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Background:  Increased illness due to antigenically drifted A(H3N2) clade 3C.3a influenza viruses prompted concerns about 
vaccine effectiveness (VE) and vaccine strain selection. We used US virologic surveillance and US Influenza Vaccine Effectiveness 
(Flu VE) Network data to evaluate consequences of this clade.

Methods:  Distribution of influenza viruses was described using virologic surveillance data. The Flu VE Network enrolled ambu-
latory care patients aged ≥6 months with acute respiratory illness at 5 sites. Respiratory specimens were tested for influenza by means 
of reverse-transcriptase polymerase chain reaction and were sequenced. Using a test-negative design, we estimated VE, comparing 
the odds of influenza among vaccinated versus unvaccinated participants.

Results:  During the 2018–2019 influenza season, A(H3N2) clade 3C.3a viruses caused an increasing proportion of influenza 
cases. Among 2763 Flu VE Network case patients, 1325 (48%) were infected with A(H1N1)pdm09 and 1350 (49%) with A(H3N2); 
clade 3C.3a accounted for 977 (93%) of 1054 sequenced A(H3N2) viruses. VE was 44% (95% confidence interval, 37%–51%) against 
A(H1N1)pdm09 and 9% (−4% to 20%) against A(H3N2); VE was 5% (−10% to 19%) against A(H3N2) clade 3C.3a viruses.

Conclusions:  The predominance of A(H3N2) clade 3C.3a viruses during the latter part of the 2018–2019 season was associated 
with decreased VE, supporting the A(H3N2) vaccine component update for 2019–2020 northern hemisphere influenza vaccines.
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Influenza viruses evolve rapidly, evading the human immune re-
sponse. Emergence of antigenically drifted viruses requires up-
dating vaccine components to provide optimal antigens. Recent 
evolution of A(H3N2) viruses has proved particularly challenging 
for vaccine strain selection as antigenic characterization of circu-
lating A(H3N2) viruses has become more difficult and candidate 
vaccine viruses acquire antigenic changes during propagation 
in chicken eggs, which are used to produce most influenza vac-
cines. Vaccine strain selection requires analysis of circulating vir-
uses from many geographic regions, prediction of predominant 
or emerging clades, generation of candidate vaccine viruses, and 
identification of those that generate a broadly protective response. 
To select vaccine reference strains, the World Health Organization 
(WHO) convenes technical consultations each February for 

northern hemisphere vaccines and each September for southern 
hemisphere vaccines to review data from global influenza surveil-
lance systems, antigenic and genetic characterization, and poten-
tial candidate vaccine viruses [1].

The selection of vaccine viruses begins the process of producing, 
testing, and distributing the seasonal vaccine [2]. Delayed strain 
selection and changes in vaccine components may both cause 
delays in subsequent manufacturing and distribution processes. 
During the February 2019 consultation, WHO recommended 
updating the A(H1N1) component from A/Michigan/45/2015 to 
A/Brisbane/02/2018 and maintaining B vaccine reference viruses 
for the 2019–2020 northern hemisphere influenza vaccine [3]. 
For the first time since 2005 [4], the selection of the A(H3N2) 
component was delayed to obtain additional data on changes in 
the distribution of A(H3N2) viruses, with increased activity due 
to A(H3N2) clade 3C.3a in some regions, and enable complete 
characterization of new clade 3C.3a candidate vaccine viruses. 
On 21 March 2019, WHO recommended a clade 3C.3a virus as 
the A(H3N2) component of the 2019–2020 northern hemisphere 
vaccines [5], which was a change from the 2018–2019 A(H3N2) 
vaccine virus (subclade 3C.2a1) [6].
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Summary

