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IMPORTANCE Influenza virus infections declined globally during the COVID-19 pandemic.
Loss of natural immunity from lower rates of influenza infection and documented antigenic
changes in circulating viruses may have resulted in increased susceptibility to influenza virus
infection during the 2021-2022 influenza season.

OBJECTIVE To compare the risk of influenza virus infection among household contacts of
patients with influenza during the 2021-2022 influenza season with risk of influenza virus
infection among household contacts during influenza seasons before the COVID-19 pandemic
in the US.

DESIGN, SETTING, AND PARTICIPANTS This prospective study of influenza transmission
enrolled households in 2 states before the COVID-19 pandemic (2017-2020) and in 4
US states during the 2021-2022 influenza season. Primary cases were individuals with
the earliest laboratory-confirmed influenza A(H3N2) virus infection in a household.
Household contacts were people living with the primary cases who self-collected nasal swabs
daily for influenza molecular testing and completed symptom diaries daily for 5 to 10 days
after enrollment.

EXPOSURES Household contacts living with a primary case.

MAIN OUTCOMES AND MEASURES Relative risk of laboratory-confirmed influenza A(H3N2)
virus infection in household contacts during the 2021-2022 season compared with
prepandemic seasons. Risk estimates were adjusted for age, vaccination status, frequency of
interaction with the primary case, and household density. Subgroup analyses by age,
vaccination status, and frequency of interaction with the primary case were also conducted.

RESULTS During the prepandemic seasons, 152 primary cases (median age, 13 years; 3.9%
Black; 52.0% female) and 353 household contacts (median age, 33 years; 2.8% Black; 54.1%
female) were included and during the 2021-2022 influenza season, 84 primary cases
(median age, 10 years; 13.1% Black; 52.4% female) and 186 household contacts (median age,
28.5 years; 14.0% Black; 63.4% female) were included in the analysis. During the
prepandemic influenza seasons, 20.1% (71/353) of household contacts were infected with
influenza A(H3N2) viruses compared with 50.0% (93/186) of household contacts in
2021-2022. The adjusted relative risk of A(H3N2) virus infection in 2021-2022 was 2.31
(95% CI, 1.86-2.86) compared with prepandemic seasons.

CONCLUSIONS AND RELEVANCE Among cohorts in 5 US states, there was a significantly
increased risk of household transmission of influenza A(H3N2) in 2021-2022 compared with
prepandemic seasons. Additional research is needed to understand reasons for this association.
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I n spring 2020, after widespread adoption of measures to
mitigate transmission of SARS-CoV-2, the virus that
causes COVID-19, influenza virus circulation in the US

declined to historically low levels.1 Antibodies, either natu-
rally acquired or vaccine-induced, are important for the
immune response to influenza virus infection but wane over
time.2-6 In the absence of periodic exposure, either to sea-
sonal influenza viruses or through vaccination with strains
well-matched to circulating viruses each influenza season,
population susceptibility to influenza might increase and the
return of widespread seasonal influenza transmission may
result in large epidemics.7-9

Since 2017, the Centers for Disease Control and Preven-
tion (CDC) has conducted studies of influenza transmission
within households, with protocols that include daily follow-up
and detailed contact surveys. These studies were used to test
the hypothesis that people who are household contacts of pa-
tients with influenza may have greater risk of infection dur-
ing the 2021-2022 season compared with prepandemic sea-
sons. This study compared the risk of influenza virus infection
among household contacts of patients with influenza during
the 2021-2022 influenza season with risk of influenza virus
infection among household contacts in seasons before the
COVID-19 pandemic in the US.

Methods
Study Design
Two case-ascertained household transmission studies for in-
fluenza were conducted in the US: one during 2017-2020 in
Tennessee and Wisconsin and the second during 2021-2022
in Arizona, New York, North Carolina, and Tennessee. Study
protocols and procedures were reviewed and approved by the
institutional review boards at the Marshfield Clinic Research
Institute (2017-2020) and Vanderbilt University (2017-2020 and
2021-2022). All enrolled participants provided written or ver-
bal informed consent or assent prior to study activities.

