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Background. Multivalent influenza vaccine products provide protection against influenza A(H1N1)pdm09, A(H3N2), and B 
lineage viruses. The 2018–2019 influenza season in the United States included prolonged circulation of A(H1N1)pdm09 viruses 
well-matched to the vaccine strain and A(H3N2) viruses, the majority of which were mismatched to the vaccine. We estimated the 
number of vaccine-prevented influenza-associated illnesses, medical visits, hospitalizations, and deaths for the season.

Methods. We used a mathematical model and Monte Carlo algorithm to estimate numbers and 95% uncertainty intervals (UIs) 
of influenza-associated outcomes prevented by vaccination in the United States. The model incorporated age-specific estimates 
of national 2018–2019 influenza vaccine coverage, influenza virus–specific vaccine effectiveness from the US Influenza Vaccine 
Effectiveness Network, and disease burden estimated from population-based rates of influenza-associated hospitalizations through 
the Influenza Hospitalization Surveillance Network.

Results. Influenza vaccination prevented an estimated 4.4 million (95%UI, 3.4 million–7.1 million) illnesses, 2.3 million (95%UI, 
1.8 million–3.8 million) medical visits, 58 000 (95%UI, 30 000–156 000) hospitalizations, and 3500 (95%UI, 1000–13 000) deaths 
due to influenza viruses during the US 2018–2019 influenza season. Vaccination prevented 14% of projected hospitalizations associ-
ated with A(H1N1)pdm09 overall and 43% among children aged 6 months–4 years.

Conclusions. Influenza vaccination averted substantial influenza-associated disease including hospitalizations and deaths in the 
United States, primarily due to effectiveness against A(H1N1)pdm09. Our findings underscore the value of influenza vaccination, 
highlighting that vaccines measurably decrease illness and associated healthcare utilization even in a season in which a vaccine com-
ponent does not match to a circulating virus.
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The 2018–2019 influenza season in the United States in-
cluded prolonged circulation of influenza A  viruses 
throughout the country. Using preliminary data obtained 
during the influenza season, the US Centers for Disease 
Control and Prevention (CDC) estimated that there were 
between 32.0 and 43.4 million influenza illnesses, between 
401 000 and 706 000 hospitalizations, and between 27 300 
and 49 000 influenza-associated deaths during 2018–2019 
[1]. Influenza A(H1N1)pdm09 viruses predominated early 
in the season from October to mid-February, but the propor-
tion of influenza cases due to A(H3N2) viruses increased in 
late February and circulation continued through mid-May; 
influenza B activity was limited [2].

Influenza vaccination is effective in the prevention of influenza 
illness and its complications. Recent reports estimate that 63% of 
children and adolescents and 45% of adults in the United States 
were vaccinated against influenza during the 2018–2019 season [3]. 
Vaccine-induced immune responses are specific to the 2 influenza 
A subtypes and 1 or 2 B lineages included in the vaccine [4]. All 
2018–2019 Northern Hemisphere influenza vaccines contained an 
A/Michigan/45/2015-like A(H1N1)pdm09 virus, an A/Singapore/
INFIMH-16–0019/2016-like A(H3N2) clade 3C.2a1 virus, and a 
B/Colorado/06/2017-like Victoria lineage virus [5]. Quadrivalent 
vaccines contained an additional B/Phuket/3073/2013-like 
Yamagata lineage virus. Genetic characterization of viruses in-
dicated that the majority of circulating A(H3N2) viruses in the 
United States were antigenically distinct, or drifted, from the 
2018–2019 Northern Hemisphere vaccine strain, while circulating 
A(H1N1)pdm09 viruses were well matched to the vaccine [2].

