American Journal of Epidemiology

M Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of Public Health 2013.

Vol. 178, No. 6

DOI: 10.1093/aje/kwt051
Advance Access publication:
May 6, 2013

Practice of Epidemiology

Chart-Confirmed Guillain-Barré Syndrome After 2009 H1N1 Influenza Vaccination
Among the Medicare Population, 2009-2010

Laura L. Polakowski*, Sukhminder K. Sandhu, David B. Martin, Robert Ball, Thomas E. MaCurdy,
Riley L. Franks, Jonathan M. Gibbs, Garner F. Kropp, Armen Avagyan, Jeffrey A. Kelman,
Christopher M. Worrall, Guoying Sun, Rebecca E. Kliman, and Dale R. Burwen

* Correspondence to Dr. Laura Polakowski, US Food and Drug Administration, US Public Health Service, Room 327N, HFM-225, 1401 Rockville

Pike, Rockville, MD 20852-1448 (e-mail: laura.polakowski @fda.hhs.gov).

Initially submitted March 10, 2012; accepted for publication March 1, 2013.

Given the increased risk of Guillain-Barré Syndrome (GBS) found with the 1976 swine influenza vaccine, both
active surveillance and end-of-season analyses on chart-confirmed cases were performed across multiple US
vaccine safety monitoring systems, including the Medicare system, to evaluate the association of GBS after 2009
monovalent H1N1 influenza vaccination. Medically reviewed cases consisted of H1N1-vaccinated Medicare
beneficiaries who were hospitalized for GBS. These cases were then classified by using Brighton Collaboration
diagnostic criteria. Thirty-one persons had Brighton level 1, 2, or 3 GBS or Fisher Syndrome, with symptom onset
1-119 days after vaccination. Self-controlled risk interval analyses estimated GBS risk within the 6-week period
immediately following H1N1 vaccination compared with a later control period, with additional adjustment for sea-
sonality. Our results showed an elevated risk of GBS with 2009 monovalent H1N1 vaccination (incidence rate
ratio = 2.41, 95% confidence interval: 1.14, 5.11; attributable risk = 2.84 per million doses administered, 95% confi-
dence interval: 0.21, 5.48). This observed risk was slightly higher than that seen with previous seasonal influenza
vaccines; however, additional results that used a stricter case definition (Brighton level 1 or 2) were not statistically
significant, and our ability to account for preceding respiratory/gastrointestinal illness was limited. Furthermore,

the observed risk was substantially lower than that seen with the 1976 swine influenza vaccine.

Fisher Syndrome; Guillain-Barré Syndrome; human influenza; vaccination

Abbreviation: GBS, Guillain-Barré Syndrome.

Guillain-Barré Syndrome (GBS) is a peripheral neuropa-
thy characterized by rapid onset of bilateral limb weakness
and diminished or absent reflexes. It occurs with an annual
incidence in the range of 0.4—4 per 100,000 persons, with
average incidence increasing by approximately 20% for
every 10-year increase in age (1-4). The disease is thought
to be caused by an autoimmune process that results in nerve
demyelination, axonal damage, or both (5). It is considered
to be postinfectious, triggered by preceding respiratory or
gastrointestinal infection in approximately two-thirds of
cases (6, 7), and has been occasionally associated, though
not necessarily causally linked, with vaccinations (e.g., for
influenza, polio, meningococcal disease, rabies) (8—12). The
most notable vaccine-associated GBS occurred in 1976 with

962

the influenza A/New Jersey/1976(HIN1) vaccine when the
risk of GBS was found to be 7.6 times higher within the 6
weeks following vaccination and approximately 18 times
higher 2-3 weeks after vaccination (13—15). Reassessment
of this association by using enhanced case ascertainment
and a standardized case definition revealed a similar elevated
relative risk of 7.1 within the 6 weeks following vaccination
(16). Subsequent epidemiologic studies on seasonal influ-
enza vaccines have shown no or smaller increases (approxi-
mately 2-fold) in the risk of GBS after vaccination (17-23).
The Institute of Medicine (Washington, DC) has since con-
cluded that the evidence is inadequate to accept or reject a
causal relationship between GBS and influenza vaccines
administered after 1976 and through 2008 (24, 25). However,
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the emergence of the novel influenza A(HIN1) virus in April
2009 and the corresponding accelerated development of the
monovalent HINT1 influenza vaccines invoked renewed safety
concerns in the public (26) and hastened the development of
rapid vaccine safety surveillance systems for the new vaccine,
including a system to identify increased GBS risk among the
Medicare population (27).

The US Food and Drug Administration (Silver Spring,
Maryland) and the Centers for Medicare & Medicaid Ser-
vices (Baltimore, Maryland) conducted weekly analyses of
the risk of GBS among Medicare beneficiaries who received
both the seasonal and the 2009 monovalent HIN1 influenza
vaccines; no safety signals were detected during the vacci-
nation campaign (28). However, the Emerging Infections
Program of the Centers for Disease Control and Prevention
(Atlanta, Georgia) identified a slight increase in GBS risk
among the vaccinees in their population (29). The rarity of
GBS and the detection of this signal prompted further exam-
ination of potential GBS cases (identified through various
health-care databases) through medical chart review among
all US vaccine safety surveillance systems to contribute data
to a meta-analysis with increased statistical power. Herein,
we present the results of medical chart review of hospitalized
GBS cases occurring among Medicare beneficiaries receiving
the 2009 monovalent HIN1 influenza vaccine during the
2009-2010 influenza season and an evaluation of GBS risk
among this HIN1-vaccinated cohort.

