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Abstract

Background.—The 2022-2023 United States influenza season had unusually early influenza
activity with high hospitalization rates. Vaccine-matched A(H3N2) viruses predominated, with
lower levels of A(HLN1)pdmQ9 activity also observed.

Methods.—Using the test-negative design, we evaluated influenza vaccine effectiveness (VE)
during the 2022-2023 season against influenza A—associated emergency department/urgent care
(ED/UC) visits and hospitalizations from October 2022 to March 2023 among adults (aged =18
years) with acute respiratory illness (ARI). VE was estimated by comparing odds of seasonal
influenza vaccination among case-patients (influenza A test positive by molecular assay) and
controls (influenza test negative), applying inverse-propensity-to-be-vaccinated weights.

Results.—The analysis included 85 389 ED/UC ARI encounters (17.0% influenza A positive;
37.8% vaccinated overall) and 19 751 hospitalizations (9.5% influenza A positive; 52.8%
vaccinated overall). VE against influenza A-associated ED/UC encounters was 44% (95%
confidence interval [C1], 40%-47%) overall and 45% and 41% among adults aged 18-64 and
>65 years, respectively. VE against influenza A—associated hospitalizations was 35% (95% ClI,
27%—-43%) overall and 23% and 41% among adults aged 18-64 and =65 years, respectively.

Conclusions.—VE was moderate during the 2022—-2023 influenza season, a season
characterized with increased burden of influenza and co-circulation with other respiratory viruses.
Vaccination is likely to substantially reduce morbidity, mortality, and strain on healthcare
resources.
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After historically low influenza activity during the first year of the coronavirus disease
2019 (COVID-19) pandemic (ie, the 2020-2021 influenza season), increased and prolonged
circulation of vaccine-mismatched influenza A(H3N2) viruses was observed during the
2021-2022 United States (US) influenza season, although the overall burden of illness

was low [1, 2]. The 2022-2023 season was characterized by early and intense influenza
activity and co-circulation of other respiratory viruses, including severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and respiratory syncytial virus (RSV) [3, 4]. A
majority of influenza infections were caused by influenza A(H3N2) viruses belonging to
the 3C.2alb.2a.2 clade that were antigenically similar to the vaccine strain, with lower
circulation of A(HIN1) pdmQ9 viruses and minimal B virus circulation [4].

Seasonal influenza vaccination is recommended annually in the US to protect against
influenza-associated illness [5]. Vaccination remains the most effective way of preventing
influenza illness and associated complications [5]. Prevention of influenza and other viral
diseases through vaccination may substantially reduce the impact of serious respiratory
infections on the healthcare system.

Using data from a multistate vaccine effectiveness (VE) network, we assessed 2022—-2023
influenza VE against influenza-associated emergency department or urgent care (ED/UC)
visits and hospitalizations in adults. In addition, we describe characteristics and outcomes of
vaccinated and unvaccinated patients hospitalized with influenza.

METHODS

Population, Settings, and Study Design

This study from the VISION Network included healthcare encounters between 16 October
2022 and 31 March 2023 in 3 large health systems with integrated clinical, laboratory, and
vaccination data in 4 states (Kaiser Permanente Northern California [KPNC], Intermountain
Healthcare [IH] in Utah, and HealthPartners [HP] in Minnesota and Wisconsin). VISION’s
study sites and methods used to evaluate influenza VE have been previously described [2].
In summary, using a test-negative case-control study design, among adults =18 years of
age with an acute respiratory illness (ARI)—associated ED/UC encounter or hospitalization
who underwent molecular testing for influenza (eg, reverse-transcription polymerase chain
reaction), we estimated VE by comparing the odds of current-season influenza vaccination
among those who tested positive for influenza A (case-patients) with those who tested
negative for influenza A and B (controls). All influenza testing was clinician-initiated.
Encounters were eligible if the patient received influenza testing within 10 days before

