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ABSTRACT

Meningococcal serogroups A and C cause significant numbers of cases in China. The Sanofi Pasteur
meningococcal polysaccharide A + C vaccine (Men-AC) was licensed in China in 1995. Immunogenicity
and safety of a single dose of Men-AC against a similar marketed vaccine, the Lanzhou Institute
serogroups A and C vaccine (Lanzhou-AC), were evaluated in children 2 to 6 y of age. Antibody titers
were determined before and on Day 30 after vaccination using a serum bactericidal assay using baby
rabbit complement (SBA-BR). Imnmunogenicity endpoints included rates of seroconversion (postvaccina-
tion antibody titers >4-fold higher) and seroprotection (postvaccination titers >1:8). Unsolicited systemic
adverse events (AEs) within 30 minutes after vaccination, solicited injection site and systemic reactions
between Days 0 and 7, unsolicited non-serious AEs within 30 d, and serious adverse events (SAEs)
throughout were recorded. Seroconversion rates against serogroups A and C were 97.0% (95% confidence
interval [Cl], 94.5-98.6) and 94.7% (95% Cl, 91.6-97.0), respectively, in the Men-AC group and 97.7% (95%
Cl, 95.4-99.1) and 94.8% (95% Cl, 91.7-97.0), respectively, in the Lanzhou-AC group, while seroprotection
rates were 98.0% (95% Cl, 95.8-99.3) and 97.0% (95% Cl, 94.5-98.6), respectively, in the Men-AC group and
99.0% (95% Cl, 97.2-99.8) and 96.8% (95% Cl, 94.1-98.4), respectively, in the Lanzhou-AC group. Non-
inferiority of Men-AC with regard to immunogenicity was demonstrated since the lower bounds of the
95% Cls of the differences in rates between the two groups were > —5% for both serogroups. Both
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vaccines were well tolerated.

Introduction

Invasive meningococcal disease (IMD) is caused by Neisseria
meningitidis, a Gram-negative aerobic diplococcus, and mainly
presents itself in the forms of meningitis and septicemia, the
latter of which can range from uncomplicated bacteremia to
sepsis leading to organ failure and death." Rapidly fatal in
approximately half of those affected if untreated, in up to
20% of survivors, it can result in sequelae such as disability,
brain damage, and auditory symptoms; the fatality rate of IMD
is 8-15% even with early diagnosis and immediate treatment.
Twelve meningococcal serogroups have been identified, but
only six (A, B, C, W, X, and Y) cause IMD globally.>™*

Prior to the introduction of the group A meningococcal
polysaccharide-tetanus toxoid conjugate vaccine (PsA-TT;
MenAfriVac) in the meningitis belt that extends across sub-
Saharan Africa, 1.2 million cases of IMD were reported by the
World Health Organization (WHO) each year and 135,000
deaths were attributed to this disease annually.>® Prior to the
1990s, IMD showed high prevalence in China, with Shanghai
being a high-incidence zone with peak incidence as high as 434
cases per 100,000 population in 1967.°® Incidence of IMD
caused by serogroup A declined significantly following the
universal introduction of serogroup A (MenA) polysaccharide

vaccines in China in the 1980s.” Since then, the incidence has
been as low as 0.09 cases per 100,000 population (0.60 cases per
100,000 population in children younger than 1 y of age) from
2005 to 2010."” A subsequent systematic review and meta-
analysis estimated the incidence of IMD in China to be 1.84
cases per 100,000 population and the associated mortality to be
0.33 per 100,000 population between 2005 and 2015."" In the
last century, serogroup A was responsible for up to 95% of
cases of meningococcal disease in China, whereas serogroups
B and C caused only sporadic cases.'*”'*> However, following
reports of increased incidence of disease caused by serogroup
C strains in Anhui province and in Hefei between 2003 and
2005,'>'® serogroups A and C polysaccharide vaccine have
been routinely used nationwide in China since 2006.>'” The
vaccination of children in China with a meningococcal vaccine
is important not only because of the documented higher inci-
dence in this age group but also because many of them live in
regions where meningococcal infections are epidemic.

