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Mortality Reductions for Older Adults
Differ by Race/Ethnicity and Gender
Since the Introduction of Adult and
Pediatric Pneumococcal Vaccines
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SYNOPSIS
Objective. We determined the effectiveness of a 23-valent-polysaccharide
pneumococcal vaccine (PPV-23) and pneumococcal conjugate vaccine (PCV-7)
in reducing adult pneumococcal mortality by comparing historically predicted
declines in pneumococcal disease mortality with observed patterns since the
introduction of PPV-23 and PCV-7, including analyses of age, gender, and
racial/ethnic subgroups.
Methods. We analyzed all deaths registered on U.S. death certificates reporting any site of pneumococcal infection (e.g., meningitis, sepsis, pneumonia,
bacteremia, and peritonitis) from 1968 to 2006. We used time-series dynamic
linear regression on annual pneumococcal mortality rates to determine the percentage reduction in post-1983 mortality rates for a given increase in PPV-23
vaccination rates and post-2000 mortality rates for a given increase in PCV-7
vaccination rates.
Results. Pneumococcal mortality decreased well before the introduction of
PPV-23 in 1983 and again before the introduction of PCV-7 in 2000. The level
of PPV-23 vaccination was associated with a direct and significant reduction in
adult mortality, especially white female adults 65 years of age. In contrast,
the level of PCV-7 vaccination in the population was not associated with an
indirect and significant reduction in pneumococcal mortality beyond the historical pace of decline.
Conclusions. PPV-23 introduction was associated with a reduction in pneumococcal mortality among older adults 65 years of age beyond levels predicted
by secular trends, whereas PCV-7 introduction was not. Mortality reduction
was not uniformly experienced across the population, revealing the need for
additional strategies to reduce pneumococcal mortality in older adults.
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The ultimate goal of any vaccination program is the
reduction of disease-attributable morbidity and mortality through reduction in disease incidence. Historically,
Streptococcus pneumoniae (S. pneumoniae) has been one of
the leading causes of vaccine-preventable morbidity and
mortality, particularly among infants1,2 and older adults
aged 65 years. S. pneumoniae causes illnesses ranging
from noninvasive infections of the sinuses and middle
ear to life-threatening invasive infections of the blood
and cerebral spinal fluid. Dual infections of S. pneumoniae and influenza viruses represent an especially
dangerous and lethal interaction of pathogens.3
A 23-valent-polysaccharide pneumococcal vaccine
(PPV-23) has been available in the U.S. since 1983 and
is recommended for all adults 65 years of age (as well
as younger adults with specific comorbid conditions)
to reduce the risk of pneumococcal bacteremia and
associated mortality. PPV-23 use has remained low for
adults throughout its history. In 2000, a new vaccine
(pneumococcal conjugate vaccine [PCV-7], Prevnar®
[Wyeth Pharmaceuticals, Madison, New Jersey]) was
approved for children, which targeted the seven most
common serotypes responsible for bacteremia in U.S.
children.4 Of note, the vaccine has been demonstrated
to reduce carriage of covered serotypes in children,
contributing to herd immunity and reducing pneumococcal disease risk in adults.5–7 The vaccine is administered to infants, who are recommended to receive four
doses of vaccine in the first 15 months of life. Initial
vaccine shortages limited coverage in the population,
but since 2004, vaccination of infants in the U.S. has
been nearly universal.8
While there is growing evidence showing a dramatic
post-2000 decline in pneumococcal disease incidence
among children9 and a smaller decline in some adult
populations,10 little evidence exists on the vaccine’s
immediate and long-term impact on mortality, especially among those 65 years of age, the group at
highest risk of pneumococcal-related mortality. In this
article, we assess the changes in age-specific pneumococcal mortality since introduction of both PPV-23 and
PCV-7 and how those changes vary by age, gender,
and racial/ethnic subgroups. We specifically focus on
mortality in adults 65 years of age.
METHODS
Data
We calculated pneumococcal death counts from
Mortality Detail Files from 1968 to 2006, containing
information on all deaths registered on individual U.S.
death certificates transmitted to the National Center for
Health Statistics. Pertinent information from the files

