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The coadministration of the combined meningococcal serogroup C conjugate (MCC)/Haemophilus influenzae
type b (Hib) vaccine with pneumococcal conjugate vaccine (PCV7) and measles, mumps, and rubella (MMR)
vaccine at 12 months of age was investigated to assess the safety and immunogenicity of this regimen compared
with separate administration of the conjugate vaccines. Children were randomized to receive MCC/Hib vaccine
alone followed 1 month later by PCV7 with MMR vaccine or to receive all three vaccines concomitantly.
Immunogenicity endpoints were MCC serum bactericidal antibody (SBA) titers of =8, Hib-polyribosylribitol
phosphate (PRP) IgG antibody concentrations of =0.15 pg/ml, PCV serotype-specific IgG concentrations of
=0.35 pg/ml, measles and mumps IgG concentrations of >120 arbitrary units (AU)/ml, and rubella IgG
concentrations of =11 AU/ml. For safety assessment, the proportions of children with erythema, swelling, or
tenderness at site of injection or fever or other systemic symptoms for 7 days after immunization were
compared between regimens. No adverse consequences for either safety or immunogenicity were demonstrated
when MCC/Hib vaccine was given concomitantly with PCV and MMR vaccine at 12 months of age or separately
at 12 and 13 months of age. Any small differences in immunogenicity were largely in the direction of a higher
response when all three vaccines were given concomitantly. For systemic symptoms, there was no evidence of
an additive effect; rather, any differences between schedules showed benefit from the concomitant administra-
tion of all three vaccines, such as lower overall proportions with postvaccination fevers. The United Kingdom
infant immunization schedule now recommends that these three vaccines may be offered at one visit at between

12 and 13 months of age.

In September 2006, the combined meningococcal serogroup
C (MCC) and Haemophilus influenzae type b (Hib) conjugate
vaccine (Menitorix; GlaxoSmithKline [GSK]) was introduced
in the United Kingdom as a booster dose given in the second
year of life (2). At that time there were no data on the immu-
nogenicity of the combined MCC/Hib vaccine when coadmin-
istered with measles, mumps, and rubella (MMR) vaccine and
7-valent pneumococcal conjugate vaccine (PCV7), both of
which are also given early in the second year of life. Because of
unpredictable immunological interactions when different poly-
saccharide conjugates are given concomitantly for primary im-
munization, it was recommended that the MCC/Hib vaccine
should be given at 12 months, followed by PCV7 and MMR
vaccine at 13 months (2).

* Corresponding author. Mailing address: Vaccine Evaluation Unit,
Health Protection Agency, Manchester Medical Microbiology Partner-
ship, P.O. Box 209, Clinical Sciences Building 2, Manchester Royal
Infirmary, Manchester M13 9WZ, United Kingdom. Phone: 44 (0) 161
276 6793. Fax: 44 (0) 161 276 6792. E-mail: ray.borrow@hpa.org.uk.

Y Published ahead of print on 29 December 2010.

367

Following the launch of the new booster program, health
professionals and parents began to ask whether, for conve-
nience, all three vaccines could be given at the same visit. At
the time, a study to evaluate the immunogenicity of reduced
primary immunization schedules involving two doses of PCV7
given concomitantly with MCC vaccine was being conducted
(6, 14). Children in the study were subsequently recruited into
a booster study and offered MCC/Hib vaccine at 12 months
followed by PCV7 and MMR vaccine at 13 months as in the
national schedule. In response to the question of whether all
three vaccines could be given at the same visit, the design of
the booster study was changed, with children now randomized
either to receive the vaccines on the existing national schedule
or to receive all three vaccines concomitantly. The results of
the booster study that are relevant to this question are re-
ported here.

MATERIALS AND METHODS

Study design. In the primary phase, children in the study were randomized to
receive two doses of one of the three licensed MCC vaccines, either at 2 and 3
or at 2 and 4 months of age with concomitant PCV7 vaccine (Prevenar; Pfizer)



368 MILLER ET AL.

TABLE 1. Numbers of participants in the booster study according
to vaccines given and interval

Group and vaccine administration® i N.O‘. (?f
participants

A

MCC and Hib, then PCV7 and MMR 5

MCC/Hib and MMR then PCV7

MCC/Hib, then PCV7

MCC/Hib, then PCV7 and MMR....

