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Abstract

Background: The 2023–2024 influenza season had predominant influenza A(H1N1)pdm09 

virus activity, but A(H3N2) and B viruses co-circulated. Seasonal influenza vaccine strains were 

well-matched to these viruses.

Methods: Using health care encounters data from health systems in 8 states, we evaluated 

influenza vaccine effectiveness (VE) against influenza-associated medical encounters from 

October 2023-April 2024. Using a test-negative design, we compared the odds of vaccination 

between patients with an acute respiratory illness (ARI) who tested positive (cases) versus 

negative (controls) for influenza by molecular assay, adjusting for confounders. VE was stratified 

by age group, influenza type (overall, influenza A, influenza B), and care setting (hospitalization, 

emergency department or urgent care [ED/UC] encounter).

Results: Overall, 74,000 encounters in children and adolescents aged 6 months-17 years (3,479 

hospitalizations, 70,521 ED/UC encounters) and 267,606 in adults aged ≥18 years (66,828 

hospitalizations, 200,778 ED/UC encounters) were included. Across care settings, among children 

and adolescents 15% (2,758/17,833) of cases versus 32% (18,240/56,167) of controls had 

received vaccination. Among adults, 25% (11,632/46,614) of cases versus 44% (97,811/220,992) 

of controls across care settings had received vaccination. VE was 58% (95% confidence 

interval [95% CI]: 44–69%) against hospitalization and 58% (95% CI: 56–60%) against ED/UC 

encounters for children and adolescents, and 39% (95% CI: 35–43) against hospitalization and 

47% (95% CI: 46–49%) against ED/UC encounters for adults. Across age groups, VE was higher 

against influenza B than influenza A.

Conclusions: Influenza vaccines provided protection against influenza-associated illness across 

health care settings and age groups during the 2023–2024 influenza season.

Brief Summary:

During the 2023–2024 U.S. influenza season, vaccine effectiveness against influenza-associated 

hospitalizations and emergency department/urgent care encounters was 39% and 47% respectively, 

among adults and 58% against both among children.. VE against influenza B was higher than 

against influenza A viruses.
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INTRODUCTION

During the 2023–2024 influenza season, the United States experienced at least 380,000 

influenza-associated hospitalizations and 17,000 deaths [1]. The highest incidence of 

influenza-associated hospitalizations was observed among adults aged ≥65 years, followed 

by adults aged 50–64 years and children aged 0–4 years [2]. A mix of influenza virus 

types and sub-types circulated [3]. Through May 4, 2024, data from U.S. clinical and 

public health laboratories found that 71% of tested viruses were influenza A viruses (69% 

subtyped as H1N1pdm09 and 31% as H3N2) and 29% were influenza B/Victoria viruses. 

Antigenic characterization suggested that reference strains used in the 2023–2024 Northern 

Hemisphere vaccine were well matched to circulating influenza viruses [3].

Seasonal influenza vaccination is recommended in the United States for all people aged 

≥6 months annually [4]. However, the United States has experienced a broad decline in 

vaccine uptake during recent seasons. In December 2023, the Centers for Disease Control 

and Prevention issued a health alert highlighting increased risk of influenza-associated 

illness due to low immunization rates [5]. The burden of influenza illness can be reduced 

substantially with increased vaccine uptake, even in seasons with low or moderate influenza 

vaccine effectiveness (VE) [6–8].

From a multi-site VE network, we evaluated the effectiveness of the 2023–2024 influenza 

vaccine in preventing influenza-associated hospitalizations and emergency department (ED) 

or urgent care (UC) encounters among children, adolescents, and adults.

METHODS

Population, settings, and study design.

VIrtual SARS-CoV-2, Influenza, and Other respiratory viruses Network (VISION) is an 

electronic health record-based network that performs real-world evaluations of VE for 

respiratory viruses. This study included acute respiratory illness (ARI)-associated medical 

encounters among individuals aged ≥6 months. Seven sites in 8 states contributed encounter 

data (Kaiser Permanente Northern California, Kaiser Permanente Southern California, 

UCHealth in Colorado, Regenstrief Institute in Indiana, HealthPartners in Minnesota and 

Wisconsin, Kaiser Permanente Northwest in Oregon and Washington, and Intermountain 

Healthcare in Utah). The study sampled ARI-associated encounters between October 15, 

2023 and April 30, 2024.

As previously described [9], we used a test-negative design to evaluate influenza VE by 

comparing the odds of influenza vaccination in influenza-positive cases versus influenza-

negative controls. We included children and adolescents (aged 6 months-17 years) and 

adults (aged ≥18 years) with ARI-associated ED/UC encounters or hospitalizations of 

≥24 hours duration. ARI was defined by International Classification of Diseases, Tenth 
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Revision (ICD-10) codes for acute respiratory clinical diagnoses or acute respiratory signs 

or symptoms at the encounter (Supplementary Table 1). All patients received molecular 

testing for influenza as well as SARS-CoV-2 within 10 days before or up to 72 hours 

after the ED/UC visit or admission date. An individual could contribute more than one 

encounter; multiple ED and/or UC encounters within a 7-day period were combined into 

a single ED/UC encounter and hospitalizations within 30 days combined into a single 

hospitalization.