includes date of death, gender and race/ethnicity of
the deceased, age of the deceased at the time of death,
and cause of death. Death certificates also record multiple conditions that contributed to the death. Causes
are coded using the International Classification of
Diseases (ICD), Eighth, Ninth, and 10th Revisions. We
aggregated all reported sites of pneumococcal infection
(e.g., meningitis, sepsis, pneumonia, bacteremia, and
peritonitis) to maximize our sensitivity for capturing
all deaths attributed to pneumococcal infection. We
counted a death in pneumococcal mortality calculations if the underlying cause of death or any of the
entity axis codes8 was a pneumococcal infection.
We began our analysis in parallel with the introduction of ICD-8, which was the earliest ICD revision
to code sites of pneumococcal infection. Figure 1
shows details on sites of pneumococcal infection and
corresponding ICD-8, ICD-9, and ICD-10 codes. We
estimated the population at risk from decennial census
counts and annual intercensal estimates of the resident
population by age, gender, and race/ethnicity.
We estimated PCV-7 vaccine utilization from the
2001–2007 National Immunization Survey (NIS). The
NIS is a large, nationally representative, list-assisted
telephone survey followed by a mailed survey to children’s immunization providers. Specifically, we used
the NIS to estimate the proportion of children aged
19–36 months who received at least one dose of PCV-7.
A single dose of the vaccine has been found to be
highly efficacious, with small increases in effectiveness
for additional doses.11
We estimated PPV-23 vaccine utilization from the
1992–2007 Behavioral Risk Factor Surveillance System
(BRFSS). The BRFSS is a large, nationally representative telephone survey of more than 350,000 adults that
Figure 1. International Classification of Diseases
codes for pneumococcal infection sites
Site of infection

ICD-8
(1968–1978)

Meningitis
Peritonitis
Pneumococcal infection
of unspecified site
Pneumonia
Septicemia

ICD-9
ICD-10
(1979–1998) (1999–2006)

320.1
NA

320.1
567.1

G001
K659

NA
481
038.2

041.2
481
038.2

A491
J13, J18.1a
A403

a
The ICD-9 code for pneumococcal pneumonia includes
lobar pneumonia organism unspecified. The ICD-10 code for
pneumococcal pneumonia does not include lobar pneumonia
organism unspecified, which instead is coded as J18.1.

