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bstract

Alaska Native persons have age-adjusted invasive pneumococcal disease (IPD) rates two- to three-fold greater than non-Native Alaskans.
o characterize IPD epidemiology and 23-valent polysaccharide pneumococcal vaccine (PPV-23) effectiveness in Alaska Native adults we
eviewed IPD cases from Alaska-wide, laboratory-based surveillance. Sterile site isolates were serotyped. Vaccine effectiveness (VE) was
stimated using the indirect cohort method. 394 cases (44.5 cases/100,000/year) occurred in 374 Alaska Native adults (36.0% aged ≥55 years).
nderlying conditions included heavy alcohol use (65.7%), smoking (60.8%) and COPD (25.0%). Overall VE was 75% (95% confidence

nterval [CI]: 27%, 91%) but declined with increasing age; for persons ≥55 years (VE = <0; 95% CI: <0, 78%; p = 0.713). Alaska Native

dults experience high rates of IPD. The majority of IPD cases occurred in persons with underlying conditions and behaviors associated with
ncreased risk of IPD in other populations. PPV-23 vaccine effectiveness was confirmed in younger Alaska Native adults but not among adults
55 years.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

Streptococcus pneumoniae (pneumococcus) is a leading
ause of community-acquired pneumonia, bacterial menin-

itis, and acute otitis media in the United States [1].
nvasive pneumococcal disease (IPD), primarily bacteremia
nd meningitis, causes a disproportionate amount of ill-
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nd Prevention (Office of Minority and Women’s Health, National Center
or Infectious Diseases).
∗ Corresponding author at: Arctic Investigations Program, Centers for Dis-
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el.: +1 907 729 3418; fax: +1 907 729 3429.
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ess and death among the very young, the elderly, those
ith underlying conditions, and certain ethnic groups [2].
ompared with the general US population, higher rates of

PD have been reported for several indigenous populations
n North America, including Alaska Native, Navajo, White

ountain Apache, and Inuit of northern Canada ([2–7],
DC unpublished). The age-adjusted annual rate of IPD
mong Alaska Native persons during 1991–1998 was 58
ases/100,000 persons; 2.6-fold higher than the rate for peo-
le of other ethnicities living in Alaska [3]. Reasons for the
ncreased rates of IPD among Native Americans are multi-

actorial [7].

Immunization and risk reduction are the foundations of
neumococcal disease prevention, and the Advisory Com-
ittee on Immunization Practices (ACIP) recommends that

mailto:ris2@cdc.gov
dx.doi.org/10.1016/j.vaccine.2006.11.065
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3-valent pneumococcal polysaccharide vaccine (PPV-23) be
onsidered for Native Americans aged ≥2 years [1]. While
bservational studies have indicated effectiveness of PPV-23
or prevention of IPD among the elderly and persons with
ertain underlying medical conditions [9–14], a recent epi-
emiological study among Navajo adults found limited to
o vaccine effectiveness depending on age strata or underly-
ng conditions, suggesting that PPV-23 may be inadequate for
reventing IPD in that population [15]. To better characterize
he epidemiology of IPD and to evaluate the success of PPV-
3 immunization programs among Alaska Native adults, we
eviewed medical records of IPD cases identified during
5 years of prospective surveillance and estimated vaccine
ffectiveness by comparing serotype distribution among vac-
inated and unvaccinated persons with IPD using the indirect
ohort method [16].

. Materials and methods

.1. Setting

Cases of IPD occurring in Alaska Native adults aged 20
ears and older during 1986–2000 were identified through
ngoing, state-wide surveillance for IPD conducted by the
rctic Investigations Program of the Centers for Disease
ontrol and Prevention (CDC) in Anchorage, Alaska [3].