Baseline patient demographic and clinical information, including underlying medical 

conditions (Supplementary Table 2), was extracted from electronic health records (EHRs), 

along with in-hospital outcomes. Influenza vaccination status was ascertained from EHRs, 

state immunization information systems, and/or claims data. When available, information on 

vaccine type was collected. A patient was classified as vaccinated if they received ≥1 dose 

of a 2023–2024 influenza vaccine on or after August 1, 2023 and ≥14 days prior to the 

encounter index date (the earliest date of the most recent influenza test or the date of the 

ED/UC visit or hospital admission). A patient was considered unvaccinated if 2023–2024 

influenza vaccination was not documented before the encounter index date. Certain children 

aged 6 months-8 years required 2 doses of influenza vaccine for the season based on their 

vaccination history [4]; partial versus full vaccination was not assigned for these children 

due to incomplete capture of vaccination history for past seasons.

Exclusion criteria are shown in Supplementary Figure 1A and 1B. Encounters with no 

influenza molecular test result, a diagnosis of influenza without a confirmatory positive 

laboratory test, or that occurred 1–13 days after influenza vaccination were excluded. We 

also excluded encounters with a SARS-CoV-2 positive test or COVID-19 ICD-10 discharge 

diagnostic code to reduce potential bias in influenza VE estimates due to correlation 

between influenza and COVID-19 vaccination [10].

Statistical analysis.

Baseline patient characteristics were described using counts and percentages or medians 

and interquartile ranges. Standardized mean differences (SMDs) were calculated to compare 

patient characteristics by influenza vaccination status and case/control status. An SMD 

>0.20 was interpreted as a meaningful difference in distribution between groups. VE against 

influenza-associated hospitalizations and ED/UC encounters was estimated from logistic 

regression models comparing the odds of influenza vaccination between cases and controls, 

adjusting for pre-specified potential confounders used in prior VISION analyses: site, 

calendar day, patient age (in years), sex, and race/ethnicity reported in the EHR [11, 12]. VE 

was calculated as (1 – adjusted odds ratio) × 100. Calendar day and age were modeled as 

natural cubic splines with 4 degrees of freedom.

We estimated VE separately for children and adolescents and for adults by encounter setting 

(ED/UC encounters or hospitalizations). Results were further stratified by age group (6 

months-4 years, 5–17 years, 18–49 years, 50–64 years, ≥65 years), by influenza virus type 

(A or B), by time since vaccination in a model with 4 exposure groups (unvaccinated and 

14–59 days, 60–119 days, ≥120 days since vaccination), and by presence or absence of ≥1 

likely immunocompromising conditions. Intervals for waning models were selected based 
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on distribution of time since vaccination and seasonal influenza circulation patterns for 

most influenza seasons where most infections occur over several months in the fall and 

winter. Among ARI-associated hospitalizations, we evaluated VE against critical in-hospital 

outcomes, defined as intensive care unit (ICU) admission and/or death. For this analysis, 

cases included patients hospitalized with influenza who experienced a critical outcome, 

and controls were all hospitalized controls [13]. We also estimated VE against ED and 

UC encounters separately. Finally, because of differences by care setting in the proportion 

of influenza A and B cases and timing of vaccination across age groups, we stratified 

type-specific VE by age group and time since vaccination.

SAS version 9.4 (SAS Institute, Inc.) or R version 4.1.0 (R Foundation for Statistical 

Computing) were used to conduct analyses. These activities were reviewed and approved 

by institutional review boards (IRBs) at Kaiser Permanente Northern California and Kaiser 

Permanente Southern California (45 C.F.R. part 46.101(c); 21 C.F.R. part 56). The Westat 

IRB determined that the activities are non-research. Patient informed consent was not 

required.

RESULTS

Overall Patient Population

A total of 79,374 ARI-associated hospitalizations and 308,389 ARI-associated ED/UC 

encounters were identified; 9,067 (11.4%) hospitalizations and 37,090 (12.0%) ED/UC 

encounters met ≥1 exclusion criterion (Supplementary Figure 1A and 1B). After exclusions, 

70,307 (88.6%) hospitalizations and 271,299 (88.0%) ED/UC encounters were included in 

analyses. Among 70,307 hospitalizations, 3,500 individuals had >1 hospitalization during 

the study period. Among 271,299 ED/UC encounters, 15,707 individuals had >1 ED/UC 

encounter.

Influenza circulation

Influenza activity peaked in late December to early January (Supplementary Figures 

2A–2D). Of influenza cases, 48,757 (75.7%) were influenza-A-positive, 15,862 (24.6%) 

were influenza-B-positive, with 172 (0.3%) mixed A and B infections. The proportion of 

influenza B cases was higher in children and adolescents (34.4% of cases) than in adults 

(20.9% of cases).

Pediatric patient characteristics by care setting

Of 3,479 ARI-associated hospitalizations in children and adolescents, 340 (9.8%) were 

influenza cases and 3,139 (90.2%) were test-negative controls; influenza positivity was 

5.3% among children aged 6 months-4 years and 16.6% among those aged 5–17 years. 

Proportions of hospitalizations among patients with ≥1 documented underlying medical 

condition were similar for influenza cases (63.8%) and controls (65.1%) [Table 1]. Overall, 

1,270 (36.5%) hospitalized patients had received influenza vaccination (18.5% of cases vs 

38.5% of controls, SMD = 0.45). Among vaccinated patients, median time since vaccination 

was 96 days; 91 days for those aged 6 months-4 years and 110 days for those aged 5–17 

years.
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Among 70,521 ARI-associated ED/UC encounters in children and adolescents, 17,493 

(24.8%) were cases and 53,028 (75.2%) were controls; influenza positivity was 14.8% 

among children aged 6 months-4 years and 32.9% among those aged 517 years (Table 1). 

