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Abstract

Background: Changing pneumococcal disease epidemiology due to childhood vaccination has
prompted re-examination of US adult pneumococcal vaccination policies, as have considerations
of greater pneumococcal disease incidence and higher prevalence of conditions that increase risk
in underserved minority populations. Prior analyses suggest routine pneumococcal vaccination at
age 50 could be considered, which could disproportionately benefit underserved populations.

Methods: A Markov cohort model estimated the cost-effectiveness of US pneumococcal
vaccination policies in hypothetical 50-year-old underserved minority and general population
cohorts. Strategies included receiving one or both available pneumococcal vaccines based on age-
or chronic condition-specific criteria. US databases and medical literature data calibrated
pneumococcal illness incidence, vaccine serotype distributions, age- and race-specific chronic
condition distributions, and costs. Black population data were used as a proxy for underserved
minorities. We took a US healthcare perspective, discounting at 3%/year. One-way and
probabilistic sensitivity analyses were performed and scenarios modeling differing vaccine
assumptions were examined.

Results: In both black and general population 50-year-olds, giving both pneumococcal vaccines
to all 50-year-olds prevented the most disease, but cost >$250,000 per quality adjusted life year
(QALY) gained. Current CDC recommendations (both vaccines for the immunocompromised,
polysaccharide vaccine for other high-risk conditions) were economically favorable in either
population when analyses assumed polysaccharide vaccine was ineffective against nonbacteremic
pneumococcal pneumonia (NBP). If polysaccharide vaccine is effective against NBP or if less
complex age-based vaccination recommendations result in increased vaccine uptake, giving
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polysaccharide vaccine to all 50-year-olds cost <$100,000/QALY; this effect was more
pronounced in black cohorts. Results were robust in 1-way and probabilistic sensitivity analyses.

Conclusions: Despite changes in pneumococcal epidemiology, current CDC recommendations
were favored in underserved minority and general population cohorts. Polysaccharide vaccine for
all 50-year-olds could be considered under some vaccine uptake and effectiveness assumptions,
particularly if mitigating racial health disparities in pneumococcal disease is a priority.

Keywords

adult pneumococcal vaccination; cost-effectiveness analysis; decision analysis; underserved

minorities

Introduction

Recommendations for newly introduced vaccines are frequently limited to population
subgroups having a high risk of vaccine-preventable disease or an increased risk of severe
illness or complications due to chronic medical conditions. Subsequently, recommendations
may be expanded to become age-based for easier determination of vaccine eligibility and
consequent increases in vaccine coverage. An example in the US is influenza vaccine, which
was initially recommended for seniors and other high-risk adults but gradually expanded to
other age, risk and occupational groups to include all persons =6 months of age.

Unlike the entirely age-based US influenza vaccination recommendations, current US adult
pneumococcal vaccine recommendations are based on both age and risk. The 2 vaccines
available in the US, the 23-valent pneumococcal polysaccharide vaccine (PPSV23) and the
13-valent pneumococcal conjugate vaccine (PCV13), are recommended for all persons aged
>65 years and for adults aged 18-64 years with immunocompromising conditions, while
PPSV23 alone is recommended for 18-64-year-olds with other conditions placing them at
high pneumococcal illness risk.?

Routine childhood PCV13 use in the US has changed pneumococcal disease epidemiology,
3-5 with adults benefiting from indirect (herd immunity) effects of childhood immunization,
resulting in decreased adult pneumococcal disease risk and decreased likelihood of disease
caused by PCV13 serotypes. These effects could eliminate the need for adult PCV13 use,
warranting periodic evaluation of pneumococcal vaccination policy and complicating
consideration of routine pneumococcal vaccination at age 50 years, which previous research
suggests may be favorable.5-8 Other factors to be considered are: 1) greater pneumococcal
disease risk in underserved minority adults and in persons with high-risk conditions and 2)
high PCV13 cost. Due to greater pneumococcal disease risk, higher likelihood of
undiagnosed high-risk chronic medical conditions, and lower likelihood of pneumococcal
vaccination in underserved minority adults, the underserved could be disproportionately
favored by general population recommendations for routine age-based adult pneumococcal
vaccination compared to the population as a whole. In this study, we use Markov cohort
decision analysis modeling to compare the cost-effectiveness of several possible general
population vaccination strategies for adults aged 50-64 years, with specific examination of
those strategies’ effects in underserved minorities. We do not model race-based vaccination
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strategies, which are not tenable or actionable in the US.9 Instead, we are interested in
whether general population routine pneumococcal vaccination at age 50 years might be still
be favorable in the underserved and in the general adult population given decreases in
disease incidence and vaccine serotype frequency due to childhood pneumococcal
vaccination.3=> As such, our analysis is focused on: 1) whether national general population
pneumococcal vaccination policies can either disproportionately benefit or harm
underserved subpopulations within the general population compared to the general
population as a whole, and 2) estimating the cost-effectiveness of pneumococcal vaccination
strategies in each population to better inform US general population vaccination policy
recommendations.

