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BEFORE INTRODUCTION OF 7-VA-
lent pneumococcal conjugate
vaccine (PCV7), Alaska Na-
tive children and adults expe-

rienced an excess burden of invasive
pneumococcal disease (IPD) com-
pared with non–Native Alaskans.1 The
greatest disparity in IPD was among
children younger than 2 years for whom
the annualized rate (450/100 000 per
year) was 3 times higher than for non–
Native Alaskan children younger than
2 years who have rates similar to the
overall US population.1,2 Introduction
of PCV7 into the routine childhood vac-
cination schedule resulted in de-
creases in vaccine-type IPD and con-
sequent decreases in all IPD among US
children.3-8 7-Valent pneumococcal
conjugate vaccine was licensed in Feb-
ruary 2000 and introduced into the rou-
tine childhood vaccine schedule for all
Alaskan children on January 1, 2001.9

In the first 3 years after PCV7 intro-
duction, vaccine-type IPD rates (from
1995-2000 to 2001-2003) decreased by
91% and and total IPD rates decreased
by 65% among Alaska Native children
younger than 2 years.10 Additionally,
PCV7-type Streptococcus pneumoniae
nasopharyngeal colonization declinedFor editorial comment see p 1825.
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Context With routine childhood vaccination using heptavalent pneumococcal con-
jugate vaccine, one concern has been the potential for emergence and expansion of
replacement disease caused by serotypes not contained in the heptavalent conjugate
vaccine.

Objective To determine whether replacement disease is associated with the overall
decline in invasive pneumococcal disease among Alaska Native children.

Design, Setting, and Patients Alaska statewide longitudinal population-based labo-
ratory surveillance of invasive Streptococcus pneumoniae infections from January 1,
1995, through December 31, 2006.

Main Outcome Measures Incidence and types of pneumococcal disease in chil-
dren younger than 2 years.

Results In the first 3 years after introduction of routine vaccination with heptavalent
pneumococcal conjugate vaccine, overall invasive pneumococcal disease decreased 67%
in Alaska Native children younger than 2 years (from 403.2 per 100 000 in 1995-2000
to 134.3 per 100 000 per year in 2001-2003, P�.001). However, between 2001-2003
and 2004-2006, there was an 82% increase in invasive disease in Alaska Native children
younger than 2 years to 244.6/100 000 (P=.02). Since 2004, the invasive pneumococ-
cal disease rate caused by nonvaccine serotypes has increased 140% compared with the
prevaccine period (from 95.1 per 100 000 in 1995-2000 to 228.6 in 2004-2006, P=.001).
During the same period, there was a 96% decrease in heptavalent vaccine serotype dis-
ease. Serotype 19A accounted for 28.3% of invasive pneumococcal disease among Alaska
children younger than 2 years during 2004-2006. There was no significant increase in
nonvaccine disease in non–Native Alaska children younger than 2 years.

Conclusions Alaska Native children are experiencing replacement invasive pneumo-
coccal disease with serotypes not covered by heptavalent pneumococcal conjugate vac-
cine. The demonstration of replacement invasive pneumococcal disease emphasizes the
importance of ongoing surveillance and development of expanded valency vaccines.
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in rural Alaska Native children and
adults, whereas the overall rate of S
pneumoniae colonization remained un-
changed.10,11

Before introduction of PCV7 vac-
cine (1995-2000), vaccine serotypes ac-
counted for 74% of known serotype IPD
in Alaska Native and 81% in non–
Native Alaska children younger than 2
years.10 With the introduction of PCV7,
one concern has been the potential for
nonvaccine serotypes to emerge and
erode the disease prevention gains made
through the use of PCV7. Using ongo-
ing laboratory surveillance, we evalu-
ated IPD in Alaska children for evi-
dence of emergence of nonvaccine
serotype disease.

METHODS
Population

Alaska’s population of 626 932 (2000
US Census) includes 119 499 (19%)
Alaska Native and American Indians,
5304 of whom are younger than 2 years.
The Alaska Native people are a di-
verse group that includes Eskimo,
Aleut, Athabascan, Tsimpshian, Haida,
Tlingit, and American Indian groups.
Sixty percent of Alaska Natives live in
rural communities; many live in iso-
lated villages with populations rang-
ing from 50 to 1000 persons. The ma-
jority receive care through the Alaska
Native health system, a statewide trib-
ally operated health delivery system
consisting of primary care village clin-
ics, regional hospitals, and a referral
hospital. Race, which was routinely de-
termined by the admitting hospital as
part of registration, was evaluated based
on whether study participants were
either Alaska Natives or not.

