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Vaccines and vaccinetrials

The development of new meningococcal vaccines

R. Rappudli, A. Gianozzi, S. D'Ascenzi, C. Ceccarini, A. Bartaloni and P. Codtantino
Immunologica Research Indtitute Siena, Biocine SpA, Sieng, Itay.

Meningococca meningitis represents aworldwideproblem. Itiscaused by Neisseria
meningitidis and occurs bothinendemic and epidemic forms. Theendemic disease,
caused by different serogroups (A, B, C, Y, W135) occurs with an incidence of 1-
5/100,000 and appears mainly in infants 6 months to 2 years old. Each serogroup of
N. meningitidis produces a distinct capsular polysaccharide. Antibodies directed
agang the capsules can provide protection from meningococca disease (1). The
current antimeningococcd vaccine, composed of group A, C, Y and W135, ishighly
immunogenic, withno sgnificant adverse reactions, in subjects older than 2 years. In
very young children it does not induce a good antibody response (2). Poor
immunogenicity in children is a limitation shared by many polysaccharides as a
consequence of their T-independent character (3). This drawback has usualy been
overcome by coupling immunogenic proteins to polysaccharides or oligosaccharides
to convert these atigens to a T-dependent form. In our laboratory we have
developed a conjugate vaccine againg Meningococca A and C usng CRM197 as
the carrier protein. This vaccine has been successfully tested in adult volunteersin a
pilot sudy. The vaccine proved to be safe and immunogenic (4). A second
preparation of the vaccine has been tested in aphase | sudy involving volunteersin
the US by NIAID, and aso in this case the vaccine resulted safe and immunogenic,
and comparable to the commercidly available polysaccharide vaccine. The vaccine
wastested in The Gambiain 2 monthold infants. In addition, thislot of investigationd
Meningococca A/C vaccine has been tested in toddlersinthe USA and hasrecently
received gpprova for testing in infants in the UK. To date, a total of about 335
humans have received our vaccine preparations and the total number of injections
administered have been 46 in adults, about 50 in toddlers and about 540 in infants.

Although a strong immunogenic response was measured in al subjects, these results
were tainted by the observation that in the Gambian study a rapid decrease in
antibody titreswas recorded 3 monthsafter thethird dose. Theseresultshave spurred
us to re-examine the characteristics of our Meningococca A/C vaccine, in particular
to the dze of the oligosaccharides which were conjugated to the carrier protein.
Starting with acid hydrolysed Meningococca C polysaccharide we have developed
a chromatography method that exquidtely permits the remova of low molecular
weight oligomers which in competition ELISA assay proved to be poorly inhibitory
when compared to the intact polysaccharides and to oligomers having a higher
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molecular weight.

The Oligomers of meningococca C polysaccharidesarepolyanions, thus by choosing
a buffer of adequate ionic strength it is possible to adsorb on an anion exchange
column those species having a greater overal charge and dimination during the
loading of the column unwanted species. The bound oligomerscanthenbe recovered
using anisocratic buffer at higher salt concentrations. A development study has been
completed in which we were gble to diminate better than 95% of dl those species
having lessthan 6 ddic acid residues. We have successfully fractionated two large
lots, 16 g each, and these oligosaccharides have been conjugated to CRM 197,
yidding 50,000-80,000 doses of vaccine. Clinica trids with these two lots are
planned for this coming fall.

The devdlopment of a vaccine againg group B N. meningitidis is much more
problematic for two important reasons. One, the capsular polysaccharide is not
immunogenic inhumans (5) and two, its structure gppears identical to polysidic acid
present in many mammadian tissues (6), and it can be conddered a sdlf antigen. To
increase its immunogenidity, in anima modd systems, we have synthesized several
conjugates of meningococca B polysaccharide linked to carrier proteins (tetanus
toxoid or CRM197), through an adipic acid dihydrazine (ADH) spacer. All
conjugates induced a strong immune response in mice. However, most of the
antibodies were not directed against the polysaccharides and could not be inhibited
by the polysaccharide done. Further sudies established that many of antibodies
recognized a new epitope involving the junction between the polysaccharide and the
spacer generated during the coupling reaction. While the mgority of the measured
immune response was directed againgt the above new epitope, asmdl but Sgnificant
response was a o measured against the meningococca B polysaccharide. The anti-
meningococca B antibodies dicited were of the IgM and 1gG class, inhibited by the
polysaccharides and showed good bactericidd activity. Wewill so present data that
different adjuvants dicited a graded immune response.
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Vaccines and vaccinetrials

I mmunization of juvenile rhesus monkeyswith group B
Neisseria meningitidis capsular polysaccharide-protein conjugate vaccines
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Group B Neisseria meningitidis continues to be a serious public hedth problemin
many countries. Although severd efficacy trids have been carried out with outer
membrane protein (OMP) vaccines with an efficacy of between 50-80% (4), these
vaccines as used have not protected young children. We are therefore evauating
better immunization schedules for protein vaccines and as reported here,
polysaccharide-protein conjugate vaccines.

Group B meningococca capsular polysaccharide (GBPS) is implicated in virulence
and protection. Its poor immunogenicity (6) is atributed mainly to the presence of
''(268) palysdic acid in feta mammalian tissues (3). In recent years, GBPS is
rendered immunogenic by covaently coupling with various protein carriers (2, 5).
However, these conjugates have not been used in humans, because of concern for
autoimmune consequences.

We obtained 7 different GBPS vaccines from different sources and evaluated ther
immunogenicity in juvenile rhesus monkeys. GBPS non-covaently complexed with
OMYV wasobtained fromDr. W. Zallinger, GBPS-CRM 4, conjugate fromDr. Rino
Rappouli of Biocine-Sclavo, and N-propionylated GBPS- OMP3 conjugate mixed
with duminium hydroxide or stearyl tyrosine from Dr. Joseph Tai of NAVA Inc.,
GBPS-OM P conjugatewithand without MPL+TDM and E. coli K92-TT conjugete
were synthesized and characterized at the FDA (2).

One year-old rhesus monkeys were immunized intramuscularly threetimesat weeks
0, 6 and 14. Blood sampleswere subjected to chemistriesat 0, 2, 8 and 16 weeks.
Sera were collected at weeks 0, 2, 6, 8, 14, 16, 22 and 30 and analysed for
capsular- and protein-specific antibodies by ELISA. GBPS complexed with
methylated humanserum abumin (HSA) (1) or GBPS-HSA conjugate were used to
study the binding specificities of capsular antibodies.

There was variation in antibody response among individua monkeys. All GBPS
vaccines except E. coli K92-TT dicited a two-fold or greater increase in GBPS
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antibodies after the fird immunization. All vaccinesinduding the K92-TT dicited a
risein GBPS antibody leve of five-fold or more after the third immunization. Most
of the antibodies eicited by N-propionylated GBPS-OM P3 vaccineswere directed
to the N-propionylated GBPS-HSA antigen rather than to native GBPS. The
K92-TT conjugate dicited antibodies to both groups B and C polysaccharides.

Rhesus antibody response to GBPS-OM P conjugate administered withMPL+TDM
adjuvant wasincreased 4-fold compared to the conjugate givenin sdine after the firgt
immunization. The GBPS response of monkeys immunized with N-propionylated
GBPS-OMP3 vaccine in duminium hydroxide was better than that dicited by the
same vaccine in gearyl tyrosne. Both combinations showed an IgM to 1gG class
switch fallowing the second immunization, thus showinga T cell-dependent memory

response.

All conjugate vaccines induced booster antibody responses to the corresponding
carrier proteins. GBPS-OMP conjugates elicited anincreased antibody responseto
OM P comparedtothe GBPS non-covdently complexedwithOMV . Thebactericida
activity of vaccinated rhesus sera was examined using complement from different
sources (7). Antibodies dicited by GBPS-OMP conjugate administered with and
without MPL+TDM were mogt bactericida in presence of human and rabhbit
complements. The conjugate-induced antibodies did not appear to cause any visble
safety related symptomsin the rhesus.
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Vaccines and vaccine trials

Development of conjugate vaccines against Neisseria meningitidis
Joseph Y. Tai, Francis Michon and Peter C. Fusco

North American Vaccine, Inc., 12103 Indian Creek Ct., Beltsville, MD U.SA.

Neisseriameningitidisisthemagor causeof bacteria meningitis worldwide. Although
the current polysaccharide vaccine is efficacious, its principle drawback isitsinability
to didt protective and long-lasting immunity in young children and in some older
individuds. Polysaccharide-protein conjugate vaccines have been demonstrated to
overcome these deficiencies,

Groups A and C meningococcal polysaccharide (PS) conjugates were prepared by
reductive amination to tetanus toxoid and tested for immunogenicity in mice. These
preclinica studies have focused on four aress:. (1) vaccine lot consstency, (2) antigen
dose response, (3) time course of antibody response throughout the immunization
schedule, and (4) immunoglobin subcasses. Results from these sudies have dearly
demongtrated that monovaent group A and group C, aswell as divdent group A/C
conjugate vaccines, dicited high levds of 1gG, thereby converting these
T-independent polysaccharide antigens into T-dependent antigens. In addition, both
monovaent and divaent vaccines generated high bactericidal activities.

Vaccine cons stency studiesof various group A and C lotsindicated that vaccines can
be prepared in a congstent manner, both chemicaly and immunologicaly. Antigen
dose response of the vaccines, measured by ELISA IgG and bactericidal titres,
conforms to a plateau over a dose range of 0.5 to 5 mg PS concentrations. Time
course of antibody response was evauated with monovaent and divaent vaccinesin
mice injected 3 times at 2-week (short schedule) and 4-week (long schedule)
intervals. ELISA and bactericidd titres showed a T-dependent response, with high
and prolonged IgGtitresthat correl ated well withthe total antibody response. Booster
effects weremost evident when the conjugates were administered without adjuvant.
It was dso found that two injections by the long schedule gave the same responses
as three injections by the short schedule. Antibody isotype profilesin mice are being
determined and quantitated for al conjugates.

Chemicaly modified group B meningococca polysaccharide (N-Pr GBMP) hasadso
been conjugated to tetanus toxoid and group B meningococca outer membrane
protein. Both conjugate vaccines dicited highttitre, polysaccharide-specific, antibody
responses in mice; however, only polysaccharide-specific antibodies raised with the
outer membrane conjugate were bactericidal against group B meningococci. The
antibodies showed essentialy no cross reaction to the native polysaccharide and
provided a broad spectrum of protection against various serotypes.
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Vaccines and vaccinetrials

Development of a multivalent class 1 OM P containing meningococcal
vaccine

J. Poolman
RIVM, A. van Lesuwenhoeklaan 9, Bilthoven, The Netherlands.

Vaccine drans were constructed expressng three different class 1 OMP. The
expression of the class 3 OMP, some class 5 OMP, the B polysaccharide and the
lacto-N-neotetraose was diminated in these srains. Two grains were constructed
having the following serogroup-serosubtyping characteridtics:

Stranl :-:-:P.1.7,16; P152; P1.p,15: L-(PL16215)
Sranll :-:-:PL(7),4; P112,13; P1.510: L-(PL10412)

The L- indicates that the usud L1,L.2,L3,L8 monoclonas which type al group B
organisms do not reveal binding. The only LPS specific monoclond which binds is
MNBS8DG6A, aso known as D6A.

Outer membrane vesicles (OMV) were prepared from these strains and formulated
intoa hexavalent class1 OMPvaccine. Class1 OMPinthisvaccinerepresented 60-
80% of the totd protein. A phase | safety study was carried out in adult volunteers
with one dose, two dosages. The increase in bactericidal antibody activity was
measured againg Sx drains differing by the por A gene only. These test Srainswere
derived fromstran H44/76 (B:15:P1.7,16:L.3) by transformation with the respective
porA genes.
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Vaccines and vaccinetrials

A vaccine against group B meningococci composed of the outer membrane
protein P1 produced in Bacillus subtilisand renatured in vitro

P. Hdena M&keld, Sarah Butcher, llona |danpaén-Heikkild, Marjatta Nurminen,
Susanna Muittilainen, Kate Runeberg-Nyman, Maitti Sarvas and Eva Wahlstrom

Nationa Public Hedth Indtitute, Mannerha@mintie 166, FIN-00300He sinki, Finland.

The protective efficacy of Sngle component vaccines has often been very good:
diphtheria toxoid, tetanus toxoid, capsular polysaccharides (or their conjugates),
hepatitis B. We therefore wanted to find suchacomponent of Neisseriameningitidis
group B (MenB) that could be devel oped into avaccine. We were convinced that the
MenB capsular polysaccharide could not be used for the purpose because of its
amilarity with polysaccharides in human proteins (4). We therefore decided to tet,
in collaboration with Jan Poolman (RIVM), a number of monoclona antibodies
binding to surface-exposed components of MenB (8). This analysis showed that
antibodies to the class | outer membrane protein (P1) were the only ones showing
consgstently complete protection in the infant rat assay (8).

On this bass we proceeded to produce the P1 protein in Bacillus subtilis, an
gpathogenic microbedevoid of endotoxin (LPS) and other known toxic components,
for which effident expression sysems had been developed in our laboratory (6,7).
The protein was expressed from an efficient bacillar promoter linked to a truncated
bacillar Sgnd sequence; it was produced in large amounts as induson bodies (5).
These could beisolated by smple centrifugation procedures, and the BacP1 protein
(identicd inprimary sequence to the native P1 protein of MenB withthe exception of
an N-termind extension of 11 amino acids deriving from the expresson vector)
purified to 70-95 % purity (5; poster by Muittilainen et al. at this conference).

The BacP1 protein could only be solubilized with SDS or a chaotropic agent (urea
or guanidine hydrochloride) resulting in complete denaturation. Miceimmunized with
such preparations, administered together with a strong adjuvant (FCA), produced a
hightitre of antibodiesto the denatured BacP1 but noneor amargind amount reacting
with the meningococcd surface in either EIA or bactericida assays. Because PLin
the meningococci isatypical outer membrane protein complexed withL PS, weasked
whether it could be refolded into a more native-like conformation in the presence of
LPS. Asatest of the conformation we used immunization of mice: if the antibodies
produced bound to native meningococcd surfacein EIA or bactericidd assays, the
preparationwas concluded to have (at least some) netive Structure. If these reactions
were spedific to the P1 subtype of MenB, the formation of native-like VR1/VR2
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epitopes could be surmised (9). These tests indicated indeed the presence of native
subtype-specific epitopes in BacP1 refolded in the presence of a heterologous
(Salmonella) LPS (5).

