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Abstract. Adult persons who were given a pneumococcal polysaccharide vaccine con-
taining 50 ug each of 12 serotypes showed an average 10-fold increase in amount of antibody
to the 12 antigens (range 6- to 20-fold) 1 month after vaccination and there was an approxi-
mate average 50% decline in antibody 3% years later. Children who were 2 to 12 years old at
the time of vaccination showed about the same antibody response to the vaccine but this was
less persistent and there was about a 55% decline, on the average, after only 21 months. The
findings are discussed in the light of need for revaccination and of the nature of antibody

responses to polysaccharide antigens.

Polyvalent pneumococcal capsular poly-
saccharide vaccine (1—5) was first licensed
for general use in the USA in 1977 and
has been used extensively in persons who
are at high risk to illnesses caused by
infections with pneumococci. About 4.2
million doses of vaccine were distributed in
the USA by the end of 1979. The introduc-
tion of new vaccines leaves several ques-
tions that are the subject of continuing re-
search and one of these relates to the per-
sistence of antibody following vaccination.
The present report gives the findings in
clinical trials that measured the persistence
of antibody in adults and children from 20
months to 3% years after the vaccine was
given.

Materials and methods. Clinical studies.
Study 384. Nineteen adult persons who
were employees of the Overbrook School
for the Blind in Philadelphia, Pennsylvania,
were given 0.5 ml of lot 561 12-valent
pneumococcal polysaccharide vaccine on
April 23, 1974 (5). The vaccine contained 50
ug of each pneumococcal polysaccharide
shown in Fig. 1. The subjects ranged in age
from 23 to 65 years (mean 46.9 years).
Blood samples were taken prior to and 1,
20, and 42 months after the vaccine was
given. The sera were assayed by the RIA
procedure (6) for content of homologous
pneumococcal antibodies.

Study 482. Twenty-eight children aged 2

to 12 years (mean 6.2 years) who resided in
the Philadelphia area were immunized on
August 9, 1975 with 0.5-ml amounts of the
same vaccine described above (5). Blood
samples for antibody assay were taken
prior to vaccination and 1 and 21 months
after vaccination. All studies were carried
out with informed written consent and in
compliance with the Investigational New
Drug regulations.

Results. Study 384 in adults. Figure 1
shows homologous pneumococcal antibody
titers in 19 adult persons given pneumococ-
cal vaccine and bled prior to, 1, 20, and 42
months after vaccination. There was sub-
stantial increase in antibody 1 month after
vaccination, ranging from 6- to 20-fold (av-
erage 10-fold). As seen in the figure, the
arithmetic average of these increases had
declined from 10- to 6-fold by 20 months
and to 5-fold by 42 months. The rate for
decline was far greater during the first 19
months than during the latter 22 months.
From 58 to 100% of the subjects still had at
least twice as much antibody against the 12
serotypes 42 months after vaccination as
they did prior to vaccination, and 42 to 94%
of persons had at least four times as much
antibody.

Study 482 in children. The homologous
pneumococcal antibody titers in 28 children
given pneumococcal vaccine and bled prior
to and 1 and 21 months after vaccination are
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F1G. 1. Patterns of antibody persistence among 19 adult persons who received a single dose
of 12-valent pneumococcal polysaccharide vaccine containing 50 ug of each polysaccharide type

(study 384).
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FiG. 2. Patterns of antibody persistence among 28 children 2 to 12 years of age who received a single
dose of 12-valent pneumococcal polysaccharide vaccine containing 50 ug of each polysaccharide type
(study 482).
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presented in Fig. 2. As for adults, there was
a substantial increase in antibody level
against all serotypes in the vaccine ranging
from 5- to 24-fold (average 9-fold). The de-
cline in the arithmetic average of the fold
increases 21 months after vaccination was
greater in the children than in the adults,
decreasing from 9- to 4-fold. The average of
the percentages of children who showed a
2-fold or greater increase in titer, compared
with their prevaccination titers, was re-
duced from 94 to 88% by 21 months and the
4-fold increases in titer were reduced from
79 to 53%.

No pneumococcal pneumonia was diag-
nosed among the adults or the children
during the time periods of the observations
in the studies described above.