or up to 72 hours after an ED/UC encounter date or date of hospital admission and also
received SARS-CoV-2 molecular testing (in order to exclude controls with COVID-19,
given the confounding bias due to the association between influenza and COVID-19
vaccination behaviors [2, 6, 7]). SARS-CoV-2-positive encounters (including coinfections
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with influenza), as well as a small number of influenza B—positive encounters, were
excluded from the analysis. In addition, patients with an influenza or COVID-19 discharge
diagnosis without a positive test result were excluded. We defined ARI as having >1
International Classification of Diseases, Tenth Revision (ICD-10) discharge code during the
index encounter, including acute respiratory clinical diagnoses (eg, influenza, pneumonia) or
acute respiratory signs or symptoms (eg, shortness of breath, cough), as previously defined
[2]. A patient could contribute >1 encounter if ED/UC encounters occurred >24 hours apart
or hospitalizations >30 days apart; repeat ED/UC visits within 24 hours or readmissions that
occurred within 30 days of discharge were combined into a single encounter.

Demographic characteristics (eg, age, sex, race, and ethnicity) and underlying medical
conditions were extracted from the electronic health records (EHRs). Current-season
influenza vaccination status was classified based on EHR (HP, IH, KPNC), immunization
information systems (HP, IH), or claims record (KPNC) of >1 dose of influenza vaccine
since 1 August 2022. Events among patients with documented vaccination <14 days before
the index date were excluded. Index date was defined as the earlier of the associated
influenza test or the ED/UC visit or admission date. We collected data on the date of
vaccination and the type of influenza vaccine product received, including standard-dose
egg- or cell culture-based, recombinant, adjuvanted, or high-dose inactivated vaccine
(Supplementary Table 1). For hospitalizations, additional clinical outcome measures were
collected, including length of stay, intensive care unit (ICU) admission, receipt of invasive
mechanical ventilation (IMV), and death during hospitalization or within 28 days from the
admission date.

ED/UC encounters and hospitalizations were restricted to the period when influenza began
circulating across sites (starting 16 October 2022) until no influenza cases were identified
for 2 or more consecutive weeks at a study site and care setting or 31 March 2023,
whichever came first. Exclusion criteria for ED/UC encounters and hospitalizations are
detailed in Supplementary Figures 1 and 2, respectively.

Statistical Analysis

Demographic and clinical characteristics by case and vaccination status were described
using counts and percentages and standardized mean difference (SMD) across groups (by
case/control status or by vaccination status). An SMD =0.20 was considered a meaningful
difference indicating imbalance of means or proportions between comparison groups. VE
was calculated as (1 — adjusted odds ratio) x 100% using multivariable logistic regression
by comparing the odds of influenza vaccination between case-patients and controls. Models
were adjusted for prespecified confounders including age, study site, and calendar time, as
well as any covariate with an SMD >0.20. Age and calendar time were modeled as natural
cubic spline variables. Also, inverse-propensity-to-be-vaccinated weights (IPVWs) were
estimated via generalized boosted regression trees and used in logistic regression models to
account for additional imbalances between vaccinated and unvaccinated groups [8].

VE against influenza A—associated ED/UC encounters and hospitalizations were estimated
by care setting, by age group (18-64, =65 years), presence of 1 or more likely
immunocompromising conditions (any, none) [9], and presence of medical conditions by
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number of organ system categories (0-2 or =3 categories). Medical condition categories
included pulmonary, cardiovascular, cerebrovascular, neurological or musculoskeletal,
endocrine or metabolic, hematologic, renal, hepatic, and immune conditions (a list of
/CD-10codes is provided in Supplementary Table 2). Sensitivity analyses included
restricting to influenza A—positive case-patients with influenza-associated /CD-10discharge
code (eg, influenza pneumonia) and restricting to the period from 16 October 2022 to 31
January 2023, when influenza circulation was observed across all study sites and healthcare
settings.

As a secondary objective, to explore whether patient characteristics and in-hospital
outcomes were different between vaccinated and unvaccinated influenza-positive cases,
we compared proportions of patients with more severe clinical outcomes by influenza
vaccination status stratified by age (18-64, =65 years) using counts and percentages and
SMDs.

Analyses were conducted in SAS version 9.4 (SAS Institute) or R version 4.1.0 (R
Foundation for Statistical Computing) software. The study was approved by institutional
review boards at Westat and participating sites or under a reliance agreement with Westat
and the Centers for Disease Control and Prevention.

