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Bell’s palsy (BP) is an acute and idiopathic paralysis of the facial nerve, with an estimated incidence ranging from
11.5 per 100,000 person-years to 53.3 per 100,000 person-years in different populations. BP has been reported
following immunization with inactivated trivalent influenza vaccine (TIV) and hepatitis B virus (HBV) vaccine.
Epidemiologic studies examining this association among children are lacking. From 2001 through 2006, all children
aged �18 years diagnosed with BP within the Kaiser Permanente Northern California population were identified
using International Classification of Diseases, Ninth Revision, code 351.0. All electronically identified cases were
reviewed and adjudicated by an otolaryngologist (n ¼ 233). Using a case-centered approach, the authors exam-
ined the risk of BP during 3 risk intervals. Immunization with TIV (odds ratio (OR) ¼ 0.7, 95% confidence interval
(CI): 0.2, 2.8), HBV vaccine (OR¼ 0.8, 95%CI: 0.2, 2.4), or any vaccine (treating all vaccines combined; OR¼ 0.9,
95% CI: 0.6, 1.4) was not associated with increased risk of BP 1–28 days after immunization. Similarly, no
association was found between vaccines and BP during the periods 1–14 and 29–56 days following immunization.
Results of this study suggest that there is no association between immunization and BP in children.

Bell’s palsy; child; immunization; vaccines

Abbreviations: CI, confidence interval; HBV, hepatitis B virus; ICD-9, International Classification of Diseases, Ninth Revision;
KPNC, Kaiser Permanente Northern California; OR, odds ratio; TIV, trivalent influenza vaccine.

Editor’s note: An invited commentary on this article ap-
pears on page 886, and the authors’ response appears on
page 888.

Bell’s palsy is an acute, idiopathic, and usually unilateral
paralysis of the seventh cranial (i.e., facial) nerve. Estimates
of the incidence of this disease range from 11.5 per 100,000
person-years to 53.3 per 100,000 person-years in different
populations (1–5). Persons with Bell’s palsy typically have
decreased forehead movement, inability to close the eye,
disappearance of the nasolabial fold, and altered sensation
on the affected side of the face, as well as drawing of the
mouth to the unaffected side of the face; additional symptoms
such as hyperacusis, decreased production of tears, and altered
tastes may also be present (6–8). Bell’s palsy is typically
a self-limiting disorder with a favorable prognosis; however,

its abrupt onset, rapid progression, and dramatic presenta-
tion can be frightening, especially when it occurs in a child.

Bell’s palsy is a diagnosis of exclusion. Known congenital
(e.g., birth trauma), genetic (e.g., Melkersson-Rosenthal syn-
drome), and acquired (e.g., infection, trauma, benign and
malignant tumors) causes of facial nerve paralysis need to
be ruled out before the diagnosis of Bell’s palsy is made (9).
The etiology of Bell’s palsy is not completely understood;
however, infectious (e.g., reactivation of herpes simplex virus
type 1), immunologic, and vascular factors have been postu-
lated to cause this disease (10–14).

Immunization has been speculated on as a cause of Bell’s
palsy. In particular, multiple case reports have described
Bell’s palsy following immunization with influenza and hep-
atitis B virus (HBV) vaccines (15). However, few epidemio-
logic studies of the association between immunization and
Bell’s palsy have been published. An intranasal inactivated
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influenza vaccine that included Escherichia coli heat-labile
toxin as a mucosal adjuvant was shown to be strongly asso-
ciated with Bell’s palsy among persons aged 18 years or more
(16). Another study based on the Vaccine Adverse Event
Reporting System indicated a potential signal for Bell’s palsy
following immunization with intramuscular inactivated influ-
enza vaccine (17). That study included only 5 cases younger
than 18 years of age. A few other studies have shown no
associations between immunization and Bell’s palsy; how-
ever, they similarly included only a small number of children
(18, 19). To our knowledge, no population-based epidemio-
logic study of the association between immunization and
Bell’s palsy has been conducted exclusively among children.

Here we report the results of a population-based epide-
miologic study of immunization and Bell’s palsy among
children aged 18 years or younger enrolled in a large in-
tegrated health-care delivery system in Northern California.
Our specific aim was to examine the association between
immunization with intramuscular inactivated trivalent influ-
enza vaccine (TIV), HBV vaccine, or any vaccine (treating
all vaccines combined, regardless of type) and Bell’s palsy
among children using a novel case-centered analytic approach.