MCC/Hib and PCV7, then MMR........ccecevinreririerereeeeerenenn
B

MCC/Hib, PCV7, and MMR..
MCC/Hib and PCV7

“ “Then” indicates 1 month later.

(6, 14). Two MCC vaccines are conjugated to CRM,o; (MCC-CRM), a nontoxi-
genic natural variant of diphtheria toxin (Meningitec [Pfizer] and Menjugate
[Novartis Vaccines]), and one (NeisVac-C [Baxter Bioscience]) is conjugated to
tetanus toxoid (MCC-TT). All infants received three doses of a combined diph-
theria/tetanus/five-component acellular pertussis/inactivated poliovirus/Hib-con-
taining vaccine (DTaPs/IPV/Hib-TT) (Pediacel; Sanofi Pasteur MSD) for pri-
mary immunization at 2, 3, and 4 months. Any study participant who failed to
achieve protective antibody levels to MCC or Hib vaccine after completion of the
primary schedule was offered a further dose of the relevant vaccine. Before the
primary phase was completed, PCV7 was introduced into the national schedule
at 2 and 4 months. An interim analysis showed that PCV7 was poorly immuno-
genic at 2 to 3 months, so recruitment to this schedule was terminated and those
already vaccinated offered an additional PCV7 dose if eligible to have been
vaccinated at 2 and 4 months outside the study (6).

At 12 months of age infants were recruited to a booster phase and given the
combined MCC/Hib vaccine in which both components are conjugated to TT
(Menitorix; GSK) followed by PCV7 and MMR vaccine at 13 months of age.
With ethics committee approval, the remaining children who had not yet re-
ceived their booster vaccinations were randomized either to receive the vaccines
on the national schedule (group A) or to receive MCC/Hib vaccine, PCV7, and
MMR vaccine concomitantly (group B). The first five children in group A were
due for their booster before MCC/Hib vaccine was available and so were given
separate MCC and Hib vaccines for boosting. The randomization schedule was
designed to achieve approximately similar numbers overall in each group. As
permitted by the protocol, a proportion of parents opted for their child not to
have MMR vaccine but to remain within the trial and receive just MCC/Hib
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vaccine with or before PCV7. In order to allow measurement of the sizes of local
reactions to study vaccines given at the same time, nurses were instructed to
administer each into a different limb.

Immunogenicity. Blood samples were taken prior to booster vaccination at 12
months, again at 13 months, and for group A only also at 14 months of age. Sera
were analyzed for meningococcal serogroup C antibody by the serum bactericidal
antibody (SBA) assay using baby rabbit complement as previously described (8).
For computational purposes, SBA titers of <4 were assigned a value of 2. A
minimum protective antibody level was taken as an SBA titer of =8 and a higher
titer of 128 for discriminatory purposes. Hib-polyribosylribitol phosphate (PRP)
antibodies (IgG) were quantified using a standardized enzyme-linked immu-
nosorbent assay (ELISA) with sera titrated against the International anti-Hib
quality control serum (Center for Biologics and Evaluation Research [CBER],
1983) (13). The minimum protective antibody level was taken as 0.15 pg/ml.
Serotype-specific pneumococcal IgG antibodies were measured by ELISA ac-
cording to the WHO protocol, with a minimum protective level defined as 0.35
pg/ml (16). IgG antibodies to tetanus toxoid and diphtheria toxoid were also
measured by ELISA (9, 10), as the carrier proteins in the conjugate vaccines are
immunogenic and can induce booster responses. MMR virus IgG antibodies
were quantified by the Food and Drug Administration-approved MMR virus IgG
AtheNA Multi-Lyte immunoassay (Zeus Scientific) (4). Results were classified as
positive if >120 AU/ml for measles and mumps viruses and = 11 AU/ml for
rubella virus. While the optimal interval for assessing the immediate antibody
response to conjugate vaccines is 4 weeks, antibodies to the live MMR viral
vaccine are still developing at this time. MMR virus antibody levels were there-
fore also measured at 11 to 12 months after vaccination in samples taken to
assess persistence of antibodies to MCC and Hib (1).

Safety assessment. Parents were provided with a 7-day diary to record systemic
and local symptoms in the postvaccination period; those in group A completed
two diaries. Parents were provided with rulers to measure the maximum diam-
eter of erythema and swelling at the site of each injection and instructed how to
assess pain. Thermometers were provided for parents to take axillary tempera-
tures daily for the week after vaccination. Other symptoms about which infor-
mation was solicited included decreased feeding, reduced activity, irritability,
persistent crying, vomiting, or diarrhea in the week after vaccination.

