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Background. Circulating A/H3N2 influenza viruses drifted significantly after strain selection for the 2014-2015 vaccines. Also in
2014-2015, the Advisory Committee on Immunization Practices recommended preferential use of live attenuated influenza vaccine
(LAIV) over inactivated influenza vaccine (IIV) among children aged 2-8 years.

Methods. Vaccine effectiveness (VE) across age groups and vaccine types was examined among outpatients with acute respira-
tory illness at 5 US sites using a test-negative design, that compared the odds of vaccination among reverse transcription polymerase
chain reaction-confirmed influenza positives and negatives.

Results. Of 9311 enrollees with complete data, 7078 (76%) were influenza negative, 1840 (19.8%) were positive for influenza A
(A/H3N2, n=1817), and 395 (4.2%) were positive for influenza B (B/Yamagata, n = 340). The overall adjusted VE was 19% (95% con-
fidence interval [CI], 10% to 27%) and was statistically significant in all age strata except those aged 18-64 years. The adjusted VE of 6%
(95%CI, —5% to 17%) against A/H3N2-associated illness was not statistically significant, unlike VE for influenza B/Yamagata, which
was 55% (95%CI, 43% to 65%). Among those aged 2-8 years, VE against A/H3N2 was 15% (95%CI, —16% to 38%) for IIV and —3%
(CI, —50% to 29%) for LAIV; VE against B/Yamagata was 40% (95%CI, —20% to 70%) for IIV and 74% (95%CI, 25% to 91%) for LAIV.

Conclusions. The 2014-2015 influenza vaccines offered little protection against the predominant influenza A/H3N2 virus but were
effective against influenza B. Preferential use of LAIV among young children was not supported.
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Rapid changes in influenza vaccine science have occurred re-
cently. The potential impact of these changes on vaccine effec-
tiveness (VE) has not been thoroughly examined. For example,
quadrivalent influenza vaccine (containing 2 A strains and 2 B
lineages) is gaining market share compared with the older, tri-
valent vaccine (containing 2 A strains and 1 B lineage), but the
effect of this trend on VE is unknown. Second, a metaanalysis of
live attenuated influenza vaccine (LAIV) suggested superior VE
compared with inactivated influenza vaccine (IIV) among chil-
dren [1]. For the 2014-2015 influenza season only, the Advisory
Committee on Immunization Practices (ACIP) released recom-
mendations stating a preference for LAIV over IIV for children
aged 2-8 years [2]. In the 2013-2014 season, LAIV VE against
A/H1IN1pdm2009 [3] (A/HIN1) was poor. Furthermore, the
2014-2015 season was characterized by the emergence of an
A/H3N2 drifted virus that was associated with low VE in an
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early season estimate [4, 5], and with an earlier-than-normal
peak in influenza cases occurring in late December [6]. Thus,
the unpredictability of influenza epidemiology continues to ne-
cessitate effectiveness studies of available influenza vaccines in a
range of population subgroups.

In a related study, the US Flu VE Network reported the VE of
genetic subtypes of antigenically matched and drifted A/H3N2
influenza viruses circulating in 2014-2015 [7] but did not pro-
vide VE estimates for influenza overall by age groups or vaccine
type. The purposes of this study were to provide influenza VE
estimates against medically attended acute respiratory illness
(ARI) for influenza A and B; estimate VE in children aged
2-8 years by vaccine type; identify trends in trivalent vs quad-
rivalent vaccine use; and compare VE of the most widely avail-
able influenza vaccines, specifically standard-dose trivalent IIV
vs high-dose trivalent IIV and trivalent IIV vs quadrivalent IIV.

METHODS

Participants
Since the 2011-2012 influenza season, the US Flu VE Network

in Michigan, Pennsylvania, Texas, Washington, and Wisconsin
has enrolled participants seeking outpatient medical care for an
ARI with cough. Details of the sites, enrollment, and laboratory
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methods have been previously published [8, 9]. Briefly, after
confirmation of local influenza circulation in the 2014-2015
season, eligible patients with ARI onset <7 days prior who pre-
sented with cough were enrolled. Eligibility criteria included
date of birth before 1 March 2014, not taking influenza antiviral
medication in the previous 7 days, and not previously enrolled
within 14 days. After obtaining informed consent from patients
or parents/guardians for their children, participants were inter-
viewed to collect demographic data, general and current health
status, symptom and illness severity information, and 2014-
2015 influenza vaccination status. Presence of 1 or more high-
risk medical conditions in the previous 12 months, as defined
by the International Classification of Diseases, 9th Edition,
Clinical Modification [10], was extracted from electronic medi-
cal records (EMRs).

