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Abstract

Background.—Following historically low influenza activity during the 2020-2021 season, the
United States saw an increase in influenza circulating during the 2021-2022 season. Most viruses
belonged to the influenza A(H3N2) 3C.2alb 2a.2 subclade.

Methods.—We conducted a test-negative case-control analysis among adults >18 years of
age at 3 sites within the VISION Network. Encounters included emergency department/urgent
care (ED/UC) visits or hospitalizations with =1 acute respiratory illness (ARI) discharge
diagnosis codes and molecular testing for influenza. Vaccine effectiveness (VE) was calculated
by comparing the odds of influenza vaccination =14 days before the encounter date between
influenza-positive cases (type A) and influenza-negative and severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)-negative controls, applying inverse probability-to-be-vaccinated
weights, and adjusting for confounders.

Results.—In total, 86 732 ED/UC ARI-associated encounters (7696 [9%] cases) and 16 805
hospitalized ARI-associated encounters (649 [4%] cases) were included. VE against influenza-
associated ED/UC encounters was 25% (95% confidence interval (Cl), 20%-29%) and 25% (95%
Cl, 11%-37%) against influenza-associated hospitalizations. VE against ED/UC encounters was
lower in adults 265 years of age (7%; 95% ClI, =5% to 17%) or with immunocompromising
conditions (4%; 95% ClI, —45% to 36%).

Conclusions.—During an influenza A(H3N2)-predominant influenza season, modest VE was
observed. These findings highlight the need for improved vaccines, particularly for A(H3N2)
viruses that are historically associated with lower VE.

Keywords
influenza; COVID-19; bias; test-negative design; vaccine effectiveness

Seasonal influenza annually resulted in an estimated 9.3—-41 million symptomatic illnesses,
140 000-710 000 hospitalizations, and 12 000-52 000 deaths in the United States during
the decade preceding the coronavirus disease 2019 (COVID-19) pandemic [1]. With
implementation of nonpharmaceutical interventions aimed at reducing the spread of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes COVID-19,
influenza activity fell to historically low levels during the 2020-2021 season [2, 3]. The
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2021-2022 United States influenza season saw prolonged influenza activity with a bimodal
peak that inversely correlated with SARS-CoV-2 activity, but a low overall burden of illness
[4]. Almost all viruses belonged to an influenza A(H3N2) 3C.2alb subclade (2a.2) that was
genetically similar but antigenically different from the A(H3N2) 3C.2alb subclade (2a.1)
vaccine strain [4, 5].

VISION is a Centers for Disease Control and Prevention (CDC)-sponsored multistate
network of health systems with integrated electronic clinical, laboratory, and vaccination
records. Participating health systems capture medically attended encounters of patients

with acute respiratory illness (ARI) who receive clinician-ordered testing for respiratory
viruses including SARS-CoV-2. The network performs ongoing evaluations of COVID-19
vaccine effectiveness (VE) [6, 7]. VISION health systems with regular clinician-ordered
testing for influenza by molecular assay (eg, reverse transcription-polymerase chain reaction
[RT-PCR]) and integrated influenza vaccination record systems participated in this analysis
to assess the effectiveness of 2021-2022 influenza vaccines.

The primary aim of this analysis was to evaluate influenza VE using electronic health record
(EHR) data from VISION across a range of settings, including emergency department (ED)
and urgent care (UC) encounters and hospitalizations. A secondary objective was to evaluate
potential bias in influenza VE estimates associated with the inclusion of SARS-CoV-2-
positive controls to inform the selection of controls for future VE analyses.

METHODS

Patients, Settings, and Study Design

This study included EHR data (hospitalization, ED, and UC visits) for adults (=18 years of
age) at 3 VISION sites: Kaiser Permanente Northern California, Intermountain Healthcare
in Utah, and HealthPartners in Minnesota and Wisconsin, representing 59 hospitals and 115
ED or UC sites. VISION methods have been described previously [6]. This study protocol
was reviewed and approved by the institutional review boards at participating sites or under
a reliance agreement with the Westat, Inc institutional review board and by CDC.