Overall, 19,728 (28.0%) had received influenza vaccination prior to the encounter. Children 

aged 6 months-4 years were more likely to be vaccinated than those aged 517 years (34.3% 

vs 22.9%, SMD = 0.28). Cases were less likely to be vaccinated than controls (15.4% vs 

32.1%, SMD = 0.40). Among vaccinated patients, median time since vaccination was 91 

days; 86 days for those aged 6 months-4 years and 98 days for those aged 5–17 years.

Across care settings, 90.0% of vaccinated children with known vaccine product received 

standard-dose, egg-based inactivated vaccine, 6.8% received cell-culture-based vaccine, 

2.9% live-attenuated influenza vaccine, and 0.2% another product type (Supplementary 

Table 3).

Pediatric vaccine effectiveness

VE against pediatric influenza-associated hospitalization was 58% (95% confidence interval 

[95% CI]: 44–69%); 71% (95% CI: 51–83%) for children aged 6 months-4 years and 49% 

(95% CI: 27–65%) for those aged 5–17 years (Figure 1). VE against influenza B viruses 

(85% [95% CI: 72–93%]) was higher than against influenza A viruses (44% [95% CI: 

23–60%]). VE against ICU admission was 43% (95% CI: −6–70%).

Estimates of VE against influenza-associated ED/UC encounters were consistent with VE 

against hospitalization and ICU admission. Overall VE against ED/UC encounters was 

58% (95% CI: 56–60%); 65% (95% CI: 62–68%) for children aged 6 months-4 years and 

54% (95% CI: 51–57%) for children aged 5–17 years (Figure 1). VE against influenza 

B-associated ED/UC encounters (74% [95% CI: 72–77%]) was higher than against influenza 

A-associated illness (49% [95% CI: 46–51%]). VE in ED and UC settings was similar (59% 

and 58%, respectively).

Adult patient characteristics by care setting

Of 66,828 ARI-associated hospitalizations in adults, 5,721 (8.6%) were influenza cases and 

61,107 (91.4%) were controls; influenza positivity was 11.3% among adults aged 18–64 

years and 7.2% among adults aged ≥65 years (Table 2). Median age was 67 years for 

cases and 72 years for controls, and most patients had ≥1 documented underlying medical 

condition (86.4% of cases and 92.0% of controls). Among hospitalized adults, 32,455 

(48.6%) were vaccinated, including 35.1% of cases versus 49.8% of controls (SMD = 0.30). 

Of those vaccinated, median time since vaccination was 107 days; 103 days for those aged 

18–49 years, 103 days for those aged 50–64 years, and 109 days for those aged ≥65 years. 

Of hospitalized cases, 824 (14.4%) were admitted to an ICU and 190 (3.3%) died during 

hospitalization.

Among 200,778 ARI-associated ED/UC encounters in adults, 40,893 (20.4%) were 

influenza cases and 159,885 (79.6%) were controls; influenza positivity was 24.5% among 

adults aged 18–64 years and 11.4% among adults aged ≥65 years. Cases were younger on 

average than controls (median age 42 vs 54 years) and less likely to have ≥1 documented 

underlying medical condition (20.5% of cases vs 36.1% of controls, SMD = 0.35; Table 
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2). Overall, 76,988 (38.3%) were vaccinated (23.5% of cases vs 42.1% of controls, SMD = 

0.40). Among vaccinated adults, median time since vaccination was 103 days; 98 days for 

those aged 18–49 years, 101 days for those aged 50–64 years, and 106 days for those aged 

≥65 years.

Across sites, most (85.5%) vaccinated adults aged 18–64 years with known vaccine 

type received standard-dose, egg-based inactivated vaccine (Supplementary Table 3). Most 

(90.3%) older adults received a high-dose inactivated or adjuvanted vaccine, which are 

preferentially recommended products for older adults [14].

Adult vaccine effectiveness

VE against influenza-associated hospitalization in adults was 39% (95% CI: 35–43%); 51% 

(95% CI: 42–60%) for adults aged 18–49 years, 40% (95% CI: 32–48%) for adults aged 

50–64 years, and 36% (95% CI: 31–41%) for adults aged ≥65 years (Figure 2). VE against 

influenza B viruses (67% [95% CI: 54–76%]) was higher than against influenza A viruses 

(37% [95% CI: 32–41%]). VE against critical illness (ICU admission and/or death) was 41% 

(95% CI: 30–49%); 41% (95% CI: 31–50%) against ICU admission and 50% (95% CI: 

31–65%) against in-hospital death.

As observed for pediatric patients, VE against ED/UC encounters was similar to VE against 

hospitalization and ICU admission among adult age groups. VE against influenza-associated 

ED/UC encounters was 47% (95% CI: 46–49%); 54% (95% CI: 53–56%) for ages 18–49 

years, 44% (95% CI: 40–47%) for ages 50–64 years, and 37% (95% CI: 34–40%) for adults 

aged ≥65 years (Figure 2). VE against influenza -associated ED/UC encounters among 

adults was 75% (95% CI: 72–77%) for influenza B versus 41% (95% CI: 39–42%) for 

influenza A.

Vaccine effectiveness by time since vaccination

In analyses of time since vaccination, vaccination provided significant protection against 

hospitalizations and ED/UC visits through ≥120 days after vaccination (Figure 1–3, 

Supplementary Table 4). Among children, we observed no significant differences in VE 

against hospitalization at 14–59 days (50% [95% CI: 18–71%]) versus ≥120 days versus 

(67% [95% CI: 45–81%]) after vaccination (Figure 1). VE against ED/UC encounters was 

63% (95% CI: 60–66%) at 14–59 days versus 56% (95% CI: 53–59%) at 60–119 and 57% 

(95% CI: 53–60%) ≥120 days after vaccination. Type-specific VE estimates stratified by age 

group and time since vaccination are shown in Figure 3B and Supplementary Table 4. For 

children and adolescents, VE against influenza A-associated encounters trended downward 

with greater time since vaccination, with most difference observed for encounters ≥60 days 

since vaccination, although no consistent trend was observed against influenza B-associated 

encounters.

