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ABSTRACT

The CDC Advisory Committee on Immunization Practices (ACIP) recommended immunization with the recently
licensed 13-valent pneumococcal conjugate vaccine (PCV13) for high-risk (immunocompromised) adults aged
>19 years in 2012. This was in addition to the 23-valent pneumococcal polysaccharide vaccine (PPSV23). Data
on vaccine-specific uptake among these individuals were previously unavailable. This retrospective observa-
tional study analyzed PCV13 uptake in immunocompromised patients aged 19-64 years. Data were acquired
from insurance claims (N = 267,022) and electronic health records (EHR; N = 572,055) from October 2011-
October 2016. Descriptive statistics were provided. Demographics were similar across the two database
cohorts: mean age 49.7-51.0 years, 57-62% female, and >70% white. latrogenic immunosuppression was
the most common high-risk category (33.3-44.2%). PCV13 uptake was 7.3% (95% Cl: 7.25-7.45) in insurance
claims and 9.9% (95% Cl: 9.80-9.96) in EHR. Patients with HIV had the highest rate of PCV13 uptake; patients
with multiple risk factors were above the mean in both cohorts. A Kaplan-Meier analysis was conducted to
include patients lost to follow-up, with 441,657 and 722,071 patients for insurance claims and EHR, respectively.
PCV13 uptake was only slightly higher: 9.3% (95% Cl: 9.14-9.47) and 13.1% (95% Cl: 12.93-13.19) for insurance
claims and EHR, respectively. Four years after the ACIP 2012 recommendation, PCV13 uptake in high-risk adults
aged19-64 years was low at <15% in all overall analyses. Clinicians caring for these patients should ensure
adherence to the ACIP recommendation to minimize the risk of pneumococcal disease.
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Introduction Adherence to these guidelines is difficult to assess. In 2016,
four years after the 2012 guidance was issued, the National
Health Interview Survey (NHIS) indicated 24% pneumococcal
vaccine uptake in adults 19-64 years (compared to 67% in adults
>65 years); however, NHIS does not stratify by the specific
vaccine administered, nor does it differentiate the high-risk
population for which PCV13 is recommended from the remain-
der of the increased-risk immunocompetent population in
whom only PPSV23 is recommended. Consequently, there are
very limited data on the adherence to the 2012 ACIP pneumo-
coccal guidelines for PCV13 in high-risk adults aged <65 years.

A comprehensive understanding of PCV13 uptake among
high-risk adults may assist in developing interventions to better
implement ACIP recommendations in this population. We eval-
uated electronic health records (EHR) and an administrative
insurance claims database over a 4-year period with the objective
to assess PCV13 uptake, as a metric for assessment of adherence
to the ACIP 2012 guidelines, among immunocompromised and
other high-risk adults aged 19-64 years.

Immunocompromising conditions are known to greatly increase
the risk of pneumococcal disease in adults."”” In patients with
severe immunosuppression related to HIV or cancer treatment,
for example, the incidence of invasive pneumococcal disease
(IPD) has been shown to be 23-48 times greater than in healthy
adults." As IPD carries a mortality rate of up to 30% in western-
world adults,” preventive measures such as pneumococcal vac-
cine programs have the potential to greatly diminish this sig-
nificant public health threat in these high-risk populations.

The US Centers for Disease Control and Prevention’s Advisory
Committee on Immunization Practices (ACIP) has issued two
recent updates to guidelines for pneumococcal vaccination in
adults. In 2012, ACIP added the recently licensed 13-valent pneu-
mococcal conjugate vaccine (PCV13 [Prevnar 13°, Pfizer]) to the
vaccine protocol for adults aged 219 years with immunocompro-
mising conditions.* The resulting recommendation is for PCV13
to be administered as the first, followed 8 weeks later by the 23-
valent pneumococcal polysaccharide vaccine (PPSV23
[Pneumovax 23°, Merck]). Adults with immunocompromising
conditions who had already received PPSV23 were also recom-
mended to receive PCV13 one year after PPSV23. In 2014, follow-
ing the results of an efficacy study of PCV13 against vaccine-type

Results

Study cohorts

community-acquired pneumonia, ACIP made a similar update to
the pneumococcal recommendation for all adults aged >65 years,
with PCV13 added to the existing recommendation for PPSV23.>°