The meningococcal polysaccharide A + C vaccine (Men-AC)
produced by Sanofi Pasteur (Meningo A + C°) is a lyophilized,
heat-stable suspension of equal parts of purified polysaccharides
derived from serogroups A (strain A4 Branham) and C (strain
C2241 Gotschlich) of N. meningitidis. Although licensed since
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1995 in China and effectively used in the Chinese population
aged 2 y and older, Men-AC has not been directly compared in
children 2 to 6 y of age with a similar vaccine that has been
licensed in the Chinese market. This phase IV, randomized,
controlled, blind-observer, non-inferiority study was conducted
as required by the China State Food and Drug Administration
(SFDA) in healthy Chinese participants 2 to 6 y of age to assess
safety and immunogenicity of a single dose of Men-AC with the
intent to support license renewal of the Men-AC in China.

Materials and methods

This phase IV, randomized, controlled, blind-observer, non-
inferiority study was conducted at the Jiangsu Provincial
Center for Disease Prevention and Control in Jiangsu
Province, China. The trial protocol was approved by the
Independent Ethics Committee of Jiangsu Provincial Center
for Disease Prevention and Control prior to the start of the
trial. A parent or legal guardian for each participant provided
written informed consent before initiation of any study-related
procedures. The study has been registered at ClinicalTrials.gov
(NCTO01430611).

Participants

Eligible participants were 2 to 6 y of age and had documentation
of immunization against meningococcal disease according to the
national immunization Expanded Program on Immunization
(EPI) schedule, which included two doses with meningococcal
group A polysaccharide vaccine between 6 and 18 months of age.
Exclusion criteria included: receipt of any vaccine in the 4 weeks
preceding the trial vaccination or planned receipt of any vaccine
in the 4 weeks following the trial vaccination (except influenza
vaccine); previous vaccination against meningococcal disease
within the 12 months prior to trial vaccination; previous vacci-
nation with any meningococcal conjugate vaccine; receipt of
immune globulins, blood, or blood-derived products in the
3 months prior to enrollment; congenital or acquired immuno-
deficiency, or receipt of immunosuppressive therapy, or long-
term systemic corticosteroid therapy; history of confirmed
meningococcal infection; being at high risk for meningococcal
disease during the trial, including increased susceptibility, ana-
tomic or functional asplenia, or exposure to persons at high risk
for exposure; systemic hypersensitivity to vaccine components;
thrombocytopenia, bleeding disorder, or receipt of anticoagu-
lants in the 3 weeks prior to enrollment; or chronic illness that
would interfere with trial conduct or completion. Temporary
exclusions by which participation could be delayed until resolu-
tion of the condition included acute illness or infection on
the day of the vaccination or febrile illness (defined by the
SFDA as axillary temperature >37.1°C); or receipt of antibiotic
therapy within 72 hours before blood sampling.

Vaccines

Each 0.5-mL dose of Men-AC (batch G1089-1) contained 50 pg
each of N. meningitidis group A and group C polysaccharides.
Each 0.5-mL dose of the comparator vaccine, meningococcal
(groups A and C) polysaccharide vaccine manufactured by

Lanzhou Institute of Biological Products (Lanzhou-AC; Meng
Ling Kang®; batch 201011121[1-2]) contained 50 pg each of
N. meningitidis group A and group C polysaccharides. Both
vaccines were provided as freeze-dried powders with solvent
for resuspension.

Study design

Participants were randomly assigned in a 1:1 ratio to receive
either Men-AC or Lanzhou-AC. Participants received a single
dose of study vaccine on Day 0 that was administered subcu-
taneously in the anterolateral aspect of the upper arm. Blood
samples for immunogenicity testing were collected prevaccina-
tion on Day 0 and postvaccination at Day 30 (window, +7 d).

