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This study investigated the use of two doses of three different meningococcal group C conjugate (MCC)
vaccines when given for primary immunization with a seven-valent pneumococcal conjugate vaccine (PCV7)
and Pediacel, a combination product containing five acellular pertussis components, diphtheria and tetanus
toxoids, Haemophilus influenzae type b (Hib) conjugate, and inactivated-poliovirus vaccine. The immune
response after a single dose of MCC is also presented. Infants were randomized to receive two doses of one of
the MCC vaccines and PCV7 at 2 and 3 months or at 2 and 4 months of age. Meningococcal group C serum
bactericidal antibody (SBA) geometric mean titers, Hib-polyribosylribitol phosphate (PRP) immunoglobulin G
(IgG) geometric mean concentrations (GMCs), and diphtheria and tetanus antitoxin GMCs, together with the
proportions of infants achieving putative protective levels, were determined. A total of 393 infants were
recruited. Following the first dose of NeisVac-C (MCC conjugated to tetanus toxoid), 97% of infants achieved
protective levels (SBA titer of =8), compared with 80% and 53%, respectively, for Menjugate and Meningitec
(both of which are conjugated to CRM,,,). SBA responses to MCC vaccines were not significantly different
when administered at 2 and 3 or 2 and 4 months of age. Following two doses of each MCC, 98 to 100% of infants
achieved protective levels. Both PRP IgG and tetanus responses were significantly enhanced when Pediacel was
coadministered with NeisVac-C. This study demonstrates that NeisVac-C and Menjugate generate good
immunogenicity after the first dose at 2 months of age when coadministered with PCV7 and Pediacel and merit

further investigation in single-dose priming strategies.

In autumn 1999, the United Kingdom was the first country
to introduce meningococcal group C conjugate (MCC) vac-
cines in the primary immunization schedule (18). Infants were
vaccinated at 2, 3, and 4 months of age, receiving a combined
diphtheria (D) and tetanus toxoid (TT), whole-cell pertussis
(wP), and Haemophilus influenzae type b (Hib) conjugate vac-
cine (DTwP/Hib-TT) concomitantly with an MCC vaccine and
an oral polio vaccine. Three different manufacturers’ monova-
lent MCC vaccines were used, two conjugated to CRM, 4, a
nontoxigenic natural variant of diphtheria toxin, and one con-
jugated to TT, all of which showed good immunogenicity under
a 2-, 3-, and 4-month schedule (13, 22, 23). In 2004, wP was
replaced by an acellular pertussis vaccine (aP) on the grounds
of the reduced reactogenicity of the latter but subject to the
availability of a combined DTaP/Hib-TT vaccine with pertussis
efficacy equivalent to that of United Kingdom wP (19) and with
a satisfactory Hib response (15). At the same time, the oral
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polio vaccine was replaced with an inactivated-poliovirus vac-
cine (IPV) since by then the risk of importation of polio into
the United Kingdom from India or Africa had been greatly
reduced by the efforts to achieve global eradication. The com-
bination vaccine of choice was a DTaPs/IPV/Hib-TT vaccine
(Pediacel; Sanofi Pasteur). When given concomitantly with
either MCC-TT or MCC-CRM, o, Pediacel was shown to give
Hib responses within the range seen with the DTwP/Hib-TT
vaccine (11).

At this time, consideration was also being given to the in-
clusion of a seven-valent pneumococcal conjugate vaccine
(PCV7) in the United Kingdom infant immunization program
as a two-dose infant schedule with a booster after 12 months of
age. PCV7 (Prevenar; Wyeth Vaccines) was licensed in the
United Kingdom on a three-dose infant schedule with a
booster dose to be given in the second year of life, based on an
efficacy study in the United States that used a 2-, 4-, and
6-month schedule with a booster at 18 months (2). However, a
recent United Kingdom study in which a nine-valent pneumo-
coccal conjugate vaccine (PCV9) was given either at 2, 3, and
4 months or at 2 and 4 months, with concomitant DTaP,/
Hib-TT and MCC-CRM,, vaccines (9), showed pneumococ-
cal serotype-specific responses that were equivalent to those
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TABLE 1. Treatment schedules for vaccination and blood sampling for the six randomized groups

Treatment? given at age

Group
2 mo 3 mo 4 mo 5 mo
1 Pediacel, Meningitec, Prevenar Pediacel, Meningitec, Prevenar Pediacel, blood sampling Blood sampling
2 Pediacel, Menjugate, Prevenar Pediacel, Menjugate, Prevenar Pediacel, blood sampling Blood sampling
3 Pediacel, NeisVac-C, Prevenar Pediacel, NeisVac-C, Prevenar Pediacel, blood sampling Blood sampling
4 Pediacel, Meningitec, Prevenar Pediacel, blood sampling Pediacel, Meningitec, Prevenar Blood sampling
5 Pediacel, Menjugate, Prevenar Pediacel, blood sampling Pediacel, Menjugate, Prevenar Blood sampling
6 Pediacel, NeisVac-C, Prevenar Pediacel, blood sampling Pediacel, NeisVac-C, Prevenar Blood sampling

“ Pediacel, DTaPs/IPV/Hib-TT (Sanofi Pasteur); Meningitec, MCC-CRM o, (Wyeth Vaccines); Prevenar, PCV7 (Wyeth Vaccines); Menjugate, MCC-CRM o

(Novartis Vaccines); NeisVac-C, MCC-TT (Baxter Bioscience).

reported with the two- and three-dose courses and similar in
magnitude to those reported after the third dose of PCV7 at 6
months in U.S. infants (2, 21, 24).

