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Abstract

Background: A U.S. case-control study (2010–2014) demonstrated vaccine effectiveness (VE) 

for ≥ 1 dose of the thirteen-valent pneumococcal conjugate vaccine (PCV13) against vaccine-type 

(VT) invasive pneumococcal disease (IPD) at 86 %; however, it lacked statistical power to 

examine VE by number of doses and against individual serotypes.

Methods: We used the indirect cohort method to estimate PCV13 VE against VT-IPD among 

children aged < 5 years in the United States from May 1, 2010 through December 31, 2019 

using cases from CDC’s Active Bacterial Core surveillance, including cases enrolled in a matched 

case-control study (2010–2014). Cases and controls were defined as individuals with VT-IPD and 

non-PCV13-type-IPD (NVT-IPD), respectively. We estimated absolute VE using the adjusted odds 

ratio of prior PCV13 receipt (1-aOR × 100 %).

Results: Among 1,161 IPD cases, 223 (19.2 %) were VT cases and 938 (80.8 %) were NVT 

controls. Of those, 108 cases (48.4 %; 108/223) and 600 controls (64.0 %; 600/938) had received 

≥ 3 PCV13 doses; 23 cases (17.6 %) and 15 controls (2.4 %) had received no PCV doses. VE ≥ 

3 PCV13 doses against VT-IPD was 90.2 % (95 % Confidence Interval75.4–96.1 %), respectively. 

Among the most commonly circulating VT-IPD serotypes, VE of ≥ 3 PCV13 doses was 86.8 % 

(73.7–93.3 %), 50.2 % (28.4–80.5 %), and 93.8 % (69.8–98.8 %) against serotypes 19A, 3, and 

19F, respectively.

Conclusions: At least three doses of PCV13 continue to be effective in preventing VT-IPD 

among children aged < 5 years in the US. PCV13 was protective against serotypes 19A and 19F 

IPD; protection against serotype 3 IPD did not reach statistical significance.

Keywords

13-valent pneumococcal conjugate vaccine; Invasive pneumococcal disease; Pneumococcal 
infections; Streptococcus pneumoniae; Vaccine effectiveness; Indirect cohort

1. Background

Streptococcus pneumoniae (pneumococcus) is a major cause of morbidity and mortality 

among children globally [1]. Prior to the introduction of the seven-valent pneumococcal 

conjugate vaccine (PCV7) in 2000 in the United States, the incidence of invasive 

pneumococcal disease (IPD) among U.S. children aged < 5 years was 98.7 per 100,000 

cases [2]. Implementation of PCV7 was associated with reductions in the burden of vaccine-
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type IPD (VT-IPD) followed by increases in disease caused by serotype 19A and other 

non-PCV7 serotypes [3,4]. In 2010, the 13-valent pneumococcal conjugate vaccine (PCV13) 

replaced PCV7 in the routine childhood immunization schedule, and a supplemental dose of 

PCV13 was recommended for children aged 14–59 months who had received four doses of 

PCV7 [5]. In 2018–2019, the incidence of IPD among children aged < 5 years in the United 

States was 7.2 cases per 100,000 [6].

PCV13 was licensed using safety and immunogenicity endpoints only; thus, post-licensure 

vaccine effectiveness (VE) studies are critical to generate estimates of protection conferred 

by PCV13 against IPD and monitor vaccine protection under real-world conditions of use 

[7]. A post-licensure matched case-control study conducted in the United States that enrolled 

IPD cases and population-based healthy controls, estimated that the VE of ≥ 1 doses of 

PCV13 against IPD caused by PCV13-type serotypes was 85 % [8]. However, this study 

was conducted shortly after PCV13 introduction when many children only received one 

catch-up PCV13 dose as opposed to the recommended four-dose series of PCV13 (3 + 1): 

three primary doses before 12 months of age followed by a booster dose at 12–15 months 

[9]. Additionally, protection conferred from PCV13 differs by serotype, and may be lower 

for serotypes 3 and 19A, although the reported estimates have varied [8,10–12]. Serotype 3 

has a high invasive capacity and propensity to cause severe infections; therefore, real-world 

serotype 3 vaccine effectiveness data remains important to monitor for establishing PCV13 

impact on invasive disease [13].

