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Abstract

Background: Epidemics of seasonal influenza vary in intensity annually, and influenza vaccine 

effectiveness (VE) fluctuates based in part on antigenic match to circulating viruses. We estimated 

the incidence of influenza and influenza cases averted by vaccination in four ambulatory care sites 

in the United States, during seasons when overall influenza VE ranged from 29% to 40%.

Methods: We conducted active surveillance for influenza at ambulatory care settings at four 

sites within the United States Influenza Vaccine Effectiveness Network. We extrapolated the total 

number of influenza cases in the source populations served by these organizations based on 

incidence of medically attended acute respiratory illness in the source population and influenza 

test results in those actively tested for influenza. We estimated the number of medically attended 

influenza cases averted based on incidence, vaccine coverage, and VE.

Results: From 2016/17 through 2018/19, incidence of ambulatory visits for laboratory-confirmed 

influenza ranged from 31 to 51 per 1,000 population. Incidence was highest in children aged 9–17 

years (range, 56 to 81 per 1,000) and lowest in adults aged 18–49 years (range, 23–32 per 1,000). 
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Medically attended cases averted by vaccination ranged from a high of 46.6 (95% CI, 12.1– 91.9) 

per 1,000 vaccinees in children aged 6 months to 8 years, to a low of 6.9 (95% CI, −5.1– 27.3) per 

1,000 vaccinees in adults aged ≥65 years.

Discussion: Even in seasons with low vaccine effectiveness for a particular virus subtype, 

influenza vaccines can still lead to clinically meaningful reductions in ambulatory care visits for 

influenza.

Introduction

Influenza vaccination is the best available tool for reducing morbidity and mortality 

from seasonal influenza epidemics. Yearly influenza vaccination campaigns represent a 

multi-billion-dollar public health investment [1]. However, the impact of these vaccination 

campaigns on disease burden varies from year to year, depending, in part, on the circulating 

virus types/subtypes and the antigenic match between vaccine virus strains and circulating 

virus strains [2, 3]. This variability calls for ongoing evaluations of the effectiveness of 

influenza vaccines and their impact on reducing disease burden due to influenza.

Estimating the seasonal incidence of medically attended influenza can be challenging in the 

United States (US) where testing for influenza is inconsistent and varies across different 

medical systems and settings [4, 5]. From 2011/12 through 2020/21, the United States 

Influenza Vaccine Effectiveness (US Flu VE) Network conducted active surveillance for 

influenza in ambulatory care settings at five sites across the US. These data have been used 

to estimate influenza vaccine effectiveness (VE) each year [6–12]. With the advantage of 

systematic testing for influenza of all individuals presenting with acute respiratory illness, 

the Network has also estimated the burden of influenza in ambulatory care settings and 

the medically attended cases averted by vaccination from 2011/12 through 2015/16 [13, 

14]. Here, we estimate the incidence of influenza and medically attended cases averted by 

vaccination for the 2016/17 through 2018/19 influenza seasons in the US Flu VE Network.

Methods

Details of the US Flu VE Network and methods for estimating the burden of influenza 

within the Network have been published previously [10, 13–16]. Data from four US Flu 

VE Network study sites were included in this analysis: Kaiser Permanente Washington in 

western Washington State (KPW); the Marshfield Clinic Health System in central Wisconsin 

(MC); Baylor Scott and White Health in Temple, Texas (BSW); and the University of 

Michigan and the Henry Ford healthcare systems in Ann Arbor and Detroit, Michigan (UM).

US Flu VE Network enrollees

Research staff at each study sites conduct active surveillance for patients with acute 

respiratory illness (ARI) including cough (reported by the participant) in ambulatory care 

settings. Eligible and consenting patients who present for care within 7 days of illness 

onset are enrolled in the US Flu VE Network study. Enrolled participants complete a brief 

interview and provide paired nasal and oropharyngeal swabs (nasal only in children aged 

<2 years) for influenza testing. Participants’ current season influenza vaccination status is 
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determined by a combination of electronic health record (EHR) data, state immunization 

registries, employee health records, and plausible self-report, depending on each site’s 

ability access to each of these sources [8].

