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Abstract

Background

An association between AS03 adjuvanted pandemic influenza vaccine and the occurrence

of Bell’s palsy was found in a population based cohort study in Stockholm, Sweden. To eval-

uate this association in a different population, we conducted a self-controlled case series in

a primary health care database, THIN, in the United Kingdom. The aim of this study was to

determine whether there was an increased risk of Bell’s palsy following vaccination with any

influenza vaccine containing A/California/7/2009 (H1N1)-like viral strains. Secondly, we

investigated whether risks were different following pandemic influenza A(H1N1)pdm09 vac-

cines and seasonal influenza vaccines containing the influenza A(H1N1)pdm09 strain.

Methods

The study population comprised all incident Bell’s palsy cases between 1 June 2009 and 30

June 2013 identified in THIN. We determined the relative incidence (RI) of Bell’s palsy dur-

ing the 6 weeks following vaccination with either pandemic or seasonal influenza vaccine.

All analyses were adjusted for seasonality and confounding variables.

Results

We found an incidence rate of Bell’s palsy of 38.7 per 100,000 person years. Both acute

respiratory infection (ARI) consultations and pregnancy were found to be confounders.

When adjusted for seasonality, ARI consultations and pregnancies, the RI during the 42

days after vaccination with an influenza vaccine was 0.85 (95% CI: 0.72–1.01). The RI was

similar during the 42 days following seasonal vaccine (0.96, 95%CI: 0.82–1.13) or pandemic

vaccine (0.73, 95%CI: 0.47–1.12).

Conclusion

We found no evidence for an increased incidence of Bell’s palsy following seasonal influ-

enza vaccination overall, nor for monovalent pandemic influenza vaccine in 2009.
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Introduction

Bell’s palsy is an idiopathic peripheral-nerve palsy affecting the cranial nerve and the most

common cause for facial paralysis [1] with an incidence between 15 to 50 cases per 100,000

people per year [1–3]. It is characterized by acute onset, unilateral facial paralysis, numbness

or pain around the ear, reduction in taste and hypersensitivity to sounds. The diagnosis is

made after excluding other possible causes for facial paralysis, including congenital, genetic

and acquired causes. Standard diagnostic criteria are not available [4]. Bell’s palsy resolves

spontaneously without treatment in most patients within 6 months. Some patients experience

long-term sequelae with incomplete return of facial motor function and synkinesis [1]. The

cause of Bell’s palsy is unknown. Inflammation is thought to play an important role in the aeti-

ology of Bell’s palsy [1] and an auto-immune aetiology has also been suggested [5]. Known

risk factors for Bell’s palsy include diabetes, a weakened immune system and pregnancy [1, 6].

Bell’s palsy has been associated with influenza vaccines in the past [7–12]. A large popula-

tion-based study in the UK did not detect a relationship between inactivated influenza vaccines

and Bell’s palsy [13], nor did a recent study in the US in children [14]. Due to the earlier associ-

ations and the unknown aetiology, Bell’s palsy remains an adverse event of interest following

influenza vaccination.

Following the 2009/2010 influenza A(H1N1) pandemic, an association with Bell’s palsy was

found with an AS03 adjuvanted pandemic influenza vaccine, Pandemrix, in a population

based cohort study in Stockholm, Sweden with a hazard ratio (HR) of 1.25, 95% CI 1.06 to 1.48

[15]. The risk was highest during the first 6 weeks following vaccination (HR: 1.60, 1.25 to

2.05) and particularly present in those vaccinated early in the campaign (HR: 1.74, 95% CI

1.16 to 2.59), which were those with more (severe) underlying co-morbidity. Similarly, a signal

was detected for monovalent pandemic influenza vaccines used in the Vaccine Safety Datalink

(VSD) Project in the US in adults over the age of 25 years with a relative risk of 1.6 [16]. This

last signal was not verified in a case centred analysis which found and odds ratio of 1.21 (95%

CI: 0.93–1.57). Finally, a signal of an increased risk of Bell’s palsy during the 42 days after vac-

cination with pandemic (H1N1) 2009 vaccine was detected in Taiwan [17].

In order to evaluate the potential association of Bell’s palsy following influenza A(H1N1)

pdm09 vaccination in a different population, we conducted a self-controlled case series study.