In an influenza season with a mix of virus subtype circulation 
and antigenic drift in 1 of the circulating viruses, our objective 
was to quantify the number of influenza-associated illnesses, 
medical visits, hospitalizations, and deaths prevented by influ-
enza vaccination in the United States.

mailto:jchung@cdc.gov?subject=


Effects of Flu Vaccination in 2018–2019 • cid 2020:71 (15 October) • e369

METHODS

Influenza Vaccine Effectiveness

We used estimates of vaccine effectiveness (VE) against med-
ically attended laboratory-confirmed influenza for the 2018–
2019 season published by the US Influenza Vaccine Effectiveness 
(Flu VE) Network (Supplementary Table 1) [6]. Methods of the 
Flu VE Network have been described previously [6–8]. Briefly, 
study staff at each of 5 sites recruited, consented, enrolled, and 
interviewed patients aged ≥6  months who sought outpatient 
care for acute respiratory illness with cough within 7  days of 
symptom onset during periods of local influenza circulation. 
All patients were tested for influenza and influenza A subtype 
and B lineage for research purposes using reverse-transcription 
polymerase chain reaction.

Vaccination status was based on documented receipt of ≥1 
dose of 2018–2019 influenza vaccine in electronic immuniza-
tion records. In addition, at 4 sites, adults aged ≥18 years were 
considered vaccinated if they reported vaccination timing and 
location [7]. We calculated VE using a test-negative design com-
paring vaccination odds among influenza-positive patients and 
influenza-negative patients from multivariable logistic regression 
models. VE and 95% confidence intervals (CIs) against influenza 
virus type or subtype were calculated using separate models.

Vaccine effectiveness in the 2018–2019 influenza season 
ranged from 9% (95% CI, 0 to 20)  against A(H3N2) to 44% 
(95% CI, 37 to 51) against A(H1N1)pdm09 with variation by 
age group (Supplementary Table 1). Because of small numbers, 
VE against influenza B was not stratified by age group.

Influenza Vaccine Coverage

We obtained estimates of influenza vaccination coverage in 
the United States by month, from August 2018 through April 
2019, which were reported at [3]. Vaccine coverage was 73%, 
59%, 35%, 47%, and 68% among persons aged 6 month–4 years, 
5–17  years, 18–49  years, 50–64  years, and ≥65  years, respec-
tively (Supplementary Table 2).

Estimates of Influenza-associated Outcomes

We obtained estimates of age-specific influenza burden for 
those aged ≥6 months from the 2018–2019 season, which are 
available at [9]. The methods for estimating age-specific influ-
enza burden have been detailed elsewhere [10, 11]. Briefly, this 
method uses mathematical multipliers to calculate symptomatic 
illnesses, medical visits, and deaths from data on laboratory-
confirmed influenza hospitalizations reported through the 
Influenza Hospitalization Surveillance Network (FluSurv-NET; 
Supplementary Figure 1). For this analysis, we restricted burden 
estimates to those aged ≥6 months. To estimate burden by virus 
type/subtype, we applied type/subtype distributions among 
cases in the Flu VE Network to rates of illnesses and medical 
visits and the type/subtype distribution among hospitalized 
cases to rates of hospitalizations and deaths. Because influenza 

A subtype was missing for 58% of FluSurv-NET patients with 
influenza A  virus infection, we used multiple imputation (70 
imputations using PROC MI with MONOTONE option in 
SAS, version 9.4) to estimate the rate of hospitalization for each 
subtype, including patient age (in groups), surveillance site 
(as state), and admission time period (as October–December, 
January, February, or March–April) in the imputation model.

Influenza-associated Outcomes Prevented by Vaccination

We estimated the effect of seasonal influenza vaccination on 
disease burden using a mathematical model, stratified by age 
group as described previously [8, 12]. Briefly, for each month, 
August to April, the model estimates the population susceptible 
to influenza by removing the monthly illnesses (as estimating 
by burden calculations) and those vaccinated and protected (as 
estimated by vaccination coverage and effectiveness). We cal-
culated the monthly risk of influenza among the susceptible 
population and projected the number of outcomes that would 
have occurred in the US population without influenza vaccina-
tion. We calculated the prevented outcomes as the difference 
between outcomes without influenza vaccination and those 
estimated under observed levels of vaccination (as estimated 
by the 2018–2019 seasonal burden). Based on evidence from 
prior seasons when estimates of VE in adult outpatients and in-
patients were similar, we assumed that VE estimates from the 
Flu VE Network applied to all influenza outcomes and were 
also constant throughout the season [13–15]. Equations for the 
model are presented by Tokars et al [12].