Within the insurance claims database, we identified 267,022
adults aged 19-64 years falling within the risk groups described
by the ACIP 2012 guidelines; 572,055 were identified from the
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Patients enrolled
Oct. 2012 — Oct. 2016 (N=31.5M)

Continuous enrollment until Oct. 2016 or
end of 64th birthday year (n=3.3M)

With PCV13-Recommending event
Oct. 2011 — Oct. 2016 (n=308,282)

Aged 19-64 on the index date year
(n=267,390)

Without PCV13 vaccination during
Oct. 2011 — Sept. 2012 (n=267,022)

Figure 1. Disposition of eligible patients in cohort databases.

EHR database (Figure 1). Due to the known potential for overlap
across the two database cohorts, an aggregate population was not
evaluated.

Demographics were generally similar across the two database
cohorts (Table 1). Mean ages were 51.0 years and 49.7 years for
insurance claims and EHR cohorts, respectively. A majority in
both cohorts were female (57% in the insurance claims cohort
and 62% in the EHR cohort), and >70% were white. Differences
in other characteristics were relatively small, with the exception
of household income, which was markedly higher in the insur-
ance claims cohort. Iatrogenic immunosuppression was the
most common reason for inclusion in the high-risk category

Table 1. Baseline demographics and characteristics.

Insurance Claims Cohort EHR Cohort
(n = 267,022) (n = 572,055)

Age, mean y (SD) 51.0 (11.2) 49.7 (11.6)

19-49, y (%) 99,683 (37.3) 233,025 (40.7)

50-64, y (%) 167,339 (62.7) 339,030 (59.3)
Sex, n (%)

Unknown 66 (0) 98 (0)

Female 152,224 (57.0) 354,846 (62.0)

Male 114,732 (43.0) 217,111 (38.0)
Race, n (%)

White 189,999 (71.2) 444,542 (77.7)

Hispanic* 27,439 (10.3)

Black 26,678 (10.0) 82,408 (14.4)

Asian 8663 (3.2) 8353 (1.5)

Missing/Unknown 14,243 (5.3) 36,752 (6.4)
Ethnicity, n (%)

Other/Unknown 26,894 (4.7)

Hispanic* 31,664 (5.5)

Not Hispanic 513,497 (89.8)
Annual household income category, n (%)

Missing/Unknown 31,638 (11.9) 13,721 (2.4)

<$50k 49,573 (18.6) 482,939 (84.4)

>$50k 185,811 (69.6) 75,395 (13.2)

EHR = electronic health record
*Databases differed in categorizing “Hispanic” as race or ethnicity

EHR

Patients with activity/follow-up
Oct. 2012 — Oct. 2016 (N=63.0M)

Associated with IDN provider source
(n=49.1M)

Activity/follow-up until Oct. 2016 or
end of 64th birthday year (n=9.6M)

With PCV13-Recommending event
Oct. 2011 — Oct. 2016 (n=674,506)

Aged 19-64 on the index date year
(n=574,275)

Without PCV13 vaccination during
Oct. 2011 — Sept. 2012 (n=572,055)

(Figure 2). Cancer or treatment for cancer, renal failure or
nephrotic syndrome, and the presence of multiple risk factors
were also common reasons for inclusion.

PCV13 uptake per ACIP 2012 guidelines

Overall PCV13 uptake was low in both databases. Within the
insurance claims cohort, the unadjusted PCV13 uptake was
7.3% (95% CI: 7.25-7.45); uptake was slightly higher in the
EHR cohort at 9.9% (95% CI: 9.80-9.96).

After stratifying PCV13 uptake by demographic characteris-
tics, we found that high-risk adults aged =50 years were more
likely to be vaccinated than those aged <50 years (Figure 3), and
men were more likely to be vaccinated than women. There was no
consistent pattern in uptake by race, ethnicity, or income levels.

Stratification by reason for inclusion in the high-risk cate-
gory indicated that patients with HIV had the highest rate of
PCV13 uptake (Figure 4), more than 3 times the overall
uptake among the cohorts in each database. Patients with
multiple risk factors also showed higher uptake relative to
the mean in both database cohorts.