The aim of this study was to determine whether there was an increased risk of Bell’s palsy fol-

lowing vaccination with any influenza vaccine containing A/California/7/2009 (H1N1)-like

viral strains. Secondly, we looked whether risks were different following pandemic influenza A

(H1N1)pdm09 vaccines and seasonal influenza vaccines containing the influenza A(H1N1)

pdm09 strain.

Methods

We used a self-controlled case series (SCCS) [18, 19] design in The Health Improvement Net-

work (THIN) database. THIN includes data from 562 general practices across the UK and the

population covered by THIN is representative of the UK population. The data in THIN have

been validated for pharmacoepidemiology studies [20, 21].

Study population, study period and outcome

The study population comprised all incident Bell’s palsy cases between 1 June 2009 and 30

June 2013 identified in THIN, from a total population in this time period of nearly 6 million.

A Bell’s palsy case was defined as a person who had a consultation with a READ diagnosis

code for Bell’s palsy (F310.00). Multiple cases per person were allowed. If diagnosis dates were

more than 6 months apart, they constituted two separate cases. Considering the relatively high
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predictive value of over 75% of READ diagnosis codes for Bell’s palsy [13] no validation on

identified cases was performed.

Exposures

Influenza vaccination was identified through relevant codes and recorded by year and vaccine

type (seasonal or pandemic), including pandemic influenza vaccination and seasonal influenza

vaccinations for the years 2009/2010, 2010/2011, 2011/2012 and 2012/2013. In the UK both

Pandemrix and Celvapan were used during the 2009–2010 influenza A(H1N1) pandemic, and

information on brand was retrieved if available. Moreover, during the 2009–2010 season, per-

sons could have received both a seasonal vaccine and a pandemic influenza vaccine. In theory

these could have been given on the same day or close together making it difficult to attribute

the risk to either. Considering the study by Stowe et al [13] no increased risk was expected for

the seasonal vaccine, therefore this was disregarded in the primary analysis.

Because each person serves as his or her own control, stable confounders such as gender,

genetics, socio-economic status, and underlying disease are controlled for. Covariates that

were considered as potential confounders were calendar time, occurrence of acute respiratory

infections (ARI), influenza diagnoses, and pregnancy. Considering the short observation

period, no age effect was expected. ARI episodes and influenza diagnoses were identified by

relevant READ codes (provided in S1 Table). Consultations for ARI or influenza occurring

within 28 days of a previous consultation were excluded as likely related to the same episode.

The risk window for ARI and influenza was 0 to 7 days following the date of infection. Preg-

nancies were identified by the date of delivery. The risk period was the 270 days (9 months)

before the date of delivery.

Analysis

We used means and standard deviations to describe continuous variables. For categorical vari-

ables, we used counts and percentages. We calculated the incidence rate of codes for Bell’s

palsy using all person time in the database within the study period and similarly determined

vaccination rates per season using all subjects in the database.

All descriptive statistics were compared between vaccinated cases and unvaccinated cases

using t-tests for continuous variables and chi-squared tests for categorical variables. Associa-

tions between pregnancy, ARI consultations and influenza diagnoses and Bell’s palsy and

influenza vaccination were determined. We determined the relative incidence (RI) of Bell’s

palsy during the 6 weeks following vaccination with either pandemic or seasonal influenza vac-

cine using a conditional Poisson regression conducted on Bell’s palsy cases only. The risk

period of interest was from days one to 42 following vaccination (D1 to D42), as this was the

period with the highest risk found by Bardage et al [15]. As vaccination could be delayed fol-

lowing an episode of Bell’s palsy, the 14 days prior to vaccination were treated as a separate

risk period in the analysis. The day of vaccination (D0) was also regarded as a separate risk

period. Relative incidence of Bell’s palsy associated with pregnancy, influenza diagnosis, and

ARI were estimated using the SCCS method [18]. If these univariate associations were signifi-

cant, pregnancy, influenza, and ARI would be included as additional exposures in the primary

analysis. All analyses were adjusted for calendar time by quarter.

Relative incidences were calculated separately for pandemic and for seasonal influenza vac-

cines, and for each season (vaccination period). All person time was included in analysis of

risk following any pH1N1-containing vaccine exposure while person time was limited to Octo-

ber 1 to 61 days following the last administration in separate analyses of pandemic H1N1 vac-

cine and seasonal vaccines. As less than 0.1% of vaccinated cases received Celvapan during the
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2009/2010 pandemic [22], we consider the findings with pandemic vaccines in our study to be

applicable to Pandemrix. Age and sex specific relative incidences of Bell’s palsy within 6 weeks

of influenza vaccination were calculated.