MATERIALS AND METHODS
Data sources

Data for this study consisted of administrative files and
medical records for the US Medicare population, which
includes persons 65 years of age and above and those under
age 65 with disability or end-stage renal disease. Among
approximately 35 million persons enrolled in fee-for-service
Medicare (30), vaccination claims were identified in the Medi-
care carrier and outpatient files by using the first occurrence
of Healthcare Common Procedure Coding System codes
G9141 and G9142 for the 2009 monovalent HINT1 influenza
vaccine, as well as Current Procedural Terminology codes
90470 and 90663. Medicare beneficiaries who were hospi-
talized for GBS were identified in data files of inpatient
claims by using the International Classification of Diseases,
Ninth Revision, Clinical Modification diagnostic code 357.0
as the principal diagnosis or any of 9 possible secondary dis-
charge diagnoses. This project was approved by the Food
and Drug Administration’s Research Involving Human Sub-
jects Committee. Medicare administrative data were used
under a data use agreement with the Centers for Medicare &
Medicaid Services and data use was approved by the Centers’
privacy board. Medical records were requested from hospi-
tals by the Medicare Quality Improvement Organization Pro-
gram’s Clinical Data Abstraction Center.

Study population and study period

The population of potential incident GBS cases that
underwent medical chart review consisted of Medicare bene-
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ficiaries enrolled in Parts A and B fee-for-service (excluding
Medicare Advantage) who: 1) received 2009 monovalent
HINT influenza vaccine during the period October 1, 2009—
March 26, 2010; 2) were admitted to the hospital for GBS
within 126 days after vaccination; and 3) had no prior GBS
hospitalization in the 12 months preceding vaccination.
Cases were initially identified by the admission date from
claims data, and analyses were performed on chart-confirmed
cases by using the GBS symptom onset date (determined
during abstraction).

Chart abstraction and case definition

For each potential (claims-identified) GBS case, the hos-
pital record with diagnosis code 357.0 was reviewed. If the
patient had been transferred to a second hospital for further
acute care of the same illness episode and the initial hospi-
talization was less than 28 days, the second hospital record
was also reviewed. Chart abstraction was performed to iden-
tify the clinical and diagnostic criteria necessary for classifi-
cation with the Brighton Collaboration’s case definitions for
GBS and Fisher Syndrome (31) and to obtain information
about preceding illnesses. Classification criteria are delin-
eated in Appendix Table 1. Distinction between Brighton
levels 1, 2, and 3 was made as follows: Level-1 cases met all
clinical criteria and had documented confirmatory evidence
on both cerebrospinal fluid and electrophysiological tests;
level-2 cases were confirmed through at least 1 of these
tests; and level-3 cases met clinical criteria only. A case was
classified as having “insufficient evidence” if a physician’s
diagnosis of GBS or Fisher Syndrome was made, but evi-
dence was insufficient to classify the patient at any higher
level of diagnostic certainty. If a case did not meet the crite-
ria necessary for classification as Brighton level 1, 2, or 3,
was not diagnosed with GBS or Fisher Syndrome by a phy-
sician, or had a definitive alternate diagnosis documented in
the chart, the patient was classified as “not GBS.” Cases
were designated as “chart-confirmed GBS if they met crite-
ria for Brighton level 1, 2, or 3 for either GBS or Fisher Syn-
drome. Additionally, although Fisher Syndrome is a GBS
variant with the same diagnostic code, classifications of
GBS and Fisher Syndrome were mutually exclusive.

Preceding illness was assessed by noting any documenta-
tion in the hospital record (usually in the history of present
illness) of signs, symptoms, or confirmed diagnoses occur-
ring within the 6 weeks preceding GBS symptom onset.
Respiratory illness was defined as upper respiratory infec-
tion, influenza-like illness (fever and cough or sore throat),
bronchitis, and/or pneumonia; gastrointestinal illness was
defined as diarrhea, nausea and/or vomiting (unless informa-
tion clearly indicated nausea alone), or Campylobacter
Jjejuni isolated in the stool of any patient with gastrointestinal
illness prior to GBS symptom onset.

Study design and analysis

We used a self-controlled risk interval design (32-34) to
compare the GBS risk in a predefined period immediately
following vaccination with that in an unexposed control
period occurring later. We included all hospitalized cases of
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Brighton level 1, 2, or 3 GBS or Fisher Syndrome occurring
among Medicare beneficiaries vaccinated with monovalent
HINT influenza vaccine during the period October 1, 2009—
March 26, 2010 and having GBS symptom onset within 119
days after vaccination. The GBS rate during 1-42 days after
vaccination was compared with the rate during 50-119 days
after vaccination within the same individual. We included a
1-week “washout period” between the end of the risk period
and the start of the comparison period, which is occasionally
used to account for some GBS risk that might extend
beyond the 6 weeks after vaccination. Incidence rate ratios
and 95% confidence intervals were estimated by fitting a
conditional Poisson regression model that used data from
GBS cases only, unadjusted and adjusted for seasonality, as
described below.

