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Background: A barrier to influenza vaccination is the misperception that the inactivated vaccine can
cause influenza. Previous studies have investigated the risk of acute respiratory illness (ARI) after influ-
enza vaccination with conflicting results. We assessed whether there is an increased rate of laboratory-
confirmed ARI in post-influenza vaccination periods.
Methods: We conducted a cohort sub-analysis of children and adults in the MoSAIC community surveil-
lance study from 2013 to 2016. Influenza vaccination was confirmed through city or hospital registries.
Cases of ARI were ascertained by twice-weekly text messages to household to identify members with ARI
symptoms. Nasal swabs were obtained from ill participants and analyzed for respiratory pathogens using
multiplex PCR. The primary outcome measure was the hazard ratio of laboratory-confirmed ARI in indi-
viduals post-vaccination compared to other time periods during three influenza seasons.
Results: Of the 999 participants, 68.8% were children, 30.2% were adults. Each study season, approxi-
mately half received influenza vaccine and one third experienced �1 ARI. The hazard of influenza in indi-
viduals during the 14-day post-vaccination period was similar to unvaccinated individuals during the
same period (HR 0.96, 95% CI [0.60, 1.52]). The hazard of non-influenza respiratory pathogens was higher
during the same period (HR 1.65, 95% CI [1.14, 2.38]); when stratified by age the hazard remained higher
for children (HR 1�71, 95% CI [1.16, 2.53]) but not for adults (HR 0.88, 95% CI [0.21, 3.69]).
Conclusion: Among children there was an increase in the hazard of ARI caused by non-influenza respira-
tory pathogens post-influenza vaccination compared to unvaccinated children during the same period.
Potential mechanisms for this association warrant further investigation. Future research could investi-
gate whether medical decision-making surrounding influenza vaccination may be improved by acknowl-
edging patient experiences, counseling regarding different types of ARI, and correcting the misperception
that all ARI occurring after vaccination are caused by influenza.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Influenza vaccination is recommended for all individuals 6
months and older who do not have contraindications [1]. However,
acceptance of the influenza vaccine has many barriers including
low perceived vaccine efficacy, low perceived susceptibility to
influenza infection, lack of understanding of the potential for sev-
ere illness from influenza, inconvenience, and fear of adverse
effects [2–4]. Parents as well as adult patients have expressed con-
cern that acute respiratory illness (ARI) occurs after the influenza
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vaccine; in a national survey, 43% of adults held the belief that ‘‘the
flu vaccine can give you the flu.” [2,5] Plausible explanations for
patient-perceived illness immediately following vaccination
include: fever or other side effects induced by inflammatory medi-
ators, influenza infection prior to vaccine-induced immunity, or
coincidental infection with other respiratory pathogens [6–8].
Additionally, immunologic interference related to vaccination
may modify the risk of ARI in potentially different ways. For exam-
ple, lack of viral interference has been hypothesized to increase the
risk of ARI after influenza vaccination while temporary non-
specific immunity has been hypothesized to decrease the risk of
ARI after influenza vaccination [8–10].

Previous studies have investigated the risk of ARI after influenza
vaccination with conflicting results which may reflect variations in
study design [9–12]. For example, some studies included study
populations recruited from cases of medically attended illness
which may not reliably estimate the population incidence of ARI
[11]. Use of a cohort study design comparing vaccinated to unvac-
cinated individuals may be better, but can also be prone to bias if
groups are not well-matched groups and/or unmeasured con-
founders exist [10]. Additionally, previous investigations of ARI risk
after vaccination, lacking a biologically plausible temporal rela-
tionship to the vaccine may not accurately estimate risk of ARI
attributed to the vaccine itself [9].