Among hospitalized adults, VE at 14–59 days after vaccination (49% [95% CI: 42–55%]) 

was higher than at 60–119 and ≥120 days after vaccination (Figure 2). Against influenza-

associated ED/UC encounters, VE was lower with increased time since vaccination (e.g., 

57% [95% CI: 55–60%] at 14–59 days vs 48% [95% CI: 45–50%] at ≥120 days since 

vaccination). Within strata of time since vaccination, VE against influenza A- and B-
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associated encounters tended to be lower in older compared to younger adults (Figure 3, 

Supplementary Table 4).

DISCUSSION

During the 2023–2024 U.S. influenza season, influenza vaccination reduced the risk of 

influenza-associated encounters across age groups and care settings, including against severe 

in-hospital outcomes. These findings support current recommendations for routine annual 

influenza vaccination beginning at 6 months of age [4].

Greatest vaccine protection was observed in children aged 6 months-4 years, which is 

notable given the elevated risk of severe influenza-associated outcomes among young 

children, including those with no underlying medical conditions [15]. VE among children 

and adolescents was generally higher than among adults, with more sustained protection. 

Overall and type-specific VE estimates were lowest among older adults. This could be due 

to a number of factors, such as primary reasons or thresholds for admission that may be 

age-related (e.g., due to exacerbation of chronic underlying medical condition after influenza 

virus infection versus primary viral lower respiratory tract disease), age-related changes 

including immunosenescence in older adults [16], or effects of repeat vaccination over 

multiple seasons on immune responses [17, 18]. Protection among older adults was less 

than for adults aged 18–64 despite preferential receipt of high-dose and adjuvanted influenza 

vaccines for older adults [4].

VE was consistently higher against influenza B vs influenza A-associated encounters. 

Following the emergence of influenza A(H1N1)pdm09 viruses in 2009, population 

immunity to A(H1N1)pdm09 viruses in younger age groups increased over several seasons. 

During that period, VE against A(H1N1)pdm09 was similar to VE against B/Yamagata 

and B/Victoria-associated outpatient illness, while VE against A(H3N2) has been lower, 

especially among older adults [19]. B/Yamagata viruses no longer circulate and influenza 

B/Victoria viruses have remained antigenically similar since the emergence of the V1.3 

clade but had not circulated for 3 seasons. Lower baseline antibody levels in the population 

without boosting from natural infection may have resulted in relatively higher levels of 

protective antibody among vaccinated persons this season. In contrast, levels of protective 

antibodies against circulating A(H1N1)pdm09 viruses may have been more similar among 

vaccinated and unvaccinated individuals. Improved understanding of virus and antigen-

specific vaccine responses may inform development of more effective influenza vaccines.

Protection was observed for more than 120 days after vaccination. Among adults, VE 

estimates were highest 14–59 days post-vaccination. The timing of influenza activity varies 

from season to season, and optimal timing for vaccination is difficult to predict [20]. CDC’s 

Advisory Committee on Immunization Practices recommends that most people who require 

1 vaccine dose in a season are offered vaccination in September or October, balancing 

factors including unpredictability of influenza activity, within-season waning of VE [21, 22], 

and programmatic considerations [4]. In addition to vaccination, other tools may reduce the 

risk of complications from influenza among older adults and others at increased risk for 

severe outcomes, such as timely influenza antiviral treatment [23].
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This analysis was subject to several limitations. VE estimates were limited to influenza 

A- and B-associated encounters because VISION relies on clinician-driven testing and 

influenza A viruses were not consistently subtyped. During the 2023–2024 influenza season, 

influenza A(H1N1)pdm09 viruses co-circulated with A(H3N2) and B/Victoria viruses. 

Influenza A(H3N2) VE has historically been lower than for A(H1N1)pdm09 [19, 24, 

25] and co-circulation likely influenced VE against influenza A-associated hospitalizations 

and ED/UC encounters. As influenza A(H3N2) activity peaked later than A(H1N1)pdm09 

activity, declines in VE by time since vaccination may reflect both waning in vaccine-

induced immune protection [26] and changes in the distribution of influenza A virus 

subtypes circulating. Second, we did not have information on influenza vaccination across 

multiple seasons to evaluate effects from current- and prior-season vaccination [17, 18] 

or VE in younger children based on partial versus full vaccination [4]. Third, we did 

not evaluate influenza VE by vaccine type which may impact immune responses and 

effectiveness [26–28]. Most younger adults received egg-based standard-dose inactivated 

vaccines whereas most older adults received high-dose inactivated or adjuvanted vaccines. 

Fourth, the study population may not be representative of the entire U.S. population. Fifth, 

although vaccination data was captured from a variety of data sources, under-capture 

of vaccine doses administered in cases or controls could result in vaccination exposure 

misclassification and potential bias in VE estimates.

Conclusions

Influenza vaccination provided protection against influenza-associated encounters for U.S. 

children, adolescents, and adults during the 2023–2024 influenza season including against 

severe in-hospital outcomes. Increased uptake of annual influenza vaccination should be 

strongly encouraged to decrease the burden of influenza illness and its sequelae.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Influenza vaccine effectiveness against influenza-associated hospitalizations and emergency 

department / urgent care encounters in children and adolescents aged 6 months-17 years.