Using additional years of data available post-PCV13 introduction in U.S. children, we 

sought to estimate effectiveness of the protection conferred by ≥ 3 doses of PCV13 against 

IPD caused by VT serotypes among children aged < 5 years in the United States. We 

additionally assessed VE by PCV13 dosing schedule and individual serotype among the 

most common circulating VT serotypes.

2. Methods

2.1. Data sources

We assessed PCV13 effectiveness against IPD utilizing serotyped IPD cases from Active 

Bacterial Core surveillance (ABCs) at the Centers for Disease Control and Prevention 

(CDC). ABCs is an active laboratory- and population-based surveillance system of 10 

sites in the United States, either entire states or metropolitan regions [14]. Approximately 

45 million residents (14 % of the U.S. population) are under surveillance. We defined 

cases of IPD as any isolate of S. pneumoniae from a normally sterile site (e.g., blood, 

cerebrospinal fluid) among residents of the catchment area. During May 1, 2010 – May 

31, 2014, surveillance was expanded beyond the ABCs catchment area to include additional 

sites for the purpose of achieving adequate sample size for the previously published PCV13 

case-control evaluation [8]. These areas included New York City, Los Angeles, the state of 

Utah, and expanded areas in New York State (outside of New York City, beyond the routine 

ABCs catchment), and Tennessee. During June 1, 2014 through December 31, 2019, all IPD 

cases were identified via routine IPD surveillance through ABCs.

Andrejko et al. Page 3

Vaccine. Author manuscript; available in PMC 2024 July 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.2. Study design and inclusion criteria

We estimated VE using the indirect-cohort method, in which we compare vaccination 

status of IPD caused by PCV13 (VT) serotypes (cases) to that of IPD caused by non-

PCV13 vaccine type (NVT) serotypes (controls). [15]. Children with IPD residing within 

ABCs surveillance areas aged 2–59 months on the date of pneumococcal culture, with 

a serotyped pneumococcal isolate and verified pneumococcal vaccination history were 

eligible for inclusion in the analysis. Pneumococcal isolates were serotyped at the Minnesota 

Department of Health or CDC Streptococcus laboratory by Quellung reaction, polymerase 

chain reaction, or whole genome sequencing (2015–2019) [16]. The primary advantage 

of the indirect-cohort method over other observational study designs (eg. case-control) is 

by eliminating the need to enroll a separate control population. Instead, the study can be 

conducted entirely using IPD cases ascertained through routine surveillance, so long as 

vaccination history is routinely collected and all IPD cases are serotyped. The indirect cohort 

method provides reliable estimates of VE under the assumption that implementation of the 

vaccine product does not influence the risk of NVT-IPD [10,15,17].

2.3. Outcomes

The primary outcome was IPD caused by serotypes included in PCV13 (4, 6B, 9 V, 14, 18C, 

19F, 23F, 1, 3, 5, 6A, 7F, 19A, and 6C). Due to known cross-protection with 6A antigen, 

serotype 6C was considered a PCV13 serotype [18]. All other serotypes, including non-

typeable pneumococcal cases, were defined as NVT controls. Secondary analyses estimated 

serotype-specific VE among the most common VT serotypes.

2.4. Exposures

The primary exposure was receipt of ≥ 3 doses of PCV13 given at or after 2 months of age 

regardless of prior PCV7 receipt compared to receipt of no pneumococcal vaccines among 

children age-eligible to have received three doses (≥12 months). Persons who received only 

PCV7 doses were excluded from the primary analysis (Table S1). Exposure to ≥ 1 PCV13 

doses, regardless of prior PCV7 receipt, which was assessed in the previous case-control 

study, was also evaluated. Secondary exposures included PCV13 receipt as categorized by 

various dosing schedules. Pneumococcal doses given at least 4 weeks after the previous dose 

of PCV7 or PCV13, and at least 2 weeks before the culture date to allow sufficient time 

for an immunologic response, were considered valid. For analyses of VE by pneumococcal 

dosing schedule, doses received before 12 months of age were considered primary series, 

and any doses received at 12–59 months of age were considered booster doses.

During May 1, 2010 – May 31, 2014, pneumococcal vaccination history was ascertained as 

part of the previously published case-control study described elsewhere [8]. In brief, study 

personnel determined pneumococcal vaccination history by referencing written vaccination 

records and state immunization registries and contacting providers from whom the child may 

have received vaccinations.

