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MenBvac and Menjugate are safe and efficacious vaccines. The purpose of this study was to evaluate safety
and immunogenicity of the combination (MenB/C) of the lyophilized active components of the conjugated
group C vaccine Menjugate when reconstituted with the full liquid group B outer membrane vesicle vaccine
MenBvac compared to MenBvac and Menjugate given separately. At 6-week intervals, healthy adults were
given one dose of MenB/C followed by two doses of MenBvac (MenB/C group), three doses of MenBvac (MenB
group), or one dose of Menjugate and two doses of placebo (MenC group). Injection site reactions were
frequent in all groups. However, most reactions were short lasting and mild or moderate in intensity, and the
vaccines were found to be well tolerated, with no vaccine-related serious adverse events. MenB/C was immu-
nogenic with regard to both serogroup B and C meningococci. Both the serum bactericidal assay and the
enzyme-linked immunosorbent assay analyses showed that the immune responses of the combination vaccine
were similar to the immune responses of its separate components MenBvac and Menjugate for both serogroup
B and C. In conclusion, the combined MenB/C vaccine is safe and immunogenic. The two vaccines do not
interact negatively with each other and can easily be administered in the same syringe. The induced immune
responses suggest that the combined vaccine is likely to confer protection against systemic group B disease

caused by the vaccine strain as well as against group C meningococcal disease.

Systemic meningococcal disease may strike all ages but is
most prevalent in infants and young children and, in some
countries, also in teenagers. The clinical manifestations of sys-
temic meningococcal disease are diverse and range from
asymptomatic bacteremia to fulminant disease (cerebrospinal
meningitis and/or septicemia). Septicemic cases are character-
ized by a rapid course and not infrequently, despite immediate
treatment with effective antibiotics, a fatal outcome. Both sys-
temic serogroup B disease and serogroup C disease have con-
stituted a health problem in many industrialized countries dur-
ing the last 50 years, with epidemics in, e.g., Norway and New
Zealand and outbreaks in the United States, Canada, the
United Kingdom, The Netherlands, Belgium, and Spain (1, 3,
5, 6, 11, 22). More than 80% of the cases of meningococcal
diseases in developed countries are caused by serogroup B or
C.

Menjugate, which is one of the new generation of safe me-
ningococcal serogroup C protein-polysaccharide conjugate vac-
cines (a diphtheria toxoid mutant is used as a carrier protein
for the polysaccharide), offers the advantages of a serologic
response from as early as 2 months of age, higher antibody
titers, long-term immunity, and induction of immunological
memory (23). In the UK, virtually all serogroup C disease in
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childhood has been eliminated as a result of the introduction
of the protein-polysaccharide conjugate group C vaccines into
the infant immunization schedule (1). However, cases of sero-
group B meningococcal disease remain.

MenBvac, an outer membrane vesicle (OMV) vaccine,
based on a serogroup B strain (B:15:P1.7,16) representative for
the epidemic starting in Norway in 1974, has been shown to be
safe and immunogenic and to confer protection against group
B meningococcal disease (2, 14, 15). Currently, a similar sero-
group B OMV vaccine (MeNZB) produced using a strain
(B:4:P1.7b,4) representative of the epidemic in New Zealand is
used to control the ongoing epidemic in that country (20).

Serogroup B strains similar to that responsible for the Nor-
wegian epidemic are still causing disease in many countries.
Thus, a significant proportion of serogroup B and C cases
might be prevented by using a combination of MenBvac and a
serogroup C conjugate vaccine (4). MenBvac and Menjugate
are easy to mix. MenBvac is a liquid formulation, and the
active components of Menjugate are in lyophilized presenta-
tion, which can be reconstituted with MenBvac prior to admin-
istration. The aim of this study was to compare the immuno-
genicity and reactogenicity of a combination of MenBvac and
lyophilized group C-conjugated vaccine (MenB/C) with that of
MenBvac only or Menjugate only.

MATERIALS AND METHODS

Vaccines. MenBvac, manufactured by the Norwegian Institute of Public
Health (NIPH), is prepared from a B:15:P1.7,16 meningococcal strain (44/76) by
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fermentor growth and extraction of the OMVs with the detergent deoxycholate.
OMVs are purified by ultracentrifugation and adsorbed to aluminum hydroxide.
One dose (0.5 ml) of MenBvac contains 25 pg outer membrane protein and 1.67
mg aluminum hydroxide (8).