Real-time reverse transcriptase polymerase chain reaction (RT-PCR) was used to test swab 

specimens for influenza A and B, using probes and primers provided by the Centers for 

Disease Control and Prevention (CDC). Specimens testing positive for influenza were tested 

for influenza A subtype and B virus lineage. Influenza case-patients were those with a 

positive test for any influenza virus.

Source cohorts

The KPW source cohort consisted of KPW health plan members whose primary medical 

center was a US Flu VE enrollment site. The MC source cohort included persons with at 

least 12 months of residency (or since birth for those aged <12 months) in the Marshfield 

Epidemiologic Study Area (MESA), a 14 ZIP Code region centered around Marshfield, 

Wisconsin [17], as well as non-MESA residents who had at least 2 encounters at the main 

MC campus, affiliated hospital, or adjacent satellite clinics within the previous 3 years. 

MC captures at least 93% of all medical encounters from MESA residents [18]. In the 

2018/19 season, the MC source cohort was expanded to include two additional areas in 

Central Wisconsin from which members were enrolled in the US Flu VE Network. The UM 

source cohort consisted of all patients aged 6 months and older who had at least 1 encounter 

at an outpatient primary care clinic in the University of Michigan or Henry Ford Health 

System in the previous 2 years starting from July 1st (e.g., for 2016/17, the 2-year period 

is July 1, 2015 – June 30, 2017). The BSW source cohort consisted of vaccine age-eligible 

patients who had received medical care from a BSW primary care health provider in Central 

Texas for any reason in the three years prior to annual influenza vaccinations beginning on 

September 1st each year.

Demographic data for source population cohorts were obtained from administrative 

healthcare databases. Subject age was defined as of September 1st of each season and 

grouped into five categories: 6 months to 8 years; 9 to 17 years; 18 to 49 years, 50 to 64 

years; and 65 years or older. Receipt of current season’s influenza vaccine (after July 1 of 

each year) was defined from administrative databases, EHR data, and state immunization 

registries. Ambulatory care visits for presumptive ARI were identified based on International 

Classification of Diseases, Version 10 (ICD-10) codes (Supplemental Table).

Analysis

To estimate the cumulative incidence of influenza in ambulatory care settings, we 

extrapolated the influenza positivity rate from US Flu VE Network enrollees to ARI 

ambulatory care visits in each site’s full source cohorts. We first stratified the source cohorts 

into mutually exclusive groups based on study site (s), age (a), influenza vaccination status 

(v), and number of medically attended ARI (MAARI) visits during the prior year (m). We 

then assigned each US Flu VE Network enrollee a sampling weight. Within each (s, a, v, 
m) stratum, the sampling weight was the number of source cohort members in the stratum 

divided by the number of US Flu VE Network enrollees. US Flu VE Network enrollees with 
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zero MAARI visits (i.e., who did not have a MAARI code assigned to their enrollment visit) 

were assigned a sampling weight of 1.0.

Using the sampling weights, we estimated how may influenza cases in the source population 

were represented by each Network enrollee, to give the total number of influenza cases 

in each (s, a, v, m) stratum. Confidence limits were calculated by bootstrapping from the 

source population and the Network enrollees. Using state-level surveillance data for each 

site, we upweighted the total case numbers based on the proportion of total yearly influenza 

cases that occurred during periods of US Flu VE Network enrollment to account for cases 

occurring outside of study recruitment.

Finally, for three influenza seasons, we estimated the number of ambulatory visits for 

influenza that were averted by vaccination across sites, as described previously [11, 12] 

(Supplemental Methods). Age-specific estimates of influenza VE were taken from the 

US Flu VE Network during 2016/17, 2017/18, and 2018/19. To calculate the percent of 

medically attended influenza cases averted by vaccination, we multiplied the estimated cases 

averted per 1000 vaccinees by the proportion of the population that was vaccinated and 

divided by the incidence per 1000 population [19]. Within each age-stratum and season, VE 

was assumed to be constant across study sites. All analyses were conducting using SAS 

version 9.4 (SAS Institute, Cary NC), and R version 4.0.0 (R Foundation for Statistical 

Computing, Vienna, Austria).

