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ARTICLE INFO ABSTRACT

Article history: Safety precautions for laboratory staff working with meningococci should primarily rely on laboratory
Received 24 March 2015 procedures preventing exposure to aerosols containing viable meningococci. Despite this, vaccination
Received in revised form 12 May 2015 is a key component of protection in the occupational setting. In the UK in 2009, there were no licensed
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vaccines for meningococcal capsular group B or conjugate vaccines for capsular groups A, C, W and Y. We
therefore undertook a Phase Il trial in laboratory workers to investigate the safety and immunogenicity
of a four component group B vaccine (4CMenB) and a quadrivalent group A, C, W and Y conjugate vaccine
Meningococcal (ACWY-CRM).

Vaccine Enroiment was open to staff aged 18-65 years at the Public Health Laboratory, Manchester who may
4CMenB have had a potential occupational exposure risk to meningococci. 4CMenB was administered at 0, 2 and
ACWY-CRM 6 months in the non-dominant arm and ACWY-CRM concomitantly at 0 months in the dominant arm.
Laboratory workers Pre- and post-vaccination blood samples were taken and analysed by the serum bactericidal antibody
(SBA) assay against A, C, W and Y strains and a panel of seven diverse group B strains. Diary cards were
used to record any local and systemic reactions following each vaccination.

In total, 38 staff were enrolled and received initial vaccinations with 31 completing the trial per
protocol. Both vaccines were proven safe, with local reactogenicity being more commonly reported
following 4CMenB than ACWY-CRM. High proportions of subjects had putative protective SBA titres pre-
vaccination, with 61-84 and 61-87% protected against A, C, W and Y strains and diverse MenB strains,
respectively. Post-vaccination, SBA titres increased with 95~100 and 90-100% of subjects with protective
SBA titres against A, C, W and Y strains and diverse MenB strains, respectively.

These data suggest that 4CMenB and ACWY-CRM are safe when administered concomitantly and have
the potential to enhance protection for laboratory workers.

www.clinicaltrials.gov identifier: NCT00962624.
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1. Introduction cause of morbidity and mortality in many countries. In the gen-
eral population, the greatest burden of disease is observed in

Invasive meningococcal disease (IMD) caused by the Gram- infants, young children and adolescents. Asplenia and complement
negative bacterium Neisseria meningitidis remains a significant deficiency are specific risk factors irrespective of age [1]. As trans-
mission of meningococci occurs via the aerosol/respiratory route,

laboratory workers handling live meningococcal cultures in clin-

ical, reference or research facilities have a potential occupational
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Although protection of laboratory workers from IMD should
principally rely on physical control measures to prevent exposure
and acquisition [2], vaccination is an important form of defence.
In Europe, the first quadrivalent (A, C, W and Y) glycoconjugate
vaccine was licensed in 2010 [4] and a vaccine to provide protec-
tion against capsular group B strains was licensed in 2013 [5]. It
is therefore now possible to implement an occupational vaccina-
tion programme designed to achieve protection against the five
most prevalent capsular groups: A, B, C, W and Y which collec-
tively account for almost all cases of disease [6]. The potential
risk of disease in laboratory workers is longitudinal and therefore
booster vaccinations are necessary to sustain protective antibody
concentrations. The concern ofimmunological hyporesponsiveness
induced by bivalent (A and C) and quadrivalent (A, C, W and Y)
plain polysaccharide vaccines [7-10] has historically, complicated
re-vaccination recommendations. The ability of glycoconjugate
vaccines such as the monovalent MenC vaccines to overcome
and not induce immunological hyporesponsiveness has resulted
in these becoming the preferred option in groups requiring repeat
vaccination [2].