Menjugate, manufactured by Chiron Vaccines, consists of meningococcal
group C oligosaccharides conjugated to diphtheria toxin cross-reacting material
(CRM,7). One dose (0.5 ml) of Menjugate, when reconstituted with aluminum
hydroxide adjuvant, contained 10 pg of meningococcal C oligosaccharide, 12.5 to
25.0 g diphtheria toxoid (CRM,y;), and 1 mg aluminum hydroxide.

Aluminum hydroxide was used as a placebo to minimize differences in ap-
pearance. One dose (0.5 ml) of placebo contained 1.67 mg aluminum hydroxide
in vaccine solvent (same as for MenBvac).

When the vaccines were combined, the lyophilized active components of
Menjugate were reconstituted with the complete MenBvac immediately before
administration, and the combined MenB/C vaccine was administered in one
syringe.

Administration. Three injections were given to healthy adults, at weeks 0, 6,
and 12. The subjects were randomly assigned 2:1:1 to receive one dose of the
combined MenB/C vaccine followed by two doses of MenBvac (MenB/C group),
three doses of MenBvac (MenB group), or one dose of Menjugate (as in con-
ventional clinical use in adults) and two doses of placebo (MenC group). All
vaccines were administered intramuscularly in the deltoid region of the non-
dominant arm.

Vaccinees. Healthy adults, 18 to 35 years old, who had given written informed
consent prior to study entry were eligible for participation in the study. Partici-
pants were excluded if they had experienced a hypersensitivity reaction following
previous vaccinations, had an acute or chronic systemic illness, or had received
immunosuppressive therapy or blood products within 3 months prior to vacci-
nation. Earlier immunization with meningococcal B or C vaccine of any kind,
previous suspected disease caused by Neisseria meningitidis, or close contact with
a patient with meningococcal disease were also reasons for exclusions.

Immunogenicity. Blood samples (10 ml whole blood) for serological assays
were collected by venipuncture at the time of the first, second, and third dose, 6
weeks after the third dose, and about 1 year after vaccination. The blood samples
were fractionated, and the serum was aliquoted and stored at —20°C.

SBA. The serum bactericidal assay (SBA) measures functional antibodies
(antibodies with bactericidal activity) acquired through vaccination against or
through carriage of N. meningitidis.

The serogroup B SBA analyses were performed at NIPH, using 25% human
complement from one donor without detectable antibodies against group B. The
microtiter plates were incubated for 60 min at 37°C. The strain 44/76-SL (B:15:
P1.7,16) was used as the target strain (15). The number of CFU was counted by
visual inspection of the wells, using a magnifying glass. Twofold serum dilutions
starting at 1:2 were tested, and titers were reported as the reciprocal value of the
highest serum dilution resulting in =50% killing of bacteria (10, 15).

In the serogroup C SBA, performed at Chiron Vaccines, sera were tested at
twofold dilutions starting at 1:4. The meningococcal serogroup C strain C11 was
used as the target strain (a C:16:P1.7-1,1 strain). Human serum without detect-
able antibodies against meningococci group C was used as the complement
source as described before (12). Bacterial survival in the final reaction mixture
was measured after incubation for 30 min at 37°C (18).

ELISA. The IgG antibodies against serogroup B OMVs and against C poly-
saccharide were analyzed by enzyme-linked immunosorbent assay (ELISA). The
OMV-ELISA was performed as described by Rosenqyist et al. (17). The antigen
for coating of the microtiter plates was OMVs from strain 44/76 prepared as for
vaccine production (8). In the C polysaccharide ELISA, sera were diluted in
thiocyanate buffer to favor detection of high-avidity antibodies (9).

Safety monitoring. After each vaccination, the subjects were asked to report if
they felt unwell or experienced any local or systemic adverse event. The subjects
were instructed to complete a diary card to describe local reactions at the
injection site (pain, redness, swelling, other) and systemic reactions (headache,
malaise, fever [i.e., axillary temperature = 38°C], other) during the first and
second 24-hour period after each dose and 7 days after each dose. The vaccinees
were also asked to record the axillary temperature if they felt feverish. Local pain
and other reactions after the first week and medication taken during the study
were recorded in interviews performed at the planned visit days. All serious
adverse events occurring throughout the study were collected.