.2. Data collection

Personnel at 26 clinical laboratories in Alaska submit-
ed isolates of S. pneumoniae from normally sterile body
ites, along with basic clinical and demographic informa-
ion for the case, including age, gender, ethnicity, and body
ite of the isolate. Additional clinical information, includ-
ng clinical manifestations, mortality, underlying medical
onditions, and vaccination history were collected from the
ealth care provider, from a review of the complete outpa-
ient and inpatient medical charts at the facility, and from
lectronic medical records that are shared between tribal
acilities. Submitted isolates were identified as S. pneumoniae
y colony morphology, susceptibility to ethylhydocuprineine
ydrochloride (Optochin Difco, Detroit), and bile solubility.
erotyping was performed by Quellung reaction. All cases
ccurring among Alaska Native adults reported with illness
nset from the beginning of surveillance in January 1986
hrough December 2000 were included. Case-patients living
n the metropolitan areas of Anchorage, Fairbanks, or Juneau,
laska at the time of illness were classified as urban, whereas

ll others were classified rural.
A case-patient was determined to have an underlying

ondition when the paper or electronic medical record con-

ained a purpose of visit, hospital discharge diagnosis or
hysician narrative indicating a condition of interest (e.g.
ancer with chemotherapy, other immune deficiency, con-
estive heart failure, chronic pulmonary diseases, chronic
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f
w
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iver diseases, nephrotic syndrome, chronic renal failure,
iabetes, smoking, alcohol abuse, pregnancy, homelessness,
ickle cell anemia) considered an indication for vaccina-
ion by the Advisory Committee on Immunization Practices
ACIP). A case-patient was considered to have heavy alco-
ol use if the record contained a purpose of visit, a provider
arrative, or hospital discharge diagnosis with any of the fol-
owing diagnoses or ICD-9 codes during the 2 years before
neumococcal illness onset: 303.9 (alcohol dependency),
03.01 (acute alcohol intoxication), 303.90–303.93 (alcohol
ependence), 305.0–305.02 (alcohol abuse), 291.0 (delir-
um tremens), 291.2 (alcoholic dementia), 291.8 (alcoholic
sychosis), 291.81 (alcohol withdrawal), 535.3 (alcoholic
astritis), 571.1 (acute alcoholic hepatitis), 571.2 (alcohol
irrhosis liver), 571.3 (alcohol liver damage). A case-patient
as considered to have chronic lung disease if the medi-

al record indicated chronic obstructive pulmonary disease,
ronchiectasis, or pulmonary fibrosis.

.3. Statistical methods

Proportions were compared with chi-square tests or
isher’s exact test, as appropriate. Mantel–Haenszel tests
ere used for adjusted chi-square tests. Odds ratios and

isk ratios were calculated with 95% confidence intervals
95% CI) using Epi-info version 6 (CDC, Atlanta). Multi-
le logistic regression was used to simultaneously assess the
mpact of multiple risk factors in urban versus rural cases.

odel selection was done with a backward process initially
ncluding all of the factors listed in Table 2. In addition, the
ignificance of two-way interactions was assessed. Vaccine
ffectiveness was estimated by comparing the proportion of
nfections caused by serotypes included in PPV-23 (vaccine-
ype serotypes: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A,
2F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, or 33F)
mong vaccinated and unvaccinated persons (indirect cohort
ethod) [16]. Serotypes not included in the vaccine but in

he same serogroup as a vaccine-type (e.g., 6A) are poten-
ially cross-reactive and were classified as vaccine-related.
accine effectiveness was expressed as 1 minus the odds ratio

imes 100%. Population statistics used to calculate rates were
erived from US 1990 and 2000 Census figures. The Anchor-
ge, Fairbanks, and Juneau metropolitan areas are considered
rban; all others were considered rural.

. Results

.1. Incidence of invasive pneumococcal disease

From 1986 through 2000, 394 cases of IPD occurred
mong Alaska Native adults aged 20 years and older living

n Alaska. The number of cases reported each year ranged
rom 18 to 40. Cases occurred year-round; seasonal variation
as subtle, although 23% of cases occurred in September

nd October (Fig. 1). The annual incidence of disease was
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ig. 1. Number of invasive pneumococcal disease cases occurring in Alaska
ative adults by month of year, 1986–2000.