A Markov model estimated the public health impact and cost-effectiveness of pneumococcal
vaccination policies in hypothetical 50-64-year-old US black and general population cohorts
meant to mirror US census data, with black population data used as a proxy for all
underserved minority populations. This choice was made because: 1) black populations
make up a substantial proportion of the US underserved (i.e., lowest socioeconomic status
groups)19 minority population; and 2) available US bacterial disease surveillance data do not
adequately capture underserved minority status, particularly for Hispanic ethnicity.11 A
Markov model was chosen to facilitate tracking of health status and disease incidence, health
effects, and costs over cohorts’ lifetimes. Mutually exclusive vaccination strategies
examined in the model included: 1) no vaccination, 2) present CDC recommendations for
this age group (both PCV13 and PPSV23 for persons with immunocompromising conditions
and PPSV23 for those with other high-risk conditions), 3) PPSV23 alone for individuals
with immunocompromising or high-risk conditions, 4) both PCV13 and PPSV23 for
immunocompromising or high-risk conditions, 5) PPSV23 alone for everyone at age 50, or
6) both PCV13 and PPSV23 for everyone at age 50, implemented with vaccination
probabilities and costs as observed in the US health care system. Similar analyses were
performed in the US non-black population, as shown in the supplementary material.

Age- and race-specific population health status data from National Health Interview Survey
(NHIS) and National Center for Health Statistics (NCHS) datasets were used to segment
general population and black population cohorts of 50-year-olds into the following health
status subgroups: average risk, average risk smokers, individuals with immunocompromising
conditions and those with other non-immunocompromising pneumococcal high-risk
conditions. Per CDC definitions, non-immunocompromising, high-risk conditions for
pneumococcal disease included chronic heart disease (including congestive heart failure and
cardiomyopathies); chronic lung disease (including chronic obstructive lung disease,
emphysema, and asthma); chronic liver disease (including cirrhosis); alcoholism; diabetes
mellitus; and smoking. We considered smokers without immunocompromising or other
high-risk conditions as average risk smokers, while smokers with high-risk or
immunocompromising conditions were considered as part of the high-risk or
immunocompromising condition health status subgroup as appropriate. Persons with both
immunocompromising conditions and other high-risk conditions were included in the
immunocompromising condition group, in keeping with CDC vaccination recommendations
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for this group. As cohorts aged, the relative likelihood of health status changed, based on age
and race, using the data sources above.

For any strategy where vaccination was recommended, vaccination coverage (probability of
vaccination) was 23% for ages 50-64 years, based on observed pneumococcal vaccine
uptake in high-risk adults aged <65 years.12 Vaccination occurred in the first year that it was
indicated. In addition, patients with changes in health status that made them eligible for
vaccination at ages <65 years were vaccinated during the year of that transition at the same
23% probability. In sensitivity analyses, vaccine uptake was varied over plausible ranges and
the possibility of increased uptake with age-based vaccination, due to less complex
eligibility determination, was also considered. Once model cohorts reached age 65 years,
regardless of initial vaccination strategy, all patients could receive both pneumococcal
vaccines, as currently recommended, at a probability of 63.6%, the current US
pneumococcal vaccination rate in persons aged 65 years and older.

Vaccine effectiveness and effectiveness duration estimates for both PCV13 and PPSV23
against invasive pneumococcal disease (IPD) came from Delphi expert panel estimates.
PCV13 effectiveness against non-bacteremic pneumococcal pneumonia (NBP) was based on
trial observations from the Community-Acquired Pneumonia Immunization Trial in Adults
(CAPITA)13 for the first 5 years after vaccination. We assumed similar effectiveness in 50—
64-year-olds to that seen in the =65-year-old trial population, due to sparse clinical trial data
in younger populations. Trial data beyond 5 years are not available, thus subsequent waning
beyond 5 years was based on Delphi expert panel estimates,® using CAPITA trial data as the
starting point.