Vaccine Coverage

We evaluated PCV7 vaccination sta-
tus in 19- through 35-month-old
Alaska Native children between
September 30, 2003, and September
30, 2006, using the electronic health
records from tribal facilities for
Native Alaska persons who access the
tribally operated health system. Quar-
terly reports of immunization rates
obtained from these electronic records

are submitted to the Indian Health
Service Immunization Program (http:
//www.ihs.gov/medicalprograms
/epi / index.c fm?module=heal th
_issues&option=immunizations
&cat=sub_3). We report the propor-
tion of 19- through 35-month-old Alaska
Native children who had received 3 or
more doses of PCV7 and the propor-
tion who received at least 1 dose of PCV7
by 3 months of age. In addition to these
immunization rates obtained through
tribal programs, we obtained the rate for
3 or more doses of PCV7 reported by
race/ethnicity for 19- through 35-month-
old Alaskans who were identified as
“American Indian or Alaska Native only,
non-Hispanic” and for the overall US
population of this age group in the Na-
tional Immunization Survey public-
use files for July 1, 2003, through June
30, 2004.12 The National Immuniza-
tion Survey is an ongoing, random-digit-
dialed telephone survey that provides na-
tional and state-level estimates by race
and ethnicity of vaccination coverage
among children aged 19 though 35
months.13

Invasive Disease Surveillance

Since 1986, the Centers for Disease
Control and Prevention (CDC) Arctic
Investigations Program has conducted
population-based laboratory surveil-
lance for IPD among persons of all
races throughout Alaska. Cases
reported from January 1, 1995,
through December 31, 2006, are
included in this study. This public
health surveillance is exempt from
institutional review board approval;
however, a manuscript of this article
was reviewed and approved by the
Alaska Native Tribal Health Consor-
tium board of directors and by the
CDC.

A case of IPD is defined by an iso-
late of S pneumoniae from a normally
sterile body site in an Alaska resident
with illness occurring in Alaska. Clini-
cal laboratories in the state send inva-
sive isolates and data from the patient
record to the CDC laboratory in An-
chorage, where identification and se-
rotyping are performed using stan-

dard methods.1,2 Case data were
obtained from the clinical laborato-
ries, medical record, or patient’s clini-
cian and included demographic infor-
mation, such as age and race, clinical
presentation, underlying conditions,
and outcome. Age and race were as-
sessed because of their relationship to
IPD rates. The CDC annually has each
participating laboratory review its list
of submitted samples with its labora-
tory log sheets and submit informa-
tion on missed S pneumoniae isolates.
The CDC also reviews state death cer-
tificate codes for S pneumoniae infec-
tion to identify possible missed cases.
These results have shown an isolate
submission rate of 90%. Disease sever-
ity was measured by the proportion of
patients who were hospitalized and the
proportion who had meningitis and
bacteremia with no other focus.

Antimicrobial Susceptibility

Minimum inhibitory concentration
(MIC) was determined for each IPD iso-
late by agar dilution (1995-1999) or mi-
crobroth dilution (2000-2006), and for
colonizing pneumococci by E test (AB
BIODISK, Piscataway, NJ) or by agar di-
lution. Interpretation was based on
Clinical and Laboratory Standards In-
stitute standards.14

Molecular Typing

Pulsed-field gel electrophoresis was per-
formed with SmaI enzyme on all inva-
sive 19A isolates received from 1995-
2006. Six invasive 19A isolates
representing the major pulsed-field gel
electrophoresis clusters were sub-
jected to multilocus sequence typing
using procedures described else-
where.15-17 Clonal complexes were as-
signed using the eBURST algorithm18

with the software available at http:
//www.mlst.net.

Colonization Studies

From 1998 to 2004, the CDC con-
ducted annual community-wide
pneumococcal colonization surveys in
March and April among persons of all
ages in 8 rural Alaska villages (total
population 3858, 95% Alaska Native,
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2000 Census). These cross-sectional
observational surveys were conducted
in April and May of each year in 2
regions of rural Alaska. Nasopharyn-
geal swab samples were processed
to identify and serotype pneumococci
as described for invasive isolates.
Approval for the study was obtained
from the CDC and the Alaska Area
institutional review board and board
of directors from participating tribal
corporations. Written informed con-
sent was obtained from each adult
and parent of participating children
and written assent was obtained from
children aged 7 through 18 years.
Results through 2003 were previously
published.10,19

Statistical Analysis

Statistical differences in disease rates
were assessed using an exact test with
a mid P calculation.20 We examined
changes in clinical presentation and
colonization using a �2 test for trend.
Risk ratios (RRs) were used to com-
pare IPD rates between Alaska Natives
and non–Native Alaskans. All analy-
ses were conducted using STATA ver-
sion 5.0 (STATA Corp, College Sta-
tion, Tex). All P values are 2-sided.