During the 2018–2019 season in the US, influenza vaccination provided protection against illness due to influenza A(H1N1)pdm09 virus but was not 
effective against the major clade of A(H3N2) viruses that differed antigenically from the A(H3N2) vaccine component.
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During the 2018–2019 influenza season in the United States, 
A(H1N1)pdm09 viruses were predominant in most regions 
early in the season [7], but from February to March 2019, illness 
due to A(H3N2) infections substantially increased, prompting 
the Centers for Disease Control and Prevention (CDC) to issue 
a health alert [8]. Antigenic characterization of A(H3N2) vir-
uses circulating after February 2019 indicated that most reacted 
poorly (≥8-fold reduction in titer compared with homolo-
gous virus) with ferret antisera to cell culture–propagated A/
Singapore/INFIMH-16–0019/2016 (subclade 3C.2a1), the 
A(H3N2) component of 2018–2019 northern hemisphere in-
fluenza vaccines [9]. 

We assessed virologic surveillance data from public health 
laboratories throughout the United States, which identified in-
creased prevalence of A(H3N2) clade 3c.3a among influenza 
specimens submitted for genetic characterization. To examine 
the epidemiologic consequences of increasing prevalence of 
antigenically distinct A(H3N2) viruses in the United States, we 
analyzed data from the US Influenza Vaccine Effectiveness (Flu 
VE) Network, a multisite influenza research network that evalu-
ates protection conferred by vaccination against influenza-
associated illnesses in the ambulatory care setting. We used 
genetic data from viruses obtained from influenza-positive pa-
tients to calculate vaccine effectiveness (VE) against clade 3C.3a, 
which was not included in the 2018–2019 influenza vaccine.

METHODS

US Virologic Surveillance

Distribution of influenza viruses and A(H3N2) clades in the 
United States before and during the 2018–2019 influenza season 
was examined using viruses identified at US public health la-
boratories from 30 September 2018 through 18 May 2019 and 
submitted to the CDC for virus characterization [7]. For genetic 
characterization, the CDC requested that state public health la-
boratories submit 2 influenza A(H3N2)-positive specimens, 
2 influenza A(H1N1)pdm09-positive specimens, and up to 4 
influenza B–positive specimens every 2 weeks throughout the 
season. Genetic characterization was used to determine genetic 
group and clade based on hemagglutinin sequence [1].

We evaluated VE against influenza-associated illnesses in 
the Flu VE Network based on enrollment from 23 November 
2018 through 3 May 2019. Details of this network have been 
described elsewhere [10, 11]. Study enrollment began after local 
surveillance identified increasing weekly influenza activity or ≥1 
laboratory-confirmed case of influenza per week for 2 consec-
utive weeks. Eligible participants were patients aged ≥6 months 
receiving ambulatory medical care for acute respiratory illness 
with cough of ≤7  days in duration at 1 of 59 health facilities 
in Michigan, Pennsylvania, Texas, Washington, or Wisconsin. 
Patients who had received antivirals for their current illness, 
were aged <6 months as of 1 September 2018, or had enrolled 
in the study within the previous 14 days were ineligible. Study 

staff obtained informed consent from patients (parent/guardian 
for minors) and interviewed patients regarding demographics, 
self-reported health status, symptoms, and receipt of the cur-
rent season’s influenza vaccine.

Laboratory Methods

At enrollment, study staff collected combined nasal and oro-
pharyngeal swab specimens (nasal swab specimens only for 
children aged <2  years). Specimens were tested for influenza 
viruses using real-time reverse-transcriptase polymerase chain 
reaction (RT-PCR) [11]. Specimens were first tested for any in-
fluenza A and/or B virus; subsequent assays identified influenza 
A subtype and B lineage. Patients testing positive for influenza 
were designated as case patients, and those testing negative as 
noncase patients.

Influenza-positive respiratory specimens containing high 
levels of influenza virus RNA (defined as an RT-PCR cycle 
threshold value ≤30) were sent to the CDC for genetic charac-
terization. Full-length hemagglutinin sequences were obtained 
by means of whole-genome sequencing from original specimen 
samples, performed as described elsewhere [12]. Sequence 
data for characterized influenza viruses were uploaded to the 
Global Initiative on Sharing All Influenza Data (Supplementary 
Material). Viruses were classified into hemagglutinin clade 
based on phylogenetic analyses [13].

