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Background.  The Vaccine Safety Datalink (VSD) identified a statistical signal for an increased risk of Guillain-Barré syndrome 
(GBS) in days 1–42 after 2018–2019 high-dose influenza vaccine (IIV3-HD) administration. We evaluated the signal using Medicare.

Methods.  We conducted early- and end-of-season claims-based self-controlled risk interval analyses among Medicare bene-
ficiaries ages ≥65 years, using days 8–21 and 1–42 postvaccination as risk windows and days 43–84 as control window. The VSD 
conducted chart-confirmed analyses.

Results.  Among 7 453 690 IIV3-HD vaccinations, we did not detect a statistically significant increased GBS risk for either the 8- to 
21-day (odds ratio [OR], 1.85; 95% confidence interval [CI], 0.99–3.44) or 1- to 42-day (OR, 1.31; 95% CI, 0.78–2.18) risk windows. The 
findings from the end-of-season analyses were fully consistent with the early-season analyses for both the 8- to 21-day (OR, 1.64; 95% CI, 
0.92–2.91) and 1- to 42-day (OR, 1.12; 95% CI, 0.70–1.79) risk windows. The VSD’s chart-confirmed analysis, involving 646 996 IIV3-HD 
vaccinations, with 1 case each in the risk and control windows, yielded a relative risk of 1.00 (95% CI, 0.06–15.99).

Conclusions.  The Medicare analyses did not exclude an association between IIV3-HD and GBS, but it determined that, if such 
a risk existed, it was similar in magnitude to prior seasons. Chart-confirmed VSD results did not confirm an increased risk of GBS.

Keywords.   Guillain-Barré syndrome; influenza vaccines; self-controlled risk interval; sequential tests; vaccine safety.

An association between influenza vaccination and Guillain-
Barré syndrome (GBS) was first noticed during the 1976 swine 
influenza vaccination campaign in the United States [1–3]. Since 
then, several studies have assessed the GBS risk after influenza 
vaccination and found either no risk or small risk increases rep-
resenting approximately 1 to 3 additional cases per million vac-
cine recipients [4–17]. The US Food and Drug Administration 
(FDA) and the Centers for Medicare & Medicaid Services 
(CMS), in collaboration with Acumen LLC, have used claims 
data to actively monitor the GBS risk after influenza vaccina-
tion for every influenza season since 2008 [9, 10, 15–19]. The 
Vaccine Safety Datalink (VSD), a collaborative project between 

the Centers for Disease Control and Prevention (CDC) and 8 
integrated healthcare organizations, monitors GBS after influ-
enza vaccination since 2009, using electronic health records 
[20, 21].

In 2009, the FDA licensed the high-dose influenza vaccine 
([IIV3-HD] Fluzone High-Dose) for use in individuals ages 
≥65  years using accelerated approval regulations [22]. The 
IIV3-HD is an injectable inactivated trivalent egg-based influ-
enza vaccine containing 4 times more influenza hemagglutinin 
antigen than standard-dose vaccines. Some studies have shown 
higher effectiveness for IIV3-HD compared with standard-dose 
vaccines for the prevention of influenza-related medical en-
counters, hospitalizations, and death in most seasons [23–25]. 
During the 2015–2016 and 2016–2017 seasons, FDA and CMS 
identified a slightly elevated GBS risk for IIV3-HD in days 
8–21 postvaccination, consistent with the risk noted in the US 
package insert [15]; however, the 2017–2018 surveillance did 
not identify an elevated risk [16].

Although in prior seasons the VSD had not detected an in-
creased GBS risk after IIV3-HD, it did identify a statistical 
signal early in the 2018–2019 season. The FDA and CMS, in col-
laboration with the CDC, rapidly investigated the GBS risk after 
2018–2019 IIV3-HD and all seasonal influenza vaccinations 
combined, using the Medicare database, a larger database for 
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the target study population than the ones available to the VSD. 
This manuscript describes the results of these investigations.

METHODS

Rapid Cycle Analysis in the Vaccine Safety Datalink

The VSD conducted rapid cycle analysis [26] to sequentially 
monitor, on a weekly basis, the risk of GBS and other selected 
adverse events among individuals ages ≥6 months vaccinated 
with any seasonal influenza vaccine from July 1, 2018 through 
April 3, 2019, using current-vs-historical and self-controlled 
risk interval (SCRI) designs [27, 28]. The methods we describe 
here focus on the investigation of GBS risk in days 1–42 after 
IIV3-HD administration among individuals ages ≥65 years.