The goals of this study were to assess the risk of ARI caused by
(1) laboratory-confirmed influenza, (2) laboratory-confirmed non-
influenza respiratory pathogens, and (3) ARI symptoms without a
pathogen detected (suggestive of non-infectious etiology, such as
inflammatory response) in post-vaccination risk periods compared
to the other periods during the influenza season. We hypothesized
that there would not be an increased risk of influenza, non-
influenza respiratory pathogens, or symptoms without pathogen
detected in the post-influenza vaccination risk periods. An under-
standing of the risk of illness in the post-vaccination period may
be used to develop targeted anticipatory guidance for parents
and adult patients considering influenza vaccination.
2. Methods

2.1. Study design and participants

This cohort study is part of a 5-year community-based study,
Mobile Surveillance of Acute Respiratory Infections and
Influenza-Like Illness in the Community (MoSAIC) [13], which fol-
lows 250 households a year for ARI surveillance. Recruitment, eli-
gibility, and consent procedures for MoSAIC have been previously
described [13]. Participants are from a primarily immigrant Latino
community in northern Manhattan, New York City. The Columbia
University Medical Center Institutional Review Board approved
the overall study and this sub-analysis.

The observation period for this sub-analysis consisted of three
influenza seasons: September 2013 – June 2014, September 2014
– May 2015, and September 2015 – May 2016. Each season start
date was September 1, concurrent with typical availability of influ-
enza vaccines. The end dates of each season varied to capture all
cases of laboratory-confirmed influenza in the cohort. For this
sub-analysis, children 6 months to 17 years of age were eligible if
they had any vaccines recorded in the NewYork-Presbyterian
(NYP) Immunization Registry and/or the New York Citywide
Immunization Registry (CIR). Children who received two doses of
influenza vaccine were excluded from the analysis of the season
in which they received two doses due to potential challenges with
interpreting events occurring during the partially vaccinated win-
dow between vaccinations. Because there is not a citywide registry
for adult vaccinations, adults �18 years of age were eligible if they
were patients at NYP, an academic health care delivery system that
includes an ambulatory care network which provides primary care
to New York City’s underserved communities, and had �1 primary
care visit or hospitalization between October 1 and the end of the
study season of interest. Eligibility criteria were applied in order to
ensure confidence in the collection of influenza vaccine informa-
tion and were applied to each individual study season. Individuals
were included for the duration of their active participation in the
study.
2.2. Data collection

At enrollment, a household reporter was interviewed by a
member of the study team to obtain household and individual
demographic characteristics including household members’ age,
gender, health status, history of chronic respiratory condition,
household size, and number of school-aged children per house-
hold. Influenza vaccination data for each individual were collected
through NYP’s vaccination registry which captures vaccinations
administered to patients of all ages at NYP-affiliated community
clinics, hospitals, and emergency departments, and the New York
CIR, which includes vaccinations administered to patients <19
years-old in New York City [14].

As previously described, ARI case ascertainment for the MoSAIC
study occurred through twice-weekly research team-generated
text messages asking the household reporters if anyone in the
household had ARI symptoms [13]. Reporter-generated text mes-
sages about household illness could also be sent at any time. The
research team reviewed ARI criteria with the household reported
over the phone which included �2 of the following for participants
�1 year old, (1) rhinorrhea or nasal congestion, (2) sore throat, (3)
cough, (4) fever or feverishness, (5) muscle or body aches. For par-
ticipants <1 year, ARI was defined as rhinorrhea or nasal conges-
tion alone or as above. When an ARI case was ascertained, a
member of the research team made a home visit within 72 h of
symptom onset to obtain a mid-turbinate nasal swab. Samples
were processed in a research laboratory via multiplex RT-PCR
using the FDA-approved FilmArray� Respiratory Panel 1.7 (BioFire
Diagnostics, Inc.). Detected pathogens include: adenovirus, coron-
avirus 229E, coronavirus HKU1, coronavirus OC43, coronavirus
NL63, human metapneumovirus, human rhinovirus/enterovirus,
influenza A, influenza A/H1, influenza A/H1-2009, influenza A/H3,
influenza B, parainfluenza 1, parainfluenza 2, parainfluenza 3,
parainfluenza 4, respiratory syncytial virus, Bordetella pertussis,
Chlamydophila pneumoniae, and Mycoplasma pneumoniae.
2.3. Definition of post-vaccination risk periods

Risk periods were examined based on knowledge of post-
vaccination reactogenicity events, time to vaccine effectiveness,
and a priori hypothesized periods based on patient experiences.
The 2-day risk period was chosen to assess the association of vac-
cination with inflammatory-mediated reactogenicity events which
typically occur within 48 h following vaccination [15–17]. This
outcome was defined as ARI symptoms without a detected patho-
gen that occurred on the day of vaccination to two days after vac-
cination. The 14-day risk period was chosen to assess the
association of vaccination with events related to potential viral
interference or temporary nonspecific immunity during the time
of influenza-specific immunity development [17,18]. This outcome
was defined as ARI symptoms with laboratory-confirmed influenza
or non-influenza respiratory pathogens that occurred on the day of
vaccination to 14 days after vaccination.
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2.4. Statistical methods