ICD-8, -9, -10  International Classification of Diseases, Eighth,
Ninth, or 10th Revision
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is conducted annually. Specifically, we used the BRFSS
to estimate the proportion of the population who ever
received the pneumococcal vaccine. In all the analyses
presented in this article, we incorporated population
projection weights provided by the surveys. Both the
NIS and BRFSS use a rigorous and multistep process to
estimate population projection weights that correct for
differences in the probability of selection due to nonresponse and noncoverage errors; adjust for variables
of age, race/ethnicity, and gender between the sample
and the entire population; and allow generalization of
the findings to the whole population.12,13
Statistical analyses
Mortality rates. We defined mortality rates as the ratio
of death counts to population at risk for a given age
and year. In each year, we calculated the crude pneumococcal mortality rate and then standardized it to
a common age structure to allow comparison.14 We
arbitrarily chose the white female age distribution in
2005 as the standardized population. We calculated
subgroup-specific crude mortality rates for each year
and also standardized to the white male age distribution in 1990.
Bootstrap procedure. To account for sampling uncertainty in the NIS and BRFSS, we employed a general
bootstrap resampling procedure.15 For each of the
1,000 iterations of the bootstrap, we first sampled the
NIS data with replacement, where sampling weights
were equal to the original sample weights. The bootstrapped sample size was equal to the total original
sample size for all years, NNIS  209,361. For each year,
we calculated the weighted proportion of children
aged 19–36 months who received at least one PCV-7
vaccination. Second, to calculate weighted proportions
of adults receiving PPV-23, we also sampled the BRFSS
data with replacement, where sampling weights were
again equal to the original sample weights. Again, the
bootstrapped sample size was equal to the total original
sample size for all years, NBRFSS  3,247,212. For each
year, we calculated the age group-specific weighted
proportion of respondents who reported ever receiving
the PPV-23 vaccine in their lifetime.
The PPV-23 and PCV-7 vaccination rate before their
respective introductions in 1983 and 2000 were equal
to zero. The BRFSS began collecting data on PPV-23
vaccination rates in 1992. To account for the missing
PPV-23 vaccination rates between 1983 and 1991,
we employed multiple imputation techniques16 that
allowed for the incorporation of prior knowledge and
assumptions. Our prior knowledge was that PPV-23
rates before their introduction must have been zero.
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Our underlying assumption was that PPV-23 vaccination
rates increased monotonically and gradually between
1983 and 1991. Using this multiple imputation technique, we were able to consider the many possibilities
in which PPV-23 uptake slowly increased from 1983 to
1991. For each iteration of the bootstrap, we imputed
the missing data (1983–1991) of each cross-section of
age group-specific vaccination rates, assuming the data
were missing at random, conditional on the imputation
model. Finally, we also estimated PPV-23 coverage for
gender and racial/ethnic subgroups for each bootstrap
iteration.
Statistical modeling. First, to formally assess reductions in
overall pneumococcal mortality after the introduction
of PPV-23, we employed standard time-series methodology common to analysis of mortality rates.17 In
particular, we used a class of time-series models called
the dynamic regression model with autocorrelated
disturbances. Formally, the first model is:
lnm a,tlnm a,t–1νa,t PPVa,t C aNa,t ,
where ln ma,t is the natural logarithm of the pneumococcal mortality rate for age group a at time t; νa,t is
the impulse response weights of PPVa,t vaccination rates
for age group a and time t; Ca is the deterministic time
trend for age group a; and Na,t is the autocorrelation
disturbance for age group a and time t. We modeled Na,t
as an autoregressive integrated moving average (0,1,1)
process, also commonly known as an exponentially
weighted moving average process. We took the natural
logarithm of pneumococcal mortality to stabilize the
variance and take its difference to yield a stationary
time series. Also, we selected a contemporaneous lag
for the impulse response function of PPV-23. This set
of dynamic regression models observed 1968–1999
mortality data and 1968–1999 PPV-23 vaccination levels
(from the bootstrapping described previously).
Our outcome of interest was the contemporaneous
impulse response weight of PPVa,t for age group a and
time t, νa,t. In our case, the impulse response weight
was equivalent to the relative reduction in the pneumococcal mortality rate given a 1% increase in PPV-23
vaccination rates for age group a.
Second, to formally assess the contribution of PCV-7,
we fit another set of dynamic regression models with
autocorrelated disturbances. Formally, the second
model is:
lnm a,tlnm a,t–1νa,t PPVa,t ηa,t PCVt CaNa,t ,
where ma,t, νa,t, Ca, and Na,t were similarly defined.
We again modeled Na,t as an autoregressive integrated
moving average (0,1,1) process. Our outcome of
interest was the contemporaneous impulse response
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weight of PCVa,t for age group a and time t, ηa,t. In our
case, the impulse response weight was equivalent to
the relative reduction in the pneumococcal mortality rate given a 1% increase in PCV-7 vaccination in
the eligible population. This set of dynamic regression models observed 1968–2006 mortality data and
1968–2006 PPV-23 and PCV-7 vaccination levels (from
the bootstrapping described previously) to assess the
effect of PCV-7 vaccination levels on observed mortality.
We also plotted predicted mortality for the 2000–2006
time period and visually compared these predictions
to observed mortality.
Finally, we performed both sets of analyses disaggregated by gender and race/ethnicity. In the first set
of models, which formally assessed the contribution
of PPV-23, we used gender, race/ethnicity, and age
group-specific PPV-23 vaccination levels, assuming
there was no herd immunity against pneumococcal
disease among the adult population. In the second set
of models, which formally assessed the contribution
of PCV-7, we used gender, race/ethnicity, age groupspecific PPV-23 vaccination levels, and overall eligible
population levels of PCV-7 vaccination, as the PCV-7

vaccination provided adult protection through a form
of herd immunity reflective of the overall level of vaccination in the pediatric population.
The University of Pennsylvania Institutional Review
Board (IRB) determined this research met eligibility
criteria for IRB review exemption.
RESULTS
Trends in PPV-23 and PCV-7 vaccination rates
The proportion of adults 65 years of age who ever
received the PPV-23 vaccination gradually increased
since 1983, although the proportion differed considerably by gender and race/ethnicity (Figure 2, left panel).
By 2007, 70% of white women (95% confidence interval
[CI] 69, 70) and 62% of white men (95% CI 61, 63)
reported ever receiving the PPV-23 vaccine. Yet, the
proportion was only 51% for black women (95% CI
50, 52) and 39% for black men (95% CI 37, 41) in the
same year. Conversely, we did not observe any statistically significant racial/ethnic or gender disparities in
the proportion of children aged 19–36 months who
received at least one PCV-7 vaccine (Figure 2, right