In 2009, a quadrivalent (A, C, W and Y) glycoconjugate vaccine
using a CRM carrier protein (ACWY-CRM) and the four component
vaccine for capsular group B strains (4CMenB) were undergoing
licensure review and in pre-licensure development, respectively.
Both had acceptable safety profiles and proven immunogenicity
[1,4]. We therefore undertook a single group phase I trial to evalu-
ate the safety and immunogenicity of a single dose of ACWY-CRM
and three 4CMenB doses in staff that may be at potential occupa-
tional exposure to meningococci. This trial incorporated the first
evaluation of the concomitant administration of ACWY-CRM and
4CMenB and provided the potential of broader protection than that
afforded by the vaccination programme in place at that time.

2. Materials and methods
21 Study population and schedule

Enrolment into this open-label phase II trial was open to
adult (18-65 years of age) laboratory staff from the Public Health
Laboratory, Manchester who were considered to be at poten-
tial occupational exposure to meningococci and provided written
informed consent. Potential occupational exposure was defined as
routine handling of live meningococcal cultures, which included
both scientific staff and support staff. At enrolment, this incorpo-
rated a greater range of staff than were then scheduled to receive
occupational meningococcal vaccination which was limited to sci-
entific staff. During the course of this trial, ACWY-CRM gained
licensure in Europe [4].

Exclusion criteria included known or suspected pregnancy, seri-
ous chronic disease (as evaluated by the trial clinician which
would include progressive neurological disease or seizure disor-
der), bleeding diathesis or any other condition associated with
prolonged bleeding time, history of severe allergic reactions after
previous vaccinations, hypersensitivity to any vaccine component
or receipt of another investigational agent within 90 days prior to
enrolment or before completion of safety follow-up period.

MenACWY-CRM (Novartis Vaccines and Diagnostics, Siena,
Italy) [4], from a single lot (Lot: X38D28N1Z) and 4CMenB (Novar-
tis Vaccines and Diagnostics) [ 1], from a single lot (Lot: X79P45110)
were administered to the deltoid muscle of the non-dominant and
dominant arms, respectively at visit 1. Second and third doses of
4CMenB were administered at three and six months, respectively.
Vaccination was deferred if the oral temperature measured was
>38°C or if there was acute illness on the day of vaccination. Sub-
sequent immunisations were also delayed if any contradictions

specified in the initial exclusion criteria were developed or any
convulsions, neurological disturbances experienced following pre-
vious doses.

Blood samples were taken before and following each vaccination
at months 0 (visit 1), 2 (visit 2), 3 (visit 3), 6 (visit 4) and 7 (visit 5).

2.2. Serology

Serum samples were assayed in the Vaccine Evaluation Unit at
the Public Health England (PHE), Manchester, using a multiplexed
fluorescent bead assay to quantify IgG antibody concentrations to
A, C, W and Y polysaccharides [11]. Functional antibody activity
against A, C, W and Y was determined in the serum bactericidal
antibody (SBA) assay as previously described [12] utilising target
strains presented in Table 1. Baby rabbit sera (Pel-Freeze Incorpo-
rated, Rodgerson, AZ, USA) was used as the exogenous complement
source (rSBA) as recommended by the World Health Organization
[13] in the standardised assay [12]. rSBA titres were expressed
as the reciprocal of the final serum dilution giving 50% killing at
60 min. For computational purposes, rSBA titres lower than the
serum starting dilution of 4 were assigned a value of 2. As baby
rabbit complement is unsuitable for group B target strains, func-
tional antibody activity against seven diverse strains (Table 1) was
determined using human serum (Sera Laboratories International
Ltd, UK) as the exogenous complement source {(hSBA) as previously
described [ 14 ). hSBA titres were calculated as rSBA titres, with the
exception that titres lower than the serum starting dilution of 2
were assigned a value of 1.

2.3. Correlates of protection

For group C, an rSBA titre of >8 is the putative protective
titre which was shown to predict short-term clinical protection
against disease in the UK [15,16]. The more discriminatory rSBA
titre of >128 reliably predicts a hSBA titre of >4 [16], the accepted
hSBA correlate of protection for group B [17,18]. Although an anti-
capsular Ig concentration of >2 pg/mL has historically been used
for group A [19], there are currently no established SBA correlates
for groups A, W and Y; therefore, the group C rSBA correlate was
applied in line with previous studies [20].