We conducted a test-negative case-control analysis of VE against influenza-associated ARI
resulting in an ED/UC visit or hospitalization during periods of influenza circulation based
on clinical testing data. The VISION network uses a COVID-19-like illness case definition
to perform evaluations of COVID-19 VE [6]. To evaluate influenza VE, we adopted a
narrowed ARI case definition defined as a medical encounter associated with 1 or more
International Classification of Disease, 10th Revision (ICD-10) discharge codes for an acute
respiratory clinical diagnosis (eg, pneumonia) or respiratory sign or symptom (eg, cough)
(Supplementary Table 1).

Patients received clinician-initiated molecular testing for both influenza and SARS-CoV-2
(to exclude controls with COVID-19 from the primary analysis). Cases had ARI and

a positive molecular test for influenza <10 days before and up to 72 hours after an

ED/UC visit or hospital admission date. Additional information on influenza virus type was
extracted when available (influenza A subtype was not available for most cases). Control
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patients had ARI-associated encounters with negative molecular testing for influenza. Data
on hospital readmissions within 30 days after discharge, repeat ED visits within 24 hours, or
repeat visits to UC clinics within 24 hours were combined and analyzed as single medical
visits within each setting. For each encounter, we extracted patient demographic data and
underlying medical conditions based on ICD-10 codes associated with the index encounter
from EHRs.

Current season influenza vaccination status, including date of vaccine administration and
vaccine product, was determined from EHRs, state immunization information systems, and
claims data. A patient was classified as vaccinated if they received =1 dose of an influenza
vaccine beginning 1 August 2021, and at least 14 days before an index date, defined

as the earlier date of the most recent influenza test results or ED/UC visit or admission
date. A patient was considered unvaccinated if there was no record of receiving influenza
vaccination on or after 1 August 2021, or if the date of administration was after the index
date.

ARI-associated encounters were excluded if the index date occurred before sustained
influenza activity (which we defined as 2 consecutive weeks of =1 case within a site

and care setting) or after the last influenza case within a site and care setting through 31
July 2022, if molecular testing for influenza and SARS-CoV-2 was not performed or was
indeterminant, if testing was performed >10 days before or =72 hours after the encounter
or admission, if influenza vaccination was received 1-13 days before the index date, or if
the encounter had negative influenza testing but an 1ICD-10 code for influenza illness or
influenza pneumonia (due to uncertainty in case status). Several influenza type B cases were
excluded to focus the VE estimate against influenza A(H3N2) viruses that predominated.
Encounters among patients who tested negative for influenza but positive for SARS-CoV-2
were excluded as controls from the primary analysis.

Statistical Analysis

For ED/UC and hospital encounters, characteristics by vaccination status and case/control
status were described using counts and percentage, along with standardized mean
differences (SMDs) across comparison groups. Influenza VE and 95% confidence intervals
(Cls) were estimated using multivariable logistic regression by comparing the odds of
influenza vaccination in cases versus controls, calculated as VE = (1 — adjusted odds ratio
[OR]) x 100%). Models were adjusted for patient age, study site, and calendar time. We
applied inverse propensity-to-be-vaccinated weights using generalized boosted regression
trees based on facility characteristics, demographics, and underlying medical conditions
truncated at the 99th percentile. Any covariate with a SMD of 0.20 or larger was included in
the weighted multivariable logistic regression model to minimize residual confounding.

Overall influenza A VE was estimated by setting (ED/UC and hospitalization). Separate
models were fit to evaluate VE by age group (18-64 and =65 years old), site
(HealthPartners, Intermountain Healthcare, and Kaiser Permanente Northern California),
time since vaccination (vaccinated 14-119 days before index date vs unvaccinated,
vaccinated =120 days before index date vs unvaccinated), and presence of a likely
immunocompromising condition, as previously defined [8]. A sensitivity analysis was
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performed restricting case patients to those with discharge diagnosis codes for influenza
pneumonia and/or influenza disease.

In an analysis assessing the bias associated with use of SARS-CoV-2—positive patient
encounters as controls, a secondary analysis was completed including controls with a
positive SARS-CoV-2 molecular test and negative influenza molecular test. Analyses were
conducted using SAS software, version 9.4 (SAS Institute) or R software, version 4.1.0 (R
Foundation for Statistical Computing).