Patient Characteristics

Overall, 85 389 ED/UC encounters and 19 751 ARI hospitalizations were included in
analyses. Exclusions are shown in Supplementary Figures 1 and 2. Among ED/UC
encounters that met inclusion criteria, 14 484 (17.0%) of patients tested positive for
influenza A, with influenza cases peaking in November—December 2022 (Table 1 and
Figure 1A). The median time between the ED/UC encounter date and most recent influenza
test was 0 days (interquartile range [IQR], 0-0 days). ED/UC patients who tested positive
for influenza were more likely to be 18—-64 compared to =65 years of age (19.7% vs

11.9% positive, respectively; SMD, 0.275), and less likely to have a respiratory chronic
condition or nonrespiratory chronic condition (all SMD >0.20); 37.8% of ED/UC patients
were vaccinated for influenza (24.1% of 14 484 case-patients and 40.6% of 70 905 controls),
with the overall percentage vaccinated increasing from 19.2% in October 2022 to 47.0% in
March 2023 and ranging from 31.6% to 44.6% across sites (Table 1).

Among hospitalization episodes, 1874 (9.5%) patients tested positive for influenza A, with a
similar peak in activity as seen in ED/UC settings (Table 2 and Figure 1B). The median time
between the hospital admission date and most recent influenza test was 0 days (IQR, 0-1
days). Among 19 751 hospitalized patients, 52.8% were vaccinated for influenza (39.1% of
1874 case-patients and 54.3% of 17 877 controls), increasing from 29.8% in October 2022
to 62.3% in March 2023 and ranging from 40.5% to 58.6% across sites.

In both ED/UC encounters and hospitalizations, vaccine product was documented for 32 065
(75.1%) vaccinated patients; 10 792 (33.7%) received egg-based standard-dose inactivated
vaccine, 14 786 (46.1%) high-dose vaccine, 5894 (18.4%) adjuvanted vaccine, and 593
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(1.1%) a different product (Supplementary Table 1). Of those with known product type,
most adults aged 18-64 years (94.2%) received a standard-dose inactivated vaccine, whereas
most adults aged =65 years (92.1%) per recommendations received high-dose inactivated,
adjuvanted, or recombinant vaccine [5].

Vaccine Effectiveness

In the ED/UC setting, 20.7% of unvaccinated patients versus 10.8% of vaccinated patients
tested positive for influenza A (Table 1 and Figure 2). VE against influenza A—associated
ED/UC encounters was 44% (95% confidence interval [C1], 40%-47%) overall. VE was
similar in adults aged 18-64 and =65 years (45% [95% CI, 41%-48%] and 41% [95% ClI,
36%-46%], respectively) as well as those without and with likely immunocompromising
conditions (44% [95% CI, 41%—47%] and 38% [95% ClI, 10%-58%], respectively).
Estimates were 44% (95% ClI, 41%-47%) among patients with <3 underlying medical
condition categories and 51% (95% ClI, 39%-61%) among those with >3 categories.

For ARI-associated hospitalizations, 12.2% of unvaccinated patients versus 7.0% of
vaccinated patients tested positive for influenza (Table 2 and Figure 2). VE against influenza
A-—associated hospitalizations was 35% (95% CI, 27%-43%) overall. VE was 23% (95%

Cl, 4%—-39%) in adults aged 18-64 years and 41% (95% CI, 33%-48%) in adults aged

=65 years. Similar VE was observed among hospitalized adults without and with likely
immunocompromising conditions. VE was 39% (95% ClI, 23%-52%) and 36% (95% Cl,
28%-44%) among adults with <3 and >3 categories of underlying medical condition,
respectively.

In the first sensitivity analysis restricting case-patients to those with an influenza-related
/ICD-10discharge code, 11 922 (72.9%) case-patients across settings had 1 or more
influenza-related /CD-10discharge codes. VE was 46% (95% CI, 43%-50%) against
influenza A—associated ED/UC visits and 36% (95% Cl, 27%-43%) against influenza A—
associated hospitalizations; these estimates were similar (within 1%—-2%) to the primary
analyses (Figure 2). In the second sensitivity analysis using an earlier study end date of
31 January 2023, 29 641 (28%) patients were excluded who had encounter index dates
during February—March 2023. VE was 43% (95% CI, 40%-46%) against influenza A-
associated ED/UC visits and 36% (95% ClI, 28%-43%) against influenza A—associated
hospitalizations, similar to the primary analyses.

