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Effectiveness of Pneumococcal Conjugate Vaccination
Against Virus-Associated Lower Respiratory Tract
Infection Among Adults: A Case-Control Study

Joseph A. Lewnard,"?* Katia J. Bruxvoort,** Vennis X. Hong,’ Lindsay R. Grant,® Luis Jodar,’ Alejandro Cané,’ Bradford D. Gessner,’ and Sara Y. Tartof,3’

'Division of Epidemiology, School of Public Health, University of California, Berkeley, California, USA, Division of Infectious Diseases & Vaccinology, School of Public Health, University of
California, Berkeley, California, USA, *Center for Computational Biology, College of Engineering, University of California, Berkeley, California, USA, “Department of Epidemiology, School of Public
Health, University of Alabama at Birmingham, Birmingham, Alabama, USA, *Department of Research & Evaluation, Kaiser Permanente Southern California, Pasadena, California, USA, ®Pfizer
Vaccines, Collegeville, Pennsylvania, USA, and ’Department of Health Systems Science, Kaiser Permanente Bernard J. Tyson School of Medicine, Pasadena, California, USA

Background. Interactions of Streptococcus pneumoniae with viruses feature in the pathogenesis of numerous respiratory illnesses.

Methods. We undertook a case-control study among adults at Kaiser Permanente Southern California between 2015 and 2019.
Case patients had diagnoses of lower respiratory tract infection (LRTT; including pneumonia or nonpneumonia LRTT diagnoses),
with viral infections detected by multiplex polymerase chain reaction testing. Controls without LRTT diagnoses were matched to
case patients by demographic and clinical attributes. We measured vaccine effectiveness (VE) for 13-valent (PCV13) against virus-
associated LRTI by determining the adjusted odds ratio for PCV13 receipt, comparing case patients and controls.

Results.  Primary analyses included 13 856 case patients with virus-associated LRTI and 227 887 matched controls. Receipt
of PCV13 was associated with a VE of 24.9% (95% confidence interval, 18.4%-30.9%) against virus-associated pneumonia and
21.5% (10.9%-30.9%) against other (nonpneumonia) virus-associated LRTTs. We estimated VEs of 26.8% (95% confidence interval,
19.9%-33.1%) and 18.6% (9.3%-27.0%) against all virus-associated LRTT episodes diagnosed in inpatient and outpatient settings,
respectively. We identified statistically significant protection against LRTT episodes associated with influenza A and B viruses, en-
demic human coronaviruses, parainfluenza viruses, human metapneumovirus, and enteroviruses but not respiratory syncytial virus
or adenoviruses.

Conclusions. Among adults, PCV13 conferred moderate protection against virus-associated LRTI. The impacts of pneumo-
coccal conjugate vaccines may be mediated, in part, by effects on polymicrobial interactions between pneumococci and respiratory

viruses.
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Streptococcus pneumoniae (pneumococcus) is among the most
prominent causes of lower respiratory tract infections (LRTTIs),
including pneumonia, and is associated with elevated disease
severity in both bacteremic and nonbacteremic cases [1, 2].
Pneumococcal conjugate vaccines (PCVs) are of importance
to the control of pneumococcal diseases globally. Numerous
countries have implemented routine immunization with PCVs
among children to reduce pediatric burden of vaccine-serotype
invasive pneumococcal disease and acute otitis media [3]. In
addition, PCVs protect against nonbacteremic pneumonia as-
sociated with vaccine-targeted serotypes among children [4]
and adults [5, 6] and have reduced the incidence of all-cause
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LRTIs, including pneumonia under real-world conditions of
use [7-9].

Pneumococcal disease incidence varies in association with
seasonal transmission of respiratory viruses [10], suggesting
that bacterial-viral interactions play an important role in path-
ogenesis. Secondary pneumococcal infections are well known
to cause severe outcomes following influenza and other viral
infections [11]. However, interactions between pneumococci
and respiratory viruses also occur at earlier stages in the clinical
course of viral and bacterial illnesses. Pneumococcal carriage in
the upper airway is associated with a higher likelihood of detec-
tion or higher-density shedding of influenza virus, respiratory
syncytial virus (RSV), human rhinoviruses, and both endemic
human coronaviruses (HCoVs) and severe acute respiratory
syndrome coronavirus 2 [12-19]. Pneumococcal carriers have a
higher likelihood of acquiring respiratory viruses [20] and have
diminished mucosal antibody responses to viral infections [12,
21]. Interventions targeting pneumococci may thus offer ancil-
lary benefit by preventing disease typically attributed to viral
pathogens. In a prelicensure randomized trial among children
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in South Africa, an investigational 9-valent PCV prevented 33%
of virus-associated pneumonia cases among human immuno-
deficiency virus-negative children [22]. However, it remains
unclear whether adult PCV recipients derive similar benefit
[23].

