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Abstract
Data collected as part of a multi-year trial examining the efficacies of inactivated and live-attenuated
influenza vaccines were used to evaluate the reported occurrence of post-vaccination reactions. Two
cohorts were defined: (1) individuals who received the same vaccine over two consecutive years,
and (2) individuals who first enrolled in year 2 of the study and received vaccine only in that year.
For both vaccines there were significantly fewer reactions reported in year 2 in those subjects who
were vaccinated both years. Declines were demonstrated when comparing year 1 and 2 reaction
frequencies in subjects vaccinated both years, and differences were seen when comparing year 2
reaction frequencies in subjects vaccinated both years with those first vaccinated in year 2. Reaction
reporting peaked on post-vaccination days 0 and 1 following receipt of the inactivated vaccine, and
on day 2 following receipt of the live-attenuated vaccine.
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Introduction
Vaccination is the primary means of preventing seasonal influenza and its serious
complications. Annual vaccination is recommended for a large segment of the American
population, including children 6 months to 18 years of age, all persons age greater than 49
years, adults and children with chronic health conditions, and health care workers. [1] Because
of the health and economic burdens of this vaccine-preventable disease, the US is moving
toward a recommendation of universal use of influenza vaccines. [2] Inactivated influenza
vaccine, administered as an intramuscular injection, has been in use since the Second World
War. More recently, a live-attenuated influenza vaccine administered as an intranasal spray,
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was licensed for use in healthy persons aged 2 to 49 years. Both the inactivated and live-
attenuated vaccines are trivalent, containing influenza A/H3, A/H1 and B components, and are
updated on an annual basis.

Adverse reactions associated with vaccination, whether mild or serious, real or simply
perceived, may influence the decision to receive an influenza vaccination. [3,4] This is of
particular importance given the need to sustain vaccination programs from one year to the next.
In a large study of adults conducted prior to widespread use of the live-attenuated vaccine,
beliefs that influenza vaccination could cause illness and that side effects were not worth it,
were two of the primary reasons for not receiving an annual influenza vaccination. [3] The
live-attenuated vaccine is a new product to most consumers and little is known about the
public’s perceptions of it; however, its route of administration was expected to increase its
acceptability. Ironically, because it contains infectious virus, the live-attenuated vaccine may
produce a greater number and/or more pronounced reactions than the inactivated vaccine [5],
possibly lowering its acceptability for some potential recipients.

Frequencies of reactions reported annually following receipt of the inactivated and live-
attenuated vaccines were examined in a placebo-controlled trial of influenza vaccine efficacies
carried out during the 2004–2005 and 2005–2006 influenza seasons. In the first year, among
solicited reactions, only arm soreness was significantly more likely to be reported by recipients
of the inactivated vaccine than by recipients of the matching (injected) placebo; runny nose/
congestion, cough, headache and muscle aches were all more likely to be reported by recipients
of the live-attenuated vaccine than by recipients of the matching (intranasal) placebo. [6] In
the second year, arm soreness, arm redness, muscle aches, trouble breathing and red eyes were
all significantly associated with receipt of the inactivated vaccine; only sore throat and runny
nose/congestion were associated with receipt of the live-attenuated vaccine. [7] In both study
years, arm soreness in inactivated vaccine recipients and runny nose/congestion in live-
attenuated vaccine recipients were the most frequently reported post-vaccination reactions and
demonstrated the greatest absolute differences in frequency between vaccine and matching
placebo groups. [6,7] These results were consistent with those demonstrated in other safety
assessments of the inactivated and live-attenuated vaccines. [5,8,9,10,11]

We used data collected as part of the multi-year vaccine efficacy trial to compare reported
frequencies of solicited post-vaccination reactions by vaccine group, in those subjects who
participated in both the first and second study years, and those who participated in only the
second year. [6,7] Our objectives were to evaluate whether repeated annual vaccination
affected the reported occurrence of reactions, and to examine and compare the frequency and
timing of reported reactions relative to vaccine administration.