Individuals with laboratory-confirmed influenza virus in-
fection (index cases) were identified and recruited from am-
bulatory clinics, emergency departments, or other settings that
performed influenza testing. Index cases with acute illness of
less than 5 days’ duration who lived with at least 1 other per-
son who was not currently ill were eligible to participate. The
index case and their household contacts were enrolled within
7 days of the index case’s illness onset and followed up for 5
days (2017-2020 in Wisconsin), 7 days (2017-2020 in
Tennessee), or 10 days (2021-2022 at all sites). The current
analysis was restricted to no more than 7 days of follow-up.

Sample Collection and Surveys
Nasal swabs were self-/parent-collected daily during follow-
up and tested for influenza using reverse transcriptase quan-
titative polymerase chain reaction (RT-qPCR). During
2017-2020, RT-qPCR was conducted at Marshfield Clinic
Research Institute and Vanderbilt University using the CDC
Human Influenza Virus Real-Time RT-PCR Diagnostic Panel,
Influenza A/B Typing Kit with the SuperScript III Platinum

One-Step qRT-PCR Kit (Invitrogen) on the StepOnePlus or
QuantStudio 6 Flex (Applied Biosystems). Subtyping of
influenza A–positive specimens was performed using the CDC
Human Influenza Virus Real-Time RT-PCR Diagnostic Panel,
Influenza A Subtyping Kit with the SuperScript III Platinum
One-Step qRT-PCR Kit System on the MagNA Pure LC 2.0 plat-
form (Roche). For the 2021-2022 season, influenza was de-
tected using the Flu A/B/RSV Assay on the Panther Fusion Sys-
tem (Hologic), an RT-qPCR assay. Whole-genome sequencing
was conducted at the University of Michigan to determine in-
fluenza virus subtype during the 2021-2022 season.

Questionnaires were administered by study staff or self-
administered. Questionnaires measured age, self-reported race,
self-reported ethnicity, household characteristics, self-
reported medical history, self-reported symptoms in the week
prior to enrollment, and self-reported influenza vaccination
for the current season. Race and ethnicity data were col-
lected as required for federally funded studies and partici-
pants could select all options that applied; race categories in-
cluded American Indian or Alaska Native, Asian, Black or
African American, Native Hawaiian or Other Pacific Islander,
White, unknown, or prefer not to answer, while ethnicity cat-
egories included Hispanic or Latino, not Hispanic or Latino, un-
known, or prefer not to answer. At enrollment, all partici-
pants reported frequency and type of interaction with every
other household member at 2 points: the day before the in-
dex case developed symptoms (as a proxy for general contact
patterns) and the day before enrollment (after the index case
was known to have influenza and was likely infectious). The
survey collected information about time spent in the same
room as the individual (<1 hour, 1-4 hours, and >4 hours) and
whether there was physical contact (eg, touching, hugging,
kissing). Influenza vaccination was self-reported at enroll-
ment and was included if both date and location of vaccina-
tion were provided. Participants who reported vaccination less
than 14 days prior to enrollment or who reported unknown vac-
cination were considered unvaccinated. The number of people
per bedroom in each household (household density) was cal-
culated. Self-administered daily questionnaires measured
symptoms during follow-up.

Key Points
Question What is the risk of influenza A(H3N2) virus infection
among household contacts of patients diagnosed with influenza
during the 2021-2022 season compared with influenza seasons
before the COVID-19 pandemic?

Findings In this study of household transmission of influenza
A(H3N2) viruses, which included 84 households from the
2021-2022 season and 152 households from 2 seasons prior to the
COVID-19 pandemic, 50.0% of household contacts were infected
during the 2021-2022 season vs 20.1% during prior seasons
(adjusted relative risk, 2.31).