Denominators for calculating inci-
dence of IPD were based on popula-
tion estimates from the Alaska Depart-
ment of Labor and Work Force
Development,2 1 which provides
annual population estimates by age
and race that are based on census fig-
ures. Cases included in this analysis
were those with onset beginning Janu-
ary 1, 1995, through December 31,
2006. Baseline (prevaccine period)
rates of IPD were based on cases
reported during 1995 through 2000.
Because of increasing rates of antimi-
crobial nonsusceptibility during the
mid 1990s, baseline antimicrobial sus-
ceptibility data are based on cases
reported from 1998 through 2000.
Antimicrobial susceptibility testing
was performed on all isolates received
for cases through December 31, 2006.
For pulsed-field gel electrophoresis
and multilocus sequence typing, pre-
vaccine period data were for 19A iso-

lates submitted from 1995 through
2000 and were compared with data for
19A isolates submitted from 2001
through 2006.

RESULTS
Vaccine Coverage

Between September 30, 2003, and Sep-
tember 30, 2006, the proportion of 19-
through 35-month-old Alaska Native
children documented in electronic
health records as having received at least
3 PCV7 doses increased from 88% to
96%. Data tables from the National Im-
munization Survey for July 2003
through June 2004 for children aged 19
through 35 months estimated that
92.6% (95% confidence interval [CI],
84.7%-100%) of Alaskan children who
were identified as American Indian or
Alaska Native only, non-Hispanic
had received at least 3 doses of PCV7
compared with 64.6% (95% CI,
55.7%-73.5%) for non-Hispanic white
Alaskans and 70.5% (95% CI, 69.5%-
71.5%) for the overall US population
in this age group.12 Data tables from the
National Immunization Survey for this
period also estimated that 61.1% (95%
CI, 60.0%-62.2%) of US children aged
19 through 35 months had received at
least 1 dose of PCV7 by age 3 months.
In comparison, local audits of elec-
tronic records for September 30, 2003,
showed that 75% of Alaska Native chil-
dren aged 19 through 35 months had
documentation of at least 1 dose of
PCV7 by 3 months of age.

Invasive Pneumococcal
Disease Rates

From January 1, 1995, through
December 31, 2006, a total of 1478
cases of IPD were reported in Alaska
for persons of any race; isolates were
available for 90% of IPD cases. The
annual IPD rate in Alaskans for the
prevaccine years 1995-2000 was 23.0/
100 000 (range, 19.8-26.7). During
this prevaccine period, the rate of
IPD for children younger than 2 years
was 403.2 among Alaska Native chil-
dren compared with 135.5 for non–
Native Alaska children (TABLE 1 and
TABLE 2).

We updated previously published
data of IPD rates in Alaska Native
persons during the first 3 years after
introduction of PCV7.10 In the 3 years
after introduction of PCV7 (2001-
2003), IPD decreased 67% among
Alaska Native children younger than 2
years (P�.001; Table 1) and 61% in
non–Native Alaska children in the same
age group (P�.001; Table 2). There was
also an 82% decrease in IPD among
Alaska Native children aged 2 through
4 years (P�.001; Table 1) but no sig-
nificant change among non-Native
Alaska children in the same age group
(P=.66; Table 2).

Compared with the baseline pe-
riod, overall IPD rates decreased 68%
during 2004-2006 for non–Native
Alaska children younger than 2 years
(P�.001) but only by 39% for Alaska
Native children (P = .003). Between
2001-2003 and 2004-2006, IPD rates
did not change for non–Native Alaska
children younger than 2 years (Table 2)
but increased 82% among Alaska Na-
tive children (P=.02; Table 1).

Change in Rates for PCV7
and Non-PCV7 Serotype IPD

The decreases in IPD rates for Alaska
Native and non–Native Alaska chil-
dren younger than 2 years were due to
decreases in serotypes included in
PCV7. Between baseline and 2001-
2003, PCV7 serotype IPD decreased
92% in Alaska Native children and
80% in non–Native Alaska children
younger than 2 years old. Overall,
between baseline and 2004-2006, IPD
due to PCV7 serotypes declined 97%
in all Alaska children younger than 2
years (96% in Alaska Native and 98%
in non–Native Alaska children).
Between baseline and 2001-2003,
there was no change in the rate of
non-PCV7 serotype IPD among Alaska
Native and non–Native Alaska chil-
dren younger than 2 years (Table 1
and Table 2). However, between
2001-2003 and 2004-2006 the rate
of non-PCV7 type IPD increased
130% among Alaska Native children
younger than 2 years (Table 1 and
FIGURE 1).
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Compared with non–Native Alaska
children, the RR of PCV7-type IPD for
Alaska Native children younger than
5 years decreased from 2.84 (95% CI,
2.15-3.77) in the prevaccine period to
1.08 (95% CI, 0.34-2.94) in 2001-
2006. In contrast, the RR for non-
PCV7 type IPD in Alaska Native vs
non–Native Alaska children younger
than 5 years did not change: 3.91
(95% CI, 2.27-6.81) to 4.31 (95% CI,
2.93-6.41). Likewise, there was no
change in the RR of all IPD for
Alaska Native vs non–Native Alaska
children from the prevaccine period
(RR, 3.13; 95% CI, 2.47-3.96) to
2001-2006 (RR, 3.13; 95% CI,
2.46-4.87).