The use of 23-valent pneumococcal polysaccharide vac-
cine (PPSV23) has been recommended since 1984 for all US
adults aged 265 years and high-risk adults aged 18-64 years
to prevent invasive pneumococcal disease [24]. In 2014, the
Advisory Committee on Immunization Practices (ACIP) ex-
tended these recommendations to state that all adults aged 265
years should receive 13-valent PCV (PCV13) in series with
PPSV23 to prevent nonbacteremic pneumonia associated with
PCV13-targeted serotypes [25]. Updated recommendations in
2019 called for PCV13 administration on a shared clinical de-
cision-making basis for healthy adults aged 265 years, while in
2021, all adults aged 265 years and high-risk adults aged 18-64
years were recommended to receive 20-valent PCV as a stand-a-
lone immunization or PCV15 followed by PPSV23 [26]. To
probe the vaccine-preventable disease burden associated with
pneumococcal-viral interactions among adults, we undertook
an observational study evaluating PCV13 effectiveness against
virus-associated LRTI among adults.

METHODS

Setting

Kaiser Permanente Southern California (KPSC) is a prominent
healthcare provider, enrolling roughly 19% of the population
of southern California through employer-provided, prepaid,
and federally sponsored insurance plans. Our study popula-
tion comprised adult KPSC enrollees (aged 218 years) between
2015 and 2019. Electronic health records capture all diagnoses,
immunizations, prescriptions, and services provided across
within-network outpatient, emergency, hospital, and virtual
settings for KPSC members. Care received outside of KPSC is
captured through insurance claim reimbursements.

Design and Case Definition
We used a case-control framework comparing the history of
PCV13 receipt among patients with LRTI, from whom speci-
mens were collected and results obtained for multiplex panel-
based polymerase chain reaction assays, and among matched
controls without LRTI diagnoses during the same season.
Within KPSC, viral testing was ordered on the basis of clinical
judgment, most commonly for patients seen in inpatient set-
tings (compared with outpatient or emergency department set-
tings), although clinicians could order tests for patients seen in
any setting (Supplementary Table 2).

Case patients were individuals receiving any LRTI diag-
nosis (according to codes from the International Classification
of Diseases, Tenth Revision, Clinical Modification) between 1

January 2016 and 31 December 2019, who tested positive for

infection with any of the study end point viruses: influenza A
and B viruses, RSV, HCoV's (including the 229E, HKU1, NL63,
and OC43 subtypes), parainfluenza viruses (types 1-4), adeno-
viruses, human metapneumovirus (HMPV), and enteroviruses
(including rhinoviruses). These represented the shared targets
of multiplex (17-20 pathogen) viral panel testing assays used at
KPSC during the study period. While tests limited to influenza
A/B viruses and RSV were also available to physicians, the use
of such tests was uncommon (9.1% of all viral testing over the
study period) and mostly restricted to outpatient settings; we
thus excluded from the analysis any patients who did not re-
ceive panel tests that included all study end point viruses.

If multiple viruses were identified, case patients were con-
sidered to be associated with each virus detected and contrib-
uted data to each virus-specific analysis. We defined single-virus
detections as case patients with one of the study end point vir-
uses detected and negative results for all other study end point
viruses, without any positive detections of these other viruses
within a 30-day window before and after the date of the initial
LRTI diagnosis. We included only case patients with new-onset
infection (without LRTT diagnoses in the preceding 30 days)
who had been enrolled in KPSC health plans continuously for
212 months (allowing for enrollment gaps of <30 days) before
their diagnosis to enable ascertainment of prior-year history of
LRTI and other risk factors.