Since LPS is an inherently unwanted component in a vaccine, we then looked for
other waysto refold BacP1 in a conformation resembling that of the native protein.
In this we took advantage of recent knowledge of the tertiary structure of bacteria
porins (1,10) and of studies of the refolding of outer membrane proteins of E. coli
(2,3).

The purified BacP1 wasfirg solubilized in SDS, which wasthenreplaced by amilder
detergent, eg. octylglucosde (OG). Micedlles of phosphetidyl chaline in the same
detergent were added, and the mixture submitted to detergent remova by didyss or
e filtration. The process|ed to the formation of liposomes, which were then used to
immunize mice a adose of 2 - g BacPL/injection, two injections 6 weeks apart with
or without FCA. The mice produced in both cases a high titre of antibodies reacting
in EIA and bactericidal assays with group B meningococc in a subtype-specific
manner. The serawere dso protective in the infant rat assay.

These data show that it is possible to produce the P1 protein of MenB in the
heterologous, nontoxic host B. subtilis, and to achieve its refolding in vitro into a
sructure displaying native-like epitopes. The liposomes consging of BacP1 and
phosphatidyl choline offer a basis for developing a Sngle-component vaccine for
MenB. To cater for the severd subtypes of P1, the vaccine should contain a mixture
of P1 proteins representing the most common P1 epitopes.
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Vaccines and vaccinetrials

Phase | and phasell clinical studies of group A serotype 4 protein vaccine
in infantsin China

Dong, C.M., SH. Guo, J. Kong, RT. We, W.M.Wang, Q.T. Yin, L.Y. Wang, and
W.Y. Je

Nationd Vaccine & Serum Indtitute, Beijing, 100024 China.

This study is one of the target projects in the Nationd Vaccine & Serum Indtitute
basad on the following possibility and necessity: over 90% of meningitisis caused by
group A drains, whichlast for about 30 years. Since 1980 the Ingtitute has been able

to produce group A polysaccharide vaccine of which the qudity meets WHO

requirements. Polysaccharide A vaccine has been provento be lessimmunogenic in

infantsthanin childrenand adults. The Ingtitutehad devel oped a smplified method for

the cultivation and purificationof meningococca outer membrane protein antigen on
alarge scale. The serotype of serogroup A drains has been considered to have an

extremdy uniform outer membrane protein profile. For the above reasons, a
lyophilized protein vaccine was prepared for this study. The vaccine contained

125: g proteinivid, A1(OH),; sdine (2mg/ml) used for recondtitution of the vaccine.

L PS content was less than 8%. The placebo conssted of the same A1(OH); sdine

solution without the OMP.

The vaccine has tested consecutively for phase | and phase |l sudiesininfants(6-24
months). In the Spring of 1993, 30 infants were enrolled for phase | study, 15 of
them received 50: g of protein vaccine, and the others received 1mg of A1(OH),
dineasplacebo by IM injection. Axillary temperature and locd Sde reaction were
examined at 6,12,24,48 and 72 hours of post vaccingion. For phase Il study, 742
infantswere divided randomly into 4 groups, 1) 182for 50 - g protein vaccine; 2) 181
for 25: gproteinvaccine; 3) 238 for polysaccharide A vaccing; 4) 141 for A1(OH),
as placebo. All infants received 2 injections of the same vaccine and same dose of
phese | a 4 week intervals. After each injection, axillary temperature and side
reactions were checked as in phase |. Blood samples were collected from some
infantsof each group at: 0, 4 and 26 weeks after second injectionfor bactericidal test.
V accine serum antibody was detected by a microbactericida test (BT), which was
amodification of Ambroschs and Chen.

Results: Locd and systemic reaction: erythema, indurationand axillary temperature
were followed. There is no difference in severity of locd reaction among these
groups, but 50: g dose gave more sde effects and the moderate reacting rate was
within0.7%. However, most of thesde effectsweremild and al of thesewere short-
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lived. Therewere no reports of Serile abscesses among 1-4 weeks after vaccination.
Based ontheseresultswe do not consider the local Sde effectsa problem in ordinary
use of the vaccine. Systemic Sde effects: axillary temperature was recorded in the
morning and evening for 72 hoursafter vaccination. The groups showed no difference
in incidence of moderate fever rate (37°C-37.5°C). There was no datisticaly
sgnificant difference betweenthese four groups (P>0.16). Serum antibody response:
the GMTs of bactericidal tests(4 weeks sera) were 30.7 (50 gprotein), 29.1 (25:- g
protein), 14.5 (30: g polysaccharide, 1.1 (placebo) and the GMTs of the 26 weeks
serawere 15.7, 16.4, 6.4 and 1.4 respectively. Beforevaccinationthe GMTs of the
four groups were 1.9, 1.7, 1.4 and 1.1, no sgnificant difference between them.
Therefore, the GMTs of the two protein vaccines were significantly higher than that
of the polysaccharide vaccine and the placebo groups. According to the above
results, the group A serotype 4 protein vaccine will be a candidate vaccine in infants
in China
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Quality control of the Cuban and Norwegian serogroup B vaccinesused in
thelcdand study
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Public Hedth, Odo, Norway.

Two vaccines, one from the Finlay Ingtitute (F), the other from the NIPH (N), were
used in aWHO sponsored study in Iceland to evaluate the serum bactericidal assay
and ELISA as potentid immunologica correaes of protection. Both vaccineshave
already been shown effective in separate dinical trials. Here we report on their
characterization and qudity control by the manufacturers and by an independent
laboratory (NIBSC). Independent laboratory evaluation was considered to provide
data complementary to that produced by the manufacturers, to improve vaccine
characterization and to help identify difficult areas, specifications and a need for
standard reagents.

The two vaccinescons sted of outer membrane vesiclesenriched inserotype and sub-
type antigens treated to remove the bulk of the lipooligosaccharide. They aso
contained dgnificant amounts of other membrane proteins. In addition, the F vaccine
contained added polysaccharide C.

The vaccines were shown to be Smilar but not identica in protein composition,
containing Class 1, 3, 4 and Opc proteins, class 5.5. protein was identified inthe N
vaccine only. Both preparations had low levds of LOS 3,7,9. The 70 KDairon-
regulated Frp B proten was identified amongst the higher molecular weight
components of both vaccines, as was an 80 KDa protein. Neither preparation
contained trandferrin-binding proteins. More 70 KDa protein was present in the lot
of N vaccine used in Iceland than in previous lots.

Both vaccines adsorbed wel onto duminium hydroxide dthough differences were
detected inthe ease of desorption. Differencesweread so noted betweenthe sabilities
of the two vaccines both prior to and after adsorption onto the carrier.

Interesting differences dependent on the vaccine and strain of mouse used, were
noted in the immune responses detected by immunoblotting. This highlightsa need for
caution in interpreting murine immunogenicity data. Some minor proteins gave
ggnificant immune responses.
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ICDC, Atlanta, GA, USA; ?Dept of Microbiology, Nationa UniversityHospital, 101
Reykjavik, lcdand; *Dept of Infectious Diseases, Reykajavik City Hospital, 108
Reykjavik, Icdland; “National Ingtitute of Biologic Standards and Control, Potters
Bar, UK; °Nationd Ingitute of Public Hedth, Odo, Norway; °Finlay Ingtitute,
Havana, Cuba.

I ntroduction: Two serogroup B meningococca vaccines, one produced by the Finlay
Ingtitute (F) in Cuba & the other by the Nationa Ingtitute of Public Health (N) in
Norway, have been shown to be effective usng 2-dose regimensinlarge dinicd trids
with estimated protective efficacies of 83% and 57%, respectively. In this World
Hedlth Organization-sponsored study, we evauated the serum bactericidal assay
(SBA) & ELISA as potentid immunologic correlates for protection conferred by
these vaccines.

M ethods: 408 persons ages 15-20 yrs were enrolled inarandomized, double-blind
trid & given 2 (0, 6 weeks) or 3 doses (0, 6 weeks, 11 months) of a serogroup B
vaccine or 2 doses (0, 6 weeks) of serogroup A/C vaccine. Blood samples were
obtained before vaccinations and at 12 weeks, 12 months and 20 months. Serawere
evauated by SBA & ELISA agang respective vaccine type-strains (CU385/83
[B:4:P1.15:.L.3,7,9] & 44/76-1[B:15:P1.7,16:L.3,7,9], F & N, respectively) in F, N,
& CDC laboratories. A "responder” was defined as a person with a> 4-fold risein
antibody titre compared to the pre-vaccination titre.

Results:

Time % SBA Responders (Control) % ELISA Responders (Control)
after F F N N F F N N
enroll 2-dose 3-dose  2-dose 3-dose 2-dose  3-dose  2-dose  3-dose
12wks  25*(2) 71%(3) 54* (4) 74+ (3)

12mos  15(13)  44*(13) 47*(10) 84*(10) 17(9)  68(9) 34*(1)  89*(1)

20mos  43*(20)  62¢(20)  64*(13)  69*(13)

* = p<0.05 compared to control. These results are from CDC. Similar trends were seen in al
laboratories, and among sera collected at 6 wks and 11 months.
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Conclusions: Therdatively low proportions of SBA and EL1SA respondersamong
the Finlay vaccine recipients are difficult to interpret given the high dinica efficacy
found in the Cuban trid. The proportions of SBA and ELISA responders among
NIPH vaccine recipients are Smilar to the efficacy measured in the Norwegian trid.
Three dose regimens with the Finlay and NIPH vaccines were associated with
ggnificantly higher proportions of SBA responders at 12 months, but not at 20
months, after enrolment. Efforts to understand mechanisms by whichthese vaccines
confer protection should be intensfied, and other testsshould beeva uated aspossible
immunologic correlates for protection.
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Antibody response of complement deficient patientsto tetravalent
meningococcal polysaccharide vaccine

C.A.P. Fijen', E.J. Kuijper!, Y. van Lesuwen', M.R. Daha? and J. Dankert!

'Reference Laboratory for Bacterid Meningitis, University of Amsterdam/RIVM,
2University Hospita, Leiden, the Netherlands.

Complement deficiency predisposes to meningococca disease, especialy due to
uncommon serogroups (Y, W135). Vaccination with tetravalent (ACYW135)
meningococca polysaccharide vaccine of hedthy persons withanintact complement
system confers immunity to meningococcd disease (2). Whether the antibody
response to this vaccine is norma and confers protection in patients with different
complement deficiencies il has to be established (3).

We studied the antibody response to tetravalent meningococca polysaccharide
vaccine (MencevaxACWY, SKB, Rixensat, Belgium) in 49 complement deficient
persons with the following deficiencies: properdin deficiency (n=20); C3 deficiency
syndrome (n=5): factor H (n=1), C3 deficiency (n=2) and C3NeF (n=2); 24 persons
withalate component of complement deficency: C5 (n=3); C6 (n=3); C7 (n=7) and
C8 (n=11). In addition, 24 non-complement deficient reatives and an age and sex
matched control group of 24 persons with a normal complement system were
vaccinated. All patients were over the age of 9 years and hedthy at the moment of
vaccination.  Serum samples were collected immediately before and 1, 2 and 6
months after vaccination. Antibodies (IgG, IgM and 1gA) againg the capsular
polysaccharides A, C, Y, W135 were measured in EL 1 SA according to the method
described by Carlone (1). Serum bactericidal response was measured against the
bacterid srains from which the purified polysaccharides of the vaccine were
prepared, except for the highly serum sendtive NmY drain. Sera were tested with
their own complement and with addition of exogenous human complemert.

Results of the bactericida activity and quantitative antibody response to the vaccine
in the various groups will be compared and used to define guidelines for vaccination
in complement deficient subjects.
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Bactericidal antibody responses of juvenile rhesus monkeysto
Neisseria meningitidis conjugate B polysaccharide vaccines

W. D. Zdllinger, C. E. Frasch, S. J. N. Devi, E. E. Moran and P. J. Shoy

Wadter Reed Army Indtitute of Research, Washington, DC and Center for Biologics
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Sx conjugate group B polysaccharide (GBPS) vaccines and one non-covaent
complex of B polysaccharide with meningococcal outer membrane protein were
obtained from different sources and tested for immunogenicity and safety in rhesus
monkeys. The vaccines included: GBPS noncovadently complexed to outer
membrane vesiclesfromsrain 99M(B:2a:P1.2) [Dr.W. Zadllinger], GBPS-CRM 197
conjugate [Dr. Rino Rappouli, Biocine, Sclavo], N-propionylated GBPS-OMP3
conjugate combined with duminum hydroxide or  stearyl tyrosine [Dr. Joseph Tal,
NAVA Inc] (2, GBPS-OMP conjugae with  OMP from dran
M986(B:2a:P1.2:L.3,7) with and without MPL+TDM [Dr. S.JN. Devi and Dr. C.
Frasch, FDA] (1), and E. coli K92 PS-TT conjugate [Dr. S. J. N. Devi and Dr. C.
Frasch, FDA].

One year old rhesus monkeys were immunized intramuscularly threetimes at weeks
0, 6, and 14. Serum sampleswere collected at weeks 0, 2, 6, 8, 14, 16, 22, and 30
and andyzed for bactericidd antibodies against a group B case isolate,
8765(B:15:P1.3.L3,7). It has been shown that anti-GBPS antibodies induced by
natura infections or by vaccinationwith noncovaent complexesof GBPS and OM Ps
are bactericida with heterologous complement but not with homologous complement
(4). We therefore did bactericida assays usng norma human serum as the
complement source and repeated the assays usng normal rabbit serum asthe source
of complement. In addition, some sera were tested using normal rhesus monkey
serum as the complement source. The assayswere donein 96 well microplatesusing
atotd volume of 0.1 ml. Viable colony forming units were enumerated after plating
on solid medium by the tilt method and overnight incubation a 37/C. The dilution
giving 50% killing was chaosen as the endpoaint.