Influenza Vaccination History

Virus strains recommended for 2018–2019 northern hemi-
sphere influenza vaccines were A/Michigan/45/2015 (H1N1)
pdm09-like, A/Singapore/INFIMH-16–0019/2016 (H3N2)-
like, B/Colorado/06/2017-like virus (Victoria lineage), and (for 
quadrivalent vaccines), B/Phuket/3073/2013-like (Yamagata 
lineage) viruses. Participants (including children aged <9 years, 
who require 2 vaccine doses during their first vaccination 
season) were considered vaccinated if they received ≥1 dose of 
any seasonal influenza vaccine ≥14  days before illness onset, 
according to medical records and registries (Wisconsin site) 
or medical records and self-report (Michigan, Pennsylvania, 
Texas, and Washington sites).

Statistical Analysis

For estimates of VE, we excluded participants with inconclusive 
RT-PCR results, influenza-negative participants enrolled before 
periods of local influenza circulation, and participants vaccin-
ated 14 or fewer days before self-reported illness onset. For the 
remaining participants, we calculated descriptive statistics sepa-
rately for influenza case patients and noncase patients, including 
medians of continuous variables and distributions of categorical 
variables. Influenza VE was estimated using a test-negative de-
sign, which compares the odds of testing positive for influenza 
among vaccinated versus unvaccinated persons [14, 15]. 

Following Jackson and Nelson [14], we considered VE to be 
the relative difference in influenza risk between vaccinated and 

https://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiz543#supplementary-data
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unvaccinated participants, expressed as a percentage and calcu-
lated as (1 − OR) × 100, where OR is the odds ratio for influenza 
among vaccinated compared with unvaccinated persons, deter-
mined from logistic regression models. The 95% confidence 
intervals (CIs) for VE were calculated as 1 − CIOR, where CIOR 
is the CI of the OR estimates. A priori, estimates were adjusted 
for network site, sex, age, race/ethnicity, self-reported general 
health status, interval from illness onset to study enrollment, 
and biweekly interval.

We estimated VE for any influenza-associated illness and sepa-
rately for illness due to influenza A(H1N1)pdm09, A(H3N2), and 
A(H3N2) clade. In the subtype/clade-specific estimates, patients 
infected with other influenza subtypes/clades were excluded.

RESULTS

US Virologic Surveillance

From 30 September 2018 through 2 February 2019, influenza 
A(H1N1)pdm09 viruses accounted for the majority of influenza 

A viruses reported to the CDC from US public health laboratories 
(Figure 1). All A(H1N1)pdm09 viruses genetically characterized 
belonged to clade 6B.1, and the majority were antigenically sim-
ilar to cell culture–propagated A/Michigan/45/2015 (6B.1), the 
reference virus representing the A(H1N1)pdm09 component 
for the 2018–2019 northern hemisphere influenza vaccines. The 
proportion of influenza A(H3N2) viruses began to increase na-
tionally during the last week of January 2019, and A(H3N2) vir-
uses predominated starting in the last week of February 2019. 
From 30 September 2018 through 2 February 2019, 194 (43%) 
of 455 genetically characterized influenza A(H3N2) viruses 
belonged to clade 3C.2a (including subclade 3C.2a1) and 261 
(57%) to clade 3C.3a. The proportion that belonged to clade 
3C.3a increased to 85% (544 of 638) identified from 3 February 
through 18 May 2019.