Ethics. This study was conducted in accordance with the Declaration of Hel-
sinki, the International Conference on Harmonization guideline for Good Clin-
ical Practice and other local legal and regulatory requirements. The trial was
approved by the Regional Committee for Ethics and Medical Research and the
Norwegian Medicine Agency. Before enrollment, all subjects signed informed
consent.
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Statistical methods. Analyses were done descriptively. The primary immuno-
genicity variables were the geometric mean titers (GMTs) of antibodies against
serogroup B and C meningococci as measured by SBA. At each time point,
GMTs and 95% confidence intervals (CIs) were calculated using log-transformed
(base 10) titers. These were obtained from a one-way analysis of variance.

The proportion of subjects with bactericidal titers = 4 against serogroup B and
the proportion of subjects with bactericidal titers = 8 against serogroup C and
associated 95% Clopper-Pearson Cls were computed for each vaccine group.

The incidence of prespecified and unspecified local and systemic reactions as
well as other adverse events was calculated by maximum severity after each
vaccination. All statistical analyses were performed using SAS version 6.12 or
higher (SAS Institute, Cary, NC).

RESULTS

This study was designed as a single-blinded, randomized,
and prospective investigation of immunogenicity and reacto-
genicity of MenBvac and Menjugate given in combination or
separately to healthy adults.

A total of 73 subjects were given the first vaccine dose, 35 in
the MenB/C group, 19 in the MenB group, and 19 in the MenC
group. Of these, 66 received the second dose, 31 in the
MenB/C group, 16 in the MenB group, and 19 in the MenC
group. The third dose was given to 64 subjects, 30 in the
MenB/C group, 15 in the MenB group, and 19 in the MenC
group.

Two subjects in the MenB/C group withdrew consent (one
subject due to “problems with the vaccine” and one subject due
to pain), and three were excluded after the first dose since they
were not fulfilling the inclusion criteria. In the MenB group,
one subject withdrew consent (not related to study vaccine)
and three were excluded (two due to having previously re-
ceived meningococcal vaccine and one due to problems with
blood collection at the first blood sampling).

The treatment groups were similar regarding age; the mean
age was 23.3 years (range, 20 to 32) in the MenB/C group, 22.1
(range, 18 to 29) in the MenB group, and 21.8 (range, 20 to 28)
in the MenC group. Also, the distributions of gender were
similar between the treatment groups: 71% in the MenB/C
group, 79% in the MenB group, and 74% in the MenC group
were females.

Immunogenicity. (i) SBA geometric mean antibody titers
(GMTs), serogroup B. At baseline, the SBA GMT against
serogroup B ranged from 2.9 in the MenB group to 4.8 in the
MenB/C group. The SBA GMTs against serogroup B in-
creased after the first, second, and third injection in both the
MenB and the MenB/C groups, reaching the highest level at
week 18 (6 weeks after the third dose) (Table 1). At week 18,
the GMT had increased to 29.1 (95% CI, 17.3 to 49.0) for
MenB/C and to 14.5 for MenB (95% CI, 6.8 to 30.7). At week
52, the GMT was 16.4 (95% CI, 9.8 to 27.5) for MenB/C and
7.3 (95% CI, 3.6 to 14.6) for MenB (Table 1). Although the
SBA levels were approximately twice as high in the MenB/C
group as in the MenB group, the difference was not statistically
significant, as indicated by the overlapping confidence inter-
vals. The GMT in the MenC group remained stable during the
study.

(ii) SBA geometric mean antibody titers, serogroup C. At
baseline, the SBA GMTs against serogroup C were compara-
ble in the MenB/C group (7.3) and the MenC group (6.9),
while GMT was somewhat lower in the MenB group (4.9). The
highest level of SBA GMTs against serogroup C was obtained
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TABLE 1. SBA geometric mean antibody titers (GMT) against serogroup B before and after immunization with meningococcal vaccine”

Study time point

No. of subjects in indicated group; GMT (95% CI)

MenB/C

MenB MenC

Prestudy

6 weeks after 1st dose
6 weeks after 2nd dose
6 weeks after 3rd dose
1 year after 1st dose