Because wild-type influenza infection is possibly associ-
ated with GBS (23) and can act as a potential confounder,
the analysis was adjusted for influenza seasonality. In self-
controlled risk interval analyses, each vaccinee’s risk period
and comparison period are established on the basis of vacci-
nation date. For each day of the risk period and comparison
period, each time-varying covariate is then assigned a value
that differs on the basis of a specific reference date. In our
analyses, seasonality was designated as a binary covariate
with respect to a measure of background incidence of influ-
enza in the population. The “high-incidence” period was the
time during which >10% of respiratory specimens were pos-
itive for influenza (August 8, 2009—December 5, 2009), and
the “low-incidence” period was when <10% were positive
(December 6, 2009—-July 30, 2010) according to the Centers
for Disease Control and Prevention’s viral influenza isolates
data for the 2009-2010 flu season (35). We plotted the
weekly proportion of positive influenza isolates against the
weekly administration of HIN1 vaccine among our study
population to better assess the potential influence of season-
ality on our analyses.

Sensitivity analyses included those with the same compar-
ison period and an alternate “higher risk” period of 8-21
days after vaccination, those that estimated risk by using a
more specific GBS case definition of Brighton level 1 or 2,
and those that excluded cases with respiratory or gastrointes-
tinal illness in the 6 weeks preceding GBS symptom onset.
Additional analyses that used a variable-length comparison
period (GBS symptom onset between day 43 after vaccina-
tion and April 30, 2010) were also performed after medical
chart review of cases admitted to the hospital through May
28, 2010; these provided a different, though overlapping,
comparison group. All analyses were conducted by using
Stata/MP, version 11, software (StataCorp LP, College Sta-
tion, Texas), SAS, version 9.1, software (SAS Institute, Inc.,
Cary, North Carolina), and Microsoft Excel 2007 (Microsoft
Corporation, Redmond, Washington).

Attributable risk (per 42 million person-days) was calcu-
lated by subtracting the daily rate (total number of cases
divided by the total number of person-days that all vaccinees
contributed) in the risk period by the daily rate in the com-
parison period. For comparability to annual incidence rates,
estimates were converted into per 100,000 person-years.
Estimates per 42 million person-days are equal to estimates
for the 6-week risk period per 1 million vaccine doses

administered under the assumption that only 1 HIN1 dose
was counted for each vaccinee. Corresponding 95% confi-
dence intervals were calculated by using the standard equa-
tion for the difference between 2 independent Poisson
means.

Temporal scan statistic analyses (36) were performed to
identify significant clustering of cases by GBS symptom
onset date during the full postvaccination period, assuming
uniform and independent distribution under the null hypoth-
esis. We used SaTScan, version 9.1.1, software (37) to ana-
lyze the distribution of all chart-confirmed GBS cases and to
obtain risk estimates for every time period combination (of
variable start date and duration) within the entire 119-day post-
vaccination period. We identified the time period of greatest
GBS risk by using a case definition of Brighton level 1, 2,
or 3 and by using the stricter definition of Brighton level 1
or2.

RESULTS
Case ascertainment and description

From October 1, 2009, through March 26, 2010, a total of
3,436,452 doses of monovalent HIN1 influenza vaccine
were administered in the Medicare population, as identified
from claims processed through September 17, 2010. Among
this HIN1-vaccinated population, a total of 95 potential inci-
dent cases of GBS (either principal or secondary diagnosis)
were hospitalized within 126 days after vaccination. Of the
95 potential (claims-identified) cases, 44 had GBS listed as
the principal diagnosis, and among these, 30 were chart-
confirmed (Brighton level 1, 2, or 3) GBS cases (28 GBS
and 2 Fisher Syndrome), with the remaining 14 classified as
having insufficient evidence or as not GBS (Table 1). Of the
51 claims-identified cases with GBS listed as a secondary
diagnosis, 4 were chart confirmed (3 GBS and 1 Fisher Syn-
drome), with the majority (90%) determined to be not GBS.
This resulted in a total of 34 chart-confirmed GBS cases. Of
those ultimately determined to be not GBS, a wide variety of
diagnoses were identified, including chronic inflammatory
demyelinating polyneuropathy, myasthenia gravis, trans-
verse myelitis, lumbar radiculopathy, polymyalgia rheuma-
tica, and drug-induced myopathy. The positive predictive
value of the diagnostic code 357.0 for GBS in identifying
chart-confirmed GBS cases was 34/95 (35.8%) overall, 30/
44 (68.2%) for principal diagnoses, and 4/51 (7.8%) for sec-
ondary diagnoses. Demographic variables and other poten-
tial confounding characteristics for both claims-identified
and chart-confirmed cases are presented in Table 2. Com-
pared with claims-identified cases, chart-confirmed cases
consisted of a larger proportion of men, persons of white
race, persons 65—74 years of age, and persons with a preced-
ing illness.

Figure 1 shows the process of case ascertainment from the
original population of potential (claims-identified) GBS
cases (n=95) into the chart-confirmed GBS cases that com-
prised the final study cohort. Claims-identified cases were
reduced to the 34 chart-confirmed cases after exclusion of
61 cases that did not meet criteria for Brighton level 1, 2, or
3 GBS or Fisher Syndrome. An additional 3 cases were
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Table 1. Breakdown of Claims-ldentified Cases® of Guillain-Barré
Syndrome and Fisher Syndrome Hospitalized After Monovalent
2009 H1N1 Vaccination Among the US Medicare Population, 2009—
2010

Table 2. Characteristics of Claims-Identified Guillain-Barré
Syndrome Cases Versus Chart-Confirmed Guillain-Barré Syndrome
Cases® Occurring After Monovalent 2009 H1N1 Vaccination Among
the US Medicare Population, 2009-2010