We considered LRTT cases without pneumonia diagnoses
within 30 days after an initial nonpneumonia LRTT diagnosis
to be nonpneumonia LRTT cases, and we considered cases in
patients not hospitalized within 30 days after their initial LRTI
diagnosis date to be outpatient-attended cases. Cases with any
pneumonia diagnosis or new inpatient admission within these
time windows were classified as pneumonia and hospitalized
cases, respectively.

We also considered an end point of virus-negative LRTI. For
these analyses, we sampled a 20% random subset of all case pa-
tients whose tests yielded negative results for all study end point
viruses and who did not have viruses detected on any other test
within 30 days before or after the initial LRTI diagnosis.

Control Selection

For each case patient, we selected up to 50 eligible controls at
random who did not receive any LRTT diagnosis within 1 year
after the matched case patients diagnosis date, or before the
control’s date of death or disenrollment, whichever was earlier.
Because case patients were considered to have experienced
new-onset LRTT if they had not received a previous LRTI di-
agnosis within 30 days, individuals with LRTT diagnoses <30
days before the onset date for the case patients were excluded
as controls. Matching criteria included age (£1 year), sex, race/
ethnicity, history of any LRTT diagnosis in the year before the
case patients diagnosis date, ACIP pneumococcal disease risk
group designation (Supplementary Table 3), and prior receipt
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of adult vaccinations other than PCV13. Vaccine exposures
used for matching included PPSV23 and zoster vaccination
(live or recombinant) and receipt of seasonal influenza vaccine
(live or inactivated) within the same respiratory season, defined
over a July-June timetable.

Exposure Definition

The primary exposure was prior receipt of PCV13 under
ACIP-concordant frameworks. We excluded case patients and
controls who received PCV13 before 2015 (when the vaccine
became broadly available to US adults) and those who received
PCV13 in series with PPSV23, conflicting with recommended
dosing sequences [27] (PPSV23 21 year after PCV13 for immu-
nocompetent individuals or 28 weeks after PCV13 for immu-
nocompromised individuals; or PCV13 21 year after PPSV23).

Statistical Analysis

We used logistic regression to estimate the adjusted odds ratio
(aOR) comparing prior PCV13 receipt among case patients and
controls; we measured vaccine effectiveness (VE) for PCV13 as
(I - aOR) x 100%. Models adjusted for all matching variables
as well as risk factors including body mass index, history of
smoking, comorbid medical conditions (listed in Table 1), and
prior-year healthcare use across outpatient, emergency depart-
ment, and inpatient settings.

Our primary analyses assessed VE for PCV13 against LRTI
with 21 virus identified in any clinical setting. We also assessed
VE against LRTT diagnoses associated with each virus individ-
ually, as well as diagnoses associated with single detections of
each virus and virus-negative LRTI diagnoses. We repeated
these analyses, stratifying for case patients with diagnoses of
pneumonia or nonpneumonia LRTI and for case patients who
were or were not hospitalized. Each of these analyses was re-
stricted to case patients who met the applicable end point def-
inition and their matched controls, for case patients with any
virus detection, those with detections of specific viruses, and
those who were virus negative.

We conducted additional exploratory analyses within various
population subgroups. These included individuals designated by
ACIP as being “at risk” or “at high risk” for pneumococcal disease
(based on the presence of comorbid conditions or immunocom-
promised/immunosuppressed status, respectively) versus those
“at low risk” (immunocompetent individuals without ACIP-
recognized “at risk” or “high-risk” medical comorbid conditions;
Supplementary Table 3). We also repeated analyses among in-
dividuals aged 265 years only, who received PCV13 according to
age-based recommendations. To verify that protection was at-
tributable to PCV13 and not to other vaccines, we repeated ana-
lyses within the subset of individuals who had received PPSV23
(because 88% of PCV13 recipients had also received PPSV23,
analyses within PPSV23-unvaccinated strata were not possible).
We also repeated analyses, matching case patients and controls

on their frequency of outpatient visits over the preceding year
(in bands of 5 visits) and their history of any inpatient admission
and emergency department presentation in the preceding year.
For influenza A/B virus-associated end points, we likewise re-
peated analyses separately in strata of individuals who received
or had not received any seasonal influenza vaccine in the appli-
cable season (defined on a July-June yearly timetable).

