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ABSTRACT

BACKGROUND

An effective, affordable, multivalent meningococcal conjugate vaccine is needed to
prevent epidemic meningitis in the African meningitis belt. Data on the safety and
immunogenicity of NmCV-5, a pentavalent vaccine targeting the A, C, W, Y, and X
serogroups, have been limited.

METHODS

We conducted a phase 3, noninferiority trial involving healthy 2-to-29-year-olds in
Mali and Gambia. Participants were randomly assigned in a 2:1 ratio to receive a
single intramuscular dose of NmCV-5 or the quadrivalent vaccine MenACWY-D.
Immunogenicity was assessed at day 28. The noninferiority of NmCV-5 to
MenACWY-D was assessed on the basis of the difference in the percentage of
participants with a seroresponse (defined as prespecified changes in titer; margin,
lower limit of the 96% confidence interval [CI] above —10 percentage points) or
geometric mean titer (GMT) ratios (margin, lower limit of the 98.98% CI >0.5).
Serogroup X responses in the NmCV-5 group were compared with the lowest re-
sponse among the MenACWY-D serogroups. Safety was also assessed.

RESULTS

A total of 1800 participants received NmCV-5 or MenACWY-D. In the NmCV-5
group, the percentage of participants with a seroresponse ranged from 70.5% (95%
Cl, 67.8 to 73.2) for serogroup A to 98.5% (95% CI, 97.6 to 99.2) for serogroup W;
the percentage with a serogroup X response was 97.2% (95% CI, 96.0 to 98.1). The
overall difference between the two vaccines in seroresponse for the four shared
serogroups ranged from 1.2 percentage points (96% CI, —0.3 to 3.1) for serogroup
W to 20.5 percentage points (96% CI, 15.4 to 25.6) for serogroup A. The overall GMT
ratios for the four shared serogroups ranged from 1.7 (98.98% CI, 1.5 to 1.9) for
serogroup A to 2.8 (98.98% CI, 2.3 to 3.5) for serogroup C. The serogroup X com-
ponent of the NmCV-5 vaccine generated seroresponses and GMTs that met the
prespecified noninferiority criteria. The incidence of systemic adverse events was
similar in the two groups (11.1% in the NmCV-5 group and 9.2% in the MenACWY-D
group).

CONCLUSIONS
For all four serotypes in common with the MenACWY-D vaccine, the NmCV-5 vac-
cine elicited immune responses that were noninferior to those elicited by the
MenACWY-D vaccine. NmCV-5 also elicited immune responses to serogroup X. No
safety concerns were evident. (Funded by the U.K. Foreign, Commonwealth, and
Development Office and others; ClinicalTrials.gov number, NCT03964012.)
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MENINGOCOCCAL CONJUGATE

HE GLOBAL ROAD MAP FOR THE DEFEAT-
ing Meningitis by 2030 program was en-
dorsed by the World Health Assembly in
November 2020. This strategy aims to eliminate
epidemic bacterial meningitis and to reduce the
rate of vaccine-preventable disease by 50% and
mortality by 70% before the end of the decade.!
In 2019, there were estimated to be more
than 2.5 million cases of meningitis worldwide,
which resulted in more than 236,000 deaths.?
The highest incidences of meningitis and death
from the disease occur across the African men-
ingitis belt, which stretches from Gambia and
Senegal in the west to Ethiopia in the east, where
meningitis epidemics, predominantly caused by
Neisseria meningitidis, occur on a background of
high rates of endemic disease.”* Although six
serogroups of meningococcus (A, B, C, W, X,
and Y) can cause invasive disease, serogroup A
has historically been the most important cause
of disease in the meningitis belt. However, after
mass vaccination campaigns with MenAfriVac, a
conjugate vaccine developed to address this bur-
den, that were conducted by means of a partner-
ship among the Serum Institute of India, the
World Health Organization (WHO), and PATH
(formerly known as the Program for Appropriate
Technology in Health), serogroup A disease has
been virtually eliminated.*¢
Nonetheless, countries in the meningitis belt
continue to record high rates of disease due to
other serogroups. Large epidemics of meningitis
caused by meningococcal serogroup C have oc-
curred in Niger and northwestern Nigeria, and
serogroup C disease continues to predominate
in countries such as Burkina Faso, Chad, Mali,
and Togo, from which surveillance data are avail-
able.®™ Epidemic serogroup W disease has also
been reported in Ghana and Togo, and sero-
group X disease has additionally emerged with
epidemic potential in the meningitis belt and
elsewhere. 391215
Although four quadrivalent meningococcal
ACWY conjugate vaccines have been licensed
and prequalified by the WHO, their use in the
African meningitis belt has been limited by sup-
ply and cost constraints.* Furthermore, there are
currently no licensed vaccines against meningo-
coccal serogroup X.'*'* Thus, building on the
success of the Meningitis Vaccine Project (which
developed MenAfriVac), the Serum Institute of
India and PATH developed a pentavalent menin-
gococcal ACWYX conjugate vaccine (NmCV-5)
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VACCINE IN MALI AND GAMBIA

with the goal of eliminating meningococcal dis-
ease in sub-Saharan Africa. Supportive data on
the safety and immunogenicity of NmCV-5 have
been reported from a phase 1 trial involving
persons 18 to 45 years of age in the United
States and a phase 2 trial involving children 12
to 16 months of age in Mali.'®"’

Here, we report the results of a phase 3 trial
of the NmCV-5 vaccine in participants 2 to 29
years of age, the target age group for meningo-
coccal outbreak-response campaigns, in Mali
and Gambia. The trial aimed to show the safety
and immunologic noninferiority of the NmCV-5
vaccine as compared with a licensed, WHO-
prequalified, quadrivalent meningococcal conju-
gate vaccine (MenACWY-D [Menactra, Sanofi
Pasteur]). This trial was intended to provide the
required data for the licensure and WHO pre-
qualification of the vaccine for future epidemic
control.