To further account for the risk of deferral of vaccination after receiving a diagnosis of Bell’s

palsy, we performed sensitivity analyses in which only the observation time after vaccination

was considered.

All analyses were conducted using SAS 9.2.

Results

We identified 6381 Bell’s palsy cases in 6288 persons. Of these, 6198 persons had one code for

Bell’s palsy, 87 persons had two and three persons had three consultations with a Bell’s palsy

code during the study period. The incidence rate was 38.7 per 100,000 person years (Table 1)

The characteristics of the cases by vaccination status (seasonal and pandemic) are presented

in Table 2. Cases who were vaccinated with either pandemic or seasonal influenza vaccine

were older and had more consultations for ARI during the study period. Moreover, cases who

Table 1. Main characteristics of THIN population overall and by case status.

Non-Case

n = 5,726,368

Case

n = 6,288

Total

n = 5,732,656

Demographics

Female (n (%)) 2,913,751 (50.88) 3,194 (50.80) 2,917,343 (50.88)

Mean Follow Up Time in years (SD) 3.13 (1.58) 3.72 (1.27) 3.13 (1.58)

Mean age in years (SD) 37.10 (23.32) 45.00 (20.20) 37.11 (23.32)

Age (n (%))

<45 yrs 3,646,538 (63.68) 3,217 (51.16) 3,650,127 (63.67)

45–65 yrs 1,289,596 (22.52) 1,949 (31.00) 1,291,825 (22.53)

>65 yrs 790,234 (13.80) 1,122 (17.84) 791,495 (13.80)

�1 ARI episode (n (%)) 1,489,391 (26.01) 2231 (35.48) 1,491,622 (26.02)

� 1Pregnancy (n (%)) 122,878 (2.15) 158 (2.51) 123,036 (2.15)

2009 Pandemic (n(%)) 524059 (9.15) 901 (14.33) 524960 (9.16)

Seasonal 2009–2010 (n(%)) 913,250 (15.95) 1660 (26.40) 914,910 (15.96)

Seasonal 2010–2011 (n(%)) 789912 (13.79) 1529 (24.32) 791,411 (13.80)

Seasonal 2011–2012 (n(%)) 856684 (14.93) 1747 (27.78) 856,684 (14.94)

Seasonal 2012–2013 (n(%)) 817751 (14.28) 1702 (27.07) 819,453 (14.29)

https://doi.org/10.1371/journal.pone.0175539.t001

Table 2. Main characteristics of cases occurring between 1 June 2009 and 30 June 2013 by vaccination status.

Received seasonal vaccine* Received pandemic vaccine

Yes

n = 2408

No

n = 3880

p-value Yes

n = 901

No

n = 5387

p-value

Demographics

Female (n (%)) 1313 (54.53) 1881 (48.48) < .0001 454 (50.39) 2740 (50.86) 0.79

Mean age in years (SD) 58.59 (18.07) 36.56 (16.51) < .0001 56.75 (19.64) 43.03 (19.61) < .0001

Age (n (%))

<45 yrs 532 (22.09) 2685 (69.20) 212 (23.53) 3005 (55.78)

45–65 yrs 897 (37.25) 1052 (27.11) 357 (39.62) 1592 (29.55)

>65 yrs 979 (40.66) 143 (3.69) < .0001 332 (36.85) 790 (14.66) < .0001

https://doi.org/10.1371/journal.pone.0175539.t002
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received seasonal influenza vaccines were more likely to be female. The distribution of Bell’s

palsy dates relative to vaccination dates is presented in Fig 1.

Of cases, 14% received the monovalent pandemic influenza vaccine whilst seasonal vaccines

were received by 24 to 28% of cases dependent on the year. Thirty-five percent (2232 persons)

experienced at least one episode of ARI during follow-up. In total, 3.5% (220 cases) received

an influenza diagnosis. During follow-up 155 women had one pregnancy (4.85%) and three

women had two pregnancies (0.09%).

