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ABSTRACT

Objectives: The incidence of Guillain-Barré syndrome (GBS) changed significantly during the 
coronavirus disease 2019 (COVID-19) pandemic. Emerging reports suggest that viral vector-
based vaccines may be associated with an elevated risk of GBS. 
Methods: In this nationwide time-series correlation study, we examined the age-specific 
incidence of GBS from January 2011 to August 2022, as well as data on severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) vaccinations and infections from February 2021 to 
August 2022. We compared the forecasted estimates of age-specific GBS incidence, using 
the pre-SARS-CoV-2 period as a benchmark, with the actual incidence observed during the 
post-vaccination period of the pandemic. Furthermore, we assessed the temporal association 
between GBS, SARS-CoV-2 vaccinations, and COVID-19 for different age groups. 
Results: In the age group of 60 and older, the rate ratio was significantly elevated during June-
August and November 2021. A significant, strong positive association was observed between 
viral vector-based vaccines and GBS incidence trends in this age group (r = 0.52, p = 0.022). For 
the 30 to 59 years age group, the rate ratio was notably high in September 2021. A statistically 
significant, strong positive association was found between mRNA-based vaccines and GBS 
incidence in this age group (r = 0.61, p = 0.006). 
Conclusion: Viral vector-based SARS-CoV-2 vaccines were found to be temporally associated 
with an increased risk of GBS, particularly in older adults. To minimize age-specific and 
biological mechanism-specific adverse events, future vaccination campaigns should adopt a 
more personalized approach, such as recommending homologous mRNA-based SARS-CoV-2 
vaccines for older adults to reduce the heightened risk of GBS. 
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Introduction 

Since the World Health Organization declared a global 
pandemic in March 2020 [1], nationwide vaccination campaigns 
against coronavirus disease 2019 (COVID-19) have played 
a crucial role in achieving population-level immunity and 
preventing severe outcomes [2]. However, the consequences  
of widespread exposure to novel immune stimuli, such as 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and vaccines, are still being investigated [3]. 

As of August 2022, there are 3 primary vaccine mechanisms 
utilized in the Republic of Korea: viral vector-based ChAdOx1-S/ 
nCoV-19 (Oxford-AstraZeneca) and Ad.26.COV2.S (Janssen); 
mRNA-based BNT162b2 (Pfizer-BioNTech) and mRNA-1273 
(Moderna) vaccines; and the recombinant protein NVX-
CoV2373 (Novavax) vaccine, which is the latest addition to 
the arsenal. 

In our previous study, which explored the correlation 
between changes in the respiratory and gastrointestinal 
infectious disease landscape and Guillain-Barré syndrome 
(GBS) incidence, we hypothesized that the significant 
increase in GBS from June 2021 to November 2021 might 
be attributed to the introduction of SARS-CoV-2 vaccines, 
specifically viral vector-based vaccines [4]. This hypothesis 
has been supported by several large database-driven studies 
employing prospective surveillance, retrospective cohort, 
or self-controlled case series study designs [5−8]. However, 
these methodologies do not account for seasonal patterns or 
incorporate historical data that could serve as a comparative 
baseline or reference for forecasting. Consequently, there 
was a need for a more intuitive approach. 

Building upon our previous research, our objectives were 
to (1) compare the projected age-specific GBS incidence 
rates with the actual incidence observed during the post-
vaccination pandemic period (February 2021 to August 
2022), and (2) assess the temporal relationship between 
GBS, SARS-CoV-2 vaccination, and COVID-19 across various 
age groups, as well as the biological mechanisms of the 
vaccines. 

Materials and Methods 

Study Design 
We carried out a nationwide longitudinal, time-series 
correlation study spanning from 2011 to 2022. We compared 
the real-world age-specific incidence of GBS during the 
pandemic post-vaccination period (February 2021 to 
August 2022) to the forecasted estimates based on the pre-
vaccination period reference (January 2011 to January 2021). 
Furthermore, we assessed the temporal association between 

the incidence of GBS and either SARS-CoV-2 vaccination or 
COVID-19 during the post-vaccination period. The results 
were detailed by stratifying relevant age groups and vaccine 
mechanisms. 

