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Abstract 

Background: Seasonal influenza prevention in young adults is influenced by access, trust, 

and vaccine information exposure, but local evidence linking vaccination uptake with ill-

ness and economic burden is limited. Methods: We conducted a non-probability, cross-

sectional electronic survey of adults aged 18–49 years who lived, worked, or studied in 

the San Francisco Bay Area during the 2025 to 2026 influenza season. Measures included 

vaccination uptake, influenza-like illness, recovery, functional and economic burden, vac-

cination sites, and vaccine information exposure. Multivariable logistic regression exam-

ined factors associated with vaccination uptake; Kaplan–Meier and Cox models examined 

time to recovery. Results: Of 554 responses, 463 were included. Vaccination uptake was 

86.2% (n = 399; 95% confidence interval [CI], 82.7–89.2%), likely reflecting a health-en-

gaged convenience sample. Influenza-like illness was reported by 38.4%; median recovery 

time was 5 days, median missed work or school was 2 days, and median direct out-of-

pocket cost was US$20. Prior season vaccination (adjusted odds ratio [aOR], 2.24; 95% CI, 

1.15–4.34) and greater trust in Centers for Disease Control and Prevention (CDC) or public 

health agencies (aOR, 1.46; 95% CI, 1.05–2.02) were associated with vaccination. Pharma-

cies were the second most common vaccination site and preferred future site. Conclusions: 

Influenza prevention for young adults may benefit from pharmacy-inclusive, multichan-

nel access paired with trusted communication. Findings should be interpreted in light of 

non-probability recruitment and likely overrepresentation of health-engaged respond-

ents. 

Keywords: influenza; vaccination; young adults; flu vaccine; vaccine hesitancy; economic 

burden; community pharmacy; San Francisco Bay Area; cross-sectional survey 

 

1. Introduction 

Seasonal influenza remains a major cause of preventable morbidity, health care use, 

hospitalization, death, and economic loss in the United States. Between 2010 and 2025, 

influenza was estimated to cause 9.4 million to 51 million illnesses, 120,000 to 710,000 hos-

pitalizations, and 6300 to 52,000 deaths annually in the United States [1]. The 2024 to 2025 
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influenza season was classified as a high severity season, with an estimated 51 million 

influenza illnesses, 23 million medical visits, 710,000 hospitalizations, and 45,000 deaths 

[2]. During the 2025 to 2026 season, CDC in-season surveillance estimated at least 31 mil-

lion illnesses, 370,000 hospitalizations, and 23,000 deaths from influenza in the United 

States by early April 2026 [3]. 

Annual influenza vaccination remains the primary prevention strategy for reducing 

influenza-associated illness and complications. The Advisory Committee on Immuniza-

tion Practices recommends routine annual influenza vaccination for all persons aged 6 

months and older who do not have contraindications [4]. However, influenza vaccination 

coverage among adults remains below public health targets. During the 2024 to 2025 in-

fluenza season, overall vaccination coverage among U.S. adults aged 18 years and older 

was 41.9%, a decrease of 3.0 percentage points from the prior season [5]. Coverage was 

particularly low among adults aged 18 to 49 years, with CDC estimating coverage of ap-

proximately 31% during the 2024 to 2025 season [2]. This age group is important for pre-

vention because adults aged 18 to 49 contributed an estimated 16% of influenza-related 

hospitalizations during the 2024 to 2025 season and were the age group in which vaccina-

tion prevented the largest share of influenza illnesses [2]. 

Recent vaccine effectiveness data further support the importance of vaccination, in-

cluding among younger and working-age adults. Interim national estimates for the 2025 

to 2026 season showed that influenza vaccination reduced the risk of influenza-associated 

outpatient visits by 22% to 34% among adults aged 18 years and older and reduced influ-

enza-associated hospitalization by approximately 30% [6]. California-specific interim es-

timates from October 2025 through January 2026 also demonstrated vaccine benefit, with 

an overall vaccine effectiveness of 33% against laboratory-confirmed influenza and 34% 

among adults aged 18 to 49 years [7]. These California data are especially relevant to the 

present study because they reflect the same state context and the same influenza season 

in which this survey was conducted. 

The burden of influenza is not limited to severe clinical outcomes. Influenza can also 

result in missed work or school, reduced usual activities, out-of-pocket expenses, and 

productivity losses. Earlier national estimates found that seasonal influenza generated ap-

proximately $10.4 billion in direct medical costs and $16.3 billion in projected lost earnings 

annually in the United States [8]. More recent estimates placed the average annual total 

economic burden of influenza at approximately $11.2 billion, including $3.2 billion in di-

rect medical costs and $8.0 billion in indirect costs when lost productivity was included 

[9]. Among adults aged 18 to 64 years, the economic burden of influenza is largely indirect, 

reflecting missed work, productivity loss, and related functional disruption [10]. These 

outcomes are particularly relevant for young adults who may have fewer severe outcomes 

than older adults but may still experience meaningful economic and daily activity burden. 

Influenza vaccination decisions are also shaped by perceived risk, access, trust, and 

exposure to vaccine-related information. In a national study of influenza-specific vaccine 

hesitancy among U.S. adults, 36.9% of adults reported hesitancy toward influenza vac-

cination, 18.6% reported concerns about vaccine side effects, and 35.6% reported that their 

health care provider was not their most trusted source of information about influenza 

vaccination [11]. These beliefs were associated with substantially lower vaccination cov-

erage [11]. Major sources of influenza vaccine information include medical professionals, 

medical journals, newspapers, social media, family and friends, and promotional media. 

Prior research has shown that individuals who placed greater value on information from 

medical professionals and medical journals were more likely to perceive influenza vac-

cines as safe and effective and were subsequently more likely to receive influenza vaccina-

tion, whereas reliance on social media and informal sources was associated with lower 

perceived vaccine safety and efficacy and reduced vaccine uptake [12]. Because vaccine 
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misinformation and conflicting health information may influence vaccination behavior, 

communication research has emphasized the importance of evaluating outcomes con-

nected to actual vaccination uptake rather than only knowledge or attitudes [13]. 