RESULTS

Epidemic Curves, ARI lliness by Influenza Case Status, and Vaccine Types

Epidemic curves of PCR-positive influenza cases included in the analysis by site and care
setting are shown in Supplementary Figure 1A-1F A bimodal peak in early-season and
late-season activity was observed with variation across sites. Influenza activity correlated
with local influenza percent positivity data from local laboratory surveillance [9]. In the
ED/UC setting, site-specific season start dates for the analysis ranged from 6 November
to 27 November 2021, and season end dates ranged from 29 June to 10 July 2022. For
hospitalizations, site-specific start dates ranged from 27 November to 4 December 2021,
and end dates from 12 June to 2 July 2022. Among cases, the most common codes
included those for influenza disease (63%), upper respiratory tract infection (31%), and
acute respiratory signs or symptoms (28%) (Supplementary Table 2). Among controls, the
most common codes included those for acute respiratory signs or symptoms (35%), upper
respiratory tract infection (32%), and bacterial pneumonia (18%).

Combining ED/UC and hospital encounters, 28 860 (64%) vaccinated patients had
information on vaccine type (Supplementary Table 3). Of these 28 860, 10 559 (37%)
received standard-dose quadrivalent inactivated influenza vaccine (11V4), 5879 (20%)
received high-dose inactivated vaccine, and 11721 (41%) received an adjuvanted vaccine.
Among 9814 vaccinated adults 18-64 years of age with vaccine type known, most (9205,
94%) received standard-dose 11V4. Among adults =65 years of age, of 19 046 with vaccine
type known, most (17 692, 93%) received a product other than standard-dose 11V4, most
commonly an adjuvanted (11 563, 61%) or high-dose inactivated vaccine (5849, 31%).

ED/UC Encounters

Of 160 434 ARI-associated ED/UC visits among adults aged =18 years during periods

of influenza circulation, 102 593 (64%) had an influenza molecular test (Supplementary
Figure 2). After applying additional exclusion criteria, 86 732 ARI-associated encounters
were included in the primary ED/UC analysis. Influenza testing was positive in 7696 (9%)
encounters and negative in 79 036 (91%) (Table 1). Overall, 35 650 (41%) patients (31%
of cases vs 42% of controls) were vaccinated against influenza, ranging from 36% to 52%
across sites (Table 1). Coverage was higher in adults =65 years of age (64% vaccinated,
including 63% of cases and 64% of controls) compared to adults 18-64 years of age (31%
vaccinated, including 23% of cases and 32% of controls), SMD = 0.65. Overall, 32% of
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encounters occurred in adults =65 years of age, 59% in women, and 36% in patients with 1
or more underlying medical conditions documented from the encounter.

Overall VE against influenza-associated ED/UC encounters was 25% (95% CI, 20%-29%),
including 29% (95% ClI, 24%-33%) among adults aged 18-64 years and 7% (95% CI, -5%
to 17%) among adults =65 years (Figure 1). Among adults =65 years of age, estimates were
similar among those 65-79 years (5%; 95% CI, —9% to 17%) and those =80 years of age
(15%; 95% CI, —4% to 30%). VE was similar at 14-119 days (27%; 95% CI, 19-35) and
2120 days postvaccination (24%; 95% CI, 19-29) and across sites, with point estimates
ranging from 23% to 27%. VE was 4% (95% CI, —45% to 36%) among patients with

likely immunocompromising conditions, compared to 25% (95% CI, 21%-30%) among
patients without immunocompromising conditions. In a sensitivity analysis restricting cases
to those with codes for influenza pneumonia or influenza disease, results were highly similar
(Supplementary Figure 3).

Hospitalizations

Of 34 799 ARI-associated hospitalizations among adults aged =18 years during periods of
influenza circulation, 21 805 (63%) had an influenza molecular test (Supplementary Figure
4). After applying additional exclusion criteria, 16 805 ARI-associated hospitalizations
among patients aged =18 years were included in the primary analysis. Influenza testing
was positive in 649 (4%) hospital encounters and negative in 16 156 (96%) (Table 2).
Vaccination was received by 9486 (56%) patients (46% of cases vs 57% of controls),
ranging from 46% to 62% across sites (Table 2), with higher coverage in adults =65 years
of age (64% vaccinated, including 56% of cases and 65% of controls) compared to adults
18-64 years of age (40% vaccinated, including 30% of cases and 41% of controls). Among
hospital encounters, 68% occurred in patients who were =65 years of age, 52% in women,
and 98% in patients with 1 or more underlying medical conditions.