Data Sources (Vaccine Safety Datalink)

The analyses used data from the following VSD sites: 
HealthPartners Institute (Minneapolis, MN), Marshfield Clinic 
Research Institute (Marshfield, WI), and Kaiser Permanente 
of the following: Colorado (Denver), Northwest (Portland, 
OR), Northern California (Oakland, CA), Southern California 
(Pasadena, CA), and Washington (Seattle, WA).

Exposure and Outcome Definition (Vaccine Safety Datalink)

The VSD used electronic vaccine registries to capture influenza 
vaccine administrations using the current HL7 standard CVX 
codes (Supplementary Material S1) [29]. Where appropriate, 
the VSD used the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) code 357.0 and the 
International Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM) code G61.0, to identify all first-in-
365-days potential GBS cases from the inpatient, outpatient 
clinic, and emergency room settings. To account for partially 
elapsed risk windows and late-arriving data, the VSD adopted 
previously described methods [30, 31]. Because the VSD iden-
tified a statistical signal, they conducted a per-protocol chart 
review of all potential GBS cases to confirm disease onset and 
classify cases according to the GBS case definition developed by 
the Brighton Collaboration (BC) [32].

Statistical Analyses (Vaccine Safety Datalink)

To provide real-time monitoring of GBS risk, the VSD used 
a Poisson-based maximized sequential probability ratio test 
(maxSPRT) stratified by site to compare the observed number 
of GBS cases in the 1–42  days after IIV3-HD administration 
with the number expected based upon historical rates of GBS 
occurring within 1–42 days after administration of trivalent and 
quadrivalent influenza vaccines in prior seasons (2012–2016) 
[30, 33]. The VSD also conducted SCRI analyses using a sequen-
tial method binomial maxSPRT [30, 33], comparing the number 
of GBS cases in days 1–42 postvaccination (risk window) with 
that in days 43–84 postvaccination (control window). For both 
the Poisson and SCRI analyses, the VSD defined a statistical 
signal when the log-likelihood ratio test statistic exceeded the 

prespecified critical value [20, 21]. After chart review, the VSD 
conducted an end-of-season nonsequential SCRI analysis com-
paring the number of confirmed GBS cases identified in the risk 
window versus that in the control window.

Self-Controlled Risk Interval Analyses in Medicare

After the VSD statistical signal, the FDA, CMS, and Acumen 
LLC, in collaboration with the CDC, to conduct a per-protocol 
early-season SCRI analysis [34] to assess the GBS risk after 
IIV3-HD and all seasonal influenza vaccines combined ad-
ministered from August 11, 2018 through November 9, 2018, 
to Medicare beneficiaries ages ≥65 years enrolled in Medicare 
Fee-for-Service (FFS) Parts A  (hospitalization) and B (outpa-
tient medical care) (Figure 1). As further evaluation of the early 
season results, we conducted a per-protocol end-of-season 
SCRI analysis including influenza vaccinations administered 
through June 29, 2019 (Supplementary Material S2).

Data Sources (Medicare)

We used Medicare enrollment and claims data [35]. In the 
early-season analyses, we included claims observed through 
March 15, 2019 (week 31), which allowed us to capture approx-
imately 84% of IIV3-HD administrations with approximately 
96% claims maturity (probability of observing GBS cases in the 
control window given that they had occurred), using November 
9, 2018 as vaccination cutoff date (Supplementary Material S3). 
In the end-of-season analyses, we included claims observed 
through September 27, 2019 (including approximately 100% 
of IIV3-HD administrations with approximately 99.9% claims 
maturity).

Exposure and Outcome Definition (Medicare)

We defined exposure as the beneficiary’s first influenza vac-
cination within the study period, and we defined an incident 
GBS case as a vaccinated beneficiary discharged from a hospital 
during days 1–84 postvaccination with a GBS diagnosis (ICD-
10-CM code G61.0) in first diagnosis position. We required con-
tinuous enrollment for 183 days before vaccination through the 
end of the control window or death, whichever occurred earlier 
(Supplementary Material S4). If a beneficiary died before the 
end of the observation period, we included the entire planned 
person-time of the individual. We excluded beneficiaries if there 
was one of the following: (1) a GBS diagnosis in any position/
setting during the 183 days prevaccination or on the influenza 
vaccination date or (2) a GBS diagnosis in any setting more than 
7 days before the primary-coded GBS hospitalization. To min-
imize measurement error, we assigned each GBS case’s “earliest 
onset date” as either the hospitalization date or as the date of the 
first GBS claim in any position/setting in the 7 days prior [16]. 
We used Healthcare Common Procedure Coding System and 
Current Procedural Terminology codes from outpatient claims 
to identify administered vaccines (Supplementary Material S5 
and S6). We also searched Part D (prescription drug coverage) 
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claims for concomitant vaccines using National Drug Codes 
(Supplementary Material S7).