MATERIALS AND METHODS

Source population

This study was conducted within the population of Kaiser
Permanente Northern California (KPNC) and was approved
by the KPNC Health Services Institutional Review Board.
KPNC is a large integrated health-care delivery system with
approximately 3.2 million members. The population covered
by KPNC is heterogeneous with regard to age, sex, race, and
socioeconomic status and represents the region’s underlying
census distribution, except at extremes of age and income
(20). Therefore, investigations carried out within this popula-
tion accurately approximate population-based studies. KPNC
members receive almost all of their health care at KPNC
facilities, where all outpatient, emergency department, and
inpatient encounters are recorded in large administrative
databases within the system. Laboratory tests, medications,
and most other services are covered by the plan and are
provided at KPNC facilities. Hospitalizations and emergency
department visits that occur outside of the health plan are
captured via claims.

Case ascertainment and definition

From January 1, 2001, through December 31, 2006, all
children aged 18 years or younger diagnosed with Bell’s
palsy were identified using International Classification of
Diseases, Ninth Revision (ICD-9), code 351.0. Cases had
to have been continuously enrolled at KPNC during the
12 months prior to the diagnosis of Bell’s palsy. Compre-
hensive chart reviews were conducted to extract information
on immunization, demographic characteristics, history of
present illness, past medical history, family history, diag-
nostic tests, and treatment options used for these children.
Persons identified during chart review as having had a history
of Bell’s palsy prior to the start of the study period (January 1,

2001) were excluded from the analyses. An otolaryngologist
(B. R.) reviewed all cases using a case disposition form and
categorized each case as definite, probable, or rejected. The
case definition for this study was developed on the basis of
a literature review and consensus among the authors.

Cases categorized as definite had to meet all of the fol-
lowing criteria: 1) a definitive diagnosis of Bell’s palsy in
the chart, 2) unilateral weakness of all facial muscles (i.e.,
involvement of the forehead, eyelid, mouth, and cheek
muscles), 3) acute onset with 72 hours between initial signs
and maximum paresis, and 4) no report of head trauma or
ipsilateral otologic disease within the 30 days prior to
diagnosis, and no history of cerebrovascular incident, oto-
logic surgery, brain tumor, sickle cell disease, Guillain-
Barré syndrome, or other neurologic signs such as weakness
of an extremity, coordination abnormalities, or other reflex
or strength abnormalities or asymmetries. Probable cases
were children in whom unilateral weakness of all facial mus-
cles was not documented (see criterion 2 above) or the period
of time between initial signs and maximum paresis was more
than 72 hours (see criterion 3 above). Rejected cases were
children who did not meet the case definition due to absence
of any facial muscle weakness or the presence of another
cause for facial muscle weakness (see criterion 4 above).

Statistical analysis

We used a novel case-centered analytic approach to eval-
uate the association between immunization and Bell’s palsy.
Features of the case-centered analytic approach have been
described elsewhere (21). This approach has also been used
in other studies of vaccine effectiveness and safety in recent
years (22, 23). In brief, the case-centered analysis uses a
‘‘backward’’ approach, where the observed odds of expo-
sure (e.g., immunization) during a certain period of time
(i.e., the risk interval) prior to the onset of an outcome
(e.g., adverse event) are compared with the expected odds
of exposure during the same risk interval. In other words, in
the current study, the case-centered approach examined
whether a higher-than-expected proportion of cases received
the vaccine during a prespecified risk interval.

To conduct the analysis using this approach, we included
in the analytic data set only cases who had received at least 1
immunization during an observation period of 1 year prior to
the onset of Bell’s palsy. For each case, the observed immu-
nization status (a dichotomous dependent variable coded
0 or 1) during prespecified risk intervals of 1–14 days (weeks
1–2), 1–28 days (weeks 1–4), and 29–56 days (weeks 5–8)
prior to onset was determined. These risk intervals were
selected on the basis of the literature and our understanding
of the pathophysiology of the disease. This observed immu-
nization status was compared with the expected odds of
immunization for each case, which had been calculated prior
to conducting the regression analysis. To calculate the ex-
pected odds, we created the stratum (i.e., risk set) comprising
all KPNC members who were similar to each case on the day
of developing Bell’s palsy and computed the odds of immu-
nization within the risk intervals in the entire stratum, includ-
ing the case him/herself. KPNC members in the stratum had
to have received the same vaccine during the observation
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period of 1 year prior to the onset of Bell’s palsy in that case
and had to belong to the same risk set as that case with regard
to age and sex. The age risk sets were created as follows: by
month of age through the first year of life, by year of age from
age 1 through age 10, and by 2 years of age through age 18.
We conducted 3 separate analyses for immunization with
TIV, HBV vaccine, or any vaccine (treating all vaccines com-
bined, regardless of type).