2.4. Safety

Following each vaccination, subjects were menitored for 30 min.
Subjects were provided with a ruler and thermometer on enrol-
ment to enable the completion of a health diary, for seven days
recording and measuring oral temperature and any local reactions.
Any visits to a doctor, systemic reactions (including headache and
nausea) or any medication taken were also recorded in the diary.
Severe reactions were classified as any local reaction >100 mm and
any pain level which resulted in an inability to perform normal daily
activities.

2.5. Analyses

All immunogenicity results gained were used in the analysis.
For IgG antibody concentrations, geometric mean concentrations
(GMCs) with 95% confidence intervals (95% Cl) were calculated at
each time point. For SBA results, geometric mean titres (GMTs) with
95% CI and proportions of subjects achieving rSBA titres >8 and
>128 and hSBA titres >4 were calculated at each time point. Due
to the small sample sizes, immunogenicity analysis did not include
any formal statistical analysis.
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Table 1
Meningococcal strains used in serum bactericidal antibody assays.
Strain Capsular group  Subtype Sequence type  Clonal complex fHbp NadA NHBA Comments
Variant Peptide’ Variant Peptide?

F8238 A 1.20,9 5 5 1 5 2/3 8 27 Group A indicator strain

Cc11 C P1.7-11 345 Unassigned 2 22 2/3 8 357 Group C indicator strain

MO1 240070 W P1.18,3 184 22 2 16 - - 20 Group W indicator strain

MO03 241125 Y P1.5.2 11 11 2 22 2/3 3 29 Group Y indicator strain

44/76-SL B P1.7,16 32 32 1 1 - - 3 Group B fHbp indicator
strain

NZ 98/254 B P1.7-24 42 41/44 1 14 - - 2 Group B PorA indicator
strain

5/99 B P1.5,2 8 8 2 23 2/3 3 20 Group B NadA indicator
strain

M00 242922 B P1.7-2.4 1 41/44 1 4 - - 2 Group B UK wild type
strain (possessing same
PorA as 4CMenB and NZ
98/254)

MO1 240355 B P1.22,14 213 213 3 3 4/5 12 18 Group B UK wild type
strain (mismatched to
4CMenB antigens)

MO1 240101 B P1.19-1,15-11 1049 269 1 15 - ~ 21 Group B UK wild type
strain (mismatched to
4CMenB antigens)

MO01240364 B P1.5,2 1 11 3 31 2/3 5 29 Group B UK wild type

strain (mismatched to
4CMenB antigens)

aClassification scheme by www.neisseria.org which classifies peptide a sequential number on submission to the database.

~ Does not harbour the NadA gene.

2.6. Governance

The trial was funded by the Meningitis Research Foundation,
sponsored by PHE (formally the Health Protection Agency) and was
conducted in accordance with the 1996 International Conference
on Harmonisation Good Clinical Practice (ICH GCP) guidelines, the
2000 Declaration of Helsinki and the 2004 EU Clinical Trial Direc-
tive. A favourable opinion was given by the UK Medicines and
Healthcare products Regulatory Agency (MHRA) and the National
Research Ethics Service, Wandsworth Research Ethics Commit-
tee. The EudraCT number was 2008-007182-23 and the trial was
registered on the public website www clinicaltrials.gov under the
identifier: NCT00962624.

3. Results

The trial was undertaken between July 2010 and February 2011.
A total of 42 staff responded to trial advertisements of whom 38
were available for the first visit and were enrolled and vaccinated
(Fig. 1). Women accounted for 63% (24/38) of those enrolled reflect-
ing the higher proportion of women within the eligible recruitment
cohort. At enrolment, the mean age of subjects was 34 years 5
months(range 23-55 years). Seven subjects withdrew consent over
the duration of the trial (2 not feeling well enough to continue, 1
local reaction to first 4CMenB dose, 1 needle phobia and 3 no rea-
son given). Blood samples were available for all 38 subjects at visit
1 but due to missed time windows, failed venepuncture and nee-
dle phobia fewer samples were available at subsequent time points
(Fig. 1). Safety data (from health diary/telephone follow up) were
collected for all subjects for each vaccine received.