Vaccination Status

Current season vaccination status was self-reported at enroll-
ment and documented by review of EMRs, employee health re-
cords, and state or local immunization registries, collectively
termed electronic immunization records (EIRs). All participants
with EIR-documented 2014-2015 influenza vaccination >14
days prior to illness onset were considered vaccinated. Partici-
pants in Michigan, Pennsylvania, and Texas were additionally
considered vaccinated if they were able to report a plausible

place and time of vaccine receipt from an off-site provider with-
out vaccination records (plausible self-report), and participants
in Washington who reported any off-site vaccination >14 days
before illness onset were considered vaccinated [3]. Those vac-
cinated 0-13 days prior to illness onset were excluded. All other
participants were considered unvaccinated. Information on
prior seasons’ vaccine receipt was derived from EIRs.

2014-2015 Influenza Vaccine Formulation and Type

Recommended reference viruses for 2014-2015 northern hemi-
sphere vaccines were A/California/7/2009(HIN1), A/Texas/50/
2012(H3N2) (A/Victoria/361/2011-like), and B/Massachusetts/
2/2012 (B/Yamagata lineage); quadrivalent vaccines also con-
tained B/Brisbane/60/2008 (B/Victoria lineage) [11]. The
type of influenza vaccine received, including trivalent (IIV3)
or quadrivalent inactivated (IIV4) and quadrivalent live-
attenuated (LAIV) vaccines, and high dose or standard
dose, was derived from lot number, name of vaccine, manu-
facturer, and route of administration from EIR. For those with
only self-reported vaccination, influenza vaccine type was re-
corded from self or parental report at enrollment as either
“shot” or “nasal mist.”

Laboratory Methods
Participants who were aged >2 years provided nasal and throat
swabs (children aged <2 years provided nasal swabs only) for
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Figure 1. Distribution of enrollees by eligibility and vaccination status, analysis, influei

nza status and influenza type. Two enrollees were positive for both A/H3NZ and B.
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Table 1. Descriptive Characteristics of Participants With Medically Attended Acute Respiratory lliness by Influenza Case Status

Influenza-Negative Influenza-Positive A/H3N2 Positive Influenza B Positive
Controls Cases Cases Cases
N=7078 N=2233 N=1817 N =395
Characteristic N (Column %) N (Column %) N (Column %) N (Column %) PValue®
Site <.001
Michigan 1152 (16.3) 331 (14.8) 307 (16.9) 18 (4.6)
Pennsylvania 1024 (14.5) 469 (21.0) 424 (23.3) 42 (10.6)
Texas 1318 (18.6) 374 (16.8) 280 (15.4) 89 (22.5)
Washington 2272 (32.1) 500 (22.4) 416 (22.9) 82 (20.8)
Wisconsin 1312 (18.5) 559 (25.0) 390 (21.5) 164 (41.5)
Age, y <.001
6 mo-8 1946 (27.5) 473 (21.2) 396 (21.8) 72 (18.2)
9-17 950 (13.4) 392 (17.6) 306 (16.8) 80 (20.3)
18-49 2206 (31.2) 642 (28.8) 531 (29.2) 106 (26.8)
50-64 1118 (15.8) 378 (16.9) 281 (15.5) 94 (23.8)
>65 858 (12.1) 348 (15.6) 303 (16.7) 43 (10.9)
Male 2969 (42.0) 954 (42.7) 767 (42.2) 179 (456.3) .52
Race/ethnicity® .001
White, non-Hispanic 5182 (73.4) 1706 (76.6) 1397 (77.1) 300 (76.1)
Black, non-Hispanic 522 (7.4) 166 (7.5) 133 (7.3) 29 (7.4)
Hispanic 685 (9.7) 165 (7.0) 119 (6.6) 32 (8.1)
Other, non-Hispanic 673 (9.5) 199 (8.9) 162 (9.0) 33 (8.4)
High-risk condition in last 12 mo (/nternational Classification of Diseases, 9th Edition, Clinical Modification)
Any high-risk condition 2636 (37.2) 812 (36.4) 671 (36.9) 135 (34.2) 45
Asthma/pulmonary 1525 (21.6) 423 (18.9) 349 (19.2) 71 (18.0) .008
Cardiovascular 773 (10.9) 247 (11.1) 204 (11.2) 41 (10.4) .85
Diabetes 504 (7.1) 194 (8.7) 164 (9.0) 26 (6.6) .01
Morbid obesity (body mass index > 40 kg/m?) 527 (7.5) 161 (7.2) 125 (6.9) 35 (8.9) 71
Other 881 (12.5) 291 (13.0) 234 (12.9) 55 (13.9) 47
Interval from onset to enroliment <.001
0-2d 1904 (26.9) 964 (43.2) 839 (46.2) 118 (29.9)
3-4d 2771 (39.2) 836 (37.4) 638 (35.1) 191 (48.4)
5-7d 2403 (34.0) 433 (19.4) 340 (18.7) 86 (21.8)
Reported general health status® .006
Excellent/very good 4991 (70.6) 1671 (73.9) 1342 (74.2) 291 (73.7)
Good 1639 (23.2) 459 (20.3) 368 (20.3) 80 (20.3)
Fair/poor 442 (6.3) 123 (6.4) 99 (5.5) 24 (6.1)
Self/household exposure to smoke? 1248 (17.7) 295 (13.2) 229 (12.6) 63 (16.0) <.001
Number of children aged <12y in household® A7
0 4244 (60.0) 1346 (60.5) 1101 (60.9) 233 (69.0)
1 1672 (23.6) 489 (22.0) 398 (22.0) 86 (21.8)
>2 1156 (16.4) 390 (17.5) 310 (17.1) 76 (19.2)
Reported current health assessment, median (interquartile range)’
Scale 1 (worst)-100 (best) 60 (45-75) 50 (40-70) 50 (40-70) 50 (40-70) <.001
Vaccination status 2014-2015¢
Any inactivated vaccine 3438 (48.6) 962 (43.1) 823 (45.3) 130 (32.9)
Vaccinated with 11V3 1397 405 335" 66"
Vaccinated with 11IV4 1628 413 360" 4g"
Vaccinated with LAIV4 394 (5.6) 123 (6.5) 108 (5.9) 10 (2.5)
Vaccinated with other/unknown type 34 (0.5) 13 (0.6) 8(0.4) 5(1.3)
Unvaccinated 3212 (45.4) 1135 (50.8) 878 (48.3) 250 (63.3)