Statistical analysis. For analysis of the SBA, Hib, diphtheria toxoid, and
tetanus toxoid antibody responses following administration of the MCC/Hib
booster, geometric means and proportions above putative protective levels with
95% confidence intervals (ClIs) were calculated according to whether or not
PCV7 was given at the same time. The five children in group A who received
separate MCC and Hib vaccines were grouped with MCC/Hib vaccine recipients
for the analysis. The final numbers of test results are fewer than those vaccinated
for certain immunoassays, in particular for MMR vaccine, due to serum sample
volumes being limited.

For the analysis of the serotype-specific pneumococcal responses after PCV7,

TABLE 2. Proportions above various cutoff values at 1 month after vaccination according to whether MCC/Hib vaccine
was given with or without PCV7

No. above cutoff Proportion above cutoff value

Measure Cutoff value PCV7 n value (95% CI)
SBA titer =8 Without 135 130 0.96 (0.92-0.99)
With 116 113 0.97 (0.93-0.99)
=128 Without 135 124 0.92 (0.86-0.96)
With 116 103 0.89 (0.82-0.94)
Hib, pg/ml =0.15 Without 137 135 0.98 (0.94-1.00)
With 117 117 1.00 (0.97-1.00)
=1.0 Without 137 134 0.98 (0.94-1.00)
With 117 116 0.99 (0.97-1.00)
Diphtheria toxoid, IU/ml =0.1 Without 137 110 0.80 (0.73-0.87)
With 117 117 1.00 (0.97-1.00)
=1.0 Without 137 9 0.07 (0.03-0.12)
With 117 85 0.73 (0.64-0.80)
Tetanus toxoid, IU/ml =0.1 Without 137 135 0.99 (0.95-1.00)
With 117 117 1.00 (0.97-1.00)
=1.0 Without 137 104 0.76 (0.68-0.83)
With 117 100 0.85 (0.78-0.91)
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geometric means and proportions above putative protective levels with 95% Cls
were calculated according to whether or not MCC/Hib vaccine was given at the
same time. Multivariable regression was performed on the logs of the post-
booster antibody levels with explanatory variables of sex, concomitant MCC/Hib
vaccine or PCV7, concomitant MMR vaccine, and whether an extra dose of
PCV7, MCC vaccine, or Hib vaccine had been given in the primary phase. For
interpretation of differences, significance is taken at a 1% level due to the
number of tests.

For the safety analysis, comparison between groups A and B was restricted to
those given MMR vaccine and who had not received extra doses of MCC vaccine,
Hib vaccine, or PCV7 for primary immunization.

RESULTS

A total of 280 children were recruited into the booster study.
Of these, 7 had received an extra MCC vaccine dose, 20 an
extra dose of Hib vaccine, and 30 an extra dose of PCV7. The
numbers in the different booster schedules, including protocol
violations, are shown in Table 1. Of the 280 trial participants,
236 (84%) opted for MMR vaccine. Overall, PCV7 and MMR
vaccine were given concomitantly with MCC/Hib vaccine on
123 occasions and separately on 157 occasions.

Antibody responses to MCC, Hib, diphtheria toxoid, and
tetanus toxoid after the MCC/Hib booster. There were no
differences in the proportions of participants achieving puta-
tive protective thresholds (Table 2) or in geometric mean an-
tibody levels (Fig. 1) to MCC, Hib, or tetanus toxoid after the
MCC/Hib booster according to whether PCV7 was given con-
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FIG. 1. Geometric mean titers of meningococcal serogroup C SBA
and geometric mean concentrations of PRP IgG (png/ml), diphtheria
toxoid IgG (IU/ml), and tetanus toxoid IgG (IU/ml), with 95% CIs, at
1 month after MCC/Hib vaccine administration either with or without
PCV7.

comitantly or not. A significantly (P < 0.001) higher propor-
tion achieved diphtheria toxoid antibody levels of =0.1 or 1.0
IU/ml when PCV7 was given concomitantly, consistent with
the booster effect of a CRM conjugate vaccine. The anti-
diphtheria toxoid IgG geometric mean concentration (GMC)

TABLE 3. Proportions of participants achieving a serotype-specific cutoff antibody level at 4 weeks after the PCV7 booster according to
whether MCC/Hib vaccine was given concomitantly

