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Abstract

Objective: To describe incidence and clinical characteristics of cases of Guillain-Barré 

Syndrome (GBS) in the United States during 2009–2015, and characteristics of GBS cases with 

antecedent cytomegalovirus (CMV) infection among persons with employer-sponsored insurance.

Methods: We analyzed medical claims from IBM Watson MarketScan® databases. GBS patients 

were defined as enrollees with an inpatient claim with GBS as the principal diagnosis code, based 

on ICD-9 or ICD-10, and ≥1 claim for lumbar puncture or EMG/nerve conduction study. We 

assessed intensive care unit (ICU) hospitalization, intubation, dysautonomia, and death. We also 

assessed selected infectious illness within 60 days prior to first GBS-coded inpatient claim.

Results: We identified 3,486 GBS patients; annual incidence of 1.0–1.2/100,000 persons during 

2009–2015. GBS incidence was higher in males (1.2/100,000) than females (0.9/100,000) 

(p=0.006) and increased with age, from 0.4/100,000 in persons 0–17 years old to 2.1/100,000 in 

persons ≥65 years old (p<0.001). Half of GBS patients were hospitalized in the ICU, 8% were 

intubated, 2% developed dysautonomia, and 1% died. Half had a claim for antecedent illness, but 

only 125 (3.5%) had a claim for specific infectious pathogens. The mean age among 18 GBS 

patients with antecedent CMV infection was 39 years versus 47 years among those without 

antecedent CMV infection (p=0.038).

Conclusions: Incidence of GBS using a large national claims database was comparable to that 

reported in the literature, but cases appeared to be less severe. Half of GBS patients reported prior 

infectious illness, but only a minority had a specific pathogen identified.
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Introduction

Guillain-Barré syndrome (GBS) is clinically characterized by acute onset of areflexia or 

hyporeflexia and bilateral progressive limb weakness, with or without sensory involvement. 

GBS patients may present with autonomic disturbances, such as tachycardia, bradycardia, 

hypertension, hypotension, excessive or no sweating, and urinary retention. Clinical nadir 

occurs in 2–4 weeks, and up to 20–30% of GBS patients present with respiratory failure 

requiring ventilatory support during their acute illness.1, 2 Up to 15% die from acute 

complications. Although most patients with GBS recover over weeks or months, 20% have 

residual motor deficits after 1 year.1, 2

GBS is an immune-mediated disease of the peripheral nerves, triggered by antecedent 

antigenic stimuli such as infections.1, 2 Antibodies and inflammatory cells produced in 

response to infections cross-react with epitopes on peripheral nerves and roots, leading to 

demyelination and/or axonal damage.3 Campylobacter jejuni and cytomegalovirus (CMV) 

are the most commonly isolated pathogens in GBS. More recently, Zika virus infection has 

also been identified as a potential trigger of GBS.4

In the United States, annual incidence of GBS was 1–2/100,000 persons in the 1970s and 

early 1980s.3, 5–7 A recent study estimated that 8–12% of GBS cases in the U.S. during 

2009–2010 were due to Campylobacter infections.8 However, data on GBS with antecedent 

CMV infection in the United States are lacking. One study in France estimated GBS 

incidence of 0.6 to 2.2 cases per 1,000 cases of primary CMV infection, which is similar or 

greater than incidence among cases with C. jejuni infection (0.3 to 0.6 per 1,000).9 In this 

study, we describe incidence and clinical characteristics of GBS cases in the United States 

during 2009–2015 among persons with employer-sponsored insurance using a large 

administrative claims database. We also assessed characteristics of GBS cases with 

antecedent CMV and non-CMV infections.

Methods

Data source

We used the 2009–2015 Truven Health MarketScan® Commercial Claims and Encounters 

Database (MarketScan Databases, IBM Watson Health, Ann Arbor, MI).10, 11 This database 

includes employer-sponsored insurance healthcare claims for employees and their 

beneficiaries (defined as Marketscan enrollees) from all US states. The MarketScan 

databases contain data for over 200 million patients since 1995 and are large enough to 

allow creation of a nationally representative data sample of Americans with employer-

sponsored health insurance, which represents approximately 50% of the US population12. 

