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Abstract

Half of the world's population is at risk of arthropod-borne virus (arbovirus) infec-

tions. Several arbovirus infections have been associated with Guillain-Barré syn-

drome (GBS). We investigated whether arboviruses are driving GBS beyond epidemic

phases of transmission and studied the antibody response to glycolipids. The proto-

col of the International Guillain-Barré syndrome Outcome Study (IGOS), an observa-

tional prospective cohort study, was adapted to a case-control design. Serum

samples were tested for a recent infection with Zika virus (ZIKV), dengue virus

(DENV), chikungunya (CHIKV) virus, hepatitis E virus, Epstein-Barr virus (EBV), cyto-

megalovirus (CMV), Campylobacter jejuni, and Mycoplasma pneumoniae, and for anti-

bodies to glycolipids. Forty-nine patients were included from Brazil (63%), Argentina

(14%), and Malaysia (22%). Evidence of a recent infection was found in 27/49 (55%)

patients: C jejuni (n = 15, 31%), M pneumoniae (n = 5, 10%), CHIKV (n = 2, 4%), EBV

(n = 1, 2%), C jejuni and M pneumoniae (n = 2, 4%), CMV and DENV (n = 1, 2%), and

C jejuni and DENV (n = 1, 2%). In 22 patients, 35 paired controls were collected.

Odds ratio for recent infections did not significantly differ between cases and con-

trols. No typical anti-ganglioside antibody binding was associated with recent arbovi-

rus infection. We conclude that arbovirus infections occur in GBS patients outside of

epidemic viral transmission, although not significantly more than in controls. Broad

infection and anti-ganglioside antibody serology are important to establish the most

likely pathogenic trigger in GBS patients. Larger studies are necessary to determine

the association between arboviruses and GBS.
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1 | INTRODUCTION

Guillain-Barré syndrome (GBS) is an immune-mediated poly-

radiculoneuropathy and the most common cause of acute flaccid paral-

ysis worldwide.1 GBS is usually preceded by an infection, and several

pathogens have been associated with GBS in case-control studies,

including Campylobacter jejuni, hepatitis E virus (HEV), cytomegalovirus

(CMV), Epstein-Barr virus (EBV), and Mycoplasma pneumoniae.2-5 Dur-

ing the Zika virus (ZIKV) epidemic in 2015-2016 in Latin America, an

increased incidence of GBS patients was observed and an association

between ZIKV and GBS has later been confirmed.6-8

ZIKV is a flavivirus that is transmitted by the Aedes aegypti mos-

quito. Other arthropod-borne viruses (arboviruses) transmitted by the

same mosquito, including dengue virus (DENV) and chikungunya virus

(CHIKV), have also been associated with GBS, although evidence of

an association is limited in comparison with ZIKV.6,9-18 Most studies

on DENV and GBS are limited to case series,10,18-22 although two sur-

veillances studies17,18 showed a temporal association between the

incidence of GBS and DENV, and one case-control study provided

evidence of an association between GBS and DENV.23 Several studies

have linked clusters of GBS cases with outbreaks of CHIKV,15,24-26

and a case–control study9 demonstrated that CHIKV is a risk factor

for GBS. Arboviruses have been increasingly recognized as a global

health threat, as their geographic distribution has spread dramatically

over the past decades.12,27,28 Roughly half of the world's population is

currently living in areas at risk for transmission of these viruses, and

especially countries in Latin America and Southeast Asia are at risk.29

Previous studies that demonstrated a link between GBS and ZIKV

or other arboviruses were carried out during epidemic phases of viral

transmission, and it is unknown whether these viruses also play a role

in the occurrence of GBS in endemic phases. Another aspect of

arbovirus-related GBS that has not been illuminated is the possible

role of coinfections with other known triggers of GBS, as most previ-

ous studies only tested for arbovirus infections. Furthermore, the

underlying pathophysiology and the role of antibodies to specific gan-

gliosides and other glycolipids on the nerve axon has not been uni-

formly demonstrated for GBS related to arboviruses.26,30-33

The International Guillain-Barré syndrome Outcome Study (IGOS)

is an international observational prospective cohort study on the

disease course and outcome of GBS patients.34 The protocol and

infrastructure of this study were used and adapted to develop a

case–control study (“IGOS-Zika study”) to investigate the association

between GBS and arboviruses, and specifically whether these infec-

tions drive the occurrence of GBS beyond the peaks of epidemics. Sam-

ples were tested for a broad range of infections that are known to

trigger GBS and for antibodies against glycolipids to investigate the role

of coinfections and anti-glycolipid antibodies in arbovirus-related GBS.

2 | METHODS

2.1 | Study design

The study protocol of IGOS has been published elsewhere.34 This proto-

col was adapted to investigate the association between arbovirus infec-

tions and GBS. Additional questions regarding immunization history and

preceding symptoms and signs of arbovirus infections were collected.