To obtain an estimate of all influenza-associated outcomes 
prevented by vaccination, we first used age group–specific 
VE estimates against A(H1N1)pdm09 and A(H3N2) and the 
overall VE estimate against influenza B in the model with type/
subtype-specific burden. We then combined the number of pre-
vented outcomes for each type/subtype together.

We estimated the number needed to vaccinate (NNV) to pre-
vent 1 influenza A(H1N1)pdm09-associated illness or hospi-
talization by dividing the number of vaccinated individuals by 
A(H1N1)pdm09-specific illnesses or hospitalizations prevented 
by vaccination. When 95% CIs for VE included the null, the un-
defined value of NNV was indicated as >999 999.

We used a Monte Carlo algorithm with 5000 simulations to 
estimate 95% uncertainty intervals (UIs). For each simulation, 
we chose random values from assumed model input distribu-
tions (Supplementary Table 3) and estimated prevented out-
comes. We truncated values for VE and vaccine coverage at 0.

Sensitivity Analyses

Because VE against A(H3N2) viruses was low overall and for 
each age group, we conducted a sensitivity analysis where we 
assumed true VE against A(H3N2) was 0%. We also conducted 
8 sensitivity analyses to account for uncertainty in vaccine cov-
erage estimates [3]. Four of these apply various reductions (ie, 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1244#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1244#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1244#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1244#supplementary-data
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5% absolute, 10% absolute, 10% relative, 25% relative) in the esti-
mated vaccine coverage to account for possible overestimation of 
vaccine coverage by self-report [16–20]. In 2 additional analyses, 
we assumed those with missing vaccination status in vaccine cov-
erage surveys were all vaccinated or unvaccinated. In 1 analysis, 
we imputed missing vaccination status. Finally, for 1 analysis, we 
applied a 5% absolute increase in coverage among adults aged 
≥65 to account for possible underestimation of vaccine coverage 
by the Behavioral Risk Factor Surveillance System [3].

RESULTS

We estimated that influenza was associated with 34.9 million 
illnesses, 16.1 million medical visits, 480 000 hospitalizations, and 
34 000 deaths in 2018–2019 among all persons aged ≥6 months 

who were eligible for vaccination (Table 1). Influenza A(H3N2) 
and A(H1N1)pdm09 viruses were associated with approximately 
equal proportions of the burden of influenza disease, but with 
important variation by age (Figure 1A, B). Influenza A(H3N2) 
viruses were associated with an estimated 15.7 million illnesses, 
7.4 million medical visits, 230 000 hospitalizations, and 17 000 
deaths. Influenza A(H1N1)pdm09 viruses were associated with 
17.1 million illnesses, 7.8 million medical visits, 232 000 hospital-
izations, and 15 000 deaths. The proportion of influenza illnesses 
associated with A(H3N2) viruses was highest among children 
aged 5–17  years and lowest among persons aged 50–64  years, 
whereas the proportion of influenza hospitalizations associ-
ated with A(H3N2) was highest among persons aged ≥65 years 
(Figure 1A, B). Influenza B virus infections were less common and 
accounted for 2.1% (735 000) of all influenza-associated illnesses.
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Figure 1. Proportion of influenza (A) illnesses and (B) hospitalizations due to influenza virus types and subtypes in persons aged ≥6 months—United States, 2018–2019 
influenza season.
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Vaccine-prevented Burden