5.5 cases/100,000 persons, and 69 cases (17.5%) were fatal.
ates of disease and case fatality were greater among per-

ons 50 years of age and older (Fig. 2); however, rates among
rban 50–64 year olds were higher than among urban 65–79
ear olds. Rates of disease were higher among Alaska Native
dults living in urban areas (65.1) compared with those living
n rural areas (37.3) (p < 0.001). Age at time of illness ranged
rom 20 to 96 years (median 48 years; 36.0% ≥55 years).
wenty (5.1%) cases of recurrent invasive pneumococcal
isease occurred 1–97 months after the previous episode
median 30 months). Two persons had two recurrences. Clin-
cal syndromes included pneumonia with bacteremia in 334
84.8%) cases, meningitis in 28 (7.1%), empyema in 13
3.3%), endocarditis in 7 (1.8%), septic arthritis in 5 (1.3%),
eritonitis in 5 (1.3%), and pericarditis in 3 (0.8%).
.2. Descriptive epidemiology

Medical records were available for collection of complete
nformation on underlying conditions and vaccine history for

ig. 2. Rates and case fatality ratio of invasive pneumococcal disease by
ge group and rural vs. urban residence status, in Alaska Native adults,
986–2000.
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70 (93.9%) cases. Ten (41.7%) of the 24 cases for whom
edical records were not available for review were fatal;

f the remaining 14, eight persons had died of unrelated
auses prior to the medical record review. The most com-
on underlying conditions were heavy alcohol use (65.7%),

igarette smoking (60.8%), past tuberculosis infection or dis-
ase (35.4%), and chronic obstructive pulmonary disease
COPD) (25.1%) (Table 1). Fewer than 10 patients had under-
one splenectomy, had renal failure requiring dialysis, or
ere diagnosed with HIV infection; none had sickle cell
isease. Of cases for which complete record review was
ossible, 59 (15.9%) were fatal. Factors associated with
eath included age ≥55 years and rural residence (Table 1).
f 370 adult cases, 224 (60.5%) were aged <55 years,

he age of recommended universal pneumococcal vaccina-
ion in Alaska [18]; and 193 (86.2%) of cases aged <55
ears had underlying conditions that are included in current
CIP recommendations for pneumococcal vaccination [1].
f 49 women aged <40 years, 10 (20.4%) were pregnant
hen pneumococcal infection was diagnosed. Eight preg-
ant case-patients had pneumonia with bacteremia, one had
mnionitis with bacteremia, and one had primary bacteremia;
ll survived. Underlying conditions in cases among pregnant
atients included cigarette smoking in six and asthma in three
ases.

Compared to Alaska Native adults with IPD living in rural
laska, those from urban areas were more likely to be female,

moke cigarettes, use alcohol heavily, be homeless, or have an
nderlying medical condition considered to be an indication
or PPV-23 in univariate analysis (Table 2). In multivariable
nalysis, urban residence was independently associated with
emale sex, homelessness, underlying illness, and cigarette
moking. Specific data are not available on the relative preva-
ence of all underlying conditions and other factors associated
ith pneumococcal infection in the general AN adult rural

nd urban populations as defined above. While smoking is
ore common in rural Alaskan adults; [35] it is possible that

nderlying medical conditions and homelessness are more
ommon in urban settings.

Vaccination with ≥1 dose of pneumococcal polysaccha-
ide vaccine was documented for 141 (38.1%) case-patients;
8 had been vaccinated twice; 12, three times; and 3, four
imes prior to the disease episode. Of the 43 case-patients
ho had been vaccinated more than once, 21 had received

t least one dose of 14-valent vaccine prior to 1984. Pneu-
ococcal vaccination was documented for 58.2% of persons

ged ≥55 years. Among 194 persons <55 years of age with
n underlying medical condition for which ACIP recom-
ends vaccination, 52 (26.8%) had been vaccinated. Of

35 persons of all ages who had been hospitalized during
he 2 years before illness onset, 52.6% were vaccinated.
verall, 67 (18.1%) case-patients had documentation of
nfluenza vaccination within 2 years of pneumococcal illness
nset, and 15 (22.4%) of these persons had no documenta-
ion of ever having been vaccinated against pneumococcal
isease.
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Table 1
Characteristics of 370 Alaska Native adults with invasive pneumococcal disease, Alaska, 1986–2000

