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It is unclear whether seasonal influenza vaccination results
in a net increase or decrease in the risk for Guillain-Barré
syndrome (GBS). To assess the effect of seasonal influenza
vaccination on the absolute risk of acquiring GBS, we used
simulation models and published estimates of age- and
sex-specific risks for GBS, influenza incidence, and vaccine
effectiveness. For a hypothetical 45-year-old woman and
75-year-old man, excess GBS risk for influenza vaccina-
tion versus no vaccination was —0.36/1 million vaccinations
(95% credible interval —1.22% to 0.28) and —0.42/1 million
vaccinations (95% credible interval, —3.68 to 2.44), respec-
tively. These numbers represent a small absolute reduc-
tion in GBS risk with vaccination. Under typical conditions
(e.g. influenza incidence rates >5% and vaccine effective-
ness >60%), vaccination reduced GBS risk. These findings
should strengthen confidence in the safety of influenza vac-
cine and allow health professionals to better put GBS risk in
context when discussing influenza vaccination with patients.

Seasonal influenza vaccination programs have been
implemented in many jurisdictions over the past 40
years. Although influenza vaccination has been shown to
reduce influenza-associated illness and death (/—3), there is
conflicting evidence about whether influenza vaccine may
increase the risk of acquiring Guillain-Barré syndrome
(GBS) (4-14).

GBS is a rare but serious autoimmune condition. Most
cases in European and North American populations involve
acute, inflammatory, demyelinating polyneuropathy. There
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are several less common forms of GBS, the most frequent
of which are Miller Fisher syndrome and acute motor axonal
neuropathy, which are more common in Asian and Latino
populations (/5—17). Most GBS patients require hospital-
ization, =~25% experience acute respiratory failure requir-
ing intensive care, 10% 20% are permanently disabled, and
~4% die within 1 year of acquiring the condition (/5—17).
The risk for GBS is higher in males and with increasing age:
the incidence in the general population ranges from a low of
0.45/100,000 person-years in girls <10 years of age to a high
0f 3.7/100,000 person-years in men >80 years of age (/8).

Many GBS cases are preceded by a respiratory or gas-
trointestinal infection, most commonly caused by Campy-
lobacter jejuni (16). Recent studies have provided evidence
that influenza illness is associated with the development of
GBS and that influenza vaccination may confer a much
more modestly increased risk of GBS than that from influ-
enza virus infection, but these findings are less consistent
(4-14). The possible association between GBS and influ-
enza vaccination is frequently cited as a reason for vaccine
refusal by health care workers (/9—21). This refusal occurs
despite evidence that the risk of acquiring GBS is markedly
higher from influenza illness than from influenza vaccina-
tion. For example, previous studies estimate that influenza
illness may increase the risk for GBS by up to 16- to 18-
fold, whereas influenza vaccination may only increase the
risk by up to 2-fold (4-/4) (online Technical Appendix
Table 1, http://wwwnc.cdc.gov/EID/article/21/2/13-1879-
Techappl.pdf).

On balance, it is unclear whether vaccination against
seasonal influenza results in a net increase or decrease in
the absolute risk of a person acquiring GBS. If influenza
vaccination results in a small increased risk while reducing
the incidence of influenza illness (which confers a much
larger increase in GBS risk), then the net effect of vaccina-
tion could be a reduction in the absolute risk of GBS. The
objective of this study was to assess, by using a simulation
modeling approach, the effect of receipt of a seasonal influ-
enza vaccine on a person’s age- and sex-specific absolute
risk of acquiring GBS.
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Table 1. Decision tree model inputs in a simulated study of the effect of influenza and influenza vaccination on the risk of acquiring

GBS~

Range of values modeled in
Parameter Expected value (95% CI) sensitivity analyses Referencest
Relative risk for GBS from 1.52 (1.17-1.99) Fixed (11), online Technical Appendix
influenza vaccination Table 1
Relative risk for GBS from 15.81 (10.28-24.32) Fixed (11), online Technical Appendix
influenza illness Table 1

Joint risk of influenza
vaccination and influenza iliness

17.33 (additive)

15.81 (subadditive) to 24.03

No available data
(multiplicative)

GBS incidence rate
person yearst

0.45-3.72 cases/100,000  0.45 in youngest girls to 3.72 in

(23)
oldest men

Influenza iliness incidence rate 10% (base case)

2%—-20% See online Technical Appendix

Table 2

Vaccine effectiveness
<65y of age
>65 y of age

0.61 (0.30-0.52)
0.50 (0.27-0.91)

20%—80% (3, 25-27)

*GBS, Guillain-Barré syndrome.

