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background

 

In early 2000, a protein–polysaccharide conjugate vaccine targeting seven pneumococ-
cal serotypes was licensed in the United States for use in young children.

 

methods

 

We examined population-based data from the Active Bacterial Core Surveillance of the
Centers for Disease Control and Prevention to evaluate changes in the burden of invasive
disease, defined by isolation of 

 

Streptococcus pneumoniae

 

 from a normally sterile site. Sero-
typing and susceptibility testing of isolates were performed. We assessed trends using
data from seven geographic areas with continuous participation from 1998 through
2001 (population, 16 million).

 

results

 

The rate of invasive disease dropped from an average of 24.3 cases per 100,000 persons
in 1998 and 1999 to 17.3 per 100,000 in 2001. The largest decline was in children under
two years of age. In this group, the rate of disease was 69 percent lower in 2001 than the
base-line rate (59.0 cases per 100,000 vs. 188.0 per 100,000, P<0.001); the rate of dis-
ease caused by vaccine and vaccine-related serotypes declined by 78 percent (P<0.001)
and 50 percent (P<0.001), respectively. Disease rates also fell for adults; as compared
with base line, the rate of disease in 2001 was 32 percent lower for adults 20 to 39 years of
age (7.6 cases per 100,000 vs. 11.2 per 100,000, P<0.001), 8 percent lower for those 40
to 64 years of age (19.7 per 100,000 vs. 21.5 per 100,000, P=0.03), and 18 percent low-
er for those 65 years of age or more (49.5 per 100,000 vs. 60.1 per 100,000, P<0.001).
The rate of disease caused by strains that were not susceptible to penicillin was 35 per-
cent lower in 2001 than in 1999 (4.1 cases per 100,000 vs. 6.3 per 100,000, P<0.001).

 

conclusions

 

The use of the pneumococcal conjugate vaccine is preventing disease in young children,
for whom the vaccine is indicated, and may be reducing the rate of disease in adults. The
vaccine provides an effective new tool for reducing disease caused by drug-resistant
strains.
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n early 2000, a 7-valent protein–

 

polysaccharide pneumococcal conjugate vac-
cine (Prevnar, Wyeth Lederle Vaccines) was

licensed for use in infants and young children in the
United States. This was the first vaccine that prom-
ised efficacy against pneumococcal disease for this
high-risk group. In the second half of 2000, recom-
mendations for routine use of the vaccine in all in-
fants and children under two years of age and in
high-risk children two through four years of age
were published,

 

1,2

 

 and distribution of the vaccine
through public programs began. By August 2001, a
shortage was reported.

 

3

 

Controlled clinical trials have shown that the vac-
cine, when given as a four-dose regimen to infants,
is highly efficacious against invasive disease

 

4

 

 and
somewhat efficacious against otitis media

 

4,5

 

 and
pneumonia.

 

6

 

 Conjugate vaccines reduce nasopha-
ryngeal carriage of vaccine-type strains but often in-
crease the frequency of carriage of non–vaccine-type
strains.

 

7-12

 

The efficacy of the vaccine in infants given fewer
than four doses or in older children is unknown.
Because the vaccine does not include most of the 90
pneumococcal serotypes, an increase in disease
caused by serotypes not included in the vaccine or
not related to those in the vaccine is possible; this
effect was seen during a clinical trial evaluating its
efficacy against otitis media.

 

5

 

 Whether vaccina-
tion of young children will reduce carriage and
subsequently affect disease in other age groups is
unclear. To evaluate these questions, we examined
data from the Active Bacterial Core Surveillance of
the Centers for Disease Control and Prevention
(CDC).

The Active Bacterial Core Surveillance, which is part
of the Emerging Infections Program Network of
the CDC, is an active, population-based, laboratory-
based surveillance system. Between January 1, 1996,
and December 31, 2001, the Active Bacterial Core
Surveillance continuously monitored invasive pneu-
mococcal infections in Portland, Oregon (three
counties); San Francisco County, California; Min-
neapolis and St. Paul, Minnesota (seven counties);
the Baltimore metropolitan area in Maryland (six
counties); the state of Connecticut; and the Atlan-
ta, Georgia, metropolitan area (eight counties). In
1998, the Atlanta site was expanded to include 12
additional counties, and surveillance began in Roch-

ester, New York (7 counties). The total population
under surveillance in 2000 was 16.0 million per-
sons, including 433,591 children under two years
of age and 652,551 children from two through four
years of age.