Statistical Analyses (Medicare)

We completed crude and seasonality-adjusted SCRI analyses 
[23, 24, 36] using claims-based GBS cases. We used days 8–21 
and 1–42 postvaccination as primary and secondary risk win-
dows, respectively, and days 43–84 postvaccination as control 
window. We selected days 8–21 postvaccination as primary risk 
window because prior studies’ findings showed higher risk in 
this window [1, 10, 11, 15, 16]. For the early-season analyses, 
we also used imputed chart-confirmed cases. The imputed 
quantitative bias analysis sampled chart-confirmed GBS cases 
with probability equal to the positive predictive value (PPV) of 
71.2%, derived from the medical record review we conducted 
during the 2015–2016 influenza season [15]; odds ratio (OR) 
estimates were combined after repeating the imputation process 
1000 times [37]. To adjust for seasonality, we used the CDC’s 
virologic surveillance data [38]. We used conditional logistic 
regression to calculate the ORs with 95% confidence intervals 
(CIs), offset by length of observation time. We calculated at-
tributable risk (AR) as the difference in the number of GBS 
cases observed in the risk and control windows, divided by the 
total number of vaccinated beneficiaries. Details on the calcula-
tion of the ORs, AR, seasonality adjustment, and PPV-imputed 
quantitative bias analysis are described elsewhere [16, 23, 39]. 
Our power calculations showed that our early analyses would 
have 99% power to detect an OR of 4.0, 92% power to detect an 
OR of 3.0, and 56% power to detect an OR of 2.0 in the primary 
risk window (Supplementary Material S8.1).

We conducted the Medicare study as part of the SafeRx 
Project, a joint initiative of CMS and the FDA [40]. The Research 
Involving Human Subjects Committee of the FDA’s Center for 
Biologics Evaluation and Research approved the surveillance. 
For the VSD study, the institutional review boards of each 
participating site approved the study. The analyses were con-
ducted using R 3.3.4 (R Foundation for Statistical Computing, 
Vienna, Austria) and SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Rapid Cycle Analysis in the Vaccine Safety Datalink

A total of 646 996 (45.9%) members received IIV3-HD, with a 
median age of 73 years (interquartile range [IQR], 69–79 years). 
Descriptive statistics by vaccine type are shown in Table 1.

Self-Controlled Risk Interval Analysis

During the week of December 9, 2018, the VSD detected a sta-
tistical signal for GBS after IIV3-HD using the binomial SCRI 
method. By then, the VSD sites had administered 614 200 doses 
of IIV3-HD and observed 5 GBS cases within days 1–42 after 
IIV3-HD versus zero cases in the 43- to 84-day comparison 
window (Table  2). This resulted in a relative risk (RR) of 11 
and a corresponding log-likelihood ratio (LLR) of 3.47 that ex-
ceeded the critical value of 3.39.

As of April 3, 2019 (final VSD surveillance week), there 
were 9 potential GBS cases within 1–84  days after 645  362 
IIV3-HD doses; 8 cases occurred during days 1–42 
postvaccination, and 1 case occurred during days 43–84 
postvaccination. After chart review, the VSD confirmed 1 
GBS case in the risk window (onset on day 1), classified as BC 
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Figure 1.  Medicare Fee-for-Service population number of overall seasonal and high-dose influenza vaccine administrations in the early-season surveillance population by 
vaccination week. SCRI, self-controlled risk interval.
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Level 2, and 1 in the control window (onset on day 61), clas-
sified as BC Level 1. The VSD ruled out other 7 cases because 
they either were historical cases (n = 2), had alternative diag-
noses (n = 2), symptom onset before or on vaccination day 
(n = 2), or lack of evidence for a GBS diagnosis (n = 1). The 
end-of-season nonsequential chart-confirmed SCRI analysis 
involved 646 996 IIV3-HD vaccinations and yielded a RR of 
1.00 (95% CI, 0.06–15.99) (Tables 1 and 2).

Current-Versus-Historical Poisson Analysis

During the week in which the VSD identified a statistical signal 
using the SCRI method (December 9, 2018), the current-vs-
historical Poisson analysis did not signal. Because of the more 
stringent data-lag adjustment required when implementing 
the binomial SCRI method, there was 1 additional case in the 
current-vs-historical Poisson, which led to 6 cases identified in 
the 42-day risk window vs 3.89 expected cases. The RR was 1.54 
and the LLR was 0.49, which did not exceed the critical value of 
3.03. The end-of-season current-vs-historical Poisson analysis 
did not signal after observing 8 cases versus an expected number 
of 4.99 cases, with a corresponding RR of 1.60 and LLR of 0.76.

