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ABSTRACT
Introduction Evidence for seasonal variation in
incidence and subtype of Guillain-Barré syndrome (GBS)
is contradictory, but has implications for provision of
neurological services and understanding pathogenesis.
Methods We searched PubMed and EMBASE between
inception and January 2014, including all studies
reporting seasonal incidence of GBS. We included a
retrospective cohort study of patients with GBS at the
John Radcliffe Hospital, Oxford 2001–2012 and
determined the seasonal variation in GBS incidence and
length of stay. The incidence rate ratio (IRR) for winter
versus summer was pooled across studies by ﬁxed and
random effects meta-analysis weighted by inverse
variance, stratiﬁed by geographical region, infectious
prodrome and GBS subtype.
Results Across 9836 patients from 42 studies there
was a 14% increased risk of GBS in winter versus
summer (IRR=1.14, 1.02–1.27, p=0.020), with
signiﬁcant heterogeneity between studies (I2=77%,
p<0.0001), including signiﬁcant seasonal variation in
Oxford (n=140; p=0.037) for winter versus summer
(IRR=1.92, 1.18–3.11, p=0.004) but a non-signiﬁcantly
reduced length of stay for winter versus other seasons
(15 vs 21 days, p=0.08). Across all studies, there was
greater seasonal variation with respiratory prodrome
(IRR=3.06, 1.84–5.11, p<0.0001) than diarrhoeal
prodrome (IRR=1.10, 0.60–2.00, p=0.76) and a greater
incidence in winter in Western countries (IRR=1.28), the
Far East (IRR=1.20) and Middle East (IRR=1.12), with a
lower incidence in the Indian subcontinent (IRR=0.86)
and Latin America (IRR=0.75).
Discussion Incidence of GBS was greater in winter
than summer, but this was not evident in all
geographical regions. This is likely to be related to
regional variation in prodromal illnesses.
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Evidence for seasonal variation in Guillain-Barré
syndrome (GBS) incidence has been contradictory,
with some studies suggesting a winter peak,1–3
some studies ﬁnding no signiﬁcant variation4 5 and
some reporting summer, spring or autumn
peaks.6 7 The cause of this heterogeneity has not
been systematically assessed, but has been interpreted either as demonstrating no seasonal variation in GBS or demonstrating differences in
regional geographical factors.8 Studies demonstrating a cluster of cases in the summer months in
Northern China9–11 supported the hypothesis that

rural Chinese populations were more vulnerable to
prodromal infections such as Campylobacter jejuni
in the summer-rainy season, resulting in acute
motor axonal neuropathy (AMAN). In contrast, a
number of studies suggested that seasonal variation
in GBS was not found in Western countries,4 5 possibly as outbreaks of prodromal infections are less
common.
Seasonal variation in GBS may be dependent on
seasonality in the precipitating illness, which is
thought in some cases to cause cross-reactivity with
molecular epitopes on peripheral nerves.12
Molecular mimicry has been well-described
between GM1 and GD1a gangliosides and
lipo-oligosaccharide components of C. jejuni, the
commonest identiﬁed antecedent infection in
AMAN,13 while other strains of C. jejuni with disialylated lipo-oligosachharides induce the GQ1b
ganglioside antibodies associated with Miller-Fisher
syndrome (MFS).14 However, the pathogenic
mechanisms in acute inﬂammatory demyelinating
polyneuropathy (AIDP) are less clear with both cellular15 16 and humoral immune responses
reported.17 18 Seasonal variation in the inducing
illness may also effect the burden of disease due to
GBS. Patients with GBS are usually admitted to
hospital and artiﬁcial ventilation may be required in
up to 25% of patients. Death occurs in 3–10% of
patients, and there is signiﬁcant residual morbidity
in survivors with up to 20% of patients unable to
walk at 6 months.19 This may have implications for
seasonal demands on neurology, neurointensive
care and neurorehabilitation services.
We performed a systematic review to identify seasonality in incidence of GBS globally and which
factors affect the presence of seasonality. We then
determined seasonality within a retrospective
cohort of admissions to a large UK teaching hospital in the UK, determined seasonality in GBS
admissions, associated prodromal illness, and
length of stay.