32; 4.8 (2.9-7.9)
32; 10.8 (6.3-18.5)
30; 14.6 (8.9-23.9)
29; 29.1 (17.3-49.0)
27; 16.4 (9.8-27.5)

15; 2.9 (1.4-6.1)
15; 8.8 (4.0-19.2)
15; 10.6 (5.2-21.2)
14; 14.5 (6.8-30.7)
15; 7.3 (3.6-14.6)

19; 3.1 (1.9-5.2)
19; 3.1 (1.8-5.2)
19; 2.4 (1.5-3.7)
19; 2.2 (1.4-3.2)
17; 4.2 (2.8-6.1)

“ Subjects in the MenB/C group received one dose of MenB/C followed by two doses of MenBvac, subjects in the MenB group received three doses of MenBvac,
and subjects in the MenC group received one dose of Menjugate followed by two doses of placebo (aluminum hydroxide).

at week 6 (Table 2). At this time point, the GMTs had in-
creased to 99.5 (95% CI, 52.3 to 189.4) for MenB/C and to
119.6 (95% CI, 51.9 to 275.7) for MenC. Also, in the MenB
group a small increase to 7.3 (95% CI, 4.7 to 11.6) was ob-
served at week 6. At week 52, the GMT was 38.8 (95% CI, 20.2
to 74.3) for MenB/C and 44.0 (95% CI, 19.4 to 100.0) for
MenC (Table 2). The differences between the MenB/C group
and the MenC group were not statistically significant, as indi-
cated by the overlapping confidence intervals.

(iii) Proportion of subjects with an SBA titer = 4 against
serogroup B. Before vaccination the proportion of subjects
with SBA titers = 4 against the serogroup B strain was as high
as 53% (95% CI, 35 to 71) for MenB/C, 33% (95% CI, 12 to
62) for MenB, and 42% (95% CI, 20 to 67) for MenC. By week
18, the corresponding figures were 93% (95% CI, 77 to 99),
86% (95% CI, 57 to 98), and 21% (95% CI, 6 to 46), respec-
tively. At week 52, the proportions remained high, being 85%
(95% CI, 66 to 96) for MenB/C, 67% (95% CI, 38 to 88) for
MenB, and 59% (95% CI, 33 to 82) for MenC (Fig. 1, top
panel).

(iv) Proportion of subjects with an SBA titer = 8 against
serogroup C. Before vaccination, the proportion of subjects
with SBA titers = 8 against serogroup C was 41% (95% CI, 24
to 59) for MenB/C, 20% (95% CIL, 4 to 48) for MenB, and 58%
(95% CI, 33 to 80) for MenC. At week 6, the corresponding
figures were 97% (95% CI, 84 to 100), 60% (95% CI, 32 to 84),
and 89% (95% CI, 67 to 99), respectively, and they remained
at this level at weeks 12 and 18. At week 52, the proportions
were 85% (95% CI, 66 to 96) for MenB/C, 27% (95% CI, 8 to
55) for MenB, and 88% (95% CI, 64 to 99) for MenC (Fig. 1,
bottom panel).

(v) ELISA geometric mean antibody concentrations (GMCs).
The analyses of ELISA GMCs confirmed that the combined
MenB/C vaccine was as immunogenic regarding responses to
serogroup B and to serogroup C, respectively, as when the

respective vaccine (MenBvac or Menjugate) was given. At
baseline GMCs against serogroup B were similar in the three
vaccine groups and ranged from 30 to 45 U/ml. At week 18, the
GMT had increased to 1,214 in the MenB/C group (95% CI,
960 to 1,535) and to 565 (95% ClI, 401 to 797) in the MenB
group while no increase was observed in the MenC group. The
difference between the MenB/C group and the MenB group
was statistically significant, as indicated by the nonoverlapping
confidence intervals. Also, baseline GMCs against serogroup C
were similar in the three vaccine groups and ranged from 0.3 to
0.4 U/ml. At week 6, the GMT had increased to 10 in the
MenB/C group (95% CI, 6.04 to 17) and to 17 (95% CI, 8.91
to 32) in the MenC group while no increase was observed in
the MenB group. The difference between the MenB/C group
and the MenC group was not statistically significant, as indi-
cated by the overlapping confidence intervals.