Consider the pictorial representation of the case-centered
method for a hypothetical case shown in Figure 1. The
observed immunization status inside the risk interval of
1–14 days for a 5-year-old female who received a vaccine
on January 10, 2006, and developed Bell’s palsy 10 days
later on January 20, 2006, would be 1, because she received
the vaccine inside the risk interval of 1–14 days. The expected
probability of immunization in this child inside the risk
interval of 1–14 days would be obtained from the propor-
tion of all 5-year-old females in the KPNC population,
including that child herself, who had received the same
vaccine between January 6, 2006, and January 20, 2006
(i.e., within 14 days prior to the onset of Bell’s palsy in that
child). Notably, 5-year-old females in the KPNC population
who would generate the expected probability of immuniza-
tion in this example all had to have received the same vaccine
during the observation period of 1 year prior to the onset of
Bell’s palsy in that child (i.e., from January 20, 2005, to
January 20, 2006).

We conducted logistic regression analyses with case-
centered specification to examine the strength of the associ-
ation between immunization and Bell’s palsy. The logarithm
of the expected odds (i.e., logit) of immunization inside the
risk interval was entered into the models as an offset term.
The models included only an intercept with no covariate and
had the following general form:

LogitðP1Þ ¼ logitðP0Þ þ b0;

where

P1 is the observed probability of immunization inside the
risk interval among cases;

P0 is the expected probability of immunization inside the
risk interval among cases; and

b0 is the intercept.

Therefore, exponentiation of b0 provides an odds ratio for
the association between immunization and Bell’s palsy in-
side the risk interval. The logistic regression model drops all
cases for whom the expected probability of immunization
inside the risk interval is 0 or 1; these are noninformative
cases and do not contribute to the analysis.

For the analysis, all definite and probable cases were
combined. We conducted sensitivity analyses by modify-
ing the duration of the observation period from 1 year to
9 months for TIV and compared the results. The sensitivity

Observation Period (January 20, 2005–January 20, 2006)

Jan Jun JanMayFeb Jul AugAprMar Sep Oct Nov Dec

Risk Interval (January 6–20, 2006 )

Developed Bell’s Palsy on
January 20, 2006

Received Vaccine on
January 10, 2006

206 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 1. Pictorial representation of the case-centered method for a hypothetical case of Bell’s palsy. The observed immunization status in this
child is 1 because she received the vaccine within the risk interval of interest (January 6–20, 2006). The expected probability of immunization in this
child is calculated on the basis of the proportion of all immunized age- and sex-matched children in the underlying population (including that child
herself) who had received the same vaccine within that risk interval.
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analysis was an attempt to limit the exposure status (i.e., TIV)
to the same season. Analyses were conducted using SAS 9.2
(SAS Institute Inc., Cary, North Carolina).

RESULTS

From January 1, 2001, through December 31, 2006, 977
children aged 18 years or younger were identified with an
ICD-9 code for Bell’s palsy as indicated in their electronic
records. Following chart review and adjudication, 119 chil-
dren were rejected as cases. An additional 36 children were
excluded from the analysis because of a previous history of
Bell’s palsy. Of the remaining 822 children, 233 were included
in the analysis because they had received at least 1 immuni-
zation during the 12 months prior to the onset of Bell’s palsy.
Of these 233 children, 61 (26.2%) and 172 (73.8%) were
categorized as definite and probable cases, respectively. The
reasons for being classified as a probable case instead of
a definite case were that unilateral involvement of all facial
muscles was not noted and/or maximum paresis did not
occur within 72 hours following the onset of initial signs.

Characteristics of the cases are presented in Table 1. The
mean age of cases (n ¼ 233) at the onset of Bell’s palsy was
10.3 years (range, 11 days–17.8 years). The distribution
of cases by age was approximately bimodal, with peaks at
younger and older ages (Figure 2). The majority of cases
(n ¼ 141; 60.5%) were female. Among cases with known
race (n ¼ 189), the majority were white (n ¼ 99; 52.3%);
among those with known ethnicity (n ¼ 195), almost one-
half were Hispanic (n ¼ 90; 46.2%). Two cases were preg-
nant at the time of onset of signs and symptoms. Only a small
proportion of all cases were noted to have had a history of
infection with herpes simplex virus (6.4%) or varicella
zoster virus (0.4%) within 90 days prior to diagnosis or
a history of central nervous system disease (4.3%), diabetes
(1.3%), or hypertension (0.9%) at any point in their lifetime.
Among cases for whom data regarding family history of
Bell’s palsy were available (n ¼ 168), 8 (4.8%) indicated
that at least 1 member of their family had previously been
diagnosed with Bell’s palsy. Cases had received a wide
range of vaccines during the 12 months prior to the onset of
Bell’s palsy (Table 2).