To verify the biological plausibility of our findings, we also
assessed VE for seasonal influenza vaccines against LRTI end
points associated with influenza A or B virus. Here we applied
the same statistical framework used in our primary analyses but
instead matched individuals on their history of PPSV23, zoster
vaccine, and PCV13 receipt in addition to age, sex, race, prior-
year LRTT, and ACIP risk stratum.

RESULTS

Eligible adult KPSC enrollees experienced 413 953 new-onset
LRTI diagnoses during follow-up, with 292 945 (70.8%), 62 225
(15.0%), and 58 783 (14.2%) of these case patients receiving
care in outpatient, emergency department, and inpatient set-
tings, respectively (Supplementary Table 2). Viral panel testing
was more common for severe cases; 40 283 (9.7% of 413 953)
cases received tests, including 6353 outpatient-diagnosed cases
(2.2% of 292 945), 11 330 emergency department-diagnosed
cases (18.2% of 62 225), and 22 600 hospitalized cases (38.4%
of 58 783). Analyses included 13 856 patients with 21 virus de-
tected and 3560 with negative results for all viruses assessed, as
well as 279 772 matched controls (Tables 1 and 2). Attributes
of case patients and matched controls are presented for each
virus-associated or virus-negative end point in Supplementary
Tables 4-12; comparisons of characteristics among case pa-
tients with each virus detected, or no viruses detected, are pre-
sented in Supplementary Table 13.

In total, 11 715 case patients (67.3% of 17 416) and 189
812 controls (67.8% of 279 772) received PCV13 (Table 1).
Among both groups, PCV13 recipients tended to be older
than nonrecipients (within both the 18-64- and 265-year age
strata), with higher prevalence of comorbid conditions, higher
rates of healthcare use in the preceding year, and higher up-
take of other adult vaccinations (Supplementary Table 14).
Controlling for these differences, we estimated that the VE of
PCV13 against LRTI diagnoses with any positive viral detec-
tion was 23.4% (95% confidence interval [CI], 17.9%-28.6%;
Table 3). Statistically significant protection was apparent
for case patients associated with each virus except RSV (VE,
0.5% [95% CI, -23.3% to 19.7%]) and adenoviruses (—46.1%
[-194.6% to 27.5%]), with VE point estimates spanning from
16.1% (for influenza A virus-—positive patients) to 43.4% (for
influenza B virus—positive patients). Estimates were similar in
analyses limited to case patients with a single virus detected.
We estimated a VE of 30.0% (95% CI, 19.9%-388%) against
virus-negative LRTIL.
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Matched Controls
(n=128737)
96 576 (75.0)
118 980 (92.4)
39870 (31.0)
92 563 (71.9)

Hospitalized

(n=9782)

Case Patients
7102 (72.6)
8903 (91.0)
2896 (29.6)
7755 (79.3)

(n =151 035)

93 236 (61.7)
42785 (28.3)
100 644 (66.6)

Matched Controls
122 948 (81.4)

Nonhospitalized

Participants Stratified by Case Patient’s Hospitalization Status, No. (%)?
Case Patients
(n =7634)
4613 (60.4)
6142 (80.5)
2042 (26.7)
5727 (75.0)

Matched Controls
(n =186 502)
136 029 (72.9)
169 451 (90.9)
56 885 (30.5)
131 070 (70.3)

Pneumonia

9116 (71.4)
11 479 (89.9)
3754 (29.4)

(n=12772)
10 158 (79.5)

Case Patients

Matched Con-
trols (n =93 270)

53 783 (67.7)
72 477 (777)
25770 (276)
62 137 (66.6)

Nonpneumonia LRTI
(n = 4644)

1184 (25.5)
3324 (71.6)

Participants Stratified by Clinical Syndrome of Case Patient, No. (%)?