METHODS

TRIAL DESIGN AND PARTICIPANTS

We conducted a two-center, phase 3, double-
blind, randomized, active-controlled, noninferi-
ority trial in Mali and Gambia. After undergoing
screening for eligibility on the basis of prespeci-
fied inclusion and exclusion criteria (see the
Supplementary Appendix, available with the full
text of this article at NEJM.org), 600 participants
were enrolled in one of three groups according
to age: 2 to 10 years, 11 to 17 years, and 18 to
29 years. All the participants 18 years of age or
older, and the parents or guardians of partici-
pants younger than 18 years of age, provided
written informed consent. Participants who were
at least 13 years of age (in Mali) or at least 12
years of age (in Gambia) also provided written
assent.

Full details of the trial conduct are provided
in the protocol, available at NEJM.org. The re-
sponsibilities of the authors for the design and
conduct of the trial, the analysis of the data, and
the writing of the manuscript are outlined in the
Supplementary Appendix. The authors vouch
for the accuracy and completeness of the data
and for the fidelity of the trial to the protocol.

OVERSIGHT

The trial was conducted in accordance with the
principles of the Declaration of Helsinki and
with Good Clinical Practice guidelines. The pro-
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tocol was approved by the research ethics com-
mittee of the Faculté de Médecine, de Pharmacie
et d’Odonto-Stomatologie, in Mali; the institu-
tional review board of the University of Mary-
land School of Medicine; the Gambia Govern-
ment—Medical Research Council Joint Ethics
Committee in Gambia; and the Western Institu-
tional Review Board. Regulatory approval was
obtained from the Directorate of Pharmacy and
Medicine, Mali, and the Medicines Control
Agency, Gambia. A data and safety monitoring
board oversaw the trial.

RANDOMIZATION AND BLINDING

Eligible participants within each age group were
randomly assigned in a 2:1 ratio to receive either
the NmCV-5 vaccine (400 participants) or the
MenACWY-D vaccine (200 participants). Ran-
domization was undertaken with the use of a
Web-based system, according to a permuted
block randomization scheme. Randomization
and the preparation and administration of the
vaccines were undertaken by personnel who
were aware of the trial-group assignments; these
personnel were not involved in other participant-
related procedures or the collection of end-point
data. Parents and guardians, participants, and
all other trial staff were unaware of the trial-
group assignments.

VACCINES
A single 0.5-ml dose of NmCV-5 contains 5 ug
of meningococcal serogroup A and X polysac-
charides conjugated to tetanus toxoid and 5 ug
of meningococcal serogroup C, W, and Y poly-
saccharides conjugated to recombinant cross-
reactive material 197 (a nontoxic mutant of
diphtheria toxin). A single dose of MenACWY-D
contains 4 ug each of meningococcal A, C, W,
and Y polysaccharides conjugated to diphtheria
toxoid (see the Supplementary Appendix). The
vaccines were administered by injection into the
deltoid muscle with the use of a 23-gauge, 25-mm
needle.

OBJECTIVES AND END POINTS

The trial had two primary objectives: first, to
show that the immune responses to meningo-
coccal serogroups A, C, W, and Y that were
generated by the NmCV-5 vaccine were noninfe-
rior to those generated by the MenACWY-D vac-
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cine; and second, to show that the immune re-
sponses to meningococcal serogroup X that
were generated by NmCV-5 were noninferior
to the lowest immune response generated by
MenACWY-D to serogroups A, C, W, and Y.
Comparison with the lowest response that was
generated by the MenACWY-D serogroups was
made after a regulatory agreement in the absence
of a licensed serogroup X comparator vaccine.
Serum samples that were obtained before vacci-
nation (day 0) and on day 28 after vaccination
were tested with a serogroup-specific serum bacte-
ricidal antibody (SBA) with rabbit complement.’®%

Immune responses were defined in terms of
two primary end points: the serogroup-specific
SBA seroresponse and the geometric mean titer
(GMT) measured 28 days after vaccination. For
the analysis of seroresponse, we assessed the
percentage of participants with a postvaccina-
tion SBA titer of at least 32 in those with a pre-
vaccination titer of less than 8 or a titer that was
at least four times as high as the prevaccination
titer in those with a prevaccination titer of at
least 8. Secondary end points included the per-
centages of participants with SBA titers of at
least 8 and at least 128 before vaccination and on
day 28 after vaccination, as well as data related
to the safety profile of NmCV-5 as compared
with that of MenACWY-D. Details of the visit
schedule are provided in the Supplementary Ap-
pendix.

Data on solicited injection-site and systemic
adverse events were collected, and events were
graded for severity on the day of vaccination and
for a further 6 days after vaccination by means
of home visits conducted by trained fieldwork-
ers. Data on unsolicited adverse events were col-
lected by trial clinicians from the day of vaccina-
tion and for a further 28 days after vaccination,
and events were graded for severity. Solicited
systemic events and unsolicited events were
judged by the investigator for relatedness to vac-
cination. Data on serious adverse events were
collected for 168 days after vaccination (see the
Supplementary Appendix).

