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Background: Certain Native American populations have
high rates of invasive pneumococcal disease (IPD). We
aimed to determine the disease spectrum and risk fac-
tors of White Mountain Apache adults (age, �18 years)
with IPD and the use and effectiveness of pneumococ-
cal polysaccharide vaccine (PPV) in this population.

Methods: We conducted active surveillance for IPD be-
tween 1991 and 2005. Medical records were reviewed,
and isolates were serotyped. Vaccine use was assessed in
2004-2005 among White Mountain Apache adults with
an indication for pneumococcal vaccination. The effec-
tiveness of PPV was determined through an indirect co-
hort method.

Results: Among the 115 IPD cases (in 109 persons), the
mean age was 43 years; 62% were male; 91% had risk fac-
tors, and alcoholism predominated (73%). Alcoholic pa-
tients were younger (mean age, 40.1 years; P� .001) and
more often male (70%; P=.001) compared with nonal-
coholic patients. The case fatality rate was 15%; all deaths
occurred among those with risk factors. Only age 65 years

or older was associated with increased risk of death. Of
447 White Mountain Apache persons at high risk, 76%
had received PPV. Vaccination rates were highest among
subjects with pulmonary disease (95%) and diabetes
(89%) and lowest among those aged 50 to 64 years (40%).
Of the 115 IPD cases for which serotypes were avail-
able, 77% were due to serotypes contained in PPV. The
effectiveness of PPV against serotype-specific IPD, as mea-
sured by the indirect cohort analysis of IPD cases, was
68% (95% confidence interval, 3%-90%).

Conclusions: Among White Mountain Apache adults
with IPD, alcoholism is common and contributes to the
younger age and male predominance of cases. Pneumo-
coccal vaccination rates are high, and there is sugges-
tive evidence of the effectiveness of PPV in this popula-
tion. Additional preventive strategies, including risk factor
modification and vaccination of younger high-risk adults,
should be pursued.
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S TREPTOCOCCUS PNEUMONIAE IS

a leading cause of morbidity
and mortality worldwide.1 El-
derly adults and individuals
with certain medical condi-

tions, including diabetes, cardiovascular
or lung disease, chronic liver disease, asple-
nia, alcohol abuse, chronic renal disease,
and immunosuppression, are at high risk
of serious pneumococcal infections.2,3

Certain racial and ethnic groups are also
at increased risk for pneumococcal dis-
ease, such as African Americans4 and some
Native American populations.5-8 Rates of
invasive pneumococcal disease (IPD) are
up to 5 times higher among Navajo and
Alaska Natives5-7 compared with the gen-
eral US population. The IPD rate among
White Mountain Apache (WMA) per-
sons during the 1980s was among the high-
est reported—13 to 25 times the rate re-

ported in other contemporary, nonnative
US populations.8 The reasons for this in-
creased risk are unclear; possibilities in-
clude higher rates of predisposing condi-
t ions, underuse of pneumococcal
polysaccharide vaccine (PPV), environ-
mental factors such as cigarette smoking
and multigenerational households, or im-
mune factors, as has been seen with Hae-
mophilus influenzae.9

The elevated IPD rates underscore the
need to identify factors placing certain Na-
tive Americans at a higher risk of pneu-
mococcal disease than the general popu-
lation so that appropriate preventive
measures can be implemented. We aimed
to study the epidemiology of IPD among
WMA adults, to determine the vaccine cov-
erage of the at-risk adult population, and
to assess its effectiveness using the indi-
rect cohort method.
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METHODS

The WMA reservation comprises 1.6 million acres in eastern
Arizona; there are 15 000 tribal members. Health care for tribal
members is provided by the Indian Health Service (IHS) at the
Whiteriver Hospital, Whiteriver, Arizona, and the Phoenix In-
dian Medical Center, Phoenix, Arizona.

We conducted active surveillance for IPD on the WMA res-
ervation between 1991 and 2005. Whiteriver IHS laboratory
records were reviewed daily, and regional laboratories were con-
tacted weekly for case identification. Invasive pneumococcal
disease was defined as the isolation of Streptococcus pneumo-
niae from a normally sterile site. Cases were included if they
occurred among Native Americans 18 years or older, who re-
sided on or near the WMA reservation; tribal status was self-
reported at the time of the IHS health visit. Pneumococcal iso-
lates were serotyped by the Arctic Investigations Program
(Centers for Disease Control and Prevention, Anchorage, Alaska)
using the Quellung reaction with antisera from the Statens Se-
rum Institute, Copenhagen, Denmark. Incidence rate informa-
tion will be reported separately (unpublished data, 2008).

We reviewed the medical records of cases for demographic
and clinical information; medical history was reviewed to iden-
tify preexisting medical conditions and vaccination history.
When the record indicated that a case patient had received care
at another facility, medical records from that facility were also
reviewed whenever possible.