METHODS
Systematic review
PubMed and EMBASE were searched with the
terms (“seasonal” OR “season” OR “winter” OR
“summer” OR “autumn” OR “spring”) AND
(“Guillain Barre” OR “Guillain-Barre” OR “GBS”
OR “acute inﬂammatory demyelinating polyneuropathy” OR “acute motor axonal neuropathy” OR
“acute neuropathy”) between inception and 31
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January 2014. Any study reporting GBS incidence by month,
season or by the relative incidence comparing winter and
summer was included, taking season as deﬁned by the reporting
study or, where monthly data was reported, using the timeframes used in our cohort, but inverted for countries in the
southern hemisphere.

Oxfordshire cohort
We performed a retrospective cohort study of all patients discharged from the John Radcliffe Hospital, Oxford, with a diagnostic code of ‘Guillain-Barré syndrome’ between January 2001
and December 2012. Medical notes, correspondence and neurophysiological records were manually reviewed to conﬁrm accuracy of coding for GBS, and identify admission and discharge
date, plus any reported prodromal illness. Supportive neurophysiological studies were required for inclusion, to limit inclusion of inappropriate cases deﬁned purely on clinical grounds
that could reduce the study’s sensitivity for any seasonal variation. Subtype of GBS was deﬁned on the basis of the original
report of clinical neurophysiological studies as AIDP, AMAN,
acute motor sensory axonal neuropathy (AMSAN) or MFS (also
deﬁned by clinical features).
Admissions were divided into four seasons of 3 months
(winter: January–March, spring: April–June, summer: July–
September, autumn: October–December). Seasonal variation
was determined by a χ2 test (vs a uniform distribution) and as
the incidence rate ratio (IRR) for winter versus summer, assuming a constant population size. Frequencies of prodromal infections in winter versus summer were compared by χ2 testing.

Meta-analysis
Meta-analyses of seasonal variation were performed on the
natural logarithm of IRRs, using ﬁxed and random effects
meta-analysis weighted by the inverse variance. We calculated
IRRs for each season versus the average of the other seasons,

Table 1 Characteristics of patients admitted with confirmed
Guillain-Barré syndrome (GBS) to the John Radcliffe Hospital,
Oxford, 2001–2012, according to GBS subtype. Mean (SD) values
are given for continuous variables and n (%) for discrete variables
Guillain-Barré syndrome subtype
Characteristic

AIDP

AMAN

AMSAN

Miller-Fisher

Number
Age
Gender
Women
Men
Season
Winter
Spring
Summer
Autumn
Prodrome
Respiratory
Diarrhoea
Other
Unknown
Length of Stay

119
52 (21)

10
39 (24)

6
60 (9.5)

5
47 (18)

43 (36)
76 (64)

2 (20)
8 (80)

4 (67)
2 (33)

2 (40)
3 (60)

38 (32)
30 (25)
21 (18)
30 (25)

4 (40)
2 (20)
2 (20)
2 (20)

3 (50)
2 (33)
1 (17)
0 (0)

3 (60)
0 (0)
1 (20)
1 (20)

16 (13)
13 (11)
4 (3)
86 (72)
21 (22)

0 (0)
5 (50)
1 (10)
4 (40)
30 (36)

3 (50)
1 (17)
0 (0)
2 (33)
47 (52)

3 (60)
0 (0)
0 (0)
2 (40)
8 (6)

AMAN, acute motor axonal neuropathy; AMSAN, acute motor sensory axonal
neuropathy.

and calculated IRRs for winter versus summer and spring versus
autumn, for the whole population and stratiﬁed by prodromal
illness and subtype of GBS. Heterogeneity was determined by
Cochrane’s Q and the I2 statistic, with publication bias assessed
by funnel plots. Determinants of heterogeneity for the natural
logarithm of the IRR between studies were also identiﬁed by
general linear models, weighted by the inverse variance, assessing publication date, geographical region (westernised economies, Far East, Middle East, Indian subcontinent, Latin
America), age, gender, frequency of ﬂu-like prodrome, frequency of diarrhoeal prodrome or known C. jejuni infection
and frequency of AIDP or AMAN subtype. General linear modelling was also performed after multiple imputations (SPSS) to
generate ﬁve imputed data sets, given the high frequency of at
least one unreported independent variable in published studies.
All analyses were performed in Microsoft Excel 2010 or IBM
SPSS V.20.