When rabbit complement was used, nearly dl the animds had relaively high pre-
vaccination titresof bactericida antibodies (range: 1:3 to 1:7290; GMT: 1:90). With
one exception (E.coli K92 PS-TT conjugate), dl the vaccines induced a 4-fold or
greater increase in titre in mogt of the animals vaccinated. The increased titres,
however, did not persist through the end of the sudy. By week 30 the serum
bactericiddl titres(determined withrabbit complement) of most monkeys had returned
to prevaccination levels.
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Whenhumancomplement was used, most prevacci nationserashowed no bactericidal
activity and in mog of the vaccine groupslittle or no increase in bactericidd activity
was observed. Two vaccines, however, induced relatively high titres of bactericidd
antibodies which persisted through the end of the study. These vaccines were the
GBPS-OMP conjugate with and without the MPL + TDM prepared at the FDA.
Since these vaccines contained meningococca outer membrane proteins and some
lipopolysaccharide, the specificity of the bactericiddl antibodies was uncertain. A
pool of the 8-week serafromthe monkeys that received the GBPS-OMP conjugate
with MPL + TDM was absorbed 4X with E. coli K1 cdls to specificdly remove
antibodies to the GBPS. The absorption did not change the bactericidd titre with
human complement. The titre observed with rabbit complement, however, was
decreased by 90%. A ggnificant increase in antibodies to lipopolysaccharide was
observed in these animas by ELISA, and nearly dl of the bactericidal activity with
human complement could be inhibited with purified lipopolysaccharide. These results
indicate that the crossreactive bactericidd antibodies induced by the GBPS-OMP
conjugatevaccinesand functiona with homol ogous complement weredirected against
the lipopolysaccharide rather than the GBPS.

Some serawere aso tested for bactericidal activity withrhesus monkey complement.
These results dosdy pardlded the results obtained with human complement and
suggest that human complement is an adequate substitute for homologous monkey
complement inthe bactericidd assay sysem. The failure of the GBPS conjugatesto
induce antibodies that were bactericida with homol ogous complement suggests that
conjugationof the GBPS to protein doesnot changethe basic qudity of the antibodies
it induces (3).
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Serological analyses from preclinical studies on meningococcal conjugate
vaccines
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Y. Ta

North American Vaccing, Inc., 12103 Indian Creek Ct., Bdtsville, MD, USA.

In preclinica studies on meningococca polysaccharide-protein conjugate vaccines
with mice, serologica problems have been encountered in three areas. (1) immune
vaidions inmicefromdifferent sourcesfor testing conjugate vaccine lots, (2) lack of
correlation between total 1gG and bactericidd titres, and (3) individua mouse
vaidion in the immune response. The use of different suppliers for the same strain
of mice consstently resulted in a3 to 4-fold difference in total 1gG and bactericidal
titres when testing the same meningococca C conjugate vaccines.  Some
supplier-rlated immune variation has aso been observed for meningococca B
conjugate vaccines, but the differences were not as great or as reproducible.
Incorporation of a reference control lot may be useful to compensate for this
supplier-based immunogenicity discrepancy if supplier changes cannot be avoided.
Bactericida antibodies may be dicited in mice againgt meningococcd B conjugate
vaccines congtructed from native or chemicaly modified polysaccharide (N-Pr
GBMP) and class 3 outer membrane protein (OMP 3). Individua mice have shown
large variaions in antibody responses to these B conjugate vaccines. All respond to
the polysaccharide with 1gG as measured by ELISA, but not dl respond with
bactericidal antibody. Contrary to what has been observed for the A and C
conjugate vaccines, however, thereappearsto beno correlation between oecific 1gG
and bactericida antibody titres. In addition, bactericidd titres for pooled serafrom
different mice do not necessarily correlate with the average of the individual sera,
uggesting the possibility of high affinity and blocking antibodies with respect to
bactericidd activity. 1gG isotyping is being investigated.
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Vaccination of mice with outer membrane protein detoxified LPS
complexes mainly induces antibodiesthat do not recognize intact outer
membrane vesicles

E.N. De Gaspari* and W.D. Zollinger?

immunology section, Adolfo Lutz Ingtitute, Sdo Paulo, Brazil. 2Walter Reed Army
Ingtitute of Research, Washington DC, USA.

There are severd problems associated with the use of LPSin avaccine. The most
obviousis its toxicity, but the LPS can be detoxified by mild acid hydrolysswhich
cleaves off lipid A, or by mild dkaine hydrolyss which removes ester-linked fatty
acidsfrom the lipid A. Presented aone, these molecules have poor immunogenicity
and must generdly be linked to acarrier molecule to be immunogenic. Among other
protective antigens, neisseria lipopolysaccharide and outer membrane proteins
(OMP's) are possible vaccine candidates.

We prepared vaccine condgting of noncovdent complexes of OMP's from a
B:NT:NT dran isolated from the CSF of a patient and akaline detoxified LPS
(L3,7). The vaccine was anayzed by SDS-PAGE and showed the presence of
OMP'sof classes 1, 3,4 and 5 (about 70-90% of total protein). Thedetoxified LPS
remained antigenicdly active as determined by specific reaction with monoclond
antibody. Balb/c mice were immunized with 2 doses of vaccine with or without
adsorption to duminium hydroxide. The micewere bled a appropriateintervds and
some of the mice were sacrificed to produce monoclona antibodies. Hybridoma
clones were screened by ELISA using purified outer membrane proteins and native
outer membrane complex from severd different Sransasantigens. A larger number
of cloneswere obta ned whenthe mice received vaccine with adjuvant as compared
tovaccine done. Mogt of the clones produced antibody that bound to purified OMPs
better or much better than to native outer membrane complex. Many of the clones
showed specificity for the homologous OMP's suggesting that these antibodies may
be directed againg serotype or subtype specific determinants. Theresultssuggest the
importance of polyvaent vaccine approaches and of preparing OMP vaccines from
drains prevdent inthe areatargeted for vaccine use, and usng methodsthat preserve
the native conformation of the OMP's.
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Safety and immunogenicity of meningococcal lipopolysaccharide
incor porated into liposomes for monkeys
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A.B.Petrov
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The reactogenic properties and immunogenic potency of meningococca vaccine
containing native lipopolysaccharide (L PS) incorporated intoliposomeswaseva uated
in experiments on rhesus macagques. Sx monkeys aged 6-7 years received the
vaccinein 2 injections at aninterva of one month. One dose contained 50 or 200 mg
of LPS incorporated into liposomes (3 monkeys per dose).

Indl monkeys febrile reactionto the vaccine wasin physiologica norm. Thecontents
of leukocytes in the blood and ESR remain unchanged after both immunizations. No
locdl reactions in the form of hyperaemia or infiltration were noted. All monkeys
remained hedthy with no 9gns of disease till the period of observation was over. As
reveded in ELISA, a high level of IgM antibodies to LPS was determined in the
serum prior to immunization. In one monkey immunized with 50 mg of LPS the
antibody level remained unchanged, but after the second injectionan undulaing of the
leve of IgM was observed. Anincreaseinthe level was noted in2 monkeys receiving
a dose of 200 mg. After both injections the peak of response was observed by the
end of the second week. Innone of the monkey the pronounced effect of memory to
the second injection of the vaccine was noted. Thus, after the second injection the
leve of 1gG antibodiesremained onthe same level or rose to the level observed after
the firgt injection. Before the end of the observation term (6 months) the circulation
of antibodieswas established. Thetota level of IgGand IgM exceeded the initid leve
observed prior to immunization2- to 10-fold. Thus, the results of animd experiments
indicate that the vaccine is safe and moderately immunogenic.
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The use of meningococcal detoxified lipooligosaccharide in experimental
vaccines against group B meningococci

V.SD.Vidra, M.C.C.Brandileonel, L.GMilagres', C.T.Sacchi!, R.C.Zandlal,
A.P.SLemos!, M.C. Gorla! and C.E. Frasch?

Lindtituto Adolfo Lutz. Secéo de Bacteriologia. Av.Dr.Arnado,355 - Sdo Paulo, SP,
Brazil. 2Food and Drug Administration. Bethesda, USA.

Meningococcd disease remans a dgnificant hedth problem in many different
countries. A number of dterndive cdl surface antigens have been investigated as
potentid group B vaccines. These indude lipooligosaccharide depleted outer
membrane vesicles(OMV), iron regul ated proteins associated with outer membrane
vesices (IRPs) and detoxified lipooligosaccharides (dLOS). In this study, antibody
response of mice given experimenta vaccines containing different concentrations of
OMYV associated with IRPs and C polysaccharide (PC) without and with different
concentrations of dLOS have been andyzed.

Three vaccines with no added dLOS have the following composition: 2.0 mg of
protein and 2.0 mg of PC per dose; 5.0 mg of protein and 5.0 mg of PC per dose and
10.0 mg of protein and 10.0 mgof PC per dose. Other 3 vaccines contained dLOS
inthe concentrationof 2 mg, 5 mg and 10 mg added respectively to 2 mg, 5mgand
10 mg of protein and PC preparation were aso studied.

Meningococcd OMV from a B:4:P1.15 srain (N44/89) were extracted from
bacteriagrown in Tryptic Soy Brothwithethylenediamine D O-hydroxy-phenylacetic
acid (EDDA). Meningococcd LOS(L 1,3,7,8) was extracted fromOMYV of N44/89
strain using a cold phenol procedure, and purified in a Sephacryl column S-300 HR.
LOS was detoxified by mild adkaline hydrolys's procedure.

Tota 1gG antibodieswerequantified by EL | SA and functiond activity was studied by
bactericidal assay usng a homologous strain. The ELISA results showed higher
antibody leves when 2 injections of 5.0 mg doses of OMV and PC were
administered. However, asgnificant decrease inantibody levels was observed when
dLOS was added to the preparations. Neverthel ess, the bactericida activity did not
show a sgnificant difference among the vaccines studied.

An analysis of the results suggested that OMV purification with DOC displaced the
natural LOS, exposing buried proteins that do not induce bactericidal antibodies.
When dLOS was added to the preparation it disguised these epitopes providing a

more specific antibody response.
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Role of IgM antibodies against C polysaccharidein the bactericidal
antibody titres of Brazilian vaccinees

L.G. Milagres®, CE.A. Mdles?, SE. Madanka? and G.M. Carlone?
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The incidence of meningococcd disease due to Neisseria meningitidis C in the
Greater Sao Paulo area of Brazil has until recently been low since the epidemic
Stuationin1971 and 1972. However, the percentage of serogroup C casesrosefrom
9.32%in 1988 to 14.75% in 1989 and reaching 32.36% in 1990. In1989 serotype
2b:P1.3, whichhad not been previoudy isolated in Brazil, started to replace serotype
2a.

Between 1989 and 1991, severa immunizationcampaigns were conducted in Brazil
using the Cuban antimeningococca BC vaccine (VA-MENGOC BC). Inaprevious
dudy, bactericida antibody activity against C meningococci (strain C11) were
detected in57% (n=14) of children 24-83mooldandinal (n=23) persons10-14
years old studied. Because of the low correlation between 1gG leveds detected by
ELISA and bactericidal activity (r = 0.39), we directed this study to anayze the
importance of IgM in the bactericidd activity detected in individuas with bactericdal
antibody titres higher than 1:32.

Serum samples collected 4 weeks after the second dose of the vaccine were studied.
IgM was removed from each serum by immunoadsorptionwithanti-IgM monoclona
antibody bound to the surface of polystyrene beads. Control reactions were done
using unadsorbed polystyrene beads. Bactericida titreswere determined beforeand
after adsorption. ELISA measurements of IgM were aso determined. Our results
suggest an important contribution of IgM in the bactericidd antibody response since
aggnificant reduction of antibody titre, minimum of 2-fold, was detected in 58% of
the persons studied.

Because of the short duration of IgM antibodies, the results also suggest that more

emphasis should be given to covalently conjugated polysaccharide-protein vaccines
in the development of effective vaccines againg group C meningococd.
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Immune response of miceto a Brazilian group B meningococci vaccine

L.G. Milagrest, M.C.C. Brandileonet, C.T. Sacchi', V.SD. Vieird, R.C. Zandld,
M.C. Gorld, A.P.S. Lemos and C.E. Frasch?

!Adolfo LutzIndtitute. Secéo de Bacteriologia. Av. Dr. Arnaldo, 355. Séo Paulo, SP,
Brazil. 2Food and Drug Administration, Bethesda, USA.

Since 1988 N. meningitidis B:4:P1.15, ET-5 complex, has been responsible for a
epidemic of meningococca diseaseinGreater S&o Paul o, Brazil. Despite current trias
to devel op aneffective vaccine againg B meningococdi, childrenlessthan2 yearsold
have not been protected.

It has been suggested that iron-regulated proteins (IRPs) should be considered as
potentid antigens for meningococca vaccines. The vaccine under study consisted of
outer-membrane vescles depleted of lipooligosaccharide from a B:4:P1.15 gtrain
(N44/89) isolated in our region, IRPs, C polysaccharide and duminium hydroxide.
Groups of ten 5 to 6 weeks-old-femde Swiss mice were immunized with 2
intramuscular injections of 4 different protein and C polysaccharide concentrations:
0.25, 0.5, 1.0 and 2.0 mg/dose.

Theimmune response of vaccinated micewas analyzed by ELISA, bactericidal assay
and immunoblot. The ELISA and bactericidal results showed a higher antibody
response when 2 injections of 2.0 mg doses were administered. The ELISA results
a so showed a sgnificant higher 1gG reactivity againgt antigen preparations containing
IRPs. However, the bactericida activity was not increased if the target Srain was
grown in iron-restricted medium. The immunoblot studies showed 1gG reactivity
primarily to class1 OMP. Studiesareinprogressto eva uatethe effect of athird dose
and the role of LOS in the vaccing's immunogenicity.
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Phase| study of two meningococcal outer membrane protein vaccines
prepared from a class 4 outer membrane protein negative mutant and its
isogenic parent
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Wadter Reed Army Inditute of Research, Washington, DC, The Rockefeller
University, New York, NY, and Connaught Laboratories, Inc., Swiftwater, PA.