We found that pregnancy was associated with a higher risk of Bell’s palsy (RR 1.75, 95% CI

1.19–2.57) and that pregnant women had a higher likelihood of receiving an influenza vaccine

(RR 5.05, 95% CI 3.26–7.82). An episode of ARI was strongly associated with Bell’s palsy on

the day of consultation (RR 6.99, 95% CI: 4.39–11.13), but also in the 7 days following a con-

sultation for ARI (RR 2.44, 95% CI 1.81–3.30). In addition, an episode of ARI was associated

with an increased incidence of vaccination on the day of consultation for ARI (RR 2.93, 95%

CI 1.58–5.46) and a reduced incidence of vaccination during the week following a consultation

for ARI (RR 0.50, 95% CI 0.28–0.89). The distribution of ARI dates relative to vaccination

dates over calendar time is given in Fig 2.

The crude RI of Bell’s palsy during the 42 days after vaccination with an influenza vaccine

was 0.88 (95% CI: 0.74–1.04). On the day of vaccination the relative incidence was 2.15 (95%

CI: 1.12–4.14). The RI was reduced in the fourteen days prior to vaccination, 0.70 (95% CI:

0.51–0.96). When adjusted for seasonality, episodes of ARI and pregnancies, the RI during the

42 days after vaccination with an influenza vaccine was 0.85 (95% CI: 0.72–1.01). At the date

of vaccination the adjusted RI was 2.08 (95% CI: 1.08–4.01), during the 14 days preceding vac-

cination the adjusted RI was 0.68 (95% CI: 0.50–0.93).

When considering the type of vaccine (i.e. seasonal vs. pandemic) the adjusted RI was simi-

lar during the 42 days following seasonal vaccine (0.96, 95%CI: 0.82–1.13) or pandemic vac-

cine (0.73, 95%CI: 0.47–1.12).

Fig 1. Distribution of Bell’s palsy diagnosis dates and dates of vaccination during the observation

period.

https://doi.org/10.1371/journal.pone.0175539.g001
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The adjusted (for ARI and seasonality in men; for ARI, seasonality, and pregnancy in

women) RI during the 42 days following influenza vaccination (any) was slightly lower in

women (0.77, 95% CI: 0.61–0.99) compared to men (0.94, 95% CI: 0.74–1.19), with confidence

intervals overlapping.

The adjusted relative incidence of Bell’s palsy within 42 days of influenza vaccine stratified

by vaccine and age can be found in Table 3.

In the analysis in which only observation time after vaccination was included, exposure to

2009 pH1N1 vaccine with control for ARI, seasonality, and pregnancy produced a RI of 0.88

(95% CI: 0.47, 1.65) while exposure to 2010–11, 2011–12, and 2012–13 seasonal vaccines pro-

duced RIs of 1.56 (0.95, 2.57); 0.69 (0.45, 1.06); and 0.91 (0.57, 1.46), respectively.

The main analysis disregarded seasonal influenza vaccines during the 2009–2010 season.

We considered the receipt of seasonal influenza vaccines during the 2009–2010 season as a

separate risk factor in a sensitivity analysis. The results showed a RI of 1.14 (0.86, 1.51) in the

42 days following vaccination.

Discussion

Bell’s palsy is a syndrome for which the exact cause is unclear. As a result it could have multiple

triggers, of which—considering the hypothetical autoimmune aetiology—influenza and influ-

enza vaccination could be one. Clusters of Bell’s palsy cases have been reported following influ-

enza vaccination in the past. An association was reported for Bell’s palsy and Pandemrix, an

AS03 adjuvanted pandemic influenza vaccine in Sweden [15], and a signal was reported from

Taiwan [17]. In this study, we evaluated the risk of Bell’s palsy following vaccination with influ-

enza vaccines containing A/California/7/2009 (H1N1)-like viral strains, including pandemic

vaccines, in the UK.

The increased risk of Bell’s palsy on the day of influenza vaccination was expected, based

upon the findings of Stowe et al [13], and a likely opportunistic recording of cases.

Fig 2. Distribution of acute respiratory infection dates and dates of vaccination during the

observation period. There was no statistical evidence of an association between Bell’s palsy and a

consultation for influenza (RR 2.41, 95% CI 0.76–7.58).

https://doi.org/10.1371/journal.pone.0175539.g002
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We found no evidence of an increased incidence of Bell’s palsy consultations following sea-

sonal influenza vaccination overall, nor for monovalent pandemic influenza vaccine in 2009.

Therefore our study does not confirm the results identified by Bardage et al [15] in Sweden.