Endpoints

The primary endpoint was the rate of seroconversion for each
vaccine, defined as a > 4-fold increase between pre-
vaccination antibody titers against meningococcal serogroups
A and C and post-vaccination titers measured 30 d after
vaccine administration using the 2,3,5-triphenyltetrazolium
chloride (TTC) serum bactericidal assay (SBA) using baby
rabbit complement (TTC SBA-BR), which measures anti-
body-mediated, complement-dependent killing of target
bacteria.'®*” Secondary endpoints included antibody titers
against meningococcal serogroups A and C and rates of
seroprotection, defined as the percentage of participants
with postvaccination titers >1:8 for both serogroups. Safety
outcomes included the occurrence, intensity, and relationship
to vaccination of any unsolicited systemic adverse events
(AEs) reported within 30 minutes after vaccination and the
occurrence, time to onset, duration, and intensity of solicited
injection site reactions, solicited systemic reactions, adverse
reactions (ARs), unsolicited AEs, and serious AEs (SAEs)
occurring from Day 0 through Day 30 after vaccination.
Definitions of terms and descriptions of intensity scales
related to solicited injection site and systemic reactions are
provided in Tables 1 and 2, respectively. Although the defini-
tions and intensity scale classifications for injection site
erythema, injection site swelling, and fever used by both the
China SFDA and the sponsor (Sanofi Pasteur) are listed
Tables 1 and 2 and were used in the statistical analysis, the
reported results were based only on the China SFDA defini-
tions and intensity scale classifications. The same definitions
and intensity scale classifications were used for both vaccines.

Serologic evaluations

Antibody titers were determined using the TTC SBA-BR.
Bacteria, baby rabbit complement, TTC, and serially diluted
sera are incubated together in microtiter plates and covered
with an agar overlay. The endpoint titer was determined by the
reciprocal serum dilution yielding >50% killing compared with
the mean of the complement control wells containing no
serum. Sera with titration <1:2 (dilution) were considered to
be negative. Serological tests were performed at the China
National Institutes for Food and Drug Control (NIFDC)
laboratory.
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Table 1. Terminology, definitions, and intensity scales of solicited injection site reactions.

e-CRF term (MedDRA
lowest level term)

Injection site pain Injection site erythema Injection site swelling

Redness

Presence of redness around the
approximate point of needle entry

China SFDA:

Grade 1: > 0 to <15 mm

Grade 2: > 15 to < 30 mm

Grade 3: > 30 mm

Sponsor:"

Grade 1: > 0 to <25 mm

Grade 2: > 25 to < 50 mm

Grade 3: > 50 mm

Diary e-card term Pain

Definition

Swelling

Swelling at or near the injection site; described
in terms of size of the swelling

China SFDA:

Grade 1: > 0 to <15 mm

Grade 2: = 15 to < 30 mm

Grade 3: > 30 mm

Sponsar:"

Grade 1: > 0 to <25 mm

Grade 2: > 25 to < 50 mm

Grade 3: > 50 mm

Intensity scale® Grade 1: Easily tolerated

Grade 2: Sufficiently discomforting to interfere
with normal behavior or activities

Grade 3: Incapacitating, unable to perform usual

activities

eCRF, electronic case report form; MedDRA, Medical Dictionary for Regulatory Activities; SFDA, State Food and Drug Administration

?For the subjective reaction of pain, participants’ parents or legal guardians recorded the intensity level (Grades 1 to 3) in the diary card. For the measurable reactions of
redness and swelling, they recorded just the size of the reaction, with the classification as Grade 1, 2, or 3 being assigned at the time of statistical analysis.

PAlthough the intensity scale classifications for injection site erythema and injection site swelling used by both the China SFDA and the sponsor (Sanofi Pasteur) are
listed in this table and were used in the statistical analysis, the results summarized in Tables 6 and 7 were based only on the China SFDA definitions and intensity scale

classifications.

Table 2. Terminology, definitions, and intensity scales of solicited systemic reactions.

e-CRF term

(MedDRA lowest

level term) Fever Headache Malaise Myalgia
Diary e-card term Temperature Headache Feeling unwell Muscle aches and pains

China SFDA:"
Elevation of axillary
temperature to > 37.1°C

Definition Pain or discomfort in
the head or scalp;

does not include

General ill feeling. Generalized feeling of
discomfort, illness, or lack of well-being
associated with a disease state; may be

Common and can involve more than one
muscle at the same time. May also
involve the soft tissues surrounding

Sponsor:” migraine. accompanied by exhaustion or muscles. Does not apply to muscle pain
Elevation of temperature to inadequate energy to accomplish usual at the injection site which was required
> 38.0°C activities to be reported as injection site pain.