1The online Technical Appendix is available at http://wwwnc.cdc.gov/ElD/article/21/2/13-1879-Techapp1.pdf.

}Depending on age and sex.

Methods

Intervention and Study Design

We compared the net impact of receiving a seasonal in-
fluenza vaccine versus not receiving the vaccine on a per-
son’s risk of acquiring GBS. We used a probabilistic de-
cision tree modeling approach, in which each person was
faced with the choice of receiving a vaccination against
influenza (Figure 1). Using effect estimates and associat-
ed standard errors and/or confidence intervals from recent
peer-reviewed literature, we simulated observations and
modeled uncertainty by using appropriate distributional
assumptions based on the type of effect estimate (e.g.,
relative risk [RR], incidence rate). We defined 2 base-
case examples (a 45-year-old woman and a 75-year-old
man) and then performed a series of sensitivity analyses
to demonstrate the effect of important covariates on the
risk for acquiring GBS.

Model Inputs
Age- and sex-specific baseline risks for GBS were based
on a published regression model derived from a meta-
analysis of studies reporting GBS incidence (/8). We
calculated age- and sex-specific individual GBS risk es-
timates for influenza incidence rates ranging from 2% to
20% and for estimates of vaccine effectiveness ranging
from 20% to 80%. Published RR estimates for GBS with
respect to influenza vaccination and influenza-like illness
are listed in online Technical Appendix Table 1. We used
the GBS risk estimates reported in Kwong et al. (//) in
our simulation models; these estimates were consistent
with findings of other studies (online Technical Appendix
Table 1).

Given that influenza illness and vaccination are only
2 (relatively minor) transient contributors to the overall
risk for GBS, we assumed that the risk increase for GBS
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persisted for only 6 weeks following exposure to both
influenza illness and vaccination (4,5,9—13). A person’s
risk for seasonal influenza illness depends on age, vacci-
nation status, geographic location, and sociodemographic
factors. Estimates of influenza incidence also vary widely
by year and case definition (i.e., confirmed by culture,
PCR, or serologic testing). Published estimates of lab-
oratory-confirmed influenza incidence in unvaccinated
persons are listed in online Technical Appendix Table 2.
Because of the observed annual variability in influenza
incidence, we modeled a wide range (2%-20%) of rates
in sensitivity analyses. Similarly, given that vaccine ef-
fectiveness varies by recipient age, type of vaccine (e.g.,
trivalent inactivated vaccine vs. live attenuated influenza
vaccine), and success of matching the vaccine strains to
circulating strains, we considered a range (20%—80%) of
effectiveness estimates.

No GBS

No influenza
iliness

GES

No influenza
vaccination

No GBS

Influenza
iliness

GBS

MNo GBS
No influenza
iliness
GBS
l . Influs_:nz:_a
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Influenza
illiness

GBS

Figure 1. Probabilistic decision tree modeling approach used
in a study simulating the effect of influenza and influenza
vaccination on the risk of acquiring Guillain-Barré syndrome
(GBS). It is assumed that each person has the choice of being
vaccinated against influenza.
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Table 2. Excess risk for GBS per million influenza vaccinations overall and for males and females separately by various influenza