Analysis including patients lost to follow-up

The Kaplan-Meier analysis, which included adults who were
omitted from the original analysis due to loss to follow-up
prior to 2016, enabled assessment of substantially larger popula-
tions: 441,657 in the insurance claims cohort and 722,071 in the
EHR cohort. Estimates of PCV13 uptake in this sensitivity ana-
lysis were slightly higher than that observed among the cohorts
with full follow-up, with 9.3% (95% CI: 9.14-9.47) in the insur-
ance claims cohort and 13.1% (95% CI: 12.93-13.19) in the EHR
cohort.
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Figure 2. Reason for high-risk ACIP recommendation eligibility by database.
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Figure 3. PCV13 uptake among high-risk adults aged 19-64 years according to demographic characteristics.

This Kaplan-Meier analysis also demonstrated a higher rate
of PCV13 uptake in the subset of patients aged 50-64 years vs
those aged 19-49 years (Figure 5). In evaluating PCV13
uptake before and after the ACIP 2014 update, which added
PCV13 to pneumococcal vaccine guidelines for adults =65
years, we found an accelerated PCV13 uptake after the
recommendation.

Discussion

Pneumococcal vaccines have been associated with a marked
decline in IPD,® due to both direct and indirect (herd) effects
of vaccination programs. Considering the effectiveness
demonstrated by vaccines in the prevention of pneumococcal
disease, it would be prudent to ensure vaccination of high-risk
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Figure 4. PCV13 uptake according to the reason for high-risk ACIP recommendation eligibility.
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Figure 5. Kaplan-Meier analysis of patients lost to follow-up: (A) uptake across

recommendation for PCV13 in adults aged =65 years.

patients. A stated objective of the US Health and Human
Services’ Healthy People 2020 initiative is to increase the
percentage of high-risk adults aged 18-64 years who are
vaccinated against pneumococcal disease from a baseline of
17% in 2008 to a target coverage of 60%.” It should be noted,
however, that his goal for the pneumococcal vaccine in

0 7 148 222 2% 370 444 s18 592 666 740

Days Since Qualifying for Vaccine Recommendation

time by age group; (B) uptake across time before and after 2014 ACIP

general and does not specify PCV13, PPSV23, or the sequence
of both vaccines recommended by ACIP in 2012.*
Previously, the only source of data on pneumococcal vac-
cine uptake within this patient population was NHIS, and as
noted above, NHIS data do not indicate which vaccine
(PCV13 vs PPSV23) was administered, thus making it difficult



to assess adherence to the ACIP 2012 guidelines. While no
single data source will fully capture the adoption of PCV13
uptake, our analysis provides relevant insight on adherence to
the ACIP recommendations for adults aged 19-64 years who
are at risk for pneumococcal disease.

Our study, including the sensitivity analysis leveraging
Kaplan-Meier estimation of uptake, shows PCV13 uptake to
be <15% in high-risk adults aged <65 years four years after the
implementation of the ACIP 2012 guidelines. This is particu-
larly low when compared with the uptake of 31.5% seen in
adults aged =65 years, based on insurance claims, only 2 years
after ACIP issued its recommendation for US adults aged 265
years.”' NHIS data for the older group also indicate an
upward trend in PCV13 coverage after 2014, increasing
from 63.6% in 2015 to 66.9% in 2016."" Of note, the acceler-
ated uptake we reported in the 19-64 age group that occurred
after 2014 (Figure 5) suggests the ACIP age-based recommen-
dation may also have led to greater uptake in this younger age
group, despite not being targeted by the 2014 recommenda-
tion. The current study did not investigate the reason for
increased uptake after the recommendation for older adults;
however, potential explanations may include increased aware-
ness of PCV13 and more widespread availability after the
broader recommendation was issued.

We noted that the Kaplan-Meier analysis was undertaken
to allow the inclusion of patients previously omitted due to
loss to follow-up in the databases. Simple change or disconti-
nuation of insurance carriers or providers is a common occur-
rence and a significant exclusion within this analysis, with
more than 90% attrition in the insurance claims cohort and
80% in the EHR cohort due to not meeting the criteria for >4
years continuous enrollment or follow-up. A Kaplan-Meier
analysis might, therefore, present a more accurate picture of
PCV13 uptake, especially if vaccination rates differed between
those who retained insurance carriers vs those who changed.
However, this analysis showed only slightly higher uptake
than in the continuous enrollment/follow-up population
analysis.