STATISTICAL ANALYSIS

The immunologic noninferiority of NmCV-5 as
compared with that of MenACWY-D was as-
sessed on the basis of the criteria set for either
of the two primary end points. A prospective
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alpha-allocation scheme was used for multiplic-
ity adjustment. One-sided significance levels of
0.02 and 0.0051 were applied to noninferiority
testing for seroresponse with a margin of —10
percentage points and for GMT with a margin of
0.5, respectively. The between-group difference
(NmCV-5 group minus the MenACWY-D group)
in the percentage of participants with a sero-
group-specific seroresponse was calculated with
a two-sided 96% confidence interval, which was
obtained by means of the Miettinen and Nur-
minen method.*® The ratios of the GMTs be-
tween the two groups (NmCV-5 group divided by
the MenACWY-D group) against each serogroup
were calculated with a two-sided 98.98% confi-
dence interval. For each serogroup, the log,-
transformed SBA titers were used to construct
a two-sided 98.98% confidence interval for the
mean between-group difference with the use of
analysis of covariance with log,-transformed
baseline titers as a covariate. Participant age,
sex, and trial site were evaluated for inclusion in
the model with the use of stepwise selection.
The mean difference and corresponding limits
of the 98.98% confidence interval were exponen-
tiated to obtain the ratio of GMTs and the cor-
responding 98.98% confidence interval.

The sample-size and power calculations are
provided in the Supplementary Appendix. The pri-
mary immunogenicity analysis was conducted in
the per-protocol population, which included all
the participants who underwent randomization
and vaccination, who had serologic results avail-
able, and who had no protocol deviations that
would have been considered likely to have an
effect on the immunogenicity assessment. The
safety analyses were conducted in the safety
population, which included all the participants
who received one dose of NmCV-5 or MenACWY-D
and provided any safety data. All the statistical
analyses were performed with the use of SAS
software, version 9.4 (SAS Institute).

RESULTS

TRIAL POPULATION

The first participants were recruited in August
2019. Safety follow-up to 168 days after vaccina-
tion was completed in June 2021. Informed
consent was provided for 1869 participants, of
whom 1800 were eligible and underwent ran-
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domization and vaccination (Fig. S1 in the Sup-
plementary Appendix). In each age group, 400
participants received NmCV-5 and 200 received
MenACWY-D (safety population).

Overall, 50.7% of the participants were fe-
male, all were African, and 43.4% were in the
Mandinka—-Malinke ethnic group (Table 1).
There were no notable between-group differ-
ences in the demographic or anthropometric
characteristics of the participants in any age
group. The trial participants were considered to
be representative of the target population for
NmCV-5 vaccination (Table S1).

IMMUNOGENICITY

Overall, the percentages of participants with a
seroresponse to serogroups A, C, W, and Y at 28
days after vaccination with NmCV-5 ranged from
70.5% (95% confidence interval [CI], 67.8 to
73.2) for serogroup A to 98.5% (95% CI, 97.6 to
99.2) for serogroup W (Table 2). A total of 97.2%
(95% CI, 96.0 to 98.1) of the participants had a
serogroup X response. The percentages of par-
ticipants with a seroresponse after vaccination
with MenACWY-D, for the four included sero-
groups, ranged from 50.0% (95% CI, 45.8 to
54.2) for serogroup A to 97.4% (95% CI, 95.6 to
98.6) for serogroup W.

Because the lowest percentage of partici-
pants with a seroresponse after vaccination with
MenACWY-D was for serogroup C, this sero-
group was used as the comparator for the pur-
poses of the noninferiority analysis for serogroup
X in the NmCV-5 group. The between-group
difference in the percentage of participants with
a seroresponse for the four shared serogroups
ranged from 1.2 percentage points (96% CI, —0.3
to 3.1) for serogroup W to 20.5 percentage
points (96% CI, 15.4 to 25.6) for serogroup A.
The between-group difference in the percentages
of participants with a serogroup X response in
the NmCV-5 group and a serogroup A response
in the MenACWY-D group was 47.2 percentage
points (96% CI, 42.8 to 51.6). The lower limit of
the 96% confidence interval was above the non-
inferiority margin of —10 percentage points for
all the serogroups, both in the overall popula-
tion (Fig. 1A) and in each age group. Thus, the
noninferiority of the NmCV-5 vaccine as com-
pared with the MenACWY-D vaccine was shown
on the basis of seroresponse.
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Table 1. Demographic and Anthropometric Characteristics of the Participants, in Overall Population and According to Age Group (Safety Population).*

18 to 29 Yr

11to 17 Yr

2to 10 Yr

Overall, 2 to 29 Yr

Characteristic

NmCV-5 MenACWY-D
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The overall serogroup-specific SBA GMT 28
days after vaccination with NmCV-5 ranged from
5587.2 (95% CI, 5123.7 to 6092.5) for serogroup
C to 31,290.4 (95% CI, 29,222.2 to 33,505.1) for
serogroup X (Table 2). The serogroup-specific
SBA GMT at 28 days after vaccination with
MenACWY-D for the four included serogroups
ranged from 1854.9 (95% CI, 1619.6 to 2124.4)
for serogroup C to 12,294.6 (95% CI, 10,778.9 to
14,023.4) for serogroup W.

Because the lowest SBA GMT after vaccina-
tion with MenACWY-D was to serogroup C, we
used this serogroup as the comparator for the
purposes of the noninferiority analysis with sero-
group X in the NmCV-5 group. The adjusted SBA
GMT ratio for the four shared serogroups ranged
from 1.7 (98.98% CI, 1.5 to 1.9) for serogroup A
to 2.8 (98.98% CI, 2.3 to 3.5) for serogroup C.
The adjusted GMT ratio for the comparison of
serogroup X in the NmCV-5 group with sero-
group C in the MenACWY-D group was 9.5
(98.98% CI, 7.1 to 12.8). The lower limit of the
98.98% confidence interval was above the non-
inferiority margin of 0.5 for all the serogroups,
both in the overall population (Fig. 1B) and in
each age group. Thus, the noninferiority of
the NmCV-5 vaccine as compared with the
MenACWY-D vaccine was shown on the basis of
the SBA GMTs. Hence, the two primary objec-
tives of the trial were met in each age group on
the basis of both seroresponse and GMT.