Where possible, two hospital-based controls were collected for every

case. Controls were sex- and age-matched (age difference <10 years)

and were treated in the same hospital and collected within 10 days of

the included case. Controls were excluded if they had been diagnosed

with GBS 1 year prior or if they were admitted for a (post-)infectious

disorder. The same questions on arbovirus history and a serum sample

were collected from the controls. Otherwise, the protocol was identical

to the original IGOS protocol. Patients were enrolled in two study sites

in Brazil, four sites in Argentina, and one site in Malaysia. The IGOS

study (MEC-2011-477) and the amendment of the study protocol

(NL38706.078.11) were approved by the review boards of Erasmus MC

University Medical Center, Rotterdam, The Netherlands. The study pro-

tocol was also approved by the local institutional review boards of all

participating hospitals or universities. Written informed consent was

obtained from all patients or their legal representatives.

2.2 | Data collection

Data were collected on demography, antecedent events, and neuro-

logical symptoms and signs of GBS at study entry and at 1, 4, and

26 weeks.34 Additional collection of data at weeks 2, 8, 13, and

52 was optional. Muscle strength was recorded by the Medical

Research Council (MRC) score and disability by the GBS disability

score.35,36 Disease nadir was defined as the first visit that the lowest
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MRC sum score was found during the first 4 weeks from study entry.

When there was no muscle weakness, the GBS disability score was

used instead. The results of routine cerebrospinal fluid (CSF) examina-

tion and nerve conduction studies were collected. To determine the

electrophysiological subtype, raw data of the first nerve conduction

study, local reference values, and an algorithm were used to classify

each nerve conduction study according to the criteria of Hadden et al

by two independent clinical neurophysiologists (SA, JD).37 Patients were

categorized according to the Brighton Collaboration criteria based on

the available data.38 Insufficient data were available to categorize the

Miller Fisher syndrome (MFS) patients according to the published

criteria, and all patients with clinical variants of GBS without limb weak-

ness were categorized as Level 4. The ability to walk at 6 months was

used to determine the outcome. For patients with missing data at the

6-month visit, who were able to walk independently at the previous

visit (week 13 or week 8), this visit was used to determine the outcome.

2.3 | Diagnostic virology and bacteriology

All patients and controls with available serum samples were tested for a

recent infection with C jejuni, HEV, M pneumoniae, CMV, EBV, DENV,

ZIKV, and CHIKV. Serum samples collected at entry or week 1 were

used where possible; otherwise, samples collected at week 2 or 4 were

used. Antibodies against C jejuni were determined using an indirect

enzyme-linked immunosorbent assay (ELISA) for IgG and antibody class

capture ELISAs for IgM and IgA antibodies, as previously described.39

IgM and IgG antibodies against HEV and M pneumoniae were deter-

mined using commercially available ELISAs (Wantai, Beijing, PR China,

respectively, Serion ELISA classic M pneumoniae, Serion GmbH,

Würzburg, Germany). The presence of IgM and IgG antibodies and IgG

avidity against CMV and of VCA IgM and viral capsid antigen (VCA) IgG

and EBV nuclear antigen (EBNA) was determined by LIAISONXL

(DiaSorin, Italy), a semi-automated system, which uses chemilumines-

cent immunoassay (CLIA) technology for detection of antibodies. The

presence of IgM and IgG antibodies against ZIKV and DENV were

determined using commercially available ELISA (EuroImmun, Lübeck,

Germany). The presence of IgM and IgG antibodies against CHIKV was

determined using a commercially available ELISA (Novatec), and immu-

nofluorescence was performed to verify the presence of IgM. Immuno-

fluorescence was leading in the interpretation of the results. In all

patients that were IgM- or IgG-positive against ZIKV, a virus neutraliza-

tion test (VNT) was performed to differentiate between a recent DENV

and ZIKV infection.40 In general, IgM positivity is a good marker for a

recent arbovirus infection, as studies have shown that ZIKV, CHIKV,

and DENV IgM become positive starting the first week after onset of

symptoms and usually persist for up to 2-3 months.41-43 Evidence of a

recent infection was defined as IgM positivity for M pneumoniae and

HEV, and IgM and/or IgA positivity for C jejuni. For CMV, IgM positivity

with negative IgG or IgG with low avidity, and for EBV, VCA IgM, and

VCA IgG positivity with negative EBNA IgG was considered indicative

of a recent infection. For ZIKV, IgM positivity confirmed by VNT, and

for CHIKV, IgM positivity in immunofluorescence was considered indic-

ative of a recent infection. For DENV, NS1 positivity was considered

indicative of a recent (re)infection as well as the combination of IgM

and IgG positivity. Low-positive or borderline IgM with positive IgG

was considered indicative of a previous infection (with possible reinfec-

tion with a different DENV strain) (Table S1).