Marketscan enrollees are assigned a unique number that allows linkage of claims for each 

patient over time, but cannot be linked back to the patient. Information on enrollment 
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duration in the MarketScan databases is used to establish periods of continuous enrollment 

and ensure all healthcare claims data are captured during the observation period. During 

2009–2015, the number of enrollees per year ranged from 31 to 57 million, including 2–4 

million persons aged ≥65 years. The MarketScan databases contain demographic data, 

inpatient and outpatient diagnostic codes and medical procedures, and outpatient 

prescription fills. This analysis only included deidentified data; it was therefore deemed by 

the Centers for Disease Control and Prevention (CDC) not to be human subjects research 

and it did not require CDC’s Institutional Review Board approval.

Case definitions

We defined a GBS patient as an enrollee with (1) an inpatient claim with GBS as the 

principal diagnosis code, based on the International Classification of Disease, 9th or 10th 

Revisions, Clinical Modification (ICD-9-CM code 357.0 or ICD-10-CM code G61.0)13–15 

and (2) at least 1 inpatient claim for any of the following procedures: lumbar puncture, an 

EMG or nerve conduction study (NCS) within 45 days of the GBS onset date, which are 

typically part of the diagnostic procedures for patients with GBS [Appendix Table 1]. Data 

on drugs administered during hospitalization were not available and therefore we were 

unable to examine use of plasmapheresis and intravenous immunoglobulin (IVIG) among 

cases. GBS patients had to be enrolled continuously for 60 days prior to their first date of a 

GBS-coded inpatient claim, which we defined as the GBS onset date.

We assessed the following outcomes among GBS patients: duration of hospitalization, 

hospitalization in the intensive care unit (ICU), intubation, dysautonomia (diagnostic codes 

337.9, G90.9), and death in the hospital [Appendix Table 1]. We also examined the 

proportion of GBS patients who had dysautonomia beyond the hospitalization in the subset 

of patients with continuous enrollment in the MarketScan databases 365 days after their 

GBS onset date. We also assessed antecedent infectious illnesses in the 60 days prior to the 

GBS onset date using ICD-9-CM or ICD-10-CM diagnostic codes from inpatient and 

outpatient claims; these included respiratory illness, pneumonia, gastrointestinal illness, and 

illnesses with any of the following 6 specific pathogens that have been shown to be 

temporally associated with GBS: Campylobacter, CMV, Epstein-Barr virus (EBV), hepatitis 

E, influenza, and Mycoplasma pneumoniae [Appendix Table 1]. Previous studies have 

looked at antecedent illness within 4–6 weeks prior to GBS onset;13, 15 to ensure we 

captured all antecedent infections, we extended this window to 60 days.

Analysis

We calculated annual GBS incidence as the number of GBS cases divided by the number of 

enrollees by year and used the Cochrane Armitage trend test to assess annual trends in 

incidence. To compare incidence by sex and age group, we used a log-linked Poisson 

binomial model. We compared selected characteristics by age group (<18 and ≥18 years) 

and by antecedent infectious illnesses (CMV and non-CMV infections) using Pearson χ2 

square or Fisher’s exact test for categorical variables and t-test for continuous variables, and 

considered results with a p-value <0.05 as statistically significant. We performed all analyses 

using SAS version 9.4 (SAS Institute, Cary, North Carolina).
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Results

Overall GBS incidence

We identified 4,612 enrollees with an inpatient claim with GBS as the principal diagnosis 

code, among whom 3,486 (75.6%) met our study criteria (i.e., ≥1 claim for GBS-related 

procedures and fulfilled enrollment criteria). GBS incidence was 1.2/100,000 persons in 

2009 and 1.3/100,000 persons in 2015, with no significant annual trend (p = 0.155 [Figure 

1]. Among 3,486 GBS patients, 1,932 (55.4%) were males and 3,198 (91.7%) were ≥18 

years old [Table 1]. The average annual GBS incidence was higher in males (1.2/100,000) 

than females (0.9/100,000) (p = 0.007) and increased with age, from 0.4/100,000 in persons 

0–17 years old to 2.0 in persons ≥65 years old (p<0.001) [Table 1].