Safety. The occurrence of local and systemic reactions as
well as other adverse events was highest in the group receiving
MenB/C. In comparisons of the MenB group with the MenC
group, the incidence of local and systemic reactions was higher
in the MenB group, which may in part be explained by the fact
that the subjects in the MenC group received placebo at the
second and third vaccination. The incidences of reactions, both
local and systemic, after the first, second, and third dose in the
MenB/C and the MenB group were similar. In the MenC
group, the incidence of reactions was lower after the second
and third vaccination when these subjects received placebo. No
serious adverse event related to the study treatment was re-
ported.

Injection site reactions. Injection site reactions (pain, red-
ness, and swelling) were very common. Pain was reported by all
subjects in all three treatment groups. Pain of severe intensity
was reported by 20% of the subjects in the MenB/C group
(compared with 11% in the MenB group and 0% in the MenC
group) (Table 3). However, in all groups, the intensity of pain

TABLE 2. SBA geometric mean antibody titers (GMT) against serogroup C before and after immunization with meningococcal vaccine”

Study time point

No. of subjects in indicated group; GMT (95% CI)

Men B/C

Men B Men C

Prestudy

6 weeks after 1st dose
6 weeks after 2nd dose
6 weeks after 3rd dose
1 year after 1st dose

32; 7.3 (4.7-11.4)
32; 99.5 (52.3-189.4)
30; 73.4 (39.3-137.0)
29; 79.3 (44.8-140.3)
27; 38.8 (20.2-74.3)

15; 4.9 (3.2-7.4)
15; 7.3 (4.7-11.6)
15; 6.8 (4.0-11.6)
14; 7.2 (4.2-12.3)
15; 4.2 (2.7-6.6)

19; 6.9 (3.9-12.1)
19; 119.6 (51.9-275.7)
19; 93.6 (42.7-205.1)
19; 81.9 (40.5-165.8)
17; 4.0 (19.4-100.0)

“ Subjects in the MenB/C group received one dose of MenB/C followed by two doses of MenBvac, subjects in the MenB group received three doses of MenBvac,
and subjects in the MenC group received one dose of Menjugate followed by two doses of placebo (aluminum hydroxide).
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TABLE 3. Local (injection site) reactions

COMBINED MENINGOCOCCAL GROUP B AND C VACCINE 603

TABLE 4. Systemic reactions

No. (%) of subjects reporting the
specified reaction

No. (%) of subjects reporting the
specified reaction

Reaction Intensit Reaction Tempera{ur? or
4 Men B/C MenB Men C intensity” MenB/C  MenB  MenC
(n = 35) (n = 18) (n = 19) (n = 35) (n=18) (n=19)
Pain 1st inj.—all 35 (100) 18 (100) 18 (95) Headache 1st inj.—all 7(20) 3(17) 2(11)
1st inj.—severe 4(11) 0 0 1st inj.—severe 1(3) 0 0
2nd inj.—all 31 (100)® 16 (100) 17 (89)° 2nd inj.—all 2(6)° 2(13) 1(5)¢
2nd inj.—severe 3(10) 1(6) 0 2nd inj.—severe 0 0 0
3rd inj.—all 30 (100)> 15 (100) 14 (74)° 3rd inj—all 6 (20)° 3 (20) 1(5)¢
3rd inj.—severe 1(3) 1(7) 0 3rd inj.—severe 0 0 0
Total any inj.—all 35 (100) 18 (100) 19 (100) Total any inj.—all 10 (29) 5(28) 3(16)
Total any inj.—severe® 7(20) 2(11) 0 Total any inj.—severe® 13) 0 0
Redness 1st inj.—all 13 (37) 8 (44) 1(5) Malaise 1st inj.—all 6(17) 4(22) 4(21)
1st inj.—severe 13) 0 0 1st inj.—severe 0 1(6) 1(5)
2nd inj.—all 9 (29)° 8(50) 1(5)¢ 2nd inj.—all 8 (26)" 5(31) 1(5)¢
2nd inj.—severe 0 0 0 2nd inj.—severe 0 0 0
3rd inj.—all 10 (33)° 5(33) 0¢ 3rd inj.—all 7 (23)° 3(20) 1(5)°
3rd inj.—severe 2(7) 0 0 3rd inj.—severe 2(7) 1(7) 0
Total any inj.—all 20 (57) 11 (61) 2(11) Total any inj.—all 11 (31) 9 (50) 5(26)
Total any inj.—severe® 3(9) 0 0 Total any inj.—severe? 2(6) 1(6) 1(5)
Swelling 1st inj.—all 16 (46) 7(39) 5(26) Axillary temp  1st inj. 38-=39°C 1(3) 0 1(5)
1st inj.—severe 309 0 0 =38°C 2nd inj. 38-=39°C 0° 0 0°
2nd inj.—all 18 (58)° 4(25) 3 (16)° 3rd inj. 38-=39°C 1(3)° 0 0°
2nd inj.—severe 1(3) 1(6) 0 Total any inj. 38-=39°C 2(6) 0 1(5)
3rd inj.—all 14 (47)% 6 (40) 1(5)¢ Total any inj. >39“ 0 0 0
3rd inj.—severe 1(3) 0 0
Total any inj.—all 23 (66) 10 (56) 6(32) “ Most severe across all injections.
Total any inj.—severe” 4(11) 1(6) 0 b Subjects in the MenB/C group received MenBvac only at the 2nd and 3rd