3.1. Immunogenicity

Prior to vaccination, high rates of baseline immunity were deter-
mined for groups A, C, W and Y with at least 60.5 and 57.9% of
subjects having rSBA titres >8 and >128, respectively (Table 2).
Two-month post-ACWY-CRM (and 1st 4CMenB), these propor-
tions had increased to at least 94.6 and 89.2% for the two cut-offs,

respectively. For groups A and C, a four-fold rise in rISBA GMT was
determined two months following ACWY-CRM (and 1st 4CMenB),
whereas for W and Y, a 23- and 14-fold rise was achieved, respec-
tively (Table 3). The proportions of subjects with SBA titres at
the cut-offs and rSBA GMTs remained relatively constant for the
remaining three visits/five months encompassing the additional
two 4CMenB doses. Increases of between 3.4- and 5.8-fold were
observed in anti-capsular IgG GMC following ACWY-CRM which
remained elevated for the remaining time points (Table 4).

High rates of baseline immunity were also determined for group
B strains with at least 60.5% of subjects having hSBA titres >4
(Table 2).Increases in the proportions with hSBA titres >4 and hSBA
GMT (Table 3) were observed against all seven strains following the
firstdose of 4CMenB. Subsequent increases in hSBA GMT were mea-
sured for all strains following the second 4CMenB dose, but this was
not mirrored by increases in the proportions with hSBA titres >4
due to the high proportions already surpassing this level. The hSBA
GMTs for all strains were shown to have decreased at the 6-month
visit(pre-3rd 4CMenB dose) in comparison to month 3 although the
proportions of subjects with hSBA titres >4 remained constant. The
third dose of 4CMenB induced further responses, with the great-
est number of subjects with hSBA titre >4 and highest hSBA GMT
determined at the final seven-month visit for all group B strains.

3.2. Safety

Low rates of solicited injection site reactions were reported fol-
lowing ACWY-CRM, with two subjects (5%) reporting erythema
and induration and eight subjects (21%) reporting pain (Fig. 2). In
comparison, the proportions reporting erythema and induration
following 4CMenB were at least three and six times greater, respec-
tively. The most frequently reported reaction with 4CMenB was
pain, reported by all subjects following the third dose and all but
one subject following the first and second doses. Severe reactions
were exclusively reported for 4CMenB vaccination and at least 16%
of subjects reporting severe pain following each dose.

The greatest reports of systemic reactions of nausea and
headache were following the first vaccination visit (ACWY-CRM
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42 responders to trial advert

4 unavailable for the first visit and not enrolled

and 4CMenB) and consecutively reduced following the second and
third doses of 4CMenB (Fig. 3). Over 40% of participants reported
using pain relief following ACWY-CRM/4CMenB with fewer follow-
ing the second and third doses of 4CMenB (Fig. 3).

38 enrolled. consented and included in safety analysis
Visit | I . ;
(month 0) I 38 baseline serum samples available
38 received 1 dose of 4CMenB and ACWY-CRM
38 attended 2% visit
37 visit 2 serum samples available ([ failed venepuncture)
Visit 2 . I
(month 2) 4 withdrew consent (2 not feeling well enough to continue, |
local reaction from 1% 4CMenB dose and 1 no reason given)
34 received 2™ dose of 4CMenB
34 atended 31 visit
Visit 3 I
(month 3)
32 visit 3 samples available (2 missed time window)
34 attended 4" visit
32 visit 4 samples available (1 needle phobia. ] missed time
window)
Visit 4
(month 6)
2 withdrew.consent (1 no reason given. | needlephobia)
32 received 34 dose.of 4CMenB
| withdrew consent (no reason given)
Visit § l
(month 7) 31 attended 5% visit
| |
[ 28 visit 5 samples available (4 missed time window)