For Alaska children of all races
younger than 2 years, there were 65
cases of IPD during 2004-2006 (46 in
Alaska Native and 19 in non–Native
Alaska children). Of the serotypes caus-
ing these 65 cases, only 3 (5%) were

PCV7 serotypes. Non-PCV7 serotypes
3, 6A, 7F, and 19A accounted for 38
(58%) of these cases and 19 (29%) were
19A (FIGURE 2). Of 21 IPD cases in
2- through 4-year-old children (10 in
Alaska Native children, 11 in non–
Native Alaska children) during 2004-
2006, none were caused by PCV7 se-
rotypes.

IPD in Adults

Between the baseline and 2004-2006,
PCV7 serotype IPD decreased among
both Alaska Native and non–Native
Alaska adults 18 years or older (Table 1
and Table 2). Among adults 45 years
or older, non-PCV7 serotype IPD in-
creased in Alaska Native (P�.001) and
in non–Native Alaska adults (P=.03).
Accordingly, among adults older than
45 years overall IPD rates increased 43%
for Alaska Natives (P = .03) but de-
clined 24% for non–Native Alaskans
(P=.02).

Clinical Presentation
and Disease Severity
Overall, 57% of Alaska children
younger than 5 years old during 2004-
2006 presented with pneumonia. The
proportion of IPD cases with meningi-
tis in children younger than 5 years did
not change over the 3 time periods;
however, there was an increase in the
proportion of cases with empyema
(from 2% to 13%, P for trend �.001),
an increase in the proportion of cases
with pneumonia and bacteremia (from
40% to 57%, P=.007), and a decrease
in bacteremia with no other focus (from
54% to 40%, P= .02). During 2004-
2006, cases of empyema in Alaska
children younger than 5 years were
from several serotypes: 1 case each of
3, 7F, 9V, 12F, 15A, 22F, and 33F, and
4 cases of 19A. The proportion of IPD
cases in Alaskans younger than 5 years
who were hospitalized increased from
39% (109/279) in 1995-2000 to 62%

Table 1. Rates of Invasive Streptococcus Pneumoniae by Time Period, Age Group, and Vaccine Serotype in Alaska Natives, 1995-2006*

Age, y

Rate per 100 000 (No.)
1995-2000 vs 2001-2003 1995-2000 vs 2004-2006 2001-2003 vs 2004-2006

1995-2000 2001-2003 2004-2006
% Change
(95% CI)

P
Value

% Change
(95% CI)

P
Value

% Change
(95% CI)

P
Value

Conjugate vaccine serotypes:
4, 6B, 9V, 14, 18C, 19F,
and 23F

�2 275.3 (84) 23.4 (4) 10.6 (2) −92 (−98 to −77) �.001 −96 (−100 to −86) �.001 −54 (−96 to 218) .39

2-4 47.0 (21) 0 0 −100 (−100 to −63) �.001 −100 (−100 to −66) �.001 NA NA

5-17 5.9 (12) 1.0 (1) 0 −84 (−100 to 0) .04 −100 (−100 to −30) .007 −100 (−100 to 3825) .50

18-44 6.0 (16) 5.7 (8) 2.0 (3) −5 (−65 to 135) .93 −66 (−94 to 18) .07 −64 (−94 to 48) .12

�45 14.5 (22) 13.4 (11) 4.3 (4) −8 (−60 to 99) .85 −70 (−93 to −12) .02 −68 (−93 to 0) .05

Total 22.3 (155) 6.5 (24) 2.3 (9) −71 (−82 to −54) �.001 −90 (−95 to −80) �.001 −65 (−86 to −21) .006

Nonconjugate vaccine
serotypes

�2 95.1 (29) 99.3 (17) 228.6 (43) 4 (−86 to 49) .88 140 (47 to 200) �.001 130 (29 to 331) .003

2-4 13.4 (6) 8.7 (2) 39.6 (10) −35 (−94 to 261) .64 195 (0 to 890) .04 357 (0 to 4186) .03

5-17 8.3 (17) 5.7 (6) 7.6 (8) −32 (−78 to 82) .44 −8 (−66 to 124) .86 31 (−59 to 369) .60

18-44 16.2 (43) 17.9 (25) 23.1 (34) 11 (−35 to 85) .68 42 (−12 to 129) .13 29 (−25 to 125) .34

�45 32.3 (49) 53.5 (44) 71.2 (66) 66 (8 to 154) .02 121 (50 to 226) �.001 33 (−11 to 200) .14

Total 20.7 (144) 25.6 (94) 41.4 (161) 24 (−6 to 62) .11 100 (59 to 152) �.001 61 (25 to 111) �.001

All cases
�2 403.2 (123) 134.3 (23) 244.6 (46) −67 (−80 to −48) �.001 −39 (−58 to −14) .003 82 (8 to 215) .02

2-4 73.9 (33) 13.0 (3) 39.6 (10) −82 (−97 to −44) �.001 −46 (−76 to 11) .08 204 (−22 to 1624) .08

5-17 15.7 (32) 8.6 (9) 7.6 (8) −46 (−77 to 17) .10 −51 (−81 to 8) .06 −11 (−70 to 161) .82

18-44 25.6 (68) 25.1 (35) 27.2 (40) −2 (−37 to 49) .93 6 (−30 to 59) .77 8 (−33 to 75) .74

�45 56.6 (86) 74.2 (61) 80.9 (75) 31 (−77 to 84) .11 43 (3 to 97) .03 9 (−23 to 56) .62

Total 49.1 (342) 35.7 (131) 46.0 (179) −27 (−41 to −11) .002 −6 (−22 to 13) .48 29 (2 to 63) .03
Abbreviation, CI, confidence interval; NA, not applicable because the rate for both periods is 0.
*Disease caused by unknown serotypes accounted for 12.6% of invasive pneumococcal disease cases from 1995 through 2000, 9.9% of cases from 2001 through 2003, and 5.0% of

cases from 2004 through 2006. Data for 1995 through 2003 were previously published10; however, some numbers and rates may be slightly different in this article because of updated
information for this period.
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(51/82) in 2004-2006 (P for trend
�.001).

Antimicrobial Susceptibility

The proportion of all IPD isolates with
reduced antimicrobial susceptibility de-

creased from 1998-2000 to 2004-2006
for penicillin (MIC�2.0 µg/mL, from 9%
to 3%, P�.001), erythromycin (MIC
�1.0 µg/mL, from 19% to 7%, P�.001),
and trimethoprim-sulfamethoxazole
(MIC�4/76 µg/mL, from 22% to 10%,

P�.001). Similar decreases in antimi-
crobial resistance were observed among
children younger than 5 years old (peni-
cillin MIC�2 µg/mL, from 15% to 5%,
P=.04; erythromycin, from 33% to 8%;
P=.001; trimethoprim-sulfamethoxa-

Table 2. Rates of Invasive Streptococcus Pneumoniae by Time Period, Age Group, and Vaccine Serotype in Non–Native Alaskans,
1995-2006*

Age, y

Rate per 100 000 (No.)

1995-2000 vs
2001-2003 1995-2000 vs 2004-2006 2001-2003 vs 2004-2006

1995-2000 2001-2003 2004-2006
% Change
(95% CI)

P
Value

% Change
(95% CI)

P
Value

% Change
(95% CI)

P
Value

Conjugate vaccine serotypes:
4, 6B, 9V, 14, 18C, 19F,
and 23F

�2 101.3 (86) 20.6 (9) 2.3 (1) −80 (−91 to −60) �.001 −98 (−100 to −87) �.001 −89 (−100 to −20) .01

2-4 13.6 (17) 7.4 (5) 0 −46 (−84 to 53) .23 −100 (−100 to −58) �.001 −100 (−100 to 0) .03

5-17 1.0 (6) 2.5 (8) 0.6 (2) 155 (−22 to 791) .09 −36 (−94 to 25) .62 −75 (−97 to 26) .07

18-44 4.1 (50) 1.1 (7) 0.8 (5) −73 (−90 to −41) �.001 −80 (−94 to −51) �.001 −27 (−82 to 167) .61

�45 11.4 (102) 7.1 (35) 2.2 (12) −38 (−59 to −8) .01 −81 (−90 to −65) �.001 −69 (−85 to −39) �.001

Total 8.9 (261) 4.1 (64) 1.3 (20) −54 (−65 to −39) �.001 −86 (−92 to −78) �.001 −70 (−83 to −49) �.001