The percentages of participants who had
baseline and postvaccination serogroup-specific
SBA titers of at least 8 and at least 128 are pro-
vided in Table S3. The geometric mean factor
increases after NmCV-5 vaccination tended to be
higher than those after MenACWY-D vaccination
for all serogroups and in all age groups (Table
S4). Although there were no notable differences
in the distribution of SBA titers at baseline, the
percentage of participants with results above any
given titer tended to be higher after NmCV-5
vaccination than after MenACWY-D vaccination
(Fig. 2).

SAFETY

Overall, solicited adverse events were assessed in
1199 participants in the NmCV-5 group and in
599 in the MenACWY-D group. A total of 312
participants (26.0%) in the NmCV-5 group and
115 (19.2%) in the MenACWY-D group had at
least one solicited injection-site reaction (P=0.001)
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(Table 3). Pain was the most common reac-
tion, occurring in 311 participants (25.9%) in
the NmCV-5 group and in 115 (19.2%) in the
MenACWY-D group (P=0.001). Overall, 133 par-
ticipants (11.1%) in the NmCV-5 group and 55
(9.2%) in the MenACWY-D group had a solicited
systemic adverse event. All the solicited events
were mild or moderate in severity and resolved
with no more than simple analgesia.

Unsolicited adverse events were assessed in
the full safety population of 1800 participants.
After vaccination with NmCV-5, 189 participants
(15.8%) had a mild or moderate unsolicited ad-
verse event, as compared with 99 participants
(16.5%) after vaccination with MenACWY-D. None
of the unsolicited events were judged by the in-
vestigators to be related to vaccine. Overall, the
most common unsolicited events were upper
respiratory tract infection, malaria, and pharyn-
gitis, which occurred in 4.6%, 1.3%, and 0.8%
of the participants, respectively (Table S5).

Three serious adverse events occurred after
vaccination in each vaccine group, none of
which were deemed by the investigator to be
related to vaccine. One 18-year-old participant in
the MenACWY-D group died after trauma unre-
lated to the trial.

A total of 13 pregnancies were reported dur-
ing trial follow-up. Eleven women had normal
deliveries without congenital anomalies, and
2 women chose to terminate their pregnancies.

DISCUSSION

This phase 3 trial showed the immunologic non-
inferiority of the NmCV-5 vaccine as compared
with the licensed, WHO-prequalified, quadrivalent
meningococcal conjugate vaccine MenACWY-D.
Noninferiority was shown in all three age
groups on the basis of both seroresponse and
GMT. The NmCV-5 vaccine had a safety profile
similar to that of the licensed vaccine. These
data are expected to support the licensure and
WHO prequalification of NmCV-5 as a pentava-
lent meningococcal conjugate vaccine, including
for serogroup X.

The licensure of meningococcal conjugate
vaccines, including those targeting new sero-
groups, on the basis of immunogenicity rather
than efficacy end points, is a well-established
approach.??? Serum bactericidal antibodies, mea-
sured with the use of human complement, were
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originally defined as a correlate of protection
against invasive serogroup C disease in U.S.
military recruits.”>* However, the standardized
assay with rabbit complement was subsequently
used to support the licensure and introduction
of serogroup C conjugate vaccines in the United
Kingdom.?*? The short-term, one-dose efficacy
of 97% among teenagers and 92% among tod-
dlers supported the validity of this approach in
the United Kingdom, and an SBA titer of at least
8 and an increase by a factor of at least 4 in titers
were identified as markers of vaccine-induced
protection against this serogroup.”®?® In the
United Kingdom and elsewhere, effectiveness
of between 91% and 96% within 12 months after
vaccination has been shown in all age groups,
with protection being sustained more consis-
tently in those vaccinated after infancy.*3°

A similar approach was used for the licensure
of the meningococcal serogroup A conjugate vac-
cine MenAfriVac.?’?>3! In the absence of a de-
fined correlate of protection and in the context
of high baseline antibody titers, the requirement
for an increase in SBA titer by a factor of 4 was
used as the primary end point.*® According to
enhanced surveillance leading up to and after
the rollout of the vaccine across the African
meningitis belt, the incidence of meningitis has
substantially decreased, and serogroup A disease
has all but disappeared. Burkina Faso recorded a
71% reduction in the incidence of meningitis and
a 99.8% reduction in the incidence of serogroup
A meningitis in the year after the MenAfriVac
campaign.** A 94% reduction in the incidence
of meningitis was also recorded in Chad within
4 to 6 months after vaccination.®® A study that
was conducted across nine countries in the men-
ingitis belt showed a 57% reduction in the inci-
dence of suspected meningitis and a decrease of
more than 99% in the incidence of serogroup A
meningitis that were associated with mass vac-
cination campaigns.* Serogroup C and A conju-
gate vaccines also generate herd protection,
which indicates an effect on nasopharyngeal
carriage as well as on invasive disease.’**’

There are now early data on the effectiveness
of the MenACWY-D vaccine and other quadriva-
lent vaccines, which were also licensed on the
basis of immunogenicity results. In an analysis
of serogroup C and Y breakthrough cases after
the introduction of single-dose vaccination with
MenACWY-D in adolescents in the United States,
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A
Serogroup Noninferiority Difference in Percentage of Participants with Seroresponse (96% Cl)
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Figure 1. Overall Noninferiority Analysis of Inmunogenicity on the Basis of Seroresponse and Geometric Mean Titers at 28 Days

after Vaccination.

Shown are the comparisons of the pentavalent ACWYX meningococcal conjugate vaccine NmCV-5 with the quadrivalent meningococcal
conjugate vaccine MenACWY-D with regard to seroresponse (Panel A) and geometric mean titer (GMT). Seroresponse was defined as

a postvaccination titer of serum bactericidal antibody (SBA) with rabbit complement of at least 32 in participants with a prevaccination
SBA titer of less than 8 or as an increase by a factor of at least four over baseline in the postvaccination SBA titer in participants who
had a prevaccination SBA titer of at least 8. For serogroup X, the comparisons are shown between the seroresponse and GMT generated
against this serogroup by the NmCV-5 vaccine and the lowest seroresponse and GMT generated by the MenACWY-D vaccine against the
four serogroups it contains (serogroup A for seroresponse, and serogroup C for GMT). The analyses were conducted in the per-protocol
population, which included all the participants who underwent randomization and vaccination, who had serologic results available, and
who had no protocol deviations that would be considered likely to affect the immunogenicity assessment.