Abbreviations: CI = confidence interval; ED = emergency department; ICU = intensive care 

unit; UC = urgent care
a Vaccine effectiveness was estimated using logistic regression models comparing the odds 

of vaccination between cases and controls; models adjusted for site, calendar day, patient 

age, sex, and race/ethnicity with calendar day and age treated as natural cubic splines with 4 

degrees of freedom.
b Influenza A and B coinfections were included in both influenza A and influenza B case 

counts.
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Figure 2. 
Vaccine effectiveness against influenza-associated hospitalizations and emergency 

department / urgent care encounters in adults aged ≥18 years.

Abbreviations: CI = confidence interval; ED = emergency department; ICU = intensive care 

unit; UC = urgent care.
a Vaccine effectiveness was estimated using logistic regression models comparing the odds 

of vaccination between cases and controls; models adjusted for site, calendar day, patient 

age, sex, and race/ethnicity with calendar day and age treated as natural cubic splines with 4 

degrees of freedom.
b Influenza A and B coinfections were included in both influenza A and influenza B case 

counts.
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Figure 3. 
A) Influenza vaccine effectivenessa by time since vaccination by influenza type and age 

groupb among adult inpatient encounters B) Influenza vaccine effectiveness by time since 

vaccination by influenza type and age group among emergency department / urgent care 

encounters.
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a Forest plots depict vaccine effectiveness point estimates (circles) and 95% confidence 

intervals (vertical lines).
b Inpatient vaccine effectiveness estimates not shown for children aged 6 months-4 years or 

517 years because of imprecision.
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Table 1.
Characteristics of acute respiratory illness-associated hospitalizations and emergency department / urgent care 

encounters in children aged 6 months-17 years by influenza vaccination and test status.

Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

Hospitalizations

All hospitalizations 3479 2209 1270 3139 340

Influenza vaccination status

 Unvaccinated
2209 
(63.5) 2209 (100.0) 0 (0.0) 1932 (87.5) 277 (12.5) 0.453

 Vaccinated
1270 
(36.5) 0 (0.0) 1270 (100.0) 1207 (95.0) 63 (5.0)

Month of encounter

 October 2023 185 (5.3) 161 (87.0) 24 (13.0) 0.390 181 (97.8) 4 (2.2) 0.640

 November 2023 546 (15.7) 386 (70.7) 160 (29.3) 522 (95.6) 24 (4.4)

 December 2023 753 (21.6) 511 (67.9) 242 (32.1) 641 (85.1) 112 (14.9)

 January 2024 529 (15.2) 345 (65.2) 184 (34.8) 444 (83.9) 85 (16.1)

 February 2024 501 (14.4) 288 (57.5) 213 (42.5) 446 (89.0) 55 (11.0)

 March 2024 506 (14.5) 282 (55.7) 224 (44.3) 460 (90.9) 46 (9.1)

 April 2024 459 (13.2) 236 (51.4) 223 (48.6) 445 (96.9) 14 (3.1)

Sites

 Site A 29 (0.8) 22 (75.9) 7 (24.1) 0.277 26 (89.7) 3 (10.3) 0.251

 Site B 357 (10.3) 238 (66.7) 119 (33.3) 310 (86.8) 47 (13.2)

 Site C 854 (24.5) 511 (59.8) 343 (40.2) 768 (89.9) 86 (10.1)

 Site D 83 (2.4) 49 (59.0) 34 (41.0) 80 (96.4) 3 (3.6)

 Site E
1128 
(32.4) 656 (58.2) 472 (41.8) 1042 (92.4) 86 (7.6)

 Site F 845 (24.3) 620 (73.4) 225 (26.6) 755 (89.3) 90 (10.7)

 Site G 183 (5.3) 113 (61.7) 70 (38.3) 158 (86.3) 25 (13.7)

Median age (Q1, Q3), years 3 (2, 7) 4 (2, 7) 3 (1, 6) 3 (1, 6) 7 (4, 10)

Age group

 6 months-4 years
2093 
(60.2) 1255 (60.0) 838 (40.0) 0.189 1983 (94.7) 110 (5.3) 0.649

 5–17 years
1386 
(39.8) 954 (68.8) 432 (31.2) 1156 (83.4) 230 (16.6)

Sex

 Female
1556 
(44.7) 989 (63.6) 567 (36.4) 0.003 1400 (90.0) 156 (10.0) 0.026

 Male
1923 
(55.3) 1220 (63.4) 703 (36.6) 1739 (90.4) 184 (9.6)

Race/ethnicity

 White Non-Hispanic
1309 
(37.6) 881 (67.3) 428 (32.7) 0.301 1182 (90.3) 127 (9.7) 0.178
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Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

 Black Non-Hispanic 365 (10.5) 259 (71.0) 106 (29.0) 316 (86.6) 49 (13.4)

 Other Non-Hispanicb 464 (13.3) 215 (46.3) 249 (53.7) 431 (92.9) 33 (7.1)

 Hispanic
1100 
(31.6) 697 (63.4) 403 (36.6) 996 (90.5) 104 (9.5)

 Unknown 241 (6.9) 157 (65.1) 84 (34.9) 214 (88.8) 27 (11.2)

Any medical condition
2259 
(64.9) 1383 (61.2) 876 (38.8) 0.135 2042 (90.4) 217 (9.6) 0.026

Respiratory condition
1593 
(45.8) 960 (60.3) 633 (39.7) 0.128 1465 (92.0) 128 (8.0) 0.184

Non-respiratory condition
1195 
(34.3) 715 (59.8) 480 (40.2) 0.114 1055 (88.3) 140 (11.7) 0.157