Meaning Among cohorts in 5 US states, there was a significantly
increased risk of household transmission of influenza A(H3N2) in
2021-2022 compared with prior seasons.
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Statistical Analysis
Analyses were restricted to households affected by influenza
A(H3N2) viruses, to contacts who provided nasal swab speci-
mens on at least 4 days, and to household contacts with
complete data for covariates of interest. Within a house-
hold, the person(s) with influenza virus infection who had
the first illness onset was considered the primary case; indi-
viduals could be co-primary cases if they shared the same
illness onset date with another person in the household.
Only contacts from households with a single primary case
were included in analyses. Analyses focused on people who
were household contacts of the primary case. Characteristics
of participants were compared across study periods, using
2-sided Fisher exact tests where P values were reported
(P values <.05 were considered significant).

The risk of laboratory-confirmed influenza A(H3N2)
virus infection among household contacts was compared by
study period (2021-2022 vs prepandemic) using modified
Poisson regression and generalized estimating equations to
account for household clustering. Estimated relative risks of
infection were adjusted for household density, age of the
contact, current season influenza vaccination in the contact,
and time spent in the same room as the primary case the day
before enrollment.

Planned subgroup analyses were conducted by fitting 3 ad-
justed models with an interaction between study period and
age of the household contact, influenza vaccination status of
the household contact, or interaction with the primary case
(defined by the amount of time the household contact spent
in the same room as the primary case after the primary case’s
illness onset). Because some sites were not represented across
all study periods, a prespecified sensitivity analysis was per-

formed using data from Tennessee, which enrolled partici-
pants in both study periods. Additional sensitivity analyses
were conducted by modeling household infection risk by year
(with 2018-2019 season as the reference). Analyses were con-
ducted using R (version 4.0.4).10

Results
Study Population
During 2017-2020, 708 households were enrolled into the in-
fluenza virus transmission study and 98 households were
enrolled during 2021-2022 (Figure 1). Influenza A(H3N2) vi-
ruses were detected during the influenza seasons spanning
2017-2018, 2018-2019, and 2021-2022 (eFigure in Supple-
ment 1). Four contacts (<1% of enrolled participants) were ex-
cluded due to missing data on the amount of time spent in the
same room as the primary case. No other household contacts
were missing covariate data. After applying exclusion crite-
ria, there were 236 households and 539 household contacts in-
cluded in the analysis (eTable 1 in Supplement 1).

Participants (both primary cases and household con-
tacts) in the prepandemic and 2021-2022 seasons were simi-
lar with respect to household size, age, and sex (Table; eTable 2
in Supplement 1). Among people who were household con-
tacts, racial and ethnic groups differed significantly between
periods (P < .001) and influenza vaccination was signifi-
cantly lower among people who were household contacts dur-
ing the 2021-2022 season (P = .008) compared with prepan-
demic seasons. During the 2021-2022 season, people who were
household contacts more frequently reported spending lon-
ger periods in the same room as the primary case on the day

Figure 1. Inclusion and Exclusion of Households and Individuals in the Case-Ascertained Household Study of Influenza Virus Infection in the US

2021-2022 Influenza seasonA

84 Households included in the analysis
(270 individuals [84 primary cases
and 186 household contacts])

6 Households (18 individuals) with first nasal
swab >7 d after index case onset excluded

65 Households (220 individuals) with first nasal
swab >7 d after index case onset excluded

487 Households (1596 individuals)
not affected by A(H3N2)

8 Households excluded
6 With <4 specimens (45 individuals)
2 With co-primary cases (5 individuals)

2 Additional individuals missing data
on covariates excluded

4 Households excluded

2 Additional individuals missing data
on covariates excluded

3 With co-primary cases (13 individuals)
1 With <4 specimens (7 individuals)

2017-2020 Influenza seasonsB

98 Households (340 individuals) enrolled
in the 2021-2022 influenza season

708 Households (2343 individuals) enrolled in the
2017-2018 and 2018-2019 influenza seasons

152 Households included in the analysis
(505 individuals [152 primary cases
and 353 household contacts])

92 Households (322 individuals) assessed 643 Households (2123 individuals) assessed

92 Households (322 individuals) affected
by A(H3N2)

156 Households (527 individuals) affected
by A(H3N2)
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Table. Characteristics of Primary Cases and Their Household Contacts Affected by Influenza A(H3N2) Viruses Before the COVID-19 Pandemic
(2017-2018 and 2018-2019 Influenza Seasons) and During the 2021-2022 Influenza Season, US

