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Background

Five of seven serotypes in the pneumococcal conjugate vaccine, introduced for in-
fants in the United States in 2000, are responsible for most penicillin-resistant infec-
tions. We examined the effect of this vaccine on invasive disease caused by resistant 
strains.

Methods

We used laboratory-based data from Active Bacterial Core surveillance to measure 
disease caused by antibiotic-nonsusceptible pneumococci from 1996 through 2004. 
Cases of invasive disease, defined as disease caused by pneumococci isolated from 
a normally sterile site, were identified in eight surveillance areas. Isolates underwent 
serotyping and susceptibility testing.

Results

Rates of invasive disease caused by penicillin-nonsusceptible strains and strains not 
susceptible to multiple antibiotics peaked in 1999 and decreased by 2004, from 6.3 
to 2.7 cases per 100,000 (a decline of 57 percent; 95 percent confidence interval, 55 
to 58 percent) and from 4.1 to 1.7 cases per 100,000 (a decline of 59 percent; 95 percent 
confidence interval, 58 to 60 percent), respectively. Among children under two years 
of age, disease caused by penicillin-nonsusceptible strains decreased from 70.3 to 
13.1 cases per 100,000 (a decline of 81 percent; 95 percent confidence interval, 80 to 
82 percent). Among persons 65 years of age or older, disease caused by penicillin-
nonsusceptible strains decreased from 16.4 to 8.4 cases per 100,000 (a decline of 
49 percent). Rates of resistant disease caused by vaccine serotypes fell 87 percent.
An increase was seen in disease caused by serotype 19A, a serotype not included in the 
vaccine (from 2.0 to 8.3 per 100,000 among children under two years of age).

Conclusions

The rate of antibiotic-resistant invasive pneumococcal infections decreased in young 
children and older persons after the introduction of the conjugate vaccine. There 
was an increase in infections caused by serotypes not included in the vaccine.
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A ntibiotic-resistant pneumococci 
complicate treatment decisions, cause treat-
ment failures, and increase the costs of 

medical care. Worldwide, most antibiotic-resis-
tant infections are caused by five of the seven sero-
types in the 7-valent pneumococcal conjugate 
vaccine (6B, 9V, 14, 19F, and 23F).1 In 1998, 24 per-
cent of invasive pneumococcal isolates in the Unit-
ed States were nonsusceptible to penicillin, and 
these five serotypes comprised 78 percent of such 
strains.2 Modeling predicted that in the absence 
of a pneumococcal conjugate vaccine, the propor-
tion of pneumococcal strains that were nonsus-
ceptible to both penicillin and erythromycin could 
reach 41 percent by 2004.3 Because of the asso-
ciation between serotype and resistance, the con-
jugate vaccine would be expected to reduce the 
incidence of disease caused by resistant strains, 
even though the vaccine is designed to induce 
antibodies against certain capsular types.

A pneumococcal conjugate vaccine was licensed 
for use in young children in the United States in 
2000. The vaccine is recommended for all chil-
dren under two years of age and for children two 
to four years of age who have certain chronic ill-
nesses or other high-risk conditions.4 Data from 
20015 and from a single site in 20026 indicated 
that there had been a large decrease in invasive 
disease, including infections caused by resistant 
strains. Whether vaccine use would induce the 
emergence of serotypes that were typically not 
resistant as clinically significant causes of resis-
tant infections was unknown. In addition, the 
possibility that use of a vaccine that targets only 
7 of 90 pneumococcal serotypes would lead to an 
increase in disease by nonvaccine types (so-called 
replacement disease) was a concern. We used 
population-based data from Active Bacterial Core 
surveillance, part of the Emerging Infections Pro-
gram of the Centers for Disease Control and Pre-
vention (CDC), to evaluate further the effect of 
the conjugate pneumococcal vaccine on invasive 
disease caused by antibiotic-resistant strains in 
the United States.