There are similar data suggesting that a reduced number of
doses of MCC are adequate for priming (4, 22, 26), and all
three MCC vaccines are now licensed on a two-dose primary
schedule from 2 months of age, with at least 2 months between
doses. However, none of the MCC immunogenicity studies
using a reduced schedule have included coadministration of
PCV7 and Pediacel. This study was designed to determine
whether a two-dose schedule of each of three MCC vaccines is
acceptable when given with concomitant PCV7 and Pediacel
and to investigate the optimal interval between doses. The
study design also permitted the evaluation of the immunoge-
nicity of a single dose of each of the three MCC vaccines in the
hope of reducing the need for three injections to be given at
the 4-month visit when Pediacel, PCV7, and MCC are coad-
ministered.

MATERIALS AND METHODS

Study population. Infants eligible for routine vaccination were recruited from
general practices in Hertfordshire and Gloucestershire, England. Criteria for
study participation included no contraindication to vaccination, as specified in
the Green Book (7); written informed consent obtained from the parent or legal
guardian; and the infant aged no less than 7 weeks exactly and no more than 11
weeks 6 days.

Treatment and follow-up schedule. Infants were randomized in order of in-
clusion to the study to one of six groups by treatment schedule (Table 1), using
a computer-generated randomization list with a block size of 16. Groups 1 to 3
received one of the three licensed MCC vaccines (Meningitec [MCC conjugated
to CRM,4,; Wyeth Vaccines], Menjugate [MCC conjugated to CRM,¢,; Novartis
Vaccines], or NeisVac-C [MCC conjugated to TT; Baxter Bioscience]) and
PCV7 at 2 and 3 months of age and were bled at 4 and 5 months of age. Those
in groups 4 to 6 received MCC and PCV7 at 2 and 4 months of age and were bled
at 3 and 5 months of age. The booster phase of this study will assess responses
to conjugate boosters in the second year of life and will be reported as data
become available.

Sera were analyzed for meningococcal group C antibody by a serum bacteri-
cidal antibody (SBA) assay as previously described (14). The SBA target strain
was C11 (C:16:P1.7-1,1), and the complement source was baby rabbit serum
(Pel-Freeze Inc., Rodgerson, AZ). SBA titers are expressed as the reciprocal of
the final serum dilution giving =50% Kkilling at 60 min. For computational
purposes, SBA titers of <4 were assigned a value of 2. Hib-, diphtheria-, and
tetanus-specific antibodies (immunoglobulin G [IgG]) were quantified using
standardized enzyme-linked immunosorbent assays (ELISAs) (16, 17, 20). For
each antigen, sera were titrated against known international standard sera. Stan-
dard sera used were the international anti-Hib quality control serum, Center for
Biologics and Evaluation Research (CBER) 1983, National Institute for Biolog-
ical Standards and Control (NIBSC) national diphtheria reference serum 00/496,
and the first international tetanus reference serum (26/488). Responses to PCV7,
assessed at the Immunobiology Unit of the Institute of Child Health, London,
United Kingdom, will be reported separately.

To fulfill a duty of care, a further dose of a single-antigen Hib vaccine (Hiberix;
GlaxoSmithKline) or the MCC vaccine that subjects had already been given was
offered to any subject with an antibody response below the putative protective
threshold of 0.15 pg/ml (10) or an SBA titer of 8 (1), respectively, 4 to 6 weeks
after the last dose.

Analyses. In all analyses, the outcomes of interest at the various blood sam-
pling time points, with 95% confidence intervals (CI), were as follows: (i) the
MCC SBA geometric mean titers (GMTs) and the proportions of subjects
achieving SBA titers of =8 or =128, the putative protective or more discrimi-
natory antibody level, respectively (1); (i) the Hib antibody geometric mean
concentrations (GMCs) and the proportions of subjects achieving antibody con-
centrations of =0.15 wg/ml (the putative protective level) or =1.00 wg/ml (con-
sidered predictive of longer-term protection) (10); and (iii) the diphtheria and
tetanus GMCs and the proportions of subjects achieving concentrations of =0.1
IU/ml or =1.0 IU/ml (4, 8). Differences between groups can be assessed by
nonoverlapping 95% CI. This gives an approximate level of significance of 1%,
which is conservative to allow for multiple comparisons. Normal-error regression
was used on logged antibody responses to investigate differences in responses
between males and females.

Sample size. The trial aimed to estimate the proportions of subjects achieving
protective antibody levels in each treatment group, with 95% CI widths of less
than £10% (assumed observed proportion of >90%), and to estimate geometric
means with 95% CI widths to within *1.5-fold (assumed between individual
standard deviations of <0.65 U on a log, scale). This required a sample size of
55 in each study group, with 65 recruited to allow for dropouts. The study was
also powered on the secondary aim of detecting differences in antibody responses
between the schedules (groups 1 to 3 and 4 to 6), where a sample size of 165 per
schedule gives a detectable difference of 1.8-fold with 80% power at a 1%
significance level, and also among the three MCC vaccines, where a sample size
of 110 per schedule gives a detectable difference of 2-fold with 80% power at a
1% significance level.