RESULTS
Of 413 separate reports identiﬁed by the primary search and
additional references, 129 potentially viable abstracts were
reviewed, with 87 eligible papers reviewed in full. Of these, 45
studies reported 10 698 patients presenting with GBS by month
or season (43 any form of GBS, 8 reporting for AIDP and 8 for
AMAN), (see online supplementary e-table 1).

Oxfordshire cohort
Of 212 hospital episodes coded, GBS, there were 140 cases of
conﬁrmed, incident GBS, comprising 119 AIDP, 10 AMAN, 6
AMSAN and 5 MFS. Across all subtypes, the mean age was 51
(SD=21, range 2–87), with 89 (64%) men (see table 1). Nerve
conduction studies, consistent with GBS, were recorded for 136
patients, with the remaining 4 patients being diagnosed solely
on clinical grounds with presentations consistent with MFS.
Across all patients, the median length of hospital stay was
14 days (IQR 6–28, range 0–135 days).
There was seasonal variation in the rate of admission for GBS
(see ﬁgure 1, p<0.037), with signiﬁcantly more patients admitted
in winter versus summer (IRR 1.92, 1.18–3.11, p=0.004), with
no difference in rates of admission in autumn versus spring (IRR
0.97, 0.60–1.57, p=0.55). There was signiﬁcant winter versus
summer variation for AIDP (IRR 1.81, 1.06–3.08, p=0.015), but
although there were also more admissions with other subtypes of

Figure 1 Seasonal variation in incidence of Guillain-Barré syndrome
in a single tertiary referral centre in Oxford, 2001–2012, stratiﬁed by
subtype. AIDP, acute inﬂammatory demyelinating polyneuropathy.
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GBS in the winter compared to other months there were too few
patients to draw reliable conclusions (table 1). The mean length
of stay was non-signiﬁcantly shorter in the winter months (mean
15 days) versus summer (mean 21 days, p=0.08). There was no
signiﬁcant seasonal variation in total bed occupancy (winter
736 days; spring 845 days; summer 521 days; autumn 972 days).
The higher frequency of admissions in the winter was associated
with a higher incidence of patients reporting a ﬂu-like or respiratory prodromal illness in winter versus summer (11 vs 2,
p=0.012), predominantly due to differences in frequency of
AIDP preceded by a ﬂu-like illness (7 vs 2, p=0.096). There were
insufﬁcient cases of AMAN, AMSAN and MFS to reliably determine if there was an association between prodromal illness and
these GBS subtypes, but all cases of AMAN in whom a prodromal illness was identiﬁed were subsequent to a diarrhoeal
illness.

Meta-analysis
Across all studies, the incidence of GBS was greatest in the
winter months, compared to the other three seasons, with both
ﬁxed and random effects meta-analysis (see e-ﬁgure 1). When
comparing the winter and summer periods, a cluster of three
studies in Northern China represented extreme outliers with a
very high summer incidence of GBS, distorting the analysis such
that there was a 12% greater incidence of GBS in the winter
across all studies by ﬁxed effects analysis, but no difference on
random effects meta-analysis. However, these studies were
marked outliers compared to other studies as evident on the
funnel plots (see e-ﬁgure 2). Excluding these studies resulted in