Methods
The study was a placebo-controlled, community-based trial. Participants were healthy men and
women 18 to 48 years of age; persons with any health condition for which the inactivated
vaccine was recommended or for whom either vaccine was contraindicated, were excluded.
Participants were randomly assigned to one of four intervention groups at study enrollment:
the inactivated vaccine or saline placebo administered as an intramuscular injection; or, the
live-attenuated vaccine or placebo (saline in the first year and normal allantoic fluid [the same
egg fluid plus diluent that was used in preparing the live-attenuated vaccine] in the second
year) administered as an intranasal spray. Participants and nurses who administered the
intervention were unaware of whether vaccine or placebo was administered but were aware of
the route of administration. Participants reported the occurrence of fourteen (including “other”)
solicited local and systemic reactions to vaccine or placebo using diary cards [6,7]; data were
recorded the day of the intervention (day 0) and for the next 7 days. Reported reactions were
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also rated by the participants as mild (“It didn’t affect how I did my usual activities at all”),
moderate (“It affected how I did my usual activities, but I was still able to do them”) or severe
(“I could not work or do my usual activities”). The study was approved by the institutional
review board at the University of Michigan Medical School and all participants provided
written informed consent.

We included two groups in our analysis: a cohort of individuals who received the same vaccine
(inactivated or live-attenuated) or placebo (injected or intranasal) over two consecutive years
(study years 1 and 2), and a cohort of individuals who first enrolled in the second year of the
study and received vaccine or placebo only in study year 2. We limited our evaluation to
reactions that were both frequently reported (>10% of participants reported reaction in one or
both study years) plus risk differences between vaccine and corresponding placebo group were
>5% in either or both years regardless of statistical significance. [6,7] Selected reactions
included runny nose/congestion, cough, sore throat, headache, muscle aches, weakness, and
arm soreness (selected for injected vaccine or placebo only). Since even mild but annoying
symptoms could affect vaccine acceptability and the decision to get vaccinated, all reported
reactions from the selected group were considered without regard to reported reaction severity.

Statistical analyses
The proportions of participants reporting any (one or more) of the selected reactions were
graphically presented and compared between cohorts by vaccine or placebo group. To
determine whether repeated annual vaccination affected reported occurrence of reactions, 1)
reaction frequency was examined in study year 2 and compared for those subjects who
participated over two consecutive years (and received the same vaccine each year) versus those
who participated only in year 2; and 2) pair-wise analyses using McNemar’s test of discordant
pairs were examined for consecutive year participants with comparisons of year 1 versus year
2 reaction reporting frequency. The frequency and timing of selected reactions reported in the
days following vaccine receipt were graphically presented and compared for inactivated and
live-attenuated vaccine recipients; this analysis was limited to first experiences for each cohort
(year 1 for both year participants; year 2 for single year participants), and to any (one or more)
reactions, and separately, to runny nose/congestion for the live-attenuated vaccine and arm
soreness for the inactivated vaccine. Statistical analyses were generated using SAS (release
8.2, SAS Institute, 2000) and MedCalc (for calculation of 95% confidence intervals around
risk differences) statistical software; P-values <0.05 and 95% confidence intervals around risk
differences that excluded zero were considered statistically significant.

Results
Participants

Nine hundred six subjects participated in both study years 1 and 2 and provided reaction reports
in both years. There were 384 (42%) inactivated and 375 (41%) live-attenuated vaccine
recipients, and 147 (16%) placebo recipients (68 injected and 79 intranasal). An additional 990
subjects participated only in study year 2 and provided reaction reports that year. Among these,
there were 419 (42%) inactivated and 408 (41%) live-attenuated vaccine recipients, and 163
(16%) placebo recipients (86 injected and 77 intranasal). Participant characteristics were
similar across intervention groups; participant mean age was 27 years in year 1 and 25 years
in year 2, and each year more than 60% of subjects were women.

Reported Reaction Frequency
The proportion of participants reporting any (one or more) selected reactions is graphically
presented in Figure 1 by vaccine and placebo group, and cohort (two year or single year). For
both vaccines and for the injected placebo, a significant (P<0.01) decline in reaction reporting
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in year 2 was noted for those subjects who participated both years; reporting frequency among
year 2 only participants was similar (P>0.05) to that reported in year 1 (with the exception of
intranasal placebo).