Participant Characteristics

From 23 November 2018 through 3 May 2019, we enrolled 
10  443 patients seeking care for acute respiratory illness 
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Figure 1.  Geographic distribution of influenza-positive tests (n = 43 330) identified by US public health laboratories during the 2018–2019 influenza season and A(H3N2)-
positive specimens submitted to the Centers for Disease Control and Prevention for genetic characterization (n = 1093), by US Department of Health and Human Services 
surveillance region. A, B, Influenza viruses by type and subtype and genetic clades for A(H3N2) identified from 30 September 2018 through 2 February 2019. C, D, Influenza 
viruses and A(H3N2) clades identified from 3 February through 18 May 2019. Pie charts present proportional distribution of virus type or A subtype (A, C) or A(H3N2) genetic 
clade (B, D), based on the number of subtyped or genetically characterized influenza viruses from each region.
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(Table  1). We excluded 431 patients (4%) from the primary 
analyses, including 53 with inconclusive RT-PCR results, 127 
who were vaccinated <14  days before illness onset, and 250 
influenza-negative patients enrolled before periods of influ-
enza circulation. Of the remaining 10  012 eligible patients, 
2763 (28%) tested positive for influenza (case patients), with 
influenza-positive cases peaking in March 2019. The influ-
enza case patients included 1317 (48%) infected with A(H1N1)
pdm09, 1342 (49%) infected with A(H3N2), 22 (0.8%) in-
fected with B/Yamagata, 41 (1%) infected with B/Victoria, 8 
(0.3%) coinfected with A(H1N1)pdm09 and A(H3N2), and 32 
(1.1%) infected with influenza A with no subtype determined. 
A total of 5381 patients (54%) were vaccinated ≥14 days before 
illness onset.

Genetic Characterization

Of 2699 influenza A-positive specimens from study partici-
pants, 2089 (77%) with low RT-PCR cycle thresholds were sent 
for genetic characterization at the CDC: 1035 (78%) of 1325 
A(H1N1)pdm09 and 1054 (78%) of 1350 A(H3N2) virus–pos-
itive specimens. All 1035 A(H1N1)pdm09 viruses belonged to 
clade 6B.1A. Among 1054 A(H3N2) viruses characterized, 977 
(93%) belonged to clade 3C.3a, 74 (7%) belonged to subclade 
3C.2a1, which includes the 2018–2019 A(H3N2) vaccine ref-
erence virus, and 3 (0.3%) belonged to clade 3C.2a. The pro-
portion of clade 3C.3a viruses also increased at US Flu VE 
Network sites during the 2018–2019 season; peak numbers of 

clade 3C.3a-positive patients were enrolled in February–March 
2019, corresponding to the national increase in A(H3N2) cases 
(Figure 1). The distribution of influenza A viruses and A(H3N2) 
clades varied by US region in surveillance data and by site in the 
Flu VE Network (data not shown).

VE Estimates During Study Period 

During the study period (23 November 2018 to 3 May 2019), 
the adjusted estimate of VE against influenza-associated ill-
ness was 29% (95% CI, 21%–35%) (Table 2). The VE against 
A(H1N1)pdm09-related illness during the same period was 
44% (95% CI, 37%–51%), compared with 9% (−4% to 20%) for 
A(H3N2) and 5% (−10% to 19%) for clade 3C.3a. Age group-
specific VE estimates against A(H1N1)pdm09 were highest 
among children aged 6 months to 8 years (59%; 95% CI, 47%–
69%) and were not statistically significant among participants 
aged 9–17 or ≥65 years. Against A(H3N2) clade 3C.3a-related 
illness, age group-specific VE estimates were not statistically 
significant and were <0 (ie, higher odds of influenza among 
vaccinated compared with unvaccinated participants) among 
adults aged 18–49 or 50–64 years.

DISCUSSION

The evasion of immunity through rapid evolution and accu-
mulation of changes in major surface proteins of the A(H3N2) 
virus is a challenge for influenza vaccine strain selection and 
production. Since 2000, the A(H3N2) component of the 

Table 1.  Characteristics of Study Participantsa 

Characteristic Enrolled Patients, No.