The interquartile range represents the 25th-75th percentile.

Abbreviations: 1IV3/4, inactivated influenza vaccine, trivalent/quadrivalent; LAIV4, live attenuated influenza vaccine.

2 The x? statistic was used to assess the differences between the number of persons with influenza-negative and influenza-positive test results with respect to the distributions of site, age
group, sex, race/ethnicity, presence of any high-risk condition, vaccination status, interval from illness onset to enrollment, general health status, smoke exposure in self/household, and number
of children aged <12 years in the household. The Wilcoxon Mann-Whitney test was used to assess differences with respect to the distribution of the current health assessment. P< .05 is

statistically significant and bolded.

© Data on race/ethnicity were missing for 23 enrollees.

¢ Data on general health status were missing for 14 enrollees.

9 Data on exposure to smoke were missing for 14 enrollees.

¢ Data on children aged <12 years in the household were missing for 14 enrollees.
f Data on current health assessment were missing for 17 enrollees.

9 Vaccination status (14 days or more prior to onset) determined by electronic immunization record (includes electronic medical records, employee health records, and state immunization

registry).
" Some influenza cases were caused by A/H1N1 influenza, were unsubtyped, or were coinfections.
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confirmation of influenza using real-time reverse transcription
polymerase chain reaction (RT-PCR) assays in US Flu VE Net-
work laboratories, as previously described [8, 9]. The influenza
outbreak period was unique to each site and was defined as the
time between the week of illness onset for the first RT-PCR-
positive case and the week of illness onset for the last influenza-
positive case collected.

Statistical Analyses
A test-negative design was used to estimate VE by comparing in-
fluenza vaccination status among influenza RT-PCR-positive
(case) and influenza-negative (control) participants [12, 13]. En-
rollees with inconclusive RT-PCR results, controls with illness
onset dates outside each site’s influenza outbreak period, and
children aged <9 years who were considered partially vaccinated
per 2014-2015 ACIP criteria [2] were excluded from analyses.
The primary analysis estimated VE against RT-PCR-
confirmed influenza-associated ARI in participants aged >6
months during the influenza A and B outbreak period. Logistic
regression models were used to calculate odds ratios (ORs) to
compare influenza-positive and influenza-negative participants;
VE was estimated as 100% X (1 — OR). For comparison with
previous season estimates [9], we calculated adjusted ORs in
models that include network site, participant age (by category

for overall VE or by year for age group-specific estimates), pres-
ence of any high-risk condition (vs none), and calendar time in
2-week intervals. Additional potential confounders, including
sex, race/Hispanic ethnicity, self- or parent-rated general health
status, and days from illness onset to specimen collection, did
not change the adjusted VE by >5%, which was the predeter-
mined threshold for inclusion [9]. Primary VE analyses used
vaccination status from EIR and plausible self-report. Separate
sensitivity analyses were performed that included only
self-reported doses; excluded participants with a plausible self-
report of vaccination that was not confirmed by EIR; and includ-
ed, but considered unvaccinated, participants with a plausible
self-report of vaccination that was not confirmed by EIR.

All reported tests were 2 sided, and a P value < .05 was con-
sidered statistically significant. VE estimates were considered
statistically significant if 95% confidence intervals (Cls) exclud-
ed 0. The Hosmer-Lemeshow test was used to assess goodness
of fit. Statistical analyses were conducted using SAS for Win-
dows (version 9.3, Cary, North Carolina).