Amendment to the study schedule. During the recruitment phase of the trial,
in September 2006, PCV7 was introduced into the national immunization pro-
gram as a two-dose primary schedule at 2 and 4 months of age. An interim
analysis was therefore undertaken to assess whether those in groups 1 to 3,
vaccinated with PCV7 at 2 and 3 months, achieved protection comparable to that
available through routine vaccination outside the trial at 2 and 4 months (as given
to groups 4 to 6). For the purposes of rapidity, this was done using a pneumo-
coccal-serotype-specific multiplex assay (12). The serotype-specific results from
this study, as measured by ELISA, will be reported elsewhere. This interim
analysis showed that significantly higher pneumococcal IgG concentrations were
achieved under the 2- and 4-month schedule than under the 2- and 3-month
schedule. In view of these results, two steps were immediately taken for ethical
reasons. (i) Recruitment to groups 1 to 3 was halted, and the study was com-
pleted by reallocating 10 individuals already randomized to groups 1 to 3 but not
yet vaccinated to groups 4 to 6 and increasing the total number randomized to
groups 4 to 6 in order to maintain the total target sample size (Table 2). (ii)
Subjects from groups 1 to 3 in the birth cohort eligible to receive two doses of
PCV7 2 months apart in the first year of life under the new national immuniza-
tion schedule, who had completed primary immunization but not yet received the
booster dose of PCV7 in the second year of life, were recalled for a third dose
of PCV7 in the first year of life, at least 2 months before the booster was due.
Thus, groups 1 to 3 had smaller sample sizes than groups 4 to 6 and groups 1 to
3 had numbers with serologic results slightly less than the target of 55.

Governance. The study was conducted in accordance with the 1996 ICH GCP
guidelines, the 2000 Declaration of Helsinki, and the 2004 European Union
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TABLE 2. Number of subjects randomized to each group and
reassignment following the protocol amendment (as treated group)

Randomized No. of subjects assigned to treated group: No. of
group (no. subjects
of subjects) 1 2 3 4 5 6 excluded

1 (54) 49 2 3
2 (54) 49 4 1
3 (56) 48 4 4
4 (81) 78 3
5(77) 76 1
6 (71) 68 3
Total 49 49 48 80 80 72 154

“ Fifteen subjects were excluded from analyses for the following reasons: the
interval between doses 1 and 2 was greater than 6 weeks or that between doses
1 and 3 was greater than 12 weeks (n = 6); three doses of MCC vaccine were
given at 2, 3, and 4 months (n = 1); three doses of PCV7 were given at 2, 3, and
4 months (n = 1); subject left the trial by vaccine 2 (n = 2); subject left the trial
by vaccine 3 (n = 3); and subject received two different MCC vaccines (n = 2).

Clinical Trial Directive. It was approved by the United Kingdom Medicines and
Healthcare Products Regulatory Authority (MHRA) and the Eastern Multi
Center Research Ethics Committee (MREC). The EudraCT number is 2004-
001049-14, and the study was registered on the public website www.ClinicalTrials
.gov under identifier NCT00197808.

RESULTS

Study population. A total of 393 infants were recruited. The
distribution across the treatment groups is shown in Table 2
according to both randomized groups and treated groups. The
same infants did not necessarily contribute to sampling at each
point due to failed venipuncture or nonattendance. The 10
individuals already randomized to groups 1 to 3 but vaccinated
according to the schedule for groups 4 to 6 after the national
program for PCV7 was introduced were included in the anal-
ysis, as their group was deliberately changed. With this excep-
tion, the analysis was per protocol, with individuals included
until they departed from the protocol. The tolerance allowed
for the interval between vaccinations was 3 to 5 weeks from the
first to second visit and 7 to 9 weeks from the first to third visit.

The ages at the first, second, and third visits were similar
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across the groups, with a median of 60 or 61 days for the first
visit, 90 to 93 days for the second visit, and 121 to 125 days for
the third visit. The range for the ages at the first visit was 48 to
82 days, that at the second visit was 76 to 122 days, and that at
the third visit was 105 to 161 days. No significant differences in
responses between males and females were found for any of
the serologic measurements.

Responses to MCC vaccine. Table 3 shows the meningococ-
cal group C SBA GMTs and percentages of subjects with titers
of =8 and 128 for each of the three MCC vaccines 1 month
after the first dose at 2 months of age or after two doses at
either 2 and 3 or 2 and 4 months of age. The SBA GMTs and
proportions of subjects achieving the given antibody titers after
two doses of MCC vaccine at 2 and 3 or 2 and 4 months were
combined for each MCC vaccine (i.e., groups 1 and 4, 2 and 5,
and 3 and 6), as there were no significant differences between
them. After the first dose, 97% (95% CI, 88 to 100) of infants
receiving NeisVac-C achieved the putative correlate of protec-
tion, an SBA titer of =8, with a GMT of 295 (95% CI, 199 to
438). Responses were lower for Menjugate, with 80% (95% CI,
69 to 89) with a titer of =8 and a GMT of 48 (95% (I, 31 to
74), and lower again for Meningitec, with 53% (95% CI, 41 to
65) with a titer of =8 and a GMT of 10 (95% CI, 7 to 14).

After the second dose, there were significant increases in
SBA GMTs for subjects given Menjugate and Meningitec but
only a modest increase for subjects given NeisVac-C, where a
good response had already been achieved after one dose.
There were significant differences in the SBA GMTs achieved
according to the MCC vaccine given, the highest being for
Menjugate, at 682 (95% CI, 546 to 852), followed by
NeisVac-C, at 437 (95% CI, 354 to 539), and then Meningitec,
at 229 (95% CI, 176 to 298). For all three vaccines, 98 to 99%
of subjects achieved SBA titers of =8 but only the groups
receiving Menjugate and NeisVac-C had over 90% with titers
of =128.