Intensity scale® China SFDA:" Grade 1: Grade 1: Grade 1:
Grade 1: 37.1 to 37.5°C No interference with  No interference with activity No interference with activity
Grade 2: 37.6 to 39.0°C activity Grade 2: Grade 2:
Grade 3: > 39.0°C Grade 2: Some interference with activity Some interference with activity
Sponsor: ° Some interference with Grade 3: Grade 3:
Grade 1: > 38.0°C to <38.4°C  activity Significant; prevents daily activity Significant; prevents daily activity
Grade 2: > 38.5°C to <38.9°C Grade 3:
Grade 3: > 39.0°C Significant; prevents
daily activity

eCRF, electronic case report form; MedDRA, Medical Dictionary for Regulatory Activities; SFDA, State Food and Drug Administration

2Although the definitions and intensity scale classifications for fever used by both the China SFDA and the sponsor (Sanofi Pasteur) are listed in this table and were used
in the statistical analysis, the results summarized in Tables 6 and 7 were based only on the China SFDA definitions and intensity scale classifications.

BFor all reactions except fever, participants’ parents or legal guardians recorded the intensity level (Grades 1 to 3) in the diary card. For fever, they recorded the body
temperature, with the classification as Grade 1, 2, or 3 being assigned at the time of statistical analysis.

Statistical analysis

A total of 300 evaluable participants per group were calculated
to provide 80% power in a one-sided test for non-inferiority at
a significance level alpha of 0.025 and a 5% clinical non-
inferiority margin when the underlying seroconversion rates
were expected to be 97% in each group for both serogroups
A and C (calculated using the Farrington and Manning for-
mula). Additionally, a sample size of 300 subjects vaccinated in
Group 1 would allow 95% probability of detecting an AE with
a true incidence rate of 1%. A total sample size of 333 per group
assumed a 10% drop-out/unevaluable rate.

The hypotheses tested for the primary (seroconversion) and
secondary (seroprotection) endpoints were that 30 d after a single
dose, Men-AC would be inferior to Lanzhou-AC in terms of
seroconversion and seroprotection rates for serogroups A and
C. To test the two hypotheses, two-sided 95% confidence inter-
vals (CIs) were constructed around the difference between the
percentages of participants with postvaccination titers against

both serogroups that were >4-fold higher than the prevaccina-
tion titers (seroconversion) and around the difference between
the percentages of participants with postvaccination titers >1:8
against both serogroups (seroprotection). The inferiority
assumption was rejected for each serogroup if the lower bound
of the two-sided 95% CI was > —5%, using a one-sided Type
I error rate of 0.025 and a non-inferiority margin of 5%. If the
null hypothesis was rejected for both serogroups while testing
the two hypotheses, it was concluded that Men-AC was non-
inferior to Lanzhou-AC with regard to both seroconversion and
seroprotection. The Wilson score method without continuity
correction was used for the calculation of the CI of the difference
of percentages between groups. For safety endpoints, two-sided
95% Cls for the percentages of participants with an event were
calculated using the exact binomial method (Clopper-Pearson
method). No imputation for missing data was performed.
Statistical analyses were performed using Statistical Analysis
Software (SAS®) version 9.2 (SAS Institute, Cary, NC, USA).
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Participants enrolled
N = 666

Group 1: Men-AC
n =333

Did not receive vaccine
n=1

Received vaccine
n =332

Included and randomized

Full Analysis Set

Safety Analysis Set

Group 2: Lanzhou-AC
n =333

Received vaccine
n =333

Received wrong vaccine

n=123

Received vaccine
n =332

Participants with at
least 1 protocol deviation

n=28
n =304

Figure 1. Participant disposition.

The safety analysis set included all participants who received
the study vaccine and for whom safety data were available
(Figure 1).

The full analysis set (FAS) comprised all participants who
received the study vaccine and had a postvaccination serology
result. The per-protocol analysis set (PPAS) consisted of all
participants who received the study vaccine and complied with
all protocol-specified requirements and procedures.