CDC Active Bacterial Core Surveillance (ABCs) data and medical literature data were used
to calculate IPD incidence and vaccine serotype-specific illness likelihood. NBP incidence is
an area of uncertainty, and was estimated based on treatment setting (inpatient or outpatient).
For inpatient NBP, we assumed three cases for every one case of bacteremic pneumonia,
based on the estimated proportion of inpatient pneumococcal pneumonia that is bacteremic.
14 Bacteremic pneumonia rates came from CDC ABCs data, as a component of IPD rates.
Outpatient NBP cases in the general population were estimated!® as a percentage (30%) of
all-cause outpatient pneumonia with a further reduction (35.1%)16 to reflect further
decreases in IPD among individuals aged 19-64 years. To obtain the outpatient NBP rate in
the black population, we applied the ratio of IPD rates between the general and black
populations to the estimated outpatient NBP rate in the general population. The base case
scenario assumed that PPSV23 was not effective against NBP; however, we relaxed this
assumption in an alternative scenario where PPSV23 had a 50% relative effectiveness
against NBP compared to its effectiveness against IPD (i.e., one half of the effectiveness
values in Supplemental Table 3b). Given substantial uncertainty regarding outpatient
pneumococcal pneumonia rates, a separate sensitivity analysis was performed where
outpatient NBP was excluded from consideration.

In addition to the assumptions regarding vaccine effectiveness, vaccination strategy uptake,
and NBP frequency mentioned above, we made several other modeling assumptions. We
assumed that NBP serotype distributions were the same as those of IPD, and that serotype
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distributions did not differ based on chronic health state. In addition, based on little recent
change in US pneumococcal IPD rates and serotype distributions, we assumed no further
indirect effect-based changes in those pneumococcal disease rate or serotype distributions in
our cohorts as they aged.

Pneumococcal disease costs were obtained from the US National Inpatient Sample (NIS),
which approximates a 20% sample of US hospitals.}” NIS data contain total charges for each
hospital stay, representing the amount that hospitals bill for services regardless of payer.
Hospital-specific cost-to-charge ratios based on all-payer inpatient costs are then applied to
charge data to allow researchers to determine costs either by (1) weighted average for
hospitals in peer groups defined by hospital characteristics and state, or (2) hospital, if
provided. In our analysis, total charges were adjusted by the cost-to-charge ratios to obtain
costs. Vaccine and vaccine administration costs were obtained from CDC and Medicare
national databases.18:19 Costs are presented as 2014 US dollars, with prior costs inflated
using the US Consumer Price Index. Utilities and illness disutilities were drawn from the
medical literature.”1520.21 \We took a US healthcare perspective, discounting costs and
effectiveness at 3% per year, the US standard.2?

For each strategy analyzed, we used model-calculated illness and mortality risks for IPD and
NBP and January 2018 US census data?3 to calculate public health outcomes for 50-year-old
single-age black and general population cohorts over their remaining lifetimes. NBP disease
outcomes included both inpatient and outpatient NBP. To further assess the public health
impact of each modeled strategy, we calculated the number of individuals needed to
vaccinate in order to prevent one case of pneumococcal disease in each strategy. We
assumed that only hospitalized NBP could result in mortality.

Cost and effectiveness outputs from the model generated the per person cost and
effectiveness, in quality adjusted life years (QALY), over their lifetime, for each strategy.
Strategies were then ordered by cost, and incremental cost and effectiveness calculated
through row-by-row comparisons and expressed as cost per QALY gained. Dominated
strategies (more expensive and less effective than other modeled strategies, or having greater
incremental cost-effectiveness ratios than more effective strategies) were excluded from the
analysis.?2 Cost-effectiveness analysis results were reported using the commonly cited US
acceptability benchmark of $100,000/QALY gained.24

One-way and probabilistic sensitivity analyses were performed to test the robustness of
model results. In the probabilistic sensitivity analyses, parameters were assigned
distributions in keeping with SMDM/ISPOR guidelines:2> gamma distributions for costs and
beta distributions for probabilities and utilities, fitted to approximate ranges listed in Table 1.
Parameter distributions were simultaneously sampled 3000 times, with results summarized
in cost-effectiveness acceptability curves.