Responses to Hib vaccine. The Hib-polyribosylribitol phos-
phate (PRP) IgG GMCs rose significantly after each of the
three doses of Pediacel at 2, 3, and 4 months, regardless of
the concomitant MCC vaccine (Table 4). After the third dose,

TABLE 3. Percentages of subjects achieving an SBA titer of =8 or =128 and SBA GMTs 1 month following either one dose at 2 months of
age or two doses at 2 and 3 months of age or 2 and 4 months of age, differentiated by MCC vaccine manufacturer

Total % of subjects with % of subjects with

Group(s) Point measured MCC vaccine no. of SBA titer of SBA titer of GMT (95% CI)

subjects =8(95% CI) =128 (95% CI)
4 After one dose at 2 mo Meningitec 70 53 (41-65) 10 (4-20) 10 (7-14)
5 After one dose at 2 mo Menjugate 66 80 (69-89) 44 (32-57) 48 (31-74)
6 After one dose at 2 mo NeisVac-C 59 97 (88-100) 85 (73-93) 295 (199-438)
1 After two doses at 2 and 3 mo Meningitec 43 100 (92-100) 84 (69-93) 277 (189-408)
2 After two doses at 2 and 3 mo Menjugate 44 98 (88-100) 89 (75-96) 648 (397-1,060)
3 After two doses at 2 and 3 mo NeisVac-C 44 100 (92-100) 93 (81-99) 451 (324-629)
4 After two doses at 2 and 4 mo Meningitec 76 96 (89-99) 78 (67-86) 206 (144-293)
5 After two doses at 2 and 4 mo Menjugate 77 100 (95-100) 99 (93-100) 702 (563-875)
6 After two doses at 2 and 4 mo NeisVac-C 65 98 (92-100) 92 (83-98) 427 (323-564)
1 and 4 After two doses Meningitec 119 98 (93-99) 80 (72-87) 229 (176-298)
2 and 5 After two doses Menjugate 121 99 (96-100) 95 (90-98) 682 (546-852)
3 and 6 After two doses NeisVac-C 109 99 (95-100) 93 (86-97) 437 (354-539)
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TABLE 4. PRP IgG GMCs and percentages of subjects achieving a PRP IgG of =0.15 pug/ml or =1.0 pg/ml 1 month following one dose at 2
months of age, two doses at 2 and 3 months of age, or three doses at 2, 3, and 4 months of age, differentiated by MCC vaccine manufacturer

Total % of subjects with PRP % of subjects with PRP
Group(s) Point measured MCC vaccine no. of IgG GMC of =0.15 1gG GMC of =1.0 pg/ GMC (95% CT)
subjects pg/ml (95% CI) ml (95% CI)
4 After one dose at 2 mo Meningitec 76 25 (16-36) 3(0-9) 0.13 (0.10-0.15)
5 After one dose at 2 mo Menjugate 74 26 (16-37) 4 (0-11) 0.12 (0.10-0.15)
6 After one dose at 2 mo NeisVac-C 64 31 (20-44) 3 (0-11) 0.14 (0.11-0.18)
1 After two doses at 2 and 3 mo Meningitec 47 51 (36-66) 15 (6-28) 0.23 (0.16-0.33)
2 After two doses at 2 and 3 mo Menjugate 48 54 (39-69) 21 (10-35) 0.30 (0.20-0.47)
3 After two doses at 2 and 3 mo NeisVac-C 45 67 (51-80) 27 (15-42) 0.47 (0.26-0.85)
land 4  After three doses at 2, 3, and 4 mo Meningitec 126 89 (82-94) 62 (53-70) 1.75 (1.29-2.38)
2and 5  After three doses at 2, 3, and 4 mo Menjugate 126 85 (77-91) 66 (57-74) 1.76 (1.29-2.39)
3and 6  After three doses at 2, 3, and 4 mo  NeisVac-C 115 96 (90-99) 86 (78-92) 4.29 (3.27-5.62)

the group that received concomitant NeisVac-C had a signifi- gate, at 66% (95% CI, 57 to 74), or Meningitec, at 62% (95% CI,
cantly higher PRP GMC, 4.29 pg/ml (95% CI, 3.27 to 5.62), 53 to 70).

than recipients of either Menjugate, 1.76 pg/ml (95% CI, 1.29 Tetanus and diphtheria. The tetanus GMCs (IU/ml) in-
to 2.39), or Meningitec, 1.75 pg/ml (95% CI, 1.29 to 2.38). The creased significantly with each dose of vaccine (Table 5). The
percentages of subjects achieving a PRP IgG of =0.15 pg/ml GMC:s after the third dose differed significantly, with those for
also rose with each dose, though they did not differ between the NeisVac-C group being higher, at 1.63 IU/ml (95% CI, 1.43
the coadministered MCC products (Table 4). After the third to 1.86), than those for the Menjugate group, at 1.10 IU/ml
dose, in excess of 85% of subjects had a PRP IgG of =0.15 (95% CI, 0.97 to 1.25), or the Meningitec group, at 0.98 IU/ml
pg/ml. For the percentage of subjects achieving a PRP IgG of (95% CI, 0.85 to 1.12). All subjects achieved antibody concen-
=1.0 wg/ml, differences according to coadministered MCC vac- trations of =0.1 IU/ml after the third dose, and the proportions
cine were emerging after the second dose, and after the third dose were 48% for the Meningitec group, 54% for the Menjugate
the percentage was significantly higher for the NeisVac-C group, group, and 78% for the NeisVac-C group.