Previous sudies of a purified outer membrane protein vaccine from group B
Neisseria meningitidis in Chile showed that in many instances the bactericidal
antibody responses were relatively weak as compared to the overal antibody
response measured by ELISA and by Westernblotting (3). Possible explanations for
the low percentage of functiond antibody induced include the induction of class 4
OMP spedific blocking antibodies (1,2) and vaccination with purified proteins that
had epitopes exposed that are normally not exposed on the intact organism. These
possihilitieswereinvestigated by preparing vaccines usng deoxychol ate extractionto
yidd lipopolysaccharide-depleted outer membrane vesicles which are thought to
present the OM Psinamore native configuration. Two vaccineswere prepared, one
fromamutant rainthat lacked the class4 OMP (2), 8765(B:15:P1.3)RecA- CL 4-,
and one from itsisogenic parent, 8765(B:15:P1.3)RecA-. Although the intent was
to prepare vaccines that were identical except for the presence or absence of the
class4 OMP, differences were noted in the presence of the 5C OMP and the L8
LPS determinant. For serologica andyses, srains and antigens were chosen that
were 5C and L8 negative.

The vaccines condsted of sucrose dabilized vesicles adsorbed to auminum
hydroxide, and they contained per dose ether 25 : g protein (low dose) or 50 - g
protein (highdose). Thesevaccineswereinitidly tested for safety and immunogenicity
inmice, rabbitsand rhesus monkeys. The vaccine prepared fromthe class4 negative
grain congstently induced dightly higher bactericidal titresinmiceand rabbitsthanthe
vaccine containing the class 4 OMP, but no difference was seen in monkeys. Each
vaccine wasthentested for safety and immunogenicity in40 volunteers (20 at the low
dose and 20 at the high dose). Two doses were given intramuscularly at 0 and 6
weeks. About haf of the volunteers received a third dose at 34 weeks.

The vaccines were generdly wel tolerated. The most common complaint was

soreness at the Ste of vaccination. Pain or tenderness at the vaccination Site was
reported inabout 75% of the volunteers. Mild feverswithin 24 hours after vaccination
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were obsarved in about 10% of volunteers.

Bactericidal assays were done usng the parent strain 8765 whichexpressed the class
4 OMP but did not express either the 5C OMP or the L8 determinant.  Over the
limited dosage range tested no dose response was observed. Geometric mean
increasesinbactericidal titre between 0 and 9 weeks post vaccinationvariedfrom3.5
to 4.3-fold for the four vaccine groups. Based on this limited andyss the presence or
absence of the class4 OM P inthe vaccineshad no effect on the titres of bactericida
antibody induced.

IgG antibody levels as measured by ELISA againgt the OMC from strain 8765
increased 3 to 4 fold between 0 and 9 weeks. Antibody levels decreased to about 2-
fold above the prevaccination level after 1 year. No clear dose response was
observed, and no difference between the two vaccines was evident.

More detailed andyds of the antibody responseis planned. These studieswill include
measurement of the amount of antibody induced to each of the individua mgor outer
membrane proteins including the class 4 protein. The relative amount of anti-class 4
antibody induced reative to the amount of antibody to the porins and LPS will be
determined and correl ated with the bactericidd titre of the sera

References

1 K. P.Klugman, E. C. Gotschlich, and M. S. Blake. 1989. Sequence of
the dstructurd gene (rmpM) for the class 4 outer membrane protein of
Neisseria meningitidis, homology of the protein to gonococca protein 111
and Escherichia coli OmpA, and construction of meningococca strains that
lack class4 protein.  Infect. Immun. 57: 2066-2071.

2. A. Munkley, C. R. Tindey, M. Virji, and J. E. Heckels. 1991.
Blocking of bactericida killing of Neisseria meningitidis by antibodies
directed againg class4 outer membrane protein. Microbia Pathogenesis11:
447-452.

3. W.D. Zollinger, J. Bodego, E. Moran, J. Garcia, C. Cruz, S. Ruiz, B.
Brandt, M . Martinez, J. Arthur, P. Underwood, W. Hankins,J. M ays,
J. Gilly, and the Chilean National Committee for M eningococcal
Disease. 1991. Meningococcda serogroup B vaccine protection trid and
follow-up sudiesin Chile. NIPH Annals 14:211-213.

450



Vaccines and vaccinetrials, poster 169.

Immuneresponseto outer membrane vesicle vaccines of L PS mutants of
the vaccine strain 44/76 of Neisseria meningitidis

S. R. Andersen, G. Bjune, K. Bryn and E. Jantzen
Nationa Ingtitute of Public Hedlth, Geltmyrsveien 75, N-0462 Od o, Norway.

The Norwegian outer membrane vesides (OMV) vaccine agang group B
meningococcd disease contains LPS (7% relative to protein). The mgor LPS
component isof immunotypeL 3,7,9 possessing lacto-N-neo-tetraose (LNNT; Gal1-
4GIcN1-3Ga1-4Glc-) (2). Thistetrasaccharide is dso found on human cells (1,3)
and could theoreticdly reduce the immunogenicity of the vaccine, or induce
autoantibodies. Thus, four pyocin-resstant LPS mutants (Mu-1, -2, -3 and -4) of
drain 44/76 were isolated. Since no gal actose was detected by gas chromatography,
the four mutants possessed LPS devoid of LNNT.

Mu-1LPS contained Kdo and GIcN fromlipid A witharatio of 2:2; Mu-2 contained
Hep, Kdo and GIcN (2:2:2); Mu-3 LPS contained Hep, Kdo, GIcN (2:2:3) and Mu-
4 LPS contained Glc, Hep, Kdoand GIcN (1.6:2:2:3). A phosphorylated Hep was
detectedinMu-2, Mu-3and Mu-4 L PS asthe molar value of Hep increased by close
to one mol upon dephosphorylation. None of the four mutant LPSs expressed the
immunotype determinants of L3,7,9 or L8, and only Mu-4 showed aweak reaction
towards an immunotype L 11 specific monoclond antibodies. The class 1 (P1.7,16),
class 3 (P15) and Opc outer membrane proteins of the mutants were found to be
identical to the parent gtrain.

OMYV veaccines were made from Mu-1, Mu-4 and the parent strain 44/76. Al(OH),
was used as adjuvant. Altogether 6 groups (n= 8to 11) of F1 hybrid mice (BALB/CA
x C57-B) were immunisad subcutaneoudy at day 0 and day 21 with two doses of
ether 0.5 or 4 g protein of one of the vaccines. Sera from each group of were
collected at day 35 and pooled.

Thetotd antibody levelsto whole cellsand OMV fromthe parent strain 44/76 were
measured by ELISA. A sgnificant doseresponse was evident withal three vaccines.
But they induced smilar anount of antibodiesto the parent vaccine strain. Incontrast,
antibodiesagaing L PSfromstrain 44/76 wereonly detected by EL I SA inserum from
mice immunised with 4 g protein per dose of the Mu-4 OMV vaccine.

Theserumpools were tested for antibodiesto components of L PS fromstrains 44/76
and the four mutants by immunoblots after polyacrylamide gd dectrophoresis. The
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serumpool frommiceimmunissd withMu-4 OMV vaccine reacted to LPSfromMu-
2 (weskly), Mu-3 and Mu-4, but not to LPS from 44/76. Serum pool from mice
immunised with Mu-1 reacted only with its homologue LPS, whereas serum from
mice immunised with OMV vaccine from strain 44/76 did not react at al with LPS
components.

In concluson, mutant OMV vaccines devoid of LNNT were not less immunogenic
thanthe OMV vaccine of the native strain 44/76. On the contrary, LPS in the Mu-4
OMYV vaccine seemed more immunogenic than LPS from the strain 44/76. The
spexificity of theantibodiesagaing L PS, induced by the Mu-4 OMV vaccine, seemed
to be directed againgt the conserved inner core of LPS, containing heptose.
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Human antibody kinetics to meningococcal outer membr ane antigens after
vaccination with the Norwegian group B outer membrane vesicle vaccine:
Resultsfrom a pilot three-dose trial among Norwegian adults

E.A. Haiby', E. Rosengvist?, E. Wedege?, G. Bjune? and H. Ngkleby?

!Departments of Bacteriology and ?Vaccines, Nationd Indtitute of Public Hedlth,
Geitmyrsvn. 75, N-0462 Odo, Norway.

Antibody kinetics after vaccination with three 25 g doses of the Norwegian
serogroup B meningococca outer membrane vesicle vaccine (1,2), as used in a
teenager protection trid (1) and in the ledand immunogenicity study with group B
meningococca vaccines, isdescribed. Serafrom27 adult Norwegianvaccinees have
been studied.

The volunteers, who origindly participated in the Phase 11-1 and Phase 11-3
immunogenicity studiesin Norway (3), received the first two 25 : g doses at about
ax week's interva. The third 25 - g dose was given four to five years later. Sera
drawn prior to the firg and second vaccination, Sx weeks and Sx months after the
second vaccination, as well as seraobtained just before and up to one year after the
third dose were studied.

Serum antibody activities to the vaccine antigens (outer membrane proteins, OMP,
and lipopolysaccharides, LPS), were measured by ELISA (4), immunoblotting (5)
and by serum bactericidal assay (SBA) (6) againg a selection of meningococcal
drans.

Six weeks after the second injectionmorethan 95% of the vaccinees had responded
in OMP-ELISA, and inthe SBA applying the vaccine strain (44/76; B:15:P1.7,16),
when this strain expressed high amounts of Opc protein (7). When variants of the
grain expressing low amountsof Opc was used in the SBA, adgnificant reductionin
bactericiddl titres were observed. After two doses, the geometric mean (GM) 19G
level against OM P had increased about 7-fold. Five months after the second dosethe
GM IgG leved agang OMP had declined to about 3-fold higher than the
prevaccination value. After about four years, the GM 1gG anti-OMP activity in the
vaccinees was not sgnificantly different from that prior to vaccination.

The third dose induced a brisk memory 1gG anti-OMP and bactericidal responsein
mogt of the vaccinees, dthough large variaions between individua vaccinees were
observed. Two weeks after thethirddose, the GM 19G leve againg OM P was about
14-fold higher than the prevaccination vaue. One year later the GM 1gG OMP level
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had declined sgnificantly compared to the pegk levd, but still remained 4.5-fold
higher than before vaccination. Also in the SBA a sgnificant reduction in titre was
observed oneyear later, but the reductionwas rddively lessthanobserved inELISA.
One vaccineedid not respond with bactericidal antibodies to the vaccine Strain after
any of the three doses.

Most of the vaccinees a so responded wel with1gG antibodies againgt LPS from the
vaccine drain after the two firgt doses, but in contrast to the anti OMP-response,
there was no strong booster response againgt LPS after the third dose. Asjudged
from immunoblots, the 1gG binding to each of the mgor outer membrane proteins
showed different profiles throughout the five-year period observed. The third dose
induced aremarkably strong response in 1gG againg the class 3 proteinin23 (85%)
of the vacciness.
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A retrospective cohort study of the possible association between
demyelinating diseases and immunization with the Norwegian MenB outer
membr ane vesicle vaccine

P. Aavitdand, G. Bjune and J. Fuglesang
Nationd Indtitute of Public Health, 0462 Odo, Norway.

In 1988-90, 93,000 students born in the years 1972-77 received at least one dose
of the Norwegian vaccine againgt group B meningococcal disease in arandomised
double-blind placebo-controlled efficacy trial (phase 111B) (3). Three cases of
demyelinating diseases were reported as possble adverse events following
immunization: myelopathy (ICD-9 code 336.9), onset on day 10 after last dose;
possible multiple sclerosis (341.9), day 26; and transverse myditis (323), day 42 (2).
In 1991-92, 54,000 students, dl placebo recipients from phase 111B, received the
vaccine. Two cases of demydlinating diseases were reported as possible adverse
events fallowing immunization: Guillain-Barré syndrome (357.0) onset on day 21
after last dose; and postinfectious encephdlitis (323.6), day 49 (1).

We are performing aretrogpective cohort study to test the hypothess thet the risk of
demyeinating disease is ot increased inthe firg eight weeks following immunization.
The cohort congigts of dl persons born in 1972-77 and attending compulsory
secondary school in Norway in 1988-90, a tota of 233,000 persons. Outcome
information was obtained from a nationwide, anonymous health services research
database of dl persons discharged from a hospital ward. We assumed that these
diseases would dways lead to hospitd admission. Each record representsa stay in
ahospital ward, and contain up to three |CD-9 diagnoses, sex, agein years, date of
admisson and discharge, and number of admissions in the same hospital within a
cdendar year. The database has no information on date of onset of diseases.

We identified 291 records (representing up to 240 patients) that met the following
criteria 1. Admitted 1988-90; 2. age 10-19 years, 3. at least one of the following as
main, secondary or tetiary diagnoss (codes): encephditis, myditis or
encephdomyditis (323.n); other diseases of the medulla (336.n); multiple sclerosis
(340.n); other CNS demydinaing diseases (341.n); hemiplegia (342.n); other
pardytic syndromes(344.n), other encephal opathy (348.3); Guillan-Barrésyndrome
(357.0); adverse effects of bacteria vaccines (E948); or adverse effects of other
vaccinesor biologica substances (E949). We aso included code 781.n (symptoms
fromthe nervous or musculoskel etd system) asthis diagnosisis often used for unclear
clinicd picturesthat later turn out to be multiple sclerosis
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Hospitds were requested to de-anonymize the 291 records (based on dates of
admisson and diagnoss) and send the discharge report to us. We obtained
information on 260 of these 291 records (89,3%), representing 193 patients. The
following patients were excluded from further analysis. 47 not bornin 1972-77; 71
with onset of disease before 1988; 50 with diagnosis 781.n but no later neurologica
disease; 29 withether congenitd, traumétic or neoplagtic etiology of their neurologica
diagnoss, one with a penicillin reaction (E949); and four with miscoded diagnosis.
Severa patients had morethanone reasonfor excluson. Thus 54 persons of the total
cohort of 233,000 had onset of one the outcomesinthe observation period 1988-90:
21 had encephditis, myditis or encephalomyelitis (323.n); two had other diseasesof
the medulla (336.n); two had mulitiple sclerosis (340.n); one had other CN'S demydi-
nating diseases (341.n); one had hemiplegia (342.n); eight had other paralytic
syndromes (344.n), sx had other encephaopathy (348.3); and 13 had onset of
Guillain-Barré syndrome (357.0) in the observation period 1988-90.