VE against influenza-associated hospitalization was 25% (95% CI, 11%-37%), including
17% (95% Cl, —12% to 39%) among adults aged 18-64 years and 29% (95% Cl, 12%-42%)
among adults aged =65 years with overlapping confidence intervals (Figure 2). Among
adults =65 years of age, estimates were similar among those 65-79 years (24%; 95% ClI,
—-2% to 44%) and those >80 years of age (36%; 95% ClI, 14%-53%). VE was higher at 14—
119 days (44%; 95% CI, 21%—-61%) compared to =120 days postvaccination (VE = 22%;
95% Cl, 5%-36%) but with overlapping confidence intervals. VE was 16% (95% ClI, —32%
to 46%) among patients with likely immunocompromising conditions, compared to 26%
(95% ClI, 11%-38%) among patients without immunocompromising conditions. Restricting
cases to those with codes for influenza pneumonia or influenza disease, similar VE results
were observed (Supplementary Figure 5).

Bias Analysis

In a secondary bias analysis, for ED/UC encounters 12 936 of 91 972 (14%) influenza-
negative controls were SARS-CoV-2 positive. For hospitalizations, 4709 of 20 865
(23%) controls were SARS-CoV-2 positive. Inclusion of SARS-CoV-2—positive controls
(Supplementary Figure 2 and Supplementary Figure 4) resulted in a reduction in VE
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estimates across settings, from 25% to 22% for influenza-associated ED/UC events and
from 25% to 17% for influenza-associated hospitalizations (Supplementary Figure 6 and
Supplementary Figure 7).

DISCUSSION

During an influenza season with predominant A(H3N2) virus circulation, we found that
seasonal influenza vaccination provided modest protection of 25% against illness in both
ED/UC and hospital inpatient settings. VE estimates were similar to influenza A(H3N2)
estimates from prior seasons [10-12]. Most influenza vaccines distributed in the United
States are egg grown and are prone to altered hemagglutinin (HA) antigenicity, diverted
antibody response caused by mutations acquired during egg adaptation that result in loss

of glycosylation sites on the HA head, or induction of antibodies against an egg-associated
glycan. Heterogeneity in VE was notable across population subgroups, including by age
group and presence of likely immunocompromising conditions within ED/UC settings.
Findings from this analysis, including a low overall VE against A(H3N2) and no VE
observed in certain groups at increased risk for severe influenza such as those with
immunocompromising conditions, highlight the need for improved influenza vaccines. This
could include development of universal vaccines or vaccines that can be quickly developed
and administered to target actively circulating viruses and are not prone to altered HA
antigenicity or egg-adaptive changes like commonly used egg-based vaccines (eg, mMRNA
vaccines) [13, 14]. Early clinical testing coupled with timely initiation of influenza antiviral
therapy also remain important for reducing the risk of severe influenza.

This study adapted electronic data sources and methods used to assess COVID-19 VE

to evaluate influenza VE during the 2021-2022 season across geographically diverse

sites. Among patients who met ARI criteria by ICD-10 discharge codes while influenza

was locally circulating, clinical testing was observed in almost two-thirds of encounters,
suggesting the ARI definition generally captured patients for whom testing was indicated.
Despite differences in populations, sources of data, and potentially in local testing practices,
VE was similar and consistent across sites, particularly in ED/UC settings, supporting the
validity of observed estimates. Furthermore, in a sensitivity analysis restricting cases to
those with influenza pneumonia or influenza disease discharge codes, VE was highly similar
to results from the primary analysis.

Evidence to strongly support within-season waning was not observed, in contrast to a
number of previous studies [15-17]. Ferdinands et al found an average 7% decline in
A(H3N2) VE per month across multiple influenza seasons in an adult hospital-based VE
network [15]. In an integrated health system in California, across 7 seasons (2010-2011

to 2016-2017) Ray et al found that persons vaccinated 42 to 69 days prior to receiving
influenza molecular testing had 1.32 times the odds of testing positive for influenza
compared to those vaccinated 14 to 41 days earlier, with an odds ratio that increased linearly
with increasing time since vaccination [16]. Reasons for a lack of strong evidence to support
within-season waning during the 2021-2022 season could include similarities in A(H3N2)
viruses circulating throughout the season, a low incidence of infection during the first peak
of activity without a depletion of susceptible hosts, or unmeasured or residual confounding
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in VE models (eg, timing of influenza vaccination may have differed based on factors
associated with risk of influenza illness and associated complications).