Characteristics Age <55 years Age ≥55 years Total

(n = 224)
No. (%)

(n = 146)
No. (%)

(n = 370)
No. (%)

Case fatality
ratio (%)a

Risk ratio for deatha

(95% confidence
interval)b

Male sex 133 (59.4) 71 (48.6) 204 (55.1) 18.6 1.6 (0.9, 3.0)
Age ≥55 years 146 (39.5) 21.9 2.1 (1.1, 3.7)
Rural residence 116 (51.8) 88 (60.3) 204 (55.1) 21.1 2.5 (1.3, 4.9)

Underlying conditions
Heavy alcohol usec 171 (76.3) 72 (49.3) 243 (65.7) 16.5 1.1 (0.6, 2.1)
Cigarette smoking 158 (70.5) 67 (45.9) 225 (60.8) 12.9 0.6 (0.3, 1.0)
Tuberculosisd 56 (25.0) 75 (51.4) 131 (35.4) 15.3 0.9 (0.5, 1.7)
COPDc 27 (12.1) 66 (45.2) 93 (25.1) 17.2 1.1 (0.6, 2.2)
Injection drug use 52 (23.2) 4 (2.7) 56 (15.1) 15.8 1.0 (0.4, 2.3)
Non-cutaneous cancerc 14 (6.3) 31 (21.2) 45 (12.2) 24.4 1.9 (0.8, 4.2)
Congestive heart failurec 6 (2.7) 36 (24.7) 42 (11.4) 14.3 0.9 (0.3, 2.2)
Asthma 14 (6.3) 13 (8.9) 27 (7.3) 18.5 1.2 (0.3, 3.5)
Corticosteroid usec,e 11 (4.9) 13 (8.9) 24 (6.5) 16.7 1.1 (0.3, 3.3)
Diabetes mellitusc 4 (1.8) 14 (9.6) 18 (4.9) 16.7 1.1 (0.2, 3.9)
Bronchiectasisc 10 (4.5) 8 (5.5) 18 (4.9) 11.1 0.9 (0.1, 3.8)
Chronic renal insufficiencyc 6 (2.7) 7 (4.8) 13 (3.5) 23.1 1.6 (0.3, 6.5)

a Case fatality ratio is number of deaths/number of cases. The case fatality ratio and risk ratio for death reflect the total cases, and do not relate to the columns
labeled age <55 year and age ≥55 years.

b The risk ratio for death is the ratio of the case fatality ratio for cases with the given risk factor, compared with the case fatality ratio for all cases without
that given risk factor.
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cases, vaccine effectiveness was documented for serotypes
c ACIP recommends immunization for adults of all ages with these condi
d Active, treated, or latent.
e During the year prior to illness onset.

.3. Vaccine effectiveness

For estimating PPV-23 effectiveness, we excluded 52
ersons for whom a viable isolate for serotyping was not
vailable and 18 persons who received only 14-valent pneu-
ococcal vaccine. Of the remaining 300 patients (median age

5 years), 97 (32.3%) had received at least one dose of PPV-
3. The median interval from most recent dose of PPV-23
ntil onset of invasive pneumococcal disease was 2.6 years
range: 46 days to 10.1 years); 80% were vaccinated <5 years

efore illness onset. Vaccine serotypes or related serotypes
nfected 87.6% of vaccinated and 96.6% of unvaccinated per-
ons. Thus, overall effectiveness of PPV-23 for preventing
nvasive disease caused by serotypes included in the vaccine

able 2
haracteristics of Alaska Native adults living in urban (n = 166) and rural

n = 204) Alaska at time of illness onset, 1986–2000.

haracteristic Urban, No.
(%)

Rural, No.
(%)

OR (95% CI)a

emale sex 93 (56.0) 73 (35.8) 2.3 (1.5, 3.6)
igarette smoking 113 (68.1) 112 (54.9) 1.8 (1.2, 2.8)
eavy alcohol use 120 (72.3) 123 (60.3) 1.7 (1.1, 2.7)

njection drug use 31 (18.7) 25 (12.3) 1.6 (0.9, 3.0)
omelessness 19 (11.4) 5 (2.5) 5.2 (1.8, 18.0)
CIP indication 155 (93.4) 166 (81.4) 3.2 (1.5, 7.0)

nfluenza vaccination 32 (19.3) 35 (17.2) 1.2 (0.7, 2.0)
ge <55 years 108 (65.1) 116 (56.9) 1.4 (0.9, 2.2)
a Odd ratio (95% confidence interval), for urban residents compared with

ural residents.

1
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nd related serotypes was 75% (95% CI: 27%, 91%). Esti-
ates of vaccine effectiveness were essentially unchanged

f eight cases with vaccine-related serotypes (four cases with
A and one each with 9A, 15A, 18F, and 23A) were excluded
rom the calculation (75% [95% CI: 28%, 92%]); vaccine-
elated serotypes are included with vaccine-type serotypes in
ubsequent calculations. Vaccine effectiveness for the 287
pisodes of first-time invasive pneumococcal disease was
8% (95% CI: 32%, 93%). Of serotypes recovered in >10
, 4, 7F, 8, and 12F (Table 3).
Vaccine effectiveness during the first 5 years after immu-

ization was 77% (95% CI: 38%, 92%; p = 0.002), but did not

able 3
erotype-specific 23-valent pneumococcal polysaccharide effectiveness
stimates based on distribution of serotypes recovered from Alaska Natives
ith invasive pneumococcal disease, 1986–2000

Serotype No. of persons Vaccine effectiveness,
% (95% confidence
interval)

p-Value

Vaccinated Not
vaccinated

1 6 22 84 (31, 97) p = 0.010
3 10 12 51 (<0, 89) p = 0.413
4 12 27 74 (6, 93) p = 0.039

7F 5 25 88 (47, 98) p = 0.003
8 2 14 92 (43, 99) p = 0.007

9V 9 10 48 (<0, 88) p = 0.514
12F 8 32 85 (43, 96) p = 0.003

14 4 10 77 (<0, 96) p = 0.107
20 4 8 71 (<0, 95) p = 0.211
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Table 4
Vaccine effectiveness estimates by age and underlying conditions, Alaska Native adults, 1986–2000

Characteristics Vaccine-type isolates,a No. (%) Nonvaccine-type isolates, No. Vaccine effectiveness,
% (95% confidence interval)

p-Value

Age 20–39 years
Vaccinated 12 (75.0) 4 100 (78, 100) p < 0.001
Unvaccinated 95 (100) 0

Age 40–54 years
Vaccinated 24 (82.8) 5 73 (<0, 96) p = 0.113
Unvaccinated 54 (94.7) 3

Age ≥55 years
Vaccinated 49 (94.2) 3 <0 (<0, 78) p = 0.716
Unvaccinated 47 (92.1) 4

Heavy alcohol use
Vaccinated 49 (84.5) 9 80 (30, 95) p = 0.005
Unvaccinated 138 (96.5) 5

Cigarette smoking
Vaccinated 46 (86.8) 7 80 (17, 96) p = 0.012
Unvaccinated 132 (95.1) 4

Tuberculosisb

Vaccinated 34 (87.2) 5 64 (<0, 95) p = 0.258
Unvaccinated 57 (95.0) 3

Chronic lung diseasec

Vaccinated 36 (92.3) 3 74 (<0, 100) p = 0.321
Unvaccinated 47 (97.9) 1

Age <55 years and ACIP indication
Vaccinated 35 (83.3) 7 88 (45, 98) p = 0.002
Unvaccinated 125 (97.7) 3

, and 23
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a Includes vaccine-related serotypes (6A [four isolates] and 9A, 15A, 18F
b Active, treated, or latent.
c Chronic obstructive pulmonary disease, bronchiectasis, or pulmonary fi

ppear to persist after 5 years (effectiveness point estimate
6% [95% CI < 0, 92%] p = 0.517). Estimated effectiveness
as similar for first doses of PPV-23 (75% [95% CI: 19%,
2%] p = 0.011) and for revaccination (74% [95% CI < 0,
4%] p = 0.051).