Table 1 presents comparisons of the frequencies of reported reactions among inactivated
vaccine recipients, by cohort. For all of the selected reactions, a decline in reporting frequency
among both year participants in the second year of consecutive vaccine receipt was
demonstrated (Group 1a vs. 1b); significant risk differences in reported frequencies were noted
for runny nose/congestion, headache and arm soreness. Similarly, participants who received
the inactivated vaccine in consecutive study years were less likely to report all selected
reactions in study year 2 compared to those initially enrolled in year 2 (Group 1b vs. 2);
significant risk differences in reported frequencies were noted for runny nose/congestion, sore
throat and weakness. Reported frequencies at first vaccine receipt (Group 1a vs. 2, risk
differences and 95% confidence intervals not shown) were similar with smaller, non-significant
risk differences demonstrated.

Table 2 presents similar comparisons of the frequencies of reported reactions among live-
attenuated vaccine recipients, by cohort. For most selected reactions (exception: sore throat) a
decline in reporting frequency among both year participants in the second year of consecutive
vaccine receipt was demonstrated (Group 1a vs. 1b); significant risk differences were noted
for runny nose/congestion, cough, headache, and weakness. Participants who received the live-
attenuated vaccine in consecutive study years were less likely to report all selected reactions
in study year 2 compared to those initially enrolled in year 2 (Group 1b vs. 2); significant risk
differences were noted for runny nose/congestion, cough, headache, muscle aches and
weakness. Reported frequencies at first vaccine receipt (Group 1a vs. 2, risk differences and
95% confidence intervals not shown) were similar with smaller, non-significant risk
differences demonstrated.

Timing of reactions
Figure 2 graphically presents the reported frequency and timing (days, post-vaccination) of
any (one or more) reactions by vaccine group. Data considered were limited to first experiences
for each cohort (year 1 for both year participants and year 2 for single year participants). For
the inactivated vaccine, reporting of reactions peaked on days 0 and 1 and then declined; one
or more reactions affected 54% of inactivated vaccine recipients on peak days. In contrast,
reaction reporting frequency for the live-attenuated vaccine peaked on day 2 and gradually
declined; 44% of vaccine recipients were affected by reactions on day 2.

Figure 3 graphically presents the reported frequency and timing (days, post-vaccination) of the
most consistently reported reactions for each vaccine – arm soreness (inactivated) and runny
nose/congestion (live-attenuated). Of note, arm soreness among inactivated vaccine recipients
was most frequently reported on days 0 and 1 post-vaccination and then rapidly declined with
peak reporting on day 0 (44%). In contrast, runny nose/congestion was reported by greater than
12% of live-attenuated vaccine recipients each report day with peak reporting on days 2 and 3
(30%, both days) post-vaccination.

The delayed peak in reported reactions among live-attenuated vaccine recipients may be
associated with vaccine virus replication. To explore this we examined and compared the
reporting frequency and timing of runny nose/congestion for live-attenuated vaccine recipients
compared with recipients of the intranasal placebo (Figure 4). A relatively flat and lower
reporting frequency, by day, was noted for placebo recipients; this finding supports the notion
that reported reactions among vaccine recipients were related to vaccine virus replication.
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Discussion
Influenza vaccination, whether it is administered by injection or intranasally, is unusual in that
it needs to be given annually for protective benefit. Adverse reactions associated with
vaccination, whether mild or serious, may influence an individuals’ decision to seek
revaccination. [3,4,19,20] Serious adverse events, including Guillian Barre syndrome, seizures,
asthma exacerbation and Bell’s palsy are rare and often of questionable association, but have
been reported following influenza vaccine receipt. [15,16,17,18] Immediate, allergic reactions
occur rarely after influenza vaccination; most are thought to result from hypersensitivity to
residual egg protein from the vaccine production process. [12,13,14,15] However, more minor
reactions are relatively common. Reactions to the inactivated vaccine may result from the
injection itself or from inflammatory responses to components of the vaccine (e.g. viral
antigens), or with the live-attenuated vaccine, replication of the vaccine viruses; reactions can
be local (e.g. nasal congestion, arm soreness) or systemic (e.g. fever, fatigue). [1,5,9]

