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Pneumococcal conjugate vaccines
(PCVs) have significantly decreased
invasive pneumococcal disease (IPD)
in whole populations, and they are
among the many ongoing stories of
vaccine successes around the world.
However, IPDs remain far too common,
especially in certain populations.
When it comes to the timing of PCV
administration, most physicians follow
their nationally recommended vaccine
schedules, which have been well
studied in specific and well-defined
populations. In the United States the
recommended immunization schedule
for children is the one approved by the
Advisory Committee on Immunization
Practices of the Centers for Disease
Control and Prevention and endorsed
by the major professional societies
including the American Academy of
Pediatrics.1 The timing of vaccine
doses in the schedule recommended
by the Centers for Disease Control and
Prevention is based on a thorough
evaluation of available science, agedependent variation in the immune
system, vaccine interactions, and
practical considerations related to
vaccine delivery, but we have more
to learn to truly optimize vaccine
delivery.2
It turns out for PCV that the levels of
antibody achieved, the rate of decline
of those antibodies, and probably the
degree and duration of protection from
disease vary a great deal between the
different serotypes and the timing of
vaccine doses. The study in this issue
by Kent et al3 has provided insight
into this phenomenon for a unique

and vulnerable population: preterm
infants. In this study, 3 different
primary PCV schedules were used:
1 used in the United Kingdom (a
“reduced schedule” with doses at 2 and
4 months of age), 1 used in many other
countries (an “accelerated schedule”
with doses at 2, 3, and 4 months of
age), and 1 used in the United States
(an “extended schedule” with doses
at 2, 4, and 6 months of age). All
infants received a 12-month booster
dose. All of the schedules were safe
and achieved “acceptable” levels of
antibody, but significant variation was
noted. But what is an “acceptable”
level of antibody? Kent et al3 observed
that antibody levels achieved for each
pneumococcal serotype contained
in the vaccine vary significantly by
schedule. In addition to the timing of
doses, other predictors of immune
response were gestational age and
receipt of antenatal steroids. Studies
with various PCV vaccines conducted
in the United States and in countries
using these different schedules
confirm that each schedule generally
leads to protection from IPD, but the
optimization of protection and the
evaluation of protection against other
types of pneumococcal disease such as
pneumonia remains challenging.4–9
The results from the current study
illustrate some of the challenges in
making vaccine policy and why there
are differences in pneumococcal
vaccine policies around the world,
because there was no clearly
superior schedule. Although there
was variation between serotypes, in
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general the “reduced schedule,” only
2 vaccine doses in primary series
at 2 and 4 months, produced lower
antibody titers in the first year of
life compared with the “extended
schedule” of 3 doses at 2, 4, and 6
months but higher titers after the
12-month booster. The “accelerated
schedule” of 3 doses at 2, 3, and 5
months produced antibody titers in
between the other 2. Although it is
difficult to translate specific antibody
levels to protection, to some extent
you can have optimal protection in
the first year of life or in the second
but not both. Which do you choose?
This conundrum is not unique to
pneumococcal vaccines. Immune
responses to many vaccines
vary by age, dosing interval, and
the population to whom they
are given. For example, human
papilloma virus vaccine induces
higher antibody titers in young
adolescents compared with older
populations, and a 2-dose regimen
may work if the spacing of doses
is optimized.10 Some conjugated
Haemophilus influenzae type b
vaccines induce high antibody titers
faster than others11 and are therefore
recommended for certain high-risk
populations. Waning antibody levels
after conjugated meningococcal
vaccine may make the timing of that
vaccine important.12 Undoubtedly
we will eventually learn that genetic
factors underlie individual variation
in vaccine response and duration
of protection and be able to better
individualize vaccine administration.
Vaccine schedules vary between
countries, in part based on when
disease risk is highest, the available
vaccines, the population for which
the recommendation is intended,
programmatic considerations such
as the timing of health visits, and in
some cases, but not always, a detailed
understanding of the immune

response. As illustrated in the current
study of conjugated pneumococcal
vaccine in preterm infants,3 there
is room to learn more about the
immune response to vaccines to
refine our vaccine policies, and we
will not all come up with the same
answers.
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