While Bardage et al. controlled for sex, age, and health utilization as measured by contacts

within the year prior to vaccination, they were unable to control for unmeasured within-per-

son confounders or for seasonality. Given the association we found here between ARI and

Bell’s palsy, failure to control for infection and/or seasonality could lead to the increased HR

found by Bardage et al. When adjusted for seasonality, episodes of ARI and pregnancies, the

RI during the 42 days after vaccination with an influenza vaccine was 0.85 (95% CI: 0.72–

1.01).

Other than mild protective effects in women following exposure to any H1N1-containing

vaccine and in 45–64 year olds following exposure to the 2012–13 seasonal vaccine, all esti-

mated RIs associated with vaccine exposure were non-significant. Given the number of associ-

ations assessed together with the upper limits of the confidence intervals being nearly equal to

one, we did not further investigate these apparent protective effects, as these could reasonably

be due to chance.

Table 3. Age and season specific relative incidences (95% CI) of Bell’s palsy within 42 days of influenza vaccination (adjusted for seasonality, ARI

consultations and pregnancy).

Risk Period All age groups Age <45 Age 45 to 64 Age 65 +

Person Time (yrs) N RI 95% CI N RI 95% CI N RR 95% CI N RR 95% CI

Any vaccine*

Day -14 to -1 244 41 0.68 0.50–0.93 7 0.92 0.43–1.95 15 0.73 0.44–1.23 19 0.58 0.36–0.92

Day 0 17 9 2.08 1.08–4.01 2 3.58 0.89–14.40 2 1.36 0.34–5.44 5 2.12 0.88–5.15

Day 1 to 42 733 154 0.85 0.72–1.01 25 1.07 0.71–1.62 45 0.73 0.53–1.00 84 0.86 0.67–1.10

Non-Risk 23,031 5629

2009 Pandemic

Day -14 to -1 39 2 0.18 0.05–0.74 1 0.41 0.06–2.98 1 0.23 0.03–1.65 0 NA NA

Day 0 3.2 0 NA NA 0 NA NA 0 NA NA 0 NA NA

Day 1 to 42 118 24 0.73 0.47–1.12 3 0.40 0.12–1.28 9 0.70 0.35–1.43 12 0.93 0.50–1.74

Non-Risk 5076 3681

Season 2010–2011

Day -14 to -1 52 7 0.64 0.29–1.39 0 NA NA 1 0.36 0.05–2.68 6 0.90 0.37–2.17

Day 0 4.4 2 2.25 0.55–9.18 0 NA NA 1 4.36 0.58–32.57 1 1.86 0.25–13.64

Day 1 to 42 198 53 1.28 0.90–1.80 11 1.58 0.73–3.42 16 1.44 0.75–2.76 26 1.03 0.62–1.72

Non-Risk 2705 635

Season 2011–2012

Day -14 to -1 54 17 1.23 0.73–2.08 3 1.28 0.36–4.53 7 2.17 0.91–5.16 7 0.76 0.34–1.72

Day 0 4.9 1 0.83 0.12–5.98 1 5.39 0.71–41.15 0 NA NA 0 NA NA

Day 1 to 42 224 45 0.81 0.57–1.16 5 0.59 0.21–1.60 14 1.12 0.58–2.19 26 0.67 0.41–1.10

Non-Risk 2522 537

Season 2012–2013

Day -14 to -1 54 8 0.62 0.30–1.30 3 1.82 0.51–6.50 2 0.34 0.08–1.44 3 0.58 0.17–1.93

Day 0 4.8 3 2.87 0.91–9.09 1 6.86 0.89–52.67 1 2.22 0.30–16.25 1 2.33 0.32–17.23

Day 1 to 42 217 44 0.90 0.63–1.28 9 1.33 0.58–3.07 9 0.43 0.21–0.88 26 1.28 0.74–2.20

Non-Risk 2627 547

All Bell’s palsy cases regardless of vaccination status included. All analyses adjusted for seasonality by quarter, ARI consultations, and pregnancy in strata

that contained pregnant cases.

https://doi.org/10.1371/journal.pone.0175539.t003
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One of the more restrictive assumptions of the SCCS method is that the distribution of

exposure after a certain time must be independent of the event history prior to that time [18].