incidence rates in a simulated study*

Age, Y, AGBS risk (95% Crl), % AGBS risk <0, by influenza incidence ratet
sex 2% 5% 10% 15% 20%
45
Both  0.49 (-0.03 to 1.35), 0.12 (-0.55t00.93),  -0.48 (-1.63t0 0.37), -1.08 (-2.79t0 -0.07), -1.69 (-3.99 to —0.43),
3.5M 35.7% 87.19 98.2¢) 99.7)
F 0.37 (-0.02 to 1.01), 0.09 (-0.411t00.70), —0.36 (-1.2210 0.28),f —-0.82 (-2.09 to —0.05), —1.28 (-2.98 to —0.33),
3.5M 35.6% 87.0" 98.2¢) 99.7)
M 0.66 (~0.05 to 1.79), 0.16 (-0.74to 1.24),  —0.65 (-2.16 to 0.50), —1.46 (-3.69 to —0.09), -2.28 (-5.27 to —0.59),
3.5M 35.6% 87.1" 98.1" 99.7"
75
Both  0.90 (0.19 to 2.71), 0.43 (-0.79t02.20), -0.31 (-2.58t0 1.74), -1.07 (-4.55t0 1.51), —1.84 (-6.60 to 1.38),
2.2 22.6% 64.7% 82.6" 89.3¢
F 0.69 (0.02 to 2.18), 0.32 (-0.61t0 1.77), -0.23(-2.06t0 1.37), -0.80 (-3.67 t0 1.16), —1.39 (-5.33 to 1.05),
2.3 22.6% 64.7% 82.5" 89.3¢
M 1.23 (0.02 to 3.90), 0.58 (-1.09t0 3.15), —0.42 (-3.68102.44),f -1.44 (-6.54102.09), —2.48 (-9.47 to 1.89),
2.3% 22.6% 64.8%) 82.6" 89.20

*Assuming vaccine effectiveness of 61% for 45-year-old persons and 50% for 75-year-old persons. Assuming semi-additive effect whereby those
vaccinated and who experience influenza iliness experience the sum of the 2 relative risks (RR) (i.e., influenza illness RR = 15.81 + 1.52 = 17.33). A total
of 1,000,000 simulations were conducted for each scenario. GBS, Guillain-Barré syndrome. Explanations for superscript symbols: (+) <25% of estimates
have AGBS <0 (favors vaccination increasing GBS risk); (+) 25%—75% of estimates have AGBS <0 (neutral); (=) >75% of estimates have AGBS <0

(favors vaccination decreasing GBS risk).

TAbsolute risk difference between vaccinated and unvaccinated persons. Negative values for A GBS indicate net reduction in no. of GBS cases in
vaccinated vs. unvaccinated persons. The % of AGBS <0 is the percentage of simulation results where the absolute risk difference for vaccinated vs.

unvaccinated was <0 (i.e., protective).
iBase-case analyses.

Joint Effects of Influenza Vaccination and lliness
Because influenza vaccination may fail to prevent influ-
enza illness, we considered 3 possible scenarios to model
the joint effects of vaccination and influenza illness. If ex-
posure to both influenza vaccination and illness occurred,
it would be possible for the two 6-week risk periods to
overlap. To simplify our simulation, we assumed a single
6-week exposure period for the 2 exposures combined. We
varied the joint RR of influenza illness and vaccination to
assess conditions of overlapping risk periods and interac-
tion between exposures.

In the first scenario considered, we modeled exposures
as independent and non-overlapping. Thus, the absolute risk
of GBS would be equivalent to an additive joint effect on the
RR scale: joint GBS risk = RR iuenza vaceination) ™ (6-wk base-
line GBS incidence rate) + RR  ivenza iiness) < (6-wk baseline
GBS incidence rate) = (RR(inﬂucnza vaccination) (inﬂucnzaillncss))
(6 week baseline GBS incidence rate). We chose this addi-
tive joint risk model for our base-case simulations and then
used different joint risk models in sensitivity analyses.

