriolynis). In experiment 3, the ani-
mals were challenged with 2 % 10* CFU of strain M986 (neg-
ative for binding by the flow assay and resistant to bactcrioly-
gis). Also, in order to maximize the likelihood of observing
protection against strain M986 in experiment 3, the bacteria
were premixed with the anti-rNspA ar control MAbs immedi-
ately prior to the |.p. chellenge. In all three experiments, the
positive-control anticapsuler MAb (SEAM 3) was protective
and there was no protection observed In the animals treated
with the irrelevant negative control MAb as determined by
comparing the levels of bacteremia in the respective animals
treated with PBS-BSA (P > 0.2 by ¢ test of thé respective
geometric mean CFU/ml of blood).

TABLE 2. Summary of anti-NspA MAb surface reactivity for genetically diverse N. meningitidls serogroup B strains

Surface reactivity (Sow) of anti-NapA MAbs ancior complement-mediated BCA®

Stain AlL4 ALS ALl AL12
Flow* BCA Flow BCA Flow BCA Flow BCA
8047 + >60 - 45 - 15 ++ 8
cuaas ++ >120 + >120 + >120 ++ >120
BZ198 ++ 26 ++ 5 ++ 4 ++ 5
§3446 ++ >60 ++ >60 ++ &0 ++ 12
1000 + >120 - >120 - >120 ++ 110
BZ232 variable >120 - >120 - >120 varisble >120
NQGYsa ++ >120 + >120 ++ >120 ++ >120
NGP16S - >120 - >120 - >120 - >120
MOS8 varigble >12) variable >120 variable >120 varisble >120
M986 - >120 - >120 - >120 - >120
BZ193ANspA - >80 - >60 - >60 - >60
“ BCA, bueterichdal sctivity (concentration of MAD that when incubated for 60 ntin with bacterial celly snd 20% buman complement ylelded a 50% decreass In CFU
per m] compared to that & Lime zero).
* Surface binding was measured by flow eytametry. With one exceprion, ol strains were tasted at MAb comeentratinns of 10 and 60 ug/ml. The exception, strain
BZ198, was tested at 8 andd 60 pg/ml Results wers scored s follows: —, Joms than 50% of total Suorescent events have ntensity above when tested ot 60

of MAb per ml; +, 250% of total fuorestent events have intemstty sbove background st 60 pp/ml; ++, =50% of tota] fucrescent events have Intensity above
lf’h:l;mnull::rda-ltl|ni|||l;w||'||H|||.-llmlml.uu'm'dI'mn-m++(.a|-l). " *
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In experiment 1, none of the animals pretreated with anti-
NepA MAb AL12 (50 ug per rat) and challenged by strain 8047
bacteremin. At 8 MAb dose of 5 pg per rat, four of

the seven animals had bacteremia but the geometric mean
CFU/ml of the treated animals was less than 1/50 of that of
cantrol animals pretreated with the irrelevant MAb or PBS-
BSA (P < 0.005). In experiment 2, four of five animals pre-
treated with 50 pg of AL12 per rat and four of five animals
pretreated with 10 pg per rat bad bacteremia 18 h after chal-
lenge by strain BZ232. However, at both antibody doses, the
respective geometric mean CFU/ml of blood of the treated
animals was lower that that of control animals pretreated with
an irrelevant MAb or PBS-BSA (P < 0.01). In experiment 3,

NspA MAbs 3769

TABLE 4 N. serogroup B strein 8047 in which'the
NlpApnehubemddud(muNlpA)mblmmumd
death in Infant rats challenged ip.

Results of blood culture 18 b after
challenge

Stratn Bacterial doso
(CFUymt . CFU/ml
No. positive/total {seometric mean, 10%)

8047 (wild type) 78X 10° B 13
8047ANspA g3x 10 n 109
S047ANspA 83x10° n ND*

“Thres of three were dead a1 18 5.

& ND, oot dona.

there was no evidence of protection 18 h after challenge with
straln M986, despite premixing the bacteria with the MAb
immediately before the challenge. Although not shown in Ta-
ble 3, in experiment 3, blood cultures were also obtained
6 h after challenge. At this time point, all animals had bacte-
remia but same protection was present in animals treated with
the 50-ug dose of AL12 (geometric mean CFU per ml of blood
of 1 X 10° versua 34.7 X 10 in the comtrol group which was
given the irrelevant MAD; P = 0.0008).

Virulence of strain 8047 in which the nspd gene has been
disirupted. Table 4 summarizes the results of challenging in-
fant rats with strain 8047ANspA. All three animals given a
challenge dose of epproximately 8 X 10* CFU of strain
8047ANspA had bacteremia present 18 h later. The geometric
mean CFU/m! for these pups was similar to that observed in
control rats challenged with the 8047 wild-type strain. All three
animals challenged with a 10°-CFU dose of strain 8047ANspA

were dead at 18 h postchallenge.

TABLE 3. Ability of antl-NspA MAb AL12 to pamively protect infant rats challenged i.p. with different meningococcal B strains

Reguit of hiood eulture ot 18 h

Exporiment Straia MAD pretreatment® Dase (1g)
oo, dose per mat In mt
{challonge doso pe cr) per No. positiveitomal (gecamenrt o

1 8047 (23 x 10%) Anticapsular 10 n 0.05
AL12 Anti-NspA 50 o7 <001
AL12 Anti-NspA 5 a7 14
Irrelevant 50 m 115
PBS-albumin None m ™

2 BZ32 (150 X 10%) Anticapsular 50 (1] <001
Anticapsular 10 o5 <0.01
AL12 Antl-NspA 50 45 02
AL12 Antl-NspA 10 45 05
Irrelovant 50 5/5 115
PBS-albumin Noae 55 a9

k| M986 (2 x 10%) Anticapsular 2 0/6 <0.01
AL12 Anti-NspA 50 55 >500
AL12 Anti-NspA 2 6/6 >500
Irrelevant 2 55 >500

* In experiments | and 2, antmals were protreated with the MAD ip. at tima zr0, Two bours Later, the antmals were challenged Lp. with bacteria. In experiment 3,
to increase the seosltvity of the amsy, mmmunmmwuﬁmmmmm In this experiment, biood was also cbinined

hculhlnnlh Results for this thne are provided In the tex1.