at 86% (95% CI, 78 to 92), than for the group receiving Menju- After each dose of Pediacel, the diphtheria IgG GMCs in-

TABLE 5. Tetanus and diphtheria GMCs 1 month following one dose at 2 months of age, two doses at 2 and 3 months of age, or three
doses at 2, 3, and 4 months of age, differentiated by MCC vaccine manufacturer

o . % of
% of subjects . /bg. Ofr % of gl:]k])]ects subjects
MCC Tetanus GMC, in TU/ml  with tetanus :}‘: tJCtC S Diphtheria GMC, in di mh . with
Group(s)  Point measured . (95% CI) [total no. of  GMC of =0.1 V' F@MUS  1(5/m] (95% CI) [total IPHACTIA - diphtheria
vaccine . GMC of . GMC of =0.1
subjects tested] 1U/ml no. of subjects tested] GMC of
(95% CI) =1.0 IU/ml IU/ml =1.0 TU/ml
¢ (95% CI) 5% CD 950 c1)
4 After one dose at Meningitec 0.30 (0.25-0.36) [75] 92 (83-97) 7(2-15) 0.12(0.10-0.14)[76]  62(50-73)  0(0-5)
2 mo
5 After one dose at Menjugate  0.29 (0.25-0.34) [74] 95 (87-99) 4(1-11)  0.12(0.10-0.14) [74] 55 (43-67)  0(0-5)
2 mo
6 After one dose at NeisVac-C  0.30 (0.25-0.36) [64] 89 (79-95) 3(0-11) 0.11(0.09-0.14) [64]  52(39-64)  0(0-6)
2 mo
1 After two doses at Meningitec 0.42 (0.34-0.52) [47] 100 (92-100) 17 (8-31) 0.83 (0.67-1.02) [47] 100 (92-100) 47 (32-62)
2 and 3 mo
2 After two doses at Menjugate  0.47 (0.38-0.59) [48] 100 (93-100) 13 (5-25) 0.73 (0.55-0.98) [48] 98 (89-100) 35 (22-51)
2 and 3 mo
3 After two doses at NeisVac-C  0.62 (0.50-0.78) [45] 100 (92-1.00) 18 (8-32) 0.61 (0.44-0.85)[45] 93 (82-99) 33 (20-49)
2 and 3 mo

1and 4 After three doses Meningitec 0.98 (0.85-1.12) [126] 100 (97-100) 48 (37-57) 1.69 (1.47-1.95)[126] 100 (97-100) 77 (69-84)
at 2, 3, and 4
mo

2 and 5 After three doses Menjugate 1.10 (0.97-1.25) [126] 100 (97-100) 54 (45-63) 1.78 (1.54-2.05) [125] 100 (97-100) 81 (73-87)
at 2, 3, and 4
mo

3and 6 After three doses NeisVac-C  1.63 (1.43-1.86) [115] 100 (97-100) 78 (70-85) 1.54 (1.32-1.80) [113] 99 (95-100) 77 (68-84)
at 2, 3, and 4
mo
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creased significantly and similarly regardless of coadministered
MCC product (Table 5). After the third dose, for those in
receipt of coadministered Meningitec, Menjugate, and
NeisVac-C, the percentages achieving antibody concentrations
of =0.1 TU/ml were 100, 100, and 99, respectively, and the
percentages achieving antibody concentrations of =1.0 IU/ml
were 77, 81, and 77, respectively.

Serious adverse events. There were nine serious adverse
events during the primary phase of the study, none of which
were judged by the investigator to be causally related to vac-
cination (the times since the last vaccination are shown in
parentheses): red/purple rash on legs (1 week); bullous impe-
tigo (1 week); cataract operation (2 weeks); urine infection and
dehydration (3 weeks); drainage of abscess (1 month); error of
drug administration by parent for irritability, i.e., loratadine
instead of paracetamol (1 month); bronchiolitis (1 month);
repair of nail bed (6 months); and allergic reaction to ingestion
of lemon pavlova (6 months).

DISCUSSION

This is the first report of a randomized study of the immu-
nogenicity of each of three licensed monovalent MCC vaccines
when given at 2 and 3 or 2 and 4 months of age concomitantly
with PCV7 and the DTaPs/IPV/Hib-TT vaccine (Pediacel).
Functional antibody responses to MCC vaccines were not sig-
nificantly different when the vaccines were administered at 2
and 3 or 2 and 4 months of age. Differences among the immu-
nogenicities of the three MCC vaccines were seen following
one or two doses. Following two doses of MCC, the SBA
GMT, but not the proportion of infants putatively protected,
was higher for Menjugate than for NeisVac-C or Meningitec.
Menjugate has previously been shown to elicit a higher SBA
GMT than NeisVac-C when coadministered with Pediacel on
a 2-, 3-, and 4-month schedule (11).