In the second scenario, we assumed the joint risk to be
no higher than the risk of influenza illness alone: joint GBS
risk = RR  uenza iness) < (6-wk baseline GBS incidence rate).
In the third scenario, we assumed that the joint risk was mul-
tiplicative on the RR scale: joint GBS risk = (RR

(influenza vaccina-

o) X (RR ) x (6-wk baseline GBS incidence rate).
ion) (influenza illness)

Modeling Approach

Technical details of our methodologic approach for generat-
ing representative simulated observations are provided in the
online Technical Appendix. All simulation parameters and
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associated statistical uncertainty (i.e., standard errors) were
chosen to reflect current peer-reviewed evidence. We simu-
lated 1,000,000 observations each for vaccinated and unvac-
cinated persons and calculated the absolute risk difference
with respect to GBS for the 2 scenarios. We then calculated
the median and a 95% credible interval (Crl), defined as the
region between percentiles 2.5 and 97.5 of the 1,000,000
simulated risk differences for each scenario. Point estimates
for each of the model inputs were used to calculate absolute
risk differences for deterministic sensitivity analyses.

Base-Case Analyses

We conducted 2 base-case analyses to represent the situa-
tion of typical persons faced with the decision of whether
to receive the influenza vaccine. We first modeled the risk
of GBS for a 45-year-old woman with a baseline risk for
GBS of 0.97/100,000 person-years (95% CI 0.62—1.53)
(18), a 10% chance of influenza illness (if unvaccinated),
and vaccine effectiveness (if vaccinated) of 61% (95% CI
30%—52%) for a hypothetical trivalent inactivated vaccine
(3,22). We then conducted a similar analysis for a 75-year-
old man with a baseline risk for GBS of 3.07/100,000 per-
son-years (95% CI 1.50-6.27) (18), a 10% chance of influ-
enza illness (if unvaccinated), and a vaccine effectiveness
(if vaccinated) of 50% (95% CI 27%-91%) for the same
hypothetical vaccine (23).

Sensitivity Analyses

In sensitivity analyses, model inputs (influenza incidence
rate, joint effect of vaccination and influenza illness on
GBS risk, vaccine effectiveness, and sex) were changed
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one at a time to determine the effect of higher and lower
plausible values on excess risk for GBS with vaccination.
We constructed tornado plots to display the effect of each
factor we changed (24). The tornado plot displays the re-
sults of 1-way sensitivity analyses, which illustrate the ef-
fect of high and low values for each variable of interest
while fixing all other variables at their respective base-case
point estimates in the influenza GBS risk model. The tor-
nado plots are displayed as stacked bar charts, with covari-
ates ranked from most impactful at the top and the least
impactful at the bottom, thus giving them the appearance of
a tornado funnel. We then performed another series of sen-
sitivity analyses involving 3-way sensitivity plots of excess
risk for GBS by age (<18, 45, 60, and 75 years), vaccine
effectiveness, and incidence of influenza illness, averaged
over both sexes.

All expected values, measures of uncertainty for each,
and ranges of inputs that we used in the base-case and sen-
sitivity analyses are reported in Table 1. All simulations
and statistical graphics were conducted in R version 3.0.1
(http://www.r-project.org/).

Results

Base-Case Analyses

When a 45-year-old woman was used as the base case,
excess GBS risk for influenza vaccination versus no vac-
cination was calculated to be —0.36/1 million vaccinations
(95% Crl —1.22 to 0.28), representing a small absolute re-
duction in GBS risk. Most (87%) of the simulated abso-
lute risk differences were <0, indicating that vaccination
is (slightly) protective against GBS. When a 75-year-old
man was used as the base case, the excess GBS risk due to

Loiwin risk Far RoEeal -y -oid hmaky

wcidenon rete

s s pabien]
A5 1 5 S 0 0.5
[
- I - -

Wactne sflectheeresi

Acktwety of werTe End inflamay
Elrwia #flncts [cormbined B dar OAT]

Feomais .

= Fnpeia vk = 0 [no increse o decreas |

Vacdination decreases GBS risk

Vaccination increases GBS rigk
“ L3

Influenza, Vaccination, and Guillain-Barré Syndrome

vaccination was estimated to be —0.42/1 million vaccina-
tions (95% Crl -3.68 to 2.44), and 65% of simulated abso-
lute risk differences were <0. Absolute risk differences are
presented in Table 2 for influenza incidence rates ranging
from 2% to 20%.