We estimated that influenza vaccination prevented an estimated 
4.4 million (95% UI, 3.4 million to 7.1 million) illnesses, 2.3 mil-
lion (95% UI, 1.8 million to 3.8 million) medical visits, 58 000 
(95% UI, 30 000 to 156 000) hospitalizations, and 3500 (95% UI, 
1000 to 13 000) deaths associated with influenza viruses (Table 2). 
In a sensitivity analysis where we conservatively assumed true VE 
against A(H3N2) was 0%, UIs did not differ from our primary 
analysis results (data not shown). We estimated that influenza 
vaccination prevented 3.7 million (95% UI, 2.7 million to 5.6 mil-
lion) illnesses, 1.9 million (95% UI, 1.4 million to 3.0 million) 
medical visits, 38 000 (95% UI, 20 000 to 89 000) hospitalizations, 
and 1900 (95% UI, 500 to 7000) deaths associated with A(H1N1)
pdm09 infections (Table 3). These estimates represent 83.5% of 
total prevented influenza-associated illnesses, 82.7% of medical 
visits, 65.8% of hospitalizations, and 54.2% of deaths. Because of 
the modest observed burden associated with influenza B viruses, 
the remaining prevented outcomes are mainly associated with 
circulating A(H3N2) viruses (Supplementary Table 4).

Influenza vaccination prevented 11% of all influenza-associated 
illnesses that would be projected to occur without influenza vac-
cination, 11% of projected influenza-associated hospitalizations, 
and 9% of projected influenza-associated deaths in 2018–2019. 
The vaccine-prevented fraction specific to A(H1N1)pdm09 was 

18% (95% UI, 13% to 23%) for illnesses, 14% (95% UI, 7% to 
25%) for hospitalizations, and 11% (95% UI, 3% to 26%) for 
deaths due to A(H1N1)pdm09. The percent of projected influ-
enza A(H1N1)pdm09-associated hospitalizations prevented by 
vaccination varied by age group, from 43% (95% UI, 33% to 52%) 
in children aged 6 months–4 years who had high vaccine cov-
erage and the highest VE against A(H1N1)pdm09 to 10% (95% 
UI, 0% to 31%) in adults aged ≥65 years (Figure 2).

Number Needed to Vaccinate 

Using the reported vaccine coverage and the estimates of 
A(H1N1)pdm09-associated illnesses and hospitalizations pre-
vented by vaccination, we estimated that 43 people (95% UI, 
28 to 59)  needed to be vaccinated for each A(H1N1)pdm09-
associated illness prevented and that 4127 people (95% UI, 
1774 to 7851) needed to be vaccinated for each hospitalization 
prevented (Table 4). The NNV to prevent 1 A(H1N1)pdm09-
associated illness varied by age group from 11 (95% UI, 5 to 
20) among children aged 6 months–4 years to 226 (95% UI, 44 
to >99 999) among adults aged ≥65 years.

Sensitivity Analyses for Vaccine Coverage

Our estimates of the burden prevented by vaccination were ro-
bust and largely unaffected by uncertainty in the vaccine coverage 

Table 2. Estimates of All Influenza-Associated Illnesses, Medical Visits, Hospitalizations, and Deaths Prevented by Influenza Vaccination—United 
States, 2018–2019 Influenza Season

Illnesses Medical Visits Hospitalizations Deaths

Age Group
Number 

Prevented 95% UIa
Number 

Prevented 95% UI
Number 

Prevented 95% UI
Number  

Prevented 95% UI

6 months–4 years 1 335 840 (736 978–2 851 485) 895 012 (492 938–1 926 307) 10 569 (5933–22 379) 111 (25–381)

5–17 years 1 021 821 (446 661–1 870 063) 531 347 (230 928–980 184) 3269 (1478–5709) 33 (4–108)

18–49 years 984 698 (612 071–1 610 237) 364 338 (225 540–600 040) 6239 (3919–9884) 229 (114–588)

50–64 years 785 710 (241 045–2 158 024) 337 855 (102 597–926 454) 9250 (2970–23 951) 536 (143–2000)

≥65 years 300 879 (3249–1 316 421) 168 492 (1844–737 768) 28 695 (1533–121 752) 2625 (122–12 163)

All ages 4 428 947 (3 429 414–7 070 624) 2 297 045 (1 755 797–3 768 642) 58 022 (29 598–156 185) 3533 (1016–13 393)

Abbreviation: UI, uncertainty interval.
a95% UI from 5000 Monte Carlo simulations.