A case of invasive pneumococcal disease was
defined by the isolation of 

 

Streptococcus pneumoniae

 

from a sample of normally sterile body fluid taken
from a surveillance-area resident. To identify cases,
surveillance personnel periodically contacted all
clinical microbiology laboratories in their areas and
conducted audits of laboratory records at least every
six months to ensure complete reporting. Data on
patients were collected with the use of a standard-
ized questionnaire that elicited information on dem-
ographic features, clinical syndromes, and disease
outcomes. Data on human immunodeficiency virus
(HIV) infection and the acquired immunodeficiency
syndrome (AIDS) were collected in five sites (all ex-
cept Georgia and New York State). The addition of
the New York site and the expansion of the Georgia
site, both beginning in January 1998, were the only
changes made to the Active Bacterial Core Surveil-
lance between 1996 and 2001; no changes were
made in methods of data collection.

Pneumococcal isolates were sent to reference
laboratories for serotyping by the quellung reaction.
Isolates from Minnesota were tested at the Minne-
sota Department of Health, and all others were test-
ed at the CDC. Vaccine-type strains included sero-
types 4, 6B, 9V, 14, 18C, 19F, and 23F. We defined
vaccine-related strains as pneumococci with sero-
types within the same serogroup as the vaccine types
(6A, 9A, 9L, 9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A,
and 23B). All other serotypes were considered non-
vaccine types. Serotypes in the 23-valent polysac-
charide vaccine but not in the conjugate vaccine in-
cluded 1, 2, 3, 5, 7F, 8, 10A, 11A, 12F, 15B, 20, 22F,
and 33F.

Susceptibility testing of isolates was performed
with the use of broth microdilution

 

13

 

 at the CDC,
the Minnesota Department of Health, or the Uni-
versity of Texas Health Science Center at San Anto-
nio. Isolates were defined as susceptible, of inter-
mediate susceptibility, or resistant according to the
2002 definitions of the National Committee for
Clinical Laboratory Standards.

 

13

 

 Isolates with inter-
mediate susceptibility and resistant isolates were
classified as nonsusceptible. Strains that were non-
susceptible to three or more drug classes were con-
sidered to be multiply resistant.

Annual cumulative incidence rates were calculat-

i

methods
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ed for 1996 through 1999 on the basis of popu-
lation estimates from the U.S. Census Bureau for
those years; the rates for 2000 and 2001 were calcu-
lated from 2000 Census data. To calculate serotype-
specific disease rates, we assumed that the distribu-
tion of serotypes for cases with missing serotype
data (11.7 percent of cases) was the same as the dis-
tribution for cases with serotype information avail-
able. The same method was used to impute missing
data on race (11.0 percent) and hospitalization (0.2
percent). To verify the results, the analyses of rates
were repeated with only cases with complete data in-
cluded. The rates are reported as cases per 100,000
population.

To assess changes in disease rates after the in-
troduction of vaccination, we calculated the num-
bers of cases and noncases in the surveillance pop-
ulation, using Active Bacterial Core Surveillance
data and U.S. Census figures. We then used the chi-
square test or Fisher’s exact test to compare the pro-
portion of the population who had invasive disease
in the years following the introduction of vaccina-
tion (2000 or 2001) with a base-line rate (either the
average rate for 1998 and 1999 combined or the rate
for 1999 alone). We calculated Pearson’s correla-
tion coefficients to match the changes in disease
rates among adults to those among children. Sta-
tistical analyses were conducted with SAS, version
8.0, and Epi Info, version 6.0,

 

14

 

 software. We calcu-
lated 95 percent confidence intervals, and two-sided
P values that were less than 0.05 were considered to
indicate statistical significance.