Self-Controlled Risk Interval Analyses in Medicare

For the early-season analyses, the study population included 
12  159  346 influenza-vaccinated beneficiaries. Of them, 
7 453 690 (61.3%) received IIV3-HD. Among those vaccinated 
with IIV3-HD, the median age was 75 years (IQR, 70–81 years), 

58% were women, and 91% did not receive other vaccinations 
in the same day. The end-of season study population included 
14 437 945 beneficiaries vaccinated with any influenza vaccine; 
of them, 8 667 640 (60.0%) received IIV3-HD. Descriptive sta-
tistics by vaccine type are shown in Table 3 and Supplementary 
Material S9.

Primary Risk Window (8–21 Days Postvaccination)

For the early-season analyses, we identified 16 GBS claims in 
the primary risk window after IIV3-HD and 26 in the control 
window (Figure 2), resulting in an OR of 1.85 (95% CI, 0.99–
3.44) and an AR of 0.98 (95% CI, −0.02 to 1.82) per million 
influenza-vaccinated beneficiaries (Table 4). We obtained an 
OR of 1.84 (95% CI, 0.78–4.31) in the PPV-imputed quantita-
tive bias analysis. For the end-of-season analysis, we identified 
18 and 33 GBS claims after IIV3-HD in the primary risk and 
control windows, respectively, resulting in an OR of 1.64 (95% 
CI, 0.92–2.91) and an AR of 0.81 (95% CI, −0.14 to 1.63) per 
million influenza-vaccinated beneficiaries (Figure 3; Table 4).

For the early-season analyses, we obtained an OR of 1.57 
(95% CI, 0.94–2.63) for all influenza vaccines combined and 
an AR of 0.66 (95% CI, −0.09 to 1.33) per million vaccinated 
beneficiaries; the OR we obtained in the PPV-imputed quanti-
tative bias analyses was 1.56 (95% CI, 0.78–3.15). In the end-of-
season analysis, we observed an OR of 1.58 (95% CI, 1.00–2.51) 
and an AR of 0.72 (95% CI, 0.00–1.36) per million influenza-
vaccinated beneficiaries.

Table 1.  Beneficiaries’ characteristics, Vaccine Safety Datalink, Influenza Vaccinated Populations Ages ≥65 Years From July 1, 2018 to April 3, 2019

Beneficiaries’ 
Characteristics

All Influenza-
Vaccinated 

Beneficiaries

Vaccine Type

High-Dosea 
(IIV3-HD)

Standard Dose

Adjuvanted 
(aIIV3)

Cell-Cultured 
(ccIIV4)

Recombinant 
(RIV4)Trivalent (IIV3)

Quadrivalent 
(IIV4) IIV3/IIV4

No. % No. % No. % No. % No. % No. % No. % No. %

Influenza-
vaccinated 
beneficiaries

 1 410 974 100%  646 996 100%  36 775 100%  558 907 100% 595 682 100%  27 449 100%  114 387 100%  26 460 100%

Age (years)                 

  Mean (SD) 74 (8.3) - 74.4 (8.1) - 73.9 (8.3) - 73.7 (7.9) - 73.7 (8) - 72.9 (8.2) - 73.9 (8.0) - 73.5 (8.2) -

  Median (IQR) 72 (68–78) - 73 
(69–79)

- 72 
(68–79)

- 72 
(68–78)

- 72 
(68–78)

- 71 
(68–76)

- 72 
(68–78)

- 72 
(68–78)

-

  65–74 853 049 60.5%  378 257 58.5%  22 841 62.1%  347 431 62.2% 370 272 62.2%  18 310 66.7%  69 487 60.7%  16 723 63.2%

  75–84 410 980 29.1%  195 773 30.3%  9461 25.7%  158 063 28.3% 167 524 28.1%  7066 25.7%  33 365 29.2%  7252 27.4%

  ≥85 146 945 10.4%  72 966 11.3%  4473 12.2%  53 413 9.6% 57 886 9.7%  2073 7.6%  11 535 10.1%  2485 9.4%

Sexb                 

  Male  630 283 44.7% 286 373 44.3%  16 208 44.1%  251 545 45.0% 267 753 44.9%  11 989 43.7%  52 451 45.9%  11 717 44.3%

  Female  780 676 55.3% 360 615 55.7%  20 567 55.9%  307 358 55.0% 327 925 55.1%  15 458 56.3%  61 935 54.1%  14 743 55.7%