Although national and state-level influenza data are available, less is known about 

how vaccination uptake, influenza-like illness, time to recovery, economic burden, and 

vaccine information exposure intersect among young adults in the San Francisco Bay 

Area. Young adults often move across work, school, transit, and social settings, and may 

receive vaccine information from diverse sources, including health professionals, public 

health agencies, traditional media, social media, family, and peers. Because young adults 

may obtain vaccination through several access points, including clinics, pharmacies, cam-

puses, workplaces, and community sites, local evidence is needed to guide outreach strat-

egies that reflect both where they receive vaccines and where they encounter vaccine-re-

lated information. Therefore, this study examined seasonal influenza vaccination uptake, 

influenza-like illness burden, time to recovery, economic burden, and vaccine information 

exposure among adults aged 18 to 49 years in the San Francisco Bay Area. 

2. Materials and Methods 

2.1. Study Design and Setting 

We conducted a cross-sectional electronic survey among adults aged 18 to 49 years 

who lived, worked, or studied in the San Francisco Bay Area during the 2025 to 2026 in-

fluenza season. Data collection occurred from 9 January 2026 through 30 April 2026. The 

study included respondents from Alameda, Contra Costa, Marin, Napa, San Francisco, 

San Mateo, Santa Clara, Solano, and Sonoma counties. The survey was administered using 

Qualtrics and was designed to take approximately 10 min to complete. 

This study examined seasonal influenza vaccination uptake, influenza-like illness, 

time to recovery, functional burden, economic burden, and vaccine information exposure 

among young adults. The economic component was conducted as an economic burden 

analysis rather than a cost-effectiveness analysis because respondents were not assigned 

to a vaccination intervention, vaccine effectiveness was not directly estimated, and incre-

mental cost-effectiveness ratios were not calculated. 

2.2. Participants and Recruitment 

Eligible respondents were adults aged 18 to 49 years who reported living, working, 

or studying in one of the selected San Francisco Bay Area counties and who consented to 

participate. Respondents were excluded if they self-reported younger than 18 years, aged 

50 years or older, did not live, work, or study in the Bay Area, did not consent, had inad-

equate survey completion, or had missing data on the primary outcome of seasonal influ-

enza vaccination uptake. The upper age limit of 49 years was selected to focus on young 

and working-age adults whose vaccination coverage, exposure patterns, care-seeking be-

haviors, and information environments may differ from those of adults aged 50 years and 

older. 

Respondents were recruited using a non-probability convenience sampling approach 

through Touro University California networks, partner campuses, community organiza-

tions, community settings, transit-adjacent locations, and online, social media, and mes-

saging platforms, including Facebook, Instagram, Reddit, and WhatsApp. Recruitment 

materials included a brief description of the study, eligibility criteria, estimated survey 

duration, survey link, and QR code. To reduce duplicate participation, the Qualtrics “Pre-

vent multiple submissions” setting was enabled; respondents detected as duplicates at the 

beginning of the survey were prevented from completing the survey more than once. The 

survey was anonymous and did not collect names, email addresses, or phone numbers 
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within the survey dataset. Participants were given the option to enter a separate drawing 

for one of fifty US$20 electronic gift cards. Drawing entry information was collected 

through a separate claim form and was not stored with survey responses. 

2.3. Sample Size 

The target sample size was based on feasibility and precision for estimating the pri-

mary outcome, seasonal influenza vaccination uptake. A target of approximately 500 re-

spondents was considered adequate to estimate a population proportion with a maximum 

95% margin of error of approximately ±4.4 percentage points under the conservative as-

sumption of p = 0.50. The final analytic sample of 463 respondents provided a maximum 

95% margin of error of approximately ±4.6 percentage points for overall proportions. 

Analyses of influenza-like illness, time to recovery, and economic burden were conducted 

among smaller subgroups and were considered descriptive and exploratory. 

2.4. Measures 

The survey questionnaire included items on eligibility, county of residence and work 

or study, health access, seasonal influenza vaccination uptake, influenza-like illness, re-

covery and functional impact, direct and indirect costs, vaccine information exposure, 

trust in information sources, and demographics. The complete questionnaire, including 

response options and skip logic, is provided as Supplementary File S1. 

The primary outcome was self-reported receipt of an influenza vaccine during the 

2025 to 2026 influenza season. Responses were categorized as vaccinated, not vaccinated, 

or not sure. For the primary analysis, vaccination uptake was coded as vaccinated versus 

not vaccinated or not sure. 

Demographic and health access variables included age group, gender, race, Hispanic 

or Latino ethnicity, Bay Area county, education, household income, student status, em-

ployment status, work or study setting, health insurance, and preferred vaccination loca-

tion. Health status was assessed using self-reported clinician-diagnosed conditions, in-

cluding asthma or chronic lung disease, diabetes, heart or kidney disease, weakened im-

mune system, and pregnancy during the influenza season. A binary variable was created 

for any chronic condition. 

Health insurance was self-reported using the original survey categories of private 

insurance, Medi-Cal, Medicare, student health plan, uninsured, and prefer not to say. 

Original categories were retained for descriptive analyses. Because Medicare may be re-

ported by adults younger than 65 years under specific eligibility pathways but may also 

be confused with Medi-Cal in a California sample, the primary adjusted analysis used a 

collapsed insurance variable with three categories: private or student health plan, public 

insurance, and uninsured or unknown. Public insurance included respondents who re-

ported Medi-Cal or Medicare. Insurance findings were interpreted as indicators of self-

reported health coverage and access rather than definitive payer classification. 

Influenza-like illness was defined for respondents as fever with cough or sore throat. 