Results

All three influenza seasons were characterized by substantial circulation of influenza 

A(H3N2) viruses (Figure 1). The 2016/17 and 2017/18 seasons had minimal circulation 

of A(H1N1) viruses; both had early circulation of A(H3N2) viruses followed by later 

circulation of B viruses, predominantly B/Yamagata. The 2018/19 season had an early wave 

of A(H1N1) disease followed by a later wave of A(H3N2), with minimal circulation of 

influenza B viruses. Across the 2016/17 through 2018/19 seasons, the source populations 

ranged from 87,545 to 641,445 individuals across the four study sites (Table 1). Children 

aged 6 months to 17 years made up 19% of the source population, compared to 21% that 

were aged ≥65 years. Annual influenza vaccine coverage ranged from 35% to 38% across 

the three years and varied by age group (Figure 2). From these yearly source populations, 

between 1,187 and 2,772 subjects were enrolled annually in the US Flu VE Network across 

the sites. Compared to the source populations, the US Flu VE Network enrollees were more 

likely to be aged 6 months to 17 years (37%) and more likely to have been vaccinated (49% 

to 54% across seasons).

The cumulative incidence of ambulatory care visits for influenza ranged from 19.4 (95% CI, 

17.2 to 21.8) cases per 1,000 population in BSW during 2018/19, to 59.1 (95% CI, 55.1 to 

65.0) per 1,000 in UM during 2017/18 (Figure 1). Averaging across study sites, incidence 

of medically attended influenza was generally higher among children than adults, but there 

was considerable heterogeneity in age-specific incidence from year to year (Figure 1). In 

2016/17, incidence was lowest in adults aged 18–49 years and highest in children aged 
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9–17 years. In contrast, during 2018/19, incidence was lowest in seniors aged ≥65 years and 

highest in children aged 6 months to 8 years.

The number of medically attended influenza cases averted by vaccination ranged from 12.3 

per 1,000 vaccinees (95% CI, −5.3 to 66.8) in 2018/19 to 25.2 per 1,000 vaccinees (95% 

CI, 0 to 85.1) in 2017/18. When stratified by age group, medically attended cases averted 

were consistently highest in children aged 6 months to 8 years due to higher VE than in 

other age groups (Figure 2). Averaged across three seasons, medically attended cases averted 

ranged from a high of 46.6 (95% CI, 12.1 to 91.9) per 1,000 vaccinees in children aged 

6 months to 8 years, to a low of 6.9 (95% CI, −5.1 to 27.3) per 1,000 vaccinees in adults 

aged ≥65 years. Estimates of averted burden of medically attended influenza cases were 

not statistically significant in any of the three seasons among adults aged ≥65 years. The 

percent of ambulatory visits for influenza that were averted by vaccination ranged from 

2.0% (among children aged 9 to 17 years in 2018/19) up to 23.8% (among children aged 6 

months to 8 years in 2017/18).

Discussion

During three consecutive influenza seasons during which A(H3N2) viruses predominated, 

influenza vaccination substantially reduced medically attended disease burden in children 

while reductions in older age groups were modest. Previous studies in this population 

(covering the 2011/12 through 2015/16 influenza seasons [13, 14]) have found that the 

incidence of ambulatory care visits for influenza ranged from 0.7% (7 per 1,000) to 6.4% 

(64 per 1,000) across study sites and years. The observed incidence of influenza associated 

medical visits during each season in this study included fell within this range, confirming 

previous findings that 5% or more of the population might seek ambulatory medical care 

for influenza during a severe seasonal epidemic [20]. Over the three seasons when influenza 

resulted in an estimated 14–21 million medical visits annually [21], influenza vaccination 

reduced influenza-related medical visits by an average of 20% among children and 10% 

among adults in this population.

The 2018/19 influenza season was characterized by late circulation of A(H3N2) viruses 

belonging to genetic clade 3C.3a [22], while the vaccine A(H3N2) reference strain belonged 

to the antigenically distinct 3C.2a1 subclade. Thus, while VE in 2018/19 against A(H1N1) 

was 44% in this outpatient care-seeking population, overall average VE against any 

outpatient laboratory-confirmed influenza was only 29% owing to the lack of statistically 

significant VE against A(H3N2) clade 3C.3a viruses that season [22–24]. Despite the low 

overall VE that season, our study found that influenza vaccination was still associated with 

statistically significant reductions in the burden of influenza among young children and 

among adults aged 18–49 years, which could be due to protection against the earlier wave 

of A(H1N1) viruses. During the 2014/15 influenza season, when VE against antigenically 

mismatched A(H3N2) viruses was reduced, protection against B viruses resulted in 

significant reductions in medically attended disease burden [14]. A separate analysis of 

US influenza surveillance data from the 2018/19 influenza season reported that vaccination 

significantly reduced illnesses and hospitalizations associated with A(H1N1) that year [16].
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In contrast to estimates from 2013/14 through 2015/16, we did not observe statistically 

significant reductions in medically attended influenza burden among seniors aged ≥65 years 

in any of the three seasons. Incidence of ambulatory visits for influenza tended to be higher 

during the present study period (31 to 51 cases per 1,000) compared with our prior study 

(19 to 43 per 1,000), so this difference was likely not due to a lower burden of influenza 

during 2016/17 to 2018/19. Instead, the difference is likely driven by generally low influenza 

VE among seniors during the study period, ranging from 12% to 20%, compared with 33% 

to 59% during 2013/14 to 2015/16 [8, 25, 26]. Influenza vaccines may have reduced the 

burden of more severe influenza among seniors during this time period, as VE against 

A(H3N2) hospitalizations may have exceeded VE against ambulatory care visits [27]. 

However, analysis of US surveillance data provided little evidence that influenza vaccination 

was associated with statistically significant reductions in influenza hospitalization or deaths 

among seniors during 2017/18 [15].

We note several limitations of the present study. First, the approach used in this study 

only accounts for the direct effects of influenza vaccination in protecting the vaccinated. If 

influenza vaccination has indirect effects on the unvaccinated through reduced transmission 

of influenza, those effects would not be captured by this analysis. Second, this study was 

conducted among four geographically disparate regions in the United States. Given that 

influenza dynamics can differ across regions in the United States [25], projections from 

these four study sites may not accurately measure the impact of influenza vaccination in 

the United States as a whole or by region. Third, our surveillance definition required acute 

respiratory illness with cough for study enrollment. While cough is a sensitive marker for 

influenza [28], we may have under-estimated the burden of medically attended influenza to 

the extent that influenza patients seek care for illness without a cough. Finally, our subjects 

were recruited primarily from insured populations, and our results may not generalize to 

uninsured populations.

Seasonal influenza remains an important cause of morbidity in the United States, and 

influenza vaccination is the best available tool for reducing the burden of influenza. Even in 

seasons when vaccine effectiveness is low against circulating strains, influenza vaccination 

can substantially reduce influenza-related medical visits and more severe outcomes not 

included in our analysis such as hospitalizations and deaths from complications of influenza 

[15, 16]. Improvements in influenza vaccines that result in more effective vaccines across 

the age spectrum have potential for greater reductions in seasonal influenza burden on the 

medical system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Influenza incidence by season. A) Distribution of influenza subtype/lineage relative to 

all cases by week among United States Influenza Vaccine Effectiveness enrollees; B) 

Cumulative incidence of ambulatory care visits for influenza by age group; C) Cumulative 

incidence of ambulatory care visits for influenza by study site

Panel A: Red = A(H3N2), Blue = A(H1N1)pdm09, Light Green = B/Yamagata, Dark Green 

= B/Victoria

Panel B: <9 includes persons aged 6 months – 8 years.
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Panel C: KP, Kaiser Permanente Washington, Seattle, WA; MC, Marshfield Clinic Health 

System, Marshfield, WI; UM, University of Michigan and the Henry Ford healthcare 

systems, Ann Arbor and Detroit, MI; SW, Baylor Scott & White Health, Temple, TX
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Figure 2: 
Vaccine impact by season (2016/17, 2017/18, 2018/19). A) Influenza vaccine effectiveness 

by age group; B) Influenza vaccine coverage by age group; C) Ambulatory care visits for 

influenza averted per 1,000 vaccinees by age group; D) Percent of influenza visits averted by 

age group

Panels A–D: <9 includes persons aged 6 months – 8 years.
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