“ Most severe across all injections.

® Subjects in the MenB/C group received MenBvac only at the 2nd and 3rd
dose.

¢ Subjects in the MenC group received placebo [Al(OH);] at the 2nd and 3rd
dose.

@ inj., injection; all, all intensity levels.

was lower after the second and third vaccination compared
with after the first. Seven days after the first vaccination, pain
was reported in 29%, 44%, and 11% of the subjects in the
MenB/C, MenB, and MenC groups, respectively. After the
third vaccination the corresponding proportions had decreased
to 13%, 7%, and 0%, respectively (data not shown). Local
redness or local swelling was also reported by a majority (56 to
66%) of the subjects receiving MenB/C or MenB compared
with 11 to 32% of the subjects receiving MenC. For redness
and swelling, most of the reactions (89 to 100% in the three
groups) were of mild or moderate intensity (Table 3).
Systemic reactions. Most systemic reactions were mild or
moderate in severity and resolved within a few days. In the
three groups, headache was reported by 16 to 29% of the
subjects and malaise by 26 to 50% (Table 4). Fever was re-
ported by 2 of 35 vaccinees in the MenB/C group, by none in
the MenB group, and by 1 of 19 in the MenC group (Table 4).
Other adverse events. In addition to the prespecified reac-
tions recorded in the diary, a total of 10 subjects reported 15
adverse events (6 subjects in the MenB/C group, 3 subjects in
the MenB group, and 1 subject in the MenC group) which were
classified by the investigator as possibly, probably, or definitely
related to the treatment. These included eye pain, diarrhea,

dose.

¢ Subjects in the MenC group received placebo [Al(OH);] at the 2nd and 3rd
dose.

@ inj., injection; all, all intensity levels.

nausea, influenza-like illness, pain, nasopharyngitis, neck stiff-
ness, headache, and dizziness. None of the related events was
classified as severe.

DISCUSSION

A combination of the two safe and efficacious vaccines, the
licensed Menjugate group C vaccine and MenBvac shown to
confer protection in an efficacy trial performed during the
Norwegian group B epidemic (2), is one way to meet the need
for simultaneous protection against both group B and C me-
ningococcal disease. It has earlier been demonstrated that
MenBvac induces immune responses to different serogroup B
strains (7, 21). Results from mouse studies indicate that an
even broader cross-reactivity may be elicited by including
OMVs from different group B strains in the vaccine (13).