Designation of Age Groups 
The designation of age groups was based on 2 references: 
vaccine rollout policy and the results from our previous 
study on the pandemic incidence of GBS. First, regarding 
vaccination policy, The Republic of Korea’s vaccine rollout 
during the first 2 quarters of 2021 (February to June) was 
primarily age-specific. The first quarter targeted patients 
and workers in nursing homes and facilities (age < 65 years), 
primary medical responders in the field, and hospital 
personnel. The second quarter included patients and workers 
in nursing homes and facilities (age < 65 years), residents 
of COVID-vulnerable facilities (homeless shelters and elder 
homes), and adults aged ≥ 60 years (initially age ≥ 75 years 
from April and age 60 to 75 years from June). Moreover, after 
reports of thrombosis with thrombocytopenia syndrome 
in younger populations, viral vector-based vaccines were 
contraindicated for those aged < 30 years. Secondly, in 
relation to our previous study's results, we observed a 
significant increase in GBS incidence for age groups over 60. 
Consequently, we trichotomized the age groups as follows: 0 
to 29, 30 to 59, and ≥ 60 years.  

Data Collection
The National Health Insurance Service (NHIS) database was 
used to obtain nationwide incidence and demographic data 
on patients newly diagnosed with GBS, who were either 
hospitalized or received outpatient treatment from January 

HIGHLIGHTSHIGHLIGHTS

•  The real-world incidence of Guillain-Barré syndrome 
(GBS) in the Republic of Korea was significantly higher 
than the forecasted estimates in June to August 
and November 2021 in older adults, while in 2022, 
the incidence remained within the estimated range 
regardless of age.

•  Viral vector-based vaccines were temporally associated 
with GBS incidence in older adults. A dose-response 
relationship may exist between the two.

•  A synergistic effect between age and the vaccine 
mechanism may have contributed to the increased 
risk of GBS, warranting a more personalized approach 
to mass vaccination campaigns.
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2011 to August 2022. 
In comparison to our prior research [4], we have expanded 

our reference timeframe from 2017–2019 to 2011–2020 to 
enhance the accuracy of our forecasts. Additionally, we have 
lengthened the vaccination periods from under one year to 
one and a half years to bolster our analysis. 

In patients with a primary diagnosis of GBS (International 
Classification of Diseases, 10th Revision: G61.0; n = 12,433), 
there were 10,577 cases during the pre-vaccination period 
(January 2011 to January 2021) and 1,856 cases in the post-
vaccination period (February 2021 to August 2022). 

The data on SARS-CoV-2 vaccination, such as manufacturer, 
dose number, and age distribution, obtained during the post-
vaccination period of the pandemic, were also extracted 
from the NHIS database. 

The Korea Disease Control and Prevention Agency (KDCA) 
database was utilized to obtain nationwide SARS-CoV-2 
infection data from January 2020 to August 2022 for 
comparison with SARS-CoV-2 vaccines. This data included 
all variant types and reinfection statuses. 

Statistical Analysis 
For the time-series analysis, a Gaussian regression model 
was chosen to predict the number of GBS patients, taking 
into account both the general trend and seasonality. This 
model was used to forecast the expected incidence and 95% 
prediction intervals of GBS based on the pre-vaccination 
reference period from January 2011 to January 2021. 

The cumulative frequency of new-onset GBS and rate 
ratios (RRs) between observed and expected values during 
the post-vaccination period of the pandemic were calculated 
for the total population and for specific age groups (0 to 
29, 30 to 59, and ≥ 60 years). The RR was determined by 
comparing the expected value (predicted using a regression 
model) to the observed value (the actual number of reported 
GBS cases). An RR not equal to 1.0 at the 5% level was deemed 
clinically significant. 

We determined the temporal association between 
GBS and SARS-CoV-2 vaccination, stratified by biological 
mechanism (viral vector-based, mRNA-based, and protein 
recombinant vaccines), using Pearson correlation analysis. 
The correlation coefficient (r) was calculated to assess the 
trends in the absolute difference in cumulative frequency 
between the expected and observed cases of GBS, SARS-
CoV-2 vaccination, and COVID-19. The degree of association 
adhered to a conventional paradigm: weak (0.10 ≤ r < 0.30), 
moderate (0.30 ≤ r < 0.50), and strong (r ≥ 0.50) [9]. 

Data analysis was conducted using R statistical software 
ver. 4.1.2 (The R Foundation). The R forecast package includes 
optimal values for level, trend, and seasonality parameters, 

which were employed in the statistical analysis of this study 
[10]. 