Baseline Characteristics and Outcomes of Vaccinated Versus Unvaccinated Hospitalized
Influenza A Case-Patients

Of 1874 hospitalized influenza A cases, median age was 72 years; 733 (39.1%) had been
vaccinated and 1141 (60.9%) were unvaccinated. Among 661 adults aged 18-64 years
hospitalized with influenza A, 161 (24.4%) were vaccinated and 500 (75.6%) unvaccinated
(Table 3). Within this age group, compared to unvaccinated, vaccinated case-patients were
older and more likely to have underlying cardiovascular, endocrine or metabolic, renal, or
immunocompromising conditions (all SMD >0.20). However, vaccinated case-patients were
less likely to have an /CD-10discharge code for influenza disease or influenza pneumonia
(89.4% vs 95.6%; SMD, 0.24) or to receive IMV during hospitalization (2.5% vs 7.0%;
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SMD, 0.21) than unvaccinated case-patients. Other outcomes, including ICU admission and
death, were similar between vaccinated and unvaccinated groups.

Among 1213 adults aged =65 years hospitalized with influenza A, 572 (47.2%) were
vaccinated and 641 (52.8%) were unvaccinated. Baseline demographic characteristics and
underlying medical conditions were similar across vaccinated and unvaccinated groups
within this age strata (SMD, <0.20). The percentage experiencing severe in-hospital clinical
outcomes including ICU admission, receipt of IMV, or death, was similar across vaccination
groups.

DISCUSSION

During the 2022-2023 US influenza season, we observed moderate VE against influenza
A-—associated ED/UC encounters and hospitalizations, ranging from 35% to 44% across care
settings. Similar VE was also observed among groups at higher risk for severe complications
from influenza, including older adults, those with immunocompromising conditions, and
those with multiple underlying chronic medical conditions. These estimates were higher
than those from the VISION Network during the 2021-2022 season (25% for both ED/UC
encounters and hospitalizations [2]) when most infections were caused by viruses from an
A(H3NZ2) subclade that differed antigenically from the vaccine component. The Northern
Hemisphere vaccine was updated with a new A(H3N2) component that was antigenically
similar to circulating A(H3N2) viruses during the 2022—-2023 season [10, 11]. This may
have contributed to higher VE during the 2022—-2023 season, although co-circulation of
A(HIN1)pdm09 viruses may have also impacted VE.

Findings from this analysis were consistent with other VE estimates from North America
and Europe for the 2022-2023 influenza season. A test-negative design study from the US
state of Wisconsin found VE against influenza A—associated outpatient illness of 54% (95%
Cl, 23%-73%) among persons aged 6 months to 64 years, similar to estimates we observed
among adults aged 18-64 years in ED/UC settings (45%) [12]. Another study based in

the US of hospitalized adults >18 years of age found VE against influenza A—associated
hospitalizations of 37% (compared to 35% in our study), with VE against A(H3N2) and
A(HIN1)pdmO09 subtype viruses of 29% and 47%, respectively [13]. Using data from
community-based sentinel surveillance practitioners, a study in Canada reported influenza
VE against medically attended A(H3N2)-associated illness [14]. Influenza A(H3N2) VE
estimates of 58% (95% ClI, 33%—-73%) for adults 20-64 years of age and 59% (95% ClI,
15%-80%) for adults =65 years of age were higher than influenza A VE estimates we
observed within ED/UC settings but with overlapping Cls. Studies in multiple European
countries reported interim 2022-2023 influenza VE findings in primary care, ED, and
hospital settings [15]. Across all ages and care settings, influenza A VE ranged from 27% to
44%. Primary care or ED setting VE estimates ranged from 29% to 44%, with estimates for
VE against influenza A—associated hospitalization ranging from 27% to 33%.