Me thods

Active Bacterial Core surveillance is an active, 
population-based system that has been described 
previously (www.cdc.gov/abcs).2 We included cases 
of invasive pneumococcal disease identified from 
January 1, 1996, through December 31, 2004, in 

eight surveillance areas: the Atlanta metropoli-
tan area (eight counties); Portland, Oregon (three 
counties); San Francisco County, California; Min-
neapolis and St. Paul (seven counties); the Balti-
more metropolitan area (six counties); the state 
of Connecticut; and parts of Tennessee (four coun-
ties). Seven counties comprising the Rochester, 
New York, metropolitan area were added in 1998. 
The surveillance methods for detecting cases of 
invasive pneumococcal disease did not change 
during the study period. The population under 
surveillance for this analysis ranged from 14.3 mil-
lion to 16.9 million, including nearly 500,000 chil-
dren under two years of age.

Active Bacterial Core surveillance methods de-
fined a case of invasive disease as an illness in 
which pneumococcus was isolated from a nor-
mally sterile site, such as blood, cerebrospinal 
fluid, or pleural fluid. Isolates underwent suscep-
tibility testing by broth microdilution at the CDC, 
the Minnesota Department of Health, or the Uni-
versity of Texas Health Science Center at San 
Antonio. Antibiotic susceptibility was defined ac-
cording to break points for minimal inhibitory 
concentrations as determined in 2004 by the 
Clinical and Laboratory Standards Institute (for-
merly the National Committee for Clinical Labo-
ratory Standards).7 Isolates with intermediate or 
high-level resistance were defined as nonsuscep-
tible. Isolates were considered nonsusceptible to 
multiple antibiotics if they were nonsusceptible 
to at least three of the following: penicillin, eryth-
romycin, trimethoprim–sulfamethoxazole, tetra-
cycline, chloramphenicol, clindamycin, rifampin, 
and levofloxacin.

Serotyping was performed at the CDC or the 
Minnesota Department of Health by the Quellung 
reaction. The 7-valent conjugate vaccine serotypes 
included types 4, 6B, 9V, 14, 18C, 19F, and 23F. 
Other serotypes in these serogroups, including 
6A, 9A, 9L, 9 N, 18A, 18B, 18F, 19A, 19B, 19C, 
23A, and 23B, were regarded as vaccine-related. 
All others were nonvaccine types.

Rates of invasive pneumococcal disease, ex-
pressed as the number of cases per 100,000 popu-
lation, were calculated for the surveillance areas 
with the use of estimates from the U.S. Census 
Bureau for each respective year, followed by ad-
justment for race and age according to the U.S. 
population. Projected numbers of cases in the 
United States were determined by multiplying the 
adjusted rate by the U.S. population. Estimated 
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numbers of cases for 2004 were calculated on 
the basis of the 2003 population. Because isolates 
were not available for all cases, rates of antibiotic-
nonsusceptible disease were computed by multi-
plying the percentage of cases that were nonsus-
ceptible by the total rate of disease calculated with 
all cases. Likewise, we calculated serotype-spe-
cific rates according to the assumption that the 
distribution of serotypes among cases without 
serotype data was the same as that among cases 
with serotype data. Changes in the rates of anti-
biotic-nonsusceptible disease were calculated for 
the comparison between 1999 — the year before 
the vaccine was introduced — and 2004. Two-sided 
P values of less than 0.05 were considered to in-
dicate statistical significance and were not ad-
justed for multiple testing.

SAS (version 9.1, SAS Institute) and StatXact 
programs were used for data analysis. We used 
multivariable logistic-regression modeling to as-
sess factors associated with invasive disease caused 
by penicillin-nonsusceptible pneumococci in 2004. 
We assessed collinearity and interactions among 
variables in the final model.

R esult s

All Ages

We identified 28,336 cases from 1996 through 
2004; isolates were available for 24,825 (87.6 per-
cent). For 96.4 percent of the cases, isolates were 
available from blood; for 3.8 percent, from cere-
brospinal fluid; for 1.5 percent, from pleural fluid; 
and for 1.0 percent, from other sources (for some 
cases, isolates were available from more than one 
source). All isolates were serotyped and tested 
for antibiotic susceptibility.