Immunization with TIV or HBV vaccine was not signif-
icantly associated with the occurrence of Bell’s palsy during
any of the risk intervals (1–14 days, 1–28 days, or 29–56
days) (Table 3). In addition, immunization with any vac-
cine was not significantly associated with the occurrence of
Bell’s palsy during the risk intervals of 1–14 days (odds ratio
(OR) ¼ 1.1, 95% confidence interval (CI): 0.6, 1.9), 1–28
days (OR ¼ 0.9, 95% CI: 0.6, 1.4), or 29–56 days (OR ¼ 0.7,
95% CI: 0.4, 1.1). In the sensitivity analysis, modifying the
observation period from 1 year to 9 months for TIV did not
materially change the results (data not shown).

DISCUSSION

To our knowledge, this study currently represents the largest
population-based epidemiologic investigation of the associa-
tion between immunization and Bell’s palsy to be conducted

among children. In this study, we did not find an association
between immunization with TIV, HBV vaccine, or any
vaccine and Bell’s palsy during risk intervals of 1–14 days,
1–28 days, and 29–56 days following immunization among
children aged 18 years or younger.

We chose the 3 aforementioned risk intervals partially
on the basis of prior evidence on the onset of Bell’s palsy
following immunization. Zhou et al. (17) suggested that the
majority of cases reported to the Vaccine Adverse Event
Reporting System occurred during the first month following
immunization with intramuscular inactivated influenza vac-
cine, while Mutsch et al. (16) showed that the period of
highest risk was the second month following immunization
with intranasal inactivated influenza vaccine. We chose risk
intervals of both 1–4 weeks and 5–8 weeks following im-
munization, as well as a shorter risk interval of 1–2 weeks
following immunization, to examine the association in all
3 of those periods of time. Stowe et al. (19) investigated the
association between intramuscular inactivated influenza
vaccine and Bell’s palsy using the United Kingdom General
Practice Research Database during prespecified risk intervals
of 1–30 days, 31–60 days, and 61–91 days and did not find
any significantly increased risk during those periods of time.
That study included a very small number of children; only
3.4% of all Bell’s palsy episodes occurred in persons younger
than 30 years of age, as reported by the authors (19).

In this study, all cases included in the analysis had to have
received at least 1 immunization during the 12 months prior
to the onset of Bell’s palsy. Therefore, the approximately
bimodal age distribution of cases was a reflection of the
recommended immunization schedule in the United States,
as opposed to the natural epidemiology of Bell’s palsy in
children. It has been previously shown that the incidence of
Bell’s palsy among children increases by age; it only slightly
increases between birth and age 9 years and is noticeably
higher among children aged 10–18 years (1, 2, 4). Notably,
compared with the underlying population of children enrolled
in KPNC, females and those of Hispanic ethnicity were over-
represented among the cases in this study. A few previous
epidemiologic studies of Bell’s palsy in children in the United
States have shown that females and persons of Hispanic
ethnicity may be at increased risk of Bell’s palsy, for yet
unknown reasons (1, 2).

Our findings are strengthened by the large sample size of
the study, as well as adjudication of all cases by an indepen-
dent otolaryngologist. In addition, the novel case-centered an-
alytic approach used in this study has several methodological
strengths. First, by constructing the expected odds of immu-
nization within the risk interval based on the actual day of
Bell’s palsy occurrence in each case, we alleviated potential
concerns about confounding by time (i.e., effects of season,
day of the week, etc.). Second, the point estimates (i.e., odds
ratios) obtained from the logistic regression model in our
study can be interpreted as hazard ratios, because the logis-
tic regression model with a case-centered specification has
been shown to be equivalent to a stratified Cox proportional
hazards regression model, when the adverse event is re-
gressed on a time-varying indicator of immunization (21).
Each record in the case-centered model summarizes an entire
risk set in the corresponding Cox model; the same likelihood
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Table 1. Characteristics of Definite and Probable Cases of Bell’s Palsy Within the Population of Kaiser Permanente Northern California,