RESULTS

At US Flu VE Network sites, 9710 participants aged >6 months
with ARI were enrolled from 10 November 2014 through
10 April 2015 (Figure 1). Of these, 399 were excluded from all

Table 2.
Estimates by Age Group and Influenza Type/Subtype

Percentage Vaccinated Among Influenza-Positive Cases and Test-Negative Controls and Unadjusted and Adjusted Vaccine Effectiveness

Influenza Positive Influenza Negative VE
VE
Influenza Type/Age No. Vaccinated/ No. Vaccinated/ Unadjusted Adjusted® Fully Adjusted®
Group Total % Total % % (95% Cl) % (95% Cl) % (95% Cl)
Influenza A and B
Overall 1098/2233 49.2 3866/7078 54.6 20 (12 to 27) 9 (10 to 27) 2 (13 to 30)
6 mo-8y 186/473 39.3 1013/1946 52.1 40 (27 to 51) 5 (6 to 40) 6 (7 to 41)
9-17y 137/392 35.0 391/950 41.2 23 (2 to 40) 5 (2 to 42) 6 (3 to 44)
1849y 272/642 42.4 996/2206 45.2 11 (=7 to 25) 7 (=12 to 33) 9 (=11 to 26)
50-64 y 229/378 60.6 739/1118 66.1 21 (0 to 38) 20 (-3 to 38) 25 (2 to 42)
>65y 274/348 78.7 727/858 84.7 33 (8to51) 32 (3to 52) 33 (3 to 54)
Influenza A/H3N2
Overall 939/1817 51.7 3866/7078 54.6 11 (2 to 20) 6 (-51t0 17) 11 (=1 to 21)
6 mo-8y 160/396 40.4 1013/1946 52.1 38 (22 to 50) 20 (-3 to 37) 23 (1 to 40)
9-17y 119/306 38.9 391/950 41.2 9 (-18 to 30) 7 (=26 to 31) 7 (—26 to 32)
18-49y 236/531 44.4 996/2206 45.2 3 (=18 to 20) -6 (=31 to 24) -3(-281t018)
50-64 y 176/281 62.6 739/1118 66.1 14 (-13 to 34) 12 (=19 to 34) 8 (—13 to 40)
>6by 248/303 81.9 727/858 84.7 19 (-15 to 42) 12 (=29 to 40) 5 (-28 to 43)
Influenza B/Yamagata
Overall 128/340 37.7 3866/7078 54.6 50 (37 to 60) 55 (43 to 65) 54 (41 to 64)
6 mo-8y 18/60 30.0 1013/1946 52.1 60 (31 to 77) 54 (17 to 74) 50 (9 to 72)
9-17y 9/60 15.0 391/950 41.2 75 (48 to 88) 7 (561 to 89) 77 (50 to 89)
18-49y 26/90 28.9 996/2206 45.2 51 (21 to 69) 5 (27 to 73) 3 (22 to 71)
50-64 y 52/90 57.8 739/1118 66.1 30 (-9 to 55) 4 (=20 to 52) 4 (-22 to 52)
>65y 23/40 875 727/858 84.7 76 (53 to 87) 74 (45 to 87) 74 (43 to 88)

Abbreviations: Cl, confidence interval; VE, vaccine effectiveness.
@ Adjusted for site, age (spline for all ages, years for age groups), calendar time, high risk.

® Fully adjusted model includes site, age (spline for all ages, years for age groups), race/Hispanic ethnicity, interval from onset to enrollment, sex, general self-rated health status, calendar time
(2-week intervals), any high-risk International Classification of Diseases, 9th Edition, Clinical Modification code in the year prior to enrollment.
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analyses due to inconclusive or unrepeatable influenza results
(n =32), incomplete vaccination of children (n = 179), vaccina-
tion 0-13 days before onset (n=148), and enrollment outside
of the combined-site epidemic period (n = 40). Of the 9311 an-
alyzed, 7078 (76%) were negative for influenza; of the remain-
der, 1840 were positive for influenza A and 395 were positive for
influenza B, including 2 participants coinfected with A/H3N2
and B viruses. Nineteen influenza A samples could not be sub-
typed. Of the remainder, more than 99% (n=1817) were
A/H3N2 and fewer than 1% (n =4) were A/HINI. Eighty-eight
percent (n=340) of influenza B infections were B/Yamagata,
12% (n =47) were B/Victoria, and 8 had no lineage identified.
Antigenic characterization of B virus specimens indicated that
86% (24/28) of B/Victoria lineage viruses and 100% (35/35) of
B/Yamagata lineage viruses were similar to the respective 2014~
2015 vaccine strains; whereas, more than 80% of A/H3N?2 viruses
belonged to a drifted genetic group [7].