For June 1, 2014 onward, ABCs personnel obtained pneumococcal vaccination history 

through medical chart review. If vaccination data were unavailable from medical chart 

review, sites were instructed to attempt up to 10 calls per case to verify pneumococcal 
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vaccination records. If the caregiver or guardian of the case-patient did not answer the phone 

or could not provide vaccination data, study personnel attempted to contact the primary 

care provider. Study personnel indicated which source of vaccination data was used to 

obtain vaccination history (i.e.., medical chart review, registry, or primary care provider). 

Participants were excluded from the analysis if no source was available to obtain vaccination 

history.

Following methods established in the previously published case-control study, any PCV dose 

given prior to March 15, 2010 was assumed to be PCV7. Doses received on or after January 

1, 2011 were considered to be PCV13. For doses received during March 15, 2010 through 

December 31, 2010, lot numbers were referenced to differentiate between doses of PCV7 

and PCV13 [8].

2.5. Statistical analysis

We used a logistic regression model to estimate the adjusted odds ratio (aOR) for receipt of 

≥ 1 or ≥ 3 doses of PCV13 versus no PCV doses comparing VT-cases and NVT-controls. 

VE was estimated as (1 – aOR) × 100 %. We adjusted models for potential confounders 

identified using a directed acyclic graph including age group, race/ethnicity, sex, state, 

calendar year, report of any immunocompromising conditions, and report of any chronic 

conditions including asthma. Models were stratified by time period (May 1, 2010 – May 

31, 2014 [Early PCV13 implementation period]; June 1, 2014 – December 31, 2019 [Late 

PCV13 implementation period]; and May 1, 2010 – Dec 31, 2019 [Full study period]).

We conducted a sensitivity analysis in which IPD cases caused by vaccine-related (VR) 

serotypes were excluded from the primary analysis; VR serotypes included 23B, 9 N, 23A, 

6C, 7A, 7B, 7C, 9A, 9L, 18F [11]. To address the possibility of bias arising from inclusion 

of immunocompromised children, for whom pneumococcal vaccination recommendations 

differ, we also conducted a sensitivity analysis excluding immunocompromised children [9].

For the full study period (May 1, 2010 – Dec 31, 2019) we estimated VE by PCV13 

administration schedule: 1 + 0 (one PCV13 dose received prior to 12 months of age), 2 + 0 

(two PCV13 doses received prior to 12 months of age), 3 + 0 (three PCV13 doses received 

prior to 12 months of age), 2 + 1 (two PCV13 doses received prior to 12 months of age and 

one PCV13 dose after 12 months of age), and 3 + 1 (three PCV13 doses received prior to 

12 months of age and one PCV13 dose after 12 months of age). To estimate VE by schedule 

of PCV13 receipt, each model was restricted to the sub-set of the study participants who 

were age-eligible to receive a given schedule. Therefore, for the assessment of the 1 + 0, 2 

+ 0, and 3 + 0 schedule, models were restricted to participants, 2, 4, and 6 months of age, 

respectively, corresponding to U.S. dosing schedules. For the assessment of the 2 + 1 and 3 

+ 1 schedules, models were restricted to participants 12 months or older.

For the assessment of serotype-specific VE among serotypes unique to PCV13 (19A, 3, 7F), 

participants were considered vaccinated with PCV13 if they had received ≥ 1 or ≥ 3 doses 

of PCV13, regardless of prior PCV7 receipt. Given that PCV7 should not provide protection 

against PCV13 unique serotypes, for this secondary analysis we allowed non-PCV13 unique 
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serotype cases who had received PCV7 to be included in the reference group for the analysis 

of serotype 19A, 3, and 7F VE.

All analyses were conducted in R Statistical Software (version 4.2.1). This activity was 

reviewed by CDC, deemed not research, and was conducted consistent with applicable 

federal law and CDC policy.1

3. Results

The study included 1,161 children aged 2–59 months with IPD, including 524 children 

enrolled from a previous post-licensure case-control study of PCV13 VE conducted during 

the early PCV13 implementation period and 637 children identified through routine 

surveillance during the late PCV13 implementation period; 61 were excluded because 

vaccination history could not be verified (Fig. 1; Figure S1). For the full study period, 

there were 223 cases of IPD caused by PCV13 VT serotypes (VT-cases), and 938 cases of 

IPD caused by NVT serotypes (NVT-controls) (Table 1; Figure S2).