2.4 | Anti-glycolipid serology

Sera were tested with ELISA for IgG and IgM antibodies against GM1,

GM2, GA1, GD1a, GD1b, GT1a, GQ1b, and GD3, and using combinatorial

N=54 inclusions

N=49 inclusions

No control (n=25) 

Incorrect control* (n=2) 

Controls of excluded patiens (n=2)  

Insufficient clinical data (n=4) 

Alternative diagnosis (CIDP: n=1) 

N=22 patients with controls

N=11 patients with 2 paired controls

N=11 patients with 1 paired control

Total=33 controls

Cohort study 

Case-control study 

F IGURE 1 Flowchart of inclusions in cohort and case-control part of the analysis. *Family control (brother) instead of hospital control (n = 1),
hospital control admitted with Alzheimer's and chikungunya fever (n = 1)
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glycoarray for IgM and IgG anti-glycolipid antibodies against GM1, GM2,

phosphatidylserine, GA1, GD1a, GD1b, GT1a, GQ1b, GD3, GalC,

lactosylceramide, and sulfatide, plus their possible heterodimeric com-

plexes.44,45 Combinatorial glycoarray was performed using a thin-layer

chromatography autosampler, which spotted glycolipids and glycolipid

combinations onto in-house-made glass slides containing a polyvinylidene

difluoride (PVDF) membrane.46 Antibodies were detected using

AF647-conjugated goat anti-human IgM and Cy3-conjugated goat anti-

human IgG (Jackson ImmunoResearch). Fluorescent intensity was mea-

sured using the appurtenant LuxScan software. The mean and SD were

calculated for each glycolipid (�complex) using the fluorescent intensities

of the control patients. Fluorescent intensities were considered positive if

more than the mean plus three times the SD.

2.5 | Statistical analysis

We used SPSS Statistics 21.0 for data analysis. Continuous data are

presented as medians with interquartile ranges (IQRs) and dichoto-

mized or categorical data as numbers and proportions. We used the

Mann-Whitney U test and Kruskal-Wallis test to compare continuous

data and the χ2-test or Fisher's exact test to compare proportions. A

two-sided P-value of <0.05 was considered significant. For the case-

control analysis, crude odds ratios were calculated (not matching for

pairs) using contingency tables, and 95% confidence interval were cal-

culated according to Altman, 1991.47,48 The Cox proportional hazards

model was used for the individually paired case-control analysis (SPSS

COXREG function), adjusting for age and sex.49,50 We used R version

3.6.1., packages dplyr 1.0.5 and ggplot2 3.3.2 for the development of

the heatmaps. Raw data were clustered based on a distance matrix

using Pearson's correlation and hierarchical cluster algorithm

(Ward.2D) and clipped at a 10 000 upper limit.51

3 | RESULTS

In total, 54 patients were included between July 2017 and December

2019. Five patients were excluded, four because of insufficient clinical

data and one because of an alternative diagnosis (chronic inflamma-

tory demyelinating polyradiculoneuropathy). For 22 of the remaining

49 patients, paired controls were collected, and they were included in

the case-control analysis part of the study (Figure 1). Demographic

and clinical features, ancillary investigations and outcome of the full

cohort are described in Table 1.

3.1 | Viral and bacterial serology

Evidence of a recent infection was found in 27/49 (55%) of patients

and included arbovirus infections in four patients (8%), including

CHIKV in two (4%), DENV and CMV in one (2%), and DENV and C

jejuni in one patient (2%). In addition, in one patient, a low-positive

TABLE 1 Demography, clinical features at entry, and outcome of
the full cohort of patients with GBS

All cases (n = 49)

Sex (male) 32 (65)

Age (years) 42 (23-57)

<18 y old 7 (14)

Country of inclusion

Brazil 31 (63)

Argentina 7 (14)

Malaysia 11 (22)

Antecedent event—onset weakness (days) 7 (4-15)

Antecedent symptom (any) 36 (74)

Fever 20/36 (56)

Respiratory tract infectiona 15/36 (42)

Gastro-intestinal infectionb 18/36 (50)

Rash 4/36 (11)

Cranial nerve deficits 29/48 (60)

Oculomotor 10/48 (21)

Facial 18/48 (38)

Bulbar 10/48 (21)

Limb weakness 37/48 (77)

MRC sum score 45 (32-58)

Hypo-/areflexia 42/48 (88)

Sensory deficitsc 23/47 (49)

Sensory symptoms 27/41 (66)

Ataxiac 13/41 (32)

Onset weakness—nadir (days) 10 (5-15)

GBS clinical variant

Sensorimotor 19/48 (40)

Pure motor 14/48 (29)

MFS (overlap) 10/48 (20)

Other 5/48 (10)

Nerve conduction studiesd 48/49 (98)