During the period from 1998 through 2001, a total
of 13,568 cases of invasive pneumococcal disease
were identified; isolates were available for 11,992
(88 percent). The rates of invasive disease in 1998,
1999, 2000, and 2001 were 24.2, 24.4, 21.2, and
17.3 cases per 100,000 persons, respectively. The
average for the base-line period of 1998 and 1999
was 24.3 per 100,000.

 

children under five years of age

 

From 1998 through 2001, 3285 cases of invasive
pneumococcal disease were identified in children
under five years of age. The rate declined by 59 per-
cent (95 percent confidence interval, 54 to 63 per-
cent), from an average of 96.4 cases per 100,000 in
1998 and 1999 to 39.7 per 100,000 in 2001. Signif-

icant declines in disease rates occurred among chil-
dren two years old or less (59.0 cases per 100,000 in
2001, as compared with 188.0 per 100,000 in 1998
and 1999) (Fig. 1). As compared with the base-line
values for 1998 and 1999 combined, the rates of dis-
ease in 2000 were 17 percent lower among children
under 12 months old (139.3 cases per 100,000 vs.
168.1; 95 percent confidence interval, 5 to 28 per-
cent) and 27 percent lower among children 12 to 23
months old (152.7 cases per 100,000 vs. 208.2; 95
percent confidence interval, 17 to 35 percent); by
2001, the disease rates were 69 percent lower (52.3
cases per 100,000 vs. 168.1; 95 percent confidence
interval, 62 to 75 percent) and 68 percent lower
(65.8 vs. 208.2; 95 percent confidence interval, 62 to
74 percent), respectively, in these age groups (P<
0.001 for all comparisons). In children 24 to 35
months old, the rate was 44 percent lower in 2001
than in 1998 and 1999 (35.6 cases per 100,000 vs.
63.3; 95 percent confidence interval, 27 to 56 per-
cent). For children who were three or four years of
age, the rates in 2001 were not significantly differ-
ent from the base-line values.

Among children under two years of age, the
magnitude of the decline from 1998 and 1999 to
2001 was substantially larger for black children

results

 

Figure 1. Rates of Invasive Pneumococcal Disease among Children 
under Five Years Old, According to Age and Year.

 

Data are from the Active Bacterial Core Surveillance from 1996 through 2001. 
The 1996 and 1997 rates do not include data from New York State. Asterisks 
indicate P<0.05 for comparisons of the rate in 2000 or 2001 with the combined 
rate for 1998 and 1999.
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(from 437.6 cases per 100,000 to 119.6) than for
white children (from 132.7 to 50.6). However, the
percent changes were similar: a 73 percent decline
among blacks (95 percent confidence interval, 66 to
78 percent) and a 62 percent decline among whites
(95 percent confidence interval, 55 to 68 percent).
The percent change in the rate of disease requiring
hospitalization (from 56.8 cases per 100,000 to
21.2, a decline of 63 percent) among children un-
der two years of age was not significantly different
from the percent change in the rate of disease treat-
ed without hospitalization (from 132.7 to 38.1, a
decline of 71 percent). Likewise, the percent change
in the rate of pneumococcal meningitis (from 10.3
cases per 100,000 to 4.2, a decline of 59 percent)
was similar to that for the rate of other syndromes
(from 179.4 to 55.8, a decline of 69 percent). The
percent change in the rate of disease was largest in
California, with a decline of 85 percent (95 percent

confidence interval, 37 to 96 percent), and New York
State, with a decline of 83 percent (95 percent con-
fidence interval, 67 to 92 percent), and smallest in
Oregon, with a decline of 38 percent (95 percent
confidence interval, 2 to 61 percent) (Fig. 2).

For children under two years of age, the rate of
disease due to vaccine serotypes declined by 78 per-
cent overall; significant declines in disease were
seen for all individual serotypes included in the vac-
cine (Table 1). As compared with base line, the rate
of disease due to vaccine-related strains as a group
was 50 percent lower in 2001. The rate of disease
due to nonvaccine serotypes was 27 percent higher
in 2001, but this change was not statistically signif-
icant.