Among respondents who reported influenza-like illness, the survey assessed the number 

of illness episodes, influenza testing, COVID-19 testing, care seeking, antiviral prescrip-

tion, hospitalization, care or help received from others, paid sick leave, missed work or 

school, reduced usual activities, missed paid work hours, missed unpaid work or caregiv-

ing hours, and time to recovery. The antiviral prescription item referred to prescription 

treatment for influenza, such as oseltamivir (Tamiflu) or another influenza antiviral med-

ication. Time to recovery was defined as the number of days from symptom onset until 

the respondent felt recovered enough to return to usual activities. Respondents who had 

not fully recovered at the time of survey completion were treated as censored observations 

when sufficient timing information was available. 
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Economic burden was assessed among respondents who reported influenza-like ill-

ness. Direct costs included self-reported out-of-pocket costs for medical visits and copays, 

medications, transportation or delivery related to care or supplies, and other illness-re-

lated expenses. Total direct out-of-pocket cost was calculated as the sum of these direct 

cost components. Indirect burden included missed paid work hours, missed unpaid work 

or caregiving hours, missed work or school days, reduced usual activities, care received 

from others, and paid sick leave status. 

Vaccine information and trust assessed exposure to negative flu vaccine claims, ex-

posure to conflicting vaccine information, perceived credibility of negative claims, likeli-

hood of fact-checking or looking for official sources, confidence in identifying accurate flu 

vaccine information, difficulty knowing which online health information to trust, and 

trust in health professionals, the CDC or other public health agencies, social media influ-

encers, family and friends, and traditional news media. These items were developed for 

this study to align with the survey objectives and were not adapted from a single validated 

multi-item instrument. Because the items captured distinct constructs rather than one un-

derlying scale, no composite score was created and internal consistency was not assessed. 

2.5. Statistical Analysis 

Descriptive statistics were used to summarize respondent characteristics, vaccination 

uptake, influenza-like illness burden, time to recovery, economic burden, and vaccine in-

formation variables. Categorical variables were reported as frequencies and percentages. 

Continuous variables were reported as means and standard deviations or medians and 

interquartile ranges, depending on distribution. 

Influenza vaccination uptake was estimated as the proportion of respondents who 

reported vaccination during the 2025 to 2026 influenza season, with 95 percent confidence 

intervals. Bivariable associations between vaccination uptake and categorical variables 

were examined using chi-square tests or Fisher's exact tests, as appropriate. Continuous 

and ordinal variables were compared using Wilcoxon rank-sum tests or Kruskal–Wallis 

tests. Vaccine information and trust items were analyzed individually. Likert-style re-

sponses were coded from 1 to 5, with higher scores reflecting greater credibility, fact-

checking likelihood, confidence, difficulty trusting online information, or trust, depending 

on the item. For descriptive and bivariable analyses, these variables were summarized 

using means and standard deviations and compared by vaccination status using Wilcoxon 

rank-sum or Kruskal–Wallis tests. 

A parsimonious multivariable logistic regression model was used to examine factors 

associated with influenza vaccination uptake. The outcome was current-season influenza 

vaccination, modeled as vaccinated versus not vaccinated or not sure. Candidate predic-

tors were selected based on conceptual relevance and cell size adequacy rather than auto-

mated stepwise selection. The primary adjusted model included age group, collapsed gen-

der, collapsed race, collapsed insurance category, chronic condition status, prior season 

influenza vaccination, frequency of exposure to negative vaccine claims, perceived credi-

bility of negative claims, fact-checking score, confidence in identifying accurate vaccine 

information, trust in health professionals, and trust in the CDC or other public health 

agencies. Selected 1-to-5 vaccine information and trust variables were modeled as contin-

uous exploratory predictors to limit model complexity, and estimates were interpreted as 

the change in odds of vaccination per 1-point increase. Respondents with missing covari-

ate data for variables included in the adjusted model were excluded using complete-case 

analysis; no imputation was performed for the primary regression model. Adjusted odds 

ratios and 95% confidence intervals were reported. Sensitivity analyses excluded respond-

ents who selected “not sure” for vaccination status and examined the influence of 
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insurance coding, including analyses using original insurance categories and analyses ex-

cluding respondents who reported Medicare. 

Among respondents with influenza-like illness, time to recovery was summarized 

using medians and interquartile ranges. Kaplan–Meier methods were used to estimate 

time to recovery, with recovery to usual activities treated as the event [14]. Log-rank tests 

compared time to recovery by vaccination status. An exploratory Cox proportional haz-

ards model examined factors associated with time to recovery [15]. The proportional haz-

ards assumption for the exploratory Cox model was assessed descriptively using graph-

ical diagnostics where data permitted; interpretation was limited by the small time-to-

recovery analytic sample and the very small number of censored observations. A hazard 

ratio greater than 1 indicated faster recovery, while a hazard ratio less than 1 indicated 

slower recovery. These analyses were interpreted cautiously because the study was cross-

sectional, timing measures were self-reported, and the number of unvaccinated respond-

ents with influenza-like illness was small. 

Economic burden analyses were conducted among respondents reporting influenza-

like illness. Cost and missed-time variables were inspected for nonnumeric entries, nega-

tive values, and extreme responses. Nonnumeric, negative, or otherwise invalid values 

were treated as missing for the relevant analysis; zero values were retained as true zero 

costs or hours. Extreme values were reviewed and retained unless they were clearly im-

plausible based on the survey item and response context. No imputation was performed 

for cost or missed-time variables. Direct and indirect burden variables were summarized 

using medians and interquartile ranges, with means and standard deviations reported for 

completeness. Medians were emphasized because cost and missed work variables were 

right-skewed. Economic burden measures were compared by vaccination status using 

Wilcoxon rank-sum or Kruskal–Wallis tests. These analyses were interpreted as descrip-

tive and exploratory because the study was not designed to estimate the causal effect of 

vaccination on costs. 

The level of significance (alpha) was set to 0.05. All analyses were conducted using 

SAS 9.4 OnDemand for Academics (SAS Institute Inc., Cary, NC, USA). 

2.6. Ethical Considerations 

The study protocol was approved via expedited review by the Touro University Cal-

ifornia Institutional Review Board under IRB application #P-0825 on 7 November 2025. 

The study used an anonymous survey design. Participation was voluntary. Incentive 

claim information was collected separately from survey responses and was not linked to 

the survey dataset. Respondents provided informed consent before completing the sur-

vey. 