* For calculation of peometric mean CFU per millilkar, mmmmﬂmmnmmommwmmpm

of animak recelving AL12 were compared to that of the combined

animals given Lrelevant MAD or PBS-BSA: 1,30 pgof AL12

goup of negative-comtrol exporiment
vernus comtral, P < 0.001; 5 pg of AL12 verno controls, P < (L00S; experiment 2, 50 ug of AL12 versus comtrols, P < 0.01; 10 pg of AL12 vermas cotrols, P < 0.01.
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DISCUSSION

The results presented here extend our previous observations
made with polyclonal antisera (16). Using a panel of anti-NspA
MAbs, we have shown that large differences exist among N.
meningitidis serogroup B strains in the ability of anti-NspA
antibody to bind to the surface of live encapsulated bacteria, to
elicit complemented-mediated bacteriolysis, and to confer pas-
sive protection In vivo. With the exception of two strains, the
results were highly reproducible in replicate experiments. The
two exceptional strains, BZ232 and MCS58, showed variations
in anti-NspA-surface binding among different subcultures (Fig.
4), Another important new finding is the ability of an NspA-
knockout strain to cause bacteremia and death of infant rats
gfter i.p. challenge (Table 3), a result indicating that NspA
expression is not essential for causing bacteremia.

The underlying mechaniem(s) responsible for the observed
strain differences in anti-NspA surface binding remains un-
imown. Although NspA is highly conserved among N. menin-
gitidis serogroup B strains (4, 13, 16), changes in one or more
amino acids in the protein, particularly in surface-accessible
loops, could result in decreased anti-NspA binding. However,
with one notable exception (4), all strains in which the rspA
gene has been sequenced show high conservation of gene seg-
ments encoding putative surface-exposed loops (100% identity
for N. meningitidis serogroup B strains) (4, 16). Also, strains
NGP165 and CU3BS have nearly identical protein sequences
(one amino acid difference, Gly versus Ala at position 150,
which Is not located in a putative loop segment), yet NGP165
is negative for surface binding with AL12 while CU38S is
strongly positive (16). Finally, based on colony Western blot
analysis, the NspA epitope defined by MAb AL12 was prescnt
in all 10 strains examined, despite negative or variable surface
binding in four of the strains (Table 2). Therefore, amino acid
sequence variation is unllkely to result in the differences in
functional activity of the antl-NspA MAbs described in this
study.

Alternative mechanisms that might explain decreased sur-
face accessibility of NspA on live bacterial cells and/or de-
creased susceptibility to complement-mediated anti-NspA bac-
teriolynis include strain differences in the amount of NapA
produced and steric Interfercnee by other variable bacterial
surfece structures or a combination of the two. In our previous
study with polyclonal anti-NspA antisera, we found a statisti-
cally significant trend for poorer antibody surface binding
among the N. meningitidis scrogroup B strains that were the
highest producers of capsular polysaccharide (16). However,
some strains were inconsistent with this trend. For cxample,
strain 8047 is a high producer of capsular polysaccharide but Is
positive for antl-NspA surface binding and susceptible to bac-
tericidal activity, while strain NGP165, which is a low cepsular
polysaccharide producer, is negative for anti-NspA surface
binding and resistant to bactericidal activity. Some exceptions
can be explained by quantitative differences in NspA expres-
sion (Le., high for 8047 and low for NGP165, as determined by
SDS-PAGE of lauroyl sarcosinate-extracted outer membrane
preparations [16]). For other strains such as CU385 that were
positive for surface binding but negative for bactericidal activ-
ity and other strains with variable anti-NspA reactivity, such as
MCS58 and BZ232, there were no apparent differences in NspA
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expression. Therefore, there are Likely to be other mechanisma
for interfering with binding and bactericidal activity.

The data indicating variation in anti-NspA-surface binding
in respective subcultures of two strains are of particular inter-
est (Fig. 4), given that NspA expresslon was uniform in all
CFU tested by Westemn blotting. Furthermore, colonies de-
rived and expanded from cach of the three subcultures could
test positive or negative for NspA surface binding by the flow
assay. In contrast, there was no varisbility of anti-PorA MADb
binding to the bacterial cells from the same strains in control
experiments (Fig. 4). These results imply that some other vari-
able surface structure can inhibit antibody binding to NspA but
not to PorA., Future studies will need to examine the possible
effect of lipooligosaccharide phenotypes, expression of other
outer membrane proteins, or sialyation of surface molecules on
antlbody binding to NspA epitopes.

Whatever the underlying mechanism(s), the observed strain
and intrastrain variability in NspA surface accessibility appears
to have important conscquences for the ability of anti-NspA
antibodies to elicit complement-mediated bacteriolysis. None
of the strains that were negative or varlable for surface binding
in the flow cytometry assay were susceptible to anti-NspA
complement-mediated bacteriolysis (Table 2). There were also
two strains (NG3/88 and CU385), each of which was positive
for surface binding with the four MAbs but resistant to com-
plement-mediated bacteriolysis, cven when tested at >10-fold-
higher antibody concentrations than those used in the surface
binding assay (Table 2). In the presence of complement, both
strains were readily killed by the positive-control IgG anticap-
sular antibody. The reasons for poor bactericidal activity of the
anti-NspA MAbs that bind well to these bacteria remain un-
known,

The passive protection data obtained with MAb AL12 in
infant rats challenged by different N. meningiridis serogroup B
straing were consistent with the in vitro bactericidal results
(compare Tables 2 and 3). Thus, MAb AL12 was highly pro-
tective against challenge by N. meningitidis serogroup B strain
8047 (surfece binding positive and susceptible to bacteriolynis),
was partially protective against strain BZ232 (surface binding
variable and resistant to bacterfolysis), and failed to protect
agalnst sirain M986 (negative for surface binding and resistant
to bacteriolysis).

The bactericida! and pamive protection results described
above differ from those described by Cadiewn et al,, who re-
ported that an anti-NspA MAD, Me-7, was broadly bactericidal
against a panel of 14 serogroup B, C, and A strainas (all but 1
serogroup A strain were killed) (4). Since we were unable to
obtain MAb Me-7 from Cadieux et al. for our studies, we
cannot exclude the possibility that this MAD is more broadly
reactive and bactericidal than the MAbs evaluated in our
panel. However, an alternative explanation for these conflict-
ing results may He in the differences in the methods used to
assess bactericidal and passive protective activities. For exam-
pls, Cadieux et al. defined protection in thelr mouse model s
a significant decrease in bacteremia 5 h after challenge in the
treated animal. Typically, the Me-7-treated mice that were
considered protected had 10* to 10* bacteria per ml of blood
(<25% of control animais). In contrast, the primary endpoint
of protection in our experiments was bacteremia measured at
18 h. In a passive protection experiment, antibody emount is
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limited. Therefore, it s poasible to observe protection at 6 h
but not at 18 h after challenge, as cbserved with strain MY86
(see Table 3 and Results).

In conclusion, considerable evidence indicates that NspA is
highly conserved in pathogenic Neisseria meningitidis strains
and that NspA is expreased in all N. meningitidis serogroup B
strains tested to date (4, 13, 16). The present data with & panel
of anti-NspA MAbs confirm eurier observations with poly-
clonal antisera that despite nspA gene conservation and ex-
pression, many N. meningiridis scrogroup B suraing show poor
antibody binding to the surfaces of live bacteria and resim
anti-NspA complement-mediated bacteriolysils, Further stud-
ics nre needed to define the underlying mechanisms modulat-
ing surface accessibility of NspA. The ability of the NaspA gene
lmockout strain to cause bacteremia and lethality in infant rats
{Table 4) provides cvidence that this moleculs is not emsential
for serum resistance or for causing bacteremia ance the organ-
ism has entered the blood stream. Taken together, the data
underscore the likelihood that an NspA-based vaccine will
neod to be supplemented by additional antigens to elicit broad-
based protection.
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Abstract

Murine monoclonal astibodies (mAbs) were genersted using group B Nelsseria meningisidis and Escherichia coli KL
polysaccharides (PSs) cogjugated to cuter membrans vesicls (OMV) via adipic acid dihydmzide, and were used to identify
the immunodeermimanty expressed on these capsulsr PSe. Ten mAbs regresesgative of IgM and all subclasses of IgQ were
obsained which recognized diverse immmmodeterminents on a2 -+ 8) polysialic acid (PSA). The specificity of mAbs to
different antigenic determinanty was essessed by their differential binding to PSA aitached 10 a solid phase by different
methods and confirmad by sbsarpton studies. Two mAbs from the E coll K! fusion were directad to the G-acetyl epitope
and the rest rescted with both the PSs only when attached t a jolid phase by certain mesns. The methods by which PSA
was costed on the solid phase had m impact on the epitope expression and binding pattern. At the concentrations used, the
O-acetyl-specific mAbs, igGl md IgG3 mAbs were not bactericidal against group B N. meningisidis, wheress other mAls
mﬁmmu!dll&mwhnﬂnmmdﬁuuﬂhﬂuumdm
elicit bactericidal antibodics.

L Introduction

a(2 -» 8) polysislic acid (PSA) forms the capsule
of group B Neisserio meningitidis, Escherichia coli
K1, Moraxella iens and serotype 2 of
Pasteurella haemolytica [1-4}. PSA aiso forms one

half of the alternating repeat unit of the capsule of E.
coli K92 (5] Both group B N. meningitidic and E.
coli X1 continne to canse fatal sysiemic infections in
humans incloding meningitis. PSA facilitnwes bacte-
rial survival in the host by its antiphagocytic and
anticomplemeniary actions. PSA has been exten-
sively stodied because of its conformatiomal com-

M.ﬂl’ Tel: +1 (301) 496 0544,

! Present addrass: Laborstary of Dovelopmenml end Moloculer
Immaicy, Nathousl Tnstitute of Child Health and Hrvs Dervelop-
men, Bethesds, MD 20892, USA.

plexity, poor immunogenicity and its presence on
dsveloping mammalian neural and renal tissoes {6,7]

The increased concern over group B N. meningi-
tidis sod E coli K] infections has heightened inter-

0928-K344,/96,/%15.00 Copyrigin © 1996 Federation of Envopean Microbiclogicel Socisties. Published by Bisevier Sclemee B.Y.
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. est in the generation of anti-capsular monocional
sntibodies (mAbs) of functional significance. MAbs
capable of probing varicus epitopes of the PSA
molecule are valuable for defining determinants of
biologic or immunopathologic significance. Because

of the poor immunogenicity of the purified PSA,

mAbs reactive with PSA have been induced previ-
ously only by infecting NZB or BALB /¢ mice with
live group B N. meningitidis ox K. coll K1, or by
immunization with formalin-killed cells [8—12]. Most
of these mAbs were IgM and few were IgG [8.91

The importance of PSA in pethogenesis and pro-
tection of group B N. meningitidis and E coli K1
infections has led sciendists to render PSA immuno-
genic. The initial work on coojugating vnmodified
PSA © tetanus toxoid failed in eliciting PSA-specific
antlbodies [13] However, later attempts led to the
development of immanogenic conjugates with or
withont chemical modification of PSA [14-16]. The
propexties of antibodies, both polycional and mono-
clonal, induced by the chemically modified (N-pro-
pionylated) group B meningococcal palysaccheride
{B PS)-tetsnus toxoid (TT) conjugate bave been
evalusted; these antibodies were shown to be spe-
cific for a bactericidal epitope on the surface of
group B N. meningitidis [17-19] However, the
propertics and the biologic activities of antibodies
group B or E coli K1 PS conjugated to a protein
carrier via adipic acid dibydmzide (ADH) have not
been reported previouly. We describe here the bind-
propesties of two panels of mAbs generated by im-
munizing BALB/c mice with a group B meningo-
coccal PS-outer membrane vesicle (B-OMYV) or an
E coli K1-OMV (K1-OMV) conjugate vaccioe.

’l

2. Miaterials and methods
2.]. Strains and materials

Group B N. memingitidis, strain M986 (B:2e:P1.2)
used for PS preparation and bactericidal sssays was
obtained from the culture collection of the Labora-
tory of Bacterial Polyssccharides, Center for Biolog-
ics Evaluation and Resesrch (CBER). 0-Ac€tyl posi-
tive E coif K1 (O-Ac*), strain 156, and E coli
K92, strain Bos were obtained from Dr. Willie Vana,

CBER. Polynocleotide A, sodium borohydride, 1-
ethy}-3-(3-dimethylarinopropy]) carbodiimide, dena-
tured DNA and ADH were from Sigma Chemical
Co.. St Louis, MO. The Ribi adjuvant (monophos-

- phoryl lipid A and trehalose dicorynomycolate) was

purchated from Ribi Immmumochem Research, Inc.,
Hamilton, MT.

2.2, Polysaccharides and proteins

The group B meningococeal, and E. coli K1 and
K92 -PSs were extracted and purified zcconding o
the standard procedure [3,20] The Haemophilus in-
fluenzae b (Hib) and O-Ac* group C meningococeal
PSs were obtained from Merck Research Labhoraio-
ries, West Point, PA. .

N-deacetyiated and N-propionylated group B
meningococcal PSs were prepared as described by
Jennings et al. [14]. Removal of N-acetyl groups and

"repiacement with N-propiony] groups was confirmed

by C bpuclear magnetic resonance spectroscopy
(kmdlypufumdbynr William Egnn, CBER).

Group B meningococcal OMV from a non-capsu-
lar variant (strain M986-NCV1) was prepared and
purified as described [21] TT was obtained from
Connmught Laboratories Inc., Swiftwater, PA. Hn-
man seram albumin (HSA) (25%) was obtained from
:mwdm&mmﬁm

2.3. Conjugates

Group B meningococeal and E coli K1 PSs were
conjugated to OMV (B-OMV and K1-OMV) sfier
imroducing the spacer, ADH, by using a modifica-
tion [15] of the procedure described eadier [16]
Derivatization of the PS and conjugation to TT were
carried out at pH 6.5 in 0.2 M NaCl, while conjugs-
tion with OMV was pexformed in sterile deionized
water adjusted o pH 6.8, which belped 10 keep
OMYV soluble [15]

24, Imumumization of mice

A group of five BALB /c mice were immunized
twice Lp. with 5-10 pg per mause of the desired
conjugate vaccine. The K1-OMV conjugates was m-
jected first with the Freund's complete and then with
the incomplete adjuvant, four weeks apmt. The B-
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OMYV conjugate was injected to mice twice with the
Ribi adjuvant three weeks apart. All mice showed
high levels of serum IgG and IgM antibodies o
group B meningococesl and /or E. coli K1 PSs by
an ELISA described below [22] Afier a resting
period of eight and four weeks respectively, the mice
were boosted intravenoualy with the same conjugate
without the adjuvant Three days later, cell fasions
were performed according to the method described
{23] nsing mouse SP2/0-Ag 14 myeloma cells and

 the standard polyethylene glycol techmique.

2.53. ELISA

Initial screening of supemstants with group B
meningococcal and /or E coli K1 PS was performed
using a previously described ELISA which used the
purified PSA complaxed with methylated HSA
(mHSA) as the coating antigén [15,22]. Son'E ‘siipér-
natants were also screened using the ADH-contsin-
ing B-HSA conjugate ss the coating sntigen; an
ADH-specific mAb was cbtained during this sec-
ondary screcning. Linesr binding curves were ob-
tined for each mAb concentrate osing doubling
dilutions starting from 1:2, and the ODg,, was mea-
sured using a microplate sutoreader (EL309, BioTek
Instruments). Concentrated super media [23] was
nsed to assess the backgroond ELISA reading, which
was subtracted from the OD,, of each mAb.

2.6. Clone selection

showed moderate to high antibody readiogs with the
group B meningococcal and /or E colf K1 PS by
ELISA were identified and those cell colonics were
cloned by limiting dilutions. Supematants of all
clones were rescreened by ELISA and those showing
reactivity with either of the PSs were produced in

* Ilarge quantities and concentrated 0 15-20 times

their original volume uvsing minicon-B15 cancentra-

2.7. Isotype determination and immunoglobulin
quantiarion

Isotyps composition of mAbs was determined
using the Immuno Select ELISA kit (Gibco BRL,

Bethesda, MD).

The quantity of immunoglobulin in each concen-
trated hybridomne supernatant was determimed using a
radial immunodiffusion kit (Southern Bictechnology
Associates, Birmingham, AL). Reference standands
provided by the manufacturer were used.

2.8. Agglutination, precipitation and immunodot

The sbility of mAbs to agglutinate the cell sus-
pensions of group B N. meningitidis and E coli Kl
was tested on microslides. The precipitability of
mAbs with pative and chemically modified PSA mnd
with non-PSA mntigens was examined by Ouchter-
loay immumodiffarion and /or inumunodot; the anti-
gens were used et a concentration of 1 mg m| ™',

The specificity of mAbs to the spacer, ADH, and
to the denatured DNA was examined by immunodot

.or by ELISA. K1-TT, B-HSA, C-TT and 92-TT

were the ADH-conmaining sialic acid conjugate anti-
gens that were usad in the assay. An ADH-contsin-
ing non-sialic acid conjugate antigen composed of
the capsular PS of Vibrio vulnificus and TT (VV-TT)
was also inchaded [25].

2.9. MAD binding assays

Direct binding szsays were performed in Immmian
1 microwell plates (Dynatech Laboratories, Chan-
tlly, VA) using different antigenic forma of PSA.
Specific binding of mAbs was determined by ELISA
using PSA and non-PSA antigens (Tsble 1). Non-
PSA antigens inchuded: the capsular PSs of groap A
N. meningliidis, Hib and E. coli K13, all attached to
microwell plates in a two-sep cogting procedare via
poly-L-lysine (PLL) as described {24] The PSA anti-
gens included group B meningococcal and E. coli
K1 PSs amached to solid phese in a single step
coating procedure by complexing with mHSA, or via
PLL pre-coated on microwell plates, or after cova-
lent conjugation with HSA or with TT vias ADH. E
coli K92 snd group C moemingococcal PSs were
attached after conjugation to TT via ADH. Modified
PSA, i.e. N-descetylated and N-propionylesed group
B meningocacesl PS5, and polymuclentide A were
antached to ELISA plsiks via pre-coated PLL.

Display of different epitopes by PSA when bound
to the solid phase by different methods was con-
firmed in a two-set ELISA by inamobilizing varions
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Tebie 1

Strocmre of sialic acld md nos-sialic acid capanlay PSs nsed in hinding asanys

Geoup B Nelsseric mexingindis nevraminkc scid(2 —

Group C Neiseria meningisidis 9)-a-A-acety] neuraminic sid(2 -

Escherichia coll K] 8)-a-N-acetyl neomminic scid-(2 — . OAc™

Escherichis coll K92 8)-o-V-aceryl acaramivie acid-(2 — 9)-a-M-aceryl neureminic scid-(2 -+
Group A Nalmeria meningindis 6)-g-M-scetyl mennosamine phosphee (1 —»

Haewopkiias influcncoe type b 3)8-0-cibos{1 — 1)-o-ibitol-S-{phospluse —»

3)-B-ribaso-{1 = 7--KDOM2 — , OAc*

antigenic forms of PSA on solid phase as reported
previously [22]. An optimal dilution of the mAb that
fell in the upper part of the Lnear dilution curve was
pre-incubaed with various concentrations of native

group B meningococcal and/or £ coli K1 PS at-
tached to the first microtiter plate by different meth-
ods described above. The pre-incubated mAb dilu-
tion wag then transferred to a second microwed] plate
coated with group B meningococcal or £ colf K1
PS comaplexed with mHSA, and ELISA continued as
described above. The OD, of each pre-absorbed
mADb obtained from the second ELISA plate was
compared with the OD,, of mabsorbed sammple of
the same mAb; the laner was congidered as 100%
binding and the percem reduction in binding calcu-
lated.

2.10. Temperature sensisivity

The effect of temperatwre on mAb binding was
examined by performing ELISA at room temperature
and st 37°C; the latter was performed in & warm
room maintained at 37 + 2°C using pre-warmed
reagent solutions. All mAbs except those specific for
the O-Ac epitope were tested at a single dilution that
was chosen to maintain antigen excess. '

Z.H_.Bacurﬁ:l'ddm

A microbectericidal method [21] was followed
using rabbit compiement (Pel-Freez, Brown Dear,
. WD and group B N. meninglridiz, styain M986.
3. Rexults

Based apon the poor experience in the past of
eliciting IgG antibodies to the oative PSA, we inves-

tigated Freund's or Ribi adjuvants for their ability to
induce mAbs of diverse isotypes to varions PSA
i . Fusion A derived from mice immunized
with the K1-OMV conjugate in Freumd's adjuvan
yielded JgM mAbs and mAbs of all IgG subclasses.
Fusion B derived from mice immunized with the
B-OMYV conjugate in the Ribi adjuvant resufted in
IgM, 1gGl, 1gG3 and IgG2a mAbs. The mAbs were
identified by their isotype as shown iu Table 2; their
pumerical designation contains the letter A or B
generated,
3.1. Binding specificity

Table 2 shows the binding pattern of each mAb 10
a panel of different antigenic presentations of graup'
B meningococeal and E. coli K1 PSs. The KI PS
contnins O-acety] groups, while the B PS does not
IgG1-A, and 1gG3-A, genersted by the K1-OMY
conjugate appeared v be O-Ac-gpecific; the rest
were reactive with E. coli K1 and group B meningo-
coccal PSs sttached to solid phase in one form or the
other. On the other hand, all mAbs genemted by the
B-OMYV conjugate had specificity for both group B
meningococeal and E coli KI PSs.

Except for IgG2b-A,, there was no binding of
mAbs to heterologous, non-sislic acid-containing PSs
of group A N. meningiridis, Hib and E. coll K13, ar
w N-deacetylated or N-propionylsted B PS as exam-
ined by ELISA (using PLL system), immunodot and
Ouchteriony gel diffusion. This suggested that most
of the mAbs wern specific for epitopes on the native
B and K1 PSs. IgG2a-B,; and the I[gM mAbs showed
wesk binding to PNA amached 1o plates pre-coated
with PLL.

. In addition o reacting with the conjugate anti-
gens, IgGl-B, showed binding w0 non-conjugated
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Table 2
Binding apecificity * of mAks derived from B-OMY and K1-OMY cogjugase vaccines
Lsotypa ELISA costipg satigen * .

Kl +mHSA B+mHSA KI-TT B-HSA K92-TT C-IT B+PIL EKI+PL PNAY
IgM-A, +++ Y - +++ +++ - - ++ ++ +
IgM-A, +++ F + 4+ ++ - - - +++ +
1g01-A, +++ - ++ - - - - + -
IgG2a-A +++ - ++++ + - .- - ND -
IgG2b-A, +++ +.+ + + 4 - - - - -
IgGIb-A, " - - +44++ FEtE rEEE FFEE - - ND
IgQG3-A, + - ++ - - - - + -

. +++ +++ ++++ i+t - -. +++ - +
Ign-a, ' +++ +++ + 4+ + + 4+ + - - -
Ig2a-B,, +++ ++ +4+++ ++ - - - - +
IgG3-B,, ++ ++ ++ - - - - - -

° The leger designaion &t the end of esch mAb indicstes the fusion fron which ssch mAb was devived: A: KI-OMV vaccine sd B:

I-OII\HIHI.

Nﬂdhﬂhnﬂpﬂhﬂ“ﬂﬂ-ﬂkﬁ“ﬁyﬂcmmm
OD. 0.050 w0 0.099, +: nmum +: 0300 1w 0.499, + +; mwm ++4; >2000, +++ 4.

—— e —

; Negutivo.
A

* Polymrisotide
f 1gGIb-A, roacted with an ADH-comsining non-sialic acid-containing conjugass (VV-TT), wheress IgG1-B, did mot

group B meningococenl and E cofi K1 antigens
mixed with mHSA, but not with the same antigens
attached to plates pre-coated with PLL. IgM-A,,
IgG2a-A,, 1gG2a-B,, and IgG1-B, did not bind 0
B-HSA conjugate sntigen as strongly aa they did o
E. colt X1-TT conjugus or K1 + mHSA sntigens.
While all mAbs of fusion A except IgG2s-A,,
IgG2b-A, and IgG2b-A, reacted with group B
mww/wﬂcaﬂxlmlmum
PLL, only one mAb from fusion B, ie. IgM-B,
showed such binding.

Representative binding curves of mAbs obtmined
when K1 + mHSA complex was used as the coating
antigen are shown in Fig. 1. The difference in bind-
ing of JgM-A; compared o that of IgG2a-A, de-
spite the higher concentration of the latter, was
suggestive poasibly of the higher avidity of the for-
mer mAb. The binding pattem of four representative
mAbs to different antipenic forms of B and K1 PSs
was soted (Table 3). At the concentrations used,
IgG2a-B,, and IgM-B, required only 5-8 ng ml~'
of K1 antigen conjugated w TT w0 produce an OD 4,
of 1.0, compared to 228 and 24 times more of ‘K1
antigen complexed with mHSA to produce a binding
of similar degree. IgM-A , required about four-times
more K1-TT conjugnie than K1 + mHSA antigea to
show similar bindi

Fig. 2A shows the binding curves of a represents-
tive IgM-B, mAb obtained with different antigenic
presentations of B and K1 PSs when examined as 2

" function of antigen concentration. Fig. 2B and C

show reduction in binding of IgM-B, on a B+
mHSA cosated plate afier pre-incubation with differ-
emt antigenic forms of B apd K| PSs. The percent
reduction in binding produced by B and K1 PSs

»

Log 2 () mAb diuien

Fig. 1. Direct binfing of mAD Ighd-A; mod IgG2a-A, to K1PS+
mHSA-coatad ELISA piste Antibody eomeestrations of Igd-A,
md IgGs-A, wam 139 ug mi~' and 4300 pug mi™!, mepac-
tvaly.
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Toble 3
Binding divensity of represastative mAbs to P3A *

mAb pagof axtigea * * moeded 1o produce an OD gy of 1.0

K1* Kl+mHSA KITT* B* B+miSA  BHSA'  Other wutigem *
IgM-A, 126 am iz > 3000 242 4 >300
M3, > 30.00 190 0.8 510 143 . L5 >350.0
3G2-Byg > 30.00 1140 00s > 30.00 4% 122 > 500
IgGb-A, > 30.00 1310 n» > 3000 2250 174 > 500
* MAbs wusm tested st o opsimal dilation thet fell in e opper past of the linesr diltion curve, and therefors the estiug concxstration of
difforent mAbs &8 oot seme.
** Valnes represast the mesa of doplicate runs.
* Attached via PLY.
'Am-u-m.q

andgen.
* N-propionylsted aad A-deacerylnted B PSa, colominic acid end polynnelootide A sttached vis PLL; ADH-comsining C-TT and K92-TT
conjugaic aptigers. .

bound to the piste by differenf means varied widely.
For instance, IgM-B, required more B PS coated
with PLL sod mHSA (23.9 and 3.4 g ml~ " respec-
tively) to show a 50% redoction in binding (Fig. 2B),
whereas only 046 ug mi™' of the K1 PS in a
conjugate was sufficient to produce similar percent

reduction (Fig. 2C). This observation may be due o
higher epitope density on the PSs bound to the solid
pbase in a conjugate form. The results of binding
studies led to categorize mAbs into several groups of
microspecificity on the basis of their variable bind-

ing parterns (Table 4).

0 o8
Antigen soncangmtieon (ap oV

=
123 )i 1.9 ,',ﬂ.'l'l

2 128 GMS 0312 018
hl-i—--hn_-_r')

Fig. 2. Putterus of smtibody bindiag of s mpresesmtive mAb, Ighé-By, as muamered by BLISA bafory and sler pre-iecgbetion with verions
axtigenic premsrmtions of PSA. PS5 were usd in coucentrations thet mngod fro 0.78 © 310 pg mi™' =d confegenr wtigens in
comcenmtioss of 0.78 o 50.0 ug mi~'. IgM-B, & & concentriion of 1.3 pg ml~' wes firt allowsd o bind with differem PSA
mw-umull]h---hdm MAD dilution from each well wes then tansfinred t & saed set of microwell
pleics comted with 3 ug it ¢|+mumm-umpma-uc)-mhun
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Table 4
Bactericidal activity * and microbeterogensous spesificity i mAbs 1o P3A
1sccype Binding specifichy MAb concentration

i (g mi~") &t 70% killing
IgM-A, K! —mHSA. KI-TT. B-HSA > K| and B via PLL ND
IgM-A, KI ~ mHSA, KI-TT. K1 via PLL > B-HSA > B + mHSA M8
IgG1-A, K] + mHSA. KI-TT > Xl via FLL >8)
IgG2a-A, KI-TT > KI + mHSA > B-HSA 11300
IgGIb-A, KI + mHSA > B + mHSA, B-HSA > KI-TT ms
19G3-A, KI-TT > K1 + mHSA. K1 via PLL > 15000
IagM-B, KI-TT > B + mHSA. B-HSA, B via PLL > K| + mHSA 187
13G1-B, K1 + mHSA, B + mHSA. K|-TT, K92-TT > B-HSA > C.TT > 2540
1gG2a-D KI-TT > K1 + mHSA > D-HSA. B + mHSA 13300
1gG3-R,, K1 + mMSA. B 4+ mHSA, X]-TT > 15000

* Rabbit complement asd group B A meninginidls. strain M986 were ased.

ND. nat detsrmined.

3.2. Temperature sensirivity

Since group B PS anibodies have been previously
shown o react betzer with the B PS at lower emper-
atures [12], we investigated the effect of remperature
on binding of mAbs. While IgM mAbs showed a
24—49% decrease in binding at 37°C relarive to room
temperature, the decresse in binding of IgG mAbs
was 5% or Jess.

»

-
[
vs

——y—

25 128 oS OG3® OIB GO0 oom
Arsigen concestmtion (g mi™%)

Fig. ). Dinding paten of & represeutstive ADH-spocific mAb

(IgGI>-A ) with incressing coscentrations of seveval ADH-com-

txining araigess bound o the microwel] plate.

3.3. Agglutination, precipitation and immunodot

IgM-B, agglutinated saline cell suspensions of
both group B N. meningitidis and E. coli K1. Two
IgG mAbs, I5G3-A, and [gG2a-B,,, agglutinated
cells of E coli K1 only. A similar positive precipita-
tion reaction was exhibited by these mAbs with the
B and KI PSs (not shown). None of the precipiating
mAbs reacted with non-PSA anmtigens or with modi-
fied B PSs, polynucleotide A and denanmred DNA.

The ADH-specificity of an IgG2b mAb, ie.
IgG2b-A,, was confirmed by its binding both
PSA and non-PSA conjugates containing ADH (Fig.
3). This mAb reacted with K1-TT, C-TT, K92-TT
and B-HSA conjugsies and also with a non-PSA
conjugate, VV-TT, but failed to bind to K1 + mHSA,
B+ mHSA, Ki+PLL or B+PLL entigens by
ELISA.

3.4. Bactericidal activity

The bactericidal activities of mAbs against group
B N. meningitidis as tested in presence of rabbit
complement are shown in Table 4 In relation o their
binding specificities. IgM mAbs were bactericidal at
lower concentrations than IgG mAbs. The bacterici-
dal diters of IgG2a and IgG2b mAbs varied and IgG3
mAbs were not bactericidal at a concentration of
1500 g mi~'. IgGl mAbs and those with speci-
ficity for O-Ac epitope, or for ADH were also not

333
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baciericidal at the concentrations used No definite
correlation could be found between binding pattiem
and bactericidal activity of mAbs.

4. Discussion

We generated murine mAbs 10 B or K1 PSs after
rendering them immunogenic by conjugating to group
B meningococcal OMV via ADH, and evaluated
their determinant specificity and in vitro functional
activity. B-OMV and K1-OMV conjugses clicited
ten mADbs representative of IgM and all subclasses of
IgG. We determined the differential binding speci-
ficity of B and K| specific mAbs by attaching the
PSs w0 ELISA plate using mHSA, pre-costed PLL, or
after conjugation with HSA or TT.