No. (%)a

2021-2022 Influenza season Prepandemic influenza seasons, 2017-2018 and 2018-2019

Primary case Contact Primary case Contact
No. 84 186 152 353

Household size, median (IQR) 4.0 (3.0-4.3) 4.0 (3.0-5.0)

Household density, individuals per bedroom, median (IQR) 1.3 (1.0-2.1) 1.0 (1.0-1.3)

State

Arizona 3 (3.6) 7 (3.8)

North Carolina 2 (2.4) 3 (1.6)

New York 43 (51.2) 102 (54.8)

Tennessee 36 (42.9) 74 (39.8) 83 (54.6) 168 (47.6)

Wisconsin 69 (45.4) 185 (52.4)

Race and ethnicityb

Asian, non-Hispanic 1 (1.2) 2 (1.1) 4 (2.6) 5 (1.4)

Black, non-Hispanic 11 (13.1) 26 (14.0) 6 (3.9) 10 (2.8)

Hispanic or Latino 41 (48.8) 99 (53.2) 14 (9.2) 27 (7.6)

Native Hawaiian or Other Pacific Islander, non-Hispanic 0 0 0 1 (0.3)

White, non-Hispanic 26 (31.0) 43 (23.1) 125 (82.2) 305 (86.4)

Multiple races, non-Hispanic 1 (1.2) 5 (2.7) 3 (2.0) 5 (1.4)

Unknown or refused 4 (4.8) 11 (5.9) 0 0

Age, y

Median (IQR) 10.0 (5.0-25.0) 28.5 (11.0-40.0) 13.0 (8.0-38.0) 33.0 (11.0-44.0)

0-4 17 (20.2) 11 (5.9) 19 (12.5) 26 (7.4)

5-11 29 (34.5) 37 (19.9) 42 (27.6) 70 (19.8)

12-17 15 (17.9) 20 (10.8) 38 (25.0) 48 (13.6)

18-49 15 (17.9) 95 (51.1) 28 (18.4) 157 (44.5)

50-64 4 (4.8) 12 (6.5) 15 (9.9) 38 (10.8)

≥65 4 (4.8) 11 (5.9) 10 (6.6) 14 (4.0)

Sex

Female 44 (52.4) 118 (63.4) 79 (52.0) 191 (54.1)

Male 40 (47.6) 68 (36.6) 73 (48.0) 162 (45.9)

Influenza vaccination

Unvaccinated 43 (51.2) 101 (54.3) 72 (47.4) 149 (42.2)

Vaccinated 41 (48.8) 85 (45.7) 80 (52.6) 204 (57.8)

Influenza A(H3N2) virus infection 84 (100.0) 93 (50.0) 152 (100.0) 71 (20.1)

Took influenza antiviralsc 28 (33.3) 7 (3.8) 73 (48.0) 47 (13.3)

Time spent in same room, before symptom onsetd

No time or <1 h 18 (9.7) 50 (14.2)

1-4 h 34 (18.3) 84 (23.8)

>4 h 134 (72.0) 219 (62.0)

Physical contact, before symptom onsete

No time spent in the same room 5 (2.7) 13 (3.7)

Time in same room, no physical contact 22 (11.8) 68 (19.3)

Time in same room, with physical contact 159 (85.5) 271 (77.0)

Time spent in same room, after symptom onsetd

No time or <1 h 24 (12.9) 68 (19.3)

1-4 h 29 (15.6) 88 (24.9)

>4 h 133 (71.5) 197 (55.8)

Physical contact, after symptom onset (%)e

No time spent in the same room 5 (2.7) 14 (4.0)

Time in same room, no physical contact 29 (15.6) 120 (34.0)

Time in same room, with physical contact 152 (81.7) 219 (62.0)
a Demographic characteristics of primary cases and their household contacts

enrolled during individual seasons (2017-2018, 2018-2019, and 2021-222) are
presented in eTable 1 in Supplement 1.

b Race and ethnicity were self-reported by participants using closed-ended
questions. Participants could choose more than 1 race option.

