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Abstract Pneumococcal disease remains a significant
cause of morbidity among young children. A large-scale
efficacy trial in the Northern California Kaiser Perma-
nente system (the KP trial) demonstrated that a seven-
valent conjugate vaccine (PCV) is safe and immunogenic
in young children and effective in preventing both in-
vasive pneumococcal disease caused by vaccine sero-
types (97.4% efficacy) and episodes of otitis media
(7.0% efficacy). Since the publication of the results of the
KP trial in 2000, we have performed an additional
analysis on the safety, immunogenicity, and efficacy of
the vaccine in low birth weight (LBW) and preterm (PT)
infants, and have examined the efficacy of the vaccine
during 1 year of wide-scale post-licensure use. The vac-
cine was at least as immunogenic in LBW and PT infants
as in normal-weight, full-term infants and was 100%
effective, although the LBW and PT infants had higher
rates of adverse events such as redness and swelling.
LBW and PT infants receiving pneumococcal vaccine
also had higher rates of adverse events, such as hives,
than those receiving control meningococcal vaccine, but
these reactions were not severe. When the PCV was used
in the general population, the efficacy remained high and
there was no corresponding increase in disease caused by
nonvaccine serotypes. There was also evidence that
vaccine administration led to herd immunity. Febrile
illness was the only adverse event seen more frequently
after vaccine administration than during a control pe-
riod. Conclusion: the seven-valent conjugate vaccine is
safe and effective for use in the general population.
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Abbreviations DTaP diphtheria-tetanus-toxoid acellular
pertussis Æ DTwP diphtheria-tetanus-toxoid whole cell
pertussis Æ FT full-term Æ IPD invasive pneumococcal
disease Æ ITT intent-to-treat Æ KP Kaiser Permanente Æ
LBW low birth weight Æ NBW normal birth weight Æ
PCV seven-valent conjugate vaccine Æ PT preterm

Introduction

The highest rates of invasive pneumococcal disease
(IPD) and otitis media occur in children less than 2
years of age [1]. In the United States, the peak inci-
dence of IPD, 235 per 100,000 person-years, occurs
between 6 and 11 months of age [1], and the majority
of children have at least one episode of acute otitis
media by their first birthday [5]. In addition, otitis
media is the leading reason for prescribing antibiotics
during childhood [1] and therefore contributes sub-
stantially to the growing problem of antibiotic-resistant
bacteria.

Despite the high rates of pneumococcal disease early
in life, until early 2000 there was no pneumococcal
vaccine that was routinely recommended for use in
young children. The polysaccharide vaccines that have
been available for decades are ineffective in infants. As a
result, considerable effort has been put into developing a
pneumococcal vaccine conjugated to protein that would
be immunogenic in infants.

Between October 1995 and April 1999, we and our
colleagues conducted a large clinical trial to evaluate a
seven-valent vaccine containing the saccharides of ser-
otypes 4, 6B, 9V, 14, 18C 19F, and 23 conjugated to
CRM197, a nontoxic mutant of diphtheria toxin [2]. This
vaccine, produced by Wyeth Lederle, was licensed for
use in the United States in February 2000.

In this paper we summarize the safety, immunoge-
nicity, and efficacy of the seven-valent conjugate vaccine
in the clinical trial, both in the whole study population
and in the subset of infants who were preterm (PT) or of
low birth weight (LBW). We also review the effectiveness
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of the vaccine in the general population in the year after
it was licensed. These data have been published previ-
ously [2, 3,10].

Subjects and methods

Clinical trial

A double-blind study was conducted at 23 Northern California
Kaiser Permanente (KP) medical centers [2], in which 37,868 in-
fants were randomized to receive either the Wyeth Lederle seven-
valent pneumococcal conjugate vaccine (PCV) or a meningococcus
type C conjugate vaccine as a control. Study vaccine was given at 2,
4, 6, and 12 to 15 months of age, concomitantly with other routine
childhood vaccines. Children with sickle-cell disease, known im-
munodeficiency, any serious chronic or progressive disease, a his-
tory of seizures, or a history of pneumococcal or meningococcal
disease were excluded from the study.