Concomitant 
Vaccination

                

  No 1 303 855 92.4%  594 235 91.8%  35 431 96.3%  518 113 92.7% 553 544 92.9%  24 824 90.4%  106 983 93.5%  24 269 91.7%

  Any 107 119 7.6%  52 761 8.2%  1344 3.7%  40 794 7.3% 42 138 7.1%  2625 9.6%  7404 6.5%  2191 8.3%

Abbreviations: IIV3-HD, high-dose influenza vaccine; IQR, interquartile range; SD, standard deviation.
aThe total number of high-dose vaccinations is slightly higher in the descriptive analysis than in the statistical sequential analysis due to missing variables.
bA very small number of records are missing sex.
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Secondary Risk Window (1–42 Days Postvaccination)

For the early-season analyses, we identified 34 GBS claims in 
the secondary risk window after IIV3-HD vaccination and 26 
claims in the control window (Figure 2), resulting in an OR of 

1.31 (95% CI, 0.78–2.18) and an AR of 1.07 (95% CI, −0.97 to 
2.99) per million influenza-vaccinated beneficiaries (Table 4). 
We obtained an OR of 1.31 (95% CI, 0.65–2.61) in the PPV-
imputed quantitative bias analyses. For the end-of-season 

Table 2.  Vaccine Safety Datalink Rapid Cycle and End-of-Season Analysis Results

Analysis
Early Analysis (De-
cember 9, 2018)

End-of-Season Anal-
ysis (April 3, 2019)

Number of IIV3-HD Administrations 614 200 645 362

Sequential self-controlled risk interval analysis GBS casesa in days 1–42 postvaccination (risk window) 5 -

GBS casesa in days 43–84 postvaccination (control window) 0 -

Relative risk 11 -

LLR/critical value 3.47/3.39 -

Nonsequential self-controlled risk interval analysis Chart-confirmed GBS cases in days 1–42 postvaccination 
(risk window)

- 1

Chart-confirmed GBS cases in days 43–84 postvaccination 
(control window)

- 1

Relative risk - 1

95% CI - (0.06–15.99)

Current-vs-historical Poisson analysis Observed GBS casesa 6 8

Expected GBS casesb 3.89 4.99

Relative risk 1.54 1.6

LLR/critical value 0.49/3.03 0.76/3.03

Abbreviations: CI, confidence interval; GBS, Guillain-Barré syndrome; IIV3-HD, High-dose influenza vaccine; LLR, log-likelihood ratio of the maximized sequential probability ratio test.
aInternational Classification of Diseases, Tenth Revision (ICD-10) coded cases.
bExpected GBS cases were calculated based on site-specific historical rates (combined rate across all sites: 9.04 per million vaccinations in ages ≥65 years). International Classification of 
Diseases, Nineth Revision and ICD-10 coded cases.

Table 3.  Beneficiaries’ characteristics, Medicare Fee-for-Service, Influenza Vaccinated Populations Ages ≥65 Years From August 11, 2018 to November 
9, 2018

Beneficiaries’ 
Characteristics

All Influenza-
Vaccinated 
Beneficiariesa

Vaccine Type

High-Dose 
(IIV3-HD)

Standard-Dose

Adjuvanted 
(aIIV3)

Cell-Cultured 
(ccIIV4)

Recombinant 
(RIV4)Trivalent (IIV3)

Quadrivalent 
(IIV4) IIV3/IIV4b

No. % No. % No. % No. % No. % No. % No. % No. %

Influenza-
vaccinated 
beneficiaries

12 159 346 100% 7 453 690 100% 145 885 100% 1 349 289 100% 1 706 604 100% 1 933 837 100% 718 773 100% 233 843 100%

Age (Years)                 

  Mean (SD) 76.0 (7.6) - 75.8 (7.5) - 78.4 (8.6) - 75.9 (7.9) - 76.4 (8.1) - 75.8 (7.5) - 76.8 (8.0) - 75.8 (7.6) -

  Median (IQR) 75 (70–81) - 75 (70–81) - 77 
(71–85)

- 75 (69–81) - 75 (70–82) - 75 (70–81) - 76 
(70–82)

- 74 
(70–81)

-

  65–74 5 989 095 49.3% 3 716 843 49.9% 56 169 38.5% 673 761 49.9% 811 725 47.6% 966 785 50.0% 325 868 45.3% 117 119 50.1%

  75–84 4 276 389 35.2% 2 633 263 35.3% 51 440 35.3% 455 085 33.7% 579 584 34.0% 685 777 35.5% 257 482 35.8% 81 358 34.8%

