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We observed decreased effectiveness of influenza vaccine
with increasing time since vaccination for prevention of influ-
enza A(H3N2), influenza A(HIN1)pdmO09, and influenza B/
Yamagata-associated hospitalizations among adults. Maximum
vaccine effectiveness (VE) was observed shortly after vaccina-
tion, followed by an absolute decline in VE of about 8%-9% per
month postvaccination.
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Annual influenza vaccination is recommended in the United
States (US) for all individuals aged >6 months, but the optimal
timing of vaccination remains a subject of debate [1]. Mounting
evidence that vaccine-induced immunity wanes over the course
of an influenza season [1, 2] suggests that early vaccination (ie,
in July and August) may result in suboptimal immunity be-
fore the end of the influenza season, particularly among older
adults. To balance the need to immunize before influenza cir-
culation with concern about waning immunity, US guidelines
recommend that vaccination be offered by the end of October.
A better understanding of the extent of intraseason waning of
influenza vaccine protection is vital for reducing uncertainty re-
garding the best time to vaccinate. Here, we report estimates
of intraseason waning of vaccine protection against influenza-
associated hospitalizations observed among adults enrolled
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in the US Hospitalized Adult Influenza Vaccine Effectiveness
Network (HAIVEN).

METHODS

Study participants were adults (>18 years of age) hospital-
ized for acute respiratory illness (ARI) presenting with new
or worsening cough or sputum production of <10 days’” dura-
tion at hospitals participating in the HAIVEN study during the
2015-2016 through 2018-2019 influenza seasons. HAIVEN
study procedures have been described previously [3]. In brief,
adults admitted with ARI were identified by review of electronic
medical records. After providing consent, participants/proxies
were interviewed to collect information about demographics,
vaccination, and illness characteristics. Respiratory specimens
were tested for influenza by reverse-transcription polymerase
chain reaction. Patients testing positive for influenza were
cases and those testing negative were controls. Diagnosis codes
from medical encounters in the past year were used to identify
comorbidities known to increase risk of serious influenza com-
plications (“high-risk conditions”) [1].

Participants were considered vaccinated if they had docu-
mented evidence in medical records or immunization registries
of receipt of >1 dose of influenza vaccine at least 14 days be-
fore illness onset. Individuals who received vaccine 1-13 days
before illness onset were excluded. To examine the associa-
tion between influenza vaccine effectiveness (VE) and time
since vaccination, we used methods previously used by the
US Influenza Vaccine Effectiveness Network [4]. In brief, we
pooled data for each influenza subtype across seasons for
which >50 cases were enrolled (2015-2016 and 2018-2019
for influenza A(HIN1)pdmo09; 2016-2017 and 2017-2018 for
influenza A(H3N2) and influenza B/Yamagata) and restricted
each pooled dataset to cases and 3 controls per case matched
on illness onset date with nearest neighbor matching to re-
duce confounding by calendar time. We excluded analysis of
influenza A(H3N2) during the 2018-2019 season due to the
antigenic drift of circulating strains that resulted in overall
VE near zero. We had insufficient cases to assess waning VE
against influenza B/Victoria viruses. We used multivariate lo-
gistic regression models with influenza-associated hospitaliza-
tion as the outcome and time in days between vaccination and
symptom onset as the predictor to estimate VE as a function
of time since vaccination and median absolute decline in VE
per 30 days postvaccination. Unvaccinated individuals were
the reference group and assigned a value of zero days since
vaccination. We examined alternative specifications of time
since vaccination (eg, splines); however, because the associa-
tion between time since vaccination and VE was approximately
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linear for all influenza subtypes, time since vaccination was
assumed linear in final models. Bootstrapping was used to es-
timate 95% confidence intervals (Cls). Models were adjusted
for site, season, age, race, calendar time of illness onset, days
between onset and specimen collection, past year hospital-
izations, and 1 or more indicators of underlying health status
(which varied depending on season due to data collection dif-
ferences). In subgroup analysis, we restricted to participants
aged >65 years. Characteristics of participants were compared
using ¥’ tests or Fisher exact tests for categorical variables and
t test or Wilcoxon rank-sum test for continuous variables. CIs
excluding the null or P values < .05 were considered statisti-
cally significant. Analyses were conducted in R version 3.3.0
(R Foundation for Statistical Computing, Vienna, Austria) and
SAS version 9.3 (Cary, North Carolina) software. Institutional
review boards at participating hospitals and the Centers for
Disease Control and Prevention approved study procedures.