No. above cutoff Proportion above cutoff value

Serotype Cutoff value (pg/ml) MCC/Hib vaccine No. of sera value (95% CI)

4 =0.35 Without 106 106 1.00 (0.97-1.00)
With 91 91 1.00 (0.96-1.00)

=1.0 Without 106 104 0.98 (0.93-1.00)

With 91 87 0.96 (0.89-0.99)

6B =0.35 Without 107 106 0.99 (0.95-1.00)
With 91 88 0.97 (0.91-0.99)

=1.0 Without 107 103 0.96 (0.91-0.99)

With 91 85 0.93 (0.86-0.98)

CAY% =0.35 Without 107 107 1.00 (0.97-1.00)
With 90 90 1.00 (0.96-1.00)

=1.0 Without 107 103 0.96 (0.91-0.99)

With 90 89 0.99 (0.94-1.00)

14 =0.35 Without 107 107 1.00 (0.97-1.00)
With 91 91 1.00 (0.96-1.00)

=1.0 Without 107 107 1.00 (0.97-1.00)

With 91 90 0.99 (0.94-1.00)

18C =(0.35 Without 106 105 0.99 (0.95-1.00)
With 91 88 0.97 (0.91-0.99)

=1.0 Without 106 92 0.87 (0.79-0.93)

With 91 72 0.79 (0.69-0.87)

19F =0.35 Without 107 106 0.99 (0.95-1.00)
With 91 91 1.00 (0.96-1.00)

=1.0 Without 107 106 0.99 (0.95-1.00)

With 91 90 0.99 (0.94-1.00)

23F =0.35 Without 107 105 0.98 (0.93-1.00)
With 91 90 0.99 (0.94-1.00)

=1.0 Without 107 97 0.91 (0.83-0.95)

With 91 88 0.97 (0.91-0.99)
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FIG. 2. Pneumococcal serotype-specific [gG GMCs and 95% Cls at
1 month after PCV7 administration with or without MCC/Hib vaccine.

at 4 weeks after PCV7 when given without MCC/Hib vaccine
(1.67; 95% CI, 1.44 to 1.95) was similar to that when given with
MCC/Hib vaccine (1.62; 95% CI, 1.37 to 1.91), confirming no
attenuation of the booster response to the CRM conjugate
component of PCV7 by concomitant administration with an-
other conjugate.

The proportion of participants with tetanus toxoid antibody
levels of =1.0 IU/ml was significantly (P < 0.001) higher after
the MCC/Hib booster (80%; 95% CI, 75% to 85%) than be-
fore (10%; 95% CI, 7% to 15%), as was the GMC (2.90 IU/ml
[95% CI, 2.49 to 3.38 IU/ml] after compared with 0.31 [0.28 to
0.35] before), consistent with the booster effect of the tetanus
toxoid conjugate in this vaccine.

Regression analysis on the logs of the antibody levels con-
firmed significantly higher diphtheria toxoid antibody levels at
1 month after MCC/Hib vaccine administration (2.1-fold [95%
CI, 1.7- to 2.4-fold]; P < 0.001) for those given concomitant
PCV7. SBA and tetanus toxoid antibody levels were higher
postbooster in those who had received a primary MCC-TT
schedule (2.1-fold and 1.4-fold, respectively; P < 0.001). Con-
comitant MMR vaccine administration showed no significant
effect at a 1% level for Hib and SBA (22% higher for Hib [P =
0.17] and 6% lower for SBA [P = 0.72]). For diphtheria and
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tetanus toxoids there was some evidence of higher responses
(1.2- and 1.3-fold, respectively; P = 0.02 for both). Those who
had required an extra dose of Hib vaccine had significantly
lower SBA, Hib, diphtheria toxoid, and tetanus toxoid levels
postbooster (41%, 45%, 26%, and 47% lower, respectively;
P < 0.001).

Pneumococcal serotype-specific responses after the PCV7
booster. There were no differences in the proportions of
participants achieving a putative protective threshold of 0.35
or a higher threshold of 1.0 pg/ml (Table 3) or in GMCs
(Fig. 2) for any of the PCV7 serotypes according to whether
MCC/Hib vaccine was given concomitantly or not. Regres-
sion analysis showed no difference according to whether
MCC/Hib or MMR vaccine was given concomitantly. A sex
difference was seen for serotype 6B, with males having 19%
lower levels (P = 0.004). There was no remaining effect of
the primary schedule, i.e., 2/3 versus 2/4 months. Those who
had required an extra dose of Hib vaccine had significantly
lower antibody concentrations for serotypes 6B (34% lower;
P =0.003) and 23F (35% lower; P < 0.001) but not for other
serotypes.