The median age of persons included in the vaccine effec-
iveness analysis was 45 years. Vaccine effectiveness declined
ith increasing age (Table 4). Vaccine effectiveness was doc-
mented for persons with heavy alcohol use and cigarette
moking. Vaccine effectiveness remains statistically signif-
cant for both heavy alcohol users and smokers among the
ounger age group alone, or if age is adjusted across both
roups. Point estimates of vaccine effectiveness were >60%
or persons with chronic lung diseases or with latent, active,
r treated tuberculosis, but confidence intervals included zero
or both groups.

. Discussion

.1. Factors contributing to high rates of IPD
The age-adjusted rate of IPD among Alaska Native adults
as more than two-fold higher than the rate among non-
ative Alaskan adults and a sample US adult population

s
O
b
t

A [one isolate each]).

ot asthma).

2,3]. The age-specific rate among urban Alaska Native adults
0–64 years (122.6/100,000/year) was five-fold higher than
he rate in similarly aged US adults (23.5) identified through
ctive surveillance. Rates of IPD among Alaska Native adults
iving in urban areas were nearly twice that of those living
n rural Alaska. The increased risk of disease among urban
esidents may be accounted for, at least in part, by factors
hat have been previously associated with higher risk of IPD.

hile it is possible that some of these factors, such as under-
ying illness, homelessness, and intravenous drug use may be

ore common in residents of urban areas of Alaska, the rel-
tive prevalence of these conditions in urban and rural adults
s not known. The higher rate of disease among urban com-
ared with rural Alaska Native adults contrasts sharply with
he rate for children. Annual IPD rates among Alaska Native
hildren aged <2 years during 1991–1997, prior to availabil-
ty of conjugate vaccine, were twice as high in rural areas
659/100,000) compared with urban areas (325/100,000) [8].
n adults, IPD risk may be more influenced by health factors
nd personal habits than by environmental conditions such
s household crowding or lack of running water. The sea-

onal increase in disease rates occurring in September and
ctober coincides with the start of the school year and may
e result from newly acquired colonization of S. pneumoniae
ransmitted from household school children [17].
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.2. Vaccine effectiveness

The overall effectiveness of PPV-23 for prevention of
PD among Alaska Native adults in our study of 75% (95%
I: 27, 91%) was considerable higher than the estimates
mong Navajo adults determined by case–control (26%, 95%
I: −29%, 58%) and indirect cohort analyses (35%, 95%
I: −33%, 69%) [15]. Possible explanations for the dif-

erence include younger median age among Alaska Native
atients (45 years) compared with those in the Navajo study
59 years), differences in underlying conditions (cigarette
moking was more common and diabetes was less com-
on among Alaska Native adults) and other undetermined

nvironmental or biological differences. Effectiveness esti-
ates among the Navajo varied by underlying conditions.
he lack of documented effectiveness for older Alaska Native
dults is consistent with the effectiveness findings among the
avajo and contrasts with findings from case control and

ndirect cohort studies among non-Native adults demonstrat-
ng effectiveness of PPV-23 for prevention of IPD among
he immunocompetent elderly [9,10,12–14]. Diminishing
mmune responsiveness to polysaccharide antigens and lower
PV-23 effectiveness has been associated with advancing age
nd may contribute to the increased risk of IPD among the
lderly [9]. The age-related increase in IPD among Alaska
ative adults occurs at a younger age compared with people
f other ethnicities living in Alaska, suggesting that exposure
ncreases with age in a way disproportionate compared with
on-Native elderly, or that decreased immune responses may
ccur at younger age in Alaska Native adults. Alternatively,
ur inability to demonstrate vaccine effectiveness in older
dults may be an artifact of the small number of nonvaccine-
ype infections in the subgroup analysis. However, the high
isk of disease in Alaska Native elders justifies use of PPV-
3 even though benefit may be modest and not possible to
ocument in this study.

Recommendations for PPV-23 use in Alaska are expanded
rom national recommendations of the ACIP in that the age
f universal immunization is 55 years and revaccination is
ecommended every 6 years [18,19] Anti-pneumococcal anti-
odies decline 3–5 years after vaccination [20,22]. In this
nalysis, point estimates of vaccine effectiveness were almost
dentical for first doses of PPV-23 and revaccination, although
he confidence interval included 0%. Repeated immuniza-
ion with polysaccharide antigens has been associated with
ecreased antibody responses [22–25]; however, a single
evaccination six or more years after a first dose of PPV-
3 stimulated comparable mean antibody levels in high-risk
nd elderly Alaskans [19].

Our analysis suggests that PPV-23 is effective for prevent-
ng IPD among Alaska Native adults aged <55 years with
nderlying conditions, and previous analyses in non-Native

opulations demonstrate that vaccination of older adults [31]
nd younger adults with underlying conditions [32] are cost
ffective. Because 86.2% of IPD in Alaska Native adults <55
ears occurred in persons with identifiable underlying condi-
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ions, identifying and vaccinating these patients should have
riority. Use of electronic reminder systems and standing
rders programs [33] which identify patients based on high
isk conditions or ICD-9 coded visits can improve immuniza-
ion rates in these groups. However, vaccination alone will
ot reduce the disease disparity in persons with behavioral
isk factors. Cigarette smoking is associated with higher rates
f IPD in adults [34]. Alaska Native adults have high rates of
igarette smoking and Alaska Native youth are three to four
imes more likely to smoke cigarettes than non-Native Alaska
outh [35]. Alcoholism is also associated with increased risk
f IPD in adults [4,11,36]. The proportion of hospitaliza-
ions that are related to alcohol among American Indians and
laska Natives is 2.5-fold higher than that for the general
S population [37] and the rate of mortality from alcoholism
as nearly six times that in the general US population [38].

n our case series and previous studies [4], conditions related
o alcohol dependence were the most frequent underlying
onditions in Alaska Native adults with IPD. For patients
ith alcoholism, much medical care is obtained in hospi-

al emergency departments, and pneumococcal vaccination
f adults in emergency care settings may provide an impor-
ant opportunity to improve vaccine coverage among at-risk
dults [39,40]. In addition to vaccination, risk reduction and
reatment of the underlying conditions are critical to reducing
he burden of IPD in this population.

Introduction of the heptavalent pneumococcal conjugate
accine into the routine US childhood vaccination schedule
n 2000 has resulted in decreases of vaccine-type IPD among
hildren as well as among adults (the so-called indirect effect)
41], presumably by preventing transmission to susceptible
dults through reduction in colonization among vaccinated
hildren [17]. In Alaska, after PCV7 vaccine was introduced
n 2001 the overall IPD rate declined among non-Native per-
ons aged 45 years and older, but not Alaska Native adults
n this age group; however, there was a 40% decline in inva-
ive disease due to PCV7 serotypes in all Alaskans aged ≥18
ears [42].

Our analysis has several limitations. Data on under-
ying conditions was collected by retrospective medical
ecord review only. We were unable to systematically col-
ect history of vaccinations administered at non-tribal health
acilities; however, non-systematic errors (not related to
erotype distribution) would lead to underestimates of vac-
ine effectiveness. Lastly, the numbers of cases were small
or estimating vaccine effectiveness in subgroups.

. Conclusions

Alaska Native adults experience high rates of IPD. The
ajority of these infections occurred in persons with under-
ying conditions and behaviors associated with increased
isk of IPD in other populations. Vaccination with PPV-23 is
ffective for preventing IPD in younger Alaska Native adults
nd those with certain underlying conditions. The PPV-23



2 accine

v
c
p
a
r
a

A

s
A

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

294 R.J. Singleton et al. / V

accine is not perfect and future vaccines based on antigens
ommon to all pneumococci may prove more effective in
reventing IPD in adults [43]. Vaccine delivery should target
dults with known underlying conditions; however, risk
eduction and treatment of underlying conditions should
lso receive priority.
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