Role of the funding source: This study was funded by the US National Institute for Allergy
and Infectious Diseases. The funding source had no role in the study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision
to submit the article for publication.
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From a public health perspective, giving both PPSV23 and PCV13 to all 50-year-olds
resulted in the fewest IPD and NBP cases and deaths for both the general and black
populations and in scenarios when PPSV23 was or was not effective against NBP (Table 2).
The next fewest number of IPD and NBP cases and deaths resulted from giving PPSV23
alone to all 50-year-olds in all but one scenario, i.e., IPD deaths among the general
population when PPSV23 was ineffective against NBP. In this scenario, it was more
advantageous to give both vaccines to individuals with high-risk and immunocompromising
conditions. For context, in cohorts of 50-year-olds over their remaining lifetime, the
strategies with the greatest public health impact, compared to no vaccination when PPSV
was assumed to be ineffective against NBP, reduced pneumococcal disease cases by 652
(number needed to vaccinate [NNV] to prevent 1 case = 194) and deaths by 23 among a
cohort of 549,197 blacks. In the same analysis examining the general population cohort (n =
4,034,327), pneumonia cases were reduced by 3,543 (NNV = 262) and deaths by 126
compared to no vaccination. Morbidity and mortality reductions when PPSV was effective
against NBP were 1,108 cases (NNV 114) and 32 deaths in the black population and 5,981
cases (NNV = 156) and 189 deaths in the general population.

Reductions in illness were then viewed in the context of cost. In a cost-effectiveness analysis
of the 50-year-old black cohort when PPSV23 was assumed to be ineffective against NBP
(Table 3, top), continuing present CDC recommendations (both vaccines for the
immunocompromised, PPSV23 for ages <65 with other high-risk conditions) cost $37,346
per quality adjusted life year (QALY) gained compared to no vaccination. In the black
population analysis, using PPSV23 in all 50-year olds cost $123,087/QALY and using both
vaccines in all 50-year olds cost $284,654/QALY gained. Both strategies cost more than the
US acceptability benchmark of $100,000/QALY gained.2* Using PPSV23 alone or both
PPSV23 and PCV13 in high-risk groups (with no vaccination for non-high-risk persons)
were dominated (i.e., they were either more expensive and less effective, or had higher cost-
effectiveness ratios than more effective strategies). Further details on this analysis, on the
analyses below, and on the analysis on the non-black populations are shown in the
supplemental material (Supplemental Table 1).

In the general population analysis, present recommendations cost about $42,000/QALY
gained, while using both vaccines in high-risk groups or in all 50 year olds cost >$200,000/
QALY gained; strategies giving PPSV23 to all 50 year olds or only PPSV23 (without
PCV13) to high risk groups were dominated.

Conversely, when PPSV23 was assumed to be effective in preventing NBP (Table 3,
bottom), giving PPSV to all 50 year olds was the most effective strategy that cost less than
$100,000/QALY gained in both black and general populations, costing about $44,000/
QALY in the black population analysis and about $81,000/QALY in the general population.
Giving both vaccines to all 50 year olds cost >$500,000/QALY gained in all population
groups under this assumption.
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Sensitivity Analyses

Because of considerable uncertainty regarding inpatient and outpatient NBP rates, we varied
those rates jointly and examined those variations’ effects on results (Supplemental Table 2).
When PPSV23 was assumed to be ineffective against NBP, present recommendations
remained the favored strategy, at a $100,000/QALY threshold, regardless of population or
variation in pneumonia rates, while giving PPSV23 to all 50 year olds in the black
population analysis varied from $105,000-$147,000/QALY gained. When PPSV23 was
assumed to prevent NBP, giving all 50 year olds PPSV23 remained the favored strategy at a
$100,000/QALY threshold with one exception: in the general population at low NBP rates,
this strategy cost about $120,000/QALY gained. PCV13/PPSV23 for all at age 50 remained
unfavorable regardless of NBP rate in all population and PPSV23 effectiveness scenarios,
with the lowest cost of approximately $160,000/QALY gained when high range NBP rates
were modeled.