RESULTS

Datasets included 3016 participants for analysis of VE against
influenza A(H3N2), 1492 participants for analysis of VE against
influenza A(HIN1)pdm09, and 1060 participants for analysis
of VE against influenza B/Yamagata-associated hospitaliza-
tions. The mean participant age was 61, 59, and 60 years in the
influenza A(H3N2), A(HIN1)pdmo09, and B/Yamagata ana-
lyses, respectively. Age and underlying health status were sig-
nificantly different for influenza cases and controls within each
subtype (Supplementary Tables 1-3). Cases were less likely to
have received influenza vaccine (P < .01 for all). Overall, 34%
of vaccinees received vaccination by the end of September, 77%
by the end of October, 92% by the end of November, and 97%
by the end of December (Supplementary Table 4). The median
(interquartile range) interval between vaccination and influ-
enza onset was 108 (75-140) days, 125 (92-156) days, and 110

(77-144) days for the influenza A(H3N2), A(HIN1)pdmo09,
and B/Yamagata analyses, respectively.

Adjusted VE against influenza A(H3N2)-associated hos-
pitalizations decreased with increasing time since vaccination
(P =.05), with average decline in VE of 7.5% (95% CI, .3%-
16.3%) per 30 days postvaccination (Table 1; Supplementary
Figure 1). Similarly, adjusted VE against influenza A(HIN1)
pdmO09-associated hospitalizations decreased with increasing
time since vaccination (P =.003), with average decline in VE
of 8.5% (95% CI, 3.0%-17.0%) per 30 days postvaccination
(Supplementary Figure 2), and adjusted VE against influenza B/
Yamagata—associated hospitalization decreased with increasing
time since vaccination (P =.02), with average decline in VE
of 8.0% (95% CI, 1.4%-21.9%) per 30 days postvaccination
(Supplementary Figure 3). Average and maximum VE estimates
are provided in Supplementary Figures 1-3.

Among adults aged >65 years, the average decline in
VE per 30 days postvaccination was 10.8% (95% CI, 2.6%-
23.8%) against influenza A(H3N2)-associated hospitaliza-
tions (n = 1580, P = .02; Supplementary Figure 4); 9.6% (95%
CI, - 3.3% to 32.7%) against influenza A(HIN1)pdmO09-as-
sociated hospitalizations (n =528, P =.14; Supplementary
Figure 5); and 10.8% (95% CI, 1.4%-33.9%) against influenza
B/Yamagata-associated hospitalizations (n =536, P =.03;
Supplementary Figure 6).

DISCUSSION

In combined data from recent US influenza seasons, we ob-
served statistically significant decreases in effectiveness of in-
fluenza vaccine with increasing time since vaccination for
prevention of influenza A(H3N2), influenza A(HIN1)pdmO09,
and influenza B/Yamagata-associated hospitalizations among
adults. Maximum VE was observed shortly after vaccination,
followed by an absolute decline in VE of about 8%-9% per

Table 1.
Influenza Vaccination Network (HAIVEN), 2015-2016 Through 2018-2019

Estimated Decline in Influenza Vaccine Effectiveness per Month Postvaccination Among Adults Enrolled in the United States Hospitalized

Influenza Type/Subtype Influenza Seasons Included No. of Cases/Controls Estimated VE Decline per Month, Absolute % (95% Cl) PValue®
Influenza A(H3N2)°