 

persons five years of age or older

 

Disease rates also fell among persons for whom
the vaccine is not recommended (Fig. 3). Although

 

Figure 2. Percent Changes in the Rates of Invasive Pneumococcal Disease, According to Age Group and the State 
in Which the Active Bacterial Core Surveillance Site Was Located.

 

The percent decline was calculated by comparing the incidence in 2001 with the average incidence in 1998 and 1999. 
Within states, the decline among children under 2 years old correlated significantly with the decline among persons 
20 to 39 years of age (r=0.89, P=0.008), but not with the decline among persons 40 to 64 years of age (r=–0.09, P=0.85) 
or 65 years or older (r=0.36, P=0.42).

C
ha

ng
e 

in
 D

is
ea

se
 R

at
e 

(%
)

40

20

0

¡20

¡40

¡60

¡80

¡100

Calif.

N.Y. Minn. Ga. Md. Conn. Oreg.

<2 20–39 40–64 ≥65

Age (yr)

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

348;18

 

www.nejm.org may 

 

1, 2003

 

decline in invasive pneumococcal disease

 

1741

 

no significant change was observed among persons
5 through 19 years of age, the rate of disease
among persons 20 through 39 years of age was 21
percent lower in 2000 than at base line in 1998 and
1999 (8.9 cases per 100,000 vs. 11.2; 95 percent
confidence interval, 11 to 29 percent) and 32 per-
cent lower in 2001 (7.6 vs. 11.2; 95 percent confi-
dence interval, 23 to 39 percent; P<0.001). The rates
were significantly lower both for disease caused by

vaccine serotypes and for disease caused by nonvac-
cine serotypes, although the decline was larger for
the former (Table 2). Significant declines were not-
ed in disease caused by some individual serotypes
included in the vaccine, particularly 4, 9V, 14, and
19F. Within surveillance sites, the size of the de-
cline among persons 20 to 39 years of age corre-
lated with the size of the decline among children
under 2 years old (r=0.89, P=0.008) (Fig. 2). In sites

 

* The data are from the Active Bacterial Core Surveillance.
† The estimated rates were calculated on the assumption that the serotype distribution for cases with missing serotype 

data (12 percent of all cases) was the same as the distribution for cases with serotype data available.
‡ CI denotes confidence interval.
§ The P value was calculated by a chi-square test or Fisher’s exact test that compared the estimated number of cases and 

noncases (the total surveillance population minus the number of estimated cases) in 2001 with the same figures for 
1998 and 1999 combined. The estimated number of cases and totals were calculated on the assumption that the sero-
type distribution for cases with missing serotype data was the same as the distribution for cases with serotype data avail-
able. Repeated analysis with only cases with known serotypes included rather than the estimated number of cases did 
not change the results.

 

¶Types 6A, 9A, 9L, 9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A, and 23B are included.

 

Table 1. Changes in Estimated Rates of Invasive Pneumococcal Disease among Children under Two Years of Age, 
According to Year and Serotype, from 1998 through 2001.*

Serotype Average for 1998 and 1999 2001

% Change in 
Estimated Rate 

(95% CI)‡ P Value§

 

No. of
Cases Estimated Rate†

No. of
Cases Estimated Rate†

 

cases/100,000 cases/100,000

 