c Influenza antivirals include oseltamivir, baloxavir, zanamivir, and peramivir.
d Time spent in the same room as the primary case was reported in closed

categories with options as reported here.
e Physical contact with the primary case was solicited with the examples

(eg, hugging, kissing, touching).
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before enrollment (after the household knew the primary case
had influenza virus infection; 72% spent >4 hours with the pri-
mary case during the 2021-2022 season vs 56% during the pre-
pandemic seasons, P = .001). These results were consistent be-
tween primary cases aged 0 to 17 years with results in primary
cases aged 18 and older and were consistent between house-
hold contacts aged 0 to 17 years with household contacts aged
18 and older (eTable 3 in Supplement 1). A greater proportion
of household contacts reduced interactions during the 2017-
2018 and 2018-2019 seasons compared with the 2021-2022 sea-
son (eTable 4 in Supplement 1). People who were household
contacts during the 2021-2022 season also reported signifi-
cantly more physical contact with the primary case after the
primary case’s illness onset (82% vs 62% during prepan-
demic seasons, P < .001).

Risk of Infection Among Household Contacts
Among people who were household contacts, 20.1% (71/353)
were infected during the prepandemic seasons compared
with 50.0% (93/186) during the 2021-2022 season (P < .001).
During prepandemic seasons, 90.1% of laboratory-confirmed
infected contacts reported any symptoms compared with
78.5% of infected contacts from the 2021-2022 season. Of
contacts infected during prepandemic seasons, 63.4%
reported 2 or more symptoms including fever with cough or
sore throat compared with 46.2% of contacts infected during
the 2021-2022 season (eTable 5 in Supplement 1). Adjusting
for the age of the contact, whether the household contact
had received the seasonal influenza vaccine, household den-
sity, and the amount of interaction the contact had with the

primary case after the primary case’s illness onset, the rela-
tive risk of laboratory-confirmed A(H3N2) virus infection
among household contacts during the 2021-2022 season was
2.31 (95% CI, 1.86-2.86; Figure 2; eTable 6 in Supplement 1).
Results were similar when infection risk was examined by
season, with significantly higher risk of infection among
household contacts during the 2021-2022 season compared
with the 2018-2019 season (21.7% in 2018-2019 vs 50.0% in
2021-2022; adjusted relative risk, 2.15 [95% CI, 1.73-2.66];
eTable 7 in Supplement 1).

Subgroup and Sensitivity Analyses
Prior to the COVID-19 pandemic and during the 2021-2022 sea-
son, the risk of infection with influenza was highest among
household contacts aged younger than 5 years and lowest
among household contacts aged 18 to 64 years (Figure 2),
though there was no statistically significant modification of
the association of study period with household transmission
by age. Influenza vaccination among household contacts sig-
nificantly attenuated the relative increase in infection risk seen
in the 2021-2022 season (P for interaction < .001); however,
the infection risk among vaccinated household contacts dur-
ing the 2021-2022 season still remained elevated (40.0%) com-
pared with prepandemic seasons (22.1%) (Figure 2; eTable 6
in Supplement 1). There were also significant differences in
infection risk by duration of time spent in the same room
as the primary case; the higher risk of infection observed in
2021-2022 occurred primarily among contacts who spent
1 hour or longer in the same room as the primary case the day
before enrollment (Figure 2, P for interaction for 1-4 hours of

Figure 2. Risk of Influenza A(H3N2) Virus Infection Among Household Contacts During the 2021-2022 Influenza Season Compared With
Influenza Seasons Before the COVID-19 Pandemic (2017-2018 and 2018-2019)

Greater risk
of infection

prepandemic

Greater risk
of infection in
2021-2022

0.2 61
Adjusted relative risk (95% CI)

2021-2022
Influenza season
No. of
contacts

No. of infected
contacts (%)

Pre–COVID-19 influenza
seasons (2017-2018 and
2018-2019)
No. of
contacts

No. of infected
contacts (%)

Adjusted relative
risk of infection
for 2021-2022
vs prepandemic
seasons (95% CI)a