Principal Secondary
Case Classification Diagnosis Diagnosis
(n=44) (n=51)
Guillain-Barré Syndrome
Brighton level 1 9° 0
Brighton level 2 16° 3
Brighton level 3 3 0
Insufficient evidence 4 1
Fisher Syndrome
Brighton level 1 0 0
Brighton level 2 1 1
Brighton level 3 1 0
Insufficient evidence 1 0
Not Guillain-Barré Syndrome 9 46°
or Fisher Syndrome
Past history only 0 14
Alternate diagnosis 3 20
Did not meet criteria 6 3
Miscoded 0 9

& Claims-identified Guillain-Barré Syndrome cases are defined as
Medicare beneficiaries enrolled in Parts A and B fee-for-service
(excluding Medicare Advantage) who were vaccinated with
monovalent 2009 H1N1 influenza vaccine October 1, 2009—March
26, 2010, and hospitalized within 126 days after vaccination for a first
episode of Guillain-Barré Syndrome in 12 months (as determined by
an International Classification of Diseases, Ninth Revision, Clinical
Modification diagnostic code of 357.0).

b Among the claims-identified cases of principal diagnosis of
Guillain-Barré Syndrome or Fisher Syndrome, 1 Brighton level-1
case, 1 Brighton level-2 case, and 1 Brighton level-3 case were
determined to have symptom onset outside the 1- through 119-day
postvaccination period. These cases were not included in final
analyses.

¢ Among the claims-identified cases of Guillain-Barré Syndrome
or Fisher Syndrome listed as the secondary diagnosis, 2 cases
classified as not Guillain-Barré Syndrome or Fisher Syndrome were
determined to have symptom onset outside of the 1- through 119-
day postvaccination period.

excluded because GBS symptom onset fell outside the 1-
through 119-day postvaccination period. Figure 2 displays
the distribution of these cases by days to symptom onset. Of
the 31 remaining chart-confirmed cases, 2 occurred within
the washout period of 43—49 days after vaccination and were
not included in the risk analyses. These 2 cases were,
however, included in the scan statistic analyses.

The 29 chart-confirmed GBS cases that comprised the
primary analytical cohort were assessed for respiratory and/
or gastrointestinal illness in the 6 weeks preceding GBS
symptom onset; 17 occurred within the risk period and 12
occurred within the comparison period (Table 3). The pro-
portion of cases with either preceding respiratory or gastro-
intestinal illness was similar between risk and comparison
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Claims- Chart-
o Identified Confirmed
Characteristic Cases® (n=95) Cases (n=34)
No. % No. %
Age
<65 years 20 21 6 18
65-74 years 35 37 15 44
>75 years 40 42 13 38
Male sex 54 57 21 62
White race 80 84 30 88
High-incidence 20 21 6 18
seasonality®
Preceding illness® 22 23 15 44
Seasonal influenza 2 2 2 6
vaccine®

@ Chart-confirmed Guillain-Barré Syndrome cases are defined as
claims-identified Guillain-Barré Syndrome cases hospitalized with
Guillain-Barré Syndrome within 126 days after vaccination who met
level 1, 2, or 3 of clinical diagnostic criteria established by the Brighton
Collaboration for Guillain-Barré Syndrome or Fisher Syndrome. These
do not exclude those with Guillain-Barré Syndrome symptom onset
outside of the 1-119 days after vaccination.

b Based on Intemational Classification of Diseases, Ninth Revision,
Clinical Modification.

¢ Seasonality was determined by distribution of viral influenza
isolates for the 2009-2010 season. High-incidence seasonality for this
study period includes the portion of the season with weekly data
showing >10% of respiratory isolates positive for viral influenza; in the
2009-2010 season, this period was August 8, 2009-December 5,
2009. Low-incidence seasonality for this study period includes the
portion of the season with weekly data showing <10% of respiratory
isolates positive for viral influenza; in the 2009-2010 season, this
period was December 6, 2009-July 30, 2010.

9 Preceding respiratory or gastrointestinal illness occurring within 42
days prior to GBS symptom onset. Respiratory illness includes upper
respiratory infection, influenza-like illness (fever and cough or sore
throat), bronchitis, and/or pneumonia. Gastrointestinal illness includes
diarrhea, nausea and/or vomiting (unless information clearly indicates
nausea alone), or Campylobacter jejuniisolated in stool.

¢ Also received seasonal influenza vaccine 1-42 days prior to
Guillain-Barré Syndrome symptom onset.

periods, although a greater proportion of cases occurring in
the risk period had a preceding respiratory illness, and a
smaller proportion had a preceding gastrointestinal illness.

Self-controlled risk interval analyses

In the primary analysis, 17 cases occurred within the risk
period and 12 occurred within the comparison period, result-
ing in an unadjusted incidence rate ratio of 2.36 (95% confi-
dence interval: 1.13, 4.94). Adjustment for seasonality did
not appreciably change this estimate (Table 4). The relative
risk estimate obtained for the 8- through 21-day risk period
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Claims-identified GBS cases
hospitalized within 126 days of vaccination (n = 95)

A

Y

A 4

61 cases excluded because they did not meet Brighton
level 1-3 criteria for GBS or Fisher syndrome

Chart-confirmed GBS cases
hospitalized within 126 days of vaccination (n = 34)

A

Y

3 cases excluded because symptom onset occurred
outside the 1- through 119-day postvaccination period

Chart-confirmed GBS cases
hospitalized within 126 days of vaccination,
with symptom onset confirmed within 1-119 days postvaccination (n = 31)

Y

A

y

2 cases excluded with symptom onset occurring 43—49
days after vaccination (during “washout period”)