Patients, No. (Row %)

Influenza Virus Positive Influenza Virus Negative Receipt of Seasonal Influenza Vaccine

Overall 10 012 2763 (28) 7249 (72) 5381 (54)

Study site    

  Michigan 1817 477 (26) 1340 (74) 1138 (63)

  Pennsylvania 1701 540 (32) 1161 (68) 823 (48)

  Texas 1833 353 (19) 1480 (81) 777 (42)

  Washington 2692 778 (29) 1914 (71) 1620 (60)

  Wisconsin 1969 615 (31) 1354 (69) 1023 (52)

Sex     

  Male 4018 1224 (30) 2794 (69) 2061 (51)

  Female 5994 1539 (26) 4455 (74) 3320 (55)

Age group     

  6 mo to 8 y 2428 751 (31) 1677 (69) 1278 (53)

  9–17 y 1261 489 (39) 772 (61) 536 (43)

  18–49 y 3256 821 (25) 2435 (75) 1397 (43)

  50–64 y 1766 442 (25) 1324 (75) 1095 (62)

  ≥65 y 1301 260 (20) 1041 (80) 1075 (83)

Race/ethnicity     

  White 6845 1841 (27) 5004 (73) 3916 (57)

  Black 1142 350 (31) 792 (69) 419 (37)

  Other race 1023 301 (29) 722 (71) 558 (55)

  Hispanic 947 258 (27) 689 (73) 461 (49)

aPatients with medically attended acute respiratory illness enrolled in the US Influenza Vaccine Effectiveness Network from 23 November 2018 through 3 May 2019, by influenza test result 
status and seasonal influenza vaccination status.
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northern hemisphere vaccine has been changed on 12 occa-
sions, twice as often as the A(H1N1) component, and vaccine 
strain selection has been postponed on 3 occasions to collect 
additional data on emergent A(H3N2) viruses or characteristics 
of A(H3N2) candidate vaccine viruses [4]. For the 2018–2019 
influenza season, data collected through 3 May 2019 indicate 
that influenza vaccines were 44% effective against A(H1N1)
pdm09-related illnesses but provided limited protection against 
A(H3N2)-related illnesses. Although the season began with 
predominance of A(H1N1)pdm09 viruses in most US re-
gions, the proportion of illness caused by antigenically distinct 
A(H3N2) viruses increased during the season, and A(H3N2) 
was the predominant influenza virus throughout the United 
States after February 2019. 

Based on Flu VE Network data, the current analysis suggests 
that vaccination did not significantly reduce medically attended 
influenza illness due to A(H3N2) virus infection. This finding 
was consistent with laboratory analyses indicating antigenic 
difference between the 2018–2019 A(H3N2) reference virus 
(representing subclade 3C.2a1) and predominant clade 3C.3a 
viruses. Preliminary estimates were shared with the WHO be-
fore their final A(H3N2) vaccine composition recommenda-
tion. The rapid increase in clade 3C.3a circulation in the United 
States, with signs of increasing prevalence in other global sur-
veillance data, prompted WHO and the US Food and Drug 
Administration to select A/Kansas/14/2017 (clade 3C.3a) as the 
A(H3N2) reference virus for the 2019–2020 northern hemi-
sphere influenza vaccine formulation [5].

Table 2.  Adjusted Vaccine Effectiveness Against Influenza-Associated Illness Among Patients Aged ≥6 Monthsa 

 Virus by Patient Age

No. Vaccinated/Total No. (% Vaccinated) 

VE (95% CI), %Influenza-Positive (Case Patients) Influenza Negative (Noncase Patients)

All influenza viruses    

  All ages 1316/2763 (48) 4065/7249 (56) 29 (21–35)

  6 mo to 8 y 301/751 (40) 977/1677 (58) 48 (37–58)

  9–17 y 217/489 (44) 319/772 (41) 7 (−20 to 28)

  18–49 y 320/821 (39) 1077/2435 (44) 25 (10–37)

  50–64 y 266/442 (60) 829/1324 (63) 14 (−10 to 33)

  ≥65 y 212/260 (82) 863/1041 (83) 12 (−31 to 40)

A(H1N1)pdm09    

  All ages 563/1325 (42) 4065/7249 (56) 44 (37–51)