3. Results 

3.1. Respondent Characteristics 

A total of 554 survey responses were received. Of these, 485 had survey progress of 

at least 90%, 517 met regional eligibility criteria, 508 met age eligibility criteria, and 505 

provided consent. After applying completion, eligibility, consent, and primary outcome 

criteria, the final analytic sample included 463 respondents. Among these, 178 respond-

ents reported influenza-like illness and 131 respondents were included in the time-to-re-

covery analysis (Figure 1). 
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Figure 1. Survey response disposition and analytic sample. 

Most respondents were aged 25 to 34 years (n = 260, 56.2%). Approximately half iden-

tified as women (n = 235, 50.8%). By race, nearly half identified as White (n = 233, 50.3%), 

followed by Black or African American (n = 100, 21.6%) and Asian (n = 64, 13.8%). A total 

of 75 respondents (16.2%) identified as Hispanic or Latino. Nearly half of the respondents 

were students (n = 229, 49.5%), and 277 respondents (59.8%) were employed. A total of 

119 respondents (25.7%) reported at least one clinician-diagnosed chronic condition. Par-

ticipant characteristics are summarized in Table 1. 

Table 1. Participants characteristics of the analytic sample. 

Characteristic Category n (%) 

Age group (years) 

18–24 111 (24.0) 

25–34 260 (56.2) 

35–44 72 (15.6) 

45–49 20 (4.3) 

Gender 

Woman 235 (50.8) 

Man 216 (46.7) 

Another, not disclosed, or missing 12 (2.6) 

Race 

White 233 (50.3) 

Black or African American 100 (21.6) 

Asian 64 (13.8) 

Other or multiple races 51 (11.0) 

Not disclosed or missing 15 (3.2) 

Hispanic or Latino 75 (16.2) 

County of residence 

San Francisco 166 (35.9) 

Alameda 68 (14.7) 

Solano 58 (12.5) 

Contra Costa 54 (11.7) 

Santa Clara 36 (7.8) 
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Napa 23 (5.0) 

Marin 19 (4.1) 

Sonoma 19 (4.1) 

San Mateo 13 (2.8) 

Outside the Bay Area, prefer not to say, or 

missing 
7 (1.5) 

Insurance 

Public insurance 243 (52.5) 

Private or student health plan 209 (45.1) 

Uninsured, unknown, or prefer not to say 11 (2.4) 

Work or study setting 

In person 222 (48.0) 

Hybrid 169 (36.5) 

Remote 71 (15.3) 

 Not applicable 1 (0.2) 

Self-reported original insurance categories were retained descriptively. Private insur-

ance and Medicare were each reported by 160 respondents (34.6% each), followed by 

Medi-Cal (n = 83, 17.9%), student health plan (n = 49, 10.6%), prefer not to say (n = 8, 1.7%), 

and uninsured (n = 3, 0.7%). For adjusted analyses, Medi-Cal and Medicare were grouped 

as public insurance. 

3.2. Influenza Vaccination Uptake 

Overall, 399 of 463 respondents reported receiving an influenza vaccine during the 

2025 to 2026 season, corresponding to a vaccination uptake of 86.2% (exact 95% CI: 82.7–

89.2%). Prior season influenza vaccination was reported by 315 respondents (68.0%). 

Among vaccinated respondents, October 2025 was the most common month of vaccina-

tion. The most common vaccination site was a doctor’s office or clinic, followed by a phar-

macy and workplace or campus event. Pharmacy was also the second most preferred fu-

ture vaccination site after a doctor’s office or clinic. Vaccination characteristics are shown 

in Table 2. 

Table 2. Influenza vaccination uptake and vaccination characteristics. 

Measure Category n (%) Denominator 

Current season influenza vaccination 
Vaccinated 399 (86.2) 

463 
Not vaccinated or not sure 64 (13.8) 

Month vaccinated among vaccinated re-

spondents 

August 2025 32 (8.0) 

399 

September 2025 60 (15.0) 

October 2025 141 (35.3) 

November 2025 71 (17.8) 

December 2025 47 (11.8) 

January 2026 46 (11.5) 

Not sure 2 (0.5) 

Vaccination location among vaccinated 

respondents 

Doctor’s office or clinic 221 (55.4) 

399 

Pharmacy 97 (24.3) 

Workplace or campus event 60 (15.0) 

Community site 20 (5.0) 

Other 1 (0.3) 

Preferred future vaccination site 

Doctor’s office or clinic 274 (59.2) 

463 

Pharmacy 112 (24.2) 

Workplace or campus event 37 (8.0) 

Community site 19 (4.1) 

I do not plan to get a vaccine 7 (1.5) 
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Other, place of worship, or missing 14 (3.0) 

In bivariable analyses, vaccination uptake differed by collapsed insurance category 

(p = 0.0001), prior season influenza vaccination (p = 0.0059), student status (p = 0.0007), 

employment status (p = 0.0005), and frequency of exposure to negative flu vaccine claims 

(p = 0.0331). Vaccination uptake did not differ significantly by age group, collapsed gen-

der, ethnicity, chronic condition status, or work or study setting. 

3.3. Multivariable Factors Associated with Influenza Vaccination Uptake 

The primary multivariable logistic regression model included 430 respondents after 

excluding observations with missing covariates. The model converged and showed over-

all evidence of association between the selected predictors and vaccination uptake. In the 

adjusted model, prior season influenza vaccination and greater trust in the CDC or other 

public health agencies were significantly associated with higher odds of current season 

vaccination. Any clinician-diagnosed chronic condition was associated with lower odds 

of vaccination, but the association was borderline significant. Adjusted results are shown 

in Table 3. 

Table 3. Adjusted factors associated with current season influenza vaccination. 