In contrast to earlier B/C combination vaccines, in which the
group C component had been based on plain polysaccharides,
this combination vaccine was based on a protein-conjugated
group C vaccine conferring the advantage of higher and longer-
lasting antibody titers. The immune response elicited by MenB/C
was evaluated by two serological methods, SBA and ELISA. SBA
is currently the best test to indicate protective immunity against
meningococci. The results from this study showed that combined
MenB/C vaccination was immunogenic with regard to both

FIG. 1. Proportion of subjects with an SBA titer = 4 against serogroup B (top) and proportion of subjects with an SBA titer = 8 against
serogroup C (bottom). Subjects in the MenB/C group received one dose of MenB/C at week 0 followed by two doses of MenBvac (one at week
6 and one at week 12). Subjects in the MenB group received three doses of MenBvac (at weeks 0, 6, and 12). Subjects in the MenC group received
one dose of Menjugate at week 0 and placebo (aluminum hydroxide) at weeks 6 and 12. At weeks 0 and 6, serum samples were available from 32
subjects in the MenB/C group, 15 subjects in the MenB group, and 19 subjects in the MenC group. At week 12 the corresponding figures were 30,
15, and 19, and at week 18 they were 29, 14, and 19, respectively. At week 52 the corresponding figures were 27, 15, and 17, respectively.
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serogroup B and C and that the immune responses of the com-
bination vaccine were similar to the immune responses of its
separate components MenBvac and Menjugate for both sero-
group B and C.

No negative interaction with regard to immunogenicity or
safety was observed when the combined vaccine was given.
Instead, our ELISA results showed that the combination of
these two vaccines enhanced the elicited immune responses.
Such a trend, although not being statistically significant, was
also observed for the SBA analyses.

Adults are known to have higher prevaccination titers than
younger individuals due to natural exposure to the antigens.
Thus, the proportion of subjects with SBA titers = 4 against
serogroup B and the proportion of subjects with SBA titers =
8 against serogroup C were already high before vaccination (33
to 53% for serogroup B and 20 to 58% for serogroup C). After
vaccination with MenB/C or MenBvac, approximately 90% of
the subjects achieved this antibody titer against serogroup B
and the same was the case for group C among those receiving
MenB/C or Menjugate.

The increase in the proportion of subjects in the MenB
group with SBA titers = 8 against serogroup C (from 20% at
baseline to 60% 6 weeks after the first dose, returning to 27%
after 1 year) may indicate that MenBvac immunization results
in cross-reactivity by inducing antibodies against protein anti-
gens in the group C strain used in the SBA.

This study was conducted among adults, since it was the first
time this vaccine combination (given in one syringe) was
tested. Since the licensed vaccine Menjugate is widely used and
approximately 180,000 subjects have received MenBvac in clin-
ical trials, the proposed schedule for the combination might be
used down to toddler age. MenBvac has been shown to be safe
and immunogenic also in infants and toddlers (19, 21). It is
reasonable to believe that in younger age groups the safety and
reactogenicity profile, as well as the immune response of this
combination, will be similar to that observed among adults in
this study. In infants, more than one dose is needed not only
for the serogroup B vaccine but also for serogroup C-conju-
gated vaccines. Furthermore, the combination vaccine could
be given at the first or at any subsequent dose of the OMV
immunization schedule. Thus, it is a great advantage to be able
to combine these components and thereby induce broader
protection with the same number of injections.

Occurrence of local and systemic reactions is very common
for intramuscularly administered aluminum hydroxide-con-
taining vaccines, and therefore MenBvac was expected to have
such a profile (14). The most common adverse reaction ob-
served in this study was local pain, which is consistent with
earlier data (16). Most of the local and systemic reactions were
of mild or moderate intensity. Among those subjects who ex-
perienced local reactions of severe intensity after the first vac-
cine dose, local reactions of severe intensity were not fre-
quently reported after the subsequent doses. Adverse events
other than local and systemic reactions were not commonly
reported, and no serious adverse events were assessed by the
investigators as possibly related to the administration of Men-
Bvac or Menjugate. Although all three vaccine regimens were
reactogenic, with MenBvac being more reactogenic than Men-
jugate, and with the highest occurrence of reactions and ad-
verse events in the group receiving combined MenB/C vacci-
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nation, it can be concluded that, considering the severity of
systemic meningococcal disease, the benefits of immunization
with combined MenB/C vaccine by far override the risks in an
epidemic setting or a local outbreak situation if both serogroup
B and C are included in the clinical picture.

In conclusion, this study showed that combined immuniza-
tion with MenB/C vaccine is safe and likely to confer protec-
tion against meningococcal disease in epidemics and outbreaks
caused by serogroup C strains and serogroup B strains similar
to the vaccine strain. By using different serogroup B OMV
vaccines in combination with the C conjugate vaccine, protec-
tion against other serogroup B strains may also be obtained.
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