For IPD cases, heart disease was defined as a diagnosis of
congestive heart failure, coronary artery disease with a history
of myocardial infarction or angina, cardiomyopathy, or pul-
monary hypertension. Arrythmias and valvular heart disease
were not included unless heart failure was also present. Chronic
lung disease was defined as chronic obstructive pulmonary
disease, interstitial or restrictive lung disease, a history of pneu-
monectomy, pulmonary fibrosis, or pneumoconiosis. Immuno-
deficiency included those caused by human immunodeficiency
virus (HIV) infection as well as chronic use of immunosuppres-
sive therapy. Alcoholism was defined as a previous clinical di-
agnosis of alcoholism, a history of complications related to al-
cohol use, or 1 or more medical visits related to alcohol use.

An individual was considered to have an indication for PPV
if he or she was 65 years or older or had an underlying disease
as defined by the Advisory Committee on Immunization Prac-
tices.2 Clinical syndromes (eg, pneumonia and sepsis) were de-
fined by clinicians providing care for the subjects. Medical vis-
its (outpatient, inpatient, emergency, and visiting health nurse)
were documented through IHS records.

To assess PPV coverage among WMA adults, IHS coding rec-
ords were used to identify individuals who, in 2004, had heart
disease, chronic lung disease, alcoholism, immunosuppres-
sion, or malignancy or who were 50 years or older; persons with
diabetes were identified through the WMA Diabetes Registry.
For each of these conditions, a random subset of at least 30 per-
sons per indication, stratified by age, was generated. People were
included in the analysis if they were Native American and the
vaccine indication was confirmed through medical record re-
view. Vaccination history was abstracted between April 2004
and June 2005. When the record indicated that a subject had
received care at another facility, medical records from that fa-
cility were also reviewed whenever possible.

When serotyping information was available, an episode was
classified as a 7-valent pneumococcal conjugate vaccine (PCV7)
serotype (4, 6B, 9V, 14, 18C, 19F, and 23F) or non-PCV7 se-
rotype and as a PPV serotype (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V,
10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, and
33F) or non-PPV serotype. For individuals vaccinated before
1984, their isolate was classified as PPV-type if it was con-

tained in the 14-valent vaccine (1, 2, 3, 4, 6A, 7F, 8, 9N, 12F,
14, 18C, 19F, 23F, and 25). For those cases in which 2 sepa-
rate serotypes grew, an episode was considered “vaccine-
type” if either serotype was contained in the vaccine. For the
indirect cohort analysis,10-12 among those vaccinated and non-
vaccinated before their illness, we estimated the proportion of
IPD cases that were PPV-type. An odds ratio (OR) for vacci-
nation was calculated, and vaccine effectiveness was defined
as the following:

(1−ORPPV vaccination)�100%.

The �2 or Fisher exact tests were used for comparisons of
categorical variables. Comparisons between continuous vari-
ables were made with unpaired t tests. Odds ratios were per-
formed using univariate logistic regression. All statistical analy-
ses were performed using Stata statistical software (version 8.1;
StataCorp, College Station, Texas). A 2-sided P value of �.05
was considered statistically significant.

This protocol was approved by the institutional review boards
of the Johns Hopkins Bloomberg School of Public Health, the
Phoenix Area IHS, and the WMA Tribe.

RESULTS

IPD EPIDEMIOLOGY

There were 120 episodes of IPD occurring among 114
adults; 5 medical records were unavailable for review and
were not included in the analysis. Three episodes oc-
curred among Navajo persons and 2 episodes among San
Carlos Apache persons living on the WMA reservation;
the remainder occurred among WMA tribal members
(Table 1). The mean age at the time of illness was 43
years (range, 18-79 years). Sixteen episodes (14%) oc-
curred among those 65 years or older; 84 episodes (73%)
occurred in individuals younger than 50 years.

There was an underlying risk factor in 91% of per-
sons with IPD (Table 1). Alcoholism, occurring in 73%,
predominated and was the only risk factor for 41 per-
sons (38%). The mean age of alcoholic patients with IPD
was 40.1 years, compared with 52.6 years for those with-
out alcoholism (P� .001). Alcoholic persons were more
likely to be male (70%) than nonalcoholic persons (34%)
(P=.001).

Streptococcus pneumoniae was isolated from blood in
all but 1 case, in which it was isolated from peritoneal
fluid. The most common clinical syndrome of those with
IPD was pneumonia (84%) (Table 1). The diagnosis of
primary or concomitant sepsis was seen in more than a
quarter of persons with IPD. Among the patients with
IPD, 96% were hospitalized, 37% required intensive care,
and 20% required intubation.