1950

vaccine effectiveness was estimated to be between
80% and 85%.%® A case—control study that was
conducted in the same setting estimated a vaccine
effectiveness of 79% within 1 year and of 69% be-
tween 1 year and 3 years after vaccination. Vaccine
effectiveness was 79% against serogroup C and
51% against serogroup Y up to 8 years after vac-
cination.*® After the introduction of a quadriva-
lent vaccine program that predominantly used
MenACWY-TT (Nimenrix, Pfizer) in adolescents in
the United Kingdom, an overall vaccine effective-
ness of 94%, including effectiveness of 94% against
serogroup W and 82% against serogroup Y, was
recently shown.** The program has also been
shown to reduce pharyngeal carriage of meningo-
coccus and is expected to generate herd protection.”

N ENGL J MED 388;21

Thus, strong postimplementation data support
the licensure of meningococcal conjugate vac-
cines on the basis of immunogenicity rather
than efficacy end points. The availability of such
effectiveness data and the extensive use of the
MenACWY-D vaccine, which was the first quad-
rivalent conjugate vaccine to be licensed, includ-
ing as part of an outbreak response in West Af-
rica, support the choice of the vaccine as the
comparator in this trial. Some differences in the
immunogenicity of the four currently licensed
quadrivalent vaccines have been reported. How-
ever, data are lacking to suggest that these im-
munogenicity differences translate into differ-
ences in effectiveness.”? The generally higher
immune responses to NmCV-5 over the licensed
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Figure 2. Reverse Cumulative Distribution Curves before Vaccination and 28 Days after Vaccination, According to

Meningococcal Serogroup.

The prevaccination value was assessed before the vaccine was administered on day 0.

N ENGLJ MED 388;21 NEJM.ORG MAY 25, 2023

The New England Journal of Medicine
Downloaded from nejm.org on May 26, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.

1951



The NEW ENGLAND JOURNAL of MEDICINE

661/0
(911) 66T/€T

(s0) 66T/1
(9'52) 661/15

661/0
(9'52) 661/15

0ov/0
(z€1) oov/€s

(z0) oov/1

(s°62) 00v/811
00+/0

(s°62) 00v/8T1

(00z=N) (0o =N)
A-AMDVUSIN S-ADWN
A 67 01 81

(s°0) 00z/1
(s0) 00z/1
(s0) 00z/1
(s'1) 0oz/¢
(s8) 00Z/L1
(02) ooz/y
(0'1) 0oz/z

00z/0
(0'z1) 00Z/¥T

00z/0
(s'z2) 00z/sv

00z/0
(sz2) o0z/sv

(0'1) oo¥/¥
(z'1) oov/s
(z'1) oov/s
(8°2) oov/11
(08) oov/ze
(8°2) oov/11
(8'1) 00¥/L

0ov/0
(sz1) oov/0s

00+/0
(5°82) 00v/¥11

00+/0
(s°82) oov/¥11

(00z=N) (0o =N)
a-AMDVUN S-ADWN
IALT 0L TT

06/0
(1) 06/1
06/0
(1) 06/1
() o6/
06/0
06/0

(670) o1T/1
(8'1) o11/2
(6'0) 01T/1

o1t/0
(670) 0T1/1

00z/0
(0'¥) 00z/8

(s°0) 00z/1

(s'6) 00z/61

002/0

(s'6) 00z/61

(00z=N)

A-AMDVUSIN

JA0T O T

66£/0
(s72) 66€/0€

(8°0) 66€/¢

(3'61) 66€/6£L

66£/0

(T'02) 66€/08

(0or=N)
S-ADWN

(z0) 687/1
(1) 68¥%/L
(9°0) 687/
(2D e8y/ct
(65) 68¥/627
(£7¢) 68¥/91
(80) 68¥/¥

(670) 011/1
(81 o1/t
(670) 01T/1

ot1/0
(670) o11/1

665/0
(z'6) 665/55

(£0) 665/2
(z61) 665/STT

665/0
(ze1) 665/STT

(009=N)
a-AMDVUSN

(8°0) ¥101/8

(¢1) v101/€1
(£'1) ¥10T/€1
(2 v1o1/22
(z2) vro1/€L
(¢) ¥101/8¢
(e'1) v10T/€T

6611/0
(T'T1) 66TT/€ET

(€0) 6611/¥
(6'52) 661T/11€

6611/0
(092) 6611/21¢

(00z1=N)
S-ADWN

IZENYe}

eayielq
eIxai0uy
eid|eayuy
eid|eA
ayoepeaH
andney
JEVEN
93ejoup 9=
eayuielq
BIXaI0Uy
Awjiqe
SssauIsmolq
JEVER|
93e Joup 9>
uonnquisig
JUaA9 €= apeud Auy
1UaA Auy

(96) "ou |e103
/70U — JUaA3 9SI9APE DILWAISAS

uoneanpul o 3uljjams
luieq

JUAS ¢ apeud Auy
Jauans Auy

(96) "ou |e101/*0U
— JUSAD 3SIBAPE 3}IS-UOI1I3(U]

+SJUSAD 3SJa2ApE pajidijos

UaA3

*(uonejndog £1a4es) dnous a8y 03 Suipioddy pue uoijejndod ||BISAQ UI ‘SJUBAT 3SISAPY PaYDI[OSUN PUE PaYIdI|oS *€ 3|qeL

NEJM.ORG MAY 25, 2023

N ENGL J MED 388;21

1952

The New England Journal of Medicine
Downloaded from nejm.org on May 26, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Massachusetts Medical Society. All rights reserved.