Age-based recommendations for pneumococcal vaccination (rather than health status-based
recommendations) could be easier to implement and consequently may lead to greater
vaccine uptake. Therefore, we examined absolute vaccine uptake improvements of 5% and
10% in strategies where vaccines were recommended for all 50-year-olds (Supplemental
Table 3). In these analyses, giving both vaccines to all 50 year olds remained unfavorable
regardless of population examined, assumed uptake increase, or PPSV effectiveness
scenario, costing 2$258,000/QALY gained. When PPSV23 was assumed to be effective
against NBP, giving PPSV23 to all 50 year olds became more favorable with increased
uptake. When PPSV was assumed to be not effective against NBP, giving PPSV23 to all 50
year olds cost about $80,000/QALY in the black population and about $144,000/QALY in
the general population if uptake increased 10 percentage points when age-based strategies
were used.

Finally, we examined a scenario where outpatient NBP was not considered in the model, due
to even greater uncertainty regarding its true frequency. This analysis did not substantially
change model results favoring the present recommendations strategy, increasing the cost-
effectiveness ratio of present recommendations by about $8,000/QALY gained in the black
population.

Probabilistic Sensitivity Analyses

Figure 1 depicts probabilistic sensitivity analyses, varying all parameters over distributions,
for two vaccination strategies; present recommendations and giving PPSV23 alone to
everyone at age 50, in all population- and PPSV23 effectiveness scenarios. At a $50,000/
QALY willingness-to-pay threshold, present recommendations (top panel) were favored
more than half the time in all but one scenario (black population with PPSV23 effective
against NBP). At a $100,000/QALY threshold, present recommendations were most
favorable (82.8% cost-effective) in the general population when PPSV23 is assumed not
effective against NBP. Giving PPSV23 alone to everyone at age 50 (bottom panel) was more
favorable in the black population analysis, at all willingness-to-pay thresholds, compared to
the favorability of this strategy in the general population cohort under either PPSV
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effectiveness assumption. A probabilistic sensitivity analysis in the non-black population
had similar results to that performed in the general population (Supplemental Figure 1).

Discussion

This analysis found that, for 50-64-year-olds in either the black population or the general
population, current general population recommendations for pneumococcal vaccination
(both vaccines for persons with immunocompromising conditions and PPSV23 alone for
those with other high-risk conditions) were economically favorable under base case
assumptions. In analyses where age-based strategies could increase vaccine uptake
compared to uptake under current recommendations, we found that general population
recommendations for giving PPSV23 to all 50 year olds could be economically favorable in
the black population. For example, if uptake increased 5 percentage points (from 23% to
28%) due to giving PPSV23 to all 50-year-olds in the general population, this strategy cost
about $92,000/QALY gained in the black population analysis.

These findings could be particularly pertinent if addressing racial disparities in vaccination
protection is a priority in policy deliberations, given the US black population’s higher
prevalence of risk factors, higher likelihood of undiagnosed chronic illness, and greater risk
of pneumococcal disease.26-28 Please note that we did not model race- or underserved-
specific vaccination policies, as such policies are not currently tenable or actionable, based
on CDC reluctance to make race-based vaccination recommendations. Instead, we modeled
the potential effects of general population policies on that population segment, along with
effects on the population as a whole. This analysis found that vaccinating all 50-64 year olds
could have greater impact and be more economically favorable in the underserved, due to
their greater chronic disease burden and pneumococcal disease risk. In addition, current
adult pneumococcal vaccination rates are suboptimal (23% for high-risk adults aged 18-64
years) and racial disparities exist. For example, as of 2015, 50% percent of black American
adults over age 65 years ever received a pneumococcal vaccine compared with 66% percent
of white American adults of the same age.2% One reason for the overall low rates may be the
complexity of current chronic disease-based pneumococcal vaccination recommendations.
30.31 Making those recommendations age-based, and less complex to implement, could lead
to greater uptake.

We also found that recommending routine PPSV23 for all 50-64-year-olds is favored when
the vaccine is assumed to be effective against NBP. While evidence of PPSV23 effectiveness
in preventing IPD is clear and widely supported, its effectiveness in preventing
nonbacteremic pneumonia is less clear and subject to contentious debate.32-34 Our analysis
examined results in either PPSV23 effectiveness scenario, and, not unexpectedly, made a
stronger case for using PPSV23 in all 50-year-olds if PPSV23 effectiveness vs. NBP was
assumed.