Sensitivity Analyses

In Figure 2, we present tornado plots that illustrate the
relative influence of varying each model input (influen-
za incidence, vaccine effectiveness, sex, and joint RRs
for vaccination and influenza illness) on the excess risk
of GBS while holding all other factors fixed. For both
base cases, influenza incidence and vaccine effective-
ness were the most influential factors. Under most typi-
cal conditions, vaccination was protective against GBS;
under conditions for which the model predicted an in-
creased absolute risk, the excess GBS risk did not ex-
ceed approximately 1 in 1 million (Figure 2). The only
exceptions noted were for the 75-year-old male base case
when influenza incidence approached a low of 2% and
when vaccine effectiveness was only 20%. For 45- and
75-year-old men and women (averaged over sex), when
the influenza incidence rate was held constant at 10%, the
threshold for protection from GBS with vaccination was
crossed when the vaccine was at least 39% effective. Con-
versely, if vaccine effectiveness was held fixed at 61%
in 45-year-old men and women and at 50% in 75-year-
old men and women (26,27), the threshold for protection
with vaccination was crossed when the influenza inci-
dence rate was at least 6% and 7.5%, respectively. When
the joint effect of influenza vaccination and illness were
modeled as multiplicative on the RR scale, the benefit
of vaccination on individual risk of GBS was muted or

B
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Figure 2. Sensitivity analyses for the excess risk of Guillain-Barré syndrome (GBS) per 1,000,000 influenza vaccinations. A) 45-year-

old woman, assuming a 10% influenza incidence rate, 61% vaccine effectiveness, and combined relative risk (RR) of GBS of 17.33. B)
75-year-old man, assuming a 10% influenza incidence rate, vaccine effectiveness of 50% and combined RR of GBS of 17.33. Depending
on the joint distribution of the probabilistic inputs to the simulation, these deterministic sensitivity analyses will not necessarily yield
identical mean/median estimates to those from the probabilistic simulation for the same age, sex, and influenza incidence rate.
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absent, compared with the benefit in the more plausible
scenarios, in which 1) exposures were either independent
and non-overlapping (additive joint effect on relative risk
scale) or 2) joint exposure conferred the same risk as ex-
posure to influenza illness alone (Figure 2).

In Figure 3, we separately present 3-way sensitivity
analyses of absolute GBS risk by influenza incidence rate
and vaccine effectiveness for each age group. When vac-
cine effectiveness was 60%, vaccination was protective
in all age groups for influenza incidence rates of ~6% or
higher. Overall, the observed net benefit of vaccination on
the risk for GBS was strongest with high vaccine effec-
tiveness in older persons (for modeled scenarios in which
vaccine effectiveness remained similar to that for younger
persons) and among males because of their higher baseline
incidence of GBS (not shown). For the lower limit of vac-
cine effectiveness of 20% considered for elderly subjects
(ages 60 and 75, Figure 3, panels C, D), the excess risk
of GBS was positive (favoring no vaccination) even for
influenza incidence values as high as 20% (the highest in-
cidence considered).

An online tool has been developed to allow readers
to calculate individual GBS risk for a range of model in-
puts. The tool implements the deterministic model used to
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calculate the results presented in Figures 2 and 3 (http:/
www.stevenhawken.ca/Software_and Web_Tools.html).

Discussion

To better understand the complex relationship between influ-
enza vaccination and influenza illness with respect to GBS
risk, we constructed probabilistic decision tree simulation
models to evaluate the risk of GBS for a person who either
does or does not receive seasonal influenza vaccine. Our
simulations provide evidence that, under many conditions,
vaccination is more likely to reduce rather than increase a
person’s overall risk of acquiring GBS. The most impor-
tant factors in determining the net benefit or harm were the
influenza incidence rate and vaccine effectiveness. Hence,
when low influenza incidence was coupled with poor vac-
cine effectiveness, our models predicted a net increased risk
of GBS with vaccination. Low influenza incidence and low
vaccine effectiveness are not necessarily uncommon. For ex-
ample, vaccine effectiveness tends to be lower in elderly per-
sons, and incidence rates fluctuate from year to year. Where
vaccine coverage and, by extension, herd immunity is high,
influenza incidence rates will be lower. Even when both vac-
cine effectiveness and influenza incidence rates were low,
the absolute risk increases observed in our simulations under