Results
Participants

This study was conducted between August 23, 2011 (first partici-
pant enrolled) and October 12, 2011 (last participant visit). Of 666
participants who enrolled in the study, 333 each were randomly
assigned to receive either Men-AC or Lanzhou-AC (Figure 1). Of
these, 315 (94.6%) participants who received Men-AC and 318
(95.5%) participants who received Lanzhou-AC completed the
study. One participant who was randomly assigned to receive
Lanzhou-AC received Men-AC and was therefore included in
the Men-AC safety analysis set. The mean (standard deviation
[SD]) age was 3.2 (1.1) y and 58.3% of the participants were male.
Demographic characteristics were similar between vaccine groups.

Immunogenicity

For serogroups A and C, the lower bound of the 95% CI around
the difference in seroconversion rates at 30 d postvaccination
was > —5%, demonstrating non-inferiority of the Men-AC
vaccine compared with the Lanzhou-AC vaccine (Table 3).
Similarly, non-inferiority was also demonstrated with
regard to seroprotection rates for both serogroups (Table 4).
Results are shown for the per-protocol analysis set; results
for the full analysis set were similar. Although not a primary or
secondary endpoint, the percentage of participants with SBR-
BR titers >1:128 was determined since titers >1:128 have been
shown to correlate well with protection.”' For serogroup A, the

Full Analysis Set

Per-Protocol Analysis Set

Received vaccine
n =333

Participants with at
—* least 1 protocol deviation

n=25
n =308

percentages of participants with titers >1:128 did not differ
appreciably between vaccine groups both before (8/304
[2.6%] in the Men-AC group versus 9/308 [2.9%] in the
Lanzhou-AC group; median titer in both groups: 1.0) and
30 d after vaccination (259/304 [85.2%] in the Men-AC
group versus 271/308 [88.0%] in the Lanzhou-AC group; med-
ian titer in both groups: 256). Similarly, for serogroup C also,
the percentages of participants with titers >1:128 were essen-
tially similar between vaccine groups both before (3/304 [1.0%]
versus 5/308 [1.6%] in the Men-AC and Lanzhou-AC groups,
respectively; median titer in both groups: 4.0) and 30 d after
vaccination (244/304 [80.3%] versus 254/308 [82.5%] in the
Men-AC and Lanzhou-AC groups, respectively; median titer in
both groups: 256). These data were for the per-protocol analy-
sis set, with results for the full analysis set being comparable.

Geometric mean titers (GMTs) against serogroups A and
C increased from baseline for both Men-Ac and Lanzhou-AC
at 30 d postvaccination (Table 5). Postvaccination GMTs and
postvaccination:prevaccination geometric mean titer ratios
(GMTRs) were higher for serogroup A than for serogroup
C and were similar between vaccines.

Safety

Solicited injection site reactions were reported by 101 (30.5%)
and 95 (28.7%) of participants who received Men-AC and
Lanzhou-AC, respectively (Table 6). The most frequently
reported solicited injection site reaction in both vaccine groups
was pain at the injection site. Most reactions were grade 1 in
intensity and resolved within 3 d. Solicited systemic reactions
were reported by 87 (26.3%) of participants receiving Men-AC
and 85 (25.7%) participants receiving Lanzhou-AC (Table 6).
Fever was the most commonly reported systemic reaction in
participants who received Men-AC and myalgia was the most
common systemic reaction in participants who received
Lanzhou-AC. Most solicited systemic reactions occurred
within the first 3 d after vaccination, were grade 1 in intensity,
and resolved within 3 d.
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Men-AC Lanzhou-AC Difference®
n/N % (95% Cl) n/N % (95% Cl) % (95% Cl) Non-inferiority achieved?
Serogroup A 295/304 97.0 (94.5, 98.6) 301/308 97.7 (95.4,99.1) —0.7 (-3.51, 2.04) Yes©
Serogroup C 288/304 94.7 (91.6, 97.0) 292/308 94.8 (91.7, 97.0) —0.1 (-3.75, 3.60) Yes©

n, number of participants with seroconversion; N, number of participants with data available; Cl, confidence interval.
Seroconversion was defined as = 4-fold increase from prevaccination in antibody titers at 30 d after vaccination.

bDifference was defined as (Men-AC minus Lanzhou-AC).