Multivariable Cox proportional hazards regression models were
used to estimate the relative hazard of ARI associated with three
vaccination exposure statuses (1) unvaccinated (starting day one
of study season or day of enrollment until day of vaccination, or
the entire study season for unvaccinated individuals), (2) post-
vaccination as described above, and (3) vaccinated (starting after
the post-vaccination risk period) [19,20]. A time-varying variable
was used for the three vaccination statuses. Because multiple ARIs
can be reported by the same subject over the course of the study
periods and repeat events from the same subject may be corre-
lated, a frailty model was used. The frailty model includes a ran-
dom variable in the Cox model in order to adjust for potential
unmeasured confounders [19,20]. All models were adjusted for
season using a time-varying covariate (Autumn: September-
November, Winter: December-February, Spring: March-May/
June) and three time-independent covariates: age (categorized by
years: �4, 5–17, 18–49, and �50), gender, and prior diagnosis of
chronic respiratory condition (collected as reported asthma,
chronic obstructive pulmonary disease, and/or chronic inhaler
use). Level of significance was set at a=0.05. SAS version 9.3 statis-
tical software (SAS Institute Inc.) was used for data analysis.

Separate models were conducted for each of the three primary
outcomes of ARI based on nasal swab results as (1) influenza, (2)
non-influenza respiratory pathogen, or (3) ARI symptoms without
pathogen detected within the relevant post-vaccination risk peri-
ods (i.e., influenza and non-influenza pathogens in the 14-day risk
periods and ARI symptoms without a detected pathogen in the
2-day risk period) (Fig. 1). Analyses were completed for each influ-
enza season separately to evaluate inter-seasonal variability and
with the three seasons combined to assess trends and increase
power to detect differences in the rate of ARI between the three
time intervals. Post-hoc analyses were completed with the three
seasons combined to better understand our significant findings.
This included stratification by age (i.e., children age <18 years ver-
sus adults age �18 years), a sensitivity analysis that included only
vaccinated individuals stratified by age, a sensitivity analysis that
excluded individuals who received the live attenuated influenza
vaccine, and a sensitivity analysis that excluded the two days
following vaccination from the 14-day risk period.
3. Results

A total of 999 participants (697 children, 302 adults) were eligi-
ble for inclusion in this study (Fig. 2). Subjects were primarily chil-
dren 5–17 years old, female, and approximately 12% had a chronic
respiratory condition (Table 1). Approximately half were vacci-
nated for influenza each study season (Table 1); most were vacci-
nated in autumn (Fig. 3). Vaccinated and unvaccinated individuals
had no difference in household size, number of school-aged chil-
dren per household, gender, or chronic respiratory conditions.
There was also no difference in the time to sampling after symp-
tom onset. Rate of vaccination was higher among the youngest
(range from 54.0 to 60.2% across the three study seasons) and old-
est (54.0–69.1%) participants compared to those 5–17 (42.2–49.5%)
and 18–49 years (45.6–52.3%). Among vaccinated individuals,
15.9%, 19.5%, and 13.3% received the live attenuated influenza vac-
cine during the three study seasons respectively.

Approximately one third of participants experienced at least
one ARI during each study season (30.8–34.5%); however, only
1.9–3.0% of vaccinated participants experienced an ARI while in
the post-vaccination risk period. The frequency of ARI during each
exposure status is shown in Table 1. Frequency distribution of
date of onset of ARI and date of vaccination are shown in Fig. 3.
In 2013–2014, the most prevalent type of influenza was influenza
B, followed by influenza A H1-2009, influenza A H3. In 2014–2015,
the most prevalent type of influenza was influenza A H3, followed
by influenza B. In 2015–2016, the most prevalent type of influenza
was influenza B, followed by influenza A H1-2009, and influenza A
H3. The distributions were similar among unvaccinated and vacci-
nated periods. Throughout all study seasons, the most prevalent
non-influenza ARI pathogens detected were rhinovirus/entero-
virus, respiratory syncytial virus, and coronaviruses. The distribu-
tions were similar among vaccinated and unvaccinated periods.