186 35393 (50.0) 71 (20.1)Overall 2.31 (1.86-2.86)

Age, y

11 268 (72.7) 10 (38.5)0-4 1.69 (1.17-2.46)

37 7018 (48.6) 17 (24.3)5-11 1.98 (1.34-2.94)

Current season influenza vaccination

101 14959 (58.4) 26 (17.4)Unvaccinated 3.26 (2.63-4.04)

85 20434 (40.0) 45 (22.1)Vaccinated 1.66 (1.20-2.28)

20 4811 (55.0) 9 (18.8)12-17 2.45 (1.61-3.72)

Contact with primary case after symptom onset

24 684 (16.7) 13 (19.1)No time or <1 h 0.83 (0.34-2.07)

29 8814 (48.3) 14 (15.9)1-4 h 2.99 (2.03-4.40)

133 19775 (56.4) 44 (22.3)>4 h 2.50 (1.98-3.16)

95 15744 (46.3) 24 (15.3)18-49 2.74 (2.16-3.48)

12 385 (41.7) 7 (18.4)50-64 2.07 (1.00-4.28)

11 147 (63.6) 4 (28.6)≥65 2.21 (1.49-3.29)

a Regression models accounted for household clustering and were adjusted for
household density, age of the household contact, current season influenza

vaccination in the contact, and time spent in the same room as the primary
case on the day before study enrollment.
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interaction time = .01 and P for >4 hours of interaction
time = .02; eTable 6 in Supplement 1).

In a sensitivity analysis restricting the assessment to house-
holds enrolled in Tennessee, which enrolled participants with
relatively stable demographic characteristics during both study
periods (eTable 8 in Supplement 1), there continued to be sig-
nificantly higher risk of infection during the 2021-2022 sea-
son (24% prepandemic vs 43% in 2021-2022; adjusted rela-
tive risk, 1.81 [95% CI, 1.18-2.76]).

Discussion
In this study, 50% of household contacts of patients with in-
fluenza were infected in 2021-2022 compared with 20% of
household contacts during influenza seasons before the
COVID-19 pandemic. The significantly increased risk of house-
hold infection with influenza during the 2021-2022 season was
also higher than estimates reported from other influenza
household transmission studies.5,11

There are several potential reasons that the risk of intra-
household influenza virus infection during the 2021-2022 sea-
son was higher than in previous seasons. First, antibodies
against influenza, whether naturally acquired or vaccine-
induced, may have declined, or waned, over the 3 years since
the last time the US population was widely exposed to A(H3N2)
viruses in 2018-2019.2,5,12 Seroprevalence studies suggested
that approximately 14% of antibodies acquired from infec-
tion wane within a year. Therefore, during a 3-year period with-
out substantial population exposure, antibody titers could be
considerably lower than initial levels.5

Second, reductions in seasonal influenza vaccination dur-
ing the COVID-19 pandemic may have contributed to in-
creased population susceptibility.9,13 While influenza vacci-
nation was relatively stable since 2019 in the US, with
approximately 55% of the US population receiving an influ-
enza vaccination during the 2021-2022 season, there were
lower rates of vaccination among children, and there may have
been individual-level changes in vaccination behavior not mea-
sured by population-level surveys.14

Third, the match between the virus antigens in the an-
nual vaccine and circulating influenza viruses can affect the
incidence of seasonal influenza.15,16 The A(H3N2) viruses that
circulated during the 2021-2022 season were from a genetic
subgroup (3C.2a1b.2a.2, referred to as 2a.2 viruses) that
emerged early in 2021 and were antigenically drifted from the
A(H3N2) virus included in the 2021-2022 northern hemi-
sphere influenza vaccine.17,18 While laboratory studies show
that the 2a.2 viruses may evade neutralization by vaccine-
induced antibodies, there was evidence that influenza vacci-
nation during the 2021-2022 season was associated with lower
odds of an individual seeking outpatient medical care for an
illness by 35%, similar to vaccine effectiveness estimates in
prior seasons predominated by influenza A(H3N2) viruses.18,19

In the current household study, the rate of influenza infec-
tion during the 2021-2022 season was 40.0% among people
who received an influenza vaccine during the 2021-2022 in-
fluenza season compared with 58.4% among people who did

not receive an influenza vaccine during the 2021-2022 influ-
enza season.