The epidemic curve shows a large peak of cases in December,
with a smaller secondary peak in March (Supplementary
Figure 1). Influenza A/H3N2 was the dominant virus, causing
disease in November 2014 through February 2015, but B/Yama-
gata became the dominant virus in March 2015.

Detection of influenza virus infections varied by site, age,
race, presence of asthma or diabetes diagnosis ICD code in
year prior to enrollment, interval from ARI onset to enrollment,
general health status, exposure to cigarette smoke, and current
health assessment (P <.05; Table 1). The relative proportions of
influenza A and B varied across sites, and those with influenza
more often had diabetes, reported fewer days between ARI onset
and enrollment, reported less exposure to cigarette smoke, had a
lower score for current health assessment (ie, felt worse), and

were less frequently vaccinated.

Vaccine effectiveness was determined overall (A and B) by in-
fluenza A subtype and influenza B lineage and by age groups;
estimates are shown in Table 2. For influenza A and B com-
bined, the overall adjusted VE was 19% (CI, 10% to 27%)
against all medically attended influenza and was statistically sig-
nificant in all age groups except those aged 18-49 years. The
Hosmer-Lemeshow test showed that the goodness of fit was ac-
ceptable and similar for adjusted models.

VE against A/H3N2 was 6% (95% CI, —5% to 17%), and es-
timates were similar across age groups (Table 2), consistent with
a mismatch between the vaccine and circulating viruses. Overall
adjusted VE for influenza B/Yamagata was 55% (CI, 43% to
65%) and was similarly significant in all age strata except
those aged 50-64 years. Inclusion of the small number of influ-
enza B/Victoria cases did not change the adjusted VE for any B
virus (54%; CI, 43% to 64%). No effect modification due to
prior year vaccination status was observed (Table 3).

Distribution of Influenza Vaccine Type
Of the 4360 vaccinated participants with known vaccine type,
1733 (39.7%) received standard-dose IIV3, 69 (1.6%) received
high-dose 11V3, 2041 (46.8%) received standard-dose 1IV4,
and 517 (11.9%) received LAIV4 (Table 4). This distribution
represents a statistically significant change from the 2013-
2014 season in the US Flu VE Network in which 78% received
standard-dose IIV3, 0.3% received high-dose IIV3, 14% re-
ceived 1IV4, and 8% received LAIV4 (P <.001) [3]. Figure 2
shows the differences in the type of influenza vaccine given across
3 age groups—2-17 years, 18-64 years, and >65 years—in the
2013-2014 and 2014-2015 influenza seasons. Generally, the use
of IIV3 decreased, commensurate with increases in 1IV4 and
LAIV4.

Some differences in distribution of vaccine types across demo-
graphic groups were to be expected, given their recommendations

Table 3.
Status Among Patients Aged >9 Years

Unadjusted and Adjusted Vaccine Effectiveness Stratified by Combinations of Prior (2013-2014) and Current (2014-2015) Influenza Vaccination

Influenza-Positive Cases

Influenza-Negative Controls

Unadjusted Adjusted®

Vaccination Status No. Cases/ Row Total (%) No. Controls/ Row Total (%)  VE, % (95% Cl) VE, % (95% CI)
Influenza A/H3N2°

Vaccinated current 2014-2015 only 175/910 (19.2) 735/910 (80.8) 15 (-4 to 30) 8 (—14 to 26)

Vaccinated current 2014-2015 and prior 2013-2014 576/2564 (22.5) 1988/2564 (77.5) -4 (-19to9) -2 (=20 to 13)

Vaccinated prior 2013-2014 only 133/589 (22.6) 456/589 (77.4) -5(-30to 16) 3(-231023)

Not vaccinated either 2013-2014 or 2014-2015 461/2115 (21.8) 1654/2115 (78.2) REF REF
Influenza B/Yamagata®

Vaccinated current 2014-2015 only 23/758 (3.0) 735/758 (97.0) 61 (39 to 75) 59 (34 to 74)

Vaccinated current 2014-2015 and prior 2013-2014 85/2073 (4.1) 1988/2073 (95.9) 47 (30 to 60) 56 (39 to 68)

Vaccinated prior 2013-2014 only 21/477 (4.4) 456/477 (95.6) 43 (810 34) 43 (7 to 65)

Not vaccinated either 2013-2014 or 2014-2015 133/1787 (7.4) 1654/1787 (92.6) REF REF

Abbreviations: Cl, confidence interval; REF, reference; VE, vaccine effectiveness.

@ Adjusted for site, age (spline), any high-risk International Classification of Diseases, 9th Edition, Clinical Modification code in the year prior to enrollment, and calendar time.

° The P value for interaction of prior (2013-2014) and current (2014-2015) season vaccination was .40.