Bell’s palsy is not a contra-indication for influenza vaccination. Nonetheless, it is possible that

people will delay vaccination after Bell’s palsy, which can represent a violation of the assump-

tion of the SCCS. Generally, this delay in vaccination would bias RI estimates upward by pro-

ducing a scarcity of cases in control intervals. In our main analysis we fixed the 14 days prior

to vaccination as a separate risk period. The reduced incidence found during this risk period

demonstrates that persons will delay vaccination when diagnosed with Bell’s palsy. We

assumed that a 14 day period would be sufficient to exclude any bias resulting from this delay.

As evidenced by the sensitivity analysis which only considered observation time after vaccina-

tion and produced estimates very similar to those produced with a 14-day low risk period, this

14-day period was sufficient to control for a potential healthy vaccinee effect.

A second restrictive assumption of the SCCS method is that events are either recurrent and

independent within individuals or not-recurrent and uncommon [18]. Bell’s palsy can recur,

however this is rare [1] and is reported to do after a latency period of approximately 10 years

[5, 13]. In our study we considered any second consultation of Bell’s palsy within 6 months to

belong to a single episode. We found that 1.4% of persons had more than one episode within

our relatively short observation period. As recurrent events are rare we assume the bias is neg-

ligible [23].

Our study has limitations that could impact the observed results.

Whilst the SCCS inherently deals with measured and unmeasured fixed confounding vari-

ables, time varying confounders will still need to be measured and adjusted for. We adjusted

for seasonality by quarter, consultations for ARI and pregnancies, as these factors were identi-

fied as confounders in our study. Although both ARI and pregnancies were associated with

exposure and outcome, adjusting for them had minimal impact on estimates. As we identified

pregnancies by date of delivery we did not capture all pregnancies. Similarly, consultations for

ARI do not reflect all the ARIs actually occurring. We could not adjust for time varying factors

that were not measured such as changes in medical coding practice, healthcare seeking behav-

iour, or vaccination policy.

Finally, persons who develop Bell’s palsy may consult their GP only after prolonged persis-

tence of symptoms or not at all, making incomplete reporting of cases possible in our study. If

reporting was differential by vaccination status, meaning if persons who develop Bell’s palsy

shortly following vaccination were more likely or less likely to consult their GP, this would

have introduced bias in this study.

In conclusion, our study did not provide evidence of an increased risk of Bell’s palsy follow-

ing vaccination with any influenza vaccine containing A/California/7/2009 (H1N1)-like viral

strains, either pandemic or seasonal vaccines.

Supporting information

S1 Table. Read codes for data extraction.

(DOCX)

Author Contributions

Conceptualization: LW DW MS.

Data curation: CD LW.

Formal analysis: CND.

Bell’s palsy and influenza(H1N1)pdm09 containing vaccines

PLOS ONE | https://doi.org/10.1371/journal.pone.0175539 May 3, 2017 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175539.s001
https://doi.org/10.1371/journal.pone.0175539


Investigation: LW CND.

Methodology: CND LW MS.

Project administration: LW DW.

Resources: MS.

Supervision: DW MS.

Writing – original draft: LW.

Writing – review & editing: LW CND DW MS.

References
1. Gilden DH. Clinical practice. Bell’s Palsy. The New England journal of medicine. 2004; 351(13):1323–

31. Epub 2004/09/24. https://doi.org/10.1056/NEJMcp041120 PMID: 15385659

2. Rowlands S, Hooper R, Hughes R, Burney P. The epidemiology and treatment of Bell’s palsy in the UK.

Eur J Neurol. 2002; 9(1):63–7. Epub 2002/01/11. PMID: 11784378

3. Rowhani-Rahbar A, Baxter R, Rasgon B, Ray P, Black S, Klein JO, et al. Epidemiologic and clinical fea-

tures of Bell’s palsy among children in Northern California. Neuroepidemiology. 2012; 38(4):252–8.

https://doi.org/10.1159/000338303 PMID: 22678408

4. Rath B, Linder T, Cornblath D, Hudson M, Fernandopulle R, Hartmann K, et al. All that palsies is not

Bell’s -the need to define Bell’s palsy as an adverse event following immunization. Vaccine. 2007; 26

(1):1–14. https://doi.org/10.1016/j.vaccine.2007.10.043 PMID: 18037542

5. Greco A, Gallo A, Fusconi M, Marinelli C, Macri GF, de Vincentiis M. Bell’s palsy and autoimmunity.

Autoimmunity reviews. 2012; 12(2):323–8. https://doi.org/10.1016/j.autrev.2012.05.008 PMID:

22684016

6. Holland NJ, Weiner GM. Recent developments in Bell’s palsy. BMJ. 2004; 329(7465):553–7. Epub

2004/09/04. https://doi.org/10.1136/bmj.329.7465.553 PMID: 15345630

7. Chou CH, Liou WP, Hu KI, Loh CH, Chou CC, Chen YH. Bell’s palsy associated with influenza vaccina-

tion: two case reports. Vaccine. 2007; 25(15):2839–41. Epub 2006/11/07. https://doi.org/10.1016/j.

vaccine.2006.10.006 PMID: 17084492

8. Baxter R, Toback SL, Sifakis F, Hansen J, Bartlett J, Aukes L, et al. A postmarketing evaluation of the

safety of Ann Arbor strain live attenuated influenza vaccine in adults 18–49 years of age. Vaccine.

2012; 30(20):3053–60. https://doi.org/10.1016/j.vaccine.2012.02.080 PMID: 22425787

9. Baxter R, Toback SL, Sifakis F, Hansen J, Bartlett J, Aukes L, et al. A postmarketing evaluation of the

safety of Ann Arbor strain live attenuated influenza vaccine in children 5 through 17 years of age. Vac-

cine. 2012; 30(19):2989–98. https://doi.org/10.1016/j.vaccine.2012.02.039 PMID: 22386746

10. Izurieta HS, Haber P, Wise RP, Iskander J, Pratt D, Mink C, et al. Adverse events reported following

live, cold-adapted, intranasal influenza vaccine. JAMA: the journal of the American Medical Association.

2005; 294(21):2720–5. https://doi.org/10.1001/jama.294.21.2720 PMID: 16333007

11. Mutsch M, Zhou W, Rhodes P, Bopp M, Chen RT, Linder T, et al. Use of the inactivated intranasal influ-

enza vaccine and the risk of Bell’s palsy in Switzerland. The New England journal of medicine. 2004;

350(9):896–903. https://doi.org/10.1056/NEJMoa030595 PMID: 14985487

12. Zhou W, Pool V, DeStefano F, Iskander JK, Haber P, Chen RT, et al. A potential signal of Bell’s palsy

after parenteral inactivated influenza vaccines: reports to the Vaccine Adverse Event Reporting System

(VAERS)—United States, 1991–2001. Pharmacoepidemiology and drug safety. 2004; 13(8):505–10.

https://doi.org/10.1002/pds.998 PMID: 15317028

13. Stowe J, Andrews N, Wise L, Miller E. Bell’s palsy and parenteral inactivated influenza vaccine. Human

vaccines. 2006; 2(3):110–2. Epub 2006/10/03. PMID: 17012908

14. Rowhani-Rahbar A, Klein NP, Lewis N, Fireman B, Ray P, Rasgon B, et al. Immunization and Bell’s

palsy in children: a case-centered analysis. American journal of epidemiology. 2012; 175(9):878–85.

https://doi.org/10.1093/aje/kws011 PMID: 22411861

15. Bardage C, Persson I, Ortqvist A, Bergman U, Ludvigsson JF, Granath F. Neurological and autoim-

mune disorders after vaccination against pandemic influenza A (H1N1) with a monovalent adjuvanted

vaccine: population based cohort study in Stockholm, Sweden. BMJ. 2011; 343:d5956. Epub 2011/10/