Measles, mumps, and rubella virus IgG antibody at 1 and 12
months following MMR vaccination. There was no difference
in the proportions achieving the protective thresholds or
GMC:s for measles, mumps, or rubella virus (Table 4) accord-
ing to whether MCC/Hib vaccine was given concomitantly or
not with MMR vaccine and PCV7. Those who had required an
extra dose of Hib vaccine did not have lower antibody concen-
trations for measles, mumps, or rubella virus.

Reactogenicity. For comparison of reactogenicity between
groups A and B, the data were restricted to those who received
concomitant MMR vaccine, did not receive an extra dose of
Hib, MCC, or PCV7, and had a completed diary returned. The
proportions of children with erythema, swelling, or tenderness
at the site of injection of MCC/Hib vaccine, PCV7, or MMR
vaccine were not significantly different whether the vaccines
were given sequentially or at the same time (Table 5).

For the systemic symptoms for which information was solic-
ited, there was no additive effect when all three vaccines were
given concomitantly compared with their sequential adminis-
tration (Table 6). For example, the proportions with axillary

TABLE 4. Proportions of subjects positive for measles, mumps, and rubella virus antibodies and geometric mean concentrations by time since
MMR vaccine coadministered with PCV7 with and without concomitant MCC/Hib vaccine

Virus Tli\f[nl\il({n‘l/z)cgggr MCC/Hib vaccine No. of sera poI:i(t)i.ve Proportion positive (95% CI) Geome(t;isc%méall? conen
Measles 1 With 90 88 0.98 (0.92-1.00) 309.4 (283.0-338.2)
1 Without 100 99 0.99 (0.95-1.00) 317.2(293.9-342.3)
12 With 77 76 0.99 (0.93-1.00) 372.4 (340.3-407.6)
11 Without 106 104 0.98 (0.93-1.00) 336.7 (306.2-370.3)
Mumps 1 With 90 87 0.97 (0.91-0.99) 239.2 (223.7-255.8)
1 Without 100 100 1.0 (0.96-1.00) 266.1 (249.7-283.6)
12 With 77 73 0.95 (0.87-0.99) 257.5 (233.1-284.5)
11 Without 106 102 0.96 (0.91-0.99) 229.5 (208.5-252.6)
Rubella 1 With 90 90 1.0 (0.96-1.00) 87.9 (74.7-103.5)
1 Without 100 99 0.99 (0.95-1.00) 94.1 (81.7-108.5)
12 With 77 77 1.0 (0.95-1.00) 73.7 (66.0-82.4)
11 Without 106 105 0.99 (0.95-1.00) 67.2 (59.8-75.6)




VoL. 18, 2011

COADMINISTRATION OF MCC/Hib WITH PCV7 AND MMR VACCINES 371

TABLE 5. Numbers of children with local reactions at the injection site within 7 days of receiving MCC/Hib vaccine and PCV7 with MMR
vaccine according to whether given sequentially 1 month apart (group A) or together (group B)

No. (%) positive

. MCC/Hib vaccine PCV7 MMR vaccine
Local Reaction
Group A Group B Group A Group B Group A Group B
(n = 108) (n = 68) (n = 104) (n = 68) (n = 104) (n = 68)
Any erythema 24 (22.2) 18 (26.5) 43 (41.3) 26 (38.2) 28 (26.9) 19 (27.9)
Any swelling 5(4.6) 7(10.3) 23 (22.1) 17 (25.0) 14 (13.5) 6(8.8)
Erythema of >3 cm 2(1.9) 0 4(3.8) 3(4.4) 0 0
Swelling of >3 cm 0 0 3(2.9) 1(1.5) 0 0
Tenderness 8(7.4) 11 (16.2) 17 (16.3) 13 (19.1) 18 (17.3) 8§ (11.8)

temperatures of >37.5°C at any time in the 7-day postvaccina-
tion period were 26.9% when PCV7 was given with MMR
vaccine, 8.3% when MCC/Hib vaccine was given alone, and
only 19.1% when all three vaccines were given concomitantly.

DISCUSSION

This study has shown no adverse consequences for either
immunogenicity or reactogenicity when MCC/Hib vaccine was
given concomitantly with PCV7 and MMR vaccine at 12
months compared with the separate administration of the two
conjugate vaccines at 12 and 13 months of age, respectively.