Figure 2. PPV-23 and PCV-7 vaccination rates over time, U.S., for adults >65 years of age, 1992–2007 (PPV-23),
and children 19–36 months of age, 2001–2007 (PCV-7)a

The left panel shows the proportion of adults 65 years of age who reported ever receiving the PPV-23 vaccine by racial/ethnic group
and gender. The right panel shows the proportion of 19–36-month-olds who received at least one PCV-7 vaccination by racial/ethnic group
and gender. PPV-23 data are from the 1992–2007 Behavioral Risk Factor Surveillance System; PCV-7 data are from the 2001–2007 National
Immunization Surveys.

a

PPV-23  23-valent-polysaccharide pneumococcal vaccine
PCV-7  pneumococcal conjugate vaccine
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panel). The proportion quickly grew from 30% in
2001 (95% CI 29, 30), the first full year of availability,
to 90% in 2007 (95% CI 90, 91).
Trends in pneumococcal mortality
In 1968, the standardized crude pneumococcal death
rate in the U.S. was 124 deaths per one million personyears. As depicted in Figure 3 (left panel), the mortality
rate declined sharply after 1968 until 1977, increased
from 1978 to 1981, and subsequently declined. By 1982,
the mortality rate was 90 deaths per one million personyears. During the years after the introduction of PPV-23
and before the introduction of PCV-7 (1983–1999), the
annual rate declined from 73 to 40 deaths per one million person-years. After the availability of both vaccines
in 2000, the standardized annual death rate declined
from 39 to 30 deaths per one million person-years. A
sharp increase in the standardized annual death rate
occurred between 1998 (30 deaths per one million
person-years) and 1999 (40 deaths per one million
person-years), which we attributed largely to the coding
change from ICD-9 to ICD-10.
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Trends in pneumococcal mortality for older adults
First, we formally assessed the reduction in overall
pneumococcal mortality attributable to PPV-23 vaccination. From 1968 to 1982, prior to the introduction of
PPV-23, adults 65 years of age experienced substantial
declines in annual pneumococcal mortality (Figure 4).
After 1983 and the introduction of PPV-23, we observed
the largest percentage reduction in pneumococcal mortality rates for a given increase in PPV-23 vaccination
rate in those aged 65–69 years. Each 1% increase in
PPV-23 was associated with a 1.18% relative reduction
in annual mortality for this age group (95% CI 1.79,
0.31). We observed declining, though not significant,
reductions in adults 70 years of age (Table 1).
Second, we examined observed vs. predicted mortality
after PCV-7 introduction. After 2000, adults 65 years of
age did not experience significant reductions in pneumococcal deaths beyond what we would have expected
based on the historical time-trend and age group-specific
PPV-23 vaccination rates (Figure 4). For example, among
70–74-year-olds in 2004, we observed 101 deaths per one
million person-years while expecting 109 deaths per one
million person-years (95% CI 88, 119).

Figure 3. Age and gender standardized pneumococcal death rate over time, U.S., 1968–2006a

a
The left panel shows the crude pneumococcal death rate, standardized to the white female 2005 population. The introduction of PPV-23 in
1983 and PCV-7 in 2000 are noted with arrows. The dashed vertical lines indicate the International Classification of Diseases version used.
The right panel shows the standardized crude death rate for each racial/ethnic group and gender, also standardized to the white female
2005 population. Data are from the National Center for Health Statistics Mortality Detail Files and U.S. Census Bureau intercensal population
estimates.