Influenza VE can be interpreted as the incremental benefit from vaccination in the
background of complex immune histories from prior influenza infection and vaccination.
During the 2010-2011 through 2019-2020 influenza seasons, an estimated 9.3-41.0 million
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symptomatic influenza illnesses occurred annually in the US [16], suggesting that a

large proportion of people are infected over multiple seasons of exposure. If infections
differentially occur among unvaccinated individuals, these people may have stronger
infection-induced immunity over time that impacts future VE [17]. Preexisting immunity
from natural infection or influenza vaccination, coupled with timing of these immunizing
exposures, may further impact the quality of immune responses and associated VE [18,

19]. Even in seasons with moderate VE like the 2022—-2023 season, however, vaccination

is likely to have a substantial public health impact by preventing millions of medical visits,
tens of thousands of hospitalizations, and thousands of deaths [20-22]. This reduction in
medically attended illness and associated morbidity and mortality is especially critical to
reduce burden on healthcare resources should influenza, SARS-CoV-2, RSV, and other
respiratory viruses continue to co-circulate in high numbers. Although we did not evaluate
incidence of medically attended influenza in vaccinated and unvaccinated individuals, in the
setting of high influenza activity, it is likely that only a modest number of individuals would
need to receive influenza vaccination to prevent a medically attended influenza-related
encounter [20].

Influenza vaccination does not produce long-lasting immunity to prevent infection, but
there may be additional benefits related to immune responses that attenuate illness

severity following infection [23]. Studies of COVID-19 have demonstrated greater vaccine
protection against severe illness including hospitalization and ICU admission or death
compared to mild-to-moderate illness, as well as lower severity of hospitalized COVID-19
among vaccinated patients [24-26]. However, influenza VVE studies over the past decade
have generally found similar VE against mild-to-moderate outpatient illness and influenza-
associated hospitalization [27, 28]. These studies have frequently compared estimates across
different VE networks or healthcare systems with differing enrollment criteria or ability

to control for confounding, which limits interpretation of findings. In our study, we also
found similar VE within the same health systems across ambulatory and inpatient settings.
This lack of gradient in VE may be related to increased hospital-based testing, including
multipathogen testing that recognizes any symptomatic influenza illness regardless of
severity. In addition, ambulatory and hospitalized patients with ARI differed in important
demographic and clinical characteristics, complicating direct comparison. However, among
patients hospitalized with influenza, the proportion experiencing critical outcomes (ICU
admission, IMV, and death) was generally similar between vaccine breakthrough and
unvaccinated case-patients, especially in older adults. Future studies and population-based
cohorts are warranted to improve understanding of the overall impact of vaccination.

This study was subject to several limitations. Due to a lack of subtype data for most
influenza cases, we were unable to generate influenza A(H3N2)- and A(HLN1)pdm09-
specific VE estimates. VE against all influenza A viruses may be impacted by the relative
proportion of cases by subtype. Second, VE by age group cannot be directly compared

as most young adults received standard-dose inactivated vaccines and most older adults
received enhanced products such as high-dose inactivated or adjuvanted vaccines. Despite
most vaccinated older adults receiving enhanced vaccine products, VE was similar compared
to younger adults who mostly received standard-dose inactivated vaccines. Third, encounters
and hospitalizations in 3 healthcare systems are not representative of all encounters among
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US adults. Fourth, unmeasured or residual confounding is possible after application of
IPVWs and adjustment for measured confounders. For example, we did not capture
preventive behaviors such as masking. Fifth, we did not account for influenza vaccination
during prior seasons or prior infection history. Finally, VE estimates rely on clinical
influenza testing rather than systematic testing in patients with ARI, and bias may be
introduced if patients who receive influenza clinical testing differ from those who do not.
This was likely to be minimal in this study, however, as >80% of patients with ARI
encounters received influenza testing.

In summary, during the 2022-2023 US influenza season, we observed moderate VE against
influenza-associated ED/UC encounters and hospitalizations. With high levels of circulation
of influenza and other respiratory viruses, influenza vaccination is a critical tool to reduce
serious illness and minimize strain on healthcare resources as well as individual and societal
impacts of influenza.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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