Overall rates of invasive pneumococcal dis-
ease ranged from 23.7 to 25.1 cases per 100,000 
persons between 1996 and 1999; the number of 
cases per 100,000 persons decreased to 20.9 in 
2000, 16.9 in 2001, 14.0 in 2002, 14.0 in 2003, and 
12.6 in 2004. The incidence of penicillin-nonsus-
ceptible disease increased from 5.4 cases per 
100,000 in 1996 to a peak of 6.3 per 100,000 in 
1999 (P<0.04). Comparing 1999 and 2004 data, 
we found that the overall rate of penicillin-non-
susceptible disease decreased from 6.3 to 2.7 per 
100,000 (a decline of 57 percent; 95 percent con-
fidence interval, 55 to 58 percent) (Table 1). Simi-
lar decreases were found for erythromycin-non-
susceptible disease (from 4.7 to 2.3 per 100,000, 
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a decline of 51 percent [95 percent confidence 
interval, 50 to 53 percent]) and for disease caused 
by strains with reduced susceptibility to mul-
tiple antibiotics (from 4.1 to 1.7 per 100,000, a 
decline of 59 percent [95 percent confidence inter-
val, 58 to 60 percent]). Rates of penicillin-non-
susceptible disease due to vaccine serotypes fell 
from 5.0 to 0.7 per 100,000 (a decline of 87 per-
cent; 95 percent confidence interval, 86 to 88 
percent) (Table 1). Rates of disease caused by 
vaccine-related strains increased by 54 percent 
(from 1.0 to 1.6 per 100,000); this change re-
flected a decrease (by 22 percent) in the rate of 
disease due to serotype 6A and a large increase 
(by 238 percent) in the rate of disease due to sero-
type 19A. The rate of penicillin-nonsusceptible 
disease due to nonvaccine serotypes increased 
from 0.2 per 100,000 in 1999 to 0.5 per 100,000 
in 2004.

The decrease in the rate of penicillin-nonsus-
ceptible disease was largest in Georgia (a decrease 
of 68 percent, from 11.1 per 100,000 in 1999 to 
3.6 per 100,000 in 2004) and smallest in New 
York (a decrease of 11 percent, from 3.3 to 2.9 per 
100,000). The rate of penicillin-nonsusceptible 
disease decreased by 65 percent (from 11.7 to 4.1 
per 100,000) in Tennessee, by 60 percent (from 
5.5 to 2.2 per 100,000) in Minnesota, by 57 per-
cent (from 3.7 to 1.6 per 100,000) in Oregon, by 
53 percent (from 3.8 to 1.8 per 100,000) in Califor-
nia, by 53 percent (from 5.8 to 2.7 per 100,000) in 
Maryland, and by 42 percent (from 4.9 to 2.9 per 
100,000) in Connecticut. The change in rate was 
significant at all sites except New York.

The proportion of isolates that were penicil-
lin-nonsusceptible increased from 21.6 percent 
in 1996 to 25.8 percent in 1999 and 25.9 percent 
in 2000 and fell to 21.6 percent in 2004 (P<0.001 
for the comparison between 1999 and 2004). The 
proportion of erythromycin-nonsusceptible iso-
lates ranged from 10.7 percent in 1996 to 19.4 
percent in 1999 and 20.6 percent in 2000; the 
proportion of isolates that were erythromycin-
nonsusceptible did not change significantly af-
ter the introduction of the vaccine and was 18.1 
percent in 2004 (P = 0.23 for the comparison with 
1999 rates). When data from 1999 and 2004 were 
compared with respect to other drugs, significant 
decreases were seen in the proportion of isolates 
that were nonsusceptible to trimethoprim–sulfa-
methoxazole, cefuroxime, meropenem, or clinda-
mycin or to three or more drug classes, but there 

were no significant changes in the proportion of 
isolates that were nonsusceptible to cefotaxime, 
tetracycline, or levofloxacin. The proportion of 
isolates that were nonsusceptible to any tested 
antibiotic was 37.7 percent in 1999 and 33.6 per-
cent in 2004 (P = 0.002). Most individual serotypes 
were not less resistant in 2004 than in 1999 (Ta-
ble 2). Among the vaccine serotypes, only sero-
type 23F was significantly less often resistant in 
2004 than in 1999; vaccine-related serotype 19A 
was resistant more often.