All vaccine serotypes 563.5 156.1 124 33.6 –78 (–82 to –74) <0.001

4 52 14.4 9 2.4 –83 (–91 to –67) <0.001

6B 75 20.8 27 7.3 –65 (–76 to –48) <0.001

9V 31.5 8.7 12 3.3 –63 (–79 to –35) <0.001

14 228.5 63.3 39 10.6 –83 (–88 to –77) <0.001

18C 51.5 14.3 12 3.3 –77 (–87 to –61) <0.001

19F 78.5 21.8 14 3.8 –83 (–90 to –72) <0.001

23F 46.5 12.9 11 3.0 –77 (–87 to –59) <0.001

All vaccine-related serotypes¶ 70.5 19.6 36 9.8 –50 (–65 to –31) <0.001

6A 32 8.9 18 4.9 –45 (–66 to –12) 0.02

9A 10.5 2.9 3 0.8 –72 (–89 to –11) 0.04

19A 20 5.5 12 3.3 –40 (–68 to +5) 0.09

All nonvaccine serotypes 44.5 12.4 58 15.7 +27 (–6 to +73) 0.14

1 2.5 0.7 1 0.3 –57 (–96 to +169) 0.43

3 2.5 0.7 4 1.1 +57 (–51 to +431) 0.53

5 0 0 1 0.3 Not defined 0.34

7F 5.5 1.5 6 1.6 +7 (–58 to +163) 0.89

12F 6.5 1.8 7 1.9 +6 (–56 to +145) 0.89
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where information on HIV infection and AIDS was
recorded, the number of cases in persons without
known HIV infection or AIDS dropped by 38 per-
cent, from 270.5 in 1998 and 1999 to 168.0 in
2001; there was no significant change in the num-
ber of cases in persons with HIV or AIDS (an aver-
age of 81 cases in 1998 and 1999 and 82 cases in
2001).

Among persons 40 to 64 years of age, the overall
rate of disease was 8 percent lower in 2001 than in
1998 and 1999 (19.7 cases per 100,000 vs. 21.5;
95 percent confidence interval, 1 to 15 percent;
P=0.03) (Fig. 3). The change in the overall rate of
disease in this age group was primarily due to a de-
cline in the rate of disease caused by serotypes in-
cluded in the vaccine (Table 2). Among the indi-
vidual serotypes included in the vaccine, only the
change in the rate of disease due to serotype 14 was
statistically significant.

Among persons 65 years of age or older, the rate
of disease was 18 percent lower in 2001 than at
base line (49.5 cases per 100,000 vs. 60.1; 95 per-
cent confidence interval, 11 to 24 percent; P<0.001)
(Fig. 3). The rates were lower for disease caused by

vaccine serotypes and vaccine-related serotypes; sig-
nificant declines were seen for disease caused by
vaccine serotypes 4, 9V, 14, and 23F (Table 2). The
rate of disease caused by serotypes included in the
23-valent polysaccharide vaccine and not in the con-
jugate vaccine was the same in 2001 as in 1998 and
1999 (11.9 cases per 100,000).

Among nonvaccine serotypes, the rate of sero-
type 1 disease was lower in some adult age groups
in 2001 than in 1998 and 1999: for those between
40 and 64 years old, the rate declined from 0.5 to
0.1 case per 100,000 (P<0.001), and for those 65
years of age or older, the rate declined from 0.7 to
0.3 (P=0.05). The rate of serotype 5 disease was
higher in 2001 than in 1998 and 1999 among per-
sons 20 to 39 years old and those 40 to 64 years old,
but this change was attributable to an increase in
the number of cases caused by serotype 5 in one
surveillance site (California), which had 1 isolate in
1998 and 1999 and 14 isolates in 2001.

 

drug-resistant invasive disease

 

The proportion of isolates that were not suscep-
tible to penicillin decreased slightly between 1999
(861 of 3355, 26 percent) and 2001 (589 of 2495,
24 percent; P=0.08). In 1999, 11 percent of isolates
were of intermediate susceptibility to penicillin and
15 percent were resistant; in 2001, 10 percent were
of intermediate susceptibility and 14 percent were
resistant. Between 1999 and 2001, the change in
the rate of disease caused by strains that were not
susceptible to penicillin (from 6.3 to 4.1, a decline
of 35 percent; 95 percent confidence interval, 28 to
41 percent; P<0.001) did not differ significantly
from the change in the rate of disease caused by
penicillin-susceptible strains (from 18.1 to 13.1, a
decline of 28 percent; 95 percent confidence inter-
val, 23 to 31 percent).

Among children under two years of age, the pro-
portion of isolates not susceptible to penicillin was
38 percent in 1999 (258 of 684) and 35 percent in
2001 (77 of 218) (P=0.58); the rate of disease
caused by penicillin-nonsusceptible and penicillin-
susceptible strains fell by 70 percent (from 70.0 to
20.9; 95 percent confidence interval, 62 to 77 per-
cent) and 67 percent (from 115.5 to 38.5; 95
percent confidence interval, 60 to 72 percent), re-
spectively. The rate of disease due to penicillin-
nonsusceptible strains also declined significantly
among persons 65 years of age or older (from 16.7
to 12.6, a decline of 25 percent; 95 percent con-

 

Figure 3. Rates of Invasive Pneumococcal Disease among Persons at Least 
Five Years Old, According to Age Group and Year.