Case Patients

2599 (56.0)
3566 (76.8)

279772)

82 655 (29.5)

193 207 (69.1)

Matched Controls
(N

189 812 (67.8)
241 928 (86.5)

Al Participants Analyzed, No. (%)

4938 (28.4)
13 482 (77.4)

(N =17 416)

Case Patients
11 715 (67.3)

15 045 (86.4)

Continued
Prior zoster vaccine
Seasonal influenza

Prior PCV13
vaccine®

Prior PPSV23

“Controls were matched to case patients on the basis of age (within +1 year), sex, race/ethnicity, ACIP risk stratum, history of LRTI/pneumonia in the year before each case patient’s diagnosis date, and receipt of other adult immunizations (PPSV23, zoster
vaccination, and seasonal influenza vaccination). Despite matching on these variables, imbalance may occur owing to differences in the number of eligible controls identified for each case patient. All factors listed in Table 2 are controlled for in analyses

estimating vaccine effectiveness. For LRTIs, diagnosis codes from the International Classification of Diseases, Tenth Revision, Clinical Modification, are provided in Supplementary Table 1).
°Receipt of seasonal influenza vaccine was defined for controls as receipt at any time within the applicable respiratory virus season for the case patient’s diagnosis date (defined on a July-June timetable) and for case patients as receipt within <180 days

Abbreviations: ACIP Advisory Committee on Immunization Practices; BMI, body mass index; CHF, congestive heart failure; CPD, chronic pulmonary disease; CVD, cerebrovascular disease; DM, diabetes mellitus; ED, emergency department; HIV, human
before the diagnosis date (to capture periods when the vaccine was likely to provide clinical protection and appropriate strain coverage).

immunodeficiency virus; LRTI, lower respiratory tract infection; Ml, myocardial infarction; PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine; PVD, peripheral vascular disease.

"Definitions for the ACIP risk strata are presented in Supplementary Table 3.

Characteristic
Adult vaccinations

Table 1.

We estimated VEs of 21.5% (95% CI, 10.9%-30.9%) and
24.9% (18.4%-30.9%) against nonpneumonia LRTT and pneu-
monia, respectively, with any positive viral detection (Table 4).
Point estimates similarly suggested greater protection against
pneumonia than nonpneumonia LRTI end points for case pa-
tients with influenza A, parainfluenza viruses, and HMPV iden-
tified. We estimated VEs of 18.6% (95% CI, 9.3%-27.0%) and
26.8% (19.9%-33.1%) against nonhospitalized and hospitalized
LRTT episodes, respectively, with any virus detected (Table 5).
Point estimates suggested greater protection against hospital-
ized than against nonhospitalized episodes associated with
influenza A, HMPYV, and enteroviruses. We did not identify evi-
dence of protection against LRTT associated with RSV or adeno-
viruses for any of the end points considered.

We estimated a VE of 31.8% (95% CI, 21.7%-40.7%) against
virus-negative pneumonia cases (Table 4). While we did not iden-
tify evidence of protection against virus-negative, nonpneumonia
LRTI, it should be noted that such cases represented a small
subset (9.2%) of all virus-negative cases, limiting comparability to
virus-associated end points. We estimated VEs of 29.5% (95% CI,
12.4%-43.3%) and 30.7% (17.7%-41.7%) against nonhospitalized
and hospitalized virus-negative LRTTs, respectively (Table 5).

Analyses of subsets to individuals who received PPSV23
(Supplementary Table 15) and those aged 265 vyears
(Supplementary Table 16) yielded similar conclusions, with
higher point estimates of protection against most end points.
Among individuals <65 years old, 79.1% of PCV13 recipients
were immunocompromised, while a further 18.1% were im-
munocompetent but had major medical comorbid conditions
regarded by ACIP to be associated with pneumococcal disease
risk (Supplementary Table 3). We obtained lower estimates
of VE for PCV13 within these strata (17.9% [95% CI, 11.5%—
23.8%] for virus-associated LRTI; Supplementary Table 17),
than among immunocompetent individuals without comorbid
conditions (52.3% [42.5%-60.5%]; Supplementary Table 18).
Such differences should also be considered when comparing
our primary estimates with those for the subgroup who had
received PPSV23, because 89.4% of PPSV23 nonrecipients (vs
20.0% of PPSV23 recipients) were aged <65 years and thus pri-
oritized for PCV13 receipt on the basis of immunocompro-
mised status or major medical comorbid conditions potentially
associated with reduced VE.