Demyelinating 28/48 (58)

Axonal 6/48 (13)

Equivocal 13/48 (27)

Immunomodulatory treatment 44/49 (90)

IVIg 43/49 (88)

Plasmapheresis 1/49 (2)

ICU admission 20 (41)

Mechanical ventilation 12 (25)

Able to walk unaided at 6 moe 28/33 (85)

Note: Data are presented as n/N reported (%) or median (IQR). Clinical

features presented are at study entry.
aSore throat, nasal cold and/or cough.
bDiarrhea or nausea/vomiting.
cIf “unable to examine” coded as missing.
dOne patient tested negative had an inexcitable EMG.
ePatients able to walk at 8 or 13 wk and missing data at week 26 were

included in this category.

452 LEONHARD ET AL.



T
A
B
L
E
2

D
em

o
gr
ap

hi
c
an

d
cl
in
ic
al
fe
at
ur
es

o
f
G
B
S
pa

ti
en

ts
w
it
h
ev

id
en

ce
o
f
a
re
ce
nt

ar
bo

vi
ru
s
in
fe
ct
io
n

Se
x,

ag
e,

co
un

tr
y

A
nt
ec

ed
en

t
ev

en
t

C
lin

ic
al

fe
at
ur
es

(e
nt
ry
)

G
B
S
cl
in
ic
al

va
ri
an

t
E
M
G
su
bt
yp

e
T
re
at
m
en

t,
IC
U
,

an
d
ve

n
ti
la
ti
o
n

D
is
ea

se
n
ad

ir
O
u
tc
o
m
e
la
st

fo
llo

w
-u
p

C
H
IK
V
a

m
al
e,

7
2
y/
o
,B

ra
zi
l

N
as
al
co

ld
(2
0
d
pr
io
r)

B
ri
gh

to
n
Le

ve
l1

.

B
ul
ba

r
an

d
o
cu

lo
m
o
to
r

pa
ls
y,
lim

b
w
ea

kn
es
s,

se
ns
o
ry

de
fi
ci
ts
,b

lo
o
d

pr
es
su
re

dy
sf
un

ct
io
n

M
F
S-
G
B
S

o
ve

rl
ap

D
em

ye
lin

at
in
g

IV
Ig

(5
d
),

ad
m
it
te
d
to

IC
U
(7

d
)a

n
d

M
V
(3

d
)

M
R
C
-S
S
=
3
2
,G

B
S-

D
S
=

5
.

O
n
se
t-
n
ad

ir
9
d

M
R
C
-S
S
=

6
0
,G

B
S-

D
S
w
8
=

0
(w

8
la
st

fo
llo

w
-u
p
)

C
H
IK
V
b

fe
m
al
e,

3
7
y/
o
,B

ra
zi
l

F
ev

er
,j
o
in
t
pa

in
,r
as
h

(4
d
pr
io
r)

B
ri
gh

to
n
Le

ve
l1

.

B
ul
ba

r
an

d
fa
ci
al
pa

ls
y,

lim
b
w
ea

kn
es
s,
se
ns
o
ry

de
fi
ci
ts
,b

lo
o
d
pr
es
su
re

dy
sf
un

ct
io
n

Se
ns
o
ri
m
o
to
r

D
em

ye
lin

at
in
g

IV
Ig

(5
d
),

ad
m
it
te
d
to

IC
U
(2
1
d
)

an
d
M
V
(1
7
d
)

M
R
C
-S
S
=

2
8
,G

B
S-

D
S
=

5

O
n
se
t-
n
ad

ir
1
1
d

M
R
C
-S
S
=

5
8
,G

B
S-

D
S
=

4
(w

8
la
st

fo
llo

w
-u
p
)

D
E
N
V
an

d
C
M
V

m
al
e,

3
0
y/
o
,

M
al
ay
si
a

F
ev

er
,m

ya
lg
ia
,

ar
th
ra
lg
ia
,

he
ad

ac
he

,r
et
ro
-

o
cu

la
r
pa

in
(1
3
d

pr
io
r)

B
ri
gh

to
n
Le

ve
l4

.

F
ac
ia
lp

al
sy
,s
en

so
ry

de
fi
ci
ts
,a
ta
xi
a

A
ta
xi
c
fo
rm

D
em

ye
lin

at
in
g

IV
Ig

(5
d
),
n
o

IC
U
o
r
M
V

M
R
C
-S
S
=

6
0
,G

B
S-

D
S
=

3

O
n
se
t-
n
ad

ir
7
d

M
R
C
-S
S
=

6
0
,G

B
S-

D
S
=

0
(w

2
6
la
st

fo
llo

w
-u
p
)

D
E
N
V
an

d

C
am

py
lo
ba

ct
er

je
ju
ni

m
al
e,

1
9
y/
o
,B

ra
zi
l

F
ev

er
,d

ia
rr
he

a
(5

d

pr
io
r)

B
ri
gh

to
n
Le

ve
l2

.