a signiﬁcant 14% increased incidence of GBS in winter compared to the summer months, on both ﬁxed and random effects
analyses (ﬁgure 2), with no evidence of publication bias or
other biases affecting the distribution of results (see e-ﬁgure 2).
There was a small increase in incidence of GBS in autumn compared to spring but there was high heterogeneity, and this was
not signiﬁcant on random effects meta-analysis (see e-ﬁgure 3).
There was a signiﬁcant heterogeneity between studies
(I2=78%, p<0.0001), partly explained by its geographical location (ﬁgure 3), with a 28% increase in the winter incidence of
GBS in Western countries, a 12% increase in winter in the
Middle East and a 20% increased risk in the Far East (after
exclusion of the Northern China cluster). However, there was a
14% reduction in incidence in winter in the Indian subcontinent
and a 25% decreased winter risk in limited studies from Latin
America, although these results did not reach signiﬁcance, limiting the reliability of any conclusion that there is no seasonal
variation in these regions. This lack of seasonality in GBS was
partly explained by the reversed (ﬁxed-effects) or absent
(random-effects) seasonality in tropical rainy climates compared
to temperate climates, with no signiﬁcant difference between
temperate and tropical arid regions (see e-ﬁgure 4). Similarly,
there was a greater predominance of GBS in patients with a
respiratory prodromal illness in winter compared to patients
with a diarrhoeal prodrome or C. jejuni positivity, and smaller,
non-signiﬁcantly greater winter predominance in patients with
AIDP compared to axonal forms of GBS (ﬁgure 4).
Geographical region was a signiﬁcant predictor of heterogeneity in winter versus summer IRR in general linear models

Figure 2 Forest plot of the incidence rate ratio of Guillain-Barré syndrome (GBS) in studies comparing winter and summer. The cluster of reports
from Northern China with a very high summer incidence of GBS are excluded. het, heterogeneity.
1198
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Figure 3 Forest plot of the incidence
rate ratio of Guillain-Barré syndrome in
studies comparing winter and summer,
stratiﬁed by region. het, heterogeneity.

without adjustment ( p=0.029) and after adjustment for year of
publication and size of study ( p=0.003). In ﬁve imputed data
sets, both frequency of respiratory prodrome ( p=0.002–0.08)
and diarrhoeal prodrome or C. Jejuni positive serology
( p=0.006–0.08) were consistent predictors of heterogeneity in
IRR, but not geographical region or subtype of GBS.

DISCUSSION
There was an increased incidence of GBS in the winter on
average across published studies, which were most marked in
Western countries. However, there were signiﬁcant geographical
differences with a reduced winter incidence in the Indian subcontinent and Latin America, possibly associated with regional
differences in the seasonality of prodromal illnesses. Admissions
with GBS to a large UK teaching hospital were consistent with
other studies, being approximately 90% higher in the winter
than the summer, particularly after an upper-respiratory tract

prodromal illness, but this was partially offset by a shorter
length of stay in winter.
The seasonal variation in GBS in Oxford is consistent with previous publications from Oxfordshire1 20 and other studies in the
UK3 which have suggested a winter predominance, but these did
not consider the relationship with GBS subtype or prodromal
illness. Our study is consistent with previous suggestions that seasonal variation within Western countries is due to the higher frequency of prodromal upper respiratory tract infections in winter,
but there were too few cases in our cohort to reliably measure
this. Diarrhoeal prodromal infections, particularly C. jejuni, are
less common throughout the year in wealthier countries.21 In our
study, there were too few patients with a diarrhoeal prodrome,
conﬁrmed C. jejuni infection or the AMAN subtype to identify
any seasonal variations. However, it was noteworthy that all of
the patients with AMAN had diarrhoeal symptoms (in those
where a prodrome was recorded).
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Figure 4 Forest plot of the incidence rate ratio of Guillain-Barré syndrome in studies comparing winter and summer, stratiﬁed by prodromal illness
and electrophysiological subtype. het, heterogeneity.
There was no signiﬁcant seasonal variation in bed occupancy
in our cohort, despite the signiﬁcant seasonal variation in GBS
incidence. This may partly be explained by the non-signiﬁcantly
shorter mean length of stay in the winter months, which may
reﬂect systematic differences in hospital care in the winter
months, when a greater pressure on limited beds encourages
earlier discharge from hospital. However, there may be some
impact of a longer disease course with AMAN, which is relatively
more frequent in summer months.19 However, we were not able
to look for potentially adverse longer term patient outcomes in
relation to this nor determine whether there was greater vigilance
for GBS in patients with recent ﬂu-like symptoms in the winter,
falsely increasing the detected incidence of GBS.
Although there was seasonal variation in GBS incidence
across the globe, both on average and in individual studies,
there was signiﬁcant heterogeneity between studies, part of
1200