“Non-inferiority was considered to have been achieved if the lower bound of the two-sided 95% Cl was > —5%.

Table 4. Seroprotection rates (per-protocol analysis set)*

Lanzhou-AC

Difference®

% (95% Cl) % (95% Cl) Non-inferiority achieved?

Men-AC
n/N % (95% Cl) n/N
Serogroup A 298/304 98.0 (95.8, 99.3) 305/308
Serogroup C 295/304 97.0 (94.5, 98.6) 298/308

Yes©
Yes©

99.0 (97.2, 99.8)
96.8 (94.1, 98.4)

-1.0 (=3.35, 1.14)
0.3 (-2.68, 3.26)

n, number of participants with seroconversion; N, number of participants with data available; Cl, confidence interval.
Seroprotection was defined as the percentage of participants with postvaccination titers > 1:8 for meningococcal serogroups A and C.

bDifference was defined as (Men-AC minus Lanzhou-AC).

“Non-inferiority was considered to have been achieved if the lower bound of the two-sided 95% CI was > —5%.

Table 5. GMTs and GMTRs (per-protocol analysis set).

Serogroup A

Serogroup C

Men-AC (N = 304)

Lanzhou-AC (N = 308)

Men-AC (N = 304) Lanzhou-AC (N = 308)

Prevaccination GMT(95% Cl)
Postvaccination GMT(95% Cl)
GMTR (95% Cl)

1.71 (1.49, 1.97)
203 (178, 233)
70.1 (60.4, 81.4)

1.44 (1.27, 1.63)
225 (202, 250)
86.1 (74.9, 99.1)

3.66 (3.27, 4.10)
179 (155, 206)
44.8 (37.8, 53.1)

3.64 (3.25, 4.07)
191 (167, 220)
47.8 (40.5, 56.4)

GMT, geometric mean titer; GMTR, geometric mean titer ratio (postvaccination:prevaccination); Cl, confidence interval.

One participant (Men-AC group) experienced an immedi-
ate non-serious systemic AE of worsening allergy, with symp-
toms of erythema on the left groin and left anterolateral thigh
(Table 7). The event was grade 2 in intensity, lasted for 1 d, and
required healthcare provider contact but no prescription of
new medication. The event was considered to be related to
vaccination per the investigator.

Unsolicited AEs occurred in 110 (33.0%) and 106 (31.9%) of
participants receiving Men-AC and Lanzhou-AC, respectively
(Table 7). The most commonly reported unsolicited AEs in the
Men-AC group were nasopharyngitis (18.0%), cough (5.1%),
and diarrhea (3.3%). All of these events were grade 1 or grade 2
in intensity except for a grade 3 event of pyrexia, which was
considered by the investigator to be unrelated to vaccination.
The most commonly reported unsolicited AEs in the Lanzhou-
AC group were nasopharyngitis (15.4%) and cough (8.7%). All
of these events were grade 1 or grade 2 in intensity. Unsolicited
ARs were reported by 3 (0.9%) participants receiving Men-AC
and 2 (0.6%) participants receiving Lanzhou-AC (Table 7).

Three SAEs were reported during the study (Table 7). None
of the SAEs was considered to be related to vaccination per the
investigator. One participant who received Men-AC experi-
enced bronchopneumonia that required hospitalization. The
event started 15 d after vaccination and lasted 12 d. One
participant who received Men-AC had abdominal pain that
required hospitalization, which started 6 d after vaccination
and lasted 15 d. One participant who received Lanzhou-AC
experienced bronchitis that required hospitalization, which
started 24 d after vaccination and lasted 5 d. No deaths were
reported during the study.