Figure 3. Excess risk of Guillain-
Barré syndrome (GBS) per
1,000,000 influenza vaccinations
by influenza incidence rate,
age, and vaccine effectiveness
for both sexes combined. A)
Risk for persons <18 years of
age; vaccine effectiveness of
40%—-80%. B) Risk for persons
. 45 years of age; vaccine
", effectiveness of 40%—-80%. C)
. Risk for persons 60 years of

. age; vaccine effectiveness of

. 20%—-80%. D) Risk for persons

75 years of age; vaccine
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these conditions were extremely small. In all but the most
extreme cases, the excess risk with vaccination did not ex-
ceed the generally quoted figure of 1 in 1 million (5).

Although our investigation focused on individual risk,
our results can potentially be interpreted from a population
health perspective. For example, an excess risk of 1 in 1
million can be interpreted as the number of excess cases of
GBS expected for every 1,000,000 people choosing to be
vaccinated under the stated assumptions. The effect of in-
complete vaccine uptake and herd immunity would serve to
lower the effective number of persons vaccinated and lower
the effective influenza incidence, which could be addressed
in sensitivity analyses rather than by explicitly modeling
them. These phenomena would have greatly complicated a
simulation study focused at the population health level, but
such complications were avoided in our study by focusing
on individual persons.

Although local estimates of influenza incidence vary
widely by year, age, geographic location, and sociodemo-
graphic factors, the World Health Organization estimates
that overall, 20%—-30% of children and 5%—10% of adults
are affected by influenza illness annually (28). A recent
meta-analysis reported seasonal influenza incidence rates
of 5.4% (95% CI 3.0%—-9.8%) in unvaccinated working
adults, 24.2% (95% CI 15.1%-38.9%) in unvaccinated
working adults living in households with children, and
18.7% (95% CI 15.8%-22.1%) in unvaccinated health
care workers (29). This wide range of reported influen-
za incidence rates motivated our decision to use various
influenza incidence rates to encompass the spectrum of
plausible values.

Data from observational studies suggest that influenza
vaccines may be less effective in elderly persons (23). This
reduced effectiveness could result in a muted benefit of
vaccination with respect to GBS risk, a fact that we con-
firmed in our simulations. However, higher baseline rates
of GBS are observed in the elderly, so a vaccine with re-
duced efficacy could still be protective with respect to GBS
risk. Furthermore, if vaccine effectiveness is reduced be-
cause of lowered immunogenicity (as distinct from poor
antigen match), the risk for GBS from vaccination could be
lowered if GBS risk is correlated with the immune response
mounted by the vaccinee.

Vaccine effectiveness estimates are also heterogeneous
by year and region and are dependent on antigen match be-
tween the vaccine and circulating virus strains. We found
that when the annual influenza incidence was held fixed at
10%, vaccination was protective against GBS when vaccine
effectiveness was at least 39%. Although Canadian annual
adjusted vaccine effectiveness estimates from 2005-06 to
2010-11 have ranged from 37% (95% CI 17%-52%) to
61% (95% CI 26%—79%), estimates were >45% for every
season except 2010-11 (25,30-32). A recent study from
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the United States reported a vaccine effectiveness of 60%
(95% CI 53%—66%) for the 2010—11 season; the estimate
for children 6 months to 8 years of age was 69%, and that
for adults >65 years of age was 38% (33). For the 2011-12
season, a study from the United Kingdom reported a vac-
cine effectiveness of 23% (95% CI-10% to 47%) (26). For
the same season, a European study reported estimates of
63% (95% CI 26%—82%) for persons 15-59 years of age
and markedly lower estimates for younger (19%) and older
(15%) persons (34). Despite their heterogeneity, these es-
timates of influenza incidence rates and vaccine effective-
ness support our conclusion that under typical conditions,
vaccination against seasonal influenza will result in a net
decrease in absolute risk for GBS.