SCRI cohort (n = 29)
Chart-confirmed GBS cases
hospitalized within 126 days of vaccination,
with symptom onset confirmed within 1-42 or 50-119 days after vaccination

9 cases excluded with
symptom onset occurring
1-7 days or 22-42 days
after vaccination

A 4

A 4

14 cases excluded with
preceding respiratory or
gastrointestinal illness

Y

h 4

SCRI no preceding iliness cohort (n = 15)
Chart-confirmed GBS cases
hospitalized within 126 days of vaccination,

with symptom onset confirmed within 1-42 or
50-119 days after vaccination and
no preceding respiratory or gastrointestinal illness

4 cases excluded with
symptom onset occurring
1-7 days or 22-42 days
after vaccination

Y

A 4

SCRI narrow risk period cohort (n = 20)
Chart-confirmed GBS cases
hospitalized within 126 days of vaccination,
with symptom onset confirmed within 8-21 or
50-119 days after vaccination

SCRI no preceding iliness/
narrow risk period cohort (n=11)
Chart-confirmed GBS cases
hospitalized within 126 days of vaccination,
with symptom onset confirmed within 8-21 or
50-119 days after vaccination and
no preceding respiratory or gastrointestinal illness

Figure 1. Guillain-Barré Syndrome (GBS) case ascertainment for the self-controlled risk interval (SCRI) cohorts examining GBS risk after 2009
monovalent H1N1 vaccination among the US Medicare population, 2009-2010. GBS cases represent either GBS or Fisher Syndrome.
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Figure 2. Chart-confirmed (Brighton level 1, 2, or 3) Guillain-Barré Syndrome (GBS) cases (n=31) by days to symptom onset after 2009
monovalent H1N1 vaccination among the US Medicare population, 2009-2010. The study population included Medicare beneficiaries who
received the H1N1 vaccination from October 1, 2009, through March 26, 2010, and who were hospitalized within 126 days after vaccination with
confirmed GBS symptom onset occurring within 1—119 days after vaccination.

was slightly higher than that for the 1- through 42-day risk
period (incidence rate ratio = 3.33, 95% confidence interval:
1.36, 8.15).

The incidence rate of GBS in the risk period was 4.95 per
42 million person-days or 4.30 per 100,000 person-years, and

the GBS incidence rate in the comparison period was 2.11
per 42 million person-days or 1.83 per 100,000 person-years.
This resulted in an attributable risk of 2.84 per 42 million
person-days (95% confidence interval: 0.21, 5.48) or 2.47 per
100,000 person-years (95% confidence interval: 0.18, 4.77).

Table 3. Preceding lliness Within 6 Weeks Prior to Guillain-Barré Syndrome Symptom Onset Among Chart-Confirmed Guillain-Barré Syndrome
Cases® in Risk Period Versus Comparison Period Following 2009 Monovalent H1N1 Influenza Vaccination Among the US Medicare Population,
2009-2010

No. of Cases No. of Cases
Preceding lliness W'\iltoh. glf':;sdei: in Risk Period % W'\iltoh. Iglf'e?:isd?z in Comparison %
9 linase 9 (1-42 Days After linose 9 Period (50-119 Days
Vaccination) After Vaccination)
Total respiratory® and/or 8¢ 17 47 6¢ 12 50
gastrointestinal® iliness
Respiratory illness 8 17 47 3 12 25
Gastrointestinal illness 2 17 12 4 12 33

& Chart-confirmed Guillain-Barré Syndrome cases are defined as claims-identified Guillain-Barré Syndrome cases hospitalized with Guillain-
Barré Syndrome within 126 days after vaccination who met level 1, 2, or 3 of clinical diagnostic criteria established by the Brighton Collaboration
for Guillain-Barré Syndrome or Fisher Syndrome with confirmed symptom onset within 1-119 days postvaccination.

P Respiratory illness is defined as upper respiratory infection, influenza-like illness (fever and cough or sore throat), bronchitis, and/or
pneumonia.

¢ Gastrointestinal iliness is defined as diarrhea, nausea and/or vomiting (unless information clearly indicates nausea alone), or Campylobacter
Jejuniisolated in stool.

9 Total number of cases with preceding respiratory and/or gastrointestinal illness may not equal the sum of cases with respiratory and
gastrointestinal illness because of cases with multiple symptoms.
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Table 4. Incidence Rate Ratios for Chart-Confirmed? Guillain-Barré Syndrome (Brighton levels 1-3 and Brighton levels 1-2) Among US
Medicare Beneficiaries Receiving the Monovalent 2009 H1N1 Influenza Vaccine in Self-Controlled Risk Interval Analyses

Brighton Levels and Risk Period, Comparison No. of C::ég fin
Exclusion of Cases With Study Design d ’ Peri ':1 d Cases in c . IRR 95% Cl
Preceding lliness ays eriod, days Risk Period 021;?;':()"

1-3 (Not excluding SCRI-unadjusted 1-42 50-119 17 12 2.36 1.13,4.94
cases SCRI-adjusted® 1-42 50-119 17 12 2.41 1.14,5.11
with preceding SCRI-unadjusted 8-21 50-119 8 12 3.33 1.36,8.15
illness®)

1-2 (Not excluding SCRI-unadjusted 1-42 50-119 14 12 1.94 0.90, 4.20
cases SCRI-adjusted® 1-42 50-119 14 12 1.97 0.90, 4.34
with preceding SCRI-unadjusted 8-21 50-119 6 12 2.50 0.94, 6.66
illness®)

1-3 (Excluding cases SCRI-unadjusted 1-42 50-119 9 6 2.50 0.89,7.02
with preceding SCRI-adjusted® 1-42 50-119 9 6 2.92 1.03,8.30
iliness®) SCRI-unadjusted 8-21 50-119 5 6 4.17 1.27,13.65

1-2 (Excluding cases SCRI-unadjusted 1-42 50-119 8 6 2.22 0.77,6.40
with preceding SCRI-adjusted® 1-42 50-119 8 6 2.62 0.90, 7.64
illness®) SCRI-unadjusted 8-21 50-119 4 6 3.33 0.94,11.81

Abbreviations: Cl, confidence interval; IRR, incidence rate ratio; SCRI, self-controlled risk interval.