Differences in VE by age group (18-64 years vs =65 years) were observed across ED/UC
and hospital settings. For ED/UC encounters, VE was modest among younger adults,

but a nonsignificant VE was observed among older adults. The ambulatory United States
Influenza Vaccine Effectiveness (Flu VE) Network found similar VE among adults 18—-49
years of age in outpatient settings during the 2021-2022 influenza season as observed in
our study in ED/UC settings (32% for 18-49 year olds vs 29% for 18-64 year olds in our
study) [18]. The Flu VE Network study also found a nonsignificant VE in adults =50 years
of age. Findings in our study of nonsignificant VE against influenza A(H3N2) viruses in
the ED/UC setting despite most older adults receiving high-dose or adjuvanted vaccines
may include birth cohort effects from early life exposure to non-A(H3N2) viruses [19],
immunosenescence associated with aging [20], or effects of repeat vaccination [21-23].
These findings were not replicated in the hospital setting, where VE point estimates were
similar across age group and with overlapping confidence intervals. Differences in VE

by settings might be due to differences in patient characteristics, residual confounding,
differences in testing practices, or a limited sample size of hospital encounters with low
precision in hospital estimates.

As observed in a prior simulation study [24], our VE estimates were lower when SARS-
CoV-2—positive controls were included in influenza VE analyses, with 3% and 8% lower
estimates for ED/UC encounters and hospitalizations, respectively, compared to primary
estimates that excluded SARS-CoV-2—positive controls. These findings are hypothesized
to be related to the correlation between seasonal influenza vaccination and COVID-19
vaccination behaviors. Namely, individuals who do not receive COVID-19 vaccination
are less likely to be vaccinated against influenza [25]. These individuals also have lower
protection against COVID-19 than those who received COVID-19 vaccination and may
therefore represent a sizable proportion of ED/UC and hospital ARI encounters when
SARS-CoV-2 is circulating. Future studies that evaluate influenza VE should account for
SARS-CoV-2, either by excluding SARS-CoV-2—positive controls or controlling for prior
COVID-19 vaccination.

This analysis was subject to several limitations. First, although we included 3 health systems
with integrated health records and robust vaccination linkage [26], influenza vaccination
may have been underascertained at some sites. Vaccination coverage, particularly among
older adults hospitalized with ARI, was lower than observed during previous seasons

in some VE networks [27-29]. However, the COVID-19 pandemic, increased vaccine
hesitancy from COVID-19 vaccines influencing influenza vaccine uptake, as well as

lower influenza activity in the United States since 2020 may have influenced vaccination
behaviors [25]. Underascertainment is unlikely to have resulted in marked bias unless this
occurred differentially among cases and controls. Second, low levels of influenza activity
limited statistical power, particularly for hospital estimates. Third, unmeasured or residual
confounding is possible. Fourth, patients across 4 included states may not be representative
of the entire United States population and influenza testing practices may have been
different within included health systems. Furthermore, the complement of vaccine products
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used within participating health care settings may not be representative of vaccines used in
other health systems and could impact VE. Some evidence of differences in immunogenicity
and relative VE have been observed between influenza vaccine types, such as recombinant
and cell-culture based vaccines not commonly used in this study [30-32].