Discussions. One of the unanswered
questions relating to the use of pneumococ-
cal vaccine is whether and when revaccina-
tion should be carried out. Studies reported
by Heidelberger et al. (7) in 1950 employing
a 6-valent vaccine revealed that !/s to more
than % the maximum antibody titers in-
duced by vaccination were still present in
most persons 3 years after the vaccine was
given. In some individuals, abundant re-
sidual antibody persisted 8 years after vac-
cination. Reinjection of vaccine in persons
from whom antibody had disappeared or
remained in only small quantity usually
caused the antibody to reappear or to in-
crease but most often not to the original
maximal level. Previous studies in our
laboratories (3, 8) revealed very small de-
cline in antibody, if any, in adults 1 to 1%
years after vaccination compared with the
titer achieved soon following vaccination
and there was no meaningful increase in
amount of antibody after the vaccine was
given again. There was, however, substan-
tially greater local reaction in adults at the
injection site than after the first dose of
vaccine. The reaction after initial injection
was usually limited to mild soreness at the
site that lasted up to 3 days. In contrast,
nearly all persons given the second dose 1
year after the initial dose displayed indura-
tion with erythema in addition to soreness
and this finding persisted for a slightly
longer time period in some individuals.
Mild fever was somewhat more frequent on
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revaccination (3). This clinical response
appeared due to local reaction between the
injected antigen and circulating antibody at
the site in which the vaccine was given and
resembled an Arthus-like reaction. Support
for the Arthus concept was provided (3) by
the observation that persons with a large
total amount of antipneumococcal antibody
showed a greater chance of having a more
severe reaction than did those with a
smaller amount of antibody. Reduction of
dose of antigen on revaccination also
brought about a decrease in local reaction
on revaccination (8).

The findings in adults in the present
studies showed retention of a substantial
amount of antibody, about half on the aver-
age, for at least 315 years after the vaccine
was given. Eighty percent of individuals, on
the average, still showed a 2-fold or greater
amount of antibody in their circulation than
they had prior to vaccination. It would ap-
pear, therefore, that these subjects would
not be in need of revaccination after this
period of time, though the level of antibody
required for protection is not known.

The children in the present study, who
were 2 to 12 years of age, showed a mean
antibody response that was as great as that
for adult persons. However, the antibody
did not persist as well as in adults and
studies are in progress to determine if and
when children will need to be revaccinated.
Such loss of antibody is associated with the
observed phenomenon that children, espe-
cially those who are very young, respond
poorly to many pneumococcal serotypes
and to meningococcal and Haemophilus in-
fluenzae polysaccharide vaccines (3, 9—13)
as well. The observed difference between
adults and children might be due, in part at
least, to the less extensive prior experience
of children with natural infections with
bacteria containing these same polysac-
charides. In our studies (3), infants given
vaccine at 3—5 months of age responded
well to only a few of the pneumococcal
serotypes in the vaccine and this antibody
usually fell to low level 5 months later. Re-
vaccination at that time usually did no more
than to restore the titers to their previous
postvaccination levels. Very substantial in-
crease in antibody to all pneumococcal
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serotypes was obtained when revaccination
was made 21 months after the initial dose of
vaccine. This may have been due, in part,
to immunologic maturation, to increased
experience in nature with bacteria contain-
ing polysaccharide antigens, and possibly
also to prior sensitization to the polysac-
charide vaccine. Beuvery et al. (14, 15)
have postulated that the responses to
polysaccharide antigens, in the absence of
protein, are primarily the IgM type that are
of short duration. Antibody of IgG class,
that is persistent, is obtained only following
vaccination with polysaccharides that are
coupled or otherwise associated with pro-
teins as in whole bacteria. Once such sen-
sitization has been made, then booster re-
sponses to polysaccharide alone can be
achieved. He postulated that the increased
responsiveness to polysaccharides with
protein was due to the stimulation of T-
cell-helper responses that are not evoked
when the experience is limited to polysac-
charide alone.

The authors are indebted to the administrators of the
Overbrook School for the Blind, to G. Starkweather,
M. D, to K. Campbell, B. S., R. N., and C. Rothen-
berger, R.N., V. Holmes, B.S., V. Ioli, B.A., and
J. Staub, B.S. gave valuable technical assistance.
The data were tabulated and analyzed by T.
Saboe, M.P.H.
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