Following a single dose, however, NeisVac-C gave a signifi-
cantly higher SBA GMT and proportion of infants putatively
protected than Menjugate, which in turn gave significantly higher
results than Meningitec. As the proportions of infants protected
with NeisVac-C and Menjugate were 97% and 80%, respectively,
this opens the possibility of immunogenicity studies utilizing a
single dose of either of these two MCC vaccines to prime in
infancy but at an immunologically less demanding age, for exam-
ple, 3 months. PCV7 could be administered at 2 and 4 months of
age and an appropriate DTaP/IPV/Hib vaccine at 2, 3, and 4
months of age. Under such a schedule, no more than two injec-
tions would be required at any visit, hopefully improving accept-
ability. NeisVac-C has also been reported to induce putative lev-
els of protection in 92% of infants, with a GMT of 491 (95% CI,
275 to 877), when given at 2 months of age with a DTaP/Hib-TT
vaccine (Infanrix-Hib; GSK) though without concomitant PCV7
(26). A number of studies have reported good immunogenicity of
a single dose of NeisVac-C when given in infancy with wP-con-
taining vaccines (5, 22).

The SBA GMTs achieved after two doses of NeisVac-C and
Menjugate were lower than those reported by Kitchin et al.
(11) when these MCC vaccines were given on a three-dose
schedule with Pediacel but without concomitant PCV7 (11); in
that study, GMTs of 690 (95% CI, 416 to 1,140) and 2,165
(95% CI, 1,517 to 3,089) were achieved for NeisVac-C and
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Menjugate, respectively, compared with 437 (95% CI, 354 to
539) and 682 (95% CI, 546 to 852), respectively, for these MCC
vaccines in the current study. Similarly, the SBA GMT of 229
(95% CI, 176 to 298) achieved after two doses of Meningitec
was lower than that reported in earlier studies in which three
doses were given at 2, 3, and 4 months concomitantly with the
DTaP,/Hib-TT vaccine (25) or the DTwP/Hib-TT vaccine (6),
where GMTs of 380 (95% CI, 275 to 526) and 535 (95% CI,
441 to 649), respectively, were achieved. The reasons for these
differences are not clear since in all of these studies the SBA
assays were carried out in the same laboratory (Manchester,
United Kingdom). They could be related to the use of only two
doses of MCC vaccine, the concomitant administration of
PCV7, or the declining immunogenicity of subsequent batches
for all three MCC vaccines. The first of these possible expla-
nations seems unlikely as GMTs after the third dose of MCC
vaccine under the 2-, 3-, and 4-month schedule are not signif-
icantly higher than those after the second dose when given
without PCV7 (5, 23, 26). Furthermore, the SBA GMT after
two doses of Meningitec in the current study was similar to that
reported after three doses in an earlier United Kingdom study
in which Menegitec was given concomitantly with a DTaP,/
Hib-TT vaccine at 2, 3, and 4 months with two or three doses
of PCV9 (9); in that study, SBA GMTs were 291 (95% CI, 208
to 407) and 187 (95% CI, 127 to 275) for the groups who
received three and two doses of PCV9, respectively. The effect
of concomitant PCV7 on the response to Menjugate under a
2-, 4-, and 6-month schedule has been studied previously (3).
No effect on group C SBA titers was observed when Menjugate
was coadministered with DTaP,/IPV/HepB/Hib-TT (Infanrix
hexa; GSK), whether given with or without PCV7. This sug-
gests that concomitant PCV does not impair the response to a
concomitant MCC-CRM,,, vaccine, at least under a more
expanded schedule. It seems likely, therefore, that the differ-
ences in SBA GMTs seen between studies largely reflect batch-
to-batch variation and emphasize the importance of conduct-
ing randomized studies with the same batches of MCC vaccine
if the effect of the number of doses or concomitant vaccines is
to be determined.

As has been reported previously, the PRP IgG responses
were significantly enhanced when the DTaPs/IPV/Hib-TT vac-
cine was administered with MCC-TT (NeisVac-C) as opposed
to either of the MCC-CRM,,, vaccines (11, 27). Likewise,
tetanus antitoxin responses were significantly enhanced
when the DTaP./IPV/Hib-TT vaccine was administered with
MCC-TT (NeisVac-C) as opposed to either of the MCC-
CRM, 4 vaccines (11). In the study of Kitchin et al. (11), which
compared three doses of either NeisVac-C or Menjugate co-
administered with Pediacel at 2, 3, and 4 months of age, en-
hancement was also seen for diphtheria antitoxin IgG GMCs
for the Menjugate group, at 0.1 IU/ml (95% CI, 0.07 to 0.13),
compared with results for the NeisVac-C group, at 0.04 IU/ml
(95% CI, 0.03 to 0.05). The diphtheria antitoxin IgG GMCs in
the current study showed no difference by coadministered
MCC vaccine but were significantly higher than those from the
Kitchin et al. study (11) due to the use of an ELISA (16) rather
than a microneutralization assay as in the Kitchin et al. study.
A subset of the serum samples (z = 69) from the latter study
was reassayed by ELISA, and the IgG GMCs were 1.40 (95%
CIL, 0.99 to 1.97) and 0.84 (95% CI, 0.63 to 1.13) for the
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Menjugate and NeisVac-C groups, respectively, when given
with Pediacel (Sanofi Pasteur MSD, personal communication).
These levels for the Menjugate and Neisvac-C groups in the
present study were GMCs of 1.78 (95% CI, 1.54 to 2.05) and
1.54 (95% CI, 1.32 to 1.80), respectively. Thus, the addition of
another CRM,, conjugate (PCV7) appeared to enhance the
diphtheria response such that the concomitant MCC vaccine
no longer had an effect on the magnitude of the diphtheria
response to Pediacel.

In conclusion, this study has demonstrated that two of the
MCC vaccines, NeisVac-C and Menjugate, showed good im-
munogenicity after a single dose at 2 months of age when
coadministered with PCV7 and DTaPs/IPV/Hib-TT and
should be investigated further in single-dose priming strat-
egies.