Safety

Information about local and systemic reactions was obtained by
telephone interview 48 to 72 h and 14 days after each dose. The
frequency of uncommon events requiring medical attention after
vaccination was evaluated through the use of comprehensive hos-
pitalization and emergency room utilization databases. The inci-
dence of these events was followed for 30 days following vaccination
for events in hospitalized children and for 60 days for events seen
in the emergency department. Adverse events that were severe,
unexpected, or had possibly been caused by the study vaccine were
followed up through chart review, parent contact, or both.

Invasive disease

The primary outcome measure was the incidence of IPD caused by
vaccine serotypes. To be included in the main efficacy analysis, the
disease must have been caused by a vaccine serotype, occurred
more than 14 days after the third dose of the vaccine, and occurred
in a subject vaccinated according to protocol. Children less than 16
months of age were considered to be fully vaccinated if they had
received three or more doses of vaccine; children at least 16 months
of age were considered to be fully vaccinated after receipt of a
fourth dose. In addition to the per-protocol analysis, an intent-
to-treat (ITT) analysis was performed that included all invasive
disease caused by any pneumococcal serotype occurring after
randomization, regardless of whether the child had completed the
three-dose primary series or received the booster dose.

Otitis media

The primary otitis media outcome measure was the number of
episodes of otitis media in fully vaccinated infants. Each clinic visit
was considered a new episode unless it met the criteria for a follow-
up visit, which included any visit that was the second within 21
days, or which occurred 21 to 42 days after a previous visit and for
which an appointment had been made at least 3 days in advance.
Additional otitis outcomes included differences between the groups
in effectiveness against frequent otitis media, in the number of
placements of ventilatory tympanostomy tubes, and in the number
of cases of spontaneously draining tympanic membranes with a
culture positive for a vaccine-serotype pneumococcus.

Post-licensure evaluation

A post-licensure follow-up study was conducted after the vaccine
was approved for use in infants in February 2000. In April 2000,

the vaccine was introduced into the general KP population, and it
began to be used routinely by June 2000. Using the KP databases,
we compared age-specific disease incidence in both vaccinated and
unvaccinated children during the year following vaccine introduc-
tion with age-specific disease within the KP population during the 5
years before vaccine licensure.

Results

Safety

In all subjects, local reactions were mild, self-limited,
and did not escalate with dose. Mild swelling and red-
ness were more common at the site of pneumococcal
vaccine injection than at the site of the diphtheria-teta-
nus-toxid acellular pertussis (DTaP) vaccine injection in
the other limb and were also more common following
PCV than following the control meningococcal vaccine.
No differences were seen for more severe reactions. Fe-
ver higher than 38�C was observed more often in the
pneumococcal vaccine group than in the control men-
ingococcal vaccine group (P £ 0.003 for Doses 1–3).
For fever greater than 39�C, this was true only after
Dose 2 (P=0.029).

Within 60 days of receipt of a vaccine, 1092 subjects
were hospitalized (513 PCV recipients, 579 controls,
P=0.047), and 92 diagnostic categories were observed in
these subjects. However, significant differences were seen
for only two diagnostic categories, febrile seizures and
elective admissions. Febrile seizures requiring hospital-
ization were more common in PCV recipients than in
controls, but only in those patients who had received
diphtheria-tetanus toxoid-whole cell pertussis vaccine
(DTwP) at the same time (seven PCV, one control;
P=0.039); there was no difference in rate of seizure
between recipients of PCV and control vaccine who had
received a concomitant DTaP vaccine (four PCV, five
controls; P=0.76). There was no clustering of febrile
seizures within the 3-day period following vaccine ad-
ministration, and furthermore, the rates of seizure in this
study were below the historic rates of seizure seen fol-
lowing DTwP vaccination. Rates of sudden infant death
syndrome were also similar to or lower than those ex-
pected from historical data. Elective admissions, in-
cluding ventilatory ear tube placement, occurred more
frequently in the control group (116 controls versus 87
recipients of PCV, P=0.043). In an analysis of selected
categories of outpatient clinic visits, there were no sig-
nificant differences between PCV recipients and controls
in any category except overall seizures, which occurred
more frequently in controls; no seizure subcategory was
different between the two groups, and there was no time
clustering of the seizures relative to vaccination.