Aged 218y 2016-2017, 2017-2018 754/2262 75 (.3-16.3) .05
Aged =65y 2016-2017, 2017-2018 395/1185 10.8 (2.6-23.8) .02
Influenza A(H1N1)pdm09°®

Aged =18y 2015-2016, 2018-2019 373/1119 8.5 (3.0-17.0) .003
Aged =65y 2015-2016, 2018-2019 132/396 9.6 (-3.31032.7) 14
Influenza B/Yamagata®

Aged =18y 2016-2017, 2017-2018 265/795 8.0 (1.4-21.9) .02
Aged 265y 2016-2017, 2017-2018 134/402 10.8 (1.4-33.9) .03

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

2P value for test of association between interval in days between vaccination and onset and influenza positivity.

°VE models adjusted for study site, season, age group, race, days from illness onset to specimen collection, self-reported health (poor/fair vs good/very good/excellent), and self-reported

past year hospitalizations.

°VE models adjusted for study site, season, age group, sex, race, days from illness onset to specimen collection, past year respiratory illness—associated hospitalizations, immunosuppres-

sive disorders, and lung disorders.
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month. Rate of decline was similar across influenza subtypes.
Among older adults, we observed a slightly faster rate of decline
of 10%-11% per month.

In the first successful trial of inactivated influenza vaccine
in 1943, Francis et al observed that antibodies to influenza
declined by about one-third in 4-5 months after vaccination
[5], consistent with observations of repeat infections from
early ferret studies and experimental human challenge trials.
Our results are broadly consistent with these early studies as
well as recent observational studies and a post hoc analysis
from a randomized controlled trial that reported decreasing
VE with increasing time since vaccination [2, 6]. The pattern
and magnitude of waning VE that we observed was similar
to the 6%-11% decline in VE per month observed against
outpatient influenza illnesses during the 2011-2015 US in-
fluenza seasons. Our findings for influenza A(H3N2) viruses
are consistent with those of Petrie et al and Belongia et al,
who observed modest waning of influenza VE during the in-
fluenza A(H3N2)-predominant 2007-2008 US season [6, 7].
Unlike other researchers [2], we observed similar rates of de-
cline in VE across types/subtypes. Similar to other studies,
we saw greater waning among older adults, consistent with
the hypothesis that immunosenescence may contribute to
faster waning.

An alternative explanation for an observed decline in vac-
cine protection includes emergence and circulation of a drifted
variant less well-matched to the vaccine strain. However, an-
tigenic drift was minimal among influenza viruses circulating
during the seasons we analyzed [8]. Additionally, an observed
pattern of decreasing vaccine protection could arise from bias
introduced by changes in the composition of the at-risk popula-
tion over the course of the season or from the leaky vaccine ef-
fect [9]. However, these effects would likely be smaller than the
amount of waning we observed and are unlikely to fully explain
the waning VE we report [10]. Study designs other than the
test-negative design may be better suited to identify waning VE
[11]. Our study lacked serological markers of immune protec-
tion with which to correlate temporal trends in postvaccination
antibody levels with observed VE. Additionally, our study did
not examine variation in waning VE by vaccine type or prior
vaccination history, nor did it consider indirect effects of
vaccination.

Optimal timing of vaccination depends upon a number of
factors, including extent of waning vaccine protection and po-
tential changes in vaccine coverage if vaccine administration
were delayed or compressed [12]. Our results contribute to ev-
idence suggesting that influenza vaccine protection may wane
significantly in a matter of months. The public health implica-
tions of these findings warrant closer examination because even
a 1- to 2-month delay in annual vaccination could improve VE
by 10%-20%. If such an approach does not encroach on the an-
nual influenza season, delay vaccine delivery, or reduce vaccine

uptake, it could lead to appreciable gains in public health bene-
fits given the large burden of influenza morbidity and mortality
annually in the US.

Supplementary Data

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