A total of 2,748 (78.8%) GBS patients had a claim for lumbar puncture; 2,286 (65.6%) for 

EMG, NCS or both. A higher proportion of GBS patients aged ≥18 years compared to those 

aged <18 years had EMG or NCS (66.6% versus 53.8%; p<0.001). The median length of 

hospital stay was 6 days (range, 0–106 days). Nearly half of GBS patients (1,701, 48.8%) 

were admitted to the ICU, 279 (8.0%) were intubated, and 41 (1.2%) died in the hospital. A 

higher proportion of GBS patients aged ≥18 years were intubated compared to those aged 

<18 years (8.5% versus 3.8%; p = 0.006), but there were no differences for average duration 

of hospitalization, proportion with ICU admission, or death by age group. A higher 

proportion of deaths occurred among GBS patients with versus without ICU admission 

(1.9% versus 0.5%, p<0.001), and patients who were intubated compared to those who were 

not (6.0% versus 0.8%; p<0.001). The median hospital duration was longer for those who 

died in the hospital compared to the GBS patients who were discharged (12 days versus 6 

days; p=0.001). Only 71 (2.0%) GBS patients had dysautonomia with a higher proportion of 

GBS patients aged <18 years with dysautonomia compared to those aged ≥18 years (6.1% 

versus 3.1%; p = 0.025). In the subset of GBS patients enrolled for 365 days after GBS 

onset, 1.8% (38/2,077) had dysautonomia, 18 (47.4%) with onset during hospitalization and 

20 (52.6%) with onset after hospitalization. For 18 patients with more than one claim for 

dysautonomia, the median interval between the first and last claim coded for dysautonomia 

was 11 days (range, 1–291 days).

Nearly half of GBS patients (1,731, 48.8%) had a claim for an antecedent infectious illness, 

with a statistically significant higher proportion among those aged <18 years compared to 

those ≥18 years (59.7% versus 49.6%, p<0.001); almost half of these illnesses were coded as 

respiratory illnesses [Table 2]. Only 125 (3.6%) of all 3,486 GBS patients had a specific 

pathogen identified: 55 (44.0%) of 125 had influenza, 33 (26.4%) EBV, 18 (14.4%) CMV, 

15 (12.0%) Campylobacter, and 9 (7.2%) M. pneumoniae; 2 out of the 125 GBS cases had 

infections with both CMV and EBV and an additional 4 had 2 non-CMV pathogens each 

[Table 2]. There was a statistically higher proportion of GBS patients aged <18 years with 

EBV and M. pneumoniae infection compared to GBS patients aged ≥18 years [Table 2].

GBS and antecedent CMV infection

GBS patients with antecedent CMV infection tended to be younger than GBS patients 

without CMV antecedent infection (mean age of 39 years versus 47 years, p = 0.038). We 
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looked at the 125 GBS patients with a specific pathogen identified among patients with an 

antecedent infectious illness to assess differences between antecedent CMV infection (n = 

18) versus other non-CMV pathogens (n = 107). After excluding the 2 with both CMV and 

EBV, the mean age among 16 GBS patients with antecedent CMV infection was 41 years 

versus 37 years among 107 GBS patients with other non-CMV antecedent infections 

(p=0.3610), with no other differences found [Table 3]. We identified one 37 year-old GBS 

patient with an antecedent CMV infection who died 26 days after being hospitalized for 

GBS; information on cause of death was not available. No deaths were identified in the GBS 

patients with other antecedent infections.