An analysis of vaccine effects in LBW and PT infants
found that LBW infants had higher rates of serious
redness and swelling (>3 cm) than normal birth weight
(NBW) infants following the third dose in the primary
series, and LBW infants receiving PCV had higher rates
of hives compared with those receiving control vaccine,
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but not compared with NBW infants. PT infants had
swelling >2.4 cm more often than full-term (FT) in-
fants. PT infants receiving PCV had stronger reactions
than those receiving control meningococcal vaccine: fe-
ver >38�C, swelling, tenderness at injection site, irrita-
bility, loss of appetite, vomiting, diarrhea, and hives all
occurred more frequently than in PT infants receiving
control vaccine. However, these reactions were not se-
vere enough to preclude the use of PCV in PT infants.

Immunogenicity

All seven vaccine serotypes elicited a substantial immu-
nologic response in all subjects, although the absolute
magnitude varied (Fig. 1). More than 95% of those who
received the PCV developed a geometric mean concen-
tration of antibody of at least 0.15 lg/ml after the third
dose, but only antibodies against 6B and 14 remained at
concentrations above 1 lg/ml before the booster dose
was given. A booster response was seen for all serotypes.

Most infants, regardless of birth weight or gestational
age, achieved serum antibody concentrations of at least
0.15 lg/ml following vaccination, and there was no
significant difference between the groups on this mea-
sure. There was also no significant difference in geo-
metric mean titer between LBW and NBW infants, but
PT infants had significantly higher serum concentrations
of antibodies against serotypes 19F, 9V, and 4 than did
FT infants.

Efficacy

Of the 37,868 children enrolled in the trial, 18,927 re-
ceived one or more doses of PCV and 18,941 received
one or more doses of meningococcal conjugate vaccine.
In the per-protocol analysis, 40 cases of IPD were seen
in fully vaccinated children. Of these, 39 were in the
control group, representing a vaccine efficacy of 97.4%

(95% confidence interval 82.7% to 99.9%, P<0.0001).
The one vaccine failure was a child who had received
four doses of vaccine, yet developed bacteremic pneu-
monia caused by serotype 19F.

In the ITT analysis, there were 52 cases of vaccine-
serotype IPD, three of which were in recipients of the
PCV, representing a vaccine efficacy of 93.9%. The
three failures included the one described above, a child
who developed leukemia after vaccination and was re-
ceiving immunosuppressive chemotherapy, and a par-
tially vaccinated child who developed a 6B infection 317
days after a single dose of vaccine. We were able to
determine point estimates of serotype-specific efficacy
for four vaccine serotypes, which ranged from 84.6%
for serotype 19F to 100% for serotypes 14, 18C, and
23F.

There was no evidence of an increased risk of disease
caused by nonvaccine serotypes. Nine cases of IPD
caused by pneumococci of nonvaccine serotype occurred
during the study, six in the control group and three in
vaccinated children. Only one case was caused by a
potentially cross-reactive serotype in a vaccinated child.
The ITT analysis revealed an 89.1% reduction in the
total IPD burden in children who had received at least
one dose of conjugate vaccine. This is particularly
striking considering that the vaccine serotypes are re-
sponsible only for an estimated 85% of pneumococcal
disease in infants and children.

Otitis media

On the primary otitis media measure, the vaccine was
7.0% effective (95% CI 4.1%–9.7%) in the per-protocol
analysis. The efficacy of the vaccine increased as the
frequency of the episodes increased, reaching 22.8% in
children who had five episodes of otitis within 6 months.
Children who received the PCV were also 20.1% less
likely to require ventilatory tube placement than con-
trols.

Fig. 1 Serotype specific pneu-
mococcal antibody response in
children receiving DTaP
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Of the children in the study, 23 had spontaneously
ruptured tympanic membranes which yielded cultures
positive for vaccine-serotype pneumococci. In the per-
protocol analysis, there were four cases among children
who had received PCV and 12 among the controls (point
estimate of efficacy 66.7%, P=0.077). In the ITT anal-
ysis, there were six cases among children who had re-
ceived PCV and 17 among the controls (point estimate
of efficacy 64.7%, P=0.035). All of the vaccine failures
in both analyses were of serotype 19F. The PCV also
reduced the severity of otitis episodes, as estimated by
the number of medical visits for each episode. The
number of children making five or more visits per otitis
episode was reduced by 18% for children aged 6 to 12
months, and by 43% for children older than 12 months
of age. The total number of visits per child was also

reduced by 11.0% for five or more visits (P=0.001) up
to 15.4% for 15 or more visits (P=0.0114) (Fig. 2).