The stratification of PCV13 uptake by risk category found
that patients with HIV, who comprised <4% of each database
cohort, had the highest rate of PCV13 uptake; this was mark-
edly higher than patients in other high-risk categories. This
may be due to the fact that these patients tend to have higher
levels of care coordination, thereby focusing on prevention.
The high uptake in patients with HIV may also partially
explain the higher uptake in men within our analysis, as
HIV is more common in men.'” The category of patients
with multiple risk factors was a distant second to HIV in
terms of uptake percentage, although these patients had
uptake above the mean in both cohorts.

A substantial proportion of patients in our analysis had
iatrogenic immunosuppression: 33.3% and 44.2% in the EHR
and insurance claims cohorts, respectively. However, in both
databases, PCV13 uptake for patients with iatrogenic immu-
nosuppression was lower than in the overall population. This
suggests the need for interventions to target prescribers of
immunosuppressant therapies for education regarding ACIP
guidelines for pneumococcal vaccines.
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The low uptake among patients with iatrogenic immuno-
suppression is particularly concerning, as the current analysis
used a narrower definition that did not include individuals
who would qualify solely because of long-term corticosteroid
use, a treatment regimen that is common for many autoim-
mune diseases."> This was due to the complexity of operatio-
nalizing the recommendation; i.e., calculating prednisone-
equivalent dosages associated with immunosuppression,
which would determine a patient’s inclusion in ACIP’s high-
risk category. Including these patients would almost certainly
increase the number of high-risk patients in the analysis, as
well as the proportion of patients at high-risk due to iatro-
genic immunosuppression. There is little reason to believe
such patients are more likely to be vaccinated than other
patients with iatrogenic immunosuppression; therefore,
including them would likely have further reduced the overall
PCV13 uptake rate.

The current study employed two different databases to
evaluate uptake, and some of the findings highlight the rela-
tive strengths and weaknesses of each database for this pur-
pose. Interestingly, we found a slightly higher level of PCV13
uptake in high-risk patients using the EHR database as com-
pared to the claims-based cohort, despite the possibility that
PCV13 can be obtained at pharmacies which would poten-
tially not be captured in the EHR, thereby theoretically under-
estimating the vaccination coverage relative to claims.
Further, it should be noted that we did not have access to or
use the unstructured portions (i.e., HCP notes) of EHR to
further capture comorbidities, medications and vaccination
status and may have underestimated these measures of inter-
est in the EHR cohort. We also observed higher attrition in
the claims cohort with requirement of four years of contin-
uous enrollment (or until the end of the year the individual
turned age 64), which raised the possibility that we may have
selected a healthier or more stable cohort amongst the high-
risk patients; however, sensitivity analysis not requiring the
full four years of enrollment or follow up also suggested
higher PCV13 uptake in the EHR cohort. In addition, while
the potential gaps and challenges with reliability of coding in
EHR vs. claims have been explored in the context of risk
stratification,'® the prevalence of most high-risk conditions
largely defined by presence of International Classification of
Diseases, 9™ and 10" revision (ICD-9 and ICD-10, respec-
tively) diagnosis codes in our study was similar or higher in
the EHR database, the proportion of high-risk patients who
were considered to have iatrogenic immunosuppression was
higher in claims data. Unlike the other risk factors, iatrogenic
immunosuppression risk was primarily determined by
a combination of select immunosuppressive medications,
with physician specialties that would prescribe or administer
those medications (in order to differentiate the use of agents
used for cancer as well as other indications). Differences in
prevalence may be attributed to potential differences in the
availability of provider specialty in the EHR for iatrogenic
immunosuppression status classification. There could also be
underlying differences in the populations served by the com-
mercial insurance plan which provided claims data and the
providers who contribute the EHR data. Including both
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claims and EHR, as was done in this study, should provide
a more representative sample of vaccine uptake in the total
population than reliance on either sample alone. Further,
future use of a linked EHR (structured and unstructured)
and claims database may provide additional insights on the
reliability of coding and classification of risk and vaccination
status, though potentially at a loss of representativeness.