Immunocompromising 
condition 211 (6.1) 127 (60.2) 84 (39.8) 0.036 194 (91.9) 17 (8.1) 0.051

ICU admission

 Yes 735 (21.1) 459 (62.4) 276 (37.6) 0.025 667 (90.7) 68 (9.3) 0.035

 No
2701 
(77.6) 1725 (63.9) 976 (36.1) 2431 (90.0) 270 (10.0)

 Unknown 43 (1.2) 25 (58.1) 18 (41.9) 41 (95.2) 2 (4.7)

Invasive mechanical 
ventilation

 Yes 336 (9.7) 229 (68.2) 107 (31.8) 0.108 309 (92.0) 27 (8.0) 0.053

 No
2518 
(72.4) 1519 (60.3) 999 (39.7) 2282 (90.6) 236 (9.4)

 Unknown 625 (18.0) 461 (73.8) 164 (26.2) 548 (87.7) 77 (12.3)

In-hospital death

 Yes 28 (0.8) 15 (53.6) 13 (46.4) 0.055 26 (92.9) 2 (7.1) 0.038

 No
3450 
(99.2) 2194 (63.6) 1256 (36.4) 3112 (90.2) 338 (9.8)

 Unknown 1 (0.0) 0 (0.0) 1 (100.0) 1 (100.0) 0 (0.0)

Emergency department / urgent care encounters

All encounters 70521 50793 19728 53028 17493

Influenza vaccination status

 Unvaccinated
50793 
(72.0) 50793 (100.0) 0 (0.0) 35995 (70.9) 14798 (29.1) 0.400

 Vaccinated
19728 
(28.0) 0 (0.0) 19728 (100.0) 17033 (86.3) 2695 (13.7)

Month of encounter

 October 2023 3069 (4.4) 2625 (85.5) 444 (14.5) 0.287 2943 (95.9) 126 (4.1) 0.603

 November 2023
10345 
(14.7) 8139 (78.7) 2206 (21.3) 8872 (85.8) 1473 (14.2)

 December 2023
15918 
(22.6) 11986 (75.3) 3932 (24.7) 10217 (64.2) 5701 (35.8)

 January 2024
11011 
(15.6) 7922 (71.9) 3089 (28.1) 7322 (66.5) 3689 (33.5)
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Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

 February 2024
11631 
(16.5) 8116 (69.8) 3515 (30.2) 8116 (69.8) 3515 (30.2)

 March 2024
10709 
(15.2) 7029 (65.6) 3680 (34.4) 8529 (79.6) 2180 (20.4)

 April 2024
7838 
(11.1) 4976 (63.5) 2862 (36.5) 7029 (89.7) 809 (10.3)

Sites

 Site A 4866 (6.9) 3428 (70.4) 1438 (29.6) 0.378 3314 (68.1) 1552 (31.9) 0.289

 Site B 2175 (3.1) 1641 (75.4) 534 (24.6) 1718 (79.0) 457 (21.0)

 Site C
16425 
(23.3) 11076 (67.4) 5349 (32.6) 13614 (82.9) 2811 (17.1)

 Site D 1756 (2.5) 1238 (70.5) 518 (29.5) 1484 (84.5) 272 (15.5)

 Site E
22008 
(31.2) 14757 (67.1) 7251 (32.9) 16491 (74.9) 5517 (25.1)

 Site F
13132 
(18.6) 11302 (86.1) 1830 (13.9) 9213 (70.2) 3919 (29.8)

 Site G
10159 
(14.4) 7351 (72.4) 2808 (27.6) 7194 (70.8) 2965 (29.2)

Median age (Q1, Q3), years 5 (2,10) 6 (2, 10) 4 (2, 8) 4 (2, 9) 7 (4, 11)

Age group

 6 months-4 years
31505 
(44.7) 20713 (65.7) 10792 (34.3) 0.282 26845 (85.2) 4660 (14.8) 0.508

 5–17 years
39016 
(55.3) 30080 (77.1) 8936 (22.9) 26183 (67.1) 12833 (32.9)

Sex

 Female
32837 
(46.6) 23968 (73.0) 8869 (27.0) 0.045 24436 (74.4) 8401 (25.6) 0.039

 Male
37684 
(53.4) 26825 (71.2) 10859 (28.8) 28592 (75.9) 9092 (24.1)

Race/ethnicity

 White Non-Hispanic
24595 
(34.9) 18263 (74.3) 6332 (25.7) 0.312 18480 (75.1) 6115 (24.9) 0.092

 Black Non-Hispanic
8476 
(12.0) 7073 (83.4) 1403 (16.6) 6123 (72.2) 2353 (27.8)

 Other Non-Hispanicb
8012 
(11.4) 4700 (58.7) 3312 (41.3) 6127 (76.5) 1885 (23.5)

 Hispanic
24257 
(34.4) 17179 (70.8) 7078 (29.2) 18161 (74.9) 6096 (25.1)

 Unknown 5181 (7.3) 3578 (69.1) 1603 (30.9) 4137 (79.8) 1044 (20.2)

Any medical condition
7352 
(10.4) 4879 (66.4) 2473 (33.6) 0.093 6324 (86.0) 1028 (14.0) 0.214

Respiratory condition 5733 (8.1) 3760 (65.6) 1973 (34.4) 0.092 5152 (89.9) 581 (10.1) 0.261

Non-respiratory condition 1817 (2.6) 1224 (67.4) 593 (32.6) 0.037 1345 (74.0) 472 (26.0) 0.010

Immunocompromising 
condition 150 (0.2) 82 (54.7) 68 (45.3) 0.036 124 (82.7) 26 (17.3) 0.020

Abbreviations: ICU = intensive care unit; SMD = standardized mean difference
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a
An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between hospitalizations for vaccinated versus unvaccinated 

encounters or for encounters with positive influenza test results versus negative influenza test results.

b
Other race defined as any one of the following responses: Asian, Hawaiian or other Pacific Islander, American Indian or Alaska Native, other, 

multiple races.
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Table 2.
Characteristics of acute respiratory illness-associated hospitalizations and emergency department / urgent care 

encounters in adults aged ≥18 years by influenza vaccination and test status.

Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

Hospitalizations

All hospitalizations 66828 34373 32455 61107 5721

Influenza vaccination status

 Unvaccinated
34373 
(51.4) 34373 (100.0) 0 (0.0) 30662 (89.2) 3711 (10.8) 0.300

 Vaccinated
32455 
(48.6) 0 (0.0) 32455 (100.0) 30445 (93.8) 2010 (6.2)

Month of encounter

 October 2023 3261 (4.9) 2342 (71.8) 919 (28.2) 0.271 3215 (98.6) 46 (1.4) 0.602

 November 2023 8807 (13.2) 5291 (60.1) 3516 (39.9) 8343 (94.7) 464 (5.3)

 December 2023
12072 
(18.1) 6476 (53.6) 5596 (46.4) 10355 (85.8) 1717 (14.2)

 January 2024
12251 
(18.3) 6155 (50.2) 6096 (49.8) 10687 (87.2) 1564 (12.8)

 February 2024
10340 
(15.5) 5033 (48.7) 5307 (51.3) 9334 (90.3) 1006 (9.7)

 March 2024
10541 
(15.8) 4896 (46.4) 5645 (53.6) 9910 (94.0) 631 (6.0)

 April 2024 9556 (14.3) 4180 (43.7) 5376 (56.3) 9263 (96.9) 293 (3.1)

Sites

 Site A 3817 (5.7) 1789 (46.9) 2028 (53.1) 0.512 3447 (90.3) 370 (9.7) 0.171

 Site B 6260 (9.4) 3951 (63.1) 2309 (36.9) 5637 (90.0) 623 (10.0)

 Site C
15215 
(22.8) 6472 (42.5) 8743 (57.5) 14139 (92.9) 1076 (7.1)

 Site D 2144 (3.2) 1066 (49.7) 1078 (50.3) 2027 (94.5) 117 (5.5)

 Site E
11741 
(17.6) 3818 (32.5) 7923 (67.5) 10859 (92.5) 882 (7.5)

 Site F
20825 
(31.2) 13554 (65.1) 7271 (34.9) 18815 (90.3) 2010 (9.7)

 Site G 6826 (10.2) 3723 (54.5) 3103 (45.5) 6183 (90.6) 643 (9.4)

Median age (Q1, Q3), years 72 (60, 81) 67 (55, 77) 76 (66, 83) 72 (61, 81) 67 (54, 78)

Age group

 18–64 years
22088 
(33.1) 15256 (69.1) 6832 (30.9) 0.513 19594 (88.7) 2494 (11.3) 0.239

 ≥65 years
44740 
(66.9) 19117 (42.7) 25623 (57.3) 41513 (92.8) 3227 (7.2)

Sex

 Female
35394 
(53.0) 18183 (51.4) 17211 (48.6) 0.003 32214 (91.0) 3180 (9.0) 0.058

 Male
31434 
(47.0) 16190 (51.5) 15244 (48.5) 28893 (91.9) 2541 (8.1)

Clin Infect Dis. Author manuscript; available in PMC 2025 July 24.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tenforde et al. Page 22

Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

Race/ethnicity

 White Non-Hispanic
43712 
(65.4) 22176 (50.7) 21536 (49.3) 0.236 40245 (92.1) 3467 (7.9) 0.115

 Black Non-Hispanic 7499 (11.2) 4852 (64.7) 2647 (35.3) 6738 (89.9) 761 (10.1)

 Other Non-Hispanicb 5673 (8.5) 2417 (42.6) 3256 (57.4) 5170 (91.1) 503 (8.9)

 Hispanic 8874 (13.3) 4188 (47.2) 4686 (52.8) 7991 (90.0) 883 (10.0)

 Unknown 1070 (1.6) 740 (69.2) 330 (30.8) 963 (90.0) 107 (10.0)

Any medical condition
61189 
(91.6) 30454 (49.8) 30735 (50.2) 0.222 56246 (91.9) 4943 (8.1) 0.183

Respiratory condition
32449 
(48.6) 15376 (47.4) 17073 (52.6) 0.158 30046 (92.6) 2403 (7.4) 0.144

Non-respiratory condition
58024 
(86.8) 28276 (48.7) 29748 (51.3) 0.282 53401 (92.0) 4623 (8.0) 0.181

Immunocompromising 
condition

14891 
(22.3) 6721 (45.1) 8170 (54.9) 0.135 14039 (94.3) 852 (5.7) 0.207

ICU admission

 Yes
13468 
(20.2) 7210 (53.5) 6258 (46.5) 0.041 12644 (93.9) 824 (6.1) 0.167

 No
52983 
(79.3) 27002 (51.0) 25981 (49.0) 48106 (90.8) 4877 (9.2)

 Unknown 377 (0.6) 161 (42.7) 216 (57.3) 357 (94.7) 20 (8.6)