Variable aOR 95% CI p-Value 

Age 25–34 years [Ref: 18–24 years] 1.60 0.76–3.40 0.218 

Age 35–44 years [Ref: 18–24 years] 1.00 0.37–2.70 0.997 

Age 45–49 years [Ref: 18–24 years] 0.45 0.12–1.62 0.220 

Woman [Ref: Man] 1.48 0.78–2.84 0.233 

Asian [Ref: White] 0.70 0.28–1.76 0.447 

Black or African American [Ref: White] 0.60 0.28–1.26 0.175 

Other or multiple races [Ref: White] 1.77 0.53–5.91 0.351 

Public insurance [Ref: private or student plan] 1.49 0.76–2.93 0.242 

Uninsured, unknown, or prefer not to say [Ref: private or student plan] 0.29 0.05–1.72 0.172 

Any clinician-diagnosed chronic condition 0.51 0.26–1.00 0.051 

Prior season influenza vaccination 2.24 1.15–4.34 0.017 

Exposure to negative flu vaccine claims, per category increase 1.37 0.96–1.96 0.083 

Credibility of negative flu vaccine claims, per 1-point increase 1.13 0.84–1.52 0.411 

Fact-checking likelihood, per 1-point increase 1.18 0.87–1.59 0.297 

Confidence identifying accurate flu vaccine information, per 1-point in-

crease 
1.33 0.95–1.87 0.102 

Trust in health professionals, per 1-point increase 1.08 0.75–1.55 0.673 

Trust in CDC or public health agencies, per 1-point increase 1.46 1.05–2.02 0.024 

Note: aOR = adjusted odds ratio; CI = confidence interval. The model included 430 complete cases; 

33 respondents were excluded because of missing covariate data. No imputation was performed. 

The outcome was vaccinated versus not vaccinated or not sure. Reference categories were 18 to 24 

years for age, man for gender, White for race, and private or student health plan for insurance. 

Insurance, race, and gender were collapsed for the primary adjusted model. 

Sensitivity analyses supported the main findings. When respondents who selected 

“not sure” for vaccination status were excluded, prior season vaccination remained asso-

ciated with current vaccination (OR, 2.14; 95% CI: 1.09–4.20; p = 0.027), as did trust in the 

CDC or other public health agencies (OR, 1.42; 95% CI: 1.01–1.98; p = 0.042). In a sensitivity 

analysis excluding respondents who reported Medicare, trust in public health agencies 

remained associated with vaccination uptake, while exposure to negative flu vaccine 

claims and fact-checking score also became statistically significant. 
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3.4. Influenza-like Illness Burden and Functional Impact 

Overall, 178 respondents (38.4%) reported influenza-like illness during the season. 

Among those reporting influenza-like illness, most reported one episode, while approxi-

mately one-third reported two or more episodes. Testing, care seeking, and antiviral pre-

scription were common among respondents reporting influenza-like illness. Functional 

burden included time to recovery, missed work or school, reduced usual activities, and 

need for care or help from another person (Table 4). 

Table 4. Influenza-like illness and functional burden. 

Outcome Category n (%) or Median (IQR) 

Influenza-like illness (N = 463) 
Yes 178 (38.4) 

No or not sure 285 (61.6) 

Number of episodes among respond-

ents with influenza-like illness (N = 

178) 

One episode 106 (59.6) 

Two episodes 54 (30.3) 

Three or more episodes 15 (8.4) 

Missing 3 (1.7) 

Clinical and care-seeking indicators 

among respondents with influenza-

like illness (N = 178) 

Any influenza test 145 (81.5) 

Positive influenza test 114 (64.0) 

Any COVID test 150 (84.3) 

Sought care 148 (83.1) 

Antiviral prescription 120 (67.4) 

Self-reported hospitalization 66 (37.1) 

Received care or help from another person 106 (59.6) 

Functional burden among respond-

ents with available data 

Time to recovery (days), n = 130 5 (3–7) 

Missed work or school (days), n = 135 2 (0–5) 

Reduced usual activities (days), n = 122 3 (0–5) 

Care help received (hours), n = 57 10 (5–32) 

Missed paid work (hours), n = 118 12 (0–25) 

Missed unpaid work or caregiving (hours), n = 106 0 (0–10) 

Note: Hospitalization was self-reported and was not clinically verified. Functional burden summar-

ies are presented among respondents with available data. 

Among respondents with influenza-like illness and available recovery data, the me-

dian time to recovery was 5 days (IQR, 3–7 days). Median missed work or school was 2 

days (IQR, 0–5 days), and median reduced usual activities was 3 days (IQR, 0–5 days). 

Among respondents who received help from another person, the median amount of care 

help received was 10 h (IQR, 5–32 h). 

3.5. Time-to-Recovery Analysis 

Kaplan–Meier time-to-recovery analysis included 131 respondents, of whom 130 re-

covered and 1 was censored. Median time to recovery was 5 days among respondents 

who were not vaccinated or not sure (95% CI, 3–6 days) and 5 days among vaccinated 

respondents (95% CI: 4–5 days). The log-rank test showed no significant difference in time 

to recovery by vaccination status (p = 0.694). 

In the exploratory Cox proportional hazards model, vaccination status was not sig-

nificantly associated with time to recovery (HR, 0.78; 95% CI: 0.44–1.40; p = 0.408). Care 

seeking was associated with slower recovery (HR, 0.47; p = 0.008), likely reflecting greater 

illness severity among respondents who sought care. Chronic condition status was direc-

tionally associated with slower recovery but did not reach statistical significance (HR, 

0.68; p = 0.064). 
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3.6. Economic Burden and Missed-Time Outcomes 

Among respondents reporting influenza-like illness, direct out-of-pocket costs were 

right-skewed. The median total direct out-of-pocket cost was US$20 (IQR, US$0–US$140). 

Median costs for individual direct cost components were US$0, although upper quartiles 

indicated that some respondents incurred medical visits, medication, transportation, de-

livery, or other illness-related costs (Table 5). Means and standard deviations are also re-

ported in Table 5 for completeness but were not emphasized because a small number of 

high-cost reports increased the mean. 

Table 5. Direct and indirect economic burden among respondents with influenza-like illness. 

Economic or Functional Burden Measure n Median (IQR) Mean (SD) 

Medical visit or copay cost, US$ 177 0 (0–50) 191.73 (675.29) 

Medication cost, US$ 170 0 (0–39) 98.83 (305.86) 

Transportation or delivery cost, US$ 170 0 (0–20) 68.38 (205.86) 

Other out-of-pocket cost, US$ 170 0 (0–10) 46.59 (195.76) 

Total direct out-of-pocket cost, US$ 177 20 (0–140) 397.08 (1086.90) 

Missed paid work, hours 118 12 (0–25) 20.94 (32.27) 

Missed unpaid work or caregiving, hours 106 0 (0–10) 9.94 (24.75) 

Missed work or school, days 135 2 (0–5) 8.35 (24.27) 

Reduced usual activities, days 122 3 (0–5) 5.22 (10.61) 

Note: Medians and interquartile ranges are the primary summaries because cost and missed work 

variables were right-skewed. Means and standard deviations are shown for completeness. 