CONCLUSIONS

During the 2021-2022 United States influenza season, we observed modest VE against
influenza A(H3N2) in ED/UC and hospital settings and heterogeneity across population
subgroups. There is a need to improve influenza vaccines against influenza A(H3N2)
viruses, which are associated with a high burden of severe disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Vaccination Status N Influenza Controls (Col%) Influenza Cases (Col %) (Row%) VE % (CI)
All Adult Encounters

Unvaccinated 51082 45750 (57.9) 5332 (69.3)  (10.4)

Vaccinated 35650 33286 (42.1) 2364 (30.7)  (6.6) —e— 25 (20 to 29)

All Adult Encounters

Unvaccinated 51082 45750 (57.9) 5332 (69.3) (10.4)

Vaccinated (14-119 days) 17053 16336 (20.7) 717 (9.3) (4.2) —e— 27 (19to 35)
Vaccinated (120+ days) 18597 16950 (21.4) 1647 (21.4)  (8.9) 24 (19t0 29)
Age 18-64

Unvaccinated 41027 36238 (68.5) 4789 (77.0) (11.7)

Vaccinated 18123 16689 (31.5) 1434 (23.00 (7.9 —e— 29 (2410 33)

Age 65 and older
Unvaccinated 10055 9512 (36.4) 543 (36.9 (5.4
Vaccinated 17527 16597 (63.6) 930 ©3.1) (6.3 ——— 7(-5t017)

¢

Non-Immunocompromised

Unvaccinated 49559 44285 (58.2) 5274 (69.5) (10.6)
Vaccinated 34097 31787 (41.8) 2310 (30.5) (6.8 o 25 (21 to 30)
Immunocompromised

Unvaccinated 1523 1465 (49.4) 58 (51.8) (3.8
Vaccinated 1553 1499 (50.6) 54 (48.2) (3.5)

® 4 (-45 to 36)

HealthPartners

Unvaccinated 4205 3638 (46.7) 567 (66.9) (13.5)
Vaccinated 4426 4146 (53.3) 280 (33.1)  (6.3) ——e—— 23(91036)
Intermountain Health

Unvaccinated 37245 33564 (63.6) 3681 (71.4)  (9.9)
Vaccinated 20675 19197 (36.4) 1478 (28.6) (7.1) —e— 27 (2110 32)
Kaiser Permanente Northern California

Unvaccinated 9632 8548 (46.2) 1084 (64.1) (11.3)

Vaccinated 10549 9943 (53.8) 606 (359 (6.7 —&— 24 (1410 33)

T T T
-40.0 -20.0 0.0 20.0

Figure 1.
Influenza vaccine effectiveness against emergency department- or urgent care-associated

influenza illness. Abbreviations: Cl, confidence interval; Col, column; VE, vaccine
effectiveness.
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All Adult Encounters

Unvaccinated 7319
Vaccinated 9486

All Adult Encounters

Unvaccinated 7319
Vaccinated (14-119 days) 3834
Vaccinated (120+ days) 5652
Age 18-64

Unvaccinated 3246
Vaccinated 2198

Age 65 and older
Unvaccinated 4073
Vaccinated 7288

Non-Immunocompromised
Unvaccinated 5688
Vaccinated 6933

Immunocompromised
Unvaccinated 1631
Vaccinated 2553

HealthPartners
Unvaccinated 967
Vaccinated 1607

Intermountain Health
Unvaccinated 3021
Vaccinated 2545

Kaiser Permanente Northern California

Unvaccinated 3331
Vaccinated 5334

Figure2.

Influenza Controls (Col%)

6969 (43.1)
9187 (56.9)
6969 (43.1)
3765 (23.3)
5422 (33.6)
3079 (59.1)
2128 (40.9)
3890 (35.5)
7059 (64.5)
5378 (44.6)
6687 (55.4)
1591 (38.9)
2500 (61.1)
930 (37.2)
1569 (62.8)
2812 (53.8)
2414 (46.2)
3227 (38.3)
5204 (61.7)

Influenza Cases (Col %)
350 (53.9)
299 (46.1)
350 (53.9)
69 (10.6)
230 (35.4)
167 (70.5)
70 (29.5)
183 (44.4)
229 (55.6)
310 (55.8)
246 (44.2)
40 (43.0)
53 (57.0)
37 (49.3)
38 (50.7)
209 (61.5)
131 (38.5)
104 (44.4)
130 (55.6)
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4.8 :
3.2) ' —e——i
(4.8) .
(1.8) i —
1) P ———
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4.5) :
3.1) : ——
(5.5) |
(3.5) . —e—
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(5.1) L ——e——
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Influenza vaccine effectiveness against hospitalized influenza illness. Abbreviations: Cl,

confidence interval; Col, column; VE, vaccine effectiveness.
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