In 2012, similar analyses suggested that PCV13 use in all 50-year-olds could be
economically reasonable, depending on assumptions made regarding pneumococcal disease
incidence and serotype frequency.8 Now, using updated age- and race-specific data on
pneumococcal illness rates and serotype frequency, our analysis found routine PCV13 use in
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strategies where both pneumococcal vaccines are given to all 50 year olds to be
economically unfavorable regardless of the population studied. This change in findings is
likely due to fuller indirect effects from childhood PCV13 vaccination, which began in 2010
in the US and has reached 82% uptake in children for all 4 recommended doses.3® Thus,
successful PCV13 programs in children have substantially decreased pneumococcal disease
from PCV13 serotypes in adults through herd immunity effects, likely decreasing the value
of routine PCV13 use in adults <65 years old. ABCs data show that IPD rates among adults
>65 years stabilized from 2014-17, including both types within PCV13 (plus type 6¢) and
non-vaccine types.3® This stabilization started just before the introduction of the ACIP
recommendation for age-based adult vaccination in those =65 years. In the US, replacement
disease has not been seen whereas it has been seen in other countries.3” Thus, increased
PCV13 use in US adults aged 50-64 years may not pose a risk for increasing serotype
replacement. However, if herd immunity from childhood PCV13 vaccination were
eventually to eliminate disease caused by PCV13 types among adults, then vaccinating
adults aged 50-64 years would be unnecessary. CDC currently recommends both
pneumococcal vaccines for all adults aged 65 years or older, but is revisiting that decision, as
planned, due to changes in epidemiology.38

Previous research suggested that routine PPSV use in all 50-year-olds could be economically
reasonable.”:8 Our results for routine PPSV23 use, though affected by the same herd
immunity effects on pneumococcal disease and serotype epidemiology, outline
circumstances where PPSV23 for all 50 year olds could be considered. Routine PCV13 use
at age 50 years was considered in the US and Belgium that found, similar to our analysis,
that this strategy would not be economically favorable under reasonable herd immunity
projections.15:39

The future herd immunity effects of childhood pneumococcal vaccination are uncertain, a
limitation of our analysis. Pneumococcal vaccine serotype epidemiology appears to have
stabilized in the US,%0 but it is unclear if this will remain the case. Further decreases in
PCV13 serotype frequency will make adult use of that vaccine less valuable, while increases
in those serotypes will have the opposite effect. Another limitation is uncertainly regarding
the incidence and serotype epidemiology of inpatient and outpatient nonbacteremic
pneumococcal pneumonia. For incidence rates, we used previously described approximation
techniques for base case values, then varied those values widely in sensitivity analyses.
Serotype frequency for inpatient and outpatient NBP, were assumed to be similar to IPD
serotype distributions but were similarly varied widely in sensitivity analyses. Once again,
the value of pneumococcal vaccination strategies in adults aged 50-64 year could have been
misestimated if these approximations were inaccurate.

Other limitations of our study include the use of multiple and varied data sources that, when
combined in the model, may not accurately reflect reality. As previously described when
estimating nonbacteremic pneumococcal pneumonia, we made several assumptions where
information was either missing or unavailable, which included setting vaccination
effectiveness reported in individuals aged =65 years to be similar in 50-64-year-olds.
Moreover, we applied the same methodology in both general and black populations when
estimating inpatient NBP rates from IPD rates, potentially masking any actual differences or
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similarities between the populations. As NBP rates were one of the greatest uncertainties in
the analysis, we varied both inpatient and outpatient rates widely in sensitivity analysis in
both populations. Our findings are also limited by modeling assumptions made regarding
pneumococcal serotype distributions in NBP and differing health states, and regarding future
pneumococcal illness rates and serotypes.

Conclusion

As the epidemiology of pneumococcal disease continues to evolve, periodic cost-
effectiveness evaluation of vaccination policy is essential to maximize its public health
impact and protect the most vulnerable populations. Although pneumococcal disease caused
by serotypes contained in PCV13 has decreased due to routine childhood PCV13
vaccination, current CDC adult pneumococcal vaccination recommendations for adults aged
<65 years were favored in black and general population cohorts in base case analyses, where
PPSV23 was considered ineffective against NBP. PPSV23 given to all adults at age 50 may
be favorable if mitigating racial health disparities is a priority, particularly if a simpler age-
based vaccination indication results in greater vaccine uptake. Giving all 50-year-olds
PPSV23 might also be considered if PPSV23 is conclusively shown to be effective against
NBP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Probabilistic sensitivity analysis.
Panel a) depicts the likelihood that the current US adult pneumococcal recommendations are