  6 mo to 8 y 128/389 (33) 977/1677 (58) 59 (47–69)

  9–17 y 47/115 (41) 319/772 (41) 24 (−18 to 51)

  18–49 y 150/442 (34) 1077/2435 (44) 43 (28–55)

  50–64 y 138/255 (54) 829/1324 (63) 30 (6–48)

  ≥65 y 100/124 (81) 863/1041 (83) 16 (−41 to 51)

All influenza A(H3N2) virusesb    

  All ages 709/1350 (53) 4065/7249 (56) 9 (−4 to 20)

  6 mo to 8 y 163/335 (49) 977/1677 (58) 24 (1–42)

  9–17 y 162/355 (46) 319/772 (41) 3 (−30 to 28)

  18–49 y 154/351 (44) 1077/2435 (44) 3 (−25 to 24)

  50–64 y 121/176 (69) 829/1324 (63) −20 (−74 to 18)

  ≥65 y 109/133 (82) 863/1041 (83) 13 (−46 to 48)

A(H3N2) genetic group 3C.3a    

  All ages 520/977 (53) 4065/7249 (56) 5 (−10 to 19)

  6 mo to 8 y 132/270 (49) 977/1677 (58) 23 (−3 to 43)

  9–17 y 128/276 (46) 319/772 (41) 7 (−28 to 33)

  18–49 y 117/246 (48) 1077/2435 (44) −10 (−47 to 18)

  50–64 y 76/103 (74) 829/1324 (63) −48 (−142 to 10)

  ≥65 y 67/82 (82) 863/1041 (83) 20 (−52 to 58)

A(H3N2) genetic group 3C.2a1    

  All ages 37/74 (50) 4065/7249 (56) 46 (11–68)

Influenza B    

  All ages 31/64 (48) 4065/7249 (56) 34 (−12 to 62)

Abbreviations: CI, confidence interval; VE, vaccine effectiveness.
aVE against influenza-associated illness in the ambulatory care setting among patients enrolled in the US Influenza Vaccine Effectiveness Network from 23 November 2018 through 3 May. 
VE was estimated as 100 × (1 − OR), where OR is the odds ratio for influenza among vaccinated compared with unvaccinated persons. ORs were estimated using logistic regression. If the 
95% CI excludes 0, the results are considered statistically significant. Models adjusted study site, sex, age, race/ethnicity, self-reported general health status, interval from illness onset to 
study enrollment, and calendar time (biweekly interval).
bIncludes influenza A(H3N2) viruses for which genetic group was not determined.
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Experience from the 2018–2019 influenza season highlights 
recent challenges with VE against influenza A(H3N2) viruses 
and the need for more broadly cross-protective vaccines [16, 
17]. The VE against A(H3N2) viruses was 33% during 2016–
2017 [18] and 22% in 2017–2018 [19], despite antigenic match 
between the cell-propagated A(H3N2) vaccine reference virus 
and circulating viruses mainly belonging to the 3C.2a genetic 
group. Antigenic differences between egg-passaged vaccine 
viruses and circulating A(H3N2) viruses may have contrib-
uted to reduced VE, along with other factors [16, 17]. Reasons 
for increased A(H3N2) activity due to clade 3C.3a during the 
2018–2019 season in the United States are unclear; before this 
season, clade 3C.3a viruses had cocirculated at low levels with 
clade 3C.2a viruses since 2014 [20]. 

When they first emerged, clades 3C.2a and 3C.3a vir-
uses were antigenically related [20]. In 2014, ferret antisera 
to the cell-propagated 2015–2016 vaccine reference strain, A/
Switzerland/9715293/2013 (clade 3C.3a), inhibited both 3C.2a 
and 3C.3a viruses [21]. Continued genetic evolution of A(H3N2) 
viruses resulted in multiple subclades of 3C.2a viruses and an-
tigenic divergence from clade 3C.3a, such that ferret antisera to 
egg- or cell-propagated A/Singapore/INFIMH-16–0019/2016 
(clade 3C.2a1) 2018–2019 vaccine reference virus poorly in-
hibited circulating clade 3C.3a viruses [9]. For improved 
VE, vaccine strategies that provide broad protection against 
antigenically distinct groups of A(H3N2) viruses are needed if 
diverse groups of viruses continue to cocirculate [17].