Discussion

Recent national estimates of GBS incidence in the United States are lacking. Using a 

national claims database, we found that GBS incidence in the United States during 2009–

2015 was 1.1 to 1.3/100,000 persons, which is within the range reported in other studies in 

North America and Europe.3, 7, 15, 16 Additionally, we analyzed data on >3,000 GBS cases. 

As described in a systematic review of 13 studies GBS, the number of GBS cases per study 

was smaller, with a range of 33 to 418 GBS cases per study.3 GBS cases in our study 

appeared to be less severe than those reported in the literature. The median length of hospital 

stay in our study was 6 days, shorter than that reported in other studies (10–30 days).15, 17 In 

our study, only a small proportion required intubation (8%) or died (1%). Other studies 

reported respiratory failure requiring intubation in 13% to 25% of GBS cases, and deaths in 

3% to 15%.1, 2, 7, 15, 17–19 Nearly 50% of our cases, however, required ICU stay during 

hospitalization. It is possible that our study captured GBS cases that were hospitalized for 

close monitoring due to the potentially rapid progression of disease, but had milder clinical 

presentation. A population-based study from Denmark which included diagnostic validation 

through review of medical records found that 35% of GBS patients were mildly affected 

defined by a disability score <3.18

Our findings of increasing GBS incidence with increasing age and slightly higher incidence 

in males than females are consistent with most other studies.2, 3, 7, 16, 20, 21 The age-specific 

incidence of GBS was lower than reported previously in the United States—1.5/100,000 in 

persons <15 years old, and 6.1 and 8.6/100,000 in persons 60–69 and 70–79 years old, 

respectively.22 It is possible that current rates in the United States are lower. Data from 

Europe up to 2014–2015 show rates of 2–3/100,000 in 60–69 year-olds, which is similar to 

the rate found in this study.17, 18, 21 The difference in current and previously published rates 

in the United States could be related, in part, to a large proportion of persons aged ≥65 years 

transitioning to Medicare insurance. The 2–4 million persons aged ≥65 years who remain in 

MarketScan are a subset of the Medicare-insured population with both employer-sponsored 

and Medicare insurance. Data from the 2016 Medicare expenditure panel survey show that 

54% of Medicare beneficiaries have private insurance. We may have missed GBS-coded 

hospitalizations in persons aged ≥65 years if their claim was completely paid by Medicare 

insurance.

We found that 2% of the GBS patients developed dysautonomia, lower than the 16% 

reported in a study from Denmark.18 It is possible that we underestimated the proportion 
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with dysautonomia because we did not capture specific autonomic disturbances, such as 

cardiac arrhythmias and blood pressure fluctuations. Although the consequences of 

autonomic system involvement in GBS are generally minor, life-threatening cardiovascular 

complications may occur in the absence of severe motor impairment or respiratory failure. 

Among patients with severe GBS who required ICU admission or mechanical ventilation, 7–

34% of patients presented with potentially serious bradyarrhythmias.23–25

In published literature, approximately 40–70% of GBS patients report an antecedent 

infectious illness,1, 7, 15, 16, 20 consistent with that found in our study. The range in estimates 

might be due to different methods in ascertaining and defining GBS cases, and different 

populations. Other studies have used a 4–6 week window to examine antecedent infections; 

the proportion with an antecedent infection were similar using a 45-day versus 60-day 

window (49% versus 50%). Only a minority (7.1%) of the 1,758 with an antecedent illness 

had a specific pathogen identified. GBS patients <18 years old were more likely than those 

≥18 years old to have an antecedent illness, particularly EBV, which was one of the most 

common pathogens identified.