Discussion

This Phase IV, single-center, randomized, controlled, blind-
observer, non-inferiority study undertaken as required by the
China SFDA demonstrated that Men-AC and Lanzhou-AC
had similar immunogenicity and safety profiles; both vaccines
induced robust immune responses and were well tolerated.
A single dose of Men-AC was immunologically non-inferior
to Lanzhou-AC, both with regard to the seroconversion rates
for serogroups A and C and with regard to seroprotection rates
against the two serogroups. Over 94.7% of participants demon-
strated seroconversion, while over 96.8% had postvaccination
titers >1:8 against the two serogroups with the two vaccines.
Percentages of participants with SBA-BR titers >1:128, shown
to correlate well with protection,”' did not differ appreciably
between vaccine groups for both serogroups. As for safety,
solicited injection site reactions (the most common being
pain at the injection site) and solicited systemic reactions (the
most common being fever) were of grade 1 intensity and most
resolved within 3 d. A single participant in the Men-AC group
experienced a grade 2 non-serious systemic AE (worsening
allergy with symptoms of erythema on the left groin and left
anterolateral thigh) that lasted for a single day and required
medical attention but no new medications and was considered
to be vaccine-related. Unsolicited AEs occurred in similar
proportions of participants in both groups and were mostly
of grade 1 or 2 in intensity. Unsolicited ARs occurred in similar
proportions of participants in both groups. There were no
SAEs deemed to be related to vaccination, and no deaths
occurred during the study.



924 (&) F-C.ZHUETAL

Table 6. Summary of solicited AEs per China SFDA definitions and intensity scale classifications (safety analysis set).

Men-AC Lanzhou-AC
Participants experiencing at least 1: n/M % (95% Cl) n/M % (95% Cl)
Solicited injection site reaction 101/331 30.5 (25.6, 35.8) 95/331 28.7 (23.9, 33.9)
Pain 82/331 24.8 (20.2, 29.8) 71/331 21.5(17.1, 26.3)
Grade 3 1/331 0.3 (0.0, 1.7) 0/331 0.0 (0.0, 1.1)
Erythema 44/331 13.3(9.8,17.4) 32/331 9.7 (6.7, 13.4)
Grade 3 1/331 0.3 (0.0, 1.7) 0/331 0.0 (0.0, 1.1)
Swelling 20/331 6.0 (3.7,9.2) 17/331 5.1 (3.0, 8.1)
Grade 3 0/331 0.0 (0.0, 1.1) 1/331 0.3 (0.0, 1.7)
Solicited systemic reaction 87/331 26.3 (21.6, 31.4) 85/331 25.7 (21.1, 30.7)
Fever 46/330 13.9 (10.4, 18.2)) 39/330 11.8 (8.5, 15.8)
Grade 3 1/330 0.3 (0.0, 1.7) 0/330 0.0 (0.0, 1.1)
Headache 27/331 8.2(5.4,11.6) 20/331 6.0 (3.7,9.2)
Grade 3 0/331 0.0 (0.0, 1.1) 0/331 0.0 (0.0, 1.1)
Malaise 32/331 9.7 (6.7, 13.4) 33/331 10.0 (7.0, 13.7)
Grade 3 0/331 0.0 (0.0, 1.1) 0/331 0.0 (0.0, 1.1)
Myalgia 29/331 8.8 (5.9,12.3) 42/331 12.7 (9.3, 16.8)
Grade 3 0/331 0.0 (0.0, 1.1) 0/331 0.0 (0.0, 1.1)
n, number of participants with event; M, number of participants with data available; Cl, confidence interval.
Table 7. Summary of unsolicited AEs and ARs per China SFDA definitions and intensity scale classifications (safety analysis set).
Men-AC Lanzhou-AC
Participants experiencing at least 1: n/M % (95% Cl) n/M % (95% Cl)
Immediate unsolicited AE 1/333 0.3 (0.0, 1.7) 0/332 0.0 (0.0, 1.1)
Unsolicited AE 110/333 33.0 (28.0, 38.4) 106/332 31.9 (26.9, 37.2)
Non-serious 108/333 324 (27.4,37.8) 105/332 31.6 (26.7, 36.9)
Grade 3 1/333 0.3 (0.0, 1.7) 0/332 0.0 (0.0, 1.1)
Non-serious systemic AE 108/333 324 (27.4,37.8) 105/332 31.6 (26.7, 36.9)
Grade 3 1/333 0.3 (0.0, 1.7) 0/332 0.0 (0.0, 1.1)
Solicited AR 141/331 42,6 (37.2,48.1) 133/331 40.2 (34.9, 45.7)
Unsolicited AR 3/333 0.9 (0.2, 2.6) 2/332 0.6 (0.1, 2.2)
Non-serious 3/333 0.9 (0.2, 2.6) 2/332 0.6 (0.1, 2.2)
Non-serious systemic AR 3/333 0.9 (0.2, 2.6) 2/332 0.6 (0.1, 2.2)
AE leading to discontinuation 0/333 0.0 (0.0, 1.1) 1/332 0.3 (0.0, 1.7)
SAE 2/333 0.6 (0.1, 2.2) 1/332 0.3 (0.0, 1.7)

n, number of participants with event; M, number of participants with data available; Cl, confidence interval; AE, adverse event; AR, adverse reaction; SAE, serious adverse

event.