¢ The P value for interaction of prior (2013-2014) and current (2014-2015) season vaccination was .07.
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Table 4. Descriptive Characteristics of Participants With Medically Attended Acute Respiratory lliness by Influenza Vaccination Status

Characteristic All Vaccinated®  Standard-Dose 11V3° V4 High-Dose 11IV3 LAIV4 P Value®

All, no. (%)4 4360 1733 (39.7) 2041 (46.8) 69 (1.6) 517 (11.9)

Site <.001
Michigan 720 52 (7.2) 550 (76.4) 44 (6.1) 74 (10.3)
Pennsylvania 540 136 (25.2) 322 (59.6) 8(1.5) 74 (13.7)

Texas 603 80 (13.3) 446 (74.0) 14 (2.3) 63 (10.4)

Washington 1568 697 (44.5) 682 (43.5) 0(0) 189 (12.1)

Wisconsin 929 769 (82.7) 41 (4.4) 3(0.3) 117 (12.6)

Age <.001
6 mo-8y 1191 340 (28.5) 545 (45.8) 0(0) 306 (25.7)

6 mo-23 mo 309 128 (41.3) 181 (58.4) 0 (0) 0 (0)

2-8y 882 212 (24.0) 364 (41.2) 0(0) 306 (34.7)

917y 506 130 (25.7) 203 (40.1) 0(0) 173 (34.2)

1849y 956 469 (49.1) 449 (47.0) 1(0.1) 37 (3.9)

50-64y 791 418 (52.8) 372 (47.0) 1(0.1) 0(0)

>65y 916 376 (41.0) 472 (51.5) 67 (7.3) 1(0.1)

Male 1792 675 (37.7) 840 (46.9) 25 (1.4) 252 (14.1) <.001

Race/ethnicity® <.001
White, non-Hispanic 3354 1451 (43.3) 1472 (43.9) 57 (1.7) 374 (11.2)

Black, non-Hispanic 231 57 (24.7) 150 (64.9) 4(1.7) 20 (8.7)

Hispanic 314 57 (18.2) 192 (61.1) 6(1.9) 59 (18.8)

Other, non-Hispanic 426 135 (31.7) 226 (53.1) 2 (0.5) 63 (14.8)

High-risk condition <.001
Any high-risk condition 2029 838 (41.3) 1070 (562.7) 50 (2.5) 71 (3.5) <.001

Asthma/pulmonary 1088 439 (40.3) 582 (53.5) 14 (1.3) 53 (4.9) <.001
Cardiovascular 712 303 (42.6) 374 (52.5) 26 (3.7) 9(1.3) <.001
Diabetes 480 203 (42.3) 253 (62.7) 22 (4.6) 2 (0.4) <.001
Morbid obesity’ 353 165 (46.7) 180 (51.0) 3(0.8) 5 (1.4) <.001
Other 824 375 (45.5) 407 (49.4) 26 (3.2) 16 (1.9) <.001

Interval from onset to enrollment .001
0-2d 1294 486 (37.6) 605 (46.8) 18 (1.4) 185 (14.3)
3-4d 1646 631 (38.3) 790 (48.0) 28 (1.7) 197 (12.0)
5-7d 1420 616 (43.4) 646 (45.5) 23 (1.6) 135 (9.5)

Reported general health status® <.001
Excellent/very good 3008 1121 (37.3) 1390 (46.2) 35(1.2) 462 (15.4)

Good 1026 466 (45.4) 491 (47.9) 24 (2.3) 45 (4.4)

Fair/poor 320 145 (45.3) 156 (48.8) 10 (3.1) 9(2.8)
Self/household exposure to smoke” 519 242 (46.6) 207 (39.9) 2 (0.4) 68 (13.1) <.001
Number of children aged <12y in household' <.001

0 2766 1199 (43.3) 1320 (47.7) 66 (2.4) 181 (6.5)

1 965 311 (32.2) 444 (46.0) 3(0.3) 207 (21.5)

>2 628 222 (35.4) 277 (44.1) 0(0) 129 (20.5)

Reported current health assessment, median (interquartile range) <.001
Scale 1 (worst) — 100 (best) 60 (45-75) 55 (40-70) 60 (45-75) 60 (45-70) 65 (50-75)

Reverse transcription polymerase chain reaction—confirmed Influenza status 19
Positive 941 388 (41.2) 413 (43.9) 17 (1.8) 123 (13.1)

Negative 3419 1345 (39.3) 1628 (47.6) 52 (1.5) 394 (11.5)

The interquartile range represents the 25th-75th percentile.

Abbreviations: 11V, inactivated influenza vaccine; [IV3, trivalent inactivated influenza vaccine; 11V4, quadrivalent inactivated influenza vaccine; LAIV, live attenuated influenza vaccine.

@ Defined as having >1 dose of any influenza vaccine >14 days before iliness onset. Excludes 604 participants who received a vaccine of undetermined type.