Li
m
b
w
ea

kn
es
s

P
ur
e
m
o
to
r

A
xo

na
l

IV
Ig

(5
d
),
n
o

IC
U
o
r
M
V

M
R
C
-S
S
=

4
0
,G

B
S-

D
S
=

3

O
n
se
t-
n
ad

ir
5
d

M
R
C
-S
S
=

5
4
,G

B
S-

D
S
=

2
(w

2
6
la
st

fo
llo

w
-u
p
)

A
bb

re
vi
at
io
ns
:C

.j
ej
un

i,
C
am

py
lo
ba

ct
er

je
ju
ni
;C

H
IK
V
,c
hi
ku

ng
un

ya
vi
ru
s;
C
M
V
,c
yt
o
m
eg

al
o
vi
ru
s;
D
E
N
V
,d

en
gu

e
vi
ru
s;
G
B
S-
D
S,

G
B
S
di
sa
bi
lit
y
sc
o
re
;I
C
U
,i
n
te
n
si
ve

ca
re

u
n
it
;I
V
Ig
,i
n
tr
av
en

o
u
s
im

m
u
n
o
gl
o
b
u
lin

s;

M
F
S,

M
ill
er

F
is
he

r
sy
nd

ro
m
e;

M
R
C
-S
S,

M
R
C
su
m

sc
o
re
;M

V
,m

ec
ha

ni
ca
lv

en
ti
la
ti
o
n;

y/
o
,y
ea

rs
o
ld
.

a
P
4
0
in

F
ig
ur
e
2
.

b
P
3
9
in

F
ig
ur
e
2
.

LEONHARD ET AL. 453



IgM, positive IgG, and negative NS1 indicated a possible reinfection

with a different DENV strain, and in one patient, a borderline-positive

IgM, and positive IgG and VNT for ZIKV indicated a possible recent

ZIKV infection. For the purpose of this study, these patients were not

considered positive for a recent infection with these viruses. Details

of serological test results for arbovirus infection-positive cases are

shown in Table S2. The patients with a recent CHIKV infection and

the patient with a recent DENV and C jejuni infection were included in

Northeast Brazil between May and July 2019. The patient with a

DENV and CMV infection was included in Malaysia in August 2019

(Table 2). C jejuni was the most common preceding infection in

15 patients (31%), followed by M pneumoniae in five (10%), and one

additional patient had evidence of a recent infection with both these

pathogens. Evidence of a recent EBV infection was found in one

patient (2%), and none of the patients had evidence of a recent HEV

infection. Samples were collected at a median of 11 days (IQR 7-19)

after the onset of weakness.

3.2 | Clinical features, ancillary investigations, and
outcome of the full cohort

The median time between onset of neurological symptoms and hospi-

tal admission was 6 days (IQR 3-10). Lumbar puncture was done in

46/48 reported patients (96%). In 73%, an increased protein level

(>0.45 g/L) and a cell count below 50 cells/μL was found

(albuminocytological dissociation).34,52 The median cell count was 1.0

(1.0-3.5), and none of the patients had a cell count above 50 cells/μL.

Nerve conduction studies were performed in 48 (98%) patients. To

exclude differential diagnoses, MRI of the spinal cord was performed

in eight patients and was normal in six and showed enhancement of

the cauda equina in two. According to the Brighton Collaboration

Criteria, 25 (51%) had Level 1, 7 (14%) Level 2, and 17 (35%) Level

4. Patients were categorized as Brighton Level 4 because of: time to

nadir >28 days (n = 2), normal (n = 4) or increased tendon reflexes

(n = 1), clinical variant of GBS without limb weakness (n = 9), and

missing data on time to nadir (n = 1). Four of five patients with normal

or increased tendon reflexes had evidence of a recent C jejuni infec-

tion. Nerve conduction studies showed signs typical of a

poly(radiculo)neuropathy in 16/17 patients (96%), and 9/17 (53%) had

an albuminocytological dissociation in the CSF.

At disease nadir, 79% of patients were unable to walk unaided

(GBS disability score ≥ 3), and the median MRC sum score was

43 (IQR 31-46). When including the patients with missing data at

6 months, but who were able to walk at week 8 or week 13 after

study inclusion, 28/33 (85%) were able to walk unaided at 6 months.

Eighteen of 19 patients (95%) who were followed up to 1 year or

more were able to walk unaided at 1 year. One patient died due to

complications of pulmonary tuberculosis 5 months after the onset

of GBS.