Ethics Approval 
The Institutional Review Board of the KDCA exempted this 
study from ethical approval (2022-01-03-PE-A) because of the 
retrospective analysis of de-identified data that were already 
obtained through epidemiological investigation, presented 
minimal privacy or confidentiality risk to participants, and 
met the current public health interest requirements. All 
study procedures have been reported in accordance with 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guidelines. The requirement 
for consent was waived because we retrospectively collected 
de-identified data. 

Results 

Real-World GBS Incidence during the Pandemic Post-
Vaccination Period versus Forecasted Estimates 
Overall, there was no significant difference between the 
observed and predicted cumulative frequency of GBS for all 
age groups combined. However, when examined on a monthly 
basis, the RR was significantly elevated in September 2021 for 
the 30 to 59 years age group (RR, 1.57; 95% confidence interval 
[CI], 1.00–3.89). 

For individuals aged 60 years and older, the RR was 
significantly elevated in June 2021 (RR, 1.41; 95% CI, 1.08–2.03), 
July 2021 (RR, 1.47; 95% CI, 1.16–1.99), August 2021 (RR, 1.30; 
95% CI, 1.01–1.82), and November 2021 (RR, 1.44; 95% CI, 
1.07–2.19). For individuals under 30 years of age, the RR was 
significantly lower in April and August 2021, with RR values 
of 0.40 (95% CI, 0.27–0.81) and 0.44 (95% CI, 0.32–0.74), 
respectively. In 2022, no statistically significant differences 
in RR were observed across all age groups on a monthly basis 
(Table 1; Figure 1). 

Time-Series Correlation Analysis during the Pandemic 
Post-Vaccination Period 
We performed Pearson correlation analysis to analyze 
the time-series relationships of GBS with SARS-CoV-2 
vaccination and COVID-19 incidence during the post-
vaccination phase of the pandemic (February 2021 to August 
2022). 

For individuals under 30 years of age, no significant 
temporal association was found between GBS and either 
SARS-CoV-2 vaccination or COVID-19 infection. In the 
30 to 59 age group, a statistically significant and strong 
positive temporal association was observed between the 
incidence of GBS and mRNA-based vaccines (r = 0.61, 
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Table 1. The age-specific cumulative frequency and RRs of incident Guillain-Barré syndrome during the post-vaccination 
period of the pandemic (February 2021 to August 2022)

Date
Age < 30 y Age 30–59 y Age ≥60 y

Obs. Exp. RR (95% CI)
a)

Obs. Exp. RR (95% CI) Obs. Exp. RR (95% CI)

Total 291 344 0.85 (0.54–1.89) 683 769 0.89 (0.61–1.67) 882 907 0.97 (0.75–1.38)
2021 135 199 0.68 (0.44–1.51) 416 432 0.96 (0.65–1.86) 550 503 1.09 (0.83–1.58)
 February 12 14 0.84 (0.50–2.83) 20 36 0.55 (0.36–1.16) 33 42 0.78 (0.59–1.18)
 March 10 14 0.70 (0.41–2.36) 33 34 0.96 (0.62–2.16) 37 49 0.75 (0.58–1.05)
 April 8 20 0.40 (0.27–0.81)* 36 42 0.85 (0.59–1.53) 31 45 0.69 (0.52–1.01)
 May 11 17 0.67 (0.42–1.68) 31 45 0.70 (0.49–1.21) 58 51 1.14 (0.89–1.57)
 June 15 20 0.75 (0.50–1.51) 44 46 0.97 (0.68–1.66) 65 46 1.41 (1.08–2.03)*
 July 13 21 0.62 (0.42–1.17) 44 46 0.96 (0.68–1.64) 79 54 1.47 (1.16–1.99)*
 August 11 25 0.44 (0.32–0.74)* 47 44 1.07 (0.75–1.88) 64 49 1.30 (1.01–1.82)*
 September 16 17 0.96 (0.60–2.41) 50 32 1.57 (1.00–3.89)* 47 39 1.22 (0.89–1.93)
 October 11 17 0.64 (0.41–1.54) 36 34 1.05 (0.68–2.33) 39 40 0.99 (0.73–1.54)
 November 13 16 0.80 (0.50–2.08) 43 35 1.23 (0.80–2.69) 60 42 1.44 (1.07–2.19)*
 December 15 18 0.82 (0.53–1.80) 32 39 0.82 (0.55–1.61) 37 47 0.79 (0.61–1.14)
2022 156 145 1.07 (0.69–2.39) 267 336 0.79 (0.55–1.45) 332 403 0.82 (0.64–1.15)
 January 13 15 0.88 (0.53–2.73) 31 39 0.79 (0.53–1.51) 37 50 0.74 (0.57–1.03)
 February 19 14 1.34 (0.78–4.56) 23 37 0.63 (0.41–1.30) 36 44 0.81 (0.61–1.19)
 March 16 14 1.13 (0.66–3.84) 38 35 1.09 (0.71–2.41) 34 52 0.66 (0.51–0.91)
 April 19 20 0.96 (0.64–1.95) 26 43 0.60 (0.42–1.09) 41 47 0.87 (0.67–1.24)
 May 23 17 1.39 (0.87–3.56) 34 45 0.75 (0.53–1.30) 34 53 0.64 (0.50–0.87)
 June 26 20 1.31 (0.87–2.63) 37 46 0.80 (0.57–1.37) 53 49 1.09 (0.84–1.55)
 July 20 21 0.95 (0.64–1.81) 32 46 0.69 (0.49–1.17) 46 56 0.82 (0.65–1.10)
 August 20 25 0.80 (0.57–1.35) 46 45 1.03 (0.72–1.81) 51 52 0.99 (0.77–1.36)