Invasive mechanical 
ventilation

 Yes 8133 (12.2) 4643 (57.1) 3490 (42.9) 0.188 7527 (92.5) 606 (7.5) 0.046

 No
41874 
(62.7) 18604 (44.4) 23270 (55.6) 38369 (91.6) 3505 (8.4)

 Unknown
16821 
(25.2) 11126 (66.1) 5695 (33.9) 15211 (90.4) 1610 (9.6)

In-hospital death

 Yes 4976 (7.4) 2473 (49.7) 2503 (50.3) 0.020 4786 (96.2) 190 (3.8) 0.198

 No
61852 
(92.6) 31900 (51.6) 29952 (48.4) 56321 (91.1) 5531 (8.9)

Emergency department / urgent care encounters

All encounters 200778 123790 76988 159885 40893

Influenza vaccination status

 Unvaccinated
123790 
(61.7) 123790 (100.0) 0 (0.0) 92519 (74.7) 31271 (25.3) 0.404

 Vaccinated
76988 
(38.3) 0 (0.0) 76988 (100.0) 67366 (87.5) 9622 (12.5)

Month of encounter

 October 2023 8201 (4.1) 6328 (77.2) 1873 (22.8) 0.229 7802 (95.1) 399 (4.9) 0.570

 November 2023
25799 
(12.8) 17518 (67.9) 8281 (32.1) 22281 (86.4) 3518 (13.6)

 December 2023
43346 
(21.6) 27772 (64.1) 15574 (35.9) 29578 (68.2) 13768 (31.8)
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Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

 January 2024
39815 
(19.8) 24571 (61.7) 15244 (38.3) 29024 (72.9) 10791 (27.1)

 February 2024
30919 
(15.4) 18506 (59.9) 12413 (40.1) 24608 (79.6) 6311 (20.4)

 March 2024
29140 
(14.5) 16540 (56.8) 12600 (43.2) 25044 (85.9) 4096 (14.1)

 April 2024
23558 
(11.7) 12555 (53.3) 11003 (46.7) 21548 (91.5) 2010 (8.5)

Sites

 Site A 13675 (6.8) 8245 (60.3) 5430 (39.7) 0.437 10592 (77.5) 3083 (22.5) 0.246

 Site B
32700 
(16.3) 24310 (74.3) 8390 (25.7) 24372 (74.5) 8328 (25.5)

 Site C
43299 
(21.6) 24105 (55.7) 19194 (44.3) 36951 (85.3) 6348 (14.7)

 Site D 8134 (4.1) 4581 (56.3) 3553 (43.7) 7104 (87.3) 1030 (12.7)

 Site E
56000 
(27.9) 28791 (51.4) 27209 (48.6) 44326 (79.2) 11674 (20.8)

 Site F
27367 
(13.6) 21174 (77.4) 6193 (22.6) 21374 (78.1) 5993 (21.9)

 Site G 19603 (9.8) 12584 (64.2) 7019 (35.8) 15166 (77.4) 4437 (22.6)

Median age (Q1, Q3), years 51 (34, 69) 42 (30, 60) 66 (47, 77) 54 (35, 71) 42 (31, 59)

Age group

 18–64 years
137380 
(68.4) 100635 (73.3) 36745 (26.7) 0.749

103738 
(75.5) 33642 (24.5) 0.402

 ≥65 years
63398 
(31.6) 23155 (36.5) 40243 (63.5) 56147 (88.6) 7251 (11.4)

Sex

 Female
120659 
(60.1) 73753 (61.1) 46906 (38.9) 0.028 97042 (80.4) 23617 (19.6) 0.060

 Male
80119 
(39.9) 50037 (62.5) 30082 (37.5) 62843 (78.4) 17276 (21.6)

Race/ethnicity

 White Non-Hispanic
104840 
(52.2) 63354 (60.4) 41486 (39.6) 0.219 85359 (81.4) 19481 (18.6) 0.134

 Black Non-Hispanic
20641 
(10.3) 14820 (71.8) 5821 (28.2) 16390 (79.4) 4251 (20.6)

 Other Non-Hispanicb
20051 
(10.0) 10406 (51.9) 9645 (48.1) 15997 (79.8) 4054 (20.2)

 Hispanic
49402 
(24.6) 30847 (62.4) 18555 (37.6) 37765 (76.4) 11637 (23.6)

 Unknown 5844 (2.9) 4363 (74.7) 1481 (25.3) 4374 (74.8) 1470 (25.2)

Any medical condition
66039 
(32.9) 34218 (51.8) 31821 (48.2) 0.291 57641 (87.3) 8398 (12.7) 0.350

Respiratory condition
35631 
(17.7) 18906 (53.1) 16725 (46.9) 0.167 31697 (89.0) 3934 (11.0) 0.291

Non-respiratory condition
42677 
(21.3) 20330 (47.6) 22347 (52.4) 0.304 37154 (87.1) 5523 (12.9) 0.253
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Influenza vaccination status Influenza test result

Total (col 
%)

Unvaccinated 
(row %)

Vaccinated 
(row %) SMDa

Negative 
(row %)

Positive 
(row %) SMDa

Immunocompromising 
condition 4420 (2.2) 1855 (42.0) 2565 (58.0) 0.120 3921 (88.7) 499 (11.3) 0.092

Abbreviations: ICU = intensive care unit; SMD = standardized mean difference

a
An absolute SMD >0.20 indicates a nonnegligible difference in variable distributions between hospitalizations for vaccinated versus unvaccinated 

encounters or for encounters with positive influenza test results versus negative influenza test results.

b
Other race defined as any one of the following responses: Asian, Hawaiian or other Pacific Islander, American Indian or Alaska Native, other, 

multiple races.
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