Exposure informationon these persons will be obtained fromthetriad database of the
entire cohort. In this database each person is categorized as vaccinee, placebo
recipient or non-participant, and dates of al injections of vaccine or placebo are
recorded. We will calculate the relative risk to the vaccinees of these diseases in
varioustime periods following immunization or placebo injection. For thisanayss,
non-participants will be assigned random "dates of injection”. Wewill dso caculate
the incidence of these diseasesin this teenager population for use as basdine datain
future vaccinetrids.
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Comparison of the class 1 outer membrane protein from B: 15:P1.16
Neisseria meningitidisstrainsisolated from patients previousy immunised
with a serogroup B outer membrane protein vaccinein Norway

JL. Brooks, E. Rosenqvist?, G. Bjune?, P.R. Lambden', and J.E Heckels!

"Molecular Microbiology Group, University of Southampton Medical School,
Southampton Genera Hospitdl, TremonaRoad, SouthamptonSO18 4XY, U.K. UK
Tel:0703 796995, Fax:0703 774316. 2Department of VVaccine, Nationd Ingtitute of
Public Hedlth, Geitmyrsveien.75, 0462. OSL 0.4, Norway.

Current attempits to develop effective vaccines againgt infection caused by group B
meningococci have led to investigation of experimental outer membrane vaccines.
Since 1974 there had been a high incidence of meningococca disease in Norway,
particularly among teenagers, with 75% of cases due to N. meningitidis group B
serotype 15, subtype P1.16 (1). An outer membrane protein vesicle vaccine was
prepared from organisms of strain 44/76, a B:15:P1.7,16 strain isolated froma fatal
case which occurred during the epidemic. A large scale, double blind efficacy trid
was carried out in Norwegianteenagers withthis vaccine. Over the period of the trid,
the point estimate of protection was 57% (95% confidence limits = 19-79 %) with
the mgjority of casesin vacinees occurring during the find years of thetrid. Vaccine
falureswere found not to be due to complement deficiencies(3), low levels of manan
- binding protein (2) or predisposition through ABH non - secretor status of the
victimg/patients (4).The digtribution of vaccine falures suggests that the duration of
protective immunity was limited or that infection had occurred with srains that had
evolved so as to escape the consequences of the immune response.

The outer membrane protein vaccines contain anumber of different antigens and the
identity of those which induce protective immunity is not clear. The class 1 proteinis
one of the two most abundant proteinsin the outer membrane. Antibodies directed
againg this protein promote complement mediated bactericidd killing and protect in
the infant rat mode of meningococcd infection(8). Inaddition to the mgor structural
differences in class 1 protein that generate sero-subtype specificity, recent studies
have revea ed the occurrence of minor variations in protein sequence whichmay have
magor effects on immune recognition of meningococa. One such variant of subtype
P1.16 whichwas origindly isolated from alocal epidemic of meningococca infection
inthe Gloucester area of the UK, and subsequently found in other areas of England,
wastermed P1.16b (5). A further distinct variant (P1.16¢) hasrecently beenisolated
fromasamadl cluster of casesinsouthernNorway (7). These srains showed increased
resstance to bactericida killing by sera from individuals who had been immunised
withthe B:15:P1.7,16 vaccine. Smilar sequencevariations have also been seenwhich
modify the P1.7 epitope (6,9,10).
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In order to investigate the possbility that vaccine fallures during the Norwegian trid
may have had been caused by the occurrence of Smilar variation in class 1 protein,
the por A genes (encoding class 1 protein expression) from isolates obtained during
the trid were sequenced and the deduced amino acid sequences of the proteins
compared with those which have been previousy determined. During the trid 10
meningococcd group B strains wereisolated fromvaccinees and subjected to typing
and subtyping. Any isolates which could possibly have arisen from the prevaent
B:15:P1.7,16 strain by mutation in the por A gene were chosen for further study.
These were defined as B:15 drains which reacted with any of the monoclond
antibodies used to detect either P1.7 or P1.16 epitopes or whichwere non-typeable.
By thesecriteriafivesrans whichwere B:15:P1.7,16 and one whichwas B:15:P1.16
were selected. The latter strain failed to react with the P1.7 monoclona antibody in
outer membrane ELISA but reacted weakly in dot and Western blots. For
comparisonfive B:15:P1.7,16 srainsfromcaseswhichoccurredinthe placebo group
were aso studied.

The sequence of the complete porA genes from the vaccine falures and placebo
cases were compared withthoseof the44/76 vaccine srain (P1.7,16a), srain MC58
fromGloucester, UK (P1.7,16b), 104/84 fromWest-Agder, Norway (P1.7,16¢) and
with the sequence of a Norwegian strain 67/87 with a'masked' P1.7 epitope (10).
In the vaccine faillures and placebo controls, the porA gene sequences and the
deduced amino acid sequences were dl identical to the sequence of strain 44/76
except for that of one isolate whose sequence was identical to the strains described
inNorway (10) and England (6) whichhad 'masked' P1.7 epitopes. Between 1987 -
1990, B:15:P1.16 was the most common infecting strain in Norway with 81% of
these a 50 reacting withthe P1.7 antibody and the remaining 19% dl having'masked'
P1.7 epitopes with amino acid sequencesidentical to thet of thisoneisolate. Strains
of amilar sequence have been noted (9) and designated P1.7b,16. The occurrence
of one P1.7b,16 out of the tenvaccine faluresstudied isin agreement withthe genera
incidenceof P1.7b,16 srainsinNorway. Thus it would appear that themgjor reasons
for vaccine fallurein the tria were likely to be associated with the failure to develop
an adequate immune response on vaccinationrather than the generation of asalection
pressure leading to a predominance of escgpe mutants.
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Antibody response against the 64 kDa protein from Neisseria meningitidis
after systemic meningococcal disease, and after vaccination with two
different serogroup B meningococcal vaccines among young adultsin
Iceland

A. Musacchio, S. Gonzélez, E. Caballero, E.A. Haiby' and E. Rosengvist

Divison de Vacunas, Centero de Ingenieria y Biotecnologia, P.O. Box. 6162, La
Habana, Cuba. 'Nationd Ingtitute of Public Health, N-0462 Odo, Norway.

A 64 kDa molecular weight protein has been identified from a Cuban group B
meningococca dran (2). The gene encoding this protein has been cloned and
expressed in Escherichia coli (2). The protein was purified to homogeneity and
murine monoclona antibodies (MAD) were prepared. The protein appearsto be an
important vaccine candidate, but the presence of 64 kDainboth the Norwegian and
Cuban serogroup B meningococcd vaccines(1,3) isnot known yet. Here we report
astudy of the expression of the 64 kDa protein indifferent meningococcd srains and
the humord anti-64kDaresponse in humanvacci neesimmunized with both vaccines,
and in patients who have suffered from systemic meningococcd disease.

Expressionof 64kDaproteinindifferent strains. Screening of various Neisseria
gransinwhole-cdl ELISA and immunoblotting withM Abs showed that the 64 kDa
protein is expressed in dl drains of meningococc tested, but not in Neisseria
lactamica or N. sicca. When outer membrane protein complexes from the
Norwegian vaccine grain (44/76) was extracted with lithium chloride (pH=5.8), the
64 kDa protein was detected by antibodies in immunoblots. However, when this
preparation was treated with 0.5% sodium deoxycholate (DOC) as in the vaccine
preparation, the intengty of the sgnd detected withthe MAbswas strongly reduced.
This suggests that the epitope recognized by this MAb ether is modified after
treatment with DOC or that the 64 kDa protein is removed by DOC extraction.

Bactericidal antibodies: Murine polyclond antissrum againg the 64 kDa protein
was bactericida agangt 44/76 (B:15:P1.7,16) and B385 (B:4:P1.15) while no
bactericida activity was detected against strains 8069 (B:2b:P1.2) and G1963
(B:4:P1.4,(7),14). The tested murine MAbs againg 64 kDa were not bactericidal.
Affinity purified human1gG immunoglobulin againg thisprotein, isolated froma Cuban
vaccine, wasbactericidal againg dl meningococcd srains tested, dthough giving only
moderately high bactericida titres. The bactericidd titres were higher when the
bacteria were grown in broth than when grown on agar plates.
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Antibodies to the 64 kDa protein in sera from convalescent patients and
vaccinees: Immunoblots of acute phase (a hospita admission) and reconval escent
sera (drawn about two weeks later) from 15 Norwegian patients with systemic
meningococca disease showed that ten out of 15 convalescent patients devel oped
antibodies reacting with the 64 kDa protein after infection with N. meningitidis
strains, and 5/15 had weak response againgt the protein before the infection, but al
had enhanced recognition of the protein in the reconvaescent sera, as shown by
Western blot. Thisindicatesthat the natural protein is highly immunogenic in humans.

Inarandomized, double-blind, controlled trid in I celand, 408 15-20 yr-old volunteers
were enrolled and given 2 (0,6 wks) or 3 doses (0,6 wks, 11 mos) of either the
Norwegian (1) or the Cuban (2) produced group B meningococca vaccines. A
control group was given 2 doses (0 and 6 wks) of a serogroup A/C meningococca
vaccine. Blood was obtained prevaccination and 6 wks after each vaccine dose.
Antibody responseagaingt arecombinant 64 kDa protein were sudied by EL I SA and
inimmunoblotswitharepresentative subset of serafrom1/4 of the participants. Only
1-2 out of the 20 vaccineesineach group showed sgnificant increasesin pecific 1gG
againg the recombinant 64 kDa protein. No sgnificant differences between the
different vaccine groups were observed and no datidticdly sgnificant correlation
between bactericida activity and 1gG against 64 kDa protein was demonstrated.

Concluson: We were able to demondtrate the presence of the 64 kDa proteinin a
wide collection of meningococcd strains. The protein was found in both carrier and
systemic disease isolates, suggesting thet thisantigen is broadly crossreactive within
meningococci. Antibodies specific for 64 kDa protein were detected in dl
reconvaescent sera from patients with meningococcd disease, implying the
expressionof thisprotein in vivo, during infection and itsimmunogenicity in humans.
Fndly, nether the Norwegian nor the Cuban group B meningococca vaccines
induced sgnificant amounts of antibodies againgt the recombinant 64 kDa proteinin
lcelandic vaccines.
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Crossreactive bactericidal componentsin sera from the serogroup B
meningococcal vaccinetrial in lceland
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Two serogroup B meningococcal vaccines based on outer membrane proteins, one
produced by the Finlay Indtitute (F) in Cuba (1) and the other by the Nationa Indtitute
of Public Hedlth (N) in Norway (2), have been shown to be effective using 2-dose
regimens in lage dinicd trids (1,3). The F-vaccine was produced using a
B:4:P1.15:L.3,7,9drain(385/83) and the N-vaccine wasfromaB:15:P1.7,16:L.3,7,9
strain (44/76). To study cross-reactivities in serum bactericidal assays (SBA) with
heterol ogous meningococcd srains and the influence on bactericidal activity of antib-
odies againgt various components in the strains, sera from young adults immunized
with the F and N-vaccinesin a immunogenicity trid in Iceland, have been andysed
with apand of meningococcd drains.

Sera collected before the first dose and six weeks after the second and third doses
from a dratified subset of sera from 1/4 of the vaccinees receiving three doses of
gther the F-vaccine (n=18), or the N-vaccine (n=22), were tested in SBA as
described (4). Thefirst two doses of vaccineswere givenat a Sx week interva, and
the third dose ten months later. Fve different drains were tested: three variants of
strain 44/76, expressing either low (44/76-SL) or high (44/76-SL Opc++) amounts
of the Opc protein, and a mutant of strain 44/76 (M14) which neither expressed the
class 1 nor the Opc protein (4); arecently isolated systemic serogroup B strainfrom
Icdand (B:21:P1.16); and aserogroup A dranfromMdi (A:21:P1.9). All serawere
aso tested in ELISA for antibodies to lipopolysaccharide (LPS) (L3,7,9) from the
Norwegian vaccine gran.

The N-vaccine induced higher bactericiddl titres than the F-vaccine agangt the
homologous strains 44/76-1 and 1. For both the N and F-vaccinees, the observed
titres were aso higher againgt strain 44/76-11 thanagaing 44/76-1. This indicates thet
both the N and the F vaccine induced bactericida antibodies againgt Opc, or that
strain 44/76-11 was more sensitive in SBA than 44/76-1.

With 44/76-M 14 as target strain, areduction in bactericidal titreswas observed for

both groups of vaccinees, whencompared withstrain 44/76-1. The rdative reduction
iNnSBA waslessfor the sera fromthe F-vaccineesthanfor the N-vaccinees, showing
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that the serosubtype (class 1) specific component is more important inthis assay for
the N-vaccinees than for the F-vaccinees. However, with this subset of the sera,
16/22 (73%) of the N-vaccinees and 11/18 (61%) of the F-vaccinees tested,
responded significantly (more than 2-fold increase in titre) against 44/76-M14 in
SBA, dfter three doses. This demonsgtrates the importance for bactericida activity of
antibodies againg other components than the Opc and the class 1 proteins. SBA
results with the heterologous strains from Iceland and Mdi will be reported.