Table 3. Estimates of Influenza A(H1N1)pdm09-Associated Illnesses, Medical Visits, Hospitalizations, and Deaths Prevented by Influenza Vaccination—
United States, 2018–2019 Influenza Season

Illnesses Medical Visits Hospitalizations Deaths

Age Group
Number 

Prevented 95% UIa
Number 

Prevented 95% UIa
Number 

Prevented 95% UIa
Number 

Prevented 95% UIa

6 months–4 years 1 176 881 (633 739– 2 482 324) 788 510 (425 367– 1 674 522) 9555 (5264–19 769) 100 (22–339)

5–17 years 687 757 (280 148– 1 181 100) 357 634 (145 741– 617 933) 2420 (985–4186) 24 (3–79)

18–49 years 915 849 (541 365– 1 386 802) 338 864 (198 438–518 320) 5742 (3404–8630) 210 (100–522)

50–64 years 761 047 (135 579– 1 667 583) 327 250 (58 212– 721 722) 8714 (1580–19 206) 505 (82–1622)

≥65 years 157 190 (0– 810 180) 88 026 (0– 451 043) 11 754 (0–59 698) 1075 (0–6011)

All ages 3 698 723 (2 665 133– 5 594 554) 1 900 284 (1 356 641– 2 981 289) 38 186 (20 104–89 304) 1915 (515–6971)

Abbreviation: UI, uncertainty interval.
a95% UI from 5000 Monte Carlo simulations.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz1244#supplementary-data
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estimates, as all 8 sensitivity analyses around vaccine coverage 
estimates were within the UIs of our main results using the re-
ported 2018–2019 coverage (Supplementary Figure 2). Among 
children aged 6 months–4 years, the percent of prevented hos-
pitalizations associated with A(H1N1)pdm09 ranged from 32% 
to 39% in sensitivity analyses that applied to this age group. The 
NNV to prevent 1 A(H1N1)pdm09-associated illness ranged 
from 12 to 13 among children aged 6 months–4 years in sensi-
tivity analyses that applied to this age group.

DISCUSSION

Using mathematical models, we estimated that influenza vac-
cination prevented an estimated 4.4 million illnesses, 2.3 mil-
lion medical visits, 58 000 hospitalizations, and 3500 deaths 
associated with influenza viruses. Currently available influ-
enza vaccines are multivalent vaccines designed to provide 
protection against A(H1N1)pdm09, A(H3N2), and either 1 or 
both influenza B lineage viruses. During the 2018–2019 US in-
fluenza season, both A(H1N1)pdm09 and A(H3N2) contrib-
uted to the substantial observed disease burden [2]. More than 
90% of the circulating A(H3N2) viruses were antigenically 
drifted from the A(H3N2) vaccine component. The vaccine 

likely had little effect against A(H3N2)-associated disease 
[2, 6]. However, A(H1N1)pdm09 viruses were antigenically 
matched, and we estimated that the vaccine prevented 3.7 mil-
lion A(H1N1)pdm09-associated illnesses and 38 000 hospital-
izations [6]. The benefits of vaccination were greatest among 
children aged 6 months–4 years, with vaccination preventing 
43% of all projected A(H1N1)pdm09-associated hospitaliza-
tions. Further, we estimated that 1 influenza A(H1N1)pdm09-
associated illness episode was prevented for every 11 children 
vaccinated in this age group. Our results highlight the ben-
efit of annual vaccination with current influenza vaccines that 
provide protection against more than 1 influenza virus in an 
influenza season.