3.3 | Comparison of infection groups

Preceding symptoms of an infection were reported in 36 (74%) of the

patients and included fever, and gastro-intestinal and respiratory tract

infection. Of the patients with preceding symptoms of an infection,

16 (44%) had no serological evidence of a recent infection. In contrast,

of the 27 patients with serological evidence of a recent infection,

7 (26%) did not have preceding infectious symptoms. Antecedent

events other than infectious symptoms included vaccination (n = 4)

and surgery (n = 1). The types of vaccination were influenza, polio,

and tetanus. All patients that reported a recent vaccination had sero-

logical evidence of a recent infection, with C jejuni (n = 1), M

pneumoniae (n = 1), EBV (n = 1), and CHIKV (n = 1). The patient with

surgery also had preceding infectious symptoms, including fever,

gastro-intestinal complaints, and joint pain. She was negative for the

tested infections.

The clinical features of the patients with evidence of a recent

arbovirus infection are shown in Table 2. The two patients with a

recent CHIKV infection had different clinical variants (MFS-overlap

and sensorimotor), the same electrophysiological subtype (demyelinat-

ing), and a similar clinical progression; both were admitted to ICU and

ventilated, had a low MRC sum score at nadir, but near-complete

recovery of strength at 8-week follow-up. One of these patients had

typical antecedent symptoms of CHIKV infection, including fever,

joint pain, and rash; the other reported a nasal cold 20 days prior. The

patient with a recent DENV and CMV infection reported preceding

TABLE 3 Anti-ganglioside antibodies in serum (ELISA)

Controls (n = 32)a All cases (n = 49) Campylobacter jejuni (n=15) Mycoplasma pneumoniae (n = 5)

IgM IgG IgM IgG IgM IgG IgM IgG

Any 0 (0) 0 (0) 11 (22) 15 (31) 6 (40) 9 (60) 1 (20) 1 (20)

GM1 0 (0) 0 (0) 6 (12) 5 (10) 4 (27) 4 (27) 1 (20) 0 (0)

GM2 0 (0) 0 (0) 6 (12) 1 (2) 4 (27) 1 (7) 0 (0) 0 (0)

GD1a 0 (0) 0 (0) 4 (8) 5 (10) 4 (27) 4 (27) 0 (0) 0 (0)

GD1b 0 (0) 0 (0) 1 (2) 6 (12) 0 (0) 3 (20) 0 (0) 1 (20)

GD3 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)

GQ1b 0 (0) 0 (0) 0 (0) 3 (6) 0 (0) 0 (0) 0 (0) 0 (0)

aIn 32/35 controls, sufficient serum sample was available for anti-ganglioside antibody testing.
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symptoms of fever, myalgia, arthralgia, headache, and retro-ocular

pain and had an ataxic variant and demyelinating subtype of GBS. The

patient with a recent DENV and C jejuni infection had preceding

symptoms of a gastro-enteritis and a pure motor variant and axonal

subtype of GBS.

In patients with a recent C jejuni infection, gastro-enteritis was

the most common reported antecedent event (78%). The pure motor

variant of GBS was most frequently reported (12/15, 80%), cranial

nerve involvement was infrequent (5/15, 33%), and the MRC sum

score at entry was relatively low (41 [IQR 30-46]). Nine of 12 reported

F IGURE 2 Heatmap of IgG antibody binding to glycolipids as assessed by glycoarray. Each row presents one patient (P1-P49) or control
(C1-C23); each column presents one of the tested glycolipid antibodies (single or in complex). Raw data were was clustered based on a distance
matrix using Pearson's correlation and hierarchical cluster algorithm, and clipped at a 10 000 upper limit
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patients (75%) were able to walk unaided at 6 months. The five

patients with a M pneumoniae infection were frequently <18 years old

(2/5, 40%), and had a relatively long time between antecedent event

and onset of weakness (18 days [IQR 11-21]), and a high MRC sum

score at entry (59 [IQR 56-60]), and 2/2 reported patients had fully

recovered at 8 weeks. The patient with a recent EBV infection was

9 years old, and had preceding symptoms of headache and nausea, a

sensorimotor demyelinating variant, and full recovery of disability at

13-week follow-up. Details on the clinical features per infection group

are displayed in Table S3.

3.4 | Anti-ganglioside antibodies

The presence of serum anti-ganglioside antibodies (IgM and IgG)

against 12 commonly studied glycolipids in GBS was tested in ELISA

and combinatorial glycoarray.

In ELISA, 21 patients (43%) were positive for one or more of

these antibodies (IgM or IgG), vs none of the 32 tested controls

(Table 3). In patients with a CHIKV or EBV infection, no anti-

ganglioside antibodies were found in ELISA. In patients with a C jejuni

infection, antibodies against GM1, GM2, and GD1a were most fre-

quently reported. In the patient with a C jejuni and DENV infection,

IgM antibodies against GM1, GM2, and IgM and IgG against GD1a

were found, and in the patient with a CMV and DENV infection, IgM

antibodies against GM2 were found. The presence of anti-ganglioside

antibodies (IgM or IgG) was found in patients with an axonal (4/6,

67%) as well as in patients with a demyelinating electrophysiological

subtype of GBS (14/28, 50%).