CMV infection is considered the second most common infection preceding GBS.26 One 

population-based study from Iceland found 23% of GBS cases tested for CMV had 

confirmed infection, and 33% tested had C. jejuni infection.17 Although the number of GBS 

patients with antecedent CMV infection in our study was small, those tended to be younger 

than GBS patients without CMV antecedent infections, as reported in two studies from 

Europe.9, 27 Studies from Europe and North America have described more severe acute 

disease for GBS cases with antecedent CMV infection,20, 2627 and in our study the 

proportion of GBS patients requiring intubation was higher among those with antecedent 

CMV infection than other infections, although the difference was not statistically significant. 

With only 125 with a specific pathogen identified, and 18 with antecedent CMV infection; 

additional studies are needed to understand GBS and antecedent infectious illnesses. Since 

CMV infection in immunocompetent persons is often asymptomatic or present with non-

specific symptoms, these cases may be missed28.

Our study had a number of limitations. We relied on diagnostic and procedural codes from 

an administrative database and did not have access to medical records, laboratory testing and 

results, or drugs administered during hospitalization. Prior studies have found that the 

sensitivity for identifying diagnostic codes for GBS ranged from 79–90% and the positive 

predictive value ranged from 55–71%, depending on the data source.18, 29, 30 We were 

unable to abstract clinical characteristics to further confirm GBS diagnoses based on 

standard criteria.31 Since we did not have medical records, we did not have exact dates of 

onset of GBS and antecedent illnesses. Additionally, without the results of the lumbar 

puncture, EMG, or NCS, it is possible that some of these persons may have had clinical 

diagnoses other than GBS, such as porphyria, HIV, botulinum, and paraneoplastic syndrome. 

It is also possible that the GBS cases were milder than cases published in other studies. We 

were unable to capture deaths that occurred outside of the hospital. Lastly, our data are from 

a convenience sample of persons with private employer-sponsored insurance and may not be 

generalizable to other populations, such as persons with publicly-funded insurance or no 
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insurance and data may have been missed in healthcare visits that were not submitted for 

insurance reimbursement.

Conclusions

This study used data from a large national healthcare claims database to provide the most 

current data on incidence of GBS in the United States. GBS incidence remained stable at 

about 1/100,000 persons during 2009–2015. Although half of GBS patients had a prior 

illness, only a minority had a specific pathogen identified. Larger datasets with more robust 

laboratory diagnostic testing may be able to discern features of CMV-associated GBS. 

Further studies utilizing electronic medical records would be useful to provide more 

information on antecedent illnesses including specific pathogens as well as in-depth 

description of the clinical spectrum of GBS, including manifestations during the acute phase 

of the disease, GBS subtypes, long-term residual deficits, and impact on quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Incidence of Guillain-Barré Syndrome (GBS) per 100,000 persons, MarketScan 2009–2015
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Table 1.

Characteristics of Guillain-Barré Syndrome (GBS) patients and average annual GBS incidence by age and sex, 

2009–2015

GBS Patients, 2009–2015 N = 3,486 n (%) Average Annual GBS Incidence per 100,000, 2009–2015

Sex  

 Male 1,932 (55%) 1.2

 Female 1,554 (45%) 0.9

Age Group (years)

 0–17 288 (8%) 0.4

 18–34 539 (15%) 0.7

 35–44 518 (15%) 1.0

 45–54 691 (20%) 1.3

 55–64 954 (27%) 2.0

 ≥65 496 (14%) 2.0
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Table 2.

Frequency of Guillain-Barré Syndrome (GBS)-related procedures, GBS severity and outcomes, and infections 

and vaccinations within 60 days prior to GBS onset, MarketScan 2009–2015 (N = 3,532)