2001–2006

Characteristic

Definite Bell’s Palsy (n 5 61) Probable Bell’s Palsy (n 5 172) All Cases (n 5 233)

No. %
Mean or
Median

No. %
Mean or
Median

No. %
Mean or
Median

Mean age, years 9.8a 10.5b 10.3c

Sex

Female 38 62.3 103 59.9 141 60.5

Male 23 37.7 69 40.1 92 39.5

Raced

White 22 38.6 77 58.3 99 52.3

Black 11 19.3 16 12.1 27 14.3

Asian 12 21.0 28 21.2 40 21.2

Other 12 21.0 11 8.3 23 12.2

Ethnicitye

Hispanic 23 47.9 67 45.6 90 46.2

Non-Hispanic 25 52.1 80 54.4 105 53.8

Median time from onset to
diagnosis, days

1 2 1

Median time from onset to
last visit at which signs
and symptoms were still
present, days

9 8 8

Laterality of facial muscle
involvement

Unilateral 61 100 168 97.7 229 98.3

Bilateral 0 0 4 2.3 4 1.7

Involved side of the facef

Right 38 62.3 85 50.9 123 53.9

Left 23 37.7 82 49.1 105 46.1

History of illness within
90 days prior to diagnosis

Any respiratory illness 25 41.0 45 26.2 70 30.0

Herpes simplex virus infection 4 6.6 11 6.4 15 6.4

Varicella zoster virus infection 0 0.0 1 0.6 1 0.4

Lifetime history of illnessg

Head traumah 6 9.8 20 11.6 26 11.2

Central nervous system
disease (e.g., epilepsy)

2 3.3 8 4.7 10 4.3

Diabetes 0 0 3 1.7 3 1.3

Hypertension 0 0 2 1.2 2 0.9

Family history of Bell’s palsyi

Yes 3 5.8 5 4.3 8 4.8

No 49 94.2 111 95.7 160 95.2

a Range, 124 days–17.8 years.
b Range, 11 days–17.4 years.
c Range, 11 days–17.8 years.
d Race was not known for 44 cases.
e Ethnicity was not known for 38 cases.
f The involved side of the face was unknown for 5 cases.
g No case had a history of human immunodeficiency virus infection, Lyme disease, or a parotid tumor.
h History of head trauma does not include the period of time within 30 days prior to diagnosis. A history of head trauma within 30 days prior to

diagnosis was an exclusion criterion in the case definition, as described in the Materials and Methods section.
i Family history of Bell’s palsy was not known for 65 cases.
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is maximized and the same parameter estimates with the same
interpretation are obtained. Third, the case-centered method
dramatically reduced the computational burden, since the final
analytic data set contained only information on the study

identification number, observed immunization status, and
expected immunization status for each case. Finally, the
case-centered method minimized privacy concerns in the
use of electronic records because of the small number of
variables in the final analytic data set, where characteristics
of each case were summarized using a number representing
the expected exposure status (here: immunization) in each
case’s risk set in the underlying population.

In the past few decades, other novel case-based approaches,
including the self-controlled case-series design, have been
used to examine immunization safety (24). There are differ-
ences between the case-centered and self-controlled case-
series designs in terms of the modeling approach; however,
the magnitude of the point estimate in both designs is ulti-
mately driven by the observed case split inside versus out-
side the risk interval, while the expectation is embedded in
the offset term. In the self-controlled case-series design, the
expectation is based on the proportion of days inside versus
outside the risk interval during the observation period. In the
case-centered design, the expectation is based on the pro-
portion of persons in the underlying population who were
immunized inside versus outside the risk interval prior to the
day of the adverse event in each case. Therefore, using the
same series of immunized cases, the self-controlled case-
series and case-centered designs would provide nearly the
same results if the amount of time inside versus outside the
risk interval was proportional to the expected odds of immu-
nization inside versus outside the risk interval. One situation
in which a meaningful difference between the 2 methods may
arise is one where there are variations over time in the vac-
cine coverage and outcome incidence. An advantage of the

Figure 2. Numbers of Bell’s palsy cases within the population of
Kaiser Permanente Northern California who had received a vaccine
during the 12 months prior to onset of their disease, by age of onset,
2001–2006.