The case fatality rate for adults with IPD was 15%. All
deaths occurred among those with a prior vaccine indi-
cation; no deaths occurred among persons with diabe-
tes, heart disease, or renal failure (Table 2). Among
those with a vaccine indication, in univariate analysis,
prior vaccination did not prevent death (OR, 0.89; 95%
CI, 0.24-2.93). In univariate analysis, persons 65 years or
older and alcoholic persons had the highest risk of death;
small sample size limited our ability to perform adjusted
analyses.
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SEROTYPE DISTRIBUTION

Pneumococcal serotyping was available for 92 of the 115
IPD episodes (80%); for 6 episodes, 2 different sero-
types were identified for a total of 98 serotypes (Table3).
Overall, 77% of the known serotypes were PPV sero-
types. The proportion of invasive episodes that were 23-
valent serotype declined by age range (Table 4); those
65 years or older were less likely to have an infection with
a 23-valent serotype than those aged 18 to 49 years (OR,
0.36; 95% CI, 0.08-1.66. There were no significant pre-
dictors of having a 23-valent serotype in multiple logis-

tic regression modeling (covariates included age, diabe-
tes, cirrhosis, and prior vaccination).

During 1997 to 2000, a randomized controlled trial
of PCV7 was conducted among children 2 years or
younger on the WMA reservation.13 In 2000, PCV7 was
licensed and introduced in the infant immunization pro-
gram. There were no differences in the proportion of IPD
episodes among adults that were caused by a PCV7 se-
rotype or serogroup during the pretrial, trial, and rou-
tine use time periods (Table 4). The proportion of IPD
episodes that were PCV7-type declined by age, though
these differences were not significant. Only 1 episode (8%)
was caused by a PCV7 serotype among those 65 years or
older; 15% and 24% of episodes were PCV7 serotype
among those aged 50 to 64 years and those younger than
50 years, respectively.

VACCINATION HISTORY AMONG CASES

Of adults with IPD, 91% had a prior indication for pneu-
mococcal vaccination; however, only 35% of these had
received PPV before their IPD episode. Those with chronic
renal failure (90%), diabetes (75%), and heart disease
(70%) were most likely to be vaccinated; alcoholic per-
sons had the lowest vaccination rate (28%). Among those
cases with a vaccine indication, vaccination rates im-
proved over the study period; 59% of those who had IPD
between 2001 and 2005 had been vaccinated, compared
with 18% of those who were ill during 1991 through 1995
(OR, 0.15; 95% CI, 0.04-0.47) and 33% for those ill dur-
ing 1996 through 2000 (OR, 0.35; 95% CI, 0.11-1.04).

We evaluated missed opportunities for vaccination
among the patients with IPD who had not received PPV

Table 1. Demographic and Clinical Features and Underlying
Medical Conditions of White Mountain Apache Adults With
Invasive Pneumococcal Disease

Variable No. (%)

Sexa

Male 71 (61.7)
Female 44 (38.3)

Age, ya

18-49 84 (73.0)
50-64 15 (13.0)
�65 16 (13.9)

Ethnicitya

White Mountain Apache 110 (95.7)
Navajo 3 (2.6)
San Carlos Apache 2 (1.7)

Clinical syndromeb

Pneumonia 95 (84.1)
Sepsis 31 (27.4)
Bacteremia without focus 4 (3.5)
Peritonitis 4 (3.5)
Septic arthritis 3 (2.7)
Meningitis 2 (1.8)
Cellulitis 2 (1.8)
Malignant otitis externa 1 (0.9)

Severity measuresc

ICU admission rate 36 (36.7)
Intubation rate 20 (20.4)
Death 17 (15.3)

Underlying medical risk factorsd

Alcoholism 80 (73.4)
Cirrhosis 27 (24.8)
Diabetes 20 (18.3)
Current smoker 13 (11.9)
Asthma 12 (11.0)
Heart disease 10 (9.2)
Renal failure 10 (9.2)
Nephrotic syndrome 4 (3.7)
Immunosuppression 4 (3.7)
HIV/AIDS 3 (2.8)
Cancer 2 (1.8)
Chronic lung disease 2 (1.8)
Pregnant 2 (1.8)
Any vaccine indication 99 (90.8)
�1 Vaccine indication 49 (45.0)

Abbreviations: HIV, human immunodeficiency virus; ICU, intensive care
unit.

aBased on all episodes (n = 115).
b Information was available for 113 episodes; persons may have been

diagnosed as having more than 1 clinical syndrome.
cSeverity measures were not known for all cases; ICU and intubation rates

were known for 98 episodes, mortality outcomes known for 111 episodes.
dBased on first episodes only (n = 109).