The hazard of laboratory-confirmed influenza in individuals
during the 14-days post-vaccination was similar to unvaccinated
individuals in the same period in time. This was observed in each
study season and in the three seasons combined (Table 2). The haz-
ard of ARI caused by non-influenza respiratory pathogens was
higher in individuals during the 14-days post-vaccination com-
pared to unvaccinated individuals in the same period in time. This
was observed in two of the three study seasons and with the three
seasons combined. The hazard of ARI caused by non-influenza res-
piratory pathogens in vaccinated individuals (>14 days) was also
higher than unvaccinated individuals in the same period, over
the three study seasons. The hazard of ARI caused by non-
influenza respiratory pathogens in individuals during the 14-days
post-vaccination was similar to that in vaccinated individuals
(>14 days) during each study season and with the three seasons
combined (Table 2). The hazard of ARI symptoms without detected
pathogens was similar in individuals during the 2-day post-
vaccination risk period compared to unvaccinated individuals in
the same period in time. This was observed during each study sea-
son and with the three seasons combined. The hazard of ARI symp-
toms without detected pathogens in vaccinated individuals (>2
days) was higher than unvaccinated individuals in the same period
for one study season and with the three seasons combined
(Table 2).

After stratification for age, for children <18 years, the hazard of
ARI caused by non-influenza respiratory pathogens remained
higher in children during the 14-day post-vaccination risk period
compared to unvaccinated children in the same period (aHR 1.71,
95% CI [1.16, 2.53] in the three seasons combined); the hazard
was also higher in vaccinated children compared to unvaccinated
children in the same period (aHR 1.55, 95% CI [1.22, 1.96] in the
three seasons combined). However, for adults �18 years the haz-
ard in adults during the post-vaccination risk period was similar
to unvaccinated adults (aHR 0.88, 95% CI [0.21, 3.69] in the three
seasons combined); the hazard was also similar in vaccinated
adults compared to unvaccinated adults in the same period (aHR
0.95, 95% CI [0.53, 1.71] in the three seasons combined). A sensitiv-
ity analysis performed including only children who ultimately
received the influenza vaccine also revealed an increased hazard
of ARI caused by non-influenza respiratory pathogens in the 14-
day post-vaccination risk period compared to children who were
not yet vaccinated in the same period (aHR 2.02, 95% CI [1.31,
3.12] in the three seasons combined); the hazard was also higher
in vaccinated children compared to not yet vaccinated children
in the same period (aHR 1.73, 95% CI [1.22, 2.47] in the three sea-
sons combined). Among only adults who received the influenza
vaccine there were no significant differences in the hazard of ARI
caused by non-influenza respiratory pathogens. In a sensitivity
analysis performed excluding individuals who received the intra-
nasal live attenuated influenza vaccine, hazard ratio estimates
were similar to those in the analysis including all individuals.
There were no episodes of influenza ARI associated with the live
attenuated influenza vaccine. After excluding the two days follow-
ing vaccination from the 14-day risk period there were no signifi-
cant differences in the hazard of ARI caused by influenza or non-
influenza respiratory pathogens.



Fig. 1. Vaccination exposure comparison groups over time. Hazard of the three outcomes of interest (laboratory-confirmed influenza, laboratory-confirmed non-influenza
pathogens, and acute respiratory illness (ARI) symptoms without detectable pathogens) were compared over time between three potential exposure statuses: unvaccinated,
post-vaccination risk period, and vaccinated. The arrow denotes a date during which three hypothetical individuals are in different exposure groups. Participants who were
not vaccinated only contributed to the unvaccinated interval. Three separate Cox proportional hazards models were conducted, one to assess each of the three ARI outcomes.
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Fig. 2. Study flow diagram. Eligible children were 6 months to 17 years, had updated vaccine records in the hospital and/or the New York Citywide Immunization Registry
(CIR); children who received two doses of influenza vaccine were excluded from the analysis of the season in which they received two doses. Eligible adults were �18 years,
were patients at the affiliated hospital, and had �1 primary care visit or hospitalization between October 1 and the end of the study season of interest.a Combined totals do
not equal sum of years as participants may have been active in the study for more than one year. Age classification for combined years is based on age on September 1, 2013.
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Potential associations between participant characteristics and
seasonality and ARI outcomes were also evaluated (Table 3). Chil-
dren �4 years and children 5–17 years had higher hazards of non-
influenza respiratory pathogens throughout the study seasons
compared to adults �50 years old. Those with chronic respiratory
conditions had higher hazard of non-influenza pathogens and
higher hazard of ARI symptoms without detectable pathogens
compared to those without chronic respiratory conditions. Winter
and spring were associated with higher hazard of influenza when
compared to autumn. The hazard of non-influenza pathogens
was similar among the seasons and the hazard of symptoms with-
out a detectable pathogen was higher in spring compared to
autumn and winter.
4. Discussion