Rates of Disease According to Age

Children under Five Years of Age
The rates of penicillin-nonsusceptible invasive dis-
ease among children under five years of age 
ranged from 25.9 to 33.8 per 100,000 between 
1996 and 1999, before the introduction of the con-
jugate vaccine, and fell to 7.5 per 100,000 in 2004. 
Rates of resistant infections were highest among 
children under two years of age, the target age 
for use of the conjugate vaccine. In this age group, 
the rate of invasive disease caused by penicillin-
nonsusceptible pneumococci decreased by 81 per-
cent (95 percent confidence interval, 80 to 82 per-
cent), from a peak of 70.3 per 100,000 in 1999 to 
13.1 per 100,000 in 2004 (Fig. 1). The rate of in-
vasive disease due to erythromycin-nonsuscep-
tible strains decreased by 80 percent (95 percent 
confidence interval, 78 to 81 percent), from 58.6 
to 12.0 per 100,000, and the rate of disease due to 
strains with reduced susceptibility to both peni-
cillin and erythromycin decreased by 83 percent 
(95 percent confidence interval, 82 to 85 percent), 
from 51.5 to 8.6 per 100,000. Among children two 
to four years of age, the rate of pen icillin-nonsus-
ceptible disease decreased by 60 percent (95 per-
cent confidence interval, 56 to 65 percent), from 
9.4 to 3.7 per 100,000 (Fig. 2). The rate of disease 
caused by strains nonsusceptible to multiple an-
tibiotics decreased by 84 percent (95 percent con-
fidence interval, 82 to 85 percent), from 53.8 to 
8.8 per 100,000, among children under two years 
of age, and by 64 percent (95 percent confidence 
interval, 58 to 68 percent), from 6.2 to 2.3 per 
100,000, among children two to four years of age.

Among children under two years of age, almost 
all infections caused by penicillin-nonsuscepti-
ble strains were due to vaccine and vaccine-related 
serotypes, both before and after introduction of 
the vaccine (Table 1). In this age group, a large 
reduction in disease caused by vaccine serotypes 
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was accompanied by an increase in non–vaccine-
serotype disease. The rate of disease caused by 
nonsusceptible 19A, a vaccine-related serotype, 
increased markedly (from 2.0 to 8.3 per 100,000). 
Among children two to four years of age, the 
rate of penicillin-nonsusceptible disease caused 
by vaccine serotypes decreased by 98 percent (95 
percent confidence interval, 96 to 99 percent), 
from 6.9 per 100,000 in 1999 to 0.2 per 100,000 
in 2004.

Among children under two years of age, the 
proportion of cases due to nonsusceptible strains 
fell after vaccine licensure but then increased in 
2004, such that no change overall was seen be-
tween 1999 and 2004 for most of the antibiotics 
tested (Fig. 3A). In this age group, the propor-
tion of isolates with intermediate resistance to 
penicillin was 12.8 percent in 1999, 10.7 percent 
in 2000, 14.0 percent in 2001, 7.4 percent in 2002, 
10.8 percent in 2003, and 18.4 percent in 2004; 
the prevalence of high-level resistance was 26.2 
percent, 26.4 percent, 21.3 percent, 13.2 percent, 
13.2 percent, and 19.1 percent, respectively. The 
proportion of isolates nonsusceptible to one or 
more antibiotics did not differ significantly be-
tween 1999 and 2004 either among children un-
der two years of age (52.5 percent and 51.7 per-
cent, respectively; P = 0.87) or among children 
two to four years of age (43.5 percent and 40.0 
percent, respectively; P = 0.61). Individual sero-
types were as likely to be resistant in 2004 as 
they were in 1999 (Table 2). In 2004, a single se-
rotype, 19A, accounted for 35 percent (51 of 147) 
of all penicillin-nonsusceptible strains among 
children under two years of age, as compared with 
only 2 percent (13 of 711) in 1999.

Persons Five Years of Age or Older
The rates of disease caused by penicillin-nonsus-
ceptible strains also decreased among persons 
five years of age or older — a group that would 
not have received the conjugate vaccine (Fig. 2). 
The rates of penicillin-nonsusceptible disease 
were highest among adults 65 years of age or 
older; in this group, the rate of penicillin-nonsus-
ceptible disease decreased from 16.4 per 100,000 
in 1999 to 8.4 per 100,000 in 2004 — a  reduction 
of 49 percent (95 percent confidence interval, 46 
to 51 percent) (Table 1). The rate of penicillin-non-
susceptible disease decreased by 41 percent (95 
percent confidence interval, 32 to 48 percent), 
from 0.9 to 0.5 per 100,000, among persons 5 to Ta
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19 years of age; by 51 percent (95 percent confi-
dence interval, 46 to 55 percent), from 1.6 to 0.8 
per 100,000, among persons 20 to 39 years of 
age; and by 36 percent (95 percent confidence 
interval, 33 to 40 percent), from 4.3 to 2.7 per 
100,000, among those 40 to 64 years of age.