In glycoarray, 19 patients (39%) were positive for IgM and

25 (51%) for IgG antibodies against single glycolipids, and 26 patients

(53%) were positive for IgM and 36 (74%) for IgG antibodies against

glycolipids in complexes. In contrast, of the 32 controls, 2 (6%) were

positive IgM and 6 (19%) for IgG antibodies against single glycolipids,

and 11 (34%) for IgM and 10 (31%) for IgG antibodies against glyco-

lipids in complexes. In Figure 2, glycoarray findings are visualized in a

heatmap. Binding of IgG antibodies to glycolipids is clearly lower in

cases vs controls although some reactivity against GalC,

lactosylceramide, and sulfatide is seen in both cases and controls.

Similar to the ELISA results, no or only low reactivity was found in

patients with (arbo)virus infections. The patient with a recent CHIKV

infection that had a MFS-GBS overlap variant (P40) was positive for

IgG and IgM antibody binding to GD3 in complex with several other

glycolipids, including GQ1b, but binding was low and not visible in the

heatmap (Figure 2). In the other patients with a recent CHIKV infec-

tion (P39), no antibody binding to glycolipids was found. In one

patient with M pneumoniae infection and a sensorimotor variant of

GBS (P49), reactivity was found against complexes with GD1a, GD1b,

GD3, and GQ1b. In patients with a C jejuni infection, a large variety of

reactivities were found, but clusters were mostly seen in complexes

with GM1, GD1a, and GD1b. The patient with a C jejuni and DENV

infection (P41) showed complex reactivity similar to that of other

patients with a C jejuni infection.

3.5 | Case-control study

In total, 35 paired controls were collected of 23 cases. One of these

cases was excluded because of an alternative diagnosis, leaving

22 patients with 33 paired controls for the paired case-control analy-

sis (Table S4). None of the cases or controls included in this analysis

had evidence of a recent infection with ZIKV, CHIKV, or EBV. Calcu-

lated crude odds ratio and adjusted odds ratio of recent infections

were not significant.

We also performed an unpaired case-control analysis, comparing

all 49 cases to all 35 controls (Table 4). Although all infections

occurred more frequently in cases vs controls, calculated crude odds

ratio were not significant. Evidence of a recent infection with DENV,

CHIKV, CMV, or EBV was only found in cases. Furthermore, two

cases had a possible recent arbovirus infection (one ZIKV infection

and one DENV reinfection), and in none of the controls were such

borderline results found.

4 | DISCUSSION

Previous studies conducted during epidemic phases of arboviral trans-

mission have demonstrated evidence of an association between GBS

TABLE 4 Unpaired case-control analysis

Evidence of recent infectiona Controls (n = 35) Cases (n = 49) Crude odds ratio (CI)b P-value

Dengue virus 0/35 (0%) 2 (4%) 3.737 (0.174-80.290) 0.3996

Chikungunya virus 0/31 (0%) 2 (4%) 3.316 (0.154-71.403) 0.4440

Campylobacter jejuni 6/30 (20%) 18 (37%) 2.323 (0.799-6.748) 0.1215

Mycoplasma pneumoniae 4/31 (13%) 7 (14%) 1.125 (0.301-4.212) 0.8612

Cytomegalovirus 0/27 (0%) 1/46 (2%) 1.813 (0.0713-46.089) 0.7185

Epstein-Barr virus 0/27 (0%) 1/46 (2%) 1.813 (0.0713-46.089) 0.7185

Note: Proportions are shown as number positive/number tested.
aZika virus and hepatitis E virus are not displayed in this table as none of the cases and none of the controls had evidence of a recent infection with these

viruses. Not all cases and controls were tested for all infections.
bOdds ratio was calculated using the Haldane-Anscombe correction if one of the two groups had zero subjects.
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and ZIKV, CHIKV, and DENV. However, literature on the occurrence

of arbovirus infections in GBS patients during endemic phases of

transmission is limited.53 In this observational multinational cohort

and case-control study on GBS in relation to arbovirus infections, we

found that these infections do occur at low rates in GBS patients dur-

ing endemic phases of viral transmission. Of the 49 patients included

in the study, a recent arbovirus infection was found in four cases (8%)