ICD-8, -9, -10  International Classification of Diseases, Eighth, Ninth, or 10th Revision
PPV-23  23-valent-polysaccharide pneumococcal vaccine
PCV-7  pneumococcal conjugate vaccine
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Figure 4. Pneumococcal mortality after introduction of PPV-23 and PCV-7 for people aged 65–69, 70–74, 75–79,
80–84, and >85 years, U.S., 1968–2006a

a
Observed pneumococcal death rates are denoted by . The introduction of PPV-23 in 1983 and PCV-7 in 2000 are noted with arrows. The
dashed vertical lines indicate the International Classification of Diseases version used. The shaded regions represent the 95% confidence
intervals, and the solid line represents the median prediction based on dynamic linear regression models of age group-specific pneumococcal
mortality.

ICD-8, -9, -10  International Classification of Diseases, Eighth, Ninth, or 10th Revision
PPV-23  23-valent-polysaccharide pneumococcal vaccine
PCV-7  pneumococcal conjugate vaccine
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1.18
0.87
0.32
0.13
0.14

Percentage
reduction
(1.79,
(1.54,
(0.82,
(0.90,
(0.48,
0.31)
0.74)
0.12)
0.49)
0.41)

95% CI

CI  confidence interval

Black male

0.86
0.15
0.13
0.00
0.10

(3.09,
(0.88,
(0.57,
(1.16,
(0.32,

0.46)
0.72)
0.37)
0.67)
0.61)

Percentage		
reduction
95% CI

PPV-23  23-valent-polysaccharide pneumococcal vaccine

65–69
70–74
75–79
80–84
85

Age group
(in years)

Overall

0.49
0.16
0.03
0.12
0.13

(1.37,
(1.05,
(0.79,
(0.96,
(0.27,

0.83)
1.22)
0.70)
0.87)
0.42)

Percentage		
reduction
95% CI

White male

0.50
0.42
0.09
0.27
0.15

(1.27,
(1.25,
(0.49,
(0.41,
(0.36,

0.25)
0.43)
0.06)
1.19)
0.43)

Percentage		
reduction
95% CI

Black female

Table 1. Percentage reduction in mortality rate attributable to a 1% increase in PPV-23 vaccination, U.S., 1983–1999

0.41
0.46
0.34
0.41
0.28

Percentage
reduction

(1.27,
(1.06,
(0.75,
(0.77,
(0.61,

0.02)
0.52)
0.08)
0.17)
0.01)

95% CI

White female
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Third, we formally assessed the reduction in overall
pneumococcal mortality attributable to PCV-7 vaccination. For the age groups 65–69, 70–74, 75–79, and
80–84 years, we estimated no significant percentage
reduction in post-2000 pneumococcal mortality rates
for a given increase in PCV-7 vaccination rates. For
those aged 85 years, we estimated that each 1%
increase in PCV-7 vaccination was associated with a
0.08% relative reduction in annual pneumococcal
mortality (95% CI 0.10, 0.02) (Table 2).
Trends in pneumococcal mortality by
gender and racial/ethnic subgroups
As depicted in Figure 3 (right panel), the standardized
crude pneumococcal mortality rate differed considerably by race/ethnicity and gender. The rate for black
females declined from 254 deaths per one million
person-years in 1968 to 41 deaths per one million
person-years in 2006, an 84% reduction. In contrast,
the rate for black males declined from 208 to 69 deaths
per one million person-years in the same time frame,
a 67% reduction.
The percentage reduction in 1983–1999 mortality
rates for a given increase in PPV-23 vaccination rate was
highest for white females 75 years of age. For every
1% increase in PPV-23 vaccination, we estimated a relative reduction in mortality of 0.34% for those aged
75–79 years (95% CI 0.75, 0.08); 0.41% for those
aged 80–84 years (95% CI 0.77, 0.17); and 0.28%
for those 85 years of age (95% CI 0.61, 0.01) for
white females. Among black and white males and black
females, we found no age groups that experienced
a significant relative reduction in mortality for each
1% increase in their age- and racial/ethnic subgroupspecific PPV-23 vaccination rates (Table 1).
The percentage reduction in post-2000 mortality
rates for a given increase in PCV-7 vaccination rate
exhibited no discernable patterns across age by gender
or race/ethnicity (Table 2). The relative reduction
in pneumococcal mortality, for every 1% increase
in PCV-7 vaccination among eligible children in the
population, was significant for white women aged 65–69
years and white and black males 85 years of age.
We estimated the relative reduction was 0.18% for
white males 85 years of age (95% CI 0.25, 0.12)
and 0.13% for black males 85 years of age (95%
CI 0.24, 0.06).
DISCUSSION
This study had two main findings. First, we demonstrated substantial population-level declines in
pneumococcal-attributable mortality for adults during