Fig. 1. Participant flow chart.
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Overall, 13 adverse events were reported of which 9 were con-
sidered by the investigators to be either related or possibly related
to 4CMenB. These consisted of eight injection site reactions (all
associated with 4CMenB) and a general episode of myalgia and



ody titres above cut-offs, pre- and post-vaccination.

ff

Month 0
(pre-vaccination)

Month 2 (2 months
post-ACWY-CRM, 2
months post-1st

Month 3 (3 months
post-ACWY-CRM, 1
month post-2nd

Month 6 (6 months
post-ACWY-CRM. 4
months post-2nd

Month 7 (7 months
post-ACWY-CRM, 1
month post-3rd

4CMenB) 4CMenB) 4CMenB) 4CMenB)
> 8 32/38 (84.2%) 35/37 (94.6%) 31/32 (96.9%) 30/32 (93.75%) 28/30(93.3%)
128 31/38 (81.6%) 35/37 (94.6%) 31/32 (96.9%) 30/32 (93.8%) 28/30(93.3%)
- 8 26/38 (64.4%) 35/37 (94.6%) 32/32 (100.0%) 30/32 (93.8%) 29/30 (96.7%)
> 128 24/38 (63.2%) 33/37 (89.2%) 27/30 (90.0%) 28/32 (87.5%) 27/30 (90.0%)
-8 23/38 (60.5%) 37/37 (100.0%) 32/32(100.0%) 31/32 (96.9%) 30/30 (100.0%)
- 128 22/38 (57.9%) 36/37 (97.3%) 31/32 (96.9%) 28/32 (87.5%) 29/30 (96.7%)
.8 24/38 (63.2%) 37/37 (100.0%) 32/32 (100.0%) 31/32 (96.9%) 30/30 (100.0%)
= 128 22/38 (57.9%) 35/37 (94.6%) 32/32 (100.0%) 30/32 (93.8%) 30/30 (100.0%)
\>4 33/38 (86.8%) 35/37 (94.6%) 32/32 (100.0%) 32/32 (100.0%) 28/28 (100.0%)
\>4 27/38 (71.1%) 33/37 (89.2%) 32/32 (100.0%) 31/32 (96.9%) 30/30 (100.0%)
\>4 27/38 (71.1%) 37/37 (100.0%) 32/32 (100.0%) 32/32 (100.0%) 30/30 (100.0%)
V>4 25/38 (65.8%) 31/37(83.8%) 31/32 (96.8%) 31/32 (96.9%) 30/30 (100.0%)
v>4 23/38 (60.5%) 31/37(83.8%) 29/32 (90.6%) 29/32 (90.6%) 27/30(90.0%)
\>4 33/38 (86.8%) 37/37 (100.0%) 32/32 (100.0%) 32/32 (100.0%) 30/30 (100.0%)
\>4 29/38 (76.3%) 33/37 (89.2%) 30/32 (93.8%) 29/31 (93.6%) 29/30 (96.4%)

)5% confidence intervals) pre- and post-vaccination.

Month 0
(pre-vaccination)

Month 2 (2 months
post-ACWY-CRM, 2
months post-1st
4CMenB)

Month 3 (3 months
post-ACWY-CRM, 1
month post-2nd
4CMenB)

Month 6 (6 months
post-ACWY-CRM, 4
months post-2nd
4CMenB)

Month 7 (7 months
post-ACWY-CRM, 1
month post-3rd
4CMenB)

0
!5

22
35
N
34

251.37 (116.56-542.09)
112.66 (44.48-285.36)
75.41(26.91-211.35)
45.25 (20.03-102.24)
15.84 (9.73-25.79)
8.84(4.76-16.44)
6.98 (4.26-11.43)
8.01(4.51-14.26)
8.50 (4.44-16.30)
44.04(23.10-83.95)
6.50 (4.43-9.53)

1083.20 (600.35-1945.39)
449.07 (239.69-841.35)
1762.96 (1027.75-3024.10)
653.19 (426.52-1000.30)
66.14 (34.05-128.45)
58.25(29.16-116.37)
113.38 (61.80-208.00)
33.75(17.81-63.96)
18.41(10.72-31.63)
200.86 (129.06-312.69)
17.47 (9.60~31.77)