Limitations

Limitations of the current study include the reliance on data-
bases generated from systems created for billing and clinical
practice management. The claims in the current study were
primarily from a large national health plan in the US. There
may also have been patients whose claims for vaccinations or
other qualifying treatments were not processed or paid
through an insurance company; however, we expect that few
insured patients would pay out-of-pocket for PCV13, given
the mandate that insurers cover ACIP-recommended vac-
cines. Such factors may prevent our results from being gen-
eralizable to populations outside of the insured population,
although insured populations would be expected to have
higher vaccination rates than uninsured patients. The inclu-
sion criterion of continuous enrollment/follow-up over a long
period of time, while intended to ensure no records of PCV13
vaccinations were missed, may have resulted in a sample that
is not representative of the entire covered population. In
addition, it is possible that some patients may have received
PCV13 prior to the observation period and were therefore
misclassified as not having received the vaccine.

Diagnostic coding (or undercoding) errors may have
occurred in some patient records or claims, which may have
led to the exclusion of some patients who would have quali-
fied for the study. Likewise, there is room for interpretation in
the recommendation, and we chose to exclude some cate-
gories of patients who might otherwise be considered part of
the high-risk group recommended to receive the vaccine. In
particular, patients with metastatic solid tumors that were not
coded as generalized malignancies would not have been
included in this analysis unless they underwent a treatment
putting them at high risk. ACIP recommendations are subject
to interpretation by clinicians, and the current analysis repre-
sents a conservative interpretation. Other interpretations
(such as including the metastatic solid tumor patients men-
tioned above) are possible and would impact both the total
number of patients and the uptake rate.

Finally, it is important to note that these analyses are meant
only to describe vaccine uptake; the relationships observed
should not be interpreted as causal. Likewise, our study was
exploratory and did not test prespecified hypotheses.

Conclusions

Four years after the issuance of the ACIP 2012 guidelines for
pneumococcal vaccination of immunocompromised adults
aged 219 years of age, uptake of PCV13 in this population
remained low at <15%. Clinicians caring for high-risk patient
populations should ensure adherence to the current pneumo-
coccal vaccine recommendations, including PCV13 and

PPSV23 in series, to reduce the incidence of pneumococcal
disease in these patients.

Patients and methods
Study design

This was a retrospective observational study of US adults aged
19-64 years between October 2012 and October 2016 who met
criteria for the high-risk target population in the ACIP 2012
pneumococcal vaccine guidelines. Reasons for inclusion in the
high-risk population were categorized as congenital or acquired
immunodeficiency, asplenia, or CSF leak; sickle-cell disease; HIV;
renal failure or nephrotic syndrome; cancer or cancer treatment;
solid organ transplant; iatrogenic immunosuppression; or
a combination of any of these factors using respective ICD-9
and ICD-10 codes. There are several aspects of how the iatrogenic
immunosuppression category was operationalized for the study
that should be noted. First, iatrogenic immunosuppression is
defined in the recommendation as, “Diseases requiring treatment
with immunosuppressive drugs, including long-term corticoster-
oids and radiation therapy.” The current study relied on use of
National Drug Code (NDC) for written prescription or fill or
Healthcare Common Procedure Coding System (HCPCS) codes
for administration of immunosuppressive medication (e.g., meth-
otrexate, adalimumab, rituximab, etc., as recorded in EHR or
claims) in addition to the attributable provider specialties rather
than diagnosis of a disease requiring such drugs or procedures.
Furthermore, the long-term corticosteroid use mentioned in the
recommendation was not incorporated into the category due to
the complexity of operationalizing, so patients who would qualify
as high-risk only because of long-term corticosteroid use were not
included in the study. Finally, many therapies and procedures
(identified via Current Procedural Terminology [CPT-4] codes)
which would cause iatrogenic immunosuppression are oncologi-
cal, and we chose to include such therapies which are specific to
oncology or were prescribed by oncologists as “cancer or cancer
treatment”. Eligible individuals were to be identified and followed
within the record or claims until the end of the year in which they
reached 64 years of age, or October 2016, whichever occurred first.