  ≥85 1 893 862 15.6% 1 103 584 14.8% 38 276 26.2% 220 443 16.3% 315 295 18.5% 281 275 14.5% 135 423 18.8% 35 366 15.1%

Sex                 

  Male 5 057 329 41.6% 3 129 465 42.0% 56 282 38.6% 548 461 40.6% 684 995 40.1% 809 998 41.9% 290 922 40.5% 97 411 41.7%

  Female 7 102 017 58.4% 4 324 225 58.0% 89 603 61.4% 800 828 59.4% 1 021 609 59.9% 1 123 839 58.1% 427 851 59.5% 136 432 58.3%

Concomitant 
Vaccination

                

  No 11 119 723 91.5% 6 756 652 90.6% 139 956 95.9% 1 253 704 92.9% 1 595 479 93.5% 1 768 136 91.4% 684 537 95.2% 212 696 91.0%

  Any 1 039 623 8.5% 697 038  9.4% 5929 4.1% 95 585 7.1% 111 125 6.5% 165 701 8.6% 34 236 4.8% 21 147 9.0%

Abbreviations: IIV3-HD, high-dose influenza vaccine; IQR, interquartile range; SD, standard deviation.
aThe total number of influenza-vaccinated beneficiaries includes those beneficiaries with general or administration codes only or multiple vaccination types on the same day.
bThe IIV3/IIV4 category is inclusive of standard-dose vaccine codes for IIV3 and IIV4 vaccines, but additionally includes those standard-dose vaccine codes for which it is unclear whether 
they were specifically trivalent or quadrivalent (see Supplementary Table S4).
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analysis, we identified 37 and 33 GBS claims in the secondary 
risk and control windows, respectively (Figure 3), resulting in 
an OR of 1.12 (95% CI, 0.70–1.79) and an AR of 0.46 (95% CI, 
−1.42 to 2.29) per million influenza-vaccinated beneficiaries.

For the early-season analyses for all seasonal vaccines com-
bined, we identified 52 GBS claims in the risk window and 42 in 
the control window (Figure 2), yielding an OR of 1.24 (95% CI, 
0.82–1.86) and an AR of 0.82 (95% CI, −0.74 to 2.32) per mil-
lion vaccinations. The PPV-imputed quantitative bias analyses 
produced similar results (Table 4). In the end-of-season anal-
ysis, we obtained an OR of 1.19 (95% CI, 0.82–1.71) and an AR 
of 0.69 (95% CI, −0.77 to 2.11) per million influenza-vaccinated 
beneficiaries. Seasonality adjustments did not appreciably 
change any of our estimates (Supplementary Material S10).

DISCUSSION

The VSD and Medicare analyses did not find statistically signif-
icant increased GBS risks for IIV3-HD during the 2018–2019 
season. The VSD rapid cycle analyses found that the LLR ex-
ceeded the critical value for IIV3-HD, but not for other influ-
enza vaccines, and only when using binomial SCRI methods. 
When the VSD detected the statistical signal, the FDA, CMS, 
and CDC rapidly refined it in a larger database. In the early-
season analyses using Medicare data, we found nonstatistically 
significant slightly elevated ORs, similar in magnitude to those 
observed in prior seasons [15, 16]. The findings from the 
Medicare end-of-season analyses were consistent with those 
from the early-season analyses. The chart review in the VSD 
confirmed 1 GBS case in the risk window and 1 in the con-
trol window, for an RR of 1.0; thus, the VSD did not confirm 
the initial statistical signal. This may be explained because the 

VSD case definition for GBS was highly sensitive. The Medicare 
analyses including all 2018–2019 influenza vaccines combined 
found slightly elevated borderline statistically significant ORs 
in the 8- to 21-day risk window. As in prior seasons [1, 10, 11, 
15, 16], in the 8- to 21-day risk window we identified a GBS rate 
slightly higher than that in the 42-day risk window.

Given that most seasonal influenza vaccines are adminis-
tered during a short period early in the season, the rapid iden-
tification and evaluation of safety signals, as done here, can 
inform timely regulatory and public health decision making. 
The results of our early-season Medicare analyses may be sensi-
tive to our choice of an early cutoff date; we restricted analyses 
to beneficiaries vaccinated up to November 9, 2018, so GBS 
cases in both risk and control windows would have a high prob-
ability of being observed by March 15, 2019. By this vaccina-
tion cutoff, approximately 84% of vaccinations were expected 
to have occurred, which translated into an SCRI analysis with 
approximately 81% of all the control window GBS cases for the 
season. We chose the November 9, 2018 cutoff of as a trade-
off between bias and precision. An earlier cutoff date would 
have included fewer vaccinations with higher claims maturity, 
resulting in less biased but more imprecise estimates. For the 
early-season analyses, we did not conduct chart review, which 
would have added substantial time to the effort, relying instead 
on the relatively high (71.2%) PPV of the ICD-10-CM GBS di-
agnosis code in primary discharge diagnosis position obtained 
during our 2015–2016 season investigation [15]. It is reassuring 
that the results of the VSD’s chart-confirmed nonsequential 
SCRI analyses were consistent with the Medicare results. 
In addition, we performed chart-confirmed end-of-season 
SCRI analyses in the Medicare database. Results including 