All Ages
N = 3,486

0–17 years
N = 288

≥18 years
N = 3,198 p-value by age group

Variable # % # % # %

GBS-related procedures
a

Lumbar puncture 2748 78.8% 220 76.4% 2528 79.0% 0.299

EMG or NCS 2286 65.6% 155 53.8% 2131 66.6% <.001

GBS Severity/Outcomes

ICU Hospitalization 1701 48.8% 139 48.3% 1588 49.7% 0.851

Intubation 279 8.0% 11 3.8% 273 8.5% 0.006

Died 41 1.2% 1 0.3% 41 1.3% 0.253*

Dysautonomia 71 2.0% 11 6.1% 60 3.1% 0.025

Infection 60 days before GBS Onset 1731 49.7% 172 59.7% 1586 49.6% <.001

Respiratory 1598 45.8% 160 55.6% 1462 45.7% <.001

Pneumonia 295 8.5% 20 6.9% 284 8.9% 0.334

Gastrointestinal Infection 241 6.9% 21 7.3% 225 7.0% 0.792

Specific Pathogen
b

125 3.6% 23 8.0% 102 3.2% <.001

CMV 18 0.5% 2 0.7% 16 0.5% 0.656*

Non-CMV 109 3.1% 22 7.6% 87 2.7% <.001

Campylobacter 15 0.4% 1 0.3% 14 0.4% 1.000*

EBV 33 0.9% 10 3.5% 23 0.7% <.001*

Hepatitis E 1 0.0% 0 0.0% 1 0.0% 1.000*

Influenza 55 1.6% 8 2.8% 47 1.4% 0.130*

Mycoplasma pneumonia 9 0.3% 5 1.7% 4 0.1% <.001*

*
Fisher’s exact test used.

a
GBS-related procedures that occurred 45 before through 45 days after GBS onset date.

b
There were a total of 125 GBS cases with an antecedent illness with a specific pathogen identified. Two of the 125 GBS cases had claims for both 

CMV and EBV. An additional 4 GBS cases had 2 non-CMV related illnesses each.
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Table 3.

Characteristics of Guillain-Barré Syndrome (GBS) patients with antecedent CMV infection (N = 18) and non-

CMV infections (N = 107), MarketScan 2009–2015a

Variable Persons with GBS and CMV N=18

Persons with GBS and non-CMV Infections 
(Campylobacter, Epstein-Barr virus, hepatitis E, 

influenza, Mycoplasma pneumoniae) N=107 p-value
d

Year # % # %

2009 2 11.1% 22 20.6%

2010 1 5.6% 9 8.4%

2011 4 22.2% 17 15.9%

2012 4 22.2% 14 13.1%

2013 5 27.8% 11 10.3%

2014 1 5.6% 15 14.0%

2015 1 5.6% 19 17.8%

Age group (years)

0–17 2 11.1% 21 19.6%

18–34 5 27.8% 28 26.2%

35–44 5 27.8% 16 15.0%

34–54 1 5.6% 13 12.1%

55–64 4 22.2% 21 19.6%

≥65 1 5.6% 8 7.5%

Gender 1.0000

Female 10 55.6% 54 50.5%

GBS-related procedures
b

Lumbar puncture 15 83.3% 91 85.0% 0.713

EMG or NCS 13 72.2% 63 58.9% 0.278

GBS Severity/Outcomes

Dysautonomia
c 1 5.6% 3 2.8% 1.000

ICU Hospitlization 9 50.0% 58 54.2% 0.793

Intubation 5 27.8% 17 15.9% 0.473

Died 1 5.6% 0 0.0% 0.130

Median Duration of 
Hospitalization (range), in days

7 (1–38 days) 7 (0–34 days) 0.811

a
There were a total of 125 GBS cases with an antecedent infection with a specific pathogen identified. Two of the 125 GBS cases had claims for 

both CMV and EBV and are included in the frequencies of persons with GBS and CMV.

b
GBS-related procedures that occurred within −45 to 45 days of GBS onset date.

c
Proportion of persons with dysautonomia among persons enrolled over the 14-month interval ranging from 2 months before through 12 months 

after GBS onset date (N = 2,105, 180 in persons aged <18 years and 1,925 in persons aged ≥18 years).

d
Statistical analysis excludes the 2 GBS cases with both CMV and EBV from the comparison of GBS patients with and without CMV.
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