Cohort selection

Patients included in this analysis were US adults who were aged
19-64 years in the index-event year, the index event being the
disease diagnosis, medication prescription, fill or administrative
procedure that caused the patient to be considered high-risk.
The index event could have occurred anytime between
October 12, 2011, and October 11, 2016. Two different types of
statistically de-identified, structured, longitudinal real-world
databases from the health data and analytics company Optum®
were leveraged for this study; one comprised of electronic health
records (EHR), and the other of claims. Both databases are
compliant with the Health Insurance Portability and
Accountability Act (HIPAA). EHR data offers the advantage of
being payer agnostic, potentially representing a broader swath of
the high-risk populations than the commercially insured and
Medicare Advantage Part D lives available in the claims data,
and may provide a more comprehensive view of comorbidity,



medication and vaccination status than the paid claims for
services and filled prescriptions that were covered and reim-
bursed by health plans. On the other hand, the claims data
includes enrollment files that potentially support better follow-
up and history across different care settings so long as the
services and prescriptions are paid for by the health plan.
Lastly, cohort attrition often occurs in claims databases when
requiring continuous enrollment for follow-up as it is not
uncommon for enrollees to switch health plans, while we
expected less loss to follow-up in the EHR database.

Optum’s longitudinal EHR clinical repository is derived from
dozens of health-care provider organizations in the United
States, which include more than 700 hospitals and 7000 clinics
treating more than 94 million patients. Clinical records, claims,
and other medical administrative data are obtained from EHRs
(both inpatient and outpatient), practice management systems,
and numerous other internal systems. Optum’s EHR database is
agnostic to EHR platforms and aggregated across various provi-
der sources covering the continuum of care and different for-
mats/structures. Hence, EHR data are processed (i.e., Optum
reviews the format, structures the data, and loads it into their
databases), normalized (transformed to ensure disparate data
can be evaluated across a common denominator, which includes
mapping labs, medications, observations, and microbiology
values, and use of natural language processing algorithms to
retrieve information from text), and standardized (disparate
formats in data received from providers are routed into consis-
tent formats) across the continuum of care from both acute
inpatient stays and outpatient visits. Optum’s EHR data ele-
ments related to this study comprise demographics, including
month and year of death from the Death Master File maintained
by the Social Security Administration (noting that some states
stopped contributing data after 2011), estimated socioeconomic
status based on 3-digit zip codes, medications prescribed and
administered, and health-care professional-coded diagnoses and
procedures.

Optum’s  Clinformatics™ Data Mart comes from
a database of administrative health claims for members of
a large national managed-care company affiliated with
Optum. The database includes approximately 12-14 million
covered lives annually, for a total of more than 65 million
unique lives over a 19-year period (2000 through 2018). The
claims data comprise both commercial and Medicare
Advantage health plan data, and the database spans all 50
states. In addition to medical and pharmacy claims, the data
include tables with member eligibility and inpatient confine-
ments; the data also include standard pricing for all medical
claims, pharmacy claims, and inpatient confinements. The
Optum data also include information on additional consumer
characteristics (e.g., predefined household income ranges)
from an outside vendor, along with month and year of
death from the Death Master File maintained by the Social
Security Administration (as above, noting that some states
stopped contributing data after 2011).

Patients were to be continuously enrolled in the claims
database or to have a follow-up in the EHR database, from
October 2012 through October 2016 or the end of the year in
which the patient turned 64 years of age. Patients in the EHR
cohort must have been associated with an integrated delivery
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network. Patients with PCV13 vaccination between
12 October 2011 and 12 October 2012 (i.e., prior to the
publication of the ACIP recommendation) were excluded.

Outcomes of interest

The overall population was to be evaluated for vaccination with
PCV13 after the index event. Patients were also stratified by age
(19-49 years, 50-64 years), sex, race or ethnicity, household
income, and reason for inclusion in this high-risk population.

Statistical analysis

The continuously enrolled population was characterized using
descriptive statistics, including means and standard deviations
for continuous data, and frequencies and percentages for catego-
rical data, with 95% confidence intervals calculated for vaccine
uptake.

Additional sensitivity analyses to assess the immunization
rate included application of a Kaplan-Meier approach. The
updated population for the Kaplan-Meier analysis included
patients lost to follow-up due to disenrollment (or not returning
to the provider system captured in EHR) or death prior to the
study end date. This analysis excluded patients who died prior to
the index event and patients who received PCV13 between the
study start date and the index-event date. This population was
stratified by age groups and timing of the ACIP 2014 update
regarding PCV13 recommendation for adults aged =65 years. All
analyses were performed using SAS 9.4 software.
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