 

Data are from the Active Bacterial Core Surveillance from 1996 through 2001. 
The 1996 and 1997 rates do not include data from New York State. Asterisks 
indicate P<0.05 for comparisons of the rate in 2000 or 2001 with the combined 
rate for 1998 and 1999.
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fidence interval, 9 to 36 percent). The percent
changes in the rate of disease caused by erythromy-
cin-resistant and multidrug-resistant strains were
similar to those in the rate of disease caused by
penicillin-resistant strains.

The use of the pneumococcal conjugate vaccine
has reduced the burden of invasive disease in young
children, for whom the vaccine is indicated, and
may be preventing disease in adults. In 2001, the
rate of invasive disease among children under two
years of age was 69 percent lower than in 1998 and
1999. Declines in disease rates also were evident
among adults (a decline of 32 percent for those 20
to 39 years old, 8 percent for those 40 to 64 years
old, and 18 percent for those 65 years old or older).
Our data confirm that the change in disease rates
reported among children who were members of
Northern California Kaiser Permanente

 

15

 

 is occur-
ring in the United States as a whole and suggest
that unvaccinated adults are benefiting from the
use of the vaccine in children. In addition, the vac-
cine is preventing a substantial proportion of the
disease caused by drug-resistant strains and is pro-
viding some protection against disease caused by
vaccine-related serotypes, as was seen in a clinical
trial evaluating its efficacy against otitis media.

 

5

 

Although the largest drop in disease rates oc-
curred among children under two years of age, a
significant decline also occurred among two-year-
olds (43.8 percent). No significant change was seen
among older children. These findings are consis-
tent with recommendations for the use of vac-
cine

 

1,2

 

 and reported patterns of vaccine use

 

3

 

; data
on vaccine coverage are not yet available. The man-
ufacturer sold 9 million doses in 2000 and 15.5
million doses in 2001; less than 10 percent of pri-
vate-sector sales were for children two years old or
more (Paradiso P, Wyeth Lederle Vaccines: person-
al communication). Approximately 4 million chil-
dren are born in the United States annually; there-
fore, 32 million doses would have been required to
provide the 4-dose infant series for children born
in 2000 and 2001, and millions more would have
been needed for catch-up vaccination of children
under two years of age and those from two through
four years of age who had conditions that put them
at high risk for pneumococcal infection. Although
they are estimates, these figures suggest that chang-

es in disease rates are occurring even though chil-
dren are not fully vaccinated; the vaccine may pro-
vide protection with less than the full number of
recommended doses and through decreased trans-
mission of pneumococci between children.

The reduction in disease burden seen among
adults is noteworthy. Although young children have
the highest risk of invasive disease, most cases of
pneumococcal disease and nearly all deaths from
pneumococcal disease occur in adults.

 

16

 

 Much of
the change we observed in adults may be due to de-
creased transmission of pneumococci from chil-
dren. Children are a reservoir for pneumococci;
contact with young children in the household is a
risk factor for invasive disease in adults,

 

17,18

 

 and
the frequency of nasopharyngeal carriage is high-
er in adults with young children than in other
adults.

 

19

 

 Conjugate vaccines have been shown to
reduce the carriage of vaccine-type strains in vacci-
nated children,

 

7-12

 

 thus reducing opportunities for
transmission.

Multidrug-resistant pneumococci are a world-
wide problem. In response, programs have been
developed to reduce antimicrobial use.

 

20,21

 

 Our
data indicate that conjugate vaccine is another effec-
tive tool for preventing infections caused by drug-
resistant strains; 35 percent fewer infections due to
penicillin-nonsusceptible strains occurred in 2001
than in 1999. Resistance is closely linked to pneu-
mococcal serotype; in 1998, three fourths of peni-
cillin-nonsusceptible pneumococci were of sero-
types that were included in the vaccine, although
pneumococci of common serotypes that were in-
cluded in the vaccine, such as 4 and 18C, were rare-
ly drug-resistant.