0 7 14

Standard dose High dose Adjuvanted Other

8–21 days
(n = 22)

43–84 days
(n = 42)

21 28 35 42 49

Days after influenza vaccination

Days after influenza vaccination

Standard dose

1–42 days
(n = 52)

43–84 days
(n = 42)

High dose Adjuvanted Other

56 63 70 77 84

0 7 14 21 28 35 42 49 56 63 70 77 84

Figure 2.  Medicare Fee-for-Service population early-season self-controlled risk interval analysis, interval between influenza vaccination and Guillain-Barré syndrome 
diagnosis, beneficiaries ages ≥65 years, high-dose and all seasonal influenza vaccines combined; risk windows are 8–21 and 1–42 days postvaccination; control window is 
43–84 days postvaccination.
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all influenza vaccines were consistent with our main analyses 
(Supplementary Material S11); we had insufficient power for 
the IIV3-HD analyses.

The VSD and Medicare FFS data have complementary cap-
abilities. The VSD population includes more than 9 million 
individuals annually [27]. Among them, approximately 5.5 mil-
lion received 2018–2019 influenza vaccinations [28]. Because 
it includes all ages, VSD is able to perform surveillance among 
persons <65 years of age, few of whom are enrolled in Medicare. 
The VSD also includes Medicare beneficiaries enrolled in Part C 
(Medicare Advantage), representing over one third of the overall 
Medicare population (Part C beneficiaries are not included in 
the Medicare FFS data used by the FDA-CMS collaboration). 
However, given that multiple influenza vaccines are indicated 
for use in different age groups in the United States, VSD surveil-
lance may be insufficiently powered to assess small associations 
between GBS and some seasonal influenza vaccines. However, 
it provides direct access to medical records, essential for case 

confirmation. For a rare condition such as GBS, the VSD could 
detect an overall increased GBS risk of 1 per million within 10 
weeks of the start of vaccination [41]. In contrast, the Medicare 
database contains a much larger and uniform population.

It includes >60 million individuals, with >17 million FFS in-
fluenza vaccine recipients, providing ample power for evaluating 
rare outcomes. It is particularly well suited for assessing vac-
cine safety because it is the largest cohort of US older adults 
with individually linked data containing demographic, diag-
nostic, and vaccination information. Furthermore, it is a single-
payer system, which should decrease data source heterogeneity. 
However, one limitation is that there may be underascertainment 
of vaccinations administered outside of Medicare [42]. Thus, 
we restricted our analyses to influenza-vaccinated FFS bene-
ficiaries. An additional potential limitation for our Medicare 
analyses is that we only included cases with hospital discharge 
diagnoses of GBS in the primary position, which could have 
led to an underestimation of GBS cases. However, GBS is a 

Table 4.  Medicare Fee-for-Service Population Early-Season and End-of-Season Self-Controlled Risk Interval Analysis Results: Odds Ratios and 
Attributable Risks Among Influenza-Vaccinated Beneficiaries Ages ≥65 Years, 2018–2019a

Population

Number of GBS 
Cases

Odds 
Ratio

Odds Ratio 
95% CI P Value

Attributable Risk  
(Per Million 

Vaccinations)

Attributable Risk  
(Per Million Vaccinations) 

95% CI
Risk 

Window
Control 
Window 

Early-Season: High-Dose Influenza-Vaccinated Beneficiaries      

Risk Window: Days 8–21 Postvaccination      

  Claims-based 16 26 1.85 (0.99–3.44) .054 0.98 (−0.02 to 1.82)

  PPV-imputed quantitative bias 
analysis

11.38 18.47 1.84 (0.78–4.31) .162 0.69 (−0.29 to 1.47)

Risk Window: Days 1–42 Postvaccination       

  Claims-based 34 26 1.31 (0.78–2.18) .303 1.07 (−0.97 to 2.99)

  PPV-imputed quantitative bias 
analysis

24.21 18.58 1.31 (0.65–2.61) .449 0.76 (−1.20 to 2.56)