ACKNOWLEDGMENTS

This study was funded via Department of Health Research and
Development Directorate grant 039/031.

We thank the vaccine research nurse teams in Gloucester (Angela
Hogan, Ann Maher, Wendy Nedoma, and Diane Webb) and Hert-
fordshire (Norah Ashwood, Mary Clarke, Diane Hammond, Mary
Heath, Lynne Joslin, and Amanda Tew), the laboratory team at the
Health Protection Agency/Manchester Medical Microbiology Partner-
ship (Helen Chadha, Helen Crawford, Louise Driffield, Daniel Holme,
and Lesley Mabey), the immunoassay team at the HPA Centre for
Emergency Preparedness and Response (Annette Crowley-Luke,
Janet Blake, Carol Powell, Anna England, and Lorraine Ransley), and
the administrative team at the HPA Centre for Infections (Teresa
Gibbs, Liz Sheasby, and Joan Vurdien) for their assistance in the
conduct of the study.

REFERENCES

1. Andrews, N., R. Borrow, and E. Miller. 2003. Validation of serological
correlate of protection for meningococcal C conjugate vaccine by using
efficacy estimates from postlicensure surveillance in England. Clin. Diagn.
Lab. Immunol. 10:780-786.

2. Black, S., H. Shinefield, B. Fireman, E. Lewis, P. Ray, J. R. Hansen, L. Elvin,
K. M. Ensor, J. Hackell, G. Siber, F. Malinoski, D. Madore, I. Chang, R.
Kohberger, W. Watson, R. Austrian, K. Edwards, et al. 2000. Efficacy, safety
and immunogenicity of heptavalent pneumococcal conjugate vaccine in chil-
dren. Pediatr. Infect. Dis. J. 19:187-195.

3. Borkowski, A., F. Aseni-Botet, S. Pittl, S. Tilman, A. Karsten, A. K. Hilbert,
D. Goldblatt, L. Ashton, and R. Konior. 2005. Meningococcal C conjugate
vaccine given concomitantly with pneumococcal conjugate vaccine and
hexavalent vaccine in infants—safety and immunogenicity, abstr. 995. 43rd
Annu. Meet. Infect. Dis. Soc. Am.

4. Borrow, R., P. Balmer, and M. H. Roper. 2007. The immunological basis for
immunization series. Module 3: tetanus. World Health Organization, Ge-
neva, Switzerland.

5. Borrow, R., D. Goldblatt, A. Finn, J. Southern, L. Ashton, N. Andrews, G.
Lal, C. Riley, R. Rahim, K. Cartwright, G. Allan, and E. Miller. 2003.
Immunogenicity of, and immunologic memory to, a reduced primary sched-
ule of meningococcal C-tetanus toxoid conjugate vaccine in infants in the
United Kingdom. Infect. Immun. 71:5549-5555.

6. Bramley, J. C., T. Hall, A. Finn, R. B. Butttery, D. Elliman, S. Lockhart, R.
Borrow, and I. G. Jones. 2001. Safety and immunogenicity of three lots of
meningococcal serogroup C conjugate vaccine administered at 2, 3 and 4
months of age. Vaccine 19:2924-2931.

7. Department of Health. 2006. Immunization against infectious disease—the
green book. www.dh.gov.uk/greenbook.

8. Galazka, A. M. 1993. The immunological basis for immunization series.
Module 2: diphtheria. World Health Organization, Geneva, Switzerland.

9. Goldblatt, D., J. Southern, L. Ashton, P. Richmond, P. Burbidge, J. Ta-
sevska, A. Crowley-Luke, N. Andrews, R. Morris, R. Borrow, K. Cartwright,
and E. Miller. 2006. Immunogenicity and boosting after a reduced number
of doses of a pneumococcal conjugate vaccine in infants and toddlers. Pe-
diatr. Infect. Dis. J. 25:312-319.

10. Kayhty, H., H. Peltola, V. Karanko, and P. H. Makela. 1983. The protective
level of serum antibodies to the capsular polysaccharide of Haemophilus
influenzae type b. J. Infect. Dis. 147:1100.

VACCINATION WITH MCC PLUS PCV7 AND DTaPy/IPV/Hib-TT 199

11. Kitchin, N., J. Southern, R. Morris, F. Hemme, S. Thomas, M. Watson, K.
Cartwright, and E. Miller. 2007. Evaluation of a diphtheria-tetanus-acellular
pertussis inactivated poliovirus-Hib vaccine given concurrently with menin-
gococcal group C conjugate vaccine at 2, 3 and 4 months of age. Arch. Dis.
Child 92:11-16.

12. Lal, G., P. Balmer, E. Stanford, S. Martin, R. Warrington, and R. Borrow.
2005. Development and validation of a nonaplex assay for the simultaneous
quantitation of antibodies to nine Streptococcus pneumoniae serotypes. J. Im-
munol. Methods 296:135-147.

13. MacLennan, J. M., F. Shackley, P. T. Heath, J. J. Deeks, C. Flamank, M.
Herbert, H. Griffiths, E. Hatzmann, C. Goilav, and E. R. Moxon. 2000.
Safety, immunogenicity, and induction of immunologic memory by a sero-
group C meningococcal conjugate vaccine in infants: a randomized con-
trolled trial. JAMA 283:2795-2801.

14. Maslanka, S. E., L. L. Gheesling, D. E. LiButti, K. B. J. Donaldson, H. S.
Harakeh, J. K. Dykes, F. F. Arhin, S. J. N. Devi, C. E. Frasch, J. C. Huang,
P. Kris-Kuzemenska, R. D. Lemmon, M. Lorange, C. C. A. M. Peeters, S.
Quataert, J. Y. Tai, and G. M. Carlone. 1997. Standardization and a multi-
laboratory comparison of Neisseria meningitidis serogroup A and C serum
bactericidal assays. Clin. Diagn. Lab. Immunol. 4:156-167.

15. McVernon, J., N. Andrews, M. P. Slack, and M. E. Ramsay. 2003. Risk of
vaccine failure after Haemophilus influenzae type b (Hib) combination vac-
cines with acellular pertussis. Lancet 361:1521-1523.

16. Melville-Smith, M. E. 1990. Diphtheria and tetanus antitoxins, p. 136-147. In
T. G. Wreghitt and P. Morgan-Capner (ed.), ELISA in the clinical micro-
biology. Public Health Laboratory Service, London, United Kingdom.

17. Melville-Smith, M. E., V. A. Seagroatt, and J. T. Watkins. 1983. A compar-
ison of enzyme-linked immunosorbent assay (ELISA) with the toxin neu-
tralization test in mice as a method for the estimation of tetanus antitoxin in
human sera. J. Biol. Stand. 11:137-144.

18. Miller, E., D. Salisbury, and M. Ramsay. 2001. Planning, registration, and
implementation of an immunisation campaign against meningococcal sero-
group C disease in the UK: a success story. Vaccine 20(Suppl. 1):S58-S67.

19. Olin, P., F. Rasmussen, L. Gustafsson, H. O. Hallander, H. Heijbel, et al.
1997. Randomised controlled trial of two-component, three-component, and
five-component acellular pertussis vaccines compared with whole-cell per-
tussis vaccine. Lancet 350:1569-1577.

20. Phipps, D. C., J. West, R. Eby, M. Koster, D. V. Madore, and S. A. Quataert.
1990. An ELISA employing a Haemophilus influenzae type b oligosaccharide-
human serum albumin conjugate correlates with the radioantigen binding
assay. J. Immunol. Methods 135:121-128.

21. Rennels, M. B., K. M. Edwards, H. L. Keyserling, K. S. Reisinger, D. A.
Hogerman, D. V. Madore, I. Chang, P. R. Paradiso, F. J. Malinoski, and A.
Kimura. 1998. Safety and immunogenicity of heptavalent pneumococcal
vaccine conjugated to CRM197 in United States infants. Pediatrics 101:604—
611.

22. Richmond, P., R. Borrow, J. Findlow, S. Martin, C. Thornton, K. Cartwright,
and E. Miller. 2001. Evaluation of de-O-acetylated meningococcal C
polysaccharide-tetanus toxoid conjugate vaccine in infancy: reactogenicity,
immunogenicity, immunologic priming, and bactericidal activity against O-
acetylated and de-O-acetylated serogroup C strains. Infect. Immun. 69:2378—
2382.

23. Richmond, P. C., E. Miller, R. Borrow, S. Clark, F. Sadler, A. J. Fox, N. T.
Begg, R. Morris, and K. A. V. Cartwright. 1999. Meningococcal serogroup C
conjugate vaccine is immunogenic in infancy and primes for memory. J. In-
fect. Dis. 179:1569-1572.

24. Shinefield, H. R., S. Black, P. Ray, I. Chang, N. Lewis, B. Fireman, J.
Hackell, P. R. Paradiso, G. Siber, R. Kohberger, D. V. Madore, F. J. Mali-
nowski, A. Kimura, C. Le, I. Landaw, J. Aguilar, and J. Hansen. 1999. Safety
and immunogenicity of heptavalent pneumococcal CRM197 conjugate vac-
cine in infants and toddlers. Pediatr. Infect. Dis. J. 18:757-763.

25. Slack, M. H., D. Schapira, R. J. Thwaites, M. Burrage, J. Southern, N.
Andrews, R. Borrow, D. Goldblatt, and E. Miller. 2001. Immune response of
premature infants to meningococcal serogroup C and combined diphtheria-
tetanus toxoids-acellular pertussis-Haemophilus influenzae type b conjugate
vaccines. J. Infect. Dis. 184:1617-1620.

26. Southern, J., A. Crowley-Luke, R. Borrow, N. Andrews, and E. Miller. 2006.
Immunogenicity of one, two or three doses of a meningococcal C conjugate
vaccine conjugated to tetanus toxoid, given as a three-dose primary vaccina-
tion course in UK infants at 2, 3 and 4 months of age with acellular pertussis-
containing DTP/Hib vaccine. Vaccine 24:215-219.

27. Tejedor, J. C., M. Moro, J. Ruiz-Contreras, J. Castro, J. A. Gomez-Camp-
dera, M. L. Navarro, J. M. Merino, A. Martin-Ancel, J. Roca, M. Garcia-
del-Rio, A. Jurado, F. J. Diez-Delgado, F. Omenaca, J. Garcia-Sicilia, R.
Boceta, P. Garcia-Corbeira, J. M. Jacquet, A. Collard, L. Schuerman, et al.
2006. Immunogenicity and reactogenicity of primary immunization with a
hexavalent diphtheria-tetanus-acellular pertussis-hepatitis B-inactivated po-
lio-Haemophilus influenzae type b vaccine coadministered with two doses of
a meningococcal C-tetanus toxoid conjugate vaccine. Pediatr. Infect. Dis. J.
25:713-720.