Both the N and F-vaccines induced antibodies agang LPS (L3,7,9), which is
believed to be a component shared by both vaccines. Withthe N-vaccine, after two
doses the mean increase in 1gG againg LPS was about 4-fold. No strong booster
response was seen after the third dose. With the F-vaccine the mean 1gG response
after the two first doses was 2.6-fold and increased to 4.3-fold after the third dose.
A rdaivdy low (but sgnificantly postive) correlaion coefficient (r=0.5) was
observed between IgG antibodies to LPS and log, bactericiddl titresagainst 44/76-
M14.
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Immunoblot analyses of vaccination sera from the serogroup B
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In 1992-93, a vaccne trid comparing the immunogenicity of the two group B
meningococca vaccines, produced by the Finlay Inditute in Cuba (F) (3) and the
Nationd Indtitute of Public Hedth in Norway (N) (1), took place among Iceandic
teenagers. The am of the present sudy was to use the immunoblotting method to
identify immunogenic antigens in the vaccines and to semiquantitate their antibody
binding, to identify crossreacting antigensin the four srains used in the bactericidal
assays, and to identify antigens whichmight correlate with bactericida or phagocytic
assays. For thispurpose, arandomly sdlected subset of serafrom %of thevolunteers
recaving three doses of the F-vaccine (n=17) or N-vaccine (n=19) were
immunoblotted (5). The sera were taken before vaccination and 6 weeks after the
second and third dose, respectively. In addition, sera from 7 volunteers showing
bactericida activity (2) againg dl or one of the strains were dso analysed.

All serawere incubated with nitrocellulose filters of outer membrane vesde (OMV)
preparations fromthe following four meningococcd strains: 1) The N-vaccine rain
44/76 (B:15:P1.7,16); 2) the F-vaccine strains 385/83 (B:4:P1.15); 3) G1963
(B:4:P1.4,14 with a masked P1.7 epitope; 6) isolated in Austria; and 4) 8069
(B:2b:P1.2,5) isolated in South Africa. The IgG binding to the high molecular weight
proteins (HMWP), the class 1, 2 or 3, 4 and 5 proteins, the low molecular weight
proteins (LMWP) and LPSineachOMV was analysed in the presence and absence
of 0.15% Empigen BB to increase renaturation of boiled antigens (4). Antibody
binding wasrated visudly onascae from0 to 4, where O represented no binding and
4 avery srong binding. Intengty of the immunoreective bands was thengrouped into
digtinct (3-4), medium (2-2.5) and weak/none (0-1.5) binding.

Before vaccination, 3-30% of the vaccinees showed distinct or medium 1gG binding
to ether HMWP, LMWP or the class 1,3 or 4 proteins, whereas 25-50% had such
bands for the class5 proteins. Therefore, these persons probably had been or were
carriers of meningococci. About 75% of those given the N-vaccine demonstrated
distinct or medium 1gG binding to the P1.7,16 protein after the second dose, while
about 50% reacted with the serotype 15 protein. Nearly al sera bound to the latter
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protein after the third dose. The sera showed varying degrees of crossreactivity with
OMV components from the other gtrains. Sera that were only bactericida against
44/76 displayed little binding to the other OMVs, whereas those that were
bactericidal againg al strains usudly reacted with severa antigens in adl OMVs. Of
those giventhe F-vaccine, about 40% demonstrated distinct or medium binding to the
P1.15 subtype protein after the second dose, while about 10% reacted with the
serotype4 protein. After the third dose, the corresponding numbers were 50% and
70%, respectively. Thus, for both the N- and F-vaccinethe number of vaccineeswith
antibody activity againgt the serotype proteins increased after the third dose.
Generdly, the serotype antibodies showed little crossreactivity.

After thethirddoseof N-vaccine, about 40-90% of the serareacted withthe HMWP
of the four OMV s, while the corresponding numbersfor the F-vaccine were 20-60%.
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Opsonic activity against meningococci in vaccination sera from the
serogroup B meningococcal vaccinetrial in | celand

T.EMichaelsen', A.Aase', A.K.Pedersent, G.M.Calone®, E.A.Hgby’ and
E.Rosenqvist?

Department of Vaccines and “Department of Bacteriology, Nationa Indtitute of
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A vacaine trid among ledandic teenagers was carried out in 1992-93 in order to
compare the immunogenicity of two outer membrane vesicle vaccines againgt group
B meningococcdi. The vaccineswere produced by the Finlay Ingtitute in Cuba (F) (4)
and the Nationd Indtitute of Public HealthinNorway (N) (2). The am of the present
study was to compare the bactericidal and opsonophagocytic activity of the sera
againd the two vaccine meningococca srains and two heterologous group B strains,
gnceitis not clear whether the main protective activity of antibodies formed during
vaccination is due to bactericidal activity i.e. bacteriad lysis or phagocytoss i.e.
bacterid ingestion by polymorphonuclear leucocytes, PMN (granulocytes).

To performthe phagocytos's assay, Neisseria meningitidisstrains44/76 (N vaccine
strain)(B:15:P1.7,16), 385/83 (F vaccinegtrain) (B:4:P1.15), SA 8069 (B:2b:P1.2,5)
and AG 1963 (B:4:P1.4,7,14) werefixed in 70% ethanol over night at 20'C, washed
iNHBSS, the concentrationwasadjustedto 10 x 10° bacteria/ml and stored at -85/C.
Venous blood from hedthy adult volunteers, heterozygous for the Fc(RIIFRAR
alotype was drawn into heparin vacutainers, and the red cdlls lysed. No additional
purification of PMN was required because further analyses were done using flow
cytometry that eadlly discriminate PMN from other cells in the suspension. We
andyzed serafrom 1/8 of the materid including that from 10 volunteers recaiving N
and 9 recaving F vaccine in three doses, respectively. All sera to be tested were
heated to 56/C for 30 min to inactivate endogenous complement. Norma human
serum from one hedthy donor with no detectable antibody against N. meningitidis
strain 44/76 was used as complement source for opsonization of meningococci. The
respiratory burst (RB) analysis reflected the OP activity and was performed manly
as described (1). As an indicator for RB we used the non-fluorescent probe
dihydrorhodamine 123 (DHR) (Molecular Probes, Eugene, OR, USA) that is
oxidized to the fluorescent rhodamine 123 by superoxide anions. Dihydrorhodamine
123 probed effector cells (5x10° /ml) was added to the opsonized bacteria and the
incubation continued for 8 minat 37°C withagitation. The reactions were stopped by
placing the microtiter plates on ice bath until RB was measured by flow cytometry.
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The flow cytometry was performed as previoudy described (1) using an EPICS
Profile I1 flow cytometer (Coulter Electronics, Luton, Beds, UK) with an 15 Mw
argonlaser. Asnegative control the test serum was omitted and replaced by HBSS-
BSA. This was used to set the correct region on the fluorescent axis. About 3000
effector cdls were counted ineach sample, and dl determinations were performed in
duplicate. The results are presented as sum percent of RB positive PMN at each
dilution (threefold arting at 1/6).

The test for serum bactericidal activity was performed as described previoudy (3).
Results are presented as log, of the reciproca serum dilution of the highest dilution
giving more than 50 % killing, counted as colony formingunits. To test for corrdations
between the assays we plotted single results on logarithmic scale for BA against RB
to calculate the correlation coefficient, r.

By using strain 44/76 we got rdatively high correlation (r=0.8) between bactericidal
activityand respiratory burst. However, therewere several serawithhighBA and low
OP and others with low BA and high OP indicating a difference between these two
protective activities of antibodies emphasising the importance of performingbothtests
inavaccinetrid. Measurementsof BA and RO activity againgt the four strainswill be
performed and compared to estimate vaccine respond and cross reactivity.
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Reactogenicity of two outer membrane protein-based serogroup B
meningococcal vaccines among young adultsin Reykjavik, Iceland

H. Briemt, K. Jonsdéttir? and B. A. Perkins®
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of Microbiology, National University Hospital, 101 Reykjavik | celand. *Public Health
Service, Centers for Disease Control and Prevention, Atlanta, Georgia, USA.

Introduction: Two serogroup B outer membrane protein-based vaccines, one
produced by the Finlay Indtitute (F) in Cuba and the other by the Nationd Indtitute
of Public Hedlth(N) inNorway have been shown to be effectiveindinica trids (1,2).
A randomized, double-blind trid comparing the reactogenicity of these two vaccines
to apolysaccharide serogroup A/C vaccine (C) was conducted during 1992-1993.

Subjects and methods: A tota of 408 subjects (15 - 20 yearsof age) were enrolled
of whom 407 were analyzed for reactogenicity. A total of 942 vaccine doses were
given (372 dosesto the F group, 370 doses to the N group and 200 doses to the
control group). The F and N vaccines were given in 2-dose regimes at a 6-weeks
interval and a 3-dose regime (0, 6 weeksand 11 months). The C vaccine was given
in a2-dose regime at 6-weeksinterva. Each participant received a monitoring form
to record symptoms and ggns in the firg three days following vaccination. Data on
adverse events more than three days after vaccination were collected through
persond interviews. The overdl return rate of the monitoring formswas 91.9% for
the F group, 90% for the N group and 89.5% for the control group.

Results: Lateloca adverse event (>3 days after vaccinaion) occurred only inF and
N. Tenderness was reported in 23% and 19% of F and N, respectively, 1-2 weeks
after the vaccinations. Sveling was reported in 12% and 7% 1-2 weeks after the
vaccinations of F and N, respectively. Three persons receiving the F vaccine
developed sterile abscessesthat ruptured. Hardness persisted for at least 3 weeksin
3% of F vaccine recipients. A case of Henoch-Schonlein purpuraoccurred one week
after vaccination with the control vaccine,
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Sign/

% Reporting Sign/Symptom within 3 days after vaccination

Symptom
1st vaccination 2nd vaccination 3rd vaccination
F N C F N C F N
(n=149) (n=150) (n=96) | (n=127) (n=120) (n=83) | (n=66) n=(63)
Tender- 93 96 84 99 % 72 % 98
ness
Redness 46* 62* 15 42* 42* 12 64 65
Sweling' | 34* 31* 10 52* 36* 4 71 52
Hardness | 26* 26* 1 24* 31* 6 23 40
Pain 77 79 72 81 76 60 77 84
Fever2 8 7 4 3 4 0 6 6
Fatigue/ 21 25 21 20 25 14 20 30
irritable®

* = p<0.01 when compared to control. *Swelling increased significantly in F after
each vaccine dose (p<0.01 for dose 1 vs. dose 2, p<0.05 for dose 2 vs. dose 3).
Fever was reported most frequently at 24 hours after vaccination. *Other Systemic
complaints (anorexia, nausea, vomiting, headache or myagia) were rare without any

sgnificant difference between the three different vaccines.

Conclusions: Loca and systemic complaints weresmilar inall study groups. Local
sgns were more pronounced in F and N than the control group and swdling were
more pronounced in F than N. Late local signs were only reported in F and N.

Swelling increased significantly in F after each vaccine dose.
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Comparison of serum bactericidal results usng vaccine type-strains and
heter ologoustar get strainsto evaluate immunogenicity of two
meningococcal serogroup B vaccinesin I celand

G.M. Calone, D. Williams, J. Dykes, D. Kapczynski, B.D. Hikaytis and B.A.
Perkins

Centers for Disease Control and Prevention, Atlanta, Georgia.

Thetwo meningococca serogroup B vaccines evauated inlceland are produced with
angle meningococca serogroup B strains (44/76-1 and CU385, for the NIPH and
Finlay Indtitutevaccines, respectively). Thishasled to concernthat protection dicited
by these vaccines might be serotype, subtype, or strain specific. To invedtigate this
possibility we determined serum bactericida activity (SBA) asapossible correlate of
protection using two heterologous, or non-vaccine type, srains (8069 and G1963,
from South Africaand Austria, respectively) as target srains and compared results
with those of vaccine type-strains. In addition, the Finlay Indtitute strain CU385 was
consdered a heterologous target strain when testing the NIPH study group sera, and
NIPH drain 44/76-1 was considered a heterologous strain when testing the Finlay
Indtitute study group sera NIPH and Finlay Ingtitute study group serawere tested
udng al three heterologous drains as SBA target Srains. A total of 403 15-20-year-
olds were enrolled and given 2 doses (0, 6 wks) or 3 doses (0, 6 wks, 11 mos) of a
meningococca serogroup B vaccine or 2 doses (0, 6 wks) of a serogroup A/C
meningococca polysaccharidevaccine. A responder wasdefined as anindividua with
a>4-fold risein SBA titre.

Table 1. % Responders (control group% responders) for NIPH Study Group Sera.

Time after 44/76-1# Cu385 8096 G1963
enroll

2-dose 3-dose 2-dose 3-dose | 2-dose 3-dose 2-dose | 3-dose
12 wks 71%(3) 28 24(6) 21(10)
12 mos 47*(10) 84*(10) | 34 31 22(13) 38(13) 31(13) | 27(13)
20 mos 64(13) 69*(13) | 43 48 34(11) 38(11) | 39(22) | 31(22)

# NIPH vaccine type-strain; the other strains are "heterologous’ * = p<0.05 vs. control

V accinationgeometric mean titres (GMT) for the NIPH study group were 4.6, 2.2,
4.4 and 6.6 for target strains 44/76-1, CU385, 8069, and G1963, respectively. The
prevacci nation geometric meantitres (GMT) for the Finlay I ndtitute study group were
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2.5, 5.2, 6.2 ad 10.9 for target strains CU385, 44/76-1, 8069, and G1963,

respectively.
Table2. Geometric Mean Titres (GMT) for NIPH Study Group Sera.
Time after 44/76-1# CU385 8096 G1963
enroll
2-dose 3-dose 2-dose 3-dose 2-dose 3-dose 2-dose 3-dose
12 wks 30.2 44 7.3 109
12 mos 16.8 64.6 5.2 44 74 10.6 133 111
20 mos 14.8 29.8 6.7 6.8 9.2 11.5 16.3 12.2

# NIPH vaccine type-strain; the other strains are "heterologous”

Table 3. % Responders (control group% responders) for Finlay Institute Study Group

Sera.
Time after Cu385# 44/76-| 8096 G1963
enroll
2-dose 3-dose 2-dose 3-dose 2-dose 3-dose 2-dose 3-dose
12 wks 25%(2) 34 18 (6) 16 (10)
12 mos 15 (13) a44%(13) | 27 48 8(13) 30 (13) 12(13) | 36(13)
20 mos 43*(20) 62%(20) | 45 51 25(11) 43 (11) 36(22) | 45(22)
# Finlay vaccine type-strain; the other strains are "heterologous’ * = p<0.05 vs. control
Table 4. Geometric Mean Titres (GMT) for Finlay I nstitute Study Group Sera.
Time after Cu385# 44/76-| 8096 G1963
enroll
2-dose 3-dose 2-dose 3-dose 2-dose 3-dose 2-dose 3-dose
12 wks 4.8 12.3 85 15.3
12 mos 39 9.2 79 227 55 133 109 21.8
20 mos 9.0 16.2 13.8 33.9 8.7 20.0 14.4 29.3

# Finlay vaccine type-strain; the other strains are "heterologous’

Insummary, SBA resultsfor the homologous strainsare not consistent with protective
efficacy data for the Finlay Inditute vaccine, but are compatible with efficacy data for
the NIPH produced vaccine. The percentage of responders when heterologous, or
non-vaccine type drains were used was generdly lower among the Finlay Indtitute
vaccine study group than the Norwegian vaccine study group, but there is evidence
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of boosting with the Finlay Inditute vaccine againg dl 3 heterologous strains. The
prevaccinaionGMTswerelowfor both the NIPH and Finlay Ingtitute study groups.
For 2- and 3-doses, the homologous strain GMTs were higher than those for the
heterologous srains for the NIPH study group sera. However, for the Finlay study
group, the heterologous GMTs were, ingenerd, higher than the homologous GMTs.
SBA isapplicable to the eva uation of vaccine immunogenicity only if itisa reasonable
correlate for protection.
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Quality control of a serum bactericidal assay and other laboratory
protocols used in a Neisseria meningitidisgroup B vaccine immunogenicity
study in Iceland

G.M. Calone! E. A. Hgiby,? F. Sotolongo® D. Williams® J. Dykes! D.
Kapczynski,* B.D. Plikaytis' and B.A. Perkins!