Only limited examination of the effect of repeated annual vaccination on adverse reaction
reporting has been reported, especially when the study is carried out in a blinded, placebo-
controlled fashion. In a previous comparative study of the inactivated and live-attenuated
vaccines no significant differences in the proportion of subjects reporting reactions between
initial and repeated vaccination were noted; however, data were not presented. [5] Other
investigators have noted that adverse reactions to vaccines are most likely to occur among those
without prior experience, for example, young children. [21,22]

In the present analyses, we found significant reductions in reaction reporting frequency with
repeated vaccination with both the inactivated and live-attenuated vaccines. These reductions
were demonstrated when examining second year report frequencies in subjects vaccinated over
two consecutive years compared with those first vaccinated in the second year, and when
examining first and second year report frequencies for the subjects vaccinated over two
consecutive years. For these analyses, reaction data were solicited from adult subjects
participating in a multi-year comparative trial of influenza vaccine efficacy who were randomly
assigned to interventions. Declines in reaction reporting frequencies may have been due to so-
called “immune tolerance” to vaccine virus antigens on repeated exposure with fewer reactions
occurring, or alternatively, to reduced recognition or reduced reporting of temporally related
symptoms with fewer reactions noted. The fact that adverse reactions to vaccines are most
likely to occur among those without prior experience, for example, young children, supports
the concept of immune tolerance on repeat exposure. [21,22] However, in this study, reductions
in reporting frequency, although not significantly different, were also demonstrated for
consecutive year compared with single year placebo recipients; this supports the notion of
reduced recognition or reporting due to prior experience. Post-vaccination reaction or symptom
differences across study groups and years might also have been related to intercurrent upper
respiratory infections.

The likelihood of reporting any reaction following vaccination was slightly higher for
inactivated compared to live-attenuated vaccine recipients; however, the likelihood of
reporting a moderate or severe reaction (data not shown) did not differ by vaccine group. The
timing of post-vaccination reactions and the most frequently identified reactions differed by
vaccine group; however, for both vaccines, reactions were generally mild, local rather than
systemic and of limited duration.

Despite established efficacy and an acceptable safety profile, the uptake of influenza vaccine
remains less than optimal, even among high-risk groups and health care workers. [1] The notion
that the vaccine can cause illness and a lack of perceived need for vaccination remains common
even among those at high-risk for complications from influenza infection. [3] Meeting vaccine
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coverage expectations is further complicated by the necessity for annual vaccine receipt for
continuing protection. Strategies to increase annual vaccine use, including physician
recommendations, employee health programs, considering vaccine coverage as a measure of
health care facility quality assessment, and a national education campaign promoting
vaccination, are necessary.
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Figure 1. The proportions of participants reporting occurrence of any (one or more) adverse
reactions by vaccine or placebo group, and cohort (both year versus single year participants)
LAIV (live-attenuated influenza vaccine); placebo nasal (saline in year 1 and normal allantoic
fluid in year 2); TIV (inactivated vaccine); placebo injected (saline both years)
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Figure 2. The frequency and timing (days post-vaccination) of reported adverse reactions (any) by
vaccine group
LAIV (live-attenuated influenza vaccine [FluMist®]); TIV (inactivated vaccine [Fluzone®])
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Figure 3. The frequency and timing (days post-vaccination) of reported congestion (LAIV) and
arm soreness (TIV) by vaccine group
LAIV (live-attenuated influenza vaccine [FluMist®]); TIV (inactivated vaccine [Fluzone®])
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Figure 4. The frequency and timing (days post-vaccination) of reported congestion by recipients
of the live-attenuated vaccine or intranasal placebo
LAIV (live-attenuated influenza vaccine [FluMist®]); Intranasal Placebo (saline in year 1 and
normal allantoic fluid in year 2)
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