Previous studies of the risk for GBS from seasonal
influenza vaccination and illness either looked solely at
vaccination (4-6) or considered seasonal influenza illness
and vaccination separately within the same study (7,8,/1).
Several studies looked at the risk for GBS from influenza
A(HIN1) virus infection and vaccination (27,35,36). Our
study considered the effect of seasonal influenza vacci-
nation and influenza illness on GBS risk simultaneously,
while taking into account the effect of vaccine effectiveness
on reducing the incidence of influenza illness, as well as the
important roles of age and sex on baseline risk for GBS,
influenza incidence, and vaccine effectiveness.

This study has important strengths and limitations. A
strength of our study is that we were able to model excess
risk of GBS for a wide range of scenarios. We were also
able to account for different assumptions about the com-
bined effects of influenza illness and vaccination in model-
ing the joint risk of GBS if influenza illness were to occur
in persons who had been vaccinated. We based all model
inputs on recent peer-reviewed evidence.

One potential limitation of our study is that the princi-
pal studies quantifying the risk of GBS with influenza ill-
ness ascertained cases of influenza in different ways. Many
of the studies reporting on vaccine safety and efficacy used
medically attended, laboratory-confirmed influenza illness
as the primary outcome (3,22,23,37). Estimates of GBS
risk have been almost exclusively derived from studies of
association with influenza-like illness; one exception is an
ecologic study that did not provide an estimate of RR (38).
It is unclear whether the risk for GBS (and influenza vac-
cine effectiveness) is similar for laboratory-confirmed in-
fluenza and influenza-like illness or influenza-coded health
care encounters. Although the incidence of laboratory-con-
firmed influenza underestimates the true burden of influen-
za illness, influenza-coded outpatient visits are vulnerable
to misclassification.

The excess risk calculated in our model is sensitive to
the estimated combined effect of influenza illness and vac-
cination on the RR for GBS. At one extreme, we assumed
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that the effects were multiplicative on the RR scale, and at
the other extreme, we assumed the combined risk was no
higher than the RR for influenza illness alone. It is possible
that GBS risk varies by severity of illness, such that asymp-
tomatic or minimally symptomatic illness confers a lower
risk of GBS than more severe influenza-like illness; if this
is the case, we may have overestimated influenza-associ-
ated GBS risk. It is also plausible that vaccination could
reduce the severity of subsequent influenza illnesses that
are not altogether prevented, and in turn, could reduce the
risk of GBS due to those illnesses. Similarly, when vaccine
effectiveness is reduced because of immunogenicity and
not poor antigen match, the risk of GBS from vaccination
could actually decrease if the risk is linked to the immune
response mounted by the vaccinee. In our search of the lit-
erature, we did not find data on the severity of illness from
influenza or other pathogens in relation to risk for GBS or
on the combined risk of influenza vaccination and influ-
enza illness on risk for GBS. Future studies exploring these
questions would be welcome, although achieving the nec-
essary statistical power would be extremely challenging.

In conclusion, our findings provide reassurance that in-
fluenza vaccination reduces individual risk of GBS except
under conditions of low influenza incidence and/or low
vaccine effectiveness. Even under those circumstances, in
which the absolute risk of GBS may be raised by vaccina-
tion, the excess risk is small (in most cases, less than the
generally quoted estimate of 1 in 1 million). The protective
benefits of influenza vaccination are most pronounced for
populations in which influenza incidence rates are higher
(i.e., young children and the elderly, although effectiveness
may be muted) and in those with a higher background risk
for GBS (males and older persons). Influenza vaccination
is an important population health intervention that reduces
morbidity and mortality. Beyond these benefits, the ten-
dency of influenza vaccination to reduce a person’s overall
risk of acquiring GBS under many conditions (although
the absolute risk differences are extremely small) should
strengthen confidence in the safety of influenza vaccina-
tion and allow health professionals to better put the risk of
GBS in context when communicating risks and benefits to
potential vaccinees.
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