@ Chart-confirmed Guillain-Barré Syndrome cases are defined as patients who received H1N1 vaccination between October 1, 2009, and
March 26, 2010, and who were hospitalized with Guillain-Barré Syndrome or Fisher Syndrome symptoms that met levels 1, 2, or 3 of clinical
diagnostic criteria established by the Brighton Collaboration for Guillain-Barré Syndrome or Fisher Syndrome.

® Preceding respiratory or gastrointestinal illness occurring within 42 days prior to Guillain-Barré Syndrome symptom onset. Respiratory illness
includes upper respiratory infection, influenza-like illness (fever and cough or sore throat), bronchitis, and/or pneumonia. Gastrointestinal illness
includes diarrhea, nausea and/or vomiting (unless information clearly indicates nausea alone), or Campylobacter jejuniisolated in stool.

¢ Adjusted for seasonality, determined by distribution of viral influenza isolates for the 2009-2010 season. High-incidence seasonality for this
study period included the portion of the season with weekly data showing >10% viral influenza isolates positive. In the 2009-2010 season, this
period was August 8, 2009-December 5, 2009. Low-incidence seasonality for this study period included the portion of the season with weekly
data showing <10% viral influenza isolates positive. In the 2009-2010 season, this period was December 6, 2009-July 30, 2010.

Sensitivity analyses that used a stricter GBS case defini-
tion of Brighton level 1 or 2 resulted in lower relative risk
estimates that were no longer significant (Table 4). Relative
risk estimates after exclusion of those with preceding illness
were slightly higher, but exclusion of nearly half of the
cases resulted in much wider confidence intervals (Table 4).
Risk estimates obtained by using a self-controlled risk inter-
val design with a variable-length comparison period were
similar to those obtained by using a fixed-length comparison
period (data not shown).

Temporal scan statistic analyses

We identified clustering of cases classified as Brighton
level 1, 2, or 3 in the period 7-17 days after vaccination
(Figure 2), but the relative risk was not statistically signifi-
cant (relative risk=4.02; P=0.17). Similar analyses for
cases classified as Brighton level 1 or 2 identified clustering
16-17 days after vaccination, but it was also not statistically
significant (relative risk =9.75; P=0.14).

DISCUSSION

Analyses of the chart-confirmed cases found a slightly
increased statistically significant risk of GBS within the
6-week risk period after 2009 monovalent HIN1 influenza
vaccination compared with the postvaccination control

period. The attributable risk estimates for this 6-week period
indicate that if there is a true association, it is approximately
3 cases per 1 million vaccinated individuals (or doses
administered). When analyses were adjusted for seasonality,
the risk of GBS after 2009 HINT1 influenza vaccination did
not change significantly. This is most likely because peak
incidence of influenza virus circulation (predominantly
HINT1) occurred early in the season before most Medicare
beneficiaries were vaccinated, as displayed in Figure 3.
Adjustment for seasonality in this study was an imperfect
proxy for wild-type influenza infection. Analyses excluding
cases with documented preceding respiratory or gastrointes-
tinal illness better accounted for illness with the potential to
cause GBS. These risk estimates, although slightly higher,
were more unstable because of the smaller number of cases
and decreased power. Given the similar proportion of cases
with preceding illness in the risk and comparison periods
(Table 3), minimal change in risk is not surprising. The pro-
portion of cases with preceding respiratory illness in the risk
period was nearly twice as high as that in the comparison
period, but we did not perform separate analyses excluding
only those cases because gastrointestinal illness (particularly
Campylobacter infection) is also a possible precipitant of
GBS. Overall, it appears that neither influenza circulation
nor documented preceding illness had an appreciable impact
on the association between HIN1 vaccination and GBS in
this population. This conclusion may be limited by the
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Figure 3. Weekly data on viral influenza isolates and number of vaccines administered among the US Medicare population, 2009—2010.
Collection of data on viral influenza isolates began on August 9, 2009, whereas collection of data on the number of vaccines administered began
on August 8, 2009; however, both data series are plotted on the weekly start date of the viral influenza isolates data for comparability.

accuracy of detecting all cases with preceding infections, as
well as the generalizability of national influenza circulation
data among a population of mostly elderly persons.

Our results are similar to those of studies examining the
association between the 2009 monovalent HIN1 vaccination
and Brighton levels 1, 2, and 3 GBS among other popula-
tions in the United States (Table 5) (38—41). Risk estimates
among the Medicare population were slightly higher than
those seen in the Emerging Infections Program’s active sur-
veillance study, in which ascertainment of potential cases
and vaccinated and unvaccinated person-time relied on mul-
tiple unlinked data sources, and the comparison incidence
rates were estimated by modeling published population-
based GBS rates (41). Our estimates were slightly lower
than those of the other 3 studies that used self-controlled risk
interval analyses (38—40). Possible explanations for these
differences include size of the study population and corre-
sponding differences in statistical power, a larger proportion
of cases in the risk period with preceding infection com-
pared with our study population (39), potential differences
in case ascertainment and chart abstraction, and differences
in statistical analyses (such as our use of a 10-week compari-
son period and washout period).