Obs., observed value; Exp.; expected value; RR, rate ratio; CI, confidence interval.
a)RR was calculated as Obs./Exp.
*p < 0.05 was considered statistically significant.

p = 0.006). No significant associations were found for other 
vaccine mechanisms or COVID-19 infections. In older adults 
( ≥ 60 years), viral vector-based vaccines demonstrated a 
significant and strong positive temporal association with the 
incidence of GBS (r = 0.52, p = 0.022). However, no significant 
temporal association was observed between GBS incidence 
and mRNA-based vaccines (r = –0.06, p = 0.797), recombinant 
protein vaccines (r = –0.36, p = 0.126), or COVID-19 infection 
(r = –0.36; p = 0.127) (Figure 2). 

Discussion 

We conducted a nationwide time-series correlation study 
involving 1,856 cases of GBS during the pandemic following 
the vaccine rollout. We compared the real-world age-
specific incidence of GBS with forecasted values based on 
pre-pandemic incidence data. Additionally, we assessed the 
temporal association between the time-series trends of GBS 
and SARS-CoV-2 vaccination, stratified into 3 categories 
of biological mechanisms. Our main findings include: (1) 
a significantly high number of GBS patients among older 
adults in June to August and November 2021 compared to 
forecasted estimates; (2) the observed incidence of GBS 

converging with the forecasted incidence in 2022 for all age 
groups; and (3) a relevant significant temporal association 
between viral vector-based vaccine and GBS incidence in 
older adults. We believe that our study supports the findings 
from large database-driven studies and demonstrates 
the utility of time-series analysis as an auxiliary tool in 
evaluating temporal associations. This follow-up study 
also validates and expands upon the speculations made 
regarding the temporal association between vaccination 
and GBS in our previous study. 

Regarding vaccination rates among different age groups, 
individuals under 30 years of age primarily received mRNA-
based vaccines (98.7%) during the post-vaccination period 
of the pandemic. In the 30 to 59 age group, the majority 
of participants were also vaccinated with mRNA-based 
vaccines (89.6%), while a smaller percentage received viral 
vector-based vaccines (10.1%). For those aged 60 and older, 
mRNA-based vaccines remained the predominant choice 
(59.4%); however, this group had the highest proportion of 
individuals receiving viral-vector vaccines (39.6%) (Table 
S1).  

Our results reveal varying findings in GBS incidence 
among different age groups, with a particular focus on older 
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adults. Although age is a recognized risk factor for GBS 
[11,12], our estimates indicate that even after accounting 
for age and comparing it to the projected 2021 incidence 
based on historical baselines, this result remained valid. 
Furthermore, despite the influx of new vaccine recipients in 
2022, GBS incidence aligned with the predicted outcomes. 
This implies that the 2021 increase in GBS incidence 
among older adults cannot be solely attributed to age, but 
was also influenced by other factors closely related to age. 
Considering the results of the mechanism-stratified time-
series correlation analyses in conjunction with this finding, 
we can infer that viral vector-based vaccines may have a 
temporal association with increased GBS incidence. This 
observation supports previous studies that suggested a 
potential link between viral vector-based vaccines [5,6]. 
Additionally, while COVID-19 remains a relevant factor during 
the pandemic era that has a temporal association with GBS 
[13], the results of the correlation analysis were statistically 
insignificant, which is consistent with the findings from our 
previous study. 