favored (y-axis), compared to other vaccination strategies, over a range of willingness-to-pay
(or acceptability) thresholds (x-axis) for population and pneumococcal polysaccharide
vaccine (PPSV23) effectiveness scenarios. Panel b) depicts the likelihood that giving all 50-
year-olds PPSV23 is favored. QALY = quality adjusted life year, NBP = nonbacteremic
pneumococcal pneumonia.
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Table 1.
Parameter Values Examined in Model
Parameter Value Range Source
Probabilities

Receiving vaccination
PCV13 serotype coverage
Black Population
General Population
PPSV23 serotype coverage
Black Population
General Population
Vaccine Effectiveness
PCV against IPD
PCV against NBP
PPSV against IPD
IPD yearly risk per 100,000
Black Population

General Population

23% 17.9% - 27.7%

18.6% 12.7% — 25.2%
24.5% 21.1% - 28.5%

57.5% 47.8% — 69.6%
66.9% 57.7% - 78.1%

Supplemental Table 3a
Supplemental Table 3a
Supplemental Table 3b

28.0 25.0-31.4
16.3 151-175

Non-bacteremic pneumonia yearly risk per 100,000

Inpatient
Black Population
General Population
Outpatient
Black Population
General Population
IPD case fatality
Black Population
General Population
Disability post IPD
Black Population
General Population
Costs
Vaccine
PPSV23
PCV13

Administration

Vaccine side effects (per occurrence)

IPD-discharged alive
IPD-death

Pneumonia- discharged alive

Outpatient pneumonia

Pneumonia-death

78.3 26.3-135.6
45.9 20.0-102.9
200.9 30.4 -309.4
117.9 23.2-235.8
8% 5.7% - 10.5%
10% 9.1%-11.8%
6% 4.5% — 8.8%
6% 4.7%-6.7%

$94.51  $48.78 - $152.45
$180.05 $103 - $277
$25.84 $21.33-$31.18
$0.76 $0-$2

$26,001  $13,000 - $39.001
$49,066 $24,533 - $73,599
$19,984  $9,992 - $29,976
$131.23  $65.62 - $196.85
$46,647  $23,323 - $69,970

12

CDC ABCs
CDC ABCs

CDC ABCs
CDC ABCs

CDC ABCs
CDC ABCs

Estimate

Estimate

Estimate

Estimate

CDC ABCs
CDC ABCs

CDC ABCs
CDC ABCs

18
18

19

Estimate
NIS
NIS
NIS
NIS
NIS
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Parameter Value Range Source
Initial IPD symptom treatment $5 $0 - $10 Estimate
Disability (per yr) $14,239  $7,947 - $21,763 a

Utility weights
Disability 0.4 0.21-0.59 Estimate?!
Hospitalization 0.2 0.11-0.30 7,20
Vaccine side effects 0.9 0.77-0.97 Estimate?!
Well 0.83 0.78-0.88 7

Disutility- outpatient NBP 0.004 0.002 - 0.006 15

IlIness durations (days)

IPD 34 17-51 7.20
Hospitalized pneumonia 34 17-51 7.20
Vaccine side effects 3 1-8 42
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Table 3.

Cost-effectiveness Analysis Results ™

Assuming PPSV23 is NOT effective vs. non-bacteremic pneumonia
Black Population

Present recommendations (high-risk get PPSV23, immunocompromised get PCV13/PPSV23)
All get PPSV23
All get PCV13/PPSV23

General Population
Present recommendations
High-risk, immunocompromised get PCV13/PPSV23
All get PCV13/PPSV23
Assuming PPSV23 | S effective vs. non-bacteremic pneumonia

Black Population

High-risk, immunocompromised get PPSV23
Present recommendations
All get PPSV23
All get PCV13/PPSV23

General Population
High-risk, immunocompromised get PPSV23
Present recommendations
All get PPSV23
All get PCV13/PPSV23

Incremental Cost- Effectiveness

$37,346
$123,087
$284,654

$42,068
$220,251
$258,573

$14,786
$15,357
$43,957
$752,245

$14,556
$24,497
$81,002
$522,774

*
Dominated strategies not shown
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