° Among those who received standard-dose 11V3, 9 were cell culture 1IV3 and 1 was intradermal.

°The xz test statistic was used to assess differences by vaccine type received, with respect to the distributions of site, age group, sex, race/ethnicity, presence of high-risk conditions, interval
from illness onset to enroliment, general health status, self/nousehold smoke exposure, number of children <12 in the household, and reverse transcription polymerase chain reaction—
confirmed influenza positivity. The Kruskal-Wallis test was used to assess differences with respect to the distribution of the current health assessment. P< .05 is statistically significant

and bolded.
9 Data are presented as no. (row %).

¢ Data on race/ethnicity were missing for 5 participants.

fMorbid obesity was defined as a body mass index >40 kg/m? at enroliment or at least 1 International Classification of Diseases, 9th Edition, Clinical Modification code for morbid obesity in the

year prior to enrollment.

9 Data on general health status were missing for 6 participants.

" Data on exposure to smoke were missing for 5 participants.

' Data on children aged <12 years in the household were missing for 1 participant.
) Data on current health assessment were missing for 6 participants.
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Figure 2. Distribution of vaccine type among enrollees in 2013-2014 and 2014-2015. Abbreviations: HD, high does; 11V, inactivated influenza vaccine; 1IV3, trivalent inac-
tivated influenza vaccine; 1IV4, quadrivalent inactivated influenza vaccine; LAIV, live attenuated influenza vaccine.

for specific age groups. Vaccine type varied significantly across age
groups, with the number of children in the household, with the
presence of high-risk conditions, with the level of self-rated health,
and by sex, race/ethnicity, and exposure to cigarette smoke
(Table 4). Although there was no significant difference in the num-
ber of influenza cases across the vaccine types, some differences in
illness measures were observed, such as self-rated health, days be-
tween ARI onset and enrollment, and current health assessment.
Self-reported health at enrollment varied by vaccine type, with the
lowest ratings among standard-dose IIV3 recipients.

Influenza Vaccine Effectiveness by Vaccine Type

VE estimates by vaccine type were conducted using 1817
A/H3N2-positive, 340 B/Yamagata-positive, and 7078 influenza
test-negative participants and were specific to the age groups
for which the various vaccine types are recommended. Adjusted
VE against A/H3N2 did not vary significantly by vaccine type,
with all CIs including zero (Figure 3A). For B/Yamagata, which
is contained in both trivalent and quadrivalent vaccines, point
estimates for adjusted VE within each age group were similar
and ClIs overlapped across vaccine types (Figure 3B). However,
the VE against B/Yamagata was not statistically significant for
IIV4 in those aged 18-64 years. Of note, no cases of B/Yamagata
occurred among high-dose IIV3 recipients (VE = 89%; CI, 47%
to 100% by exact logistic regression). Overall adjusted VE for
influenza B remained significant at 54% (CI, 43% to 64%),
with no differences between VE for IIV3 and IIV4 in both 2-
17 and 18-64 year-old age groups (data not shown).

VE against A/H3N2 was 13% (CI, —9% to 30%) for any IIV
and —5% (CI, —40% to 21%) for LAIV among those aged 2-17
years. VE against B/Yamagata was 66% (CI, 41% to 80%) for
any IIV and 76% (CI, 43% to 90%) for LAIV in the same age

group. Among those aged 2-8 years, VE against A/H3N2 was
15% (CI, —16% to 38%) for IIV and —3% (CI, —50% to 29%)
for LAIV; VE against B/Yamagata was 40% (CI, —20% to
70%) for IIV and 74% (CI, 25% to 91%) for LAIV.

Sensitivity analyses were conducted to test the effect of differ-
ent vaccination-reporting methods on VE. Adjusted VE against
A/H3N2 was 3% (CI, —11% to 16%) for self-reported vaccina-
tion only (Supplementary Table 1) vs 12% (CI, 1% to 22%) for
EIR-documented vaccination only, vs 10% (CI, —2% to 20%) for
plausible self-reported vaccination excluded. Against B/Yamaga-
ta, the adjusted VE was 46% (CI, 25% to 62%) for self-reported
vaccination only vs 53% (CI, 39% to 63%) for EIR-documented
vaccination only, vs 55% (CI, 42% to 65%) for plausible self-
reported vaccination excluded.