The proportion of isolates that were nonsus-
ceptible to penicillin fell among adults 65 years 
of age or older (Fig. 3B). A similar pattern of de-
crease in the proportion of penicillin resistance 
was seen in other age groups. For erythromycin, 
the proportion of isolates that were resistant de-
creased from 13.8 percent in 1999 to 11.4 per-
cent in 2004 among persons 5 to 19 years of age 

(P = 0.63), but there were no significant changes 
among those 20 to 39 years of age (proportion 
of erythromycin-resistant isolates, 11.9 percent 
in 1999 and 12.6 percent in 2004), among those 
40 to 64 years of age (14.7 percent and 16.9 per-
cent, respectively), or among those 65 years of age 
or older (18.6 percent and 18.5 percent, respec-
tively).

The decrease in penicillin-nonsusceptible dis-
ease among older children and adults was due to 
a drop in disease caused by vaccine serotypes. 
Among adults 65 years of age or older, the rate of 
penicillin-nonsusceptible disease caused by vac-
cine serotypes decreased by 79 percent (Table 1). 
Conversely, a small but significant increase was 
seen in the rate of penicillin-nonsusceptible dis-
ease caused by nonvaccine serotypes and vaccine-
related serotype 19A in this group.

Factors Associated with Resistant Infections

The proportion of cases of disease caused by 
penicillin-nonsusceptible strains differed some-
what among locations in 2004, ranging from 29.5 
percent in Tennessee, 28.5 percent in Georgia, 
and 25.0 percent New York to 15.5 percent in Ore-
gon and 9.4 percent in California (P<0.001 for 
the comparison among the surveillance areas). 
After adjustment according to site, children un-
der 5 years of age and adults 65 years of age or 
older were more likely to be infected with peni-
cillin-nonsusceptible strains than were those 18 
to 64 years of age (odds ratio, 2.5 [95 percent con-
fidence interval, 1.8 to 3.6] and 1.2 [95 percent 
confidence interval, 1.0 to 1.6], respectively). No 
significant associations were seen between non-
susceptibility to penicillin and race, hospitaliza-
tion status, and diagnosis or outcome.

Overall Changes in the Burden of Disease

The estimated annual number of cases of inva-
sive pneumococcal disease in the United States 
decreased from 66,100 in 1999 to 36,600 in 2004. 
Cases due to strains that were nonsusceptible to 
at least one of the antibiotics tested decreased by 
51 percent, from 25,000 in 1999 to 12,300 in 2004. 
The size of the decrease in resistant cases among 
children under five years of age (from an esti-
mated 8800 cases in 1999 to 2000 cases in 2004) 
was similar to that among persons five years of age 
or older (from 16,300 to 10,300). The number of 
deaths due to invasive pneumococcal disease de-
creased from 7200 in 1999 to 4700 in 2004; deaths 
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caused by strains resistant to at least one antibi-
otic decreased from 2500 to 1600 annually.

Discussion

The incidence of antibiotic-resistant invasive dis-
ease declined substantially after the introduction 
of the pneumococcal conjugate vaccine into the 
routine childhood immunization program. Among 
children under two years of age, the rate of peni-
cillin-nonsusceptible invasive disease fell 81 per-
cent; rates among children two to four years of 
age were 60 percent lower in 2004 than at base-
line in 1999. These results complement earlier 
reports of a decline in resistant disease among 
children in other parts of the United States after 
the introduction of the conjugate vaccine.6,8,9 
Because the vaccine was licensed in 2000, near-

ly all the children up through the age of four 
years in 2004 would have had the opportunity 
to receive the conjugate vaccine as an infant or 
toddler. According to estimates of U.S. vaccine 
coverage, only 73 percent of children 19 to 35 
months old in 2004 had received at least three of 
the recommended four doses of conjugate pneu-
mococcal vaccine.10 Therefore, the changes we 
report occurred in a setting in which many chil-
dren were not fully vaccinated.