Similar to the findings with the initial swine flu vaccine,
GBS risk was higher 8-21 days after vaccination than
during the overall 1- through 42-day postvaccination period.
However, the relative risk in this shorter period was approxi-
mately 5 times lower than that observed in the same period
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in 1976 (14). Although risk was higher in this preselected
period, no statistically significant temporal clustering of
cases was identified across the entire study period, likely
because of the overall rarity of the disease, but also possibly
because of the lack of a strong association with vaccination.
This study relied on medical record review for more
accurate ascertainment and classification of GBS cases. As
expected, fewer GBS and Fisher Syndrome cases were con-
firmed by chart review than were identified by claims data
alone. The positive predictive value improved when GBS
was listed as the principal diagnosis. This use of principal
diagnosis in case identification occurs in near real-time,
claims-based analyses of GBS risk after influenza vaccina-
tion in the Medicare population (28). Chart confirmation of
GBS cases versus claims identification alone can result in
improved specificity, thus reducing the potential for nondif-
ferential misclassification (in claims identification) that
could bias the association between vaccination and GBS
toward the null (42). This potential misclassification in claims-
based surveillance, coupled with the small number of cases
and variance of the case confirmation rate, might explain the
absence of a signal in active surveillance despite the statisti-
cally significant risk observed in this end-of-season analysis
of the same population of Medicare vaccinees. The difference
in comparison groups could also contribute if the historical
comparison group used in the claims-based surveillance dif-
fered from HIN1-vaccinated persons on unmeasured predis-
posing factors for GBS. Application of the Brighton criteria
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Table 5. Comparison of US Studies Evaluating the Risk of Brighton Level 1, 2, or 3 Guillain-Barré Syndrome
Following Monovalent 2009 H1N1 Influenza Vaccination During the 2009-2010 Season

System Analysis R?._:?stli: e 95% Cl Attrg;:;gble 95% ClI
Medicare population Self-controlled 2.41° 1.14,5.11 2.84 0.21,5.48
end-of-season analysis
Centers for Disease Control Vaccinated vs. 1.57° 1.02,2.21 0.74 0.04, 1.56
and Prevention Emerging unvaccinated
Infections Program active
surveillance (41)
Centers for Disease Control Self-controlled 3.0 14,6.4 2.8 0.6,7.4
and Prevention Emerging
Infections Program end-
of-season analysis (38)
Post-licensure Rapid Self-controlled 2.50 0.42,15.0 2-3 Not assessed
Immunization Safety
Monitoring System (40)
Vaccine Safety Datalink (39) Self-controlled 4.7 1.2,18.3 3.9 0.0,7.9

Abbreviation: Cl, confidence interval.
2 Per 1 million doses administered.
b Adjusted for seasonality.

¢ Adjusted for age and sex.

further standardizes case classification, allowing for improved
comparison of postvaccination risk across populations, even
with variation in the GBS case definition (i.e., Brighton level
1 or2vs. 1, 2, or 3). Sensitivity analyses that use a narrower
GBS case definition (Brighton level 1 or 2) resulted in risk
estimates that were not significant, likely due to the exclusion
of additional cases and corresponding decrease in power.

Our study was unique in that it examined GBS risk fol-
lowing monovalent HIN1 vaccination among a population
consisting of mostly elderly persons. This population carries
a higher risk of GBS due to age, which we were able to
control for with the self-controlled design. To verify that this
study design did not appreciably affect risk estimates, we
calculated attributable risk by using an age-specific compari-
son rate obtained by inserting the mean age of our study
cohort (73 years) into a regression equation modeled from
published GBS rates (4). The comparison rate when using
this method was 2.14 per 100,000 person-years, resulting in
an attributable risk of 2.16 per 100,000 person-years.

The strengths of the Medicare database in assessing vac-
cine safety include a large cohort of nearly all elderly Ameri-
cans with individually linked data containing demographic,
diagnostic, and vaccination information. The study design
controlled for age, sex, and other time-constant, patient-
specific characteristics, such as comorbidities, and the spe-
cific parameters (e.g., a longer comparison period) allowed
for greater statistical power in the analyses.

Limitations of this study included the inability to fully
adjust for some potential confounders, including the receipt
of seasonal influenza vaccination, as well as preceding infec-
tions within the 6 weeks prior to GBS onset. Both factors
can be difficult to accurately and completely assess; admin-
istration of the influenza vaccine can be ascertained only if a
claim is submitted to Medicare, and information about pre-
ceding infections is limited by factors such as whether a
physician inquires about them, whether a patient recalls