During the full study period, three VT serotypes (19A, 3, and 19F) were responsible for 

90.1 % (201/223) of VT-IPD; serotype 19A was the most common VT-serotype causing 

IPD, responsible for 43.0 % (96/223) of VT-IPD throughout the study period, followed by 

serotype 3 and serotype 19F (Figure S2, Table S2). Whereas serotype 19F was responsible 

for 3.8 % during the early implementation period, 19F was responsible for 34.4 % of cases 

of VT-IPD during the late PCV13 implementation period (Fig. 2). The majority of NVT 

disease was caused by serotypes 22F and 33F (Figure S2; Table S3).

Among the 1,161 participants included, 176 VT-cases (78.9 %; 176/223) and 885 NVT-

controls (94.3 %; 885/938) had received ≥ 1 dose of PCV13 regardless of prior PCV7 

receipt; 47 VT-cases (21.1 %; 47/223) and 53 NVT-controls (5.7 %; 53/938) had received 

no PCV doses (Table 2; Table S4). For the primary analysis assessing VE of ≥ 3 PCV13 

doses, we excluded 353 participants (68 VT cases and 285 NVT-controls) who received 

1 or 2 doses of PCV13. Therefore, among the 808 participants included in the primary 

analysis (297 during the early PCV13 implementation period and 511 during the late PCV13 

implementation period), 108 VT-cases and 600 NVT-controls had received ≥ 3 doses of 

PCV13 (Table 2).

For the full study period, effectiveness against VT-IPD afforded by ≥ 3 doses of PCV13 

versus no doses of any pneumococcal vaccine was estimated to be 90.2 % (95 % confidence 

interval: 75.4–96.1 %) (Table 2). Point estimates of PCV13 VE for ≥ 3 doses were higher 

in the late PCV13 implementation period (90.5 % [68.1–97.2 %]) as compared to the early 

PCV13 implementation period (86.5 % [28.0–97.3 %]); however, the confidence intervals 

overlapped. For the early and late PCV13 implementation period, upon exclusion of VR 

serotypes from the analysis, VE of ≥ 3 doses of PCV13 was estimated to be 90.6 % (32.5–

98.6 %) and 88.0 (57.6–96.5 %), respectively. VE of ≥ 3 doses for the full study period 

excluding children with at least one immunocompromising condition was 88.0 % (74.9–94.3 

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.vaccine.2024.04.061.
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%). VE for ≥ 1 dose for the full study period was 81.7 % (69.1–89.1 %). In a sensitivity 

analysis including participants who received 1–2 doses in a separate exposure category, VE 

estimates were similar (90.2 % [75.4–96.1 %]).

VE for a single primary dose of PCV13 (1 + 0), two primary doses of PCV13 (2 + 0), 

and three primary does of PCV13 (3 + 0) were 58.3 % (9.7–80.3 %), 58.2 % (−35.1–86.8 

%), and 87.6 % (67.9–95.2 %), respectively (Table 2). VE among participants who received 

three primary doses and a booster dose (3 + 1 schedule) or two primary doses and a booster 

(2 + 1) was 92.4 % (78.2–97.2 %) and 99.9 % (78.2–100.0 %), respectively.

For the full study period, ≥3 doses of PCV13 were highly effective for serotype 19A (86.8 % 

[73.7–93.3 %]), serotype 7F (94.5 % [13.5–99.6 %]), and serotype 19F (93.8 % [69.8–98.8 

%]) (Table 3). However, VE for ≥ 3 doses of PCV13 against serotype 3 had a lower point 

estimate and was not statistically significant: 50.2 % (− 28.4–80.5 %). Owing to limited 

number of cases during the early PCV13 implementation period VE of ≥ 1 PCV13 dose 

against serotype 19F could not be estimated; however, VE of ≥ 1 PCV13 dose against 19F 

during the late PCV13 implementation period was 94.1 % (80.1–98.2 %) (Table 4).

4. Discussion

Receipt of ≥ 3 doses of PCV13 conferred strong protection against VT-IPD among U.S. 

children aged 2–59 months. This aligns with recent estimates of PCV13 effectiveness from 

a multi-center indirect cohort study conducted in Europe during a similar time period, 

2012–2018 [11] and the previously published case-control study in the United States [8]. 