Our primary results were also confirmed in analyses that
matched case patients and controls for healthcare use, de-
fined by their frequency of outpatient visits and history of any
emergency department presentations and inpatient admis-
sions in the year preceding each case patients diagnosis date
(Supplementary Table 19). However, the limited availability
of eligible matches for case patients with high rates of health-
care use restricted this analysis to a healthier subgroup, within
which 17.8% of participants were immunocompromised (com-
pared with 31.3% of the primary analysis population).
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Point estimates of the VE for PCV13 against influenza
A virus-associated end points were similar for individuals
who had or had not received seasonal influenza vaccines
(Supplementary Table 20); for influenza B virus-associated
end points, estimates of PCV13 VE were greater among in-
dividuals who had not received seasonal influenza vaccines.
Secondary analyses revealed protective effects of seasonal in-
fluenza vaccination against LRTT associated with influenza A
or B viruses. Estimates of protection against pneumonia and
hospitalized illness exceeded estimates of protection against
nonpneumonia and nonhospitalized LRTI, respectively, and
were greatest among immunocompetent individuals without
comorbid conditions (Supplementary Table 21).

DISCUSSION

We identified moderate protection against virus-associated
LRTI among adult recipients of PCV13. Point estimates of
VE were higher for virus-associated pneumonia than for
nonpneumonia LRTI, and higher for virus-associated hospital-
ized LRTI than for outpatient-attended LRTI. Receipt of PCV13
was protective against disease associated with each virus except
RSV and adenoviruses. We identified greater protection against
virus-negative episodes, consistent with the higher likelihood
of a primary bacterial etiology in such cases, although caution
is warranted, owing to differences in severity and clinical attri-
butes of virus-positive and virus-negative cases. Because testing
was ordered based on physicians’ judgment and captured a se-
vere subset of all diagnosed LRTI cases, estimates of protection
may differ from what would be expected in samples including
milder cases. With these considerations in mind, our findings
suggest that PCV13-serotype pneumococci contribute to the
pathogenesis of severe LRTT cases associated with respiratory
viruses among adults and that the resulting burden of disease
can be reduced by immunization with PCVs.

Prior case-control studies have reported that children re-
ceiving complete PCV series per local guidelines had 26%-
48% lower risks of influenza-associated hospitalization, than
children who did not receive PCVs [28, 29]. In intention-to-
treat analyses of a prelicensure trial in South Africa, 9-valent
PCV conferred 34%-51% efficacy against pneumonia associ-
ated with influenza A, endemic HCoVs, parainfluenza viruses,
and HMPV among young children [22, 30, 31]. Consistent with
our findings, the study did not identify strong evidence of pro-
tection against pneumonia associated with RSV (VE, 12% [95%
CI, -8% to 27%]) or adenoviruses (0% [-100% to 50%]), pos-
sibly reflecting distinct interaction pathways between pneumo-
cocciand these viruses. Differences in bacterial-viral interaction
pathways may also occur between children and adults. Cohort
studies have reported elevated risk of secondary pneumococcal
disease after RSV infection, but no commensurate increase in
RSV infection risk after pneumococcal disease [32], consistent
with the lagged seasonal pattern of pneumococcal disease

relative to RSV [10]. Because our analysis included only new-
onset LRTT episodes, lack of evidence for PCV13 effectiveness
against RSV-associated LRTT in our study could also indicate
that pneumococcal interactions with RSV predominantly in-
volve secondary bacterial infections not captured by our study
end point of new-onset, virus-associated LRTI.

In a randomized PCV13 trial in the Netherlands enrolling
adults aged 265 years, which was likewise undertaken in a
setting of well-established pediatric PCV use, point estimates
for VE against radiologically confirmed community-acquired
pneumonia associated with influenza viruses, HCoVs, and
HMPV were 34%, 24%, and 11%, respectively [23]. However,
the study identified only 332 virus-positive cases among 84
496 participants followed up for 4 years, yielding limited statis-
tical power. In a previous observational study in the KPSC co-
hort, older adults receiving PCV13 experienced moderate (VE,
35%x) protection against COVID-19 [33]. Our study extends
these earlier findings, suggesting that the benefits of PCV13 for
preventing virus-associated respiratory illness among adults re-
semble previous observations among children [22, 30, 31].

We estimated greater VE of PCV13 against influenza B
virus—associated LRTT among individuals who had not received
seasonal influenza vaccines than among seasonal influenza
vaccine recipients. These findings may reflect greater PCV13-
preventable disease burden among individuals lacking specific
viral protection. Annual US evaluations of seasonal influenza
VE during the study period consistently identified greater pro-
tection against influenza B viruses than against influenza A
viruses [34-36], possibly contributing to these observations.
Among children, the combined use of PCV's with influenza vac-
cines has been found to confer greater protection against acute
respiratory infections than influenza vaccination alone [37, 38].
Because most animal studies have investigated pneumococcal
interactions with influenza A virus, it is unclear whether there
is a biological basis for differences in PCV13 effects on LRTI
associated with influenza A and B viruses.