Efficacy of the PCV was also analyzed separately for
the LBW and PT infants who had been included in the
KP study. Although the study protocol required that
patients be vaccinated at outpatient clinics, LBW and
PT infants were eligible once they were discharged from
the hospital. No difference in mean age of administra-
tion of vaccine resulted for LBW and PT infants com-
pared to NBW and FT infants. For LBW infants who
received the control vaccine, the relative risk of IPD was
2.6 compared with NBW infants, and for PT infants the
relative risk was 1.6 compared with FT infants. How-
ever, no LBW or PT recipient of pneumococcal vaccine
contracted an IPD, compared with six LBW infants who
received the control meningococcal vaccine and nine PT
controls; the vaccine was therefore 100% efficacious for
both groups (Fig. 3).

Post-licensure use

Between April 2000 and March 2001, 44,946 of the more
than 200,000 children in the KP system less than 5 years
of age received 152,041 doses of PCV. In this time pe-
riod, an average of 57.8% of children less than 1 year of
age received at least one dose of vaccine; the averages
were 52.6% and 34.3% for children less than 2 and 5
years of age, respectively. The percentages of children
who were fully vaccinated were considerably lower
(13.6% to 16.2%). However, the impact on disease was
greater than expected based on vaccination rates: in
children less than 1 year of age, an 87.3% reduction was
seen in IPD caused by vaccine serotypes, in children less
than 2 years of age the reduction was 58.1%, and in
children less than 5 years of age the reduction was
62.4%. There was no corresponding increase in disease
caused by nonvaccine serotypes (Fig. 4).

Discussion

Supporting the results of previous studies [4, 7, 8, 9], we
have shown the PCV to be safe and immunogenic in

Fig. 2 Otitis media efficacy (per protocol as of April 20, 1999)

Fig. 3 Vaccine efficacy against invasive disease of vaccine sero-
types by gestational age and birth weight

Fig. 4 Vaccine coverage and
disease reduction observed since
licensure (February 2000–
March 2001)
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infants, and have extended this finding to specifically
include LBW and PT infants, who do not always re-
spond to vaccination as robustly as FT, NBW infants
[6]. We have also shown that the PCV is highly effective
in preventing invasive disease caused by the seven vac-
cine serotypes when administered in a three-dose pri-
mary series supplemented with a booster dose at 12 to 15
months of age. Even when this vaccination schedule is
not strictly followed, the protection afforded by the
vaccine is considerable: in the clinical study, the vaccine
was 89.1% effective against IPD in an ITT analysis that
considered disease caused by all serotypes and in all
subjects who had received at least one dose of vaccine.
Most importantly, however, the vaccine resulted in a
substantial reduction in the incidence of invasive disease
when used in the general population: an 87.3% reduc-
tion in children less than 1 year of age, a 58.1% reduc-
tion in children less 2 years of age, and a 62.4%
reduction in children less than 5 years of age. Because
these reductions are higher than the percentage of chil-
dren who had been even partially vaccinated, and much
higher than the percentage that had been fully vacci-
nated, it appears that the vaccine protects unvaccinated
as well as vaccinated children; that is, its use results in a
herd immunity effect.

The vaccine also protected infants and toddlers
against otitis media. It has been estimated that only 50%
to 60% of clinical episodes of otitis media are bacterial
in origin. Of these, 20%–40% are caused by pneumo-
coccal bacteria, and the vaccine contains 60% to 85% of
the pneumococcal serotypes that cause disease. By
multiplying these percentages together, the theoretical
impact of the vaccine can be calculated to be a reduction
in episodes of otitis media between 6% and 20%. The
reduction seen in the per-protocol analysis, 7.0%, is at
the lower end of this range; however, the impact of the
vaccine was much more pronounced when severe or
frequent episodes and ventilatory tube placements were
considered, and the number of medical visits per episode
was also reduced. This suggests that severe, frequent, or
antibiotic-resistant cases of otitis, which are more likely
to result in increased numbers of medical visits and
ventilatory tube placements, are also more likely to be
caused by pneumococci.