In September 2021, there was a notable increase in the 
incidence of GBS among individuals aged 30 to 59 years 
compared to predicted values. Moreover, a strong positive 
correlation was observed between mRNA-based vaccines 
and GBS incidence in this age group. Although this finding 
has not been replicated in other studies, we hypothesize that 
it may be due to the impact of heterologous vaccination in 
the 30 to 59 age group, which elicits greater immunogenicity 
and reactogenicity compared to homologous vaccination 
methods [14]. In Korea, most recipients of heterologous 
vaccines were initially vaccinated with viral vector-
based vaccines and later received mRNA-based vaccines. 
Consequently, individuals aged 30 to 59 who were vaccinated 
with viral vector-based vaccines (primarily ChAdOx1-S/nCoV-
19) in June were subsequently given mRNA-based vaccines 
(predominantly BNT162b2) from August to September 2021 
[15]. In contrast, the vaccination rate for those aged 0 to 29 
was lower than in other age groups, and the majority received 
mRNA-based vaccines, resulting in an insignificant temporal 
association between GBS and vaccination in this younger 

Figure 1. Time-series plot of Guillain-Barré syndrome (GBS) incidence from January 2011 to August 2022. The bold red line 
indicates the real-world observed incidence, blue line indicates the predicted incidence, and darker and lighter blue shades 
denote 95% and 80% confidence intervals of the predicted incidence, respectively. (A) Age <30 years. (B) Age 30 to 59 years. 
(C) Age ≥ 60 years.
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CC

Figure 2. Summary of time-series correlation analyses (February 2021 to August 2022). The 3 variables—differential 
value between observed and expected Guillain-Barré syndrome (GBS) incidence; the number of severe acute respiratory 
syndrome coronavirus 2 vaccination stratified by biological mechanism; and the number of COVID-19 diagnosed during 
this period underwent Pearson correlation analyses. A scatter plot matrix is drawn in the graphic window. The lower off-
diagonal presents scatter plots, the diagonal shows histograms, and the upper off-diagonal reports the Pearson correlation 
coefficients (with pairwise deletion). (A) Age < 30 years. (B) Age 30 to 59 years. (C) Age ≥ 60 years. 
*p < 0.05, **p < 0.001 was considered statistically significant.

population. Overall, we hypothesize that the age-stratified 
incidence of GBS reflects a dose-response relationship 
with vector-based vaccines. However, additional research is 
needed to confirm this relationship and better understand 
the underlying mechanism. 

Our study has several notable limitations: first, as an 
observational study, it does not establish causation. 
However, a potential dose-response relationship and the 
reproducibility of findings from different study designs may 
support causality. Nonetheless, GBS remains a rare disease, 
and the risk-to-benefit ratio should always be considered. 
Second, our study collected data on a per-dose basis, without 
gathering individual vaccination information. Consequently, 
we did not account for homologous or heterologous 
vaccination, which may have varying immunogenicity 
and reactogenicity [16,17]. Future studies addressing the 
cumulative effects of immune exposure should be conducted 
to address this issue. Third, we did not consider changes in 

vaccination policies throughout the study period. This may 
have led to minor fluctuations in vaccination patterns across 
age groups, but the overall impact is unclear. Relatedly, our 
age group structure may not accurately reflect vaccination 
policies, as our age groups were reconstituted from the 10-
year interval data used in our previous study. To improve 
accuracy, future studies employing 5-year age gaps may be 
beneficial. Finally, our study focuses on a single ethnicity. 
However, the Asian population has been underrepresented 
in phase III trials of SARS-CoV-2 vaccines, making it 
crucial to collect specific adverse event data from this 
demographic. 

In conclusion, we hypothesize that a synergistic effect 
between age and the viral vector-based SARS-CoV-2 vaccine 
mechanism may contribute to an increased risk of GBS. We 
propose that future vaccination campaigns adopt a more 
personalized approach, or “safest pathway,” to minimize age-
specific and biological mechanism-specific adverse events. 
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For example, recommending mRNA-based vaccines instead 
of viral vector-based platforms and performing homologous 
vaccination whenever possible in older adults aged 60 years 
and above could be considered, until proven otherwise by 
other population-based studies, to avoid an increased risk of 
post-vaccination GBS.  

Supplementary Material 

Table S1. Summary of SARS-CoV-2 vaccination stratified by 
age groups in the post-vaccination period of the pandemic 
(February 2021 to August 2022). Supplementary data are 
available at https://doi.org/10.24171/j.phrp.2023.0050. 
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