Table 2. Medical Risk Factors and Risk of Death From
Invasive Pneumococcal Disease

Variable

Case
Fatality
Rate, %

Unadjusted OR
(95% CI) for Deatha

Sex
Male 17.4 1.43 (0.41-5.66)
Female 11.9 1 [Reference]

Age �65 y 33.3 3.50 (0.79-13.63)
Alcohol 17.6 2.57 (0.53-24.64)
Cirrhosis 20.7 1.68 (0.46-5.63)
Asthma 9.1 0.53 (0.01-4.20)
Current smoker 7.1 0.39 (0.01-3.99)
Diabetes 0 0.22 (0.01-1.58)
Chronic renal failure 0 0.49 (0.01-3.93)
Heart disease 0 0.44 (0.01-3.47)
Any vaccine indication 16.8 2.02 (0.25-92.91)
�1 Vaccine indication 19.6 1.84 (0.57-6.21)
Prior vaccinationb 15.8 0.89 (0.24-2.93)
No prior vaccinationb 17.5 1 [Reference]

Abbreviations: CI, confidence interval; OR, odds ratio,
aCalculated using the 2-sided Fisher exact test. For those analyses in

which cells had zero values, 1 was substituted for zero for analysis. The
reference category for each univariate analysis was those individuals without
the condition (eg, for “Alcohol,” the reference category was nonalcoholic
persons).

bAmong those with an Advisory Committee on Immunization Practices
vaccine indication only.
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before becoming ill; 88% had had at least 1 medical visit
within the 5 years prior to their disease episode, 81% had
at least 5 medical visits, 58% had at least 10 medical vis-
its, and 36% had at least 20 medical visits.

PPV COVERAGE

We assessed the vaccine coverage among 447 WMA per-
sons with recognized risk factors for IPD regardless of
whether they had an episode. Of these, 76% had been vac-
cinated by 2004-2005. Of those who had been vacci-
nated, 57% were vaccinated within a year of their indi-
cation and 23% had received more than 1 PPV dose
(Table 5). The highest vaccination rates were seen in
those with chronic lung disease, those 65 years or older
(independent of other risk factors), and those with dia-
betes. Immunosuppressed persons and individuals aged
50 to 64 years (irrespective of other risk factors) were
least likely to be vaccinated. Subjects aged 50 to 64 years
were substantially less likely to be vaccinated than those
65 years or older (OR, 0.06; 95% CI, 0.01-0.22).

Considering only those persons with a medical risk
factor, older persons were more likely to be vaccinated
than younger persons; 95% of adults 65 years or older
with a medical risk factor were vaccinated compared with
80% of those aged 50 to 64 years (OR, 0.20; 95% CI, 0.06-
0.59) and 72% of those younger than 50 years (OR, 0.13;
95% CI, 0.04-0.34). For each medical risk factor, older
persons were more likely to be vaccinated than younger

persons, although this was only significant for patients
with heart disease.

Among those who were not vaccinated within 12 months
of their indication, missed opportunities were cataloged for
up to 5 years from the date of their indication (up to 20
visits). There were a mean of 15.1 missed opportunities for
vaccination. Of these, 79% were outpatient visits, 0.1% were
inpatient visits, 14% were emergency department visits, and
6% were health nurse visits.

PPV EFFECTIVENESS

Using the indirect cohort method (Table 6), we deter-
mined that PPV was 68% effective (95% CI, 3% to 90%;
P=.02) in preventing vaccine-type disease. When con-
sidering only those vaccinated within 5 years prior to their
IPD episode, the vaccine was 64% effective (95% CI, −25%
to 89%). When vaccination status was defined as occur-
ring within the past 10 years, the vaccine was 73% ef-
fective in preventing vaccine-type invasive disease (95%
CI, 15% to 91%). While pneumococcal vaccination was
96% effective among nonalcoholic persons (95% CI, 47%
to 100%), we could not demonstrate effectiveness among
alcoholic persons (effectiveness, 25%; 95% CI, −241% to
82%).

COMMENT

Invasive pneumococcal disease remains a significant bur-
den among WMA persons and is occurring at a young
age; 73% of cases occurred among individuals younger
than 50 years. In a US multicenter surveillance pro-
gram, only 32% to 33% of adult cases occurred among
persons younger than 50 years.4,14 Demographics may con-
tribute to the discrepancy; in the 2000 US Census, the
median age among WMA persons was 21.3 years, com-
pared with 35.3 years in the general US population.15,16

Only 7% of WMA persons were 65 years or older during
the study period; in 2000, 12.4% of US persons were 65
years or older.15

Predisposing conditions were common among WMA
adults with IPD; overall, 91% of adult cases had a pre-
disposing condition, compared with 59% to 64% of adult
IPD cases in the United States.3,4 Certain risk factors are
more common among Native Americans. Native Ameri-
can adults experience high rates of diabetes17-19; in 2005,
15% were estimated to have diabetes (both diagnosed and
undiagnosed), giving an age-adjusted prevalence that was
2.2 times higher than non-Hispanic whites.18 Among
WMA adults in 2004, the prevalence of diagnosed dia-
betes was 15%, suggesting that the overall relative risk
of diabetes (including undiagnosed) may be even higher
among WMA.