the last four decades in the United States. Second, we
observed significant impacts of the introduction of
PPV-23 and PCV-7 on adult pneumococcal mortality
rates; however, the impacts were heterogeneous with
regard to age, gender, and racial/ethnic subgroups. We
found significant post-PPV-23 reductions in pneumococcal mortality, especially among white females. We
found no obvious patterns in post-PCV-7 reductions
in pneumococcal mortality across age for gender and
racial/ethnic subgroups.
Of special note were two sharp increases in the
standardized pneumococcal death rate: the first in the
early 1980s and the second between 1998 and 1999.
The first sharp increase may have had an important
connection to the rise of human immunodeficiency
virus (HIV) infections, an important comorbid condition. The second sharp increase occurred when coding
changed from ICD-9 to ICD-10.
Few studies have examined patterns in pneumococcal mortality in the elderly over a long time period.
Between 1998 and 2003, a significant decline in adult
pneumococcal mortality (e.g., meningitis, bacteremia
without focus, and pneumonia with bacteremia) was
observed in the Centers for Disease Control and Prevention Active Bacterial Core Surveillance.18 Gradually
declining standardized crude pneumococcal death
rates were observed between 1989 and 1998 in California.19 In contrast to our national-level results, the
state-level death rate during the time period in that
study was slightly higher for white people than for black
people. Other studies have also reported that PCV-7
introduction was associated with a significant decrease
in the number of pneumococcal meningitis-related
in-hospital deaths20 and invasive pneumococcal disease
case-fatality21 among those 65 years of age.
Previous work has identified declines in pneumococcal disease risk across age, gender, and racial/
ethnic subgroups, particularly since the introduction
of PCV-7.18,20,22–24 Our study complements that work by
focusing on mortality. The finding that the observed
declines in disease risk following PCV-7 vaccination
were not accompanied by similar declines in mortality
highlights the importance of studying both disease and
mortality rates in assessing the impact of vaccines on
population health. Disease incidence may be a more
sensitive indicator of vaccine effect than case fatality,
or the PCV-7 vaccine may have differential effects on
incidence and mortality.
In addition to PPV-23 and PCV-7 vaccination levels,
several other population-level factors are known to
influence pneumococcal disease incidence and case
fatality.25 These factors include population variation
in key comorbid conditions18 (especially chronic heart
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0.02
0.01
0.05
0.05
0.08

Percentage
reduction
(0.10, 0.16)
(0.09, 0.07)
(0.03, 0.09)
(0.01, 0.15)
(0.10, 0.02)

95% CI

CI  confidence interval

PCV-7  pneumococcal conjugate vaccine

65–69
70–74
75–79
80–84
85

Age group
(in years)

Overall

0.03
0.03
0.25
0.34
0.13

(0.28, 0.49)
(0.20, 0.08)
(0.33, 0.04)
(0.26, 0.48)
(0.24, 0.06)

Percentage		
reduction
95% CI

Black male

0.19
0.05
0.13
0.08
0.18

(0.06, 0.26)
(0.12, 0.08)
(0.00, 0.18)
(0.01, 0.20)
(0.25, 0.12)

Percentage		
reduction
95% CI

White male

0.01
0.18
0.19
0.08
0.14

(0.11, 0.10)
(0.07, 0.22)
(0.10, 0.27)
(0.19, 0.19)
(0.02, 0.22)

Percentage		
reduction
95% CI

Black female

Table 2. Percentage reduction in mortality rate attributable to a 1% increase in PCV-7 vaccination, U.S., 2000–2006

0.10
0.13
0.06
0.10
0.03

Percentage
reduction

(0.16, 0.05)
(0.05, 0.19)
(0.04, 0.07)
(0.09, 0.17)
(0.01, 0.06)