them, and whether they are completely recorded. Addition-
ally, the Brighton criteria can be difficult to operationalize in
a retrospective study because medical charts may not always
contain the information necessary to accurately classify
cases. Strict clinical criteria (e.g., nadir date within exactly
28 days of symptom onset) may increase specificity at the
expense of sensitivity, possibly resulting in missing some
true cases. Underascertainment of HIN1 vaccination may
have occurred, although Medicare allows vaccination billing
from nontraditional providers (e.g., community pharmacies,
public health clinics) (43), which would decrease the likeli-
hood of this. Our study examined only those for whom an
HINI vaccination claim was submitted. Whether vaccinees
who were not captured by using claims data differed from
the study population with regard to GBS incidence is
unknown, and thus, the potential bias is unknown. Underas-
certainment of GBS is unlikely, because GBS is a well-defined
disease with serious clinical sequelae that usually require hos-
pitalization. It is possible that some GBS cases might have
been miscoded as other conditions, although miscodes in gen-
eral are likely nondifferential, resulting in little, if any, effect
on ourrisk estimates. A few GBS cases might have been missed
because of the criteria used for medical record review. We
collected data for all cases with GBS admission dates within
126 days of HINI vaccination. We then used a comparison
period that examined GBS symptom onset up to 119 days
after vaccination. This allowed for a maximum of 7 days
between GBS onset and GBS admission date for cases with
GBS onset on the latest day of the comparison period (day
119). Our data indicate that 75% of cases had a GBS admis-
sion date within 7 days of GBS onset. Thus, we might have
missed GBS cases with symptom onset closer to the end of
this comparison period who were hospitalized more than 7
days after symptom onset, and this might have slightly overes-
timated the risk. Finally, our results are for a predominantly
elderly population. Host-vaccine interactions hypothetically
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could produce differing safety profiles by age group and
could thus affect generalizability.

Although the Institute of Medicine has concluded that the
evidence through 2008 has been inadequate to accept or
reject a causal relationship between GBS and influenza vac-
cines administered after 1976, we found a statistically signif-
icant increased risk of GBS among Medicare beneficiaries
after the 2009 monovalent HINT1 influenza vaccination, with
and without adjustment for seasonality and exclusion of
cases with preceding illness. This observed risk was slightly
higher than that seen with previous seasonal influenza vac-
cines (17-23), and it was similar to or slightly lower than
that found in other studies examining GBS risk with this
vaccine (38-41). However, additional results that used a
stricter case definition were not statistically significant, and
our ability to account for preceding illness was limited. Fur-
thermore, the observed risk was substantially lower than that
seen with the 1976 swine flu vaccine.
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Appendix Table 1.

Occurring After Monovalent 2009 H1N1 Vaccination Among the US Medicare Population, 2009-2010

Clinical Case Definitions for Guillain-Barré Syndrome and Fisher Syndrome® Used to Classify Medically Reviewed Cases

Syndrome Diagnostic Brighton Level 1 Brighton Level 2 Brighton Level 3
Y Criterion® Diagnostic Certainty Diagnostic Certainty Diagnostic Certainty
Guillain-Barré
Syndrome
Flaccidity Bilateral andflaccid paresis of Bilateral andflaccid paresis of Bilateral andflaccid paresis
the limbs the limbs of the limbs
Reflexes Decreased or absent deep Decreased or absent deep Decreased or absent deep
tendon reflexes in affected tendon reflexes in affected tendon reflexes in
limbs limbs affected limbs
Monophasic illness Monophasic illness pattern Monophasic illness pattern Monophasic illness pattern
and interval between onset and interval between onset andinterval between
and nadir of weakness and nadir of weakness onset and nadir of
between 12 hours and 28 between 12 hours and 28 weakness between 12
days and subsequent days and subsequent hours and 28 days and
clinical plateau clinical plateau subsequent clinical
plateau
Diagnostic studies Cytoalbuminologic CSF total white blood cell
dissociation (i.e., elevation count <50 cells/mm? (with
of CSF protein level above or without CSF protein level
the laboratory normal value above the laboratory normal
and CSF total white blood value) orif CSF not
cell count <50 cells/mm?®) collected or results not
available,
electrophysiological studies
consistent with GBS
Electrophysiological findings
consistent with GBS
Alternative Absence of an identified Absence of identified Absence of identified
diagnoses alternative diagnosis for alternative diagnosis for alternative diagnosis for
weakness weakness weakness
Fisher
Syndrome

Ophthalmoparesis,
hyporeflexia, and
ataxia

Limb weakness
Monophasic iliness

Diagnostic studies

Altered
consciousness or
corticospinal tract
signs

Alternative
diagnoses

Bilateral ophthalmoparesis
and bilateral reduced or
absent tendon reflexes and
ataxia

Absence of limb weakness

Monophasic iliness pattern
and interval between onset
and nadir of weakness
between 12 hours and 28
days and subsequent
clinical plateau

Cytoalbuminologic
dissociation (i.e., elevation
of CSF protein level above
the laboratory normal and
total CSF white blood cell
count <50 cells/mm?®)

Nerve conduction studies are
normal or indicate
involvement of sensory
nerves only

No alterations in
consciousness or
corticospinal tract signs

Absence of identified
alternative diagnosis

Bilateral ophthalmoparesis
and bilateral reduced or
absent tendon reflexes and
ataxia

Absence of limb weakness

Monophasic iliness pattern
and interval between onset
and nadir of weakness
between 12 hours and 28
days and subsequent
clinical plateau

CSF total white blood cell
count <50 cells/mm? (with
or without CSF protein level
above the laboratory normal
value) ornerve conduction
studies are normal or
indicate involvement of
sensory nerves only

No alterations in
consciousness or
corticospinal tract signs

Absence of identified
alternative diagnosis

Bilateral ophthalmoparesis
and bilateral reduced or
absent tendon reflexes
and ataxia

Absence of limb weakness

Monophasic iliness pattern
and interval between
onset and nadir of
weakness between 12
hours and 28 days and
subsequent clinical
plateau

No alterations in
consciousness or
corticospinal tract signs

Absence of identified
alternative diagnosis
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