which was explained by geographical region. Some of the variation in seasonal incidence may reﬂect the differing nature of
seasons by latitude, with less signiﬁcant differences between
winter and summer in tropical regions, and potentially greater
inﬂuence of other weather patterns such as the rainy season.
There were also regions of contradictory seasonal variation in
GBS incidence, in particular the high summer incidence of
AMAN in Northern China, differing signiﬁcantly from adjacent
regions in the Far East, which showed winter predominance.
This may reﬂect local variation in speciﬁc prodromal infections
in rural communities. There were also broader regional differences in seasonal variation in GBS, with high winter predominance in Western countries, the Middle East and Far East, but
summer predominance in the Indian subcontinent and Latin
America. Again, this may reﬂect differences in the incidence of
prodromal infections related to the season of the year, but may
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be related to local economic factors such as sanitation, ethnic
differences in genetic susceptibility to GBS or the development
of immune tolerance subsequent to previous viral infections.
However, the data available does not allow us to discriminate
between these factors.
Seasonal variation in GBS is particularly important for our
understanding of the likely pathogenesis of the disease. This
may have public health implications in the future for identifying
prodromal infections that could be prevented to reduce the incidence of GBS in speciﬁc regions. It also has some potential
implications for provision of tertiary neurological services, particularly in regions with a high incidence of summer GBS due to
AMAN, which can result in longer admissions and greater bed
occupancy, particularly in neurointensive care.
There are several limitations to this study. First, although
there were a large number of studies reporting the seasonal incidence of GBS, these were primarily retrospective studies based
on notes review (see online supplementary data) including our
cohort, with few prospective studies and with signiﬁcant differences in methodology between studies. This may contribute to
ascertainment or under-reporting error, as suggested by the relatively high number of patients without a known prodrome in
our cohort. Second, relatively few studies reported seasonal variation according to prodromal illness or GBS subtype, limiting
the power of these analyses to identify the cause of underlying
heterogeneity between studies. This signiﬁcant heterogeneity
was partly explained by geographical region and prodromal
illness, but there were relatively few studies within the speciﬁc
regions with low winter predominance of GBS (Latin America
and the Indian subcontinent), resulting in only non-signiﬁcant
trends to lower winter predominance. Third, in our study, C.
jejuni serology and antiganglioside antibodies were not systematically performed, and therefore these were not addressed in our
cohort. Fourth, comparisons between AIDP and axonal GBS
were hampered by the small numbers of these variants in our
study and the limited number of publications reporting seasonal
incidence by GBS subtype. Fifth, the deﬁnition of a season
varied between studies, with other studies reporting the incidence of GBS by calendar month. Our deﬁnition of season was
therefore chosen as the best compromise to allow synthesis
between studies, rather than using an absolute meteorological
deﬁnition. Finally, the majority of patients in our study had only
one set of nerve conduction studies performed as this was the
standard clinical practice at the time. It is therefore possible that
some cases will have been misclassiﬁed as AIDP on electrophysiological grounds, given the recent appreciation that reversible conduction failure mimicking demyelination can be seen in
pathologically axonal cases.22
In conclusion, there is signiﬁcant seasonal variation in incidence of GBS in Oxfordshire and published studies with a
winter predominance in most, but not all, geographical regions.
This raises the possibility that targeted GBS education of
primary care physicians, front-line acute hospital staff and
resource managers in high-frequency periods might help to
reduce adverse outcomes among the seasonal excess of GBS
admissions. Furthermore, identifying the key immunological
triggers by geographical region remains an important
public-health challenge and offers a potential opportunity to
intervene at the population level to reduce the mortality and
morbidity associated with GBS, as indicated by the success of a
New Zealand initiative to reduce C. jejuni contamination in
poultry.23
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