ICenters for Disease Control and Prevention, Atlanta, Georgia. 2Nationa Indtitute of
Public Hedlth, Odo, Norway. SFinlay Ingtitute, Havana, Cuba.

Quadlity control of a serum bactericidal assay (SBA) was undertaken prior to testing
of dudy serato identify differences in methodology and reagents which might affect
the ability to compare results from three collaborating laboratories (Centers for
Disease Control and Prevention [CDC], National Ingtitute of Public Health [NIPH]
and the Finlay Indtitute).

A SBA was used to determine functiond antibody activity and immune response to
immunization usng ether homologous (vaccine type-strain) or heterologous (non-
vaccine type-grain) target srains. These strainswere asfollows: NIPH homologous,
44/76-SL (B:15:P1.7,16:L3,7,9); Finlay Institute homologous, CU385
(B:4:P1.15:L.3,7,9), and heterologous, 8069 from South Africa(B:2b:P1.2,5:L.3,7,9)
and G1963 fromAudtria (B:4:P1.4,7,14:1.3,7,9). All three [aboratories did periodic
monitoring of subtype and serosubtype epitope expression (colony blot or dot blot
andyss) anongtarget strains. They verified that complement sources had little or no
anticomplementary or complement independent killing activity. The CDC did
antimicrobid susceptibility testing of dl target strains againg 8 antimicrobid agents,
al target strains were susceptible to these agents.

The SBA protocol differencesidentified betweenlaboratoriesincluded: (1) the CDC
and NIPH used 70-80 CFUs per wdl of cdlsin log phase growth from plates and
the Finlay Ingtitute used 50 CFUs per well (cells had been grown up tolog phasein
broth, frozen, diluted and then they used in the assay), (2) the CDC and NI PH used
a 25% complement source, whereas the Finlay Inditute used a 33% complement
source, and (3) the CDC and NIPH used TSB agar for cdl growth and the Finlay
Ingtitute used Mudller-Hinton Broth agar plus supplements.

Eachtedting laboratory identified and collectedtheir own source of complement. The
CDC evauated the NIPH and Finlay Ingtitute homologous target strains with the
complement sources used by the Finlay Ingtitute, NIPH and CDC. Qudity control
seraprovided by NIPH (n=4) and the Finlay Indtitute (n=7) were used to compare
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the complement sources. The three complement sources were comparable to one
another in terms of the bactericidd titres they yidded with a given serum and target
dran.

A comparison between human serum and plasma as a source of complement was
made usng the NIPH target srain (44/76-SL) and 13 sera from individuds
vaccinated with the NIPH vaccine. Only two serahad bactericidd titresthet differed
by morethan+1 tube dilution (the plasma titreswere higher in both cases). A smilar
comparison was made using the Finlay Inditute target strain (CU385) and 13 sera
from individuas vaccinated with the Finlay Inditute vaccine. Only one serum had a
bactericidd titre that differed by more than +1 tube dilution (the serum titre was
higher).

Qudity control sera designated KME and CU36 were provided by the NIPH and
Finlay Inditute, respectively. These sera were assayed once each time a group
(approximately 6 plates) of homologous test serawas assayed. When testing serum
KME, the CDC had 40 assays (59%) withatitreof 128, 7 assays (10%) with atitre
of 64 and 21 assays (31%) withatitreof 256. The NIPH had 79 assays (60%) with
atitre of 128, 51 assays (38%) with a titre of 64 and 2 assays (2%0) with atitre of
256.

When testing serum QC36, the CDC had 40 assays (53% ) with a titre of 128, 11
assay's (19%) with atitre of 64 and 16 assays (28%) withatitre of 256. The Finlay
Ingtitute had 81 assays (52%) withatitre of 128, 52 assays (34%) with atitre of 64,
18 assays (12%) with a titre of 256, 2 assays (1%) with atitre of 32 and 1 assay
(1%) with atitre of 512.

Intheinitid comparisons usng serum QC36, the mediantitresreported by the CDC
and the Finlay Indtitute were as described above. However, when testing begun a
shift in absolute titres was observed for QC36. The Finlay Indtitute titre for agiven
test serum was now 3 to 4 tubes higher than the titres reported by the CDC and
NIPH for the same sera. Further andysis of the CDC and Finlay Inditute test data
reved ed that, for comparisonof titres, it wasnecessary to take the difference between
the postvaccinationand prevaccinationtitre. Whenthedifferencebetweentitreswere
compared, the CDC and Finlay Ingtitute data were in good agreement.

In summary, this study was the firgt direct blinded multilaboratory comparison of
meningococca SBA titres. The results suggest that multilaboratory comparisons of
SBA can be done for the eval uation of vaccine immunogenicity. However, based on
the comparison of the CDC and NIPH data to the Finlay Inditute data, we dill have
more to learn about the bactericida assay if we are going to continue to use it to
evauate vaccines.
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Assessment of the vaccination with meningococcal polysaccharide vaccine
in two localities of the Czech Republic

P. Krizt, JVIckova® A.Gaetkova® and M.Bobak*

INRL for Meningococcal Infections, NIPH, Prague, Czech Republic. 2Didtrict
Ingtitute of Hygiene, Olomouc, Czech Republic. *Digtrict Ingtitute of Hygiene,
Bruntal, Czech Republic. “LSHTM, London, United Kingdom.

Introduction: Meningococca polysaccharide vaccine is not used in the routine
immunizationscheme for severa reasons and its use depends onthe epidemiologica
indication (1,2). In some countries good vaccination campaigns have stopped the
epidemics of meningococcd invasive disease. In the Czech Republic where
meningococcal disease occurred only sporadicaly for a very long period and
NeisseriameningitidisB prevailed, the use of meningococca polysaccharidevaccine
was never indicated. This Stuation has dramaticaly changed recently.

Results and Discussion: Increase of invasve meningococca disease caused by a
new clone of Neisseria meningitidis C:2a:P1.2(P1.5), ET-37 occurred in two
digtricts of the Czech Republic in spring 1993. This new meningococca clone was
never found before 1993 in the Czech Republic where meningococca strains have
been monitored snce 1970. The disease showed unusud epidemiologicad and dinicd
characteristics. high age specific morbidity in the age group of 15-19 years, high
fatdity rate (20% compared to 10% reported for dl meningococcd invasve diseases
in 1993) and aypica dinicd course with higher incidence of Waterhouse-
Friderichsen syndrome and meningococca sepsis. InMay 1993, highest age-specific
incidence in the locality "1" was in the age group of 15-19 years (26.1/100 000),
whilein locdity "2" meningococcd invasive disease affected in that period two age
groups. 1-4 years (24.9/100 000) and 15-19 years(18.7/100 000). The respective
data of age specific incidence for the whole Czech Republic that time were 1.4/100
000 for 1-4 years and 1.8/100 000 for 15-19 years. The vaccination campaign
focusng on the most affected age group started in the locdlity 1" at the beginning of
June 1993 (usng polysaccharide meningococca vaccine A+C, Merieux). Duringtwo
weeks 6191 students of the age group of 15-19 years were vaccinated (i.e. 96% of
adl students of this age group, 72% of al population of the age group of 15-19 years,
5.6% of the whole population of the locdity "1" ). In the locdity "2" a different
approach was used: vaccination of contacts (137 vaccinees) and "on request” (908
vaccinees). Thus 0.9% of the whole population of locdity "2" was vaccinated,
irrepective of age. It islikdy that the focused vaccinationinthe locality " 1" prevented
the spread of meningococcal invasve disease caused by Neisseria meningitidis C
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in the vaccinated age group. In locdity "2", where vaccination was not age targeted
and itscoverage was very low, the incidence of invasve disease caused by Neisseria
meningitidis C was not reduced. The spread of Neisseria meningitidis C:2aP1.2
(PL.5) to other digtricts of the country was observed inthe next winter/spring period
(1994). In these individud didricts the total incidence and age specific incidencedid
not reach highlevels, so no vaccination campaigns have beenindicated there to date.
The datistical sgnificance of the differences in the occurrence of meningococcd
invasve disease caused by Neisseria meningitidis C betweenthe locdity where age
targeted vaccinationwasimplemented, the non vaccinated districts and the locdity 2"
vaccinating the contacts and "on request” is assessed.
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The Neisseria meningitidisouter membrane protein P1 produced in
Bacillus subtilisand reconstituted into phospholipid vesicles dlicits
antibodiesto native P1 epitopes
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M. Sarvas

Dept. of Bacteriad Vaccine Research and Molecular Bacteriology, Nationa Public
Hedth Indtitute, Mannerheimintie 166, 00300 Helsinki, Finland.

Neisseria meningitidis serogroup B remains a mgor cause of bacteria meningitis
aound the world, for which no effective vaccine is avaladle. Many different
components of meningococcus are under research as possible vaccine candidates;
they include modified capsular polysaccharide, lipopolysaccharide (LPS) and outer
membrane proteins (1,4). Class 1 outer membrane protein (P1) is one of the most
promising vaccine candidates as P1 subtype-specific antibodies have been shown to
be protective in an anima mode (3).

We have previoudy described the production of P1 in the Gram-positive Bacillus
subtilis as intracdlular induson bodies, from which the protein (BacPl) is easly
purified (2). These indluson bodies need strong denaturing agents (SDS, urea,
GuHCI) for solubilization and are not immunogenic as such. Refolding of BacPl into
a conformation capable of didting bactericidal and protective antibodies in mice
directed to native meningococcd epitopes was first obtained with complexing the
protein with heterologous LPS (2).

We now show that the detergent-solubilized, completdly denatured BacP1 can be
refolded with the formation of the native immunodominant surface epitopes by
recondtitutioninto phospholipid vesicleswithout L PS. Thiswasachieved by fusngthe
BacP1-detergent micdleswith phospholipid-detergent micdlesby detergent removal
(didyss or gd filtration) to yidd protein-lipid vesicles (liposomes). According to
sucrose density gradient analysis, approx. 10 % of BacP1 protein was integrated in
the lipid vesicles with both didyss and gd filtration methods.

When mice were immunized with the BacP1-liposome preparations, they produced
high titres of antibodies reacting in a P1 subtype-specific manner with native
meningococca antigen indicating the presence of conformati on-dependent epitopes.
These antibodies were dso bactericidd and protective in the infant rat model
(Idéanpéan-Heikkila et al., poster at this mesting). These results suggest that the
BacP1-liposomes are a promising vaccine candidate for meningococcal disease.
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Furthermore, they demongtrate the feasihility of refolding a denatured Gram-negative
outer membrane protein that has never been exposed to LPS into a native-like
conformation.
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Severa candidate vaccines for Neisseria meningitidis group B (MenB) have been
prepared by methods that lead to enrichment of serotype-specific outer membrane
proteins (OM P). These vaccines have beenshownto inducebactericida responsesinman
and protect from disease (1,2,5). However, in fidd tridsthe leve of protection has been
only 50-70 %. These OM P-based vaccinescontain severd bacterid components, some
of which are not dedirable and difficult to purify e.g. lipopolysaccharide (LPS), whichis
an endotoxin. A purified, sngle-component vaccine would have obvious advantages in
terms of both safety and immunogenicity. Monoclond antibodiesto dlass 1 OMP have
been shown to be bactericidal and protective in an infant rat meningitis model (4). This
suggests class 1 protein as a vaccine candidate for serogroup B.

Our approach has been to produce the class 1 protein (P1) as arecombinant proteinin
Bacillus subtilis, which isa Gram-positive organism and thus devoid of LPS. We have
previoudy shown that the P1 protein could be efficiently expressed as incluson bodiesin
B. subtilis (3). The isolated P1 protein could only be solubilized by denaturing agents.
Such BacPl1-preparations did not induce bactericidd antibodies upon immunizetion,
possibly because the antigenic epitopes normally exposed onthe surface of meningococci
were not present in the denatured form of BacP1. However refolding of the proteininthe
presence of LPS resulted in the gppearance of native-like epitopes as demonstrated by
the ability of the preparations to didit the synthes's of bactericida antibodiesinthe mouse.
Since LPS isanondesirable vaccine component we subsequently looked for refolding
conditions not requiring LPS, and could show the presence of native-like P1 epitopesin
protein-lipid vesicles (liposomes) formed of BacP1 and phosphatidyl choline (Muttilainen
et al., poster a this meeting).

In order to assess the feagihility of developing a vaccine based on BacP1-liposomes we
have now prepared severa pardld batches of them and characterized their immunogenic
propertiesin mice, guinea-pigs and rabbits.