In this cohort study assessing the risk of ARI in post-vaccination
risk periods during three influenza seasons, the hazard of ARIs
caused by influenza was not higher in individuals during the
immediate 14-day post-vaccination periods compared to individu-
als unvaccinated. This finding is consistent with the implausibility
of acquiring influenza from inactivated vaccines. Similarly, consis-
tent with randomized controlled trials, ARI symptoms without a
detected pathogen was not higher in individuals during the imme-
diate 2 days following vaccination compared with individuals
unvaccinated [17,21,22]. Unexpectedly, among children <18 years,
but not adults, there was a higher hazard of ARIs caused by non-



Table 1
Characteristics of study participants and acute respiratory illnesses.

2013–2014
(n = 655)

2014–2015
(n = 675)

2015–2016
(n = 663)

Participant characteristics
Age, years, No. (%)
�4 106 (16.2) 87 (12.9) 83 (12.5)
5–17 384 (58.6) 404 (59.9) 418 (63.1)
18–49 117 (17.9) 129 (19.1) 125 (18.9)
�50 48 (7.3) 55 (8.2) 37 (5.6)
Female, No. (%) 376 (57.4) 382 (56.6) 382 (57.6)
Chronic respiratory conditiona, No. (%) 84 (12.8) 79 (11.7) 84 (12.7)
Vaccinated for influenza, No. (%) 305 (46.6) 352 (52.2) 307 (46.3)
Experienced � 1 ARI, No. (%) 212 (32.4) 233 (34.5) 204 (30.8)

ARI characteristics
Influenza, No. (%)
Unvaccinatedb at time of ARI 27 (67.5) 13 (50.0) 9 (52.9)
14-day post-vaccination at time of ARI 1 (2.5) 0 (0) 0 (0)
Vaccinatedc at time of ARI 12 (30.0) 13 (50.0) 8 (47.1)

Non-influenza ARI, No. (%)
Unvaccinatedb at time of ARI 117 (57.9) 109 (60.9) 76 (54.3)
14-day post-vaccination at time of ARI 7 (3.5) 6 (3.4) 6 (4.3)
Vaccinatedc at time of ARI 78 (38.6) 64 (35.8) 58 (41.4)

ARI without pathogen detected, No. (%)
Unvaccinatedb at time of ARI 72 (62.6) 83 (50.3) 88 (49.7)
2-day post-vaccination at time of ARI 1 (0.9) 1 (0.6) 1 (0.7)
Vaccinatedc at time of ARI 42 (36.5) 81 (49.1) 53 (44.2)

ARI: Acute respiratory illness.
a Chronic respiratory condition: asthma, chronic obstructive pulmonary disease, and/or chronic inhaler use.
b Unvaccinated exposure status includes events among vaccinated individuals prior to vaccination and events among those who did not receive the vaccine.
c Vaccinated exposure status includes events after the relevant post-vaccination risk period (14-day or 2-day depending on the type of ARI).
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influenza pathogens during the 14-days post-vaccination and other
vaccinated days compared to unvaccinated children during the
same time periods. Despite a higher hazard, the absolute number
of vaccinated individuals who experienced ARI in the post-
vaccination risk period was low (�3%). Potential explanations pos-
tulated include bias in reporting among vaccinated individuals and
a nonspecific decrease in immunity to other respiratory pathogens
among vaccinated individuals [9,10]. While the latter hypothesis is
biologically plausible, it should be validated in future studies.