The annual development of influenza vaccines is a challenging 
race against the clock to detect and monitor antigenically 
drifted influenza viruses, predict which viruses will predom-
inate, and manufacture and deliver vaccines in time for each 
influenza season [2]. Evolving evidence on emergence and fit-
ness of antigenically drifted viruses, trends in prevalence, and 
characterization of potential candidate vaccine viruses are fac-
tors that contribute to strain selection and decisions to update 
vaccine components. Selection of a new vaccine reference virus 
can require additional manufacturing time, leading to potential 
public health consequences if vaccine availability is affected. 

Postponement of A(H3N2) vaccine strain selection until 21 
March 2019, the first postponement since February 2005, al-
lowed collection of additional data on geographic distribution 
of A(H3N2) clades and development of potential candidate vac-
cine viruses and informed the selection of a clade 3C.3a vaccine 
candidate [4, 5]. Our findings of low effectiveness of 2018–2019 
vaccines against A(H3N2)-related illness became available 
during strain selection deliberations and supported the decision 
to update the vaccine. Close monitoring of A(H3N2) 3C.3a vir-
uses, disease epidemiology, and VE will be necessary to deter-
mine the epidemic potential and public health implications of 
this emerging clade.

These VE estimates may also inform public health efforts 
to control influenza. Intraseason estimates of VE may have 

implications for healthcare providers. Prompt and early antiviral 
treatment of high-risk and hospitalized patients with suspected 
influenza is particularly important when protection is subop-
timal [22]. Increasing and widespread influenza activity in the 
United States related to A(H3N2) viruses late in the 2018–2019 
season prompted the CDC to issue a national health advisory to 
alert clinicians to have a high suspicion for influenza, and rein-
force recommendations for antiviral treatment [8].

Several limitations of our study should be considered. The 
validity of observational VE studies depends on accurate clas-
sification of vaccination status and influenza infection [14]. 
Vaccination status for this analysis included self-report at 4 of 
5 sites, although documented vaccination status was used when 
available. Influenza infection was determined through system-
atic testing by highly specific molecular assays, and participants 
were enrolled within 7 days after illness onset when viral shed-
ding was highest, decreasing the likelihood of false-negative 
results. Second, viruses submitted for genetic characterization 
were not representative of all influenza A virus-positive speci-
mens because noncharacterized specimens had higher RT-PCR 
cycle threshold values, possibly corresponding with lower viral 
loads [23]. 

Owing to sample size, age group-specific estimates are less 
precise than overall estimates and have wide CIs when VE is 
low. As with any observational study, we cannot rule out un-
measured confounding as an explanation for our findings, al-
though it is unlikely that potential biases would differ among 
influenza virus subtypes or clades. These estimates are limited 
to the prevention of ambulatory care visits, rather than more 
severe illness outcomes, such as hospitalization or death; addi-
tional studies are needed to evaluate VE against more severe 
illness. Finally, other factors in addition to antigenic drift may 
have contributed to reduced VE against A(H3N2) viruses and 
warrant investigation.
In conclusion, annual monitoring of VE with increased use of 
genetic characterization of circulating influenza viruses sup-
ports ongoing efforts to improve influenza vaccines. The rapid 
spread of antigenically distinct A(H3N2) viruses during the 
2018–2019 season highlights the difficulty in ensuring anti-
genic match to optimize vaccine protection. Timely integration 
of clinical vaccine protection and virologic data may strengthen 
the evidence base for selecting influenza vaccine viruses and 
increase the probability that vaccine composition matches the 
predominant viruses.

Supplementary Data

Supplementary materials are available at The Journal of 
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 corre-
sponding author.
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