Table 2. Type and Number of Vaccines Received During the

Course of 1 Year Prior to the Onset of Bell’s Palsy Among Cases

Within the Population of Kaiser Permanente Northern California,

2001–2006

Type of Vaccine No. %

Hepatitis A virus 126 20.5

Hepatitis B virus 79 12.8

Diphtheria toxoid, tetanus toxoid, and
whole-cell or acellular pertussis

61 9.9

Inactivated or oral poliovirus 61 9.9

Measles, mumps, rubella, and/or
varicella (MMR, MMRV, rubella only,
or varicella only)

54 8.8

Pneumococcus 53 8.6

Tetanus and diphtheria toxoid 51 8.3

Haemophilus influenzae type b 50 8.1

Intramuscular inactivated trivalent
influenza

43 7.0

Acellular pertussis-inactivated poliovirus/
H. influenzae type b

15 2.4

Meningococcus 8 1.3

Typhoid 6 1.0

Live attenuated influenza 3 0.5

Tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis

3 0.5

Rotavirus 2 0.3

Total 615 100

Abbreviations: MMR, measles-mumps-rubella; MMRV, measles-

mumps-rubella-varicella.

Table 3. Risk of Bell’s Palsy Following Immunization Among Cases

Within the Population of Kaiser Permanente Northern California,

2001–2006

Vaccine and
Risk Interval

No. of
Informative

Cases
Inside

the Risk
Interval

No. of
Informative

Cases
Outside
the Risk
Interval

Odds
Ratio

95%
Confidence
Interval

TIVa

Days 1–14 2 21 1.0 0.2, 5.0

Days 1–28 3 24 0.7 0.2, 2.8

Days 29–56 5 21 1.2 0.3, 4.8

Hepatitis B virus

Days 1–14 3 54 1.3 0.4, 4.5

Days 1–28 4 53 0.8 0.2, 2.4

Days 29–56 4 49 0.9 0.3, 2.6

Any vaccineb

Days 1–14 14 219 1.1 0.6, 1.9

Days 1–28 24 209 0.9 0.6, 1.4

Days 29–56 19 190 0.7 0.4, 1.1

Abbreviation: TIV, trivalent influenza vaccine.
a Intramuscular inactivated TIV.
b All vaccines combined, regardless of type.
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case-centered design is that it can be used to precisely and
carefully control for such variations.

Our study was subject to some limitations. First, the num-
ber of cases who had received the intranasal live attenuated
influenza vaccine was too small to allow us to examine the
association between that vaccine and Bell’s palsy. Investi-
gating a potential association between immunization with
intranasal live attenuated influenza vaccine and Bell’s palsy
remains an important topic for future research, especially
because of the route of administration of that vaccine. In
addition, while we ascertained all cases of Bell’s palsy during
the study period, the point estimates for individual vaccines
(i.e., TIVand HBV vaccine) were somewhat imprecise. Con-
sidering the upper limits of the 95% confidence intervals, we
can rule out with a high level of certainty effect sizes greater
than 2.8 and 2.4 for the associations between immunization
with TIV and HBV vaccine and Bell’s palsy, respectively,
during the risk interval of 1–28 days. Second, a relatively
large portion of cases in this study were categorized as
probable. One of the main reasons is that documentation
of the involvement of all facial muscles in a child could
be challenging. It was not clear whether the diagnosing
physician had tested a full battery of movements (e.g., mov-
ing the forehead, raising eyebrows, smiling), and even if the
physician had done so, subtle changes could have been
missed. Third, while we used a prespecified case disposition
form for adjudication of the cases, there is still a need for
a standard case definition of Bell’s palsy to facilitate com-
parisons across different studies. The Brighton Collabora-
tion has formed an international working group to define
Bell’s palsy as an adverse event following immunization
(15). Such a case definition could be of use in future epide-
miologic studies of immunization and Bell’s palsy. Fourth,
while we created explicit risk sets by age and sex for use in
the case-centered approach, the possibility of confounding by
other potential risk factors for Bell’s palsy that were associ-
ated with the timing of immunization cannot be ruled out.
Since the expected odds of immunization were obtained from
the underlying population of children who had all received
the same vaccine, factors associated with whether individ-
uals received a certain vaccine could not have led to a bias in
our analysis; nonetheless, as with most study designs, the
possibility of confounding by unmeasured factors associ-
ated with when individuals received a certain vaccine still
exists, at least on theoretical grounds.

In conclusion, the results of this study suggest that there
is no evidence of an increased risk of Bell’s palsy following
immunization with TIV, HBV vaccine, or any vaccine among
children aged 18 years or younger.
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