DISCUSSION

For the past 4 years, the US Flu VE Network has provided ef-
fectiveness estimates for seasonal influenza vaccine [3,4,8,9,11,
14, 15] for the purposes of monitoring and guiding influenza
vaccine policy. These 4 influenza seasons have differed from
each other in terms of timing and severity of the epidemic,
from the relatively mild 2011-2012 season, with peak incidence
in March, to moderately severe seasons from 2012-2013
through 2014-2015, with peak incidence in late December to
early January [6]. The predominant influenza A virus and VE
have also varied by season, from 39% against A/H3N2 during
2011-2012 [8, 9] to 51% against A/HINI in 2013-2014 [3].
VE estimates for influenza B viruses have simultaneously varied
from 51% to 66% [8,9].In 2014-2015, the vaccine was ineffec-
tive at 6% VE against the predominant A/H3N2 strain due to
significant drift [7]. Later in March, B/Yamagata became dom-
inant and the VE was significant at 55% (CI, 43% to 65%).
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Figure 3. A, Adjusted vaccine effectiveness against influenza A/H3NZ2 by age group and vaccine type. Confidence intervals (Cls) for those aged 217 years: any inactivated
influenza vaccine (V) (=9, 30); live attenuated influenza vaccine (LAIV) (—40, 20); for those aged 18—64 years: any IV (—19, 16); standard-dose trivalent IV (IIV3SD) (—15, 30);
quadrivalent IV (IIV4) (—23, 24); for those aged >65 years: any IIV (=30, 40); standard-dose trivalent IV (IIV3SD) (—25, 54); high-dose trivalent IV (IIV3HD) (82, 66); [IV4 (52,
43). B, Adjusted vaccine effectiveness against influenza B/Yamagata by age group and vaccine type. There were no cases of high-dose trivalent IIV. Cls for those aged 2-17
years: any IV (41, 80); LAIV (43, 90); for those aged 18-64 years: any IIV (59, 20); IV3SD (16, 64); IV4 (—8, 65); for those aged >65 years: any IV (47, 88); IV3SD (31, 89); IIV3HD

(47, 100); 11v4 (40, 92).

These results highlight the importance of vaccinating through-
out the influenza season because the vaccine may protect
against a second wave of influenza.

The changing landscape of available influenza vaccines also
suggests the need for VE estimates by vaccine type. Across US
Flu VE Network sites, small increases in LAIV and high-dose
IIV3 use were reported in addition to a large increase in I1IV4,
with a correspondingly large decease in ITV3. In 2014-2015, the
B/Yamagata lineage predominated over B/Victoria, and B/

Yamagata was included in both the trivalent and quadrivalent
vaccine types. Consequently, overall IIV4 VE was similar to
that of ITV3, consistent with previous US Flu VE Network find-
ings [3, 8, 9]. Given the uncertainty of predicting which B line-
age will circulate in any given year, a quadrivalent vaccine
obviates the possibility of a mismatch between vaccine and cir-
culating B lineages.

Although previous studies [1, 16] have suggested that LAIV
has greater VE than IIV in young children, several recent studies
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have not supported those findings. LAIV had low VE in 2013-
2014 [3, 17, 18], possibly due to the heat instability of the
A/HINTI [19, 20] construct, which was changed for the 2015-
2016 vaccine. A review of LAIV VE over several past years of
the US Flu VE Network also failed to find superiority of
LAIV [21]. While LAIV has been reported to have higher VE
than IIV during drift seasons [22], LAIV and IIV VE did not
differ statistically among children aged 2-8 years in the 2014-
2015 season. Thus, the cuamulative US Flu VE Network data did
not suggest superior effectiveness of LAIV over IIV in young
children following the clinical trials. With the current ACIP rec-
ommendation not to use LAIV during the 2016-2017 season
(from the opposite of an LAIV preference in 2014-2015) [2,
11], there may be little opportunity to evaluate LAIV effective-
ness in the coming season in the United States. However, offer-
ing choice of vaccine type (eg, either LAIV or IIV) has been
shown to increase vaccine uptake [23], resulting in protection
for a larger number of people.

Strengths and Limitations

The strengths of this study include the fact that the US Flu VE
Network is a multistate effort that offers a substantial sample
size. Furthermore, the study used the test-negative design with
an established, highly specific RT-PCR diagnostic test. While it
can be difficult to confirm adult influenza vaccinations that are
administered at occupational health programs and pharmacies,
we used a previously published method to determine plausible
self-report of vaccination [3]. Self-reported vaccination status
by adults has been shown to be reliable [24], and sensitivity anal-
yses with only EIR-documented vaccinations did not materially
change VE estimates, confirming the validity of this method. Re-
sidual unmeasured confounding cannot be ruled out in an obser-
vational study, even with the use of sophisticated regression
analyses. Finally, small numbers were enrolled with some new in-
fluenza vaccine types (eg, high-dose IIV3).

CONCLUSIONS

Although the mismatch between the circulating A/H3N2 influ-
enza strains and the 2014-2015 influenza vaccine strains result-
ed in low VE against the A strains, VE was high against
influenza B. In this year with mostly a B/Yamagata lineage,
quadrivalent vaccine was not shown to be more effective than
trivalent vaccine and LAIV was not more effective than IIV
among young children.

Supplementary Data

Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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