Patients’ experiences of increased respiratory illness after influ-
enza vaccination may be supported by our finding of an increased
rate of laboratory-confirmed non-influenza respiratory infections
in the 14 days following vaccination. However, the results of the
current study should not be interpreted as a reason to change
the recommendation for universal vaccination for prevention of
influenza, a potentially severe illness with complications such as
pneumonia, bacterial infections, hospitalizations, and death
[1,12,21]. The influenza vaccine has demonstrated reduction in
morbidity and mortality across age groups and baseline health sta-
tuses [21,23]. Additionally, others have also suggested that inter-
ference can occur between respiratory viruses that may offer
protection, including against influenza infection [6,24]. For exam-
ple, epidemiologic studies have shown that when peak incidence
of one major virus occurs, other major viruses are absent [25,26].



Table 2
Adjusted Cox proportional hazards model of relative hazard of acute respiratory illness (ARI) in the post-vaccination risk period compared with unvaccinated interval and
vaccinated interval during 2013–2016 influenza seasons.

Adjusted Hazard Ratio (95% Confidence Interval)

Time-varying exposure comparison 2013–2014 2014–2015 2015–2016 2013–2016 Combined

Influenza
14-day post-vaccination vs. unvaccinateda 0.74 (0.1, 5.48) Estimate unreliable 1.49 (0.19, 12.03) 0.63 (0.16, 2.60)
14-day post-vaccination vs. vaccinatedb 0.79 (0.1, 6.29) Estimate unreliable 2.26 (0.25, 20.82) 0.66 (0.16, 2.84)
Vaccinatedb vs. unvaccinateda 0.94 (0.46, 1.93) 1.34 (0.59, 3.01) 0.66 (0.26, 1.69) 0.96 (0.6, 1.52)

Non-influenza respiratory pathogen
14-day post-vaccination vs. unvaccinateda 1.03 (0.49, 2.21) 1.94 (1.08, 3.48) 2.09 (1.12, 3.88) 1.65 (1.14, 2.38)
14-day post-vaccination vs. vaccinatedb 0.53 (0.24, 1.14) 1.72 (0.91, 3.27) 1.66 (0.85, 3.23) 1.13 (0.77, 1.68)
Vaccinatedb vs. unvaccinateda 1.97 (1.39, 2.8) 1.12 (0.78, 1.62) 1.26 (0.86, 1.87) 1.44 (1.17, 1.77)

Symptoms without pathogen detected
2-day post-vaccination vs. unvaccinateda 1.8 (0.24, 13.51) 2.44 (0.6, 10.02) 0.17 (0.01, 32.41) 1.3 (0.42, 4.08)
2-day post-vaccination vs. vaccinatedb 0.82 (0.1, 7.43) 1.56 (0.38, 6.47) 0.13 (0.01, 48.53) 1.03 (0.33, 3.24)
Vaccinatedb vs. unvaccinateda 1.23 (0.79, 1.92) 1.56 (1.12, 2.17) 1.02 (0.71, 1.48) 1.27 (1.02, 1.59)

All models adjusted for age, gender, chronic respiratory condition, and autumn, winter, spring season.
Statistically significant estimates are in bold text.

a Unvaccinated exposure status includes individuals prior to vaccination and those who did not receive the vaccine.
b Vaccinated exposure status includes individuals after the relevant post-vaccination risk period (14-day or 2-day depending on the model).

Table 3
Participant characteristic and seasonal associations with ARI during 2013–2016 influenza seasons: Adjusted Cox proportional hazards model.

Adjusted Hazard Ratio (95% Confidence Interval)

Variablea Influenzab Non-influenza respiratory pathogenb Symptoms without pathogen detectedb

Age, years
�4 1.68 (0.62, 4.59) 4.8 (2.88, 7.99) 1.27 (0.81, 1.99)
5–17 1.12 (0.44, 2.86) 1.61 (0.98, 2.66) 0.68 (0.45, 1.02)
18–49 0.9 (0.32, 2.60) 0.99 (0.56, 1.74) 0.71 (0.45, 1.12)
�50 – – –
Male 1.03 (0.67, 1.60) 0.97 (0.8, 1.17) 0.87 (0.69, 1.10)
Chronic respiratory condition 0.87 (0.45, 1.70) 1.46 (1.14, 1.87) 1.55 (1.16, 2.09)