While studies in Europe have attributed 7%-14% of all
community-acquired adult pneumonia cases to PCV13-
serotype pneumococci using urinary antigen detection assays
[39-41], US studies have obtained lower estimates, in the range
of 4%-6% [42, 43]. However, randomized and observational
studies of PCV13 among older adults have consistently esti-
mated VEs against all-cause LRTI or pneumonia end points in
the range of 6%-12% [9, 44-46], suggesting that urinary an-
tigen detection assays may generate conservative estimates of
the burden of disease attributable to PCV13-targeted serotypes.
While enhanced risk of secondary pneumococcal pneumonia
after viral infection is well understood, facilitative relation-
ships between pneumococci and viruses also occur in the upper
airway [12-19]. Pneumococcal neuraminidase has been found
to reduce neutralization of viruses in saliva [47], and pneumo-
coccal carriers experience enhanced risk of viral acquisition
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and acute respiratory infection [20]. Although our study did
not include testing for other bacteria, such interactions could
also contribute to the public health impact of PCV13 use. For
instance, children randomized to receive 9-valent PCV experi-
enced lower incidence of culture-confirmed pulmonary tuber-
culosis in South Africa [48].

Our study has limitations. Although PCV13 receipt was not
randomized, detailed records on participants’ medical history
and exposures enabled us to control for relevant confounders.
The external validity of our results is supported by findings
of enhanced protection against severe disease end points, in-
cluding virus-negative disease end points, and differential pro-
tection among healthy individuals versus those with comorbid
conditions or compromised immunity. Our findings also re-
semble those from other studies [22, 30, 31] in terms of the
specific viruses against which we identified or did not identify
protection. It is important to note that a substantial proportion
of enterovirus detections in our study may reflect rhinovirus
infections, as multiplex polymerase chain reaction panels did
not distinguish among viruses within this genus. Viral detection
may not reveal disease etiology for all cases, although our find-
ings were similar in analyses limited to individuals with only
a single virus detected. Selection of controls without medically
attended LRTT may permit outcome misclassification, for in-
stance if some controls experienced mild respiratory illness for
which they did not seek healthcare.

Finally, attributes of the various populations captured by ex-
ploratory subgroup analyses may confound between-subgroup
differences in VE. For instance, although prior studies have re-
vealed greater immunogenicity of a 7-valent PCV7 + PPSV23
series among adults aged 250 years than for 7-valent PCV alone
[26], higher point estimates of PCV13-associated protection
among PPSV23 recipients in our study may reflect the fact that
most PPSV23 nonrecipients were aged 18-64 years and thus re-
ceived PCV13 on the basis of risk factors that could reduce VE.

Alternative study designs, such as the test-negative design,
compare prior vaccination among patients with illness attribut-
able to a vaccine-targeted pathogen versus those with clinically
identical illness without the same pathogen identified to reduce
confounding based on potential associations between vaccina-
tion and healthcare seeking [49]. The fact that PCV13 prevents
virus-negative pneumonia made such analyses inappropriate
in this study. The risk of the aforementioned bias is reduced in
analyses addressing severe end points [50], such as hospital-
ized LRTIs in our study. Our primary analyses were matched
for receipt of other adult vaccinations and further controlled
(via covariate adjustment) for healthcare-seeking behavior on
the basis of prior-year outpatient, emergency department, and
inpatient care interactions; findings of protection held in sensi-
tivity analyses that also matched case patients and controls for
these exposures. Collectively, these factors suggest that unmeas-
ured confounding would be unlikely to explain our findings.

In conclusion, our study demonstrates moderate protection
against virus-associated LRTT as an ancillary benefit of PCV13
use among US adults. These findings may inform implemen-
tation of next-generation (15/20-valent) PCVs covering sero-
types against which herd immunity has not been established.
Investigations into pathways by which pneumococci contribute
to respiratory virus acquisition or disease progression among
adults are warranted to inform the prevention of LRTL
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