VE increased with increasing number of primary doses among schedules without a booster 

although the confidence intervals overlapped, and the effectiveness of schedules with a 

booster dose (2 + 1 and 3 + 1) were both > 90 %. During the full study period, three VT 

serotypes (19A, 3, and 19F) were responsible for the majority of VT-IPD; we estimated 

significant VE for serotypes 19A, 19F, and 7F, but VE was not significant for serotype 3. 

Non-PCV13 types 22F and 33F were the most common NVTs contributing to IPD, both of 

which are included in higher valency PCVs [6,19].

While this study was not adequately powered to address serotype-specific VE for all VT 

serotypes, we did not find evidence of significant PCV13 protection against serotype 3 

disease, adding to the real-world evidence suggesting PCV13 may not provide adequate 

protection against disease caused by this serotype [20]. In clinical trials, the serotype 3 

immune response was lower than the other additional five PCV13 serotypes (i.e., serotypes 

included in PCV13 but not PCV7) [21]. Serotype 3 has unique capsular properties compared 

to other pneumococcal serotypes including a thick capsule, high invasive capacity, and 

resistance to opsonic killing, all of which may contribute to lower VE [22–25]. As higher 

valency and PCVs using new or different technology are implemented in the United States, 

it will be important to continue to monitor and evaluate VE against serotype 3 [19].

Cases of serotype 19F, a serotype contained in both PCV7 and PCV13, were observed at 

a higher frequency during the later study period as compared to the early study period 

among both recipients and nonrecipients of PCV13. Comparative estimates of 19F VE by 
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study period are not available owing to the small number of 19F cases during the early 

PCV13 implementation period; however, VE of ≥ 3 doses against 19F estimated from the 

current study for the full study period (93 %) was similar to estimates from a U.S.-based 

case-control study conducted during the PCV7 era (87 %), and a recent multi-center indirect 

cohort study in Europe (84 %) [3,11]. However, evidence of persistent 19F carriage among 

children throughout the PCV13 era has been well documented across various settings despite 

early reports from a trial indicating PCV13 reduced 19F carriage [26–28]. Additionally, 

some immunogenicity studies have demonstrated lower 19F immunogenicity following 

PCV13 than PCV7 after the primary infant doses [29,30]. These data indicate that PCV13 

provides direct protection against serotype 19F disease. However, protection against carriage 

is less complete. Thus, indirect effects against serotype 19F IPD could have decreased post-

PCV13 introduction compared with post-PCV7 introduction. If so, this could explain the 

increase in 19F disease during the late PCV13 implementation period, particularly among 

the unvaccinated.

The majority of children enrolled in this study received four doses of PCV13 in a 3 + 

1 schedule, in accordance with U.S. recommendations [31]. As such, we were not able 

to evaluate VE for reduced dosing schedules (e.g., 1 + 1), which have garnered global 

interest particularly in countries with mature PCV programs [32]. VE increased in schedules 

without booster doses with increasing number of primary doses, although the confidence 

intervals overlapped likely due to the small number of children who received PCV13 based 

on 1 + 0 or 2 + 0 schedules. Larger studies are needed to evaluate the impact of VE 

by number of primary doses. However, growing evidence regarding the two World Health 

Organization-recommended PCV schedules (2 + 1 or 3 + 0) suggests that administration 

of the booster dose is what provides durable protection leading to stronger protection 

among the unvaccinated population [33]. Point estimates from our schedule-specific analysis 

suggest VE was > 90 % for both schedules with a booster dose (2 + 1, 3 + 1). Given that 

the United States is one of the few countries in the world that continues to recommend a 3 

+ 1 PCV schedule, additional evidence that directly compares VE across vaccine schedules 

would help inform the discussion on a possible transition to a reduced-dose PCV schedule in 

United States in the future.

VE estimates of ≥ 1 PCV13 dose produced for the early PCV13 implementation period from 

our study (69.7 % [33.0–86.2 %]) were not statistically different from estimates produced in 

a previous case-control study (86 % [75.5–92.3 %]) that enrolled matched, population-based 

controls [8]. Point estimates of VE from the indirect cohort study were lower than the 

case control study; this is consistent with the expectation that case-control studies may bias 

VE estimates due to differential healthcare seeking behavior between cases and population-

based controls [34]. In other words, vaccination coverage among controls may not represent 

the source population if enrolled controls are more likely to seek vaccination than the source 

population, resulting in biased overestimates of VE. The indirect cohort method mitigates 

potential selection biases that may arise due to differences in the characteristics between 

cases and controls as both are identified using the same case definition [15,35].