Season
Autumn – – –
Winter 8.83 (3.75, 20.80) 1.06 (0.82, 1.38) 1.23 (0.9, 1.67)
Spring 9.33 (3.91, 22.27) 1.18 (0.91, 1.55) 1.5 (1.1, 2.03)

Statistically significant estimates are in bold text.
a Reference categories: age �50, female gender, no chronic respiratory condition, autumn season.
b Estimates for influenza and non-influenza respiratory pathogen used model with the 14-day risk period; for symptoms without pathogen detected used model with the

2-day risk period.
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During the 2009 H1N1 epidemic, high circulation of rhinovirus was
associated with reduced likelihood of H1N1 in France and Sweden
[18,27].

Prior studies have shown conflicting results in the post-
influenza vaccination risk of ARI. Similar to our findings, two stud-
ies found an increased risk of laboratory-confirmed non-influenza
infections in vaccinated children compared to unvaccinated chil-
dren in the months following vaccination [9,10]. However, in two
large vaccine safety studies researchers did not find an increased
risk of medically attended illness in the two weeks following vac-
cination compared with control periods before and after vaccina-
tion [28,29]. The limited periods evaluated in some of these
studies and the outcomes of medically attended illness may not
capture the true incidence of ARI post-vaccination [13]. Studies
conducted during a single influenza season may have limited gen-
eralizability because of heterogeneity among circulating respira-
tory viruses and influenza vaccine-virus antigenic matches in
different influenza seasons [9–11]. Our study attempted to over-
come some of these limitations as it was conducted over three con-
secutive influenza seasons, included non-medically attended
events, and examined an extended post-vaccination period. Our
study design also minimized recall bias as ARI outcomes were col-
lected through year-round surveillance using text-messaging and
at-home nasal swab collection independent of exposure to the
influenza vaccine. In support of our study design, we found
expected results for the association of participant characteristics
and seasonality with laboratory confirmed ARI. For example, chil-
dren had a greater hazard than adults for non-influenza ARI
throughout the study seasons [30]. The associations between
chronic respiratory conditions and Spring with ARI without detect-
able pathogens may be suggestive of seasonal allergies [31,32].

We did not observe that influenza vaccination significantly
reduced overall hazard of influenza in our population, though
numbers of influenza cases were small. The predominant influenza
type and subtype detected among vaccinated individuals for each
season were consistent with those found to have lower vaccine
effectiveness estimates in national studies. For example, the
2014–2015 vaccines had low effectiveness against the predomi-
nant influenza A/H3, but were effective against influenza B [33].
In 2015–2016, when the trivalent vaccines did not include influ-
enza B/Victoria; we saw that vaccinated individuals in our popula-
tion predominantly were affected by influenza B [34].

This study had limitations, including an observational design
limiting causal inference between influenza vaccination and ARI.
We adjusted for important covariates in our analytic model; how-
ever, there is a potential for unmeasured confounding. Because our
study population was predominantly uniform for characteristics
such as ethnicity, multigenerational household size, urban neigh-
borhood, and low socioeconomic status, we did not adjust for these
variables which may affect rates of ARI and limit external validity.
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Our inclusion criteria were designed to minimize misclassification
of vaccination status. Because there is no city registry for adult
immunizations, it is possible that some adults included in the study
had missing vaccination data if they were vaccinated outside of the
hospital system. However, in our sensitivity analysis including only
vaccinated adultswe did not find a difference in the relative hazards
of ARI compared to the estimates including all adults. In our statisti-
cal model, we did not adjust for co-administration of other vaccines
which may affect the risk of systemic side effects after vaccination.

5. Conclusions

Vaccinated individuals were no more likely to get influenza
after influenza vaccination; however, patients’ experiences of
illness after vaccination may be validated by these results which
suggest increased risk of ARI caused by non-influenza respiratory
pathogens following influenza vaccination among children
<18 years. The mechanism by which this relative increase may
occur warrants further investigation. Future research could inves-
tigate whether medical decision-making surrounding influenza
vaccination may be improved by acknowledging patient experi-
ences, counseling regarding different types of respiratory viruses,
and correcting the misperception that all acute respiratory
illnesses occurring after vaccination are caused by influenza, while
emphasizing the importance of influenza vaccination.
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