1545.38 (889.06-2686.06)
512.00(259.20~1011.34)
1448.16 (854.72-2453.62)
939.01 (608.39-1449.31)
192.58 (112.34-330.16)
271.61(144.13-511.83)
650.35 (355.89-1188.46)
75.57 (39.33-14521)
52.26(27.99-97.59)
305.50 (166.23-561.45)
81.69 (40.47-164.89)

1002.06 (509.59-1970.45)
331.99 (175.00-629.80)
918.89 (449.22-1879.60)
546.38 (317.23-941.04)
121.67 (64.18-230.68)
127.76 (62.21-262.36)
180.34 (96.69-336.36)

70.29 (35.30-139.97)

36.64 (19.59-68.52)
261.74 (140.62-487.17)

34.90 (18.24-66.76)

615.95 (316.53-1198.60)
561.57 (291.84-1080.62)
1203.76 (677.04-2140.27)
523.97 (360.02-762.58)
303.44 (198.53-463.78)
272.49 (147.39-503.79)
866.43 (501.20-1497.82)
134.42 (68.93-262.14)
65.48 (31.33-163.83)
457.60 (270.00-775.54)
82.94 (48.17-142.82)

ch time point/strain are the same as those presented in Table 2.
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Table 4

Anti-capsular IgG geometric mean concentrations (ug/mL) (95% confidence intervals) pre- and post-vaccination.

3327

Month 3 (3 months
post-ACWY-CRM, 1
month post-2nd
4CMenB)

Month 6 (6 months
post-ACWY-CRM, 4
months post-2nd
4CMenB)

Month 7 (7 months
post-ACWY-CRM, 1
month post-3rd
4CMenB)

Capsular Month O (pre- Month 2 (2 months

group vaccination) post-ACWY-CRM, 2
months post-1st
4CMenB)

A 3.70(2.17-6.29) 12.65 (7.72-20.70)

C 2.61(1.16-5.86) 10.99 (5.93-20.35)

w 0.59(0.24-1.46) 3.41(1.55-7.52)

Y 0.95 (0.45-2.00) 5.21(2.67-10.16)

14.30 (8.55-23.91)
11.05 (6.42~19.00)
4.30(1.99-9.26)

5.38 (2.70-10.70)

9.19(5.38-15.72)
8.41(4.91-14.40)
2.88 (1.30-6.17)

542 (2.59-11.34)

11.91 (6.94-20.44)
8.70 (4.99-15.19)
3.78(1.85-7.73)
762(3.95-14.72)

The number of subjects used to calculate GMCs for each time point/strain are the same as those presented in Table 2.

100
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Erythema

Induration

=

Pain

34CMenB 1st dose E4CMenB 2nd dose E314CMenB 3rd dose

BHACWY-CRM

% Severe

Fig. 2. Solicited injection site reactions following each vaccination visit.
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Percentage of subjects

N
o

Nausea

W Vaccination 1 (4CMen8 & ACWY-CRM)

B Vaccination 3 (4CMenB)

Headache

Fever Use of pain relief

Vaccination 2 (4CMenB)

Fig. 3. Solicited systemic reactions and use of pain relief following each vaccination visit.

nausea three-day post-2nd dose of 4CMenB resulting in a General
Practitioner visit.

3.3. Discussion

To our knowledge, this trial incorporated the first investigation
of the concomitant administration of ACWY-CRM and 4CMenB in
healthy adults. In the trial population, both vaccines were proven
safe and immunogenic when concomitantly administered. These
results provide support of the recommendation [21] of the use of
these vaccines following their licensure in various at-risk groups

including laboratory staff which may have a potential occupational
exposure to meningococci.