that were collected in Northeast Brazil and Malaysia during times

when no epidemics of arbovirus infections were reported, and

included CHIKV (n = 2) and DENV (n = 2). Two additional patients

had evidence of a possible recent infection with ZIKV and DENV. In

contrast, we did not find evidence of a (possible) recent arbovirus

infection in any of the 35 controls. Odds ratio did not significantly dif-

fer between cases and controls, most likely because our study was

underpowered, indicated by the broad confidence intervals. The

absence of ZIKV-related GBS in the current study, conducted in a

period of low viral transmission, is in accordance with the results of a

meta-analysis that estimated the overall risk of reported GBS at 2.0

(95% CI 0.5-4.5) per 10 000 ZIKV cases.54 Nevertheless, this esti-

mated risk is magnitudes higher than the annual global incidence of

GBS (±1-2 cases per 100 000 person-years), indicating the potential

of ZIKV to cause large outbreaks of GBS during epidemics. The risk of

GBS after CHIKV or DENV has not been defined in detail, but based

on our results, it is likely that these infections may also be an infre-

quent trigger of GBS during endemic phases of transmission. No data

on IgM seroprevalence are available during the time period

(2017-2019) and in the specific regions of our study. A seropreva-

lence study performed in a different area in Brazil in 2018 showed an

IgM seroprevalence of 5% for CHIKV and 2% for DENV and ZIKV.55

One study from Malaysia performed between 2012 and 2017 showed

0.6%-2.2% seropositivity for ZIKV neutralizing antibodies,56 and

another study performed in 2015 in a rural area showed ±11% IgM

seroprevalence of DENV.57 We were not able to find reliable data on

CHIKV IgM seroprevalence in Malaysia or of any of the three arbovi-

ruses for Argentina. Although the proportion of positive cases found

in this study is higher than most of these seroprevalence studies, we

are unable to draw any conclusions due to the differences in the study

population.

We also tested our cohort for other infections that have previ-

ously been associated with GBS and found evidence of a recent C

jejuni infection in 18 (37%), M pneumoniae in 7 (14%), CMV in one

(2%), and EBV in one (2%). Infections with C jejuni were specifically

frequent in Brazilian patients in our study. Studies on GBS in Brazil

outside of the ZIKV pandemic are scarce, and other infections have

rarely been tested.58,59 These results indicate that, as in other coun-

tries, C jejuni is the most common trigger in Brazil. The two patients

with a recent DENV infection also had evidence of another infection:

one with C jejuni and one with CMV. It is not clear what the signifi-

cance of these coinfections is. The presence of several recent infec-

tions may cause a more severe immune response that increases the

risk of development of GBS,60 or polyclonal B-cell activation as a

response to one infection may lead to false-positive serologic test

results for other pathogens.61,62 Nevertheless, this finding indicates

that previous studies only testing for arboviruses may have missed

patients who also had evidence of another infection associated

with GBS.

In our study, preceding symptoms of an infection were only partly

correlated with the serological evidence of a recent infection. In

almost half of the patients who had preceding symptoms of an infec-

tion, no serological evidence of a recent infection was found. It may

be that part of these cases were false-negative for the tested infec-

tions, as we were not able to perform PCR or culture and therefore

may have missed some cases that did not (yet) mount a detectable

serological response. Alternatively or in addition, some of these

patients may have had infections that were not tested for in this

cohort, which may include Haemophilus influenzae or varicella zoster

virus, as these have been linked to GBS in some previous studies.63-65

However, it is important to note that in 26% of the patients with sero-

logical evidence of an infection, no preceding infectious symptoms

were reported, which may indicate minor symptoms or asymptomatic

infection. Furthermore, in all patients who reported a vaccination,

serological evidence of an infection was found. This is expected, as

for most vaccines no evidence exists of an association with GBS, and

it highlights the importance of also investigating other infectious cau-

ses in patients developing GBS in the weeks after receiving a

vaccine.66,67

The clinical and electrophysiological profile of GBS in relation to

the preceding infections confirmed findings from previous studies.

The patients with a preceding C jejuni infection frequently had a pure

motor variant and axonal electrophysiological subtype and more

severe muscle weakness and slower recovery.5,68 A minority of these

patients had normal or increased tendon reflexes, as has been

reported in other patients with C jejuni-associated GBS.69 Patients

with a recent M pneumoniae infection were younger, and patients with

preceding virus infections, including those with recent CHIKV infec-

tion, generally had a demyelinating electrophysiological subtype of

GBS and a relatively fast recovery.2,5,26,70 Both patients with CHIKV

infection were admitted to the ICU and ventilated. In previous studies

on arbovirus-related GBS, higher proportions of ICU admission and

mechanical ventilation were found compared to other GBS

cohorts.23,26,71 This may indicate that arbovirus-related GBS is associ-

ated with a more severe initial disease course and/or respiratory

insufficiency, but patient numbers are too small to draw conclusions.

Serology of anti-ganglioside antibodies clearly showed higher

reactivities in patients compared to controls, both in ELISA and in

glycoarray, confirming the role of these antibodies in the pathophysi-

ology of GBS.2,30 The patients with a recent C jejuni infection mainly

displayed binding of GM1, GM2, GD1a, and GT1a, as has been

reