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Invasive Pneumococcal Disease Caused by
Nonvaccine Serotypes Among Alaska Native
Children With High Levels of 7-Valent
Pneumococcal Conjugate Vaccine Coverage

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 vacdnation with heptavalent
pneumococcal conjugate vaccine, overall invasive pneumococcal disease decreased 67%
in Alaska Native children younger than 2 years (from 403.2 per 100000 in 1995-2000
to 134.3 per 100000 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 244.6/100000 (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 100000 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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BEFOREINTRODUcnON 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. J The
greatest disparity in IPD was among
children younger than 2 yeaT5 for whom
the annualized rate (450/100000 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.I•2Introduction
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

For editorial comment see p 1825.

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.lO Additionally,
PCV7 -type Streptococcus pneumoniae
nasopharyngeal colonization declined
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NONVACCINE SEROTYPES OF PNEUMOCOCCAL DISEASE

in rural Alaska Native children and
adults, whereas the overall rate of 5
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 ofPCV7,
one concern has been the potential for
non vaccine 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 119499 (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.cfm ?mod ule=health
_iss ues&o ption=imm uniza tions
&cat=sub_3). We report the propor­
tion of19- through 35-month-oldAlaska
Native children who had received 3 or
more doses of PCV7 and the propor­
tion who received at least 1dose ofPCV7

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 AlaskaNative 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
monthsY

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 5 pneumoniae from a normally
sterile body site in an Alaska resident
with illness occurring in Alaska. Clini­
callaboratories 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.I•2 Case data were
obtained from the clinicallaborato­

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 becanse 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 5 pneumoniae isolates.
The CDC also reviews state death cer­
tificate codes for 5 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. H

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 eIse­
where.I5-17 Clonal complexes were as­
signed using the eBURST algorithml8
with the software available at bttp:
/lwww.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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