When economic burden was compared by vaccination status among respondents 

with influenza-like illness, there were no statistically significant differences in total direct 

out-of-pocket costs, missed paid work hours, missed unpaid work or caregiving hours, 

missed work or school days, or reduced activity days (Table A1). 

3.7. Vaccine Information Exposure, Credibility, Trust, and Fact Checking 

Exposure to negative flu vaccine claims was common. Overall, 416 respondents 

(89.9%) reported exposure to negative flu vaccine claims at least rarely, while 41 respond-

ents (8.9%) reported never being exposed. More than half of respondents (n = 251, 54.2%) 

reported exposure to conflicting vaccine information. In scenario-based items, 307 re-

spondents (66.3%) reported that they would look up additional information, 103 (22.3%) 

reported that they would believe the information, 69 (14.9%) reported that they would 

share it, and 94 (20.3%) reported that they would ignore it. Only 29 respondents (6.3%) 

reported that online information had changed their opinion about flu vaccines. Vaccine 

information and trust scores by vaccination status are shown in Table 6. 

Table 6. Vaccine information, credibility, trust, and fact-checking scores by vaccination status. 

Variable 
Overall 

Mean (SD) 

Not Vaccinated or Not Sure 

Mean (SD) 

Vaccinated 

Mean (SD) 
p-Value 

Credibility of negative flu vaccine claims 2.36 (1.27) 2.27 (1.13) 2.37 (1.29) 0.666 

Fact-checking likelihood 4.01 (1.12) 3.98 (1.12) 4.02 (1.12) 0.675 

Confidence identifying accurate flu vac-

cine information 
3.59 (0.95) 3.29 (1.02) 3.64 (0.93) 0.012 

Difficulty knowing which online health 

information to trust 
3.05 (1.15) 3.19 (1.15) 3.03 (1.15) 0.290 

Trust in health professionals 3.99 (0.95) 3.79 (1.02) 4.02 (0.94) 0.076 
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Trust in CDC or other public health agen-

cies 
3.68 (0.99) 3.32 (1.04) 3.74 (0.98) 0.002 

Trust in social media influencers 2.77 (1.30) 2.49 (1.16) 2.81 (1.32) 0.079 

Trust in family and friends 3.22 (1.15) 3.21 (1.06) 3.23 (1.17) 0.990 

Trust in traditional news media 3.07 (1.18) 2.81 (1.16) 3.11 (1.18) 0.049 

Note: Scores were measured on 1 to 5 scales, with higher scores reflecting greater credibility, fact-

checking likelihood, confidence, difficulty trusting online information, or trust. p-values are from 

Wilcoxon rank-sum or Kruskal–Wallis tests. 

Vaccinated respondents reported higher confidence in identifying accurate flu vac-

cine information than respondents who were not vaccinated or not sure (mean, 3.64 vs 

3.29; p = 0.012). Vaccinated respondents also reported greater trust in the CDC or other 

public health agencies (mean, 3.74 vs 3.32; p = 0.002) and greater trust in traditional news 

media (mean, 3.11 vs 2.81; p = 0.049). Trust in health professionals and social media influ-

encers was directionally higher among vaccinated respondents but did not reach statisti-

cal significance. Credibility of negative flu vaccine claims, fact-checking likelihood, diffi-

culty knowing which online information to trust, and trust in family and friends did not 

differ significantly by vaccination status. 

4. Discussion 

This cross-sectional survey of adults aged 18 to 49 years in the San Francisco Bay 

Area found high self-reported seasonal influenza vaccination uptake, with 86.2% of re-

spondents reporting vaccination during the 2025 to 2026 season. Despite this high uptake, 

influenza-like illness was common, reported by 178 respondents (38.4%), and was associ-

ated with functional and economic burden, including a median recovery time of 5 days, 

missed work or school, reduced usual activities, and out-of-pocket costs. In adjusted anal-

yses, prior season influenza vaccination and greater trust in the CDC or other public 

health agencies were associated with higher odds of current season vaccination, while 

vaccination status was not significantly associated with time to recovery or economic bur-

den among respondents reporting influenza-like illness. Because this was a non-probabil-

ity convenience sample, the high uptake should be interpreted as describing a reachable 

and relatively health-engaged local sample rather than all Bay Area young adults. 

Vaccination uptake in this study was higher than national estimates and public 

health targets. CDC estimates for the 2024 to 2025 season showed adult influenza vaccina-

tion coverage of 41.9% overall, with lower coverage among adults aged 18 to 49 years 

[2,5], and the observed uptake also exceeded the Healthy People 2030 target of 70% for 

annual influenza vaccination [16]. This contrast likely reflects recruitment through uni-

versity, community, and online networks that reached more health-engaged respondents. 

Nevertheless, national data underscore the relevance of young adults for influenza pre-

vention because adults aged 18 to 49 years had low national vaccination coverage but 

accounted for the largest share of influenza illnesses prevented by vaccination during the 

2024 to 2025 season [2]. 

The high uptake in this sample also differs from prior studies of university students 

and young adults. Bednarczyk and colleagues reported seasonal influenza vaccine uptake 

of 28% among students at a large public university, with perceived low need, safety con-

cerns, and other barriers contributing to non-vaccination [17]. Nearly half of the respond-

ents in the present sample were students, but uptake was much higher than in that uni-

versity-based study. This difference may reflect the Bay Area context, the timing of data 

collection, recruitment through health-related and community networks, or greater health 

engagement among respondents who chose to participate. 
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The association between prior season vaccination and current season vaccination is 

consistent with evidence that influenza vaccination behavior tends to be stable across ad-

jacent seasons. Walsh and colleagues found that influenza vaccination behavior can re-

main consistent over time, suggesting that vaccination may become a repeated seasonal 

habit rather than a new decision each year [18]. A systematic review of influenza vaccine 

hesitancy also identified prior vaccination behavior, confidence, complacency, and barri-

ers to access as important contributors to influenza vaccination intention and behavior 

[19]. This finding suggests that recurring campus clinics, workplace vaccination events, 

pharmacy reminder systems, and clinician prompts may help reinforce repeat vaccination 

behavior, although the present study was not designed to test these interventions. 