This study has limitations. First, while we attempted to adjust for confounders that may bias 

the causal pathway between pneumococcal vaccination status and IPD using a multivariate 
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model, the possibility of unmeasured confounding persists. Second, inclusion of cases 

with VR serotypes as NVT, for which PCVs may confer some protection, may result in 

underestimates of VE [11,36]. Indeed, sensitivity analyses which excluded VR serotypes 

resulted in higher point estimates of VE, though differences were not meaningfully different 

from models that included the VR serotypes. Additionally, the indirect cohort method 

relies on the assumption that implementation of vaccination does not influence the risk of 

NVT-IPD. However, given that the US has not observed significant serotype replacement 

following PCV13 introduction, this assumption is likely not violated [37]. Third, exposure 

misclassification is possible despite robust efforts by surveillance sites to obtain detailed 

vaccination history. Fourth, while this is one of the largest published studies of pediatric 

PCV13 vaccine effectiveness in the United States as of writing to our knowledge, owing to 

the success of PCV implementation, IPD case numbers were too small to detect significant 

effects for some stratified analyses. Lastly, we were unable to estimate effectiveness of 

alternative dosing schedules such as one primary dose with a booster dose (1 + 1) as the 

majority of vaccinated children had received a four-dose schedule, in accordance with U.S. 

recommendations [9].

In summary, ≥3 doses of PCV13 continues to be effective in preventing VT-IPD among 

children aged < 5 years in the United States, although protection against serotype 3 IPD 

was non-significant. Indirect cohort studies are an efficient platform in a setting with robust 

IPD surveillance to both estimate VE and mitigate potential bias from healthcare seeking 

behaviors influencing estimates from traditional case-control studies. As new PCVs become 

available for use in children, additional data are needed to monitor effectiveness including 

serotype-specific protection and differences by dosing schedule.

Supplementary Material
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Fig. 1. 
Flow diagram of children included in the analytic dataset1. 1Cases for the late PCV13 

Implementation period were enrolled from Active Bacterial Core surveillance (ABCs). 

Inclusion/exclusion of these cases are outlined in Figure S1. Cases from the early PCV13 

Implementation period were included from a previously published case-control study.
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Fig. 2. 
Cases included in analysis stratified by serotype and receipt of PCV13.
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Table 3

Serotype specific vaccine effectiveness against IPD for ≥ 3 doses of PCV13, May 1, 2010 - December 31, 

2019.

Serotype Exposure1 Serotype specific Cases Non-PCV13-type Controls Unadjusted Adjusted2

N (%) N (%) VE (95 % CI) VE (95 % CI)

Serotype 19A

No doses of PCV13 80 (67.2) 85 (12.4) ref. ref.

≥3 doses PCV13 39 (32.8) 600 (87.6) 93.1 (89.3,95.6) 86.8 (73.7,93.3)

Serotype 3

No doses of PCV13 18 (33.3) 85 (12.4) ref. ref.

≥3 doses PCV13 36 (66.7) 600 (87.6) 71.7 (48.3,84.7) 50.2 (−28.4,80.5)

Serotype 7F

No doses of PCV13 24 (96.0) 85 (12.4) ref. ref.

≥3 doses PCV13 1 (4.0) 600 (87.6) 99.4 (95.6,99.9) 94.5 (13.5,99.6)

Serotype 19F

No doses of PCV 8 (25.0) 15 (2.4) ref. ref.

≥3 doses PCV13 24 (75.0) 600 (97.6) 92.5 (80.8,97.1) 93.8 (69.8,98.8)

Abbreviations: VE = Vaccine Effectiveness; PCV = pneumococcal conjugate vaccine; PCV13- 13-valent pneumococcal conjugate vaccine; CI = 
confidence interval; ref. = reference level.

1
For the assessment of Serotype 19A, 3 and 7F VE, participants who received either 7-valent pneumococcal conjugate vaccine (PCV7) or no doses 

of any pneumococcal vaccination were included in the reference group (No doses of PCV13). For the assessment of Serotype 19F VE, participants 
were included in the reference group if they received no doses of any PCV products. Persons who received PCV7 only were excluded from this 
analysis.

2
Logistic regression model adjusted for age (categorical), race/ethnicity (combined variable), sex, state, calendar year, immunocompromising 

conditions, chronic conditions or asthma.
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