95% CI

White female
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and lung diseases and immunodeficiencies such as
HIV infection), and annual variation in activity of copathogens, especially influenza. We did not have data
on these other determinants of disease risk and case
fatality and, therefore, could not assess the independent contribution of these other factors to the observed
mortality trends.
Limitations
This study had several important limitations. First,
there may have been misclassification and attribution
bias in death certificate data that affected the estimation of pneumococcal mortality rates. Changes in
ICD coding between 1968 and 2006 may have led to
differential classification of pneumococcal mortality
over time. One important example is lobar pneumonia organism unspecified, which was included as part
of pneumococcal pneumonia in ICD-9, but receives a
separate code in ICD-10. We attempted to maintain a
consistent definition of pneumococcal death over time
by including lobar pneumonia organism unspecified.
We partially mitigated the misclassification and attribution bias by focusing on the relative comparison of
mortality trends, rather than absolute levels. We were
also unable to determine vaccination and chronic disease histories from death certificate information, both
of which are important predictors of pneumococcal
disease mortality.
Second, the accuracy of cause of death and entity
axis codes written on death certificates is ultimately
based on physician judgment regarding the events and
conditions leading to death.
Third, estimation of exposure in the calculation
of pneumococcal mortality rates may also have been
affected by age misreporting and census undercounts,
especially of elderly black people.26 Differential undercounts between elderly black males and females were
likely much smaller. Fourth, we noted potential bias
associated with the NIS and BRFSS random-digit-dialing
design, especially potential non-telephone coverage
bias.27,28 Finally, there was potential difficulty in recalling PPV-23 vaccination that led to greater uncertainty in
the estimation of utilization. We partially mitigated this
uncertainty by using bootstrap resampling methods.
CONCLUSIONS
In a broader context, this work provides a modern
example in the longstanding debate over contributions
to mortality decline. McKeown argued that historical mortality declines were more the result of broad
economic and social conditions rather than specific
medical advances or public health initiatives.29–31

McKinlay and McKinlay32 provided evidence in support of McKeown’s theory in their study of the 10 most
common infectious diseases between 1900 and 1973. In
our case, PPV-23 and PCV-7 represent the most recent
health-enhancing measures against pneumococcal
disease. Despite the rapid and near-universal uptake
of PCV-7 and its dramatic impact on pediatric disease,
the benefit has not been as clear in older adults.
The results of this study speak to broader questions
about immunization. In some cases, reductions in the
incidence of infection may not parallel reductions in
population mortality due to the infection. For example,
in the case of pneumococcal vaccines, the emergence
of non-vaccine serotypes33 may lead to higher severity
illness in the population,34 offsetting any mortality
benefit due to overall reduction in vaccine incidence,
especially in adults. One important example in pneumococcal disease is the emergence of serotype 19A as
the predominant invasive pneumococcal serotype.35
The analysis of other racial/ethnic subgroups
beyond white and black Americans is important to our
understanding of pneumococcal disease and mortality
at a population level. The difference in pneumococcal
disease mortality reductions among various population subgroups may speak to the importance of social
conditions in pneumococcal disease and mortality.
If elderly minority males and females are at higher
risk of chronic and comorbid conditions, they may
be more vulnerable to pneumococcal mortality once
they experience pneumococcal disease. Knowledge of
pneumococcal disease and access to high-quality health
care may also contribute to differences in the probability of pneumococcal mortality given pneumococcal
disease. As advancements occur in pneumococcal vaccination and in treatment of pneumococcal infection,
those population subgroups that command greater
socioeconomic resources may be better able to benefit
from these advancements.
Understanding these population tradeoffs may
help focus vaccine policy decisions in terms of appropriate target groups for vaccination and how best to
monitor the benefits of vaccine programs. Moreover,
our results point to differential impacts of vaccines
on gender and racial/ethnic groups, suggesting new
directions for vaccine development and deployment.
The vaccination of children, carriers of S. pneumoniae,
may not have provided additional protection against
pneumococcal mortality for older adults. A renewed
focus on PPV-23 vaccination, or perhaps a new pneumococcal vaccine, may enable further pneumococcal
mortality reduction beyond its current pace. Such a
renewed focus may also lessen the burden of influenza
viruses, which form an especially dangerous interaction

Public Health Reports / March–April 2011 / Volume 126

Pneumococcal Vaccines and Mortality Reductions 

with pneumococcal disease.3,36 Pneumococcal disease
remains a major cause of vaccine-preventable mortality,
and future strategies are needed to further reduce the
burden of this disease.
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