End-of-Season: High-Dose Influenza-Vaccinated Beneficiaries      

Risk Window: Days 8–21 Postvaccination      

  Claims-based 18 33 1.64 (0.92–2.91) .093 0.81 (−0.14 to 1.63)

Risk Window: Days 1–42 Postvaccination       

  Claims-based 37 33 1.12 (0.70–1.79) .633 0.46 (−1.42 to 2.29)

Early-Season: Influenza-Vaccinated Beneficiariesb       

Risk Window: Days 8–21 Postvaccination      

  Claims-based 22 42 1.57 (0.94–2.63) .086 0.66 (−0.09 to 1.33)

  PPV-imputed quantitative bias 
analysis

15.67 29.93 1.56 (0.78–3.15) .211 0.46 (−0.27 to 1.09)

Risk Window: Days 1–42 Postvaccination       

  Claims-based 52 42 1.24 (0.82–1.86) .303 0.82 (−0.74 to 2.32)

  PPV-imputed quantitative bias 
analysis

37.03 30.01 1.24 (0.71–2.14) .449 0.58 (−0.92 to 2.00)

End-of-Season: Influenza-Vaccinated Beneficiariesb       

Risk Window: Days 8–21 Postvaccination      

  Claims-based 28 53 1.58 (1.00–2.51) .049b 0.72 (0.00–1.36)

Risk Window: Days 1–42 Postvaccination       

  Claims-based 63 53 1.19 (0.82–1.71) .354 0.69 (−0.77 to 2.11)

Abbreviations: CI, confidence interval; GBS, Guillain-Barré syndrome; PPV, positive predictive value.
aSeasonality-adjusted results are presented in Supplementary Table S10.
bWith any influenza vaccine (including high-dose influenza vaccine).
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well defined acute disease with serious clinical sequelae that 
usually requires hospitalization rapidly [10]. In addition, prior 
FDA-CMS work found that the PPV of the ICD-9-CM diag-
nosis code for GBS in secondary diagnosis positions was signif-
icantly lower (7.8%) than in the first diagnosis position (68.2%) 
[10]. Another limitation is that, by defining the inclusion cri-
teria with respect to vaccination (as opposed to GBS onset), we 
could have biased the analysis towards finding more cases in the 
risk window. We used this requirement because of the impor-
tance of including beneficiaries as comparable as possible with 
respect to their GBS experience before vaccination date, given 
the known association of GBS with prior influenza vaccinations 
[1, 9–12, 14, 15, 22]. In addition, GBS is a very rare disease, 
and recurrent GBS is even more rare. However, to address this 
concern, we conducted a sensitivity analysis for which we re-
quired 183 days of clean period before the GBS hospitalization, 
thus standardizing the clean period requirement for all cases. 
The results of this analysis (data not shown) exactly matched 
results using our original case definition. Moreover, because of 
power limitations, our protocol did not include an analysis re-
stricted to GBS cases without respiratory or gastrointestinal ill-
ness  within 42 days before GBS onset, which have been shown 
as potential confounders in prior studies [43]. However, as part 
of the chart-confirmed supplementary analyses, we noted a his-
tory of antecedent respiratory or gastrointestinal illness within 
42 days before onset of GBS symptoms in 23 (36%) of 64 chart-
confirmed GBS cases. Although numbers were small, we ad-
ditionally determined there was a potential imbalance in the 
number of such cases in the risk and control periods (data not 
shown). The impact of these confounders should be further in-
vestigated in subsequent multiseason analyses.

CONCLUSIONS

This collaborative effort, in which the VSD detected an early 
statistical signal that was rapidly evaluated in both VSD and 
Medicare, did not exclude an association between 2018–2019 
IIV3-HD and GBS, but it determined that, if such risk existed, 
it was low, similar in magnitude to that observed in prior sea-
sons [15, 16]. This reassuring finding highlights the benefits of 
providing timely GBS surveillance results and the robustness of 
federal surveillance efforts. Our findings were consistent with 
the US package insert of all influenza vaccines that warn—al-
though with inconclusive evidence—of a minimally increased 
GBS risk. Despite slightly elevated GBS risk estimates for some 
seasons, the benefits of influenza vaccines in preventing influ-
enza morbidity and mortality heavily outweigh these potential 
GBS risks.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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Figure 3.  Medicare Fee-for-Service population end-of-season self-controlled risk interval analysis, interval between influenza vaccination and Guillain-Barré syndrome 
diagnosis, beneficiaries ages ≥65 years, high-dose and all seasonal influenza vaccines combined; risk windows is 8–21 and 1–42 days postvaccination; control window is 
43–84 days postvaccination.
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