The trust and information findings align with prior literature on vaccine confidence, 

information sources, and hesitancy. Greater trust in the CDC or other public health agen-

cies was associated with higher odds of current season vaccination in this study. Lohmann 

and Albarracín similarly found that trust in the CDC as a vaccine information source was 

related to vaccination uptake, particularly when broader conditions supported access to 

vaccination [20]. Influenza-specific hesitancy research has also shown that concerns about 

side effects, uncertainty about vaccine benefits, and lack of trust in information sources 

are associated with lower vaccination coverage [11]. Hwang further showed that health 

information sources may influence influenza vaccination through perceived vaccine effi-

cacy and safety, reinforcing the importance of both trusted channels and message content 

[12]. In the present study, exposure to negative vaccine claims was common, but perceived 

credibility of those claims was not independently associated with vaccination uptake. This 

suggests that exposure alone may be less consequential than how respondents evaluate 

what they encounter, whether they trust public health sources, and how confident they 

feel in identifying accurate flu vaccine information. 

The vaccine information findings are important because nearly 90% of respondents 

reported at least some exposure to negative flu vaccine claims, and more than half re-

ported exposure to conflicting vaccine information. Prior reviews have emphasized that 

communication interventions addressing vaccine misinformation should be evaluated us-

ing behavioral outcomes, including vaccination uptake, rather than knowledge or atti-

tudes alone [13]. The present findings support that view. Respondents were often exposed 

to negative or conflicting information, but vaccination was more closely tied to trust in 

public health agencies and confidence in identifying accurate information. The vaccine 

information and trust items were developed for this study and were analyzed as individ-

ual indicators rather than as a single psychometric scale. Therefore, these findings should 

be interpreted as item-specific measures of vaccine information exposure, confidence, and 

trust. The illness and economic burden findings are consistent with prior evidence that 

influenza creates meaningful functional and productivity-related burden among work-

ing-age adults [8–10]. In this study, respondents with influenza-like illness reported a me-

dian recovery time of 5 days, median missed work or school of 2 days, median reduced 

usual activities of 3 days, and median total direct out-of-pocket costs of US$20. Because 

cost variables were right-skewed, these findings was interpreted primarily using medians 

and interquartile ranges rather than means. Although the median total direct out-of-

pocket cost was modest, the upper quartile showed that some respondents incurred 

meaningful illness-related costs. These findings support the interpretation that influenza-

like illness was associated with functional and economic disruption among young adults, 

while avoiding overinterpretation of mean costs influenced by a small number of high-

cost reports. 

The absence of a significant association between vaccination status and time to re-

covery or economic burden should not be interpreted as evidence against vaccine benefit. 

This study relied on self-reported influenza-like illness and was not designed to estimate 
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vaccine effectiveness. By contrast, interim estimates from the 2025 to 2026 season demon-

strated that influenza vaccination reduced influenza-associated outpatient visits and hos-

pitalizations among adults nationally [6]. California-specific interim estimates from the 

same season also showed vaccine benefit against laboratory-confirmed influenza [7]. 

Those findings require laboratory-confirmed outcomes and study designs intended to 

measure protection, whereas the present study was designed to describe self-reported up-

take, illness experience, recovery, cost, and information exposure. Because of the cross-

sectional design, associations between vaccination status and influenza-like illness, recov-

ery time, and economic burden should not be interpreted as causal effects. 

The vaccination location findings provide a natural link to pharmacy practice be-

cause pharmacies appeared in both reported vaccination locations and preferred future 

vaccination sites. This pattern is consistent with national data from the 2023 to 2024 res-

piratory virus season showing that pharmacies and drug stores were major settings for 

adult influenza vaccination, along with doctor’s offices and other clinical settings [21]. It 

is also consistent with pharmacy literature showing that community pharmacies can serve 

as feasible adult vaccination sites and that pharmacist involvement as immunizers, edu-

cators, or facilitators can increase vaccination coverage [22,23]. For young adults who 

move across school, work, transit, and community settings, these findings support a coor-

dinated access model in which clinics, pharmacies, campuses, workplaces, and commu-

nity sites complement one another. 

These findings suggest several practical considerations for local influenza prevention 

efforts among young adults. Vaccination programs may consider treating annual influ-

enza vaccination as a recurring seasonal behavior rather than a one-time decision. Because 

prior season vaccination was associated with current season uptake, recurring reminder 

systems, annual vaccine events, and routine prompts in campuses, workplaces, pharma-

cies, and clinics may be useful areas for implementation or evaluation. 

Communication strategies may also benefit from strengthening trust in credible 

sources, not only correcting misinformation after it has already circulated. Respondents 

were frequently exposed to negative or conflicting flu vaccine information, yet trust in 

public health agencies was associated with vaccination uptake. Messages from public 

health agencies, clinicians, pharmacists, and community partners should therefore be 

clear, consistent, and practical, emphasizing where to get vaccinated, what to expect, and 

why vaccination remains useful for young adults. 

Prebunking may be a useful complement to traditional vaccine communication. Ra-

ther than responding only after misinformation spreads, prebunking aims to build re-

sistance by warning people about common misinformation tactics before full exposure 

occurs. Experimental work suggests that inoculation-style interventions can improve re-

sistance to misleading information by helping people recognize manipulative techniques 

such as emotional appeals, false expertise, and misleading argument structures [24–26]. 

Broader research on misinformation also emphasizes that false information operates 

within complex information ecosystems and may require approaches that build reason-

ing, source evaluation, and resilience rather than correction alone [27,28]. Applied to in-

fluenza prevention, prebunking could be used in brief pharmacy, clinic, campus, or social 

media messages that help young adults recognize common flu vaccine myths before they 

encounter them. However, such approaches should be tested in influenza-specific settings 

and evaluated using behavioral outcomes, such as vaccination uptake, not only attitudes 

or knowledge [13,29]. 

Vaccine access should remain flexible and multichannel. Doctor’s offices, clinics, and 

pharmacies were important vaccination settings, but young adults may also benefit from 

options in campus, workplace, transit-adjacent, and community settings. Pairing conven-

ient access with trusted communication may be especially useful for young adults who 
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balance school, work, commuting, and changing schedules. For pharmacy practice, the 

findings support consideration of community pharmacies not only as vaccine administra-

tion sites but also as settings where pharmacists can reinforce public health messages, ad-

dress safety and effectiveness questions, direct patients to reliable sources, and support 

annual vaccination routines. 

Although the numerical vaccination uptake estimate should be interpreted as specific 

to this non-probability Bay Area sample, several practice implications may be transferable 

to other settings. The importance of repeat seasonal vaccination behavior, trust in credible 

public health and health professional sources, multichannel vaccine access, and the ability 

to evaluate vaccine information are not unique to the Bay Area or the United States. These 

themes may be relevant to other urban, university-connected, or community-based set-

tings where young adults move across school, work, community, pharmacy, and digital 

environments. However, their application will depend on local vaccination policy, phar-

macy scope of practice, health system financing, vaccine availability, and public trust in 

health institutions. 

4.1. Strengths and Limitations 

This study has several strengths. It provides local evidence on influenza vaccination 

uptake, influenza-like illness, recovery burden, economic burden, and vaccine infor-

mation exposure among young adults in the San Francisco Bay Area, a population that is 

mobile across work, school, transit, and social settings but is less often the focus of influ-

enza burden studies. The study also captured multiple dimensions of influenza preven-

tion and burden in the same sample, including vaccination behavior, time to recovery, 

missed work or school, direct and indirect costs, trust in information sources, and expo-

sure to negative or conflicting flu vaccine claims. In addition, the analysis used methods 

appropriate to the data structure, including nonparametric summaries for skewed cost 

variables, Kaplan–Meier methods for time to recovery, and sensitivity analyses for vac-

cination status and insurance coding. 

This study also has limitations. The cross-sectional design limits causal inference. In 

addition, the non-probability convenience sampling approach may have introduced se-

lection bias by disproportionately reaching respondents who were more health-engaged, 

health-literate, vaccine-favorable, or digitally connected than the broader population of 

adults aged 18 to 49 years in the San Francisco Bay Area. This potential selection bias may 

partly explain the high vaccination uptake and limits the generalizability of the findings 

to all young and working-age adults in the region. All key measures were self-reported, 

including vaccination status, influenza-like illness, time to recovery, care seeking, and 

costs. Influenza-like illness was symptom-based and not consistently laboratory con-

firmed, so some reported episodes may have reflected other respiratory infections. In ad-

dition, the vaccine information and trust items were developed for this study and were 

not intended to function as a single psychometric scale; therefore, findings from these 

items should be interpreted as item-specific indicators of vaccine information exposure, 

confidence, and trust rather than as a composite measure. Some variables also required 

cautious interpretation, including self-reported insurance type, where Medicare may have 

been confused with Medi-Cal, and hospitalization, which may have been interpreted dif-

ferently by respondents. Finally, economic analyses were descriptive and should be inter-

preted as economic burden rather than cost-effectiveness, because the study did not esti-

mate vaccine effectiveness or causal cost differences. 

4.2. Future Research 

Future research should use longitudinal or prospective designs to better establish the 

timing between vaccination, influenza-like illness, recovery, and economic burden. 
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Studies with probability-based or targeted sampling could improve representativeness 

and oversample unvaccinated young adults to better understand barriers to uptake. Fu-

ture work could also validate influenza-like illness using laboratory testing or medical 

records where feasible. Studies that test clinic-, pharmacy-, campus-, and workplace-part-

nered outreach models could help determine which combinations of access and commu-

nication strategies are most effective for young adults in different health system contexts. 

Research that evaluates prebunking and psychological inoculation interventions in the 

context of influenza vaccination could also help determine whether building capacity to 

identify and resist misinformation supports vaccine confidence and uptake among young 

adults in local and community settings. Finally, the cost and recovery estimates from this 

study could help inform formal economic models of targeted influenza vaccination out-

reach, but such models would need external estimates of vaccine effectiveness, vaccine 

delivery costs, and avoided illness. 

5. Conclusions 

This study suggests that influenza prevention among young adults should extend 

beyond vaccine availability alone. In this health-engaged, non-probability Bay Area sam-

ple, high reported vaccination uptake occurred alongside illness-related disruption, out-

of-pocket costs, missed activities, and frequent exposure to negative or conflicting vaccine 

information. The findings add local evidence that young adults may experience meaning-

ful functional and economic burden from influenza-like illness, while also highlighting 

the role of trust in public health sources and confidence in identifying accurate vaccine 

information. Local prevention efforts may be strengthened by pairing convenient vaccina-

tion access through clinics, pharmacies, campuses, workplaces, and community settings 

with credible communication from trusted health professionals and public health agen-

cies. Strategies that build capacity to evaluate and resist misinformation including pre-

bunking or psychological inoculation approaches that proactively expose individuals to 

common misinformation tactics before full exposure occurs, may complement traditional 

communication efforts and support vaccine information confidence among young adults. 
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Appendix A 

Table A1. Economic burden by vaccination status among respondents with influenza-like illness. 

Outcome 
Not Vaccinated or Not Sure 

Median (IQR) 

Vaccinated  

Median (IQR) 
p-Value 

Total direct out-of-pocket cost, dollars 48 (0–60) 16 (0–150) 0.498 

Missed paid work, hours 16 (8–32) 11 (0–24) 0.264 

Missed unpaid work or caregiving, hours 10.5 (0–16) 0 (0–10) 0.193 

Missed work or school, days 2 (1–4) 2 (0–5) 0.817 

Reduced usual activities, days 3 (2–10) 3 (0–5) 0.234 

Note: p-values are from Wilcoxon rank-sum or Kruskal–Wallis tests. 
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