The majority of vaccine-prevented outcomes during the 
2018–2019 influenza season were attributable to the effective-
ness of the A(H1N1)pdm09 vaccine component. The absolute 
number of hospitalizations associated with A(H1N1)pdm09 
viruses during the season was substantial, approximately 
231 000 hospitalizations overall, and vaccination prevented 14% 
of A(H1N1)pdm09-associated hospitalizations. Furthermore, 
the burden of influenza A(H1N1)pdm09-associated hospital-
izations made up roughly half of all influenza-associated hospi-
talizations in 2018–2019. The relative distribution of influenza 
virus (sub)types varies each season, and the relative frequency 
of each virus subtype can vary by age group [21]. On average, 
A(H1N1)pdm09, A(H3N2), and B lineage viruses accounted 
for 35%, 45%, and 20% of the circulating viruses, respectively, 
between the 2009–2010 pandemic and 2016–2017 influenza 
seasons [21]. With shifting age dynamics of the population, 
A(H1N1)pdm09 is predicted to predominate more frequently 
for some age groups and thus could account for a higher 
burden of severe disease than A(H3N2) in future seasons [21]. 
Multivalent influenza vaccines prevent influenza illness even 
during seasons when 1 of the circulating viruses is not well 
matched to the seasonal influenza vaccine.

The vaccine did not protect against the majority of circulating 
A(H3N2) viruses in 2018–2019, and the vaccine prevented 
fewer A(H3N2)-associated outcomes compared with A(H1N1)
pdm09. In the Flu VE Network, 7% of genetically character-
ized A(H3N2) viruses were considered well matched to the 
A(H3N2) vaccine strain, A/Singapore/INFIMH-16–0019/2016 
[6]. Thus, some disease was likely prevented. Influenza 
A(H3N2) viruses evolve rapidly, and anticipating which ge-
netic group will circulate in an upcoming influenza season is a 
challenge [22]. It is not yet possible to predict the exact viruses 
that will circulate in an upcoming influenza season. Due to vac-
cine manufacturing timelines, influenza virus strains must be 
selected at least 6  months in advance of the influenza season 
to ensure timely vaccine availability [23]. For the 2019–2020 
Northern Hemisphere influenza season, the A(H3N2) vaccine 
strain was updated to an A/Kansas/14/2017-like clade 3C.3a 
virus that more closely represented the predominant A(H3N2) 

Table 4. Number Needed to Vaccinate to Prevent 1 Influenza A(H1N1)
pdm09-Associated Illness or Hospitalization—United States, 2018–2019 
Influenza Season

Illness Hospitalization

Age Group NNV 95% UIa NNV 95% UIa

6 months–4 years 11 (5 to 20) 1368 (658 to 2468)

5–17 years 46 (27 to 113) 12 997 (7498 to 31 902)

18–49 years 52 (35 to 88) 8326 (5533 to 13 899)

50–64 years 39 (18 to 220) 3414 (1554 to 18 889)

≥65 years 226 (44 to >99 999) 3020 (595 to >99 999)

All ages 43 (28 to 59) 4127 (1774 to 7851)

Abbreviation: NNV, number needed to vaccinate; UI, uncertainty interval.
a95% UI from 5000 Monte Carlo simulations.
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Figure 2. Estimated percent of expected influenza A(H1N1)pdm09-associated 
hospitalizations prevented by vaccination—United States, 2018–2019 influenza 
season.
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genetic group from the 2018–2019 Northern Hemisphere influ-
enza season [24].

With improvements in influenza VE, particularly against 
A(H3N2) viruses, and increased rates of influenza vaccination, 
more illnesses, hospitalizations, and deaths could be prevented. In 
a recent modeling analysis, improvements to VE would provide the 
greatest benefit in preventing hospitalizations among those aged 
≥65  years, while improvements in vaccine coverage would pro-
vide the greatest benefit in preventing illnesses among those aged 
18–49 years [25]. Despite low VE against influenza A(H3N2), we 
estimated that nontrivial numbers of hospitalizations and deaths 
were prevented in the oldest age group due to high burden of these 
outcomes and high vaccine coverage in this age group.