Six children who had received vaccine experienced a
ruptured tympanic membrane; all had cultures positive
for serotype 19F. This is the same serotype that caused
the only case of IPD in a fully vaccinated child. Al-
though there appeared to be an adequate immunogenic
response to serotype 19F, it is possible that a higher titer
of circulating antibody is required to protect against
disease caused by 19F than that caused by other sero-
types. This may be due to differences in antibody avidity
or immunogenic priming.

We have shown that the PCV licensed for use in the
United States is safe, immunogenic, and extremely ef-
fective in reducing the incidence of pneumococcal dis-
ease, even resulting in a herd immunity effect when used
in the general population. Although we observed no
increase in IPD caused by nonvaccine serotypes during
the clinical trial or during the 1st year of general use,
continued surveillance is necessary to determine whether
ongoing use will lead to serotype replacement in the
future.

References

1. Advisory Committee on Immunization Practices (2000) Pre-
venting pneumococcal disease among infants and young chil-
dren. Recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Recomm Rep
49(RR-9): 1–35

2. Black S, Shinefield H, Fireman B, Lewis E, Ray P, Hansen JR,
Elvin L, Ensor KM, Hackell J, Siber G, Malinoski F, Madore
D, Chang I, Kohberger R, Watson W, Austrian R, Edwards K
(2000) Efficacy, safety and immunogenicity of heptavalent
pneumococcal conjugate vaccine in children. Northern Cali-
fornia Kaiser Permanente Vaccine Study Center Group. Pedi-
atr Infect Dis J 19: 187–195

3. Black SB, Shinefield HR, Hansen J, Elvin L, Laufer D, Ma-
linoski F (2001) Postlicensure evaluation of the effectiveness of
seven valent pneumococcal conjugate vaccine. Pediatr Infect
Dis J 20: 1105–1107

4. Choo S, Seymour L, Morris R, Quataert S, Lockhart S,
Cartwright K, Finn A (2000) Immunogenicity and reactoge-
nicity of a pneumococcal conjugate vaccine administered
combined with a haemophilus influenzae type B conjugate
vaccine in United Kingdom infants. Pediatr Infect Dis J 19:
854–862

5. Fedson DS, Musher DM, Eskola J (1999) Pneumococcal vac-
cine. In: Plotkin SA, Orenstein WA (eds) Vaccines. Saunders,
Philadelphia, pp 553–607

6. Lau YL, Tam AY, Ng KW, Tsoi NS, Lam B, Lam P, Yeung
CY (1992) Response of preterm infants to hepatitis B vaccine.
J Pediatr 121: 962–965

7. Obaro SK, Adegbola RA, Chang I, Banya WA, Jaffar S,
McAdam KW, Greenwood BM (2000) Safety and immunoge-
nicity of a nonavalent pneumococcal vaccine conjugated to
CRM197 administered simultaneously but in a separate syringe
with diphtheria, tetanus and pertussis vaccines in Gambian
infants. Pediatr Infect Dis J 19: 463–469

8. Rennels MB, Edwards KM, Keyserling HL, Reisinger KS,
Hogerman DA, Madore DV, Chang I, Paradiso PR, Malinoski
FJ, Kimura A (1998) Safety and immunogenicity of heptava-
lent pneumococcal vaccine conjugated to CRM197 in United
States infants. Pediatrics 101: 604–611

9. Shinefield HR, Black S, Ray P, Chang I, Lewis N, Fireman B,
Hackell J, Paradiso PR, Siber G, Kohberger R, Madore DV,
Malinowski FJ, Kimura A, Le C, Landaw I, Aguilar J, Hansen
J (1999) Safety and immunogenicity of heptavalent pneumo-
coccal CRM197 conjugate vaccine in infants and toddlers.
Pediatr Infect Dis J 18: 757–763

10. Shinefield H, Black S, Ray P, Fireman B, Schwalbe J, Lewis E
(2002) Efficacy, immunogenicity and safety of heptavalent
pneumococcal conjugate vaccine in low birth weight and pre-
term infants. Pediatr Infect Dis J 21: 182–186

S131