MENINGOCOCCAL CONJUGATE VACCINE IN MALI AND GAMBIA

Unsolicited adverse eventsi:

81 (20.2) 36 (18.0) 44 (11.0) 25 (12.5) 64 (16.0) 38 (19.0)

99 (16.5)

189 (15.8)

Any event — no. (%)

Any grade =3 event — no. (%)

Serious adverse events|

1(0.5)

3(0.8)

2 (1.0)

3(0.5)

3(0.2)

Any event — no. (%)

Vaccine-related event — no. (%)

* Data on solicited injection-site and systemic adverse events were collected for 7 days after vaccination. Data on solicited injection-site and systemic adverse events were missing for two

participants: one in the 2-to-10-year-old age group who received the NmCV-5 vaccine and one in the 18-to-29-year-old age group who received the MenACWY-D vaccine.

T The overall incidence of injection-site reactions and of pain at the injection site was higher in the NmCV-5 group than the MenACWY-D group (P

0.001 for both comparisons by

Fisher's exact test).
i Data on unsolicited adverse events were collected for 28 days after vaccination.

§ Data on serious adverse events were collected for 168 days after vaccination.

N ENGL ) MED 388;21

comparator provide further reassurance in this
regard.

This trial has several strengths. Both Mali
and Gambia are in the African meningitis belt
and are thus representative of a key future target
population for vaccination with NmCV-5, and
the findings are likely to translate to other set-
tings. The consistency of the immune responses
across age groups is also reassuring. Finally, the
technology that is used in the production of the
NmCV-5 vaccine is based on cost-effective meth-
ods for carrier protein production, polysaccha-
ride fermentation and purification, and chemi-
cal conjugation. Thus, the vaccine is expected to
be made available at a cost lower than that of the
existing quadrivalent vaccines.

The limitation of product licensure on the
basis of immunogenicity is acknowledged, and
the generation of effectiveness data regarding
the NmCV-5 vaccine, particularly against sero-
group X disease, will be important. Data on the
persistence of immune responses at 6 months
and 12 months will be necessary, particularly
considering the potential future routine use of
NmCV-5 outside the epidemic response.

In addition, the high baseline GMTs for sero-
group A, which reflect outcomes of previous
MenAfriVac campaigns and routine immuniza-
tion programs in Mali and Gambia, limited the
percentage of participants with a serogroup A
response. Nonetheless, postvaccination titers
were considerably higher than those that have
been shown to provide protection against this
serogroup, and more than 95% of previously
unvaccinated toddlers had a serogroup A re-
sponse."’

In this trial, we found that the NmCV-5 vac-
cine elicited immune responses that were nonin-
ferior to those for all four serotypes in common
with the MenACWY-D vaccine, as well as to se-
rogroup X, without evident safety concerns. On
the basis of these trial data, NmCV-5 may
emerge as a tool to support meningococcal dis-
ease control, particularly across the meningitis
belt of sub-Saharan Africa, and thus may con-
tribute to epidemic elimination and the other
goals of the global road map for the Defeating
Meningitis by 2030 program.

The findings and conclusions contained in this article are
those of the authors and do not necessarily reflect the position
or policy of the U.K. Foreign, Commonwealth, and Development
Office.

NEJM.ORG MAY 25, 2023

The New England Journal of Medicine

Downloaded from nejm.org on May 26, 2023. For personal use only. No other uses without permission.

Copyright © 2023 Massachusetts Medical Society. All rights reserved.

1953



1954

The NEW ENGLAND JOURNAL of MEDICINE

Supported by a grant (300341-108) from the U.K. Foreign,
Commonwealth, and Development Office and by the Bill
and Melinda Gates Foundation, the Serum Institute of India,

and PATH.

Disclosure forms provided by the authors are available with

the full text of this article at NEJM.org
A data sharing statement provided by the
with the full text of this article at NEJM.org.

We thank the trial participants and their parents; the research
staff at Centre pour le Développement des Vaccins du Mali; the
staff of the Medical Research Council Unit The Gambia at the

London School of Hygiene and Tropical Medicine; the staff of

Nexelis, PPD, MCT, and the Serum Institute of India; and the

members of the data and safety monitoring board (Drs. Brian
authors is available Greenwood [chair], Peter Smith, Tatiana Keita, and Oomen

John).

APPENDIX

The authors’ full names and academic degrees are as follows: Fadima C. Haidara, M.D., Ama Umesi, M.B., B.S., Samba O. Sow, M.D.,
Magnus Ochoge, M.B., B.Ch., Fatoumata Diallo, M.D., Abdulazeez Imam, M.B., B.S., Youssouf Traore, M.D., Lucy Affleck, M.B., Ch.B.,
Moussa F. Doumbia, M.D., Bubacarr Daffeh, M.B., Ch.B., Mamoudou Kodio, Pharm.D., Oghenebrume Wariri, M.B., B.S., Awa Traoré,
Pharm.D., Edrissa Jallow, B.Sc., Beate Kampmann, Ph.D., Dhananjay Kapse, M.D., Prasad S. Kulkarni, M.D., Asha Mallya, Ph.D., Sunil
Goel, Ph.D., Pankaj Sharma, M.Sc., Annamraju D. Sarma, Ph.D., Nikhil Avalaskar, M.Pharm., F. Marc LaForce, M.D., Mark R. Alderson,
Ph.D., Abdi Naficy, M.D., Steve Lamola, M.D., Yuxiao Tang, Ph.D., Lionel Martellet, M.A., Nancy Hosken, Ph.D., Evangelos Simeonidis,
Ph.D., Jo Anne Welsch, Ph.D., Milagritos D. Tapia, M.D., and Ed Clarke, M.B., Ch.B.