In addition to reductions in the rates among 
young children, reductions in the rates of inva-
sive disease caused by resistant strains were docu-
mented among older children and adults, who 
would not have received the conjugate vaccine. 
With all age groups considered together, the esti-
mated number of cases caused by strains with 
reduced susceptibility to penicillin or multiple 
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antibiotics fell by half after the introduction of the 
conjugate vaccine. Studies of adults have shown 
that exposure to children can increase the risk 
of colonization11 and invasive disease.12 Conju-
gate pneumococcal vaccines have been shown to 
reduce the risk of carriage and transmission of 
vaccine-type strains among vaccinees and their 
household members.13 The change that we ob-
served in the rate of resistant disease among adults 
was due to a reduction in disease caused by vac-
cine serotypes — a finding suggesting that the 
vaccine interrupts the transmission of resistant 
pneumococci from children to adults. We found 
no reduction in the incidence of resistant disease 
caused by serotypes included in the 23-valent poly-
saccharide vaccine but not in the 7-valent conjugate 
vaccine (data not shown); therefore, it appears that 
the decline in invasive antibiotic-resistant disease 
among adults was not linked to an increase in the 
use of the polysaccharide vaccine. Polysaccharide-
vaccine coverage among adults 65 years of age or 
older increased from 54 percent in 1999 to 64 
percent in 2003.14,15

We found an increase in resistant disease 
caused by nonvaccine types (so-called replacement 
disease), but the magnitude of this effect was rela-
tively small. Most resistant infections from sero-
types not in the vaccine were caused by serotypes 
6A and 19A. A drop in the rate of disease caused 
by serotype 6A and a concurrent increase in the 
rate of disease due to serotype 19A suggest, as 
previously reported, that the 6B vaccine compo-
nent provides cross-protection16-18 against sero-
type 6A disease but that the 19F component does 
not protect against 19A disease.16,19 The increase 
in resistant disease caused by serotype 19A is a 
concern. Serotype 19A is often resistant and is a 
common cause of respiratory tract infections.20,21 
It is difficult to predict whether the increase in 
resistant serotype 19A or other serotypes not cov-
ered by the vaccine will continue. Nevertheless, 
this replacement disease has the potential to re-
duce the overall benefit of the vaccine against re-
sistant infections.

Our analysis indicates that groups at particu-
lar risk for resistant infections have changed 
since the introduction of the conjugate vaccine. 
Before its introduction, young children had the 
highest risk of infections due to antibiotic-resis-

tant strains2; we noted similar rates of antibi-
otic-nonsusceptible disease among children under 
2 years of age and adults 65 years of age or older. 
The multivariable model indicated that among 
those with infections, white children were no lon-
ger more likely than black children to have a resis-
tant infection — a finding that represents a 
change from the results of analysis with a similar 
model based on 1998 data.2 We continued to note 
geographic differences in the prevalence of resis-
tance after the introduction of the vaccine, with 
resistance being most common among isolates 
from states in the southeastern United States.

Policymakers considering routine use of the 
pneumococcal conjugate vaccine in settings in 
which resistance is prevalent should recognize 
this reduction in resistant infections as an added 
benefit to vaccine use. Because many pneumo-
cocci remain resistant, the changes we report are 
not likely to change recommendations regarding 
the empirical treatment of pneumonia, otitis me-
dia, and meningitis; those recommendations are 
designed to cover the possibility of infection due 
to resistant pneumococci.22-25 Nonetheless, the 
drop in the rate of disease due to resistant strains 
may mean that fewer complications and treatment 
failures due to resistance will occur.
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CORRECTION

Effect of Introduction of the Pneumococcal
Conjugate Vaccine on Drug-Resistant Streptococcus
pneumoniae

Effect of Introduction of the Pneumococcal Conjugate Vaccine on

Drug-Resistant Streptococcus pneumoniae . In Table 2 on page 1459,

the total number of all nonvaccine serotypes in persons ≥65 years of

age in 2004 should have been 339, not 33 as printed. Also, in Fig-

ure 3 on page 1461, the pink bars should represent values for 2004,

not 2003, as printed. The article has been corrected on the Journal ’s

Web site at www.nejm.org. We regret the error.
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