 

22

 

 Because the vaccine prevented
a similar amount of disease caused by penicillin-
susceptible and penicillin-nonsusceptible strains,
the proportion of pneumococci with decreased sus-
ceptibility to penicillin did not change substantially.

We cannot determine to what extent the ob-
served changes are due to the introduction of vacci-
nation or to other factors. Certain findings, such as
the significant decline in non–vaccine-type disease
in adults 20 to 39 years of age, suggest that secular
trends may explain some of the observations. How-
ever, we found no change in the rate of disease
caused by pneumococci with serotypes unique to
the polysaccharide vaccine or in the number of cas-
es in persons with HIV infection, results suggest-
ing that the increasing use of polysaccharide vac-
cine and highly active antiretroviral therapy does

discussion
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not explain our findings. The percent change in the
rate of disease among children was similar for hos-
pitalized patients and outpatients and for pneu-
mococcal meningitis and other syndromes, sug-
gesting that changes in culturing practices did not
explain the observed decline.

Preventing pneumococcal disease is a priority for
the United States. The Healthy People 2010 objec-
tives include decreasing the incidence of invasive
pneumococcal infections to 46 cases per 100,000
persons under 5 years of age and to 42 per 100,000
persons 65 years of age or older.

 

23

 

 The target for

children has been met, and we are closer to the goal
for adults. More data are also needed to determine
how far disease rates will fall as vaccine coverage
increases and to assess the effect of the vaccine
on pneumonia and other noninvasive syndromes.
Whether vaccine use will slow the emergence of
resistant pneumococci and whether disease due to
pneumococci with nonvaccine serotypes will be-
come more common are questions that do not yet
have definitive answers. Although questions remain,
our data indicate that the pneumococcal conjugate
vaccine is working well in the U.S. population.

 

Table 2. Changes in Estimated Rates of Invasive Pneumococcal Disease among Adults, According to Age Group, Year, 
and Serotype, from 1998 through 2001.*

Age and Serotype Average for 1998 and 1999 2001

% Change in 
Estimated Rate 

(95% CI)‡
P

Value§

 

No. of 
Cases Estimated Rate†

No. of
Cases Estimated Rate†

 

cases/100,000 cases/100,000

 

20–39 Yr

 

All vaccine serotypes 285.5 6.60 176 3.97 –40 (–49 to –29) <0.001

4 86.5 2.00 50 1.13 –44 (–58 to –23) <0.001

6B 19 0.44 18 0.41 –8 (–46 to +56) 0.74

9V 51.5 1.19 27 0.61 –49 (–66 to –24) 0.001

14 62 1.43 38 0.86 –40 (–58 to –16) 0.003

18C 19 0.44 12 0.27 –39 (–68 to +11) 0.13

19F 18.5 0.43 9 0.20 –53 (–76 to –4) 0.05

23F 29 0.67 22 0.50 –25 (–54 to +17) 0.23

All vaccine-related serotypes¶ 60 1.39 48 1.08 –22 (–44 to +7) 0.14

All nonvaccine serotypes 138.5 3.21 114 2.57 –20 (–35 to –1) 0.04

 

40–64 Yr

 

All vaccine serotypes 481.5 11.58 431 9.95 –14 (–23 to –4) 0.006

4 113.5 2.73 118 2.72 –1 (–19 to +23) 0.99

6B 54 1.30 44 1.02 –22 (–44 to +9) 0.17

9V 74.5 1.79 64 1.48 –17 (–38 to +8) 0.18

14 108.5 2.61 76 1.75 –33 (–48 to –14) 0.002

18C 28.5 0.69 40 0.92 +33 (–8 to +97) 0.16

19F 38 0.91 32 0.74 –19 (–45 to +19) 0.32

23F 64.5 1.55 57 1.32 –15 (–36 to +15) 0.29

All vaccine-related serotypes¶ 103.5 2.49 103 2.38 –4 (–23 to +20) 0.74

All nonvaccine serotypes 310 7.46 321 7.41 –1 (–13 to +13) 0.93
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