Alcohol use was a factor in 73% of WMA adults with
IPD and contributes to the skewed age distribution, as
alcoholic patients were on average 13 years younger than
nonalcoholic patients. Heavy alcohol use is associated with
a 7- to 11-fold increased risk of IPD.3,20 Rates of alcohol-
ism and alcohol-related complications vary substan-
tially between Native American tribes21; the rate of alco-
holism among WMA is unknown. However, for the

Table 3. Serotype Distribution of Invasive Pneumococcal
Disease Isolates Among White Mountain Apache Adults

Serotype No. (%)a

12F 14 (14.3)
7F 13 (13.3)
1 8 (8.2)
4 8 (8.2)
14 7 (7.1)
3 6 (6.1)
31 6 (6.1)
16F 5 (5.1)
19A 4 (4.1)
8 3 (3.1)
6A 2 (2.0)
10A 2 (2.0)
17F 2 (2.0)
18C 2 (2.0)
6 1 (1.0)
9V 1 (1.0)
11A 1 (1.0)
13 1 (1.0)
15C 1 (1.0)
16 1 (1.0)
19F 1 (1.0)
21 1 (1.0)
23B 1 (1.0)
37 1 (1.0)
38 1 (1.0)
Nontypeable 5 (5.1)

aSerotyping information was available for 92 invasive pneumococcal
disease episodes. For 6 episodes, 2 different serotypes were obtained for a
total of 98 serotypes.
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finding of a 74% alcoholism rate among cases not to be
a significant risk factor for IPD, 64% of the adult WMA
population would have to be alcoholic, which seems im-
plausible.

The majority of IPD cases were caused by 1 of the 23
PPV serotypes, similar to proportions among the Na-
vajo (80%)5 and the general US population (86%-
88%).4 Only 22% of cases, however, were caused by a
PCV7 serotype; there were no significant trends over time
in the proportion of adult cases caused by PCV7 sero-
types despite its introduction during the study interval.
Before the licensing of PCV7 in the United States, el-
derly adults had a higher proportion of IPD caused by
these serotypes than younger adults.22,23 In contrast, among
WMA persons, the elderly had the lowest likelihood of
having PCV7-serotype disease, although this was not sta-
tistically significant. The low proportion of PCV7 sero-

types among adult WMA IPD cases may explain an ap-
parent lack of indirect benefit from pediatric vaccination;
higher valency vaccines may have a greater impact.

The Healthy People 2010 program aims for PPV vac-
cination rates of 90% for persons 65 years or older and
60% for high-risk persons younger than 65 years. Rates
of PPV vaccination in the United States have been im-
proving but still fall short of the goal.24,25 Among WMA
persons, pneumococcal vaccination coverage is substan-
tially higher than among the general US population. When
those aged between 50 and 64 years without a medical
risk factor are excluded, the WMA have achieved the
Healthy People 2010 goals. This feat has been assisted
by universal access to health care through the IHS, an
extensive visiting nurse program to expand access for
those who live furthest from the Whiteriver IHS Hospi-
tal, a home-based vaccination program for the elderly,

Table 4. Percentage of Invasive Pneumococcal Disease (IPD) Episodes for Which Serotypes Were Included
in the Licensed and Prelicensure Conjugate and Polysaccharide Vaccines

Vaccine
Overall,

%

Age of Subject, y Time of IPD Episode

18-49, %
(n=66)

50-64, %
(n=13)

�65, %
(n=13)

P
Valueg

1991-1995, %
(n=20)

1996-2000, %
(n=28)

2001-2005, %
(n=44)

P
Valueh

PCV7 serotypea 20.6 24.2 15.4 7.7 .36 30.0 14.3 20.4 .42
PCV7 serogroupb 25.0 28.8 15.4 15.4 .41 35.0 21.4 22.7 .50
PCV10 serotypec 43.5 51.5 23.1 23.1 .05 70.0 28.6 40.9 .02
PCV10 serogroupd 47.8 56.1 23.1 30.8 .04 75.0 35.7 43.2 .02
PCV13 serotypee 57.6 63.6 38.5 46.2 .16 85.0 39.3 56.8 .01
PCV13 serogroupf 58.7 65.2 38.5 46.2 .12 85.0 42.9 56.8 .01
PPV23 serotype 77.2 81.8 69.2 61.5 .22 85.0 71.4 77.3 .54

Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine (PCV); PCV10, 10-valent PCV; PCV13, 13-valent PCV; PPV23, 23-valent pneumococcal
polysaccharide vaccine.

aThe PCV7 serotypes include serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F.
b In addition to the PCV7 serotypes, serotypes 6, 6A, and 23B were considered to be vaccine related and were included in the vaccine serogroup analysis.
cThe prelicensure PCV10 includes serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F.
d In addition to the PCV10 serotypes, serotypes 6, 6A, and 23B were considered to be vaccine related and were included in the vaccine serogroup analysis.
eThe prelicensure PCV13 includes serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F.
f In addition to the PCV13 serotypes, serotypes 6 and 23B were considered to be vaccine related and were included in the vaccine serogroup analysis.
gP value generated by �2 analysis of the vaccine serotype across age strata.
hP value generated by �2 analysis of the vaccine serotype across time of surveillance.

Table 5. Rates of Pneumococcal Vaccination for High-Risk White Mountain Apache Adults in 2004-2005

Indication No. of Adults
Proportion

Vaccinated, % Vaccinated Within 12 mo, %d
Mean No. of

Vaccinationsd
Proportion Who

Received �1 Vaccine, %d

Diabetes 131 89.3 50.4 1.15 14.5
Alcoholic 51 74.5 31.6 1.18 18.4
Cardiac, narrow definitiona 69 82.6 87.7 1.49 42.1
Cardiac, broad definitiona 95 81.1 87.0 1.44 39.0
Pulmonary 44 95.5 78.6 1.38 33.3
Immunosuppression 55 63.6 74.3 1.40 31.4
Age, yb

50-64 65 40.0 15.4 1.15 15.4
�65 37 91.9 55.9 1.29 29.4

Totalc 447 76.1 57.4 1.26 23.2

aNarrowly defined, cardiac risk factors include congestive heart failure and pulmonary hypertension. Broadly defined, in addition to congestive heart failure and
pulmonary hypertension, we included diagnoses such as coronary artery disease, angina, atherosclerotic heart disease, and valvular heart disease.

b Individuals within these age categories included those with and without other medical risk factors.
cBecause of records that were analyzed more than once for separate indications, the total is not a sum of the individual indications.
dAmong those within each indication who have been vaccinated.
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and a strong diabetes management program. Efforts to
expand immunization to all persons with medical risk
factors, particularly those at younger ages, should be pur-
sued further.

In postlicensure studies, estimates of PPV vaccine ef-
fectiveness have varied substantially, with reported ef-
fectiveness ranging from −21% to 81% (Figure).10,12,26-35

There remains uncertainty about whether the differ-
ences in effectiveness are due to dissimilarities between
populations or to methodological differences.

We demonstrated the effectiveness of PPV among
WMA adults. However, while the vaccine was effective
for nonalcoholic persons, we were not able to demon-
strate effectiveness for alcoholic persons, who make up
the majority of WMA persons with IPD. Alcoholism has
been associated with altered immunity, characterized by
decreased inflammatory responses, altered cytokine pro-
duction, impaired cell-mediated immunity, and im-
mune dysregulation.36,37 Alcoholic persons have been
shown to have altered immunological response to PPV
in particular.37 While PPV was not effective for Navajo
alcoholic persons (efficacy, −5%; 95% CI, −141% to
54%),12 the vaccine has been found to be effective
among Alaska Native alcoholic persons (efficacy, 80%;
95% CI, 30% to 95%).35

Our study has several limitations. First, a small sample
size limited detailed analysis; however, we believe that

understanding the scope of pneumococcal disease in a
high-risk population was nonetheless warranted. Sec-
ond, in assessing vaccination status, we investigated out-
side records only if the IHS record indicated that care had
been provided elsewhere. This may have led us to un-
derestimate vaccination rates. However, as the IHS pro-
vides health care services without charge to WMA per-
sons, and because the large size of the reservation makes
access to health care off-reservation less feasible, most
tribal members receive their care on the reservation. Fur-
thermore, in our analysis of high-risk WMA persons for
vaccine coverage, we relied on coding information to gen-
erate lists of persons with medical conditions. If these
lists disproportionally captured individuals who have
greater health-seeking behaviors, we may have overrep-
resentated vaccination rates. Finally, as PCV7 was intro-
duced on the reservation in 1997, and as PPV vaccina-
tion rates also improved over the study interval, it is
possible that some of the apparent PPV effectiveness is
due to PCV7 use. However, since there were no sub-
stantive changes over time in the proportion of adult
disease due to PCV7 serotypes, we believed that this was
unlikely.

Pneumococcal disease remains a significant burden
among WMA persons. Pneumococcal polysaccharide vac-
cination is effective in this population, and coverage rates
are some of the highest in the United States. However,
strategies to improve vaccination, particularly among
younger persons with medical risk factors, are still needed.
Additional strategies such as alcoholism prevention and
treatment programs may help reduce disease burden, and
further studies addressing the roles of revaccination of
high-risk persons, use of conjugate vaccines, or com-
mon antigen formulation vaccines should be pursued. On-
going surveillance will help to determine if routine use
of pneumococcal conjugate vaccine among infants has
had an impact on adult disease in this high-risk group.
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Table 6. Indirect Cohort Estimation of 23-Valent
Pneumococcal Polysaccarhide Vaccine (PPV) Effectivenessa

Vaccinated
Prior, No.

Not
Vaccinated
Prior, No. Total, No.

Vaccine-type IPD 21 50 71
Non–vaccine-type IPD 12 9 21
Total 33 59 92

Abbreviation: IPD, invasive pneumococcal disease.
aSerotyping information was available for 92 IPD episodes. Vaccine

effectiveness was calculated as 1−odds ratio for having a vaccine-type IPD
episode according to prior vaccination status.
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Figure. Clinical effectiveness of pneumococcal polysaccharide vaccine in
preventing invasive pneumococcal disease in published studies. Data are
given as percentage (95% confidence interval).

(REPRINTED) ARCH INTERN MED/ VOL 168 (NO. 7), APR 14, 2008 WWW.ARCHINTERNMED.COM
754

©2008 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a University Of New Mexico User  on 08/05/2015



Disclaimer: The opinions expressed in this article are
those of the authors and do not necessarily reflect the
views of the Indian Health Service.
Previous Presentations: This study was reported in ab-
stract form (Bliss SJ, Frizzell FY, Larzalere-Hinton F, et al.
Pneumococcal Polysaccharide Vaccine Coverage and Ef-
fectiveness among White Mountain Apache Adults) at
the second annual NIGMS/NIH/IHS Meeting for NARCH
Researchers; October 30, 2006; Bethesda, Maryland.
Additional Contributions: We would like to acknowl-
edge the nurses and research program assistants at the
Center for American Indian Health at Johns Hopkins Uni-
versity, especially Debra McGinty and Jeanne Hoddi-
nott; Pat Lundgren, Marc Traeger, Scott Hamstra, and
David Yost of the Indian Health Service; Kathleen Nor-
ton and Allison Barlow from the NARCH program; and
the institutional review boards of Johns Hopkins
Bloomberg School of Public Health, the White Moun-
tain Apache Tribal Council, the Phoenix Area IHS Re-
search Committee, and the Indian Health Service.

REFERENCES

1. World Health Organization. Pneumococcal vaccines: WHO position paper. Wkly
Epidemiol Rec. 2003;78(14):110-119.

2. Centers for Disease Control and Prevention. Prevention of pneumococcal dis-
ease: recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 1997;46(RR-8):1-24.

3. Kyaw MH, Rose CE Jr, Fry AM, et al. The influence of chronic illnesses on the
incidence of invasive pneumococcal disease in adults. J Infect Dis. 2005;192
(3):377-386.

4. Robinson KA, Baughman W, Rothrock G, et al. Epidemiology of invasive Strep-
tococcus pneumoniae infections in the United States, 1995-1998: opportunities
for prevention in the conjugate vaccine era. JAMA. 2001;285(13):1729-1735.

5. Watt JP, O’Brien KL, Benin AL, et al. Invasive pneumococcal disease among Na-
vajo adults, 1989-1998. Clin Infect Dis. 2004;38(4):496-501.

6. Davidson M, Schraer CD, Parkinson AJ, et al. Invasive pneumococcal disease in
an Alaska native population, 1980 through 1986. JAMA. 1989;261(5):715-
718.

7. Davidson M, Parkinson AJ, Bulkow LR, Fitzgerald MA, Peters HV, Parks DJ.
The epidemiology of invasive pneumococcal disease in Alaska, 1986-1990—
ethnic differences and opportunities for prevention. J Infect Dis. 1994;170
(2):368-376.

8. Cortese MM, Wolff MM, Almeido-Hill J, Reid R, Ketcham J, Santosham M.
High incidence rates of invasive pneumococcal disease in the White Mountain
Apache population. Arch Intern Med. 1992;152(11):2277-2282.

9. Siber GR, Santosham M, Reid GR, et al. Impaired antibody response to Hae-
mophilus influenzae type b polysaccharide and low IgG2 and IgG4 concentra-
tions in Apache children. N Engl J Med. 1990;323(20):1387-1392.

10. Butler JC, Breiman RF, Campbell JF, Lipman HB, Broome CV, Facklam RR.
Pneumococcal polysaccharide vaccine efficacy: an evaluation of current
recommendations. JAMA. 1993;270(15):1826-1831.