The authors’ affiliations are as follows: Centre pour le Développement des Vaccins du Mali, Bamako (F.C.H., S.0.S., E.D., Y. Traore,
M.E.D., MK,, A.T., M.D.T.); Medical Research Council Unit The Gambia at the London School of Hygiene and Tropical Medicine,
Banjul, Gambia (A.U., M.O., AL, L.A,, B.D., O.W., EJ., B.K,, E.C.); the Serum Institute of India, Pune (D.K., P.S.K., A.M., S.G., P.S.,
A.D.S., N.A., F.M.L.); the Center for Vaccine Innovation and Access, PATH (formerly known as the Program for Appropriate Technol-
ogy in Health), Seattle (M.R.A., A.N., S.L., Y. Tang, L.M., N.H., E.S., J.LAW.); and the Center for Vaccine Development and Global
Health, University of Maryland School of Medicine, Baltimore (M.D.T.).

REFERENCES

1. World Health Organization. Defeat-
ing meningitis by 2030. June 24, 2021
(https:/[www.who.int/initiatives/
defeating-meningitis-by-2030).

2. Global Health Data Exchange. Global
burden of disease survey 2019 (GBD 2019)
data resources (https://ghdx.healthdata
.org/gbd-2019).

3. GBD 2016 Meningitis Collaborators.
Global, regional, and national burden of
meningitis, 1990-2016: a systematic analy-
sis for the Global Burden of Disease Study
2016. Lancet Neurol 2018;17:1061-82.

4. Trotter CL, Lingani C, Fernandez K,
et al. Impact of MenAfriVac in nine coun-
tries of the African meningitis belt, 2010-
15: an analysis of surveillance data. Lan-
cet Infect Dis 2017;17:867-72.

5. LaForce FM, Djingarey M, Viviani S,
Preziosi MP. Lessons from the meningitis
vaccine project. Viral Immunol 2018;31:
109-13.

6. World Health Organization. Meningi-
tis weekly bulletin: inter country support
team — West Africa. July 2022 (https://
cdn.who.int/media/docs/default-source/
2021-dha-docs/bulletin-meningite_2022
_s26.pdf?sfvrsn=c27cce4c_1&download=
true).

7. Sidikou F, Zaneidou M, Alkassoum I,
et al. Emergence of epidemic Neisseria
meningitidis serogroup C in Niger, 2015:
an analysis of national surveillance data.
Lancet Infect Dis 2016;16:1288-94.

8. Soeters HM, Diallo AO, Bicaba BW,
et al. Bacterial meningitis epidemiology
in five countries in the meningitis belt of
Sub-Saharan Africa, 2015-2017. J Infect
Dis 2019;220:Suppl 4:5165-5174.

9. Itsko M, Topaz N, Ousmane-Traoré S,
et al. Enhancing meningococcal genomic

N E

surveillance in the meningitis belt using
high-resolution culture-free whole-genome
sequencing. J Infect Dis 2022;226:729-37.
10. Kwambana-Adams BA, Amaza RC,
Okoi C, et al. Meningococcus serogroup C
clonal complex ST-10217 outbreak in
Zamfara State, Northern Nigeria. Sci Rep
2018;8:14194.

11. Feagins AR, Sadji AY, Topaz N, et al.
Neisseria meningitidis Serogroup C
Clonal Complex 10217 Outbreak in West
Kpendjal Prefecture, Togo 2019. Microbi-
ol Spectr 2022;10(2):e0192321.

12. Epidemic meningitis control in coun-
tries of the African meningitis belt, 2016.
Wkly Epidemiol Rec 2017;92:145-54.

13. Agnememel A, Hong E, Giorgini D,
Nuiiez-Samudio V, Deghmane A-E, Taha
M-K. Neisseria meningitidis serogroup X
in Sub-Saharan Africa. Emerg Infect Dis
2016;22:698-702.

14, Alderson MR, LaForce FM, Sobanjo-
Ter Meulen A, Hwang A, Preziosi MP,
Klugman KP. Eliminating meningococcal
epidemics from the African meningitis
belt: the case for advanced prevention and
control using next-generation meningo-
coccal conjugate vaccines. J Infect Dis 2019;
220:Suppl 4:5274-8278.

15. Retchless AC, Congo-Ouédraogo M,
Kambiré D, et al. Molecular characteriza-
tion of invasive meningococcal isolates in
Burkina Faso as the relative importance
of serogroups X and W increases, 2008—
2012. BMC Infect Dis 2018;18:337.

16. Chen WH, Neuzil KM, Boyce CR, et al.
Safety and immunogenicity of a pentava-
lent meningococcal conjugate vaccine
containing serogroups A, C, Y, W, and X
in healthy adults: a phase 1, single-centre,
double-blind, randomised, controlled

study. Lancet Infect Dis 2018;18:1088-96.
17. Tapia MD, Sow SO, Naficy A, et al.
Meningococcal serogroup ACWYX conju-
gate vaccine in Malian toddlers. N Engl J
Med 2021;384:2115-23.

18. Lucidarme J, Louth ], Townsend-
Payne K, Borrow R. Meningococcal sero-
group A, B, C, W, X, and Y serum bacteri-
cidal antibody assays. Methods Mol Biol
2019;1969:169-79.

19. Borrow R, Balmer P, Miller E. Menin-
gococcal surrogates of protection — se-
rum bactericidal antibody activity. Vaccine
2005;23:2222-7.

20. Miettinen O, Nurminen M. Compara-
tive analysis of two rates. Stat Med 1985;
4:213-20.

21. World Health Organization. The im-
munological basis for immunization se-
ries: module 15: meningococcal disease,
update 2020 (https://apps.who.int/iris/
handle/10665/339965).