BacP1-phosphatidylcholine liposomes were prepared with the gel-filtration method as
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described by Muttilanen et al. (pogter a this meeting). Immunization of mice with these
liposomes resulted inthe production of antibodies directed to P1 epitopes exposed onthe
surface of intact meningococci as determined by EIA. These antibodies were aso
bactericidal and protective inthe infant rat meningitis modd; these effectswere pecific to
the subtype of the meningococca P1. A good immune response was obtained with alow
dose (3-10 : g) of BacP1-liposomes after two subcutaneous injections and no adjuvant
was heeded. The three consecutive batches of the antigen gave Smilar results in dl the

assaysS.

The interindividuad variation in the antibody response was analyzed in outbred mice,
guinea-pigs and rabbits as well as in three inbred lines of mice. All animads clearly
responded producing antibodies binding to the surface of meningococci in the same

subtype-specific manner.
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Use of a parenteral component priming - oral immunization regimen to elicit
protection against Neisseria gonorrhoeae in vivo
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Resources Program, National Center for Infectious Diseases, Centersfor Disease Control
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Introduction: The chdlenge of controlling gonorrhoea remans formidable due to an
increase in the proportion and variety of antimicrobiad resgant drains of Neisseria
gonorrhoeae. Development of asuccessful vaccine againgt N. gonorrhoeae would assst
in reducing the substantia burden of morbidity and cost due to this sexualy transmitted
disease. Toward this god, we have developed a Parenteral Component Priming - Ord
(PCP-0) immunizationregimenwhich dicited protection against gonococcal chdlenge of
subcutaneous chambers implanted in mice.

Sudy design: Studieswere performed usng I nditute of Cancer Research (1CR) outbred
mice and protection was eva uated by a graded dose chdlenge withlive N. gonorrhoeae
strain 340 usng the subcutaneous chamber model of infection (1). Outbred mice were
used since they more accurately represented anormal population thandid inbred strains.
Initid PCP-O immunization experiments were performed using ether native or
recombinant Fop (Iron binding protein), or a synthetic peptide derived from gonococca
Protein | (PI,3) for parentera priming. Gonococca strain 340 (adso designated as strain
N7,2) or aProtein Ill-deficient mutant of strain 340 (4), which were administered viaa
gadiric tube, were used as the oral component. Infectious dose 50% (ID50) was
determined for each test group (approximately 10 mice/group) using a graded dose
challenge protocol (2) and compared to that of unimmunized controls to give protection
factors (1D50 test group/ D50 unimmunizedcontrols). Initid experimentsinvolved groups
of mice which recaived either 10 parenterd injections of the priming component (priming
controls), 14 oral doses of the oral component (ord controls), 10 priming injections
followed by 14 ora doses (PCP-O test groups) or no trestment (unimmunized controls).
Vaiations of the experimenta design included: changesinthe number of priminginjections,
oral doses or both; useof 4X or 8X branched-chained Pl peptides; different combinations
of parenteral priming and oral component; different concentrations of the parentera
priming component; and live versus gammerirradiated gonococci asthe ora component.

Results: Aninitid PCP-O study using Fop as the priming component and strain 340 as

the oral component resulted in the following protection factors: Unimmunized contrals,
PF=1; Parentera priming controls, PF=1; Ora controls, PF=12; PCP-O groups, PF
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ranged between 7,180 to >31,250. The use of recombinant Fbp, instead of native Fop,
as priming component did not affect protection levels. The ID50 of strain 340 for
unimmunized miceranged between 50 and 200 CFU. A second PCP-O regimenused the
gynthetic peptide DDQTY SIPSLFV derived from gonococcal Protein | as priming
component and a Protein 111-deficient mutant of strain 340 as the oral component. The
protectionfactorswere: Unimmunizedcontrols, PF=1; Parentera priming controls, PF=1;
Ora controls, PF=4; PCP-O group, PF=31,250.

Reaults of various immunization regimens demondrated that: 1) the priming/ord
combination of Fbp/strain 340 (PF=26,875) was superior to Fbp/340 PIlI- (PF=8) and
the combination of Pl peptide/340 PIII- (PF=31,250) was superior to Pl peptide/340
(PF=375); 2) a combination of 4X branch-chained PI peptide priming/ 340 PilI- ora
elicited greater protection than other branched peptide priming/ord combinations; 3) the
use of gammairradiated gonococci as the ora component resulted in higher levels of
protection than were obtained using live gonococci; and

4) usng 50mg of Pl peptide for each priming dosefollowed by oral immunizationresulted
in higher levels of protection than usng 5mg or 20mg of Pl peptide for priming.

Conclusion: We have developed a Parenteral Component Priming - Ord immunization
regimen which dicited high levels of protection againg the infection of subcutaneous
chambers implanted in mice with virulent gonococci. Studies are ongoing to further
optimize and shorten the immunization regimen. Future plans involve evauating this
immunization regimen in primates and humans to determine its effectiveness as a
gonococcd vaccine.
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A possibleinfluence of vaccine induced Por, LOS, and Rmp antibodies on
the outcome of intraurethral challenge with Neisseria gonorrhoeae

PA. Rice!, EW. Hook?, M.S. Blake?, R.S. Kaslow?®, S. Gulai', P.K. Kohl®>, M.
VanRaddert* and T.M. Buchanarf

The Maxwel Finland Laboratory for Infectious Diseases, Boston Univ. School of
Medicine, Boston, MA; 2Univ. of Alabama at Birmingham, AL ; *Rockefdler Univ., New
York, NY; “Nationd Indtitutes of Health, Bethesda, MD; °Univ. Hautklinik, Heidelberg,
Germany; ®Univ. of Washington, Sesttle, WA.

IN1985, aplacebo-controlled vaccine trid was conducted at the University of Washington
that used a prototype vaccine prepared from a sodium deoxycholate extraction of outer
membranes (1) of gonococca strain NRL 5767. The vaccine preparation was enriched
with porin protein (Por-approximately 85%), but aso contained reduction-modifiable
protein (Rmp-gpproximately 15%) and smal amounts of lipooligosaccharide (LOS) (3).
62 adult mae volunteers who had been randomized to receive ether vaccine (n=35) or
placebo injections (n=27) were chdlenged intraurethrdly withlive gonococci (NRL gtrain
5767) between 69 and 85 days after vaccination, with inocula ranging from 3.7 x 10° to
1.0 x 10* CFU/ml. Overdl, the vaccine had no effect in preventing the onset of
experimenta infection. Following intraurethra chalenge, 18 (51%) of vaccine and 19
(68%) of placebo recipients became infected (p=NS).

Despite the gpparent failure of the vaccine, 26 (41%) of the volunteers ressted infection
upon chdlenge induding 17 (49%) of the vaccine recipients and 9 (32%) of the placebo
recipients. Wethereforeevauated: a) the possihility that pre-exigting protectiveimmunity
to gonorrhoeaexigs by virtue of differing antibody levels occurring naturdly or as aresult
of vaccination; and b) the influence of heterogeneity of immune responses to individud
antigenic components of the vaccine. Serum antibody (Ab) levels were measured (6) in
volunteersto the three magjor components (Por, LOS, Rmp) prepared fromthe chdlenge
grain - before adminigtration of vaccine (or placebo) and again just prior to intraurethral
chdlenge. No differencesinbasdine antibody leves prior to administration of vaccine or
placebo were measured inthe two groups. No significant changesin antibody levelswere
measured in placebo recipients between the two dates that blood samples were taken,
gpanning 69 to 85 days; changes in geometric means of Por, LOS, and Rmp Ab levds
were 2.0-fold (2.20 to 4.42 - g/ml), 3.2-fold (0.76 to 2.43 - g/ml), and 6.85-fold (0.88
t06.0 - g/ml), respectively, invaccinees. By logidtic regression andysis, wetested severd
hypotheses regarding the influence of these Ab levels and vaccination status on the
acquisition of infection after intraurethral chalenge. Because Por (protein 1) and LOS
antibodies are known to have complement dependent bactericidd activity (4,5) and may
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aso facilitate Cha-driven chemotaxis of polymorphonuclear leukocytes (2) to the site of
gonococcal infection, we reasoned that these antibodies might be protective inthe human
modd of infectionused here. Alternatively, Rmp (protein 3) antibodies have been shown
to block bactericida antibody function (6) and we considered that these antibodies might
fadlitatethe experimentd infections. In statistica mode sthat explored the hypothesisthat,
independently, Por-Ab and/or LOS-Ab may beprotective and Rmp-Ab subversive, each
of the Ab leves a the time of chdlenge was examined for association with infectious
outcome both in conjunction with and independent of vaccination. These Ab levels
demonstrated no influence on this outcome independently of or in conjunction with
vaccinaion. Inamodd that assumed interdependence of thethree Ablevels, we used the
ratio [(Por-Ab + LOS-Ab)/Rmp-Ab] to characterize a beneficid effect of Por and LOS
antibodies and a subversive effect of Rmp antibodies (3). The levd of thisratio just prior
to challenge appeared to protect againg infection when vaccination status was included
in the modd (p=0.04), but not when vaccination status was excluded.

While these results suggest a possible beneficid effect of vaccination, this trid was not
desgned primarily to test the interrelatedness of Por, LOS, and Rmp Ab in influencing the
outcome of intraurethral challenge. Thereforetheseresultsshould beinterpreted cautioudy
and used to test new hypotheses regarding the use of vaccination to protect against
gonococcd infection.
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Protective effect dlicited by vaccination with a live, attenuated strain of
Neisseria gonorrhoeae
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Research into anti-gonococca vaccine devel opment has been impaired by the antigenic
variaion and host mimicry exhibited by Neisseria gonorrhoeae during infection.
Important virulence factors such as pili and the Opa protein, which are involved in
attachment, show intense antigenic variation and may be absent (1). Early work
demonstrated that vaccination with whole dead gonococci conferred some protection
againg homologous chalenge in chimpanzees (2) but failed to confer protectionin afidd
trid in humans (3). A pili vaccine which dicited antibodies to common epitopesfaled to
protect in afield trid (4), however, other surface proteins appear to be conserved. The
magor protein, P, is heterogeneous between strains, but has antigenic domains common
to dl typeswhichmay be rdevant in immunity (5), and antibodies raised againgt synthetic
peptides of Pl have been shown to be bactericida invitro (6). LPSisamgor component
of the outer membrane and promotes the production of bactericidal antibodies. However,
gonococcal L PSisnot agood vaccine candidate due to toxicity, antigenic varigionwithin
adrain (7), and host mimicry by saylation during infection (8, 9).

This study was undertaken to evauate the ability of an aroA mutant of Neisseria
gonorrhoeae drain MS11 to protect againgt a subsequent challenge with the wild type
drain using the guineapig SCM. In addition, the intengty and specificity of the antibody
response to both the vaccination and chdlenge infections were examined in order to
investigate more closdly the difference between animas which were protected from
subsequent chalenge and those which were not.

Eighteen animds were vaccinated with the ar oA mutant at arange of dosesfrom log, 3
tolog, 5. Two animas were inoculated with a placebo, whichwas buffer aone. Infection
kinetics were examined a various timesfollowing inoculation by performing viable counts
onsamplesof aspirated chamber fluid. In addition, chamber fluid wasroutindy aspirated
from acontralaterd uninfected chamber, for assessment of the antibody response.

All chambers inoculated with the aroA mutant became infected and exhibited bacterial
growth. The evolution of infection in each chamber wasfound to be unrdated to theinitia
dose given. In tota, 8 out of the 18 chambersinoculated withthe ar oA mutant underwent
spontaneous self-cure by day 26 post inoculation. Five more chambers exhibited a
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substantia decrease inbacteria numbers (at least hdf alogina7 day intervd) immediady
prior to regjection, and 5 chambers were rgjected with no decrease in bacterial numbers.

Fifteen of the vaccinated animas and the 2 placebos were chalenged with the wild type
drain 3 weeks after the end of the vaccination infections and, for technica reasons, the
remaining 3 animas were challenged 11 weeks after the end of the vaccinationinfections,
The chdlenge dose givenwas that known to didt infectionin 100% of naive animas (10).

The 2 placebo animds became infected and their chambers were rejected before day 15
post chdlenge. In contrast, 12 of the 15 chdlenged in the first instance were partidly or
completely protected from subsequent chalenge and 3 were not protected. Of the group
of 3 chambers challenged later than the rest, 1 was completely protected and the other 2
were not.

Insummary, of the 13 animaswhich cleared or controlled the vaccination infection, 85%
demongtrated some or complete protection from the challenge infection. This protective
effect had no discernible correlationwiththe vaccinationdose givenor the evolutionof the
vaccination infections.

In an attempt to explain this protective effect, anti-gonococca antibodies were examined

during the vaccinationand chdlenge infections usng ELISA. A steadyincrease inantibody
production to whole gonococci was seen throughout vaccination and challenge,

irrespective of the number of viable bacteria present in the chambers. However, a
negligible antibody response to L PS was noted inthe vaccinationinfections. This apparent

unresponsiveness was not observed in the chalenge infections.

The total amount of antibody present and the antibody levels obtained in chambers
immediately prior to chdlenge could not be correlated with protection from subsequent
chdlenge. In addition, none of the antibodies detected were found to be bactericida in
vitro. The antibodies dicited during vaccinationwereobserved to recognise awide variety
of protein antigens in Western blots. No relationship between antibody specificity and
protection could be detected except in the case of a protein of gpproximately 30 kDa,
which was observed in 75% of chambers protected from subsequent challenge. This
suggested drongly that the protein was of significance in the protection of chambers
following vaccinaion. Further investigations falled to identify the 30 kDa protein as any of
the following gonococca antigens: Pl, Opa, Pill, PAN 111, pili.

Insummary, protectionwas found to be irrespective of the fate of the vaccinationinfection
or total antibody leves present immediately prior to chalenge, and could not be correl ated
with the presence of antibodies specific for any of the known gonococcal antigens.
However, antibodies recognising a protein of approximately 30 kDa were found in 75%
of protected animas. The characterisation of this protein isthe subject of further study.
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