Nonconjugate vaccine
serotypes

�2 23.6 (20) 29.7 (13) 39.0 (17) 26 (−42 to 167) .51 65 (−19 to 232) .13 31 (−40 to 193) .47

2-4 4.0 (5) 7.4 (5) 13.9 (10) 85 (−58 to 703) .35 146 (8 to 1191) .02 87 (−42 to 599) .26

5-17 2.5 (15) 1.6 (5) 2.2 (7) −36 (−82 to 84) .40 −11 (−69 to 132) .83 40 (−62 to 462) .58

18-44 3.6 (43) 2.9 (18) 4.2 (26) −20 (−56 to 42) .44 18 (−30 to 97) .50 47 (−22 to 180) .21

�45 10.5 (94) 6.7 (33) 14.6 (80) −36 (−58 to −4) .02 39 (2 to 89) .03 117 (43 to 237) �.001

Total 6.1 (177) 4.8 (74) 8.7 (140) −21 (−41 to 4) .08 44 (15 to 81) .001 84 (38 to 147) �.001

All cases
�2 135.5 (115) 52.6 (23) 43.6 (19) −61 (−76 to −39) �.001 −68 (−81 to −47) �.001 −17 (−5 to 59) .55

2-4 19.2 (24) 16.3 (11) 15.3 (11) −15 (−63 to 80) .66 −21 (−65 to 68) .54 −6 (−63 to 138) .88

5-17 3.8 (23) 4.7 (15) 2.8 (9) 25 (−40 to 149) .51 −25 (−69 to 68) .48 −40 (−77 to 47) .23

18-44 9.1 (110) 4.8 (30) 6.2 (38) −48 (−66 to −21) �.001 −32 (−55 to −1) .03 29 (−22 to 116) .30

�45 24.3 (217) 16.3 (80) 18.4 (101) −33 (−49 to −15) .002 −24 (−41 to −4) .02 13 (−16 to 54) .41

Total 16.7 (489) 10.2 (159) 11.1 (178) −39 (−49 to −27) �.001 −34 (−44 to −21) �.001 8 (−13 to 35) .45
*Disease caused by unknown serotypes accounted for 10.4% of invasive pneumococcal disease cases from 1995 through 2006, 13.2% of cases from 2001 through 2003, and 10.1%

of cases from 2004 through 2006. Data for 1995 through 2003 were previously published10; however, some numbers and rates may be slightly different in this paper because of
updated information for this period.

Figure 1. Rates of Invasive Pneumococcal Disease in Alaska Native Children Younger Than 2 Years, by Year and Serotype, 1995-2006
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zole, from 38% to 18%, P=.003). The
proportion of IPD isolates that were re-
sistant to ceftriaxone was less than 1%
during all periods.

Molecular Typing

Pulsed-field gel electrophoresis analy-
sis of 92 IPD serotype 19A isolates re-
ceived at the Arctic Investigations Pro-
gram from 1995 through 2006 showed
63 isolates (68.5%) that shared identi-
cal or highly similar banding patterns.
The only other cluster was a distinct
group of 26 isolates (28.3%). Multilo-
cus sequence typing of representative
isolates from these 2 clusters grouped
the larger cluster with clonal complex
199 (CC199) and the smaller cluster
with clonal complex 172 (CC172). Al-
though CC199 accounted for 81% of
the 19A isolates before PCV7 and 65%
after PCV7 vaccination, 19A isolates of
CC172 increased more than 3-fold from
9.5% of 19A isolates during 1995-
2000 to 34% of isolates after PCV7 in-
troduction (2001-2006).22

Colonization

Adding 2004 results to previously re-
ported results of annual colonization
surveys in 8 villages during 1998-
2003,10,11,19 we obtained 2869 addi-
tional nasopharyngeal swabs during
2004 (15 598 total for 1998-2004). In
2004, 41% of persons were colonized
with S pneumoniae. Among all ages, the
proportion of persons with pneumo-
coccal colonization who carried a PCV7
serotype progressively declined from
41% during 1998-2000 to 5% in 2004.
Colonization with non-PCV7 types in-
creased after introduction of PCV7
(from 47% of colonized persons in
1998-2000 to 88% in 2004). In particu-
lar, colonization with serotype 19A in-
creased in all age groups from less than
0.5% of colonized persons in 1998-
2000 to 3% in 2003 and 15% in 2004
(P�.001 for trend; TABLE 3).

COMMENT
The PCV7 vaccine has nearly elimi-
nated IPD caused by vaccine sero-
types in Alaskan children younger than
5 years. However, this dramatic suc-

cess has been blunted by a substantial
increase in non-PCV7 serotype IPD in
Alaska Native children. Through 2003
the adjusted overall decline in IPD in
Alaska Native children younger than 2
years (67%) was similar to that re-
ported elsewhere in the United States
(69%).7 However, a more than dou-
bling of non-PCV7 serotype disease be-
tween 2001-2003 and 2004-2006

eroded the overall decline to 41%. The
illnesses due to IPD replacement dis-
ease among Alaska Native children were
similar to IPD cases before PCV7 in-
troduction except for increases in the
proportion of hospitalized IPD, pneu-
monia, and empyema cases. An increas-
ing proportion of IPD cases associated
with empyema have been reported in
other populations.23,24 However, in

Figure 2. Cases of Invasive Pneumococcal Disease by Serotype Among Alaskan Children
Younger Than 2 Years, 1995-2000 and 2001-2006.
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*13-Valent pneumococcal polysaccharide conjugate vaccine under development.
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other populations many of these cases
were associated with serotype 1, which
has not been found in any IPD cases in
Alaskan children younger than 2 years
since PCV7 was introduced.

The capsular polysaccharide ap-
pears to be the most important deter-
minant of invasiveness—the likeli-
hood that the pneumococci that
establish colonization in the nasophar-
ynx will cause an IPD and the 90 known
capsular serotypes may be heteroge-
neous in their invasiveness.25,26 Data on
serotype-specific invasiveness from a
prospective study of pneumococcal
colonization during the first 2 years of
life in Oxfordshire, England, led Slee-
man et al27 to speculate that serotypes
8, 12F, and 19A may be more likely
than other non-PCV7 serotypes to con-
tribute to changes in disease patterns
in immunized populations. Increases in
the number of IPD cases caused by each
of these 3 serotypes in Alaskan chil-
dren lend credence to this hypothesis
(Figure 2).

An increase in non-PCV7 type IPD
after widespread use of PCV7 has also
been observed in adults infected with
human immunodeficiency virus28 and
in some Alaska Native adult age
groups.29 In Alaska Native adults, the
increase in non-PCV7 disease has off-
set the indirect effect of PCV7 vaccine
in decreasing adult PCV7 disease.29 This
increase is consistent with our find-
ings of increased colonization with non-
PCV7 type pneumococci among Alaska
Native adults in rural communities af-
ter introduction of childhood PCV7.19

Adults infected with human immuno-
deficiency virus and Alaska Native per-
sons are at increased risk for IPD; the
occurrence of replacement disease in

these high-risk populations may sig-
nify a limit to the usefulness of the cur-
rently available vaccine.

Non-PCV7 replacement IPD was pre-
ceded by an absolute increase in non-
PCV7 serotype colonization concomi-
tant with a decrease in PCV7 serotype
colonization.10,11,19 Replacement of
PCV7 serotypes by nonvaccine sero-
types in the nasopharynx and middle
ear fluid has been reported in other
populations.30-34 In Gambia, carriage of
nonvaccine serotypes was found in 79%
of children receiving 3 doses of a pneu-
mococcal conjugate vaccine com-
pared with 42.5% of control chil-
dren.32 In a pneumococcal conjugate
vaccine trial in Finland, serotype re-
placement following vaccination re-
sulted in an increase in acute otitis me-
dia caused by nonvaccine serotypes.35

In 2004, Ghaffar et al36 hypothesized
that the reduction of PCV7 type colo-
nization and replacement by non-
PCV7 colonization after a booster dose
of vaccine suggested the possibility that
widespread vaccination would result in
replacement of pneumococci mainly by
non-PCV7 serotypes.

Although replacement colonization
has been well documented, replace-
ment IPD with nonvaccine serotypes
has not led to an overall increase in dis-
ease in other child populations.3,7,37 Of
note, replacement IPD has not been
demonstrated among Navajo chil-
dren38 or Australian aboriginal chil-
dren.39 Although these populations have
similar characteristics of IPD and colo-
nization, introduction of PCV7 oc-
curred at a slower rate among Navajo
children than among Alaska Native chil-
dren (because of a vaccine trial)40 and
PCV7 was introduced later with a dif-

ferent schedule (3 primary doses with
a booster of 23-valent pneumococcal
polysaccharide vaccine at 18 months)
in aboriginal children.39 It is possible
that the prompt introduction of PCV7
to high-coverage levels and subse-
quent dramatic decline in PCV7 car-
riage10 in Alaska opened a niche for op-
portunistic replacement serotypes. The
PCV7 coverage rate in 19- through 35-
month-old Alaska Native children dur-
ing July 2003 through June 2004
(92.6%) was higher than the rate in any
individual state (http://www.cdc.gov
/nip/coverage/NIS/03-04/tab29a_3pcv
_race_iap_0304.xls) or in the overall US
population (70.5%).

An additional factor contributing to
replacement disease is the presence of
pneumococcal types that are able to oc-
cupy the colonization role previously
filled by PCV7 types and that are able
to cause invasive disease. An example
of this in Alaska is serotype 19A, which
now accounts for over one quarter of
all IPD cases in Alaskan children
younger than 2 years. At present, 19A
is the most important cause of IPD by
replacement serotypes in the United
States.23,41-43 Data from the CDC’s Ac-
tive Bacterial Core Surveillance sites
(http://www.cdc.gov/abcs) suggest
that some of the increase in rates of
infection with serotype 19A and other
nonvaccine serotypes may be due to se-
rotype switching within certain vaccine-
type strains.41,44 Serotype switching has
not been demonstrated in our popula-
tion.22 Instead, the increase in 19A colo-
nization and disease in Alaska appears
to be secondary to clonal expansion,
predominantly due to an increase in
CC172, which has not been found with
great frequency in other parts of the

Table 3. Nasopharyngeal Colonization With Serotype 19A Among Persons Colonized With Streptococcus pneumoniae in 8 Rural Villages,
1998-2004*

Age, y

No./Total (%) of Cases

1998 1999 2000 2001 2002 2003 2004

0-1 1/43 (2.3) 0/40 (0) 0/43 (0) 0/48 (0) 1/63 (1.6) 2/58 (3.5) 12/73 (16.4)

2-4 0/93 (0) 0/73 (0) 0/85 (0) 0/106 (0) 0/113 (0) 8/107 (7.5) 32/117 (27.3)

5-17 1/283 (0.3) 0/265 (0) 0/311 (0) 0/500 (0) 1/488 (0.2) 27/630 (4.3) 97/602 (16.2)

�18 0/101 (0) 0/68 (0) 0/106 (0) 0/266 (0) 0/266 (0) 4/413 (1.0) 28/377 (7.4)
*Results through 2003 were previously published.10,19
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United States.41 In all areas, the in-
crease in 19A IPD was detected 3 to 4
years after introduction of PCV7, indi-
cating that replacement is a gradual but
steady process. Although serotype 19A
has played a key role in Alaska, other
serotypes have also contributed to the
replacement disease increases.

Before PCV7 use in Alaska, PCV7 se-
rotypes accounted for 86% of invasive
isolates nonsusceptible to penicillin,
erythromycin, or trimethoprim-
sulfamethoxazole.2 From baseline to
2001-2003 the proportion of isolates
with reduced susceptibility to these an-
timicrobials declined.10,11 Similarly, in
the ABC surveillance, rates of IPD
caused by penicillin-nonsusceptible
strains and strains nonsusceptible to
multiple antibiotics decreased be-
tween 1999 and 2004 among children
and adults.42 Although there was an in-
crease in drug-resistant infection caused
by non-PCV serotypes (primarily 6A
and 19A), this effect remained small.
This early decline in antibiotic resis-
tance appears to have plateaued; how-
ever, the proportion of isolates fully re-
sistant to penicillin remains lower than
the baseline period.

We cannot determine to what extent
the observed changes in disease rates and
serotype distribution are due to the in-
troduction of vaccine or to other fac-
tors; however, the dramatic decrease in
PCV7 type disease accompanied by an
unparalleled increase in nonvaccine se-
rotypes suggest that these are vaccine ef-
fects. It is possible that changes in blood
culture collection practices could influ-
ence the rates of IPD; however, it is un-
likely to account for such a dramatic shift
in serotype distribution. Case reporting
for 2006 may not be 100% complete be-
cause the reconciliation process has not
been completed. However, any addi-
tional cases detected will be of un-
known serotypes and not affect trends
in PCV7 or non-PCV7 serotypes. Some
of the subgroup comparisons pre-
sented herein are based on small num-
bers of cases and therefore have limited
power to detect differences.

The rapid success of PCV7 in Alaska
has led to the near elimination of PCV7-

serotype disease and elimination of a
health disparity for types covered by the
vaccine. However, for Alaska Native
children there now exists a substan-
tially elevated risk for IPD from sero-
types not contained in PCV7. The dem-
onstration of replacement IPD in Alaska
Native children may signify a limit to
the usefulness of the currently avail-
able vaccine and emphasizes the im-
portance of development of extended
valency vaccines or vaccines not de-
pendent on serotype-specific preven-
tion. These data also highlight the value
of continued surveillance and other epi-
demiological investigations to moni-
tor the effects of pneumococcal vac-
cines.
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