14. https://doi.org/10.1136/bmj.d5956 PMID: 21994316

Bell’s palsy and influenza(H1N1)pdm09 containing vaccines

PLOS ONE | https://doi.org/10.1371/journal.pone.0175539 May 3, 2017 9 / 10

https://doi.org/10.1056/NEJMcp041120
http://www.ncbi.nlm.nih.gov/pubmed/15385659
http://www.ncbi.nlm.nih.gov/pubmed/11784378
https://doi.org/10.1159/000338303
http://www.ncbi.nlm.nih.gov/pubmed/22678408
https://doi.org/10.1016/j.vaccine.2007.10.043
http://www.ncbi.nlm.nih.gov/pubmed/18037542
https://doi.org/10.1016/j.autrev.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/22684016
https://doi.org/10.1136/bmj.329.7465.553
http://www.ncbi.nlm.nih.gov/pubmed/15345630
https://doi.org/10.1016/j.vaccine.2006.10.006
https://doi.org/10.1016/j.vaccine.2006.10.006
http://www.ncbi.nlm.nih.gov/pubmed/17084492
https://doi.org/10.1016/j.vaccine.2012.02.080
http://www.ncbi.nlm.nih.gov/pubmed/22425787
https://doi.org/10.1016/j.vaccine.2012.02.039
http://www.ncbi.nlm.nih.gov/pubmed/22386746
https://doi.org/10.1001/jama.294.21.2720
http://www.ncbi.nlm.nih.gov/pubmed/16333007
https://doi.org/10.1056/NEJMoa030595
http://www.ncbi.nlm.nih.gov/pubmed/14985487
https://doi.org/10.1002/pds.998
http://www.ncbi.nlm.nih.gov/pubmed/15317028
http://www.ncbi.nlm.nih.gov/pubmed/17012908
https://doi.org/10.1093/aje/kws011
http://www.ncbi.nlm.nih.gov/pubmed/22411861
https://doi.org/10.1136/bmj.d5956
http://www.ncbi.nlm.nih.gov/pubmed/21994316
https://doi.org/10.1371/journal.pone.0175539


16. Lee GM, Greene SK, Weintraub ES, Baggs J, Kulldorff M, Fireman BH, et al. H1N1 and seasonal influ-

enza vaccine safety in the vaccine safety datalink project. American journal of preventive medicine.

2011; 41(2):121–8. https://doi.org/10.1016/j.amepre.2011.04.004 PMID: 21767718

17. Huang WT, Huang WI, Huang YW, Hsu CW, Chuang JH. The reporting completeness of a passive

safety surveillance system for pandemic (H1N1) 2009 vaccines: a capture-recapture analysis. Vaccine.

2012; 30(12):2168–72. https://doi.org/10.1016/j.vaccine.2012.01.013 PMID: 22265861

18. Whitaker HJ, Farrington CP, Spiessens B, Musonda P. Tutorial in biostatistics: the self-controlled case

series method. Statistics in medicine. 2006; 25(10):1768–97. Epub 2005/10/13. https://doi.org/10.1002/

sim.2302 PMID: 16220518

19. Farrington CP. Relative incidence estimation from case series for vaccine safety evaluation. Biometrics.

1995; 51:228–35. PMID: 7766778

20. Blak BT, Thompson M, Dattani H, Bourke A. Generalisability of The Health Improvement Network

(THIN) database: demographics, chronic disease prevalence and mortality rates. Informatics in primary

care. 2011; 19(4):251–5. PMID: 22828580

21. Lewis JD, Schinnar R, Bilker WB, Wang X, Strom BL. Validation studies of the health improvement net-

work (THIN) database for pharmacoepidemiology research. Pharmacoepidemiology and drug safety.

2007; 16(4):393–401. https://doi.org/10.1002/pds.1335 PMID: 17066486

22. Department of Health. Pandemic H1N1 (swine) influenza vaccine uptake amongst patient groups in pri-

mary care in England 2009/10. In: DH/HPA28, editor. Oct 2010.

23. Weldeselassie YG, Whitaker HJ, Farrington CP. Use of the self-controlled case-series method in vac-

cine safety studies: review and recommendations for best practice. Epidemiology and infection. 2011;

139(12):1805–17. https://doi.org/10.1017/S0950268811001531 PMID: 21849099

Bell’s palsy and influenza(H1N1)pdm09 containing vaccines

PLOS ONE | https://doi.org/10.1371/journal.pone.0175539 May 3, 2017 10 / 10

https://doi.org/10.1016/j.amepre.2011.04.004
http://www.ncbi.nlm.nih.gov/pubmed/21767718
https://doi.org/10.1016/j.vaccine.2012.01.013
http://www.ncbi.nlm.nih.gov/pubmed/22265861
https://doi.org/10.1002/sim.2302
https://doi.org/10.1002/sim.2302
http://www.ncbi.nlm.nih.gov/pubmed/16220518
http://www.ncbi.nlm.nih.gov/pubmed/7766778
http://www.ncbi.nlm.nih.gov/pubmed/22828580
https://doi.org/10.1002/pds.1335
http://www.ncbi.nlm.nih.gov/pubmed/17066486
https://doi.org/10.1017/S0950268811001531
http://www.ncbi.nlm.nih.gov/pubmed/21849099
https://doi.org/10.1371/journal.pone.0175539