Local reactions were generally mild, with the majority of
children having no erythema, swelling, or tenderness at the site
of administration of any vaccine, whether given concomitantly
or sequentially. For the solicited systemic symptoms, there was
no evidence of an additive effect; rather, any differences be-
tween schedules showed benefit from the concomitant admin-
istration of all three vaccines, such as lower overall proportions
with postvaccination fevers. Given that the peak incidence of
febrile convulsions is at around 12 months of age, any poten-
tiation of a pyrexial response caused by concomitant adminis-
tration of all three vaccines would have been concerning.

The lack of any adverse consequences of concomitant ad-
ministration on the antibody responses to MCC, Hib, any of
the seven PCV7 serotypes, diphtheria toxoid, tetanus toxoid,
and measles, mumps, or rubella virus provides further evidence
against the “immune overload” hypothesis (11, 15). Any small

TABLE 6. Numbers of children with solicited systemic symptoms
within 7 days of vaccination for those given MCC/Hib vaccine
followed by PCV7 and MMR vaccine (group A) compared with
those given all three vaccines concomitantly (group B)

No. (%) positive

Group B,
R Group A, Group A, .
Systemic symplom - \eHib - PCVT + MMR PVl H MOCHTD
vaccine vaccine Vacas:ccine
(n = 108) (n = 104) (n = 68)
Axillary temp of 9(8.3) 28 (26.9) 13 (19.1)
>37.5°C

Decreased feeding 27 (25.0) 36 (34.6) 20 (29.4)
Less active 17 (15.7) 26 (25.0) 20 (29.4)
Increased irritability 39 (36.1) 46 (44.2) 35(51.5)
Persistent crying 19 (17.6) 23 (22.1) 20 (29.4)
Vomiting 13 (12.0) 14 (13.5) 12 (17.6)
Diarrhea 24 (22.2) 21 (20.2) 12 (17.6)

differences in immunogenicity were largely in the direction of
a higher response when all three vaccines were given concom-
itantly.

For PCV7, the interval between doses in the priming
schedule was shown not to affect the magnitude of the
booster response (6). In the group of infants on the 2/3-
month schedule who received a third dose between 145 and
331 days of age, 12 provided blood samples 4 weeks after
this extra dose. Serotype-specific IgG responses after this
extra dose were significantly lower than when the third dose
was given at 12 or 13 months of age. This age dependency
may have accounted for the slightly lower GMCs for six of
the seven serotypes when PCV7 was given at 12 months with
MCC/Hib vaccine than when it was administered separately
at 13 months of age (Fig. 2).

The booster response to MCC/Hib vaccine was 2.1-fold
higher in infants primed with MCC-TT than in those primed
with  MCC-CRM, though the postprimary response to
MCC-TT was not higher (14). This finding is consistent with
the higher booster response to MCC/Hib vaccine reported in
infants primed with three doses of MCC/Hib-TT vaccine than
in those primed with MCC-CRM (12), confirming that
MCC-TT induces better priming than MCC-CRM (5). The
effect of the magnitude of the postbooster SBA and Hib anti-
body levels on antibody persistence to 3 years of age has been
reported separately (1). The finding that those children who
failed to achieve protective levels of antibody to Hib also had
significantly lower meningococcal serogroup C SBA, Hib,
pneumococcal serotype 6B and 23F, diphtheria toxoid, and
tetanus toxoid IgG levels postbooster has previously been re-
ported for Hib, diphtheria toxoid, tetanus toxoid, and pertussis
toxoid but had not been investigated to date for meningococcal
serogroup C SBAs or pneumococcal serotype-specific IgG (7).
It suggests that some otherwise healthy children have a gener-
ally lower antibody response to vaccine, and possibly other
antigens, the clinical relevance of which is unknown.

Administration of both tetanus toxoid- and CRM-based con-
jugates in the second year of life was shown to boost tetanus
and diphtheria toxoid IgG levels, with around 10-fold and
7-fold increases, respectively, in GMCs. This is of use for
countries such as the United Kingdom where no DTaP booster
dose is given in the second year of life.

Based on these data, it was recommended in the United
Kingdom that the vaccines currently given at 12 and 13 months
of age can be given at the same visit, between 12 and 13 months
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of age, within a month after the first birthday, to simplify the
routine childhood immunization schedule (3).
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