Determination of the true immunogenicity of the vaccines in
this trial is hindered by the lack of a naive control group and
being undertaken in laboratory workers, of which 33 out of 38
had previously received meningococcal vaccination. Two subjects
had received monovalent group C conjugate vaccination dur-
ing the catch-up campaign in 1999/2000 [22], and 30 had been
vaccinated with multivalent polysaccharide vaccines within the
previous decade. Furthermore, 11 subjects had previously received
three doses of the ‘Norwegian' outer membrane vesicle vaccine
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six years previously [23] and 12 subjects had received a com-
bined group C and Haemophilus influenzae type b conjugate vaccine
three years previously [24]. This was the likely explanation for the
high baseline immunity which was at least double than previously
reported for age-matched UK general population for both group C
(C11) and B strains (NZ 98/254) [25,26].

Of the 38 subjects enrolled, 30 had received prior meningo-
coccal polysaccharide vaccination which has been associated with
immunological hyporesponsiveness [7-10]. Due to the lack of a
naive control group it was not possible to determine any hypore-
sponsiveness or the ability of ACWY-CRM to overcome it as
demonstrated in previous laboratory staff trials [27,28].

Two months following ACWY-CRM (and 4CMenB), high
increases in rSBA GMT were observed and the proportions with
rSBA titres >8 had increased to >94% for group A, C, W and Y strains.
As the SBA assay determines all functional anti-meningococcal
antibody, it is possible that responses to 4CMenB may have aug-
mented the predominantly anti-capsular killing against A, C, W
and Y strains. This is likely as the A strain contained an fHbp vari-
ant/peptide that has shown to be recognised on group B strains
by post-4CMenB sera [29]. For NadA, the group Y strain had an
identical peptide to that on the group B strain 5/99 used as an
indicator for the NadA component in 4CMenB. Although both the
MenA and MenC strains possessed a different NadA peptide to the
Y and 5/99 strains, they were the same variant group, suggesting
that they would be recognised by 4CMenB-induced antibody [30].
Each of the A, C, W and Y strains possessed NHBA, but the level of
killing attributable to antibodies raised against this is unknown. The
other key consideration in trying to elucidate any contribution of
4CMenB-induced antibody to rSBA titre against A,C, W and Y strains
is the level of protein expression. The Meningococcal Antigen Typ-
ing System (MATS) has been developed to collectively evaluate
protein expression in conjunction with recognition by 4CMenB-
induced antibody and therefore considering cross-reactivity [31].1t
has however, only been developed and validated for group B strains
in reference to the hSBA assay, meaning that it cannot currently be
applied to non-group B strains.

The highest rSBA GMTs for A, C and Y were determined at the
three-month visit which was three months following ACWY-CRM
and 1-month post-2nd dose of 4CMenB. This could lead to the pos-
tulation that this was in part due to the sub-capsular responses
induced by the second dose of 4CMenB. It must however, be consid-
ered that the highest anti-capsular IgG GMCs were also determined
at this time point. At the 7-month visit for A, C, W and Y, rSBA GMTs
and anti-capsular IgG GMCs had declined but remained elevated in
comparison to baseline levels. Comparison of the A, C, W and Y
responses to other reported trials is difficult as the only other trial
undertaken in laboratory staff reported results one-month post-
vaccination [32] and in accordance with all other adult trials utilised
the hSBA assay [33,34].

Responses to 4CMenB were investigated using diverse strains
as performed in the previous UK studies [35-37]. This consisted
of three group B indicator strains 44/76-SL, NZ 98/254 and 5/99 to
determine responses predominately against fHbp, PorA and NadA,
respectively and four wild-type strains from the UK with known
protein expression levels [35]. Broad responses were induced fol-
lowing 4CMenB as evidenced by the increases in hSBA GMT against
all seven strains following first and second doses. hSBA data against
the UK strains support previous predictions that cross-reactivity
of 4CMenB-induced antibody to non-identical variants increases
with age [29]. In this study, adults responded to both M01 240101
and M01 240364, as was demonstrated in infants when 4CMenB
was administered at 6 and 8 months [36] but not at 2, 4 and 6
months of age [35]. Robust responses were also demonstrated in
this study by adults against MO1 240355. This was predictable
as responses to this strain had been previously observed when

4CMenB was administered at 60 but not 40 months of age [37]
or in infancy [35,36]. Due to the breadth of responses in adults,
it is difficult to determine the immunogenicity and cross-reactive
response directed against each individual component of 4CMenB
against any of the SBA assay target strains. For example, responses
against M01 240355 are unlikely to be as a result of fHbp, PorA
or NadA due to previous studies suggesting that the variants
expressed are too divergent to be recognised by 4CMenB-raised
antibody [1,29,30]. Responses are therefore likely to be as a result
of either NHBA or the minor components of the OMV.

Group B hSBA GMTs declined over the three months following
the second 4CMenB dose as demonstrated in previous adolescent
and adult studies [ 32,38]. These hSBA GMTs, however, were at least
seven- and four-fold greater than baseline levels for indicator and
UK strains, respectively. The highest hSBA GMTs were observed for
all strains following the third dose of 4CMenB and the pattern sim-
ilar to that reported by previous three-dose adolescent and adult
studies [32,38]. During later stage pre-licensure studies, the num-
ber of 4CMenB doses was reduced to two [38,39] and the vaccine
is now licensed in Europe for ages two years and above as a two-
dose schedule [5]. This is supported by trial data generated against
the three indicator strains. This study is the first to report data
from non-indicator strains following three doses in adults which
demonstrate that the benefit of a third dose is strain specific. For
MO01 240355 and M01 240364, similar hSBA GMTs were determined
following the third as those following the second dose. For M01
242922 and M01 240101, however, the third dose was responsible
for the induction of higher GMTs.

Knowledge of antibody persistence is important to inform re-
vaccination recommendations, particularly in populations where
direct protection is essential. The only available persistence data
for 4CMenB are for up to two years following two doses in sub-
jects aged 11-17 years against indicator strains [38]. Although we
did not investigate persistence, we did observe that the UK stains
generally had lower SBA GMTs than indicator strains. Assuming
that antibody decay is the similar for all strains, antibody levels
will drop below protective levels sooner for UK strains than indica-
tor strains which had the higher post-vaccination GMTs. The lower
GMTs following the licensed two-dose schedule, in comparison to
those following three doses will also impact on persistence. These
have implications for future re-vaccination timing decisions par-
ticularly when protection is required against a broad spectrum of
group B meningococci.

Local injection site reactions of some type were reported by all
subjects receiving 4CMenB while only 23% of subjects reported a
reaction associated with ACWY-CRM. Due to concomitant admin-
istration, we were unable to determine the cause of the systemic
reactions although based on previous reports it is likely that the
fever was associated with 4CMenB [35,36,38.40]. These results are
consistent with previously published studies where these vaccines
were administered separately. To reduce systemic reactions, pro-
phylactic paracetamol has been recommended in infants when
receiving4CMenB [21] and has been shown not to adversely impact
immunogenicity [40]. Although not studied in this trial, it is likely
that paracetamol could also be used to reduce the reactogenicity
profile of 4CMenB when administered to adults.

The immunogenicity results reported incorporate all serology
results gained, including those at initial time points for those whom
subsequently withdrew. This was shown not to introduce any bias
and also enabled data for subjects whom missed an intermedi-
ate blood draw to be included in the final analyses. One potential
limitation of this trial is the lack of a maive control group which
limits the applicability of the results to vaccine naive individuals.
It must be considered however, that the aim of this trial was to
investigate these vaccines in a population previously and currently
recommended to receive- meningococcal vaccination. Results are
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therefore likely a combination of primary and secondary responses,
representative of responses in such at-risk groups.

4. Conclusions

This first investigation of the concomitant administration of
ACWY-CRM and 4CMenB has demonstrated that they are safe and
immunogenic in healthy adults. These vaccines are suitable for
providing protection in laboratory workers against the five major
pathogenic meningococcal capsular groups and supporting the rec-
ommendation for their use in this setting [21]. These data also
support the ongoing development of a combined vaccine compris-
ing of both ACWY-CRM and 4CMenB components [41].
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