Influenza vaccines that provide broader protection against 
circulating influenza viruses and that do not need to be updated 
as frequently are among the goals of efforts to develop universal 
influenza vaccines [26, 27]. One study, assuming an average VE 
of 44% for existing influenza vaccines and an average uptake of 
169 million influenza vaccine doses, estimated that replacing 
10% of trivalent and quadrivalent influenza vaccines currently 
in use with a 75% effective universal influenza vaccine would 
prevent 5.3 million cases, 81 000 hospitalizations, and 6300 
deaths annually [28]. Until newer, more effective or universal 
vaccines become available, our results demonstrate that vacci-
nation with currently available influenza vaccines prevents mil-
lions of illnesses and thousands of hospitalizations and deaths in 
influenza seasons that are dominated by 1 influenza A subtype as 
well as during mixed circulation seasons such as 2018–2019 [8].

There are several limitations to our estimates of the benefit 
of influenza vaccination. First, multipliers used to scale surveil-
lance data to national burden estimates are preliminary at this 
time; final multipliers often lag by 2 years [1, 8]. While we have 
used the most conservative multipliers from previous influenza 
seasons for current estimates, we expect our estimates to change 
when final data become available. Once data on testing practices 
from 2018–2019 become available, updated estimates of the 
vaccine-prevented burden will be posted on the CDC Influenza 
webpages [29]. Additionally, any changes in care-seeking beha-
vior or patterns of disease severity that occurred during 2018–
2019 would not be reflected in our estimates, as multipliers are 
based on prior seasons’ data. Second, we needed to impute viral 
subtype-specific hospitalization rates because subtyping is not 
performed for all cases in FluSurv-NET. Third, our model does 
not account for possible within-season waning of VE [30–33]. 
The 2018–2019 season was the longest influenza season in 
10 years [2]. It is possible that VE against A(H3N2) virus waned 
over the influenza season; the interim estimate of VE against 
A(H3N2) was 44% (95% CI, 13% to 64%) [34], higher than 
the final estimate (9%) used in our calculations. Any amount 
of waning of VE would reduce the estimated population ben-
efit. Fourth, vaccination coverage estimates are based on tele-
phone surveys with low response rates and rely on parental or 

self-reported influenza vaccination status. Estimates may be 
biased after weighting adjustments designed to mitigate exclu-
sion of households without telephone service, nonresponse, 
and misclassification of vaccination status [16, 17, 19, 20, 35]. 
However, results of sensitivity analyses fell within the UIs using 
the best-estimated reported coverage. Fifth, we assumed that in-
fluenza vaccination would not increase the risk of infection and 
truncated UIs at 0, thus potentially skewing the point estimates 
in favor of a population benefit. Finally, our model of prevented 
outcomes may underestimate the population-level benefit of 
vaccination because it does not account for any possible indi-
rect effects of vaccination (eg, community protection) [36, 37].  
Moreover, our estimates do not reflect the economic conse-
quences or postinfection outcomes of these hospitalizations 
such as cardiovascular disease, escalating frailty, or associated 
antibiotic usage [38–43].

Our results highlight the large burden of influenza-associated 
illnesses, medical visits, hospitalizations, and deaths during 
2018–2019 and quantify the value of currently available mul-
tivalent vaccines to reduce the burden of influenza disease in 
unpredictable annual influenza epidemics. Even with lim-
ited effectiveness against A(H3N2) viruses due to circulation 
of an antigenically drifted strain, influenza vaccination in the 
2018–2019 season prevented substantial numbers of A(H1N1)
pdm09-associated severe and nonsevere influenza illness. These 
data emphasize the importance of annual influenza vaccination 
in preventing deaths and severe disease even during influenza 
seasons when a circulating virus is antigenically drifted.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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