Several participants in both vaccine groups had lower
post- than pre-vaccination titers for serogroups A and C:
six and four participants, respectively, in the Men-AC group,
and three and five participants, respectively, in the Lanzhou-
AC group. These data were verified and confirmed by the
NIFDC laboratory. Given that the low frequencies of these
abnormal postvaccination titers were similar in the two
groups and that the lack of antibody responses in individual
participants was not seen with both serogroups, the abnor-
mal titers were deemed not to reflect vaccine, vaccine batch,
vaccine storage, or vaccine administration issues. Although
the clinical relevance of this finding is not known, it may be
due to the well-recognized phenomenon of hyporesponsive-
ness seen in individuals receiving subsequent doses of
meningococcal A polysaccharide vaccines.”> However,
hyporesponsiveness would not explain the observed lower
responses against serogroup C polysaccharides since none of
the participants had received a vaccine containing meningo-
coccal serogroup C polysaccharides prior to receiving the
study vaccines that contained polysaccharides from both
serogroups A and C. Capsular polysaccharides of most
meningococcal serogroup C strains contain O-acetyl groups
within the sialic acid residues (OAc+),%> while 12-15% of
isolates have been shown to lack these O-acetyl groups (OAc

-).>*?* The degree of O-acetylation of meningococcal ser-
ogroup C capsular polysaccharides is known to affect their
immunogenicity, with de-O-acetylated capsular polysac-
charides (OAc-) being significantly more immunogenic, as
evidenced by higher levels of IgG antibodies elicited and
higher serum bactericidal activity.”*"*® Information on the
strains used in the manufacture of the Lanzhou-AC vaccine
is not available and information on the degree of
O-acetylation of the capsular polysaccharide of the C2241
Gotschlich strain of serogroup C used in the manufacture of
the Men-AC vaccine is not available either. However, given
that the lower post-vaccination titers against serogroup
C were observed in both vaccine groups in the study, this
phenomenon is not likely to be related to either vaccine
product.

This study had one potential limitation. There was uncer-
tainty regarding the prior meningococcal immunization history
of a subset of participants in this study, who were between 2 and
6 y of age and whose vaccinations within the first 18 months of
life were scheduled to include 2 doses of a meningococcal
serogroup A vaccine. Parents or legal representatives of partici-
pants were required, per the study protocol, to bring with them
documents establishing the prior meningococcal immunization
history. However, the immunization history could not be



accurately established in a small subset of the participants
because the parents or legal representatives could not provide
the required documents, leaving open the possibility that some
participants may have received only a single dose of meningo-
coccal serogroup A vaccine in the first year of life. However, this
study was randomized and participants with uncertain prior
meningococcal immunization history were equally distributed
among both study arms. The impact of the uncertain meningo-
coccal immunization history on the findings of this study was
therefore likely to have been minimal.

In conclusion, Men-AC was demonstrated to be similar to
Lanzhou-AC with regard to both immunogenicity and safety.
This study satisfies the China SFDA requirement for the con-
duct of an active-controlled study comparing Men-AC to
a vaccine already available in the market. Taking into account
the burden of meningococcal disease attributable to serogroups
A and C in China, Men-AC vaccines can help protect children,
who are especially vulnerable to the devastating effects of IMD
caused by these serogroups. However, the emergence of ser-
ogroups B and W may in the future prompt recommendation
of the use of quadrivalent meningococcal conjugate (Men
ACWY) and serogroup B meningococcal (Men B) vaccines.
Disease surveillance and implementation of standardized
laboratory techniques across provinces will be important to
ensure optimal epidemiological monitoring.’
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