MAbs exhibited microheterogeneity in _epitope
binding. The strongest antibody binding was ob-
served with the B or K1 PS covalenily coupled to
proizin camicrs or non-covalently complexed with
mHSA. IgG2s-A ; showed binding to B-HSA conju-
gate, but not to unconjugated B PS atmached to
ELISA plate vsing PLL or mHSA. The K1 PS
attached via PLL showed binding with 1gM-A,,
IgM-A,, IgGl-A; and 1gG3-A; derived from Ki-
OMYV caonjugute. The B PS attached by this means
reacted with only one IgM mAb from either fusion
(IgM-A, and 1gM-B,). It appears that scveral epi-
topes reside on the B PS, some of which may amain
- stable antigenic configuration and become accessible
for mAb binding when conjegated to a protein car-
rier. The space-filling model of PSA published by
Michon et al. [29] has revealed the disposition of
carboxyl and acetamido groups on opposite sides of
the molecvle. Structural studies of PSA have indi-
cated the presence of non-linear helical, immunologi-
cally functional conformational cpitopes on PSA
[26-31]. It is poasible that the reactive epitope is
stabilized by the process of conjugation and may
involve the reported complex secondary structures of
the B PS [30-32] Further swudies are needed o
understand the possible relationthip between the
varipbility in binding of mAbs and the maintenance
of the critical conformational sructure of the B or
K1 PS, or the internal flexibility of the polymer
when presented in certain antigenic forms on the
solid phase.

Generation 'of mAbs of O-Ac-specificity by fu-
sion A (derived from the K1 conjugate) suggested
that the O-Ac epitope is recognized by the murine
immune system as a dominant epitope in an other-
wise poorly immumogenic molecule. These mAbs
may be useful in definitive typing of clinical and
veterinary isolates of E. coli K1. It is interesting that
IgG1-A,, 1gG2a-A,, IgG3-A, mADbs reacted with
one or the other antigenic presentation of unconju-
gated K1 PS indicating the possible conformational
stability conferred to the PSA backbone by O-Ac
groups. MAbs derived from fusion B reacted with
both K1 and B PSs suggesting that they both share
COMmMon epitopes.

The ability of mAbs to bind © B or K1 PS was
assessed both zs & function of antigen and antibody
concentration. The variation in intensity of direct
binding of different mAbs o different antigenic forms
of PSA may be relaied to the epitope density pre-
sented by the PSA based on the configuration in
which it is attached to the solid phase. A comparison
of the binding profiles as a function of mAb concen-
tration indicated that the relative binding capacity of
IgG mAbs was lower than that of IgM mAbs. The
intensity of binding increased when B or K1 PS
covalently linked v & protein, or complexed with
mHSA.muudasdneuﬁngnﬁpn:Mmlu
inciicare that establishment of appropriate coating
methods that retain the antigenic integrity of PSA
may be essential. With regard to the microspeci-
ficity, the results obtained with the mAbs are consis-
tent with those reported with infection-induced B
PS-specific IgM mAb [10] and PS- or conjugate-in-
duced C PS-specific mAbs [33] No definite correla-
tion could be esteblished between epitope specificity
and bactericidal activity of mAbs. IgG mAbs were
bagtericidal at much higher concentrations than IgM
mAbs and this may be related to their poor avidity,
similar w that chezrved with luman antibodies
elicited by Hib PS conjugated to meningococcal
OMP complex [34]).

IgG1-B, and IgG2b-A, reacted with ADH-con-
timing PSA conjugate antigens. i.e. K1-TT, B-HSA,
C-TT and K92-TT. The PSA-specificity of the for-
mer and the ADH-specificity of the latter was
demonstratsd by reacting them also with an unre-
lsted ADH-containing non-PSA conjugmte, VV-TT
[25) Onmly IgG2b-A, reacted with the VV-TT conju-
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gae antigen. The observation that B- and K1-OMV
conjugates induce two populations of mAbs, onc
with specificity for the PS and the other with speci-
ficity for an epitope associated with ADH, is consis-
tent with the observation made with polycional anti-
bodies induced by B and K92 PS conjugares [15,35].
The ADH-specific IgG2b-A, mAb was non-bacteri-
cidal ngainst group B N. meningiridis.

Some infection-induced murine mAbs or gam-
mopathy-induced human mAbs with specificity for
PSA have shown binding to different polynucleo-
tides {36,37]. In our study, all [gM mAbs and IgG2a-
B,o showed a weak, but reproducible binding with
polynuclectide A. Only non-O-Ac-specific IgM
mAbs showed significant decrease in binding af 37°C,
similar to the infection-induced B PS-specific IgM
mAbs [12] and conjugate-elicited polyclonal PSA
antibodies [16).

In conclusion, B and K1 PSs bave distinct ang-
body recognition sites. B-OMV and K1-OMV conju-
getes are immunogenic, antigenically complex and
present to the murine immune system several im-
munodeterminants of PSA. some of which appear to
elicit bactericidal IgG and IgM antibodies. Conjo-
gute-elicited mAbsuedwenemmtypecnmpos:—
ton, bimnding pattern, antigenic specificity and in
vitro bactericidal activity. Althoogh we cannot spec-
nlate on the exact mechanism by which PSA binds to
the plate by different methods used in this study, the
mtigenic form in which B and K1 PSs are sitached
w0 the microtiter plaie appears o influence epitope
display and/or dengity. The utility of our mAbs in
identification of bacteria that possess PSA a3 a sur-
face antigen and in capsular typing, in protection
against meningococeal and £ coli K) infections in
animal maodels and in immunolocalization of PSA on
mammalian tissues are to be explored.
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