22. World Health Organization. Recom-
mendations to assure the quality, safety
and efficacy of group A meningococcal
conjugate vaccines, annex 2, TRS No. 962.
October 23, 2011 (https://www.who.int/
publications/m/item/group-a
-meningococcal-conjugate-vaccines-annex
-2-trs-no-962).

23. Goldschneider I, Gotschlich EC,
Artenstein MS. Human immunity to the
meningococcus. II. Development of natu-
ral immunity. J Exp Med 1969;129:1327-
48.

24, Goldschneider I, Gotschlich EC,
Artenstein MS. Human immunity to the
meningococcus. I. The role of humoral
antibodies. J Exp Med 1969;129:1307-26.
25. Miller E, Salisbury D, Ramsay M.
Planning, registration, and implementa-

NGL ) MED 388;21 NEJM.ORG MAY 25, 2023

The New England Journal of Medicine
Downloaded from nejm.org on May 26, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.



MENINGOCOCCAL CONJUGATE VACCINE IN MALI AND GAMBIA

tion of an immunisation campaign against
meningococcal serogroup C disease in
the UK: a success story. Vaccine 2001;20:
Suppl 1:858-S567.

26. Andrews N, Borrow R, Miller E. Vali-
dation of serological correlate of protec-
tion for meningococcal C conjugate vac-
cine by using efficacy estimates from
postlicensure surveillance in England.
Clin Diagn Lab Immunol 2003;10:780-6.
27. Borrow R, Andrews N, Goldblatt D,
Miller E. Serological basis for use of me-
ningococcal serogroup C conjugate vac-
cines in the United Kingdom: reevalua-
tion of correlates of protection. Infect
Immun 2001;69:1568-73.

28. Ramsay ME, Andrews N, Kaczmarski
EB, Miller E. Efficacy of meningococcal
serogroup C conjugate vaccine in teenag-
ers and toddlers in England. Lancet 2001;
357:195-6.

29. Findlow H, Campbell H, Lucidarme J,
etal. Serogroup C Neisseria meningitidis dis-
ease epidemiology, seroprevalence, vaccine
effectiveness and waning immunity, En-
gland, 1998/99 to 2015/16. Euro Surveill
2019;24:1700818.

30. Tin Tin Htar M, Jackson S, Balmer P,
et al. Systematic literature review of the
impact and effectiveness of monovalent
meningococcal C conjugated vaccines
when used in routine immunization pro-
grams. BMC Public Health 2020;20:1890.
31. Sow SO, Okoko BJ, Diallo A, et al. Im-
munogenicity and safety of a meningo-

coccal A conjugate vaccine in Africans.
N Engl J Med 2011;364:2293-304.

32. Novak RT, Kambou JL, Diomandé FV,
et al. Serogroup A meningococcal conju-
gate vaccination in Burkina Faso: analysis
of national surveillance data. Lancet In-
fect Dis 2012;12:757-64.

33. Daugla DM, Gami JP, Gamougam K,
et al. Effect of a serogroup A meningococ-
cal conjugate vaccine (PsA-TT) on sero-
group A meningococcal meningitis and
carriage in Chad: a community study
[corrected]. Lancet 2014;383:40-7.

34. Campbell H, Andrews N, Borrow R,
Trotter C, Miller E. Updated postlicensure
surveillance of the meningococcal C con-
jugate vaccine in England and Wales: ef-
fectiveness, validation of serological cor-
relates of protection, and modeling
predictions of the duration of herd im-
munity. Clin Vaccine Immunol 2010;17:
840-7.

35. Kristiansen PA, Diomandé F, Ba AK,
et al. Impact of the serogroup A meningo-
coccal conjugate vaccine, MenAfriVac, on
carriage and herd immunity. Clin Infect
Dis 2013;56:354-63.

36. Maiden MC, Ibarz-Pavén AB, Urwin
R, et al. Impact of meningococcal sero-
group C conjugate vaccines on carriage
and herd immunity. J Infect Dis 2008;197:
737-43.

37. Trotter CL, Maiden MC. Meningococ-
cal vaccines and herd immunity: lessons
learned from serogroup C conjugate vac-

cination programs. Expert Rev Vaccines
2009;8:851-61.

38. Macneil JR, Cohn AC, Zell ER, et al.
Early estimate of the effectiveness of
quadrivalent meningococcal conjugate
vaccine. Pediatr Infect Dis J 2011;30:
451-5.

39. Cohn AC, MacNeil JR, Harrison LH,
et al. Effectiveness and duration of pro-
tection of one dose of a meningococcal
conjugate vaccine. Pediatrics 2017;139(2):
€20162193.

40. Campbell H, Andrews N, Parikh SR,
et al. Impact of an adolescent meningo-
coccal ACWY immunisation programme
to control a national outbreak of group W
meningococcal disease in England: a na-
tional surveillance and modelling study.
Lancet Child Adolesc Health 2022;6:96-
105.

41. Carr )P, MacLennan JM, Plested E, et al.
Impact of meningococcal ACWY conju-
gate vaccines on pharyngeal carriage in
adolescents: evidence for herd protection
from the UK MenACWY programme.
Clin Microbiol Infect 2022;28(12):1649.e1-
1649.€8.

42. McMillan M, Chandrakumar A, Wang
HLR, et al. Effectiveness of meningococ-
cal vaccines at reducing invasive menin-
gococcal disease and pharyngeal neisse-
ria meningitidis carriage: a systematic
review and meta-analysis. Clin Infect Dis
2021;73(3):e609-e619.

Copyright © 2023 Massachusetts Medical Society.

N ENGLJ MED 388;21 NEJM.ORG MAY 25, 2023

The New England Journal of Medicine
Downloaded from nejm.org on May 26, 2023. For personal use only. No other uses without permission.
Copyright © 2023 Massachusetts Medical Society. All rights reserved.

1955