11. Broome CV, Facklam RR, Fraser DW. Pneumococcal disease after pneumococ-
cal vaccination: an alternative method to estimate the efficacy of pneumococcal
vaccine. N Engl J Med. 1980;303(10):549-552.

12. Benin AL, O’Brien KL, Watt JP, et al. Effectiveness of the 23-valent polysaccha-
ride vaccine against invasive pneumococcal disease in Navajo adults. J Infect
Dis. 2003;188(1):81-89.

13. O’Brien KL, Moulton LH, Reid R, et al. Efficacy and safety of seven-valent con-
jugate pneumococcal vaccine in American Indian children: group randomised
trial. Lancet. 2003;362(9381):355-361.

14. Centers for Disease Control and Prevention. Active bacterial core surveillance
report, Emerging Infections Program Network, Streptococcus pneumoniae, 2004.
2005. http://www.cdc.gov/ncidod/dbmd/abcs/survreports/spneu04.pdf. Ac-
cessed November 12, 2006.

15. United States Census Bureau. Census 2000 summary file 1. 2001. http://factfinder
.census.gov. Accessed November 12, 2006.

16. United States Census Bureau. Census 2000 American Indian and Alaskan Native
summary file. 2004. http://factfinder.census.gov. Accessed November 12, 2006.

17. Gohdes D, Kaufman S, Valway S. Diabetes in American Indians: an overview.
Diabetes Care. 1993;16(1):239-243.

18. Centers for Disease Control and Prevention. National diabetes fact sheet. No-
vember 16, 2005. http://www.cdc.gov/diabetes/pubs/estimates05.htm#prev. Ac-
cessed November 12, 2006.

19. Burrows NR, Geiss LS, Engelgau MM, Acton KJ. Prevalence of diabetes among
Native Americans and Alaska Natives, 1990-1997: an increasing burden. Diabe-
tes Care. 2000;23(12):1786-1790.

20. Nuorti JP, Butler JC, Farley MM, et al; Active Bacterial Core Surveillance Team.
Cigarette smoking and invasive pneumococcal disease. N Engl J Med. 2000;
342(10):681-689.

21. Beauvais F. American Indians and alcohol. Alcohol Health Res World. 1998;22(4):
253-259.

22. Feikin DR, Klugman KP, Facklam RR, Zell ER, Schuchat A, Whitney CG. In-
creased prevalence of pediatric pneumococcal serotypes in elderly adults. Clin
Infect Dis. 2005;41(4):481-487.

23. Lexau CA, Lynfield R, Danila R, et al. Changing epidemiology of invasive pneu-
mococcal disease among older adults in the era of pediatric pneumococcal con-
jugate vaccine. JAMA. 2005;294(16):2043-2051.

24. Centers for Disease Control and Prevention. Influenza and pneumococcal vac-
cination coverage among persons aged �65 years–United States, 2004-2005.
MMWR Morb Mortal Wkly Rep. 2006;55(39):1065-1068.

25. Singleton JA, Greby SM, Wooten KG, Walker FJ, Strikas R. Influenza, pneumo-
coccal, and tetanus toxioid vaccination of adults—United States, 1993-7. MMWR
CDC Surveill Summ. 2000;49(9):39-62.

26. Shapiro ED, Clemens JD. A controlled evaluation of the protective efficacy of pneu-
mococcal vaccine for patients at high risk of serious pneumococcal infections.
Ann Intern Med. 1984;101(3):325-330.

27. Forrester HL, Jahnigen DW, LaForce FM. Inefficacy of pneumococcal vaccine in
a high-risk population. Am J Med. 1987;83(3):425-430.

28. Sims RV, Steinmann WC, McConville JH, King LR, Zwick WC, Schwartz JS.
The clinical effectiveness of pneumococcal vaccine in the elderly. Ann Intern Med.
1988;108(5):653-657.

29. Shapiro ED, Berg AT, Austrian R, et al. The protective efficacy of polyvalent pneu-
mococcal polysaccharide vaccine. N Engl J Med. 1991;325(21):1453-1460.

30. Farr BM, Johnston BL, Cobb DK, et al. Preventing pneumococcal bacteremia in
patients at risk. Results of a matched case-control study. Arch Intern Med. 1995;
155(21):2336-2340.

31. Jackson LA, Neuzil KM, Yu O, et al. Effectiveness of pneumococcal polysaccha-
ride vaccine in older adults. N Engl J Med. 2003;348(18):1747-1755.

32. Musher DM, Rueda-Jaimes AM, Graviss EA, Rodriguez-Barradas MC. Effect of
pneumococcal vaccination: a comparison of vaccination rates in patients with
bacteremic and nonbacteremic pneumococcal pneumonia. Clin Infect Dis. 2006;
43(8):1004-1008.
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