Patterns of population mixing in the US have also changed
over the COVID-19 pandemic, with people generally spend-
ing more time at home.20,21 More frequent interaction with an
infected host would be expected to increase infection risk and,
in 2021-2022, household contacts reported spending more time
in the same room with others compared with influenza sea-
sons before the pandemic. During the 2021-2022 influenza sea-
son, once the household knew the primary case had influ-
enza, household contacts continued to report frequent
interaction with the primary case, whereas there was a more
pronounced decline in interaction among the enrolled house-
holds during the prepandemic seasons. The emergence of the
Omicron variant and subvariants of SARS-CoV-2 in the middle
of the 2021-2022 influenza season in the US may have
prompted readoption of some community mitigation mea-
sures, which may have also contributed to greater within-
home interactions.22

Since September 2022, there have been increasing influ-
enza virus infections in the US for the 2022-2023 season;
circulation of influenza viruses has occurred sooner than in
typical prepandemic influenza seasons, with states reporting
high numbers of outpatient visits due to influenza-like ill-
ness, high rates of influenza-associated hospitalizations, and
79 influenza-associated pediatric deaths as of early January
2023.23 Virologic surveillance suggests that influenza
A(H3N2) and A(H1N1) viruses have circulated in the US dur-
ing the current season23; however, the return of influenza
A(H3N2) is concerning given the increased risk of infection
observed in this study. The 2022-2023 northern hemisphere
influenza vaccine has been updated to include a 2a.2 sub-
group virus for the A(H3N2) component and vaccination
is the best way to protect against influenza and severe dis-
ease.24,25 To prevent influenza virus transmission, individu-
als who are infected should reduce interactions with other
people while they are ill.26 When isolation or reducing inter-
action is not possible, those infected or those interacting with
ill people should consider wearing a high-quality mask to
prevent transmission.27 Mitigation measures are particularly
important for households with individuals who are at high
risk for complications of influenza infection, such as those
aged 65 years and older, those with underlying medical con-
ditions, pregnant people, or children younger than 5 years, or
individuals who live with someone at high risk.

Limitations
This study has several limitations. First, households do not
reflect contact patterns in the community or work settings.
Second, this study was unable to ascertain why there was sig-
nificantly greater risk of infection in households in 2021-
2022. Third, there were substantial differences in age, race,
and ethnicity of participants enrolled during the 2021-2022
influenza season compared with participants enrolled prior
to the pandemic. It is possible that findings reported here are
due to confounding related to these differences. Fourth, it is
possible that the differences in geographic sites of enroll-
ment between the study periods might explain some of the
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differences in infection rates. However, sensitivity analysis re-
stricted to households in Tennessee demonstrated consis-
tent results. Fifth, this study did not analyze immunologic
markers that may have better defined susceptibility or immu-
nity to the circulating influenza A(H3N2) viruses. Sixth, be-
cause these studies were conducted in a small number of states,
results may not be generalizable to other populations. Sev-
enth, seasonal variation in risk of influenza infection has been
reported prior to the COVID-19 pandemic, with some previ-
ously reported estimates of influenza infection risk of approxi-
mately 40% to 60%.11 It is possible that the higher rates of in-
fection observed during the 2021-2022 season may reflect these
seasonal variations and would have occurred without the
COVID-19 pandemic. Eighth, this analysis estimated rates of

household infections from follow-up through day 7 after en-
rollment; however, Wisconsin, which comprised 45.4% of in-
dex cases and 52.4% of household contacts in the prepan-
demic period, only collected nasal samples from household
contacts for 5 days, which may have resulted in fewer infec-
tions being detected.

Conclusions
Among cohorts in 5 US states, there was a significantly in-
creased risk of household transmission of influenza A(H3N2) in
2021-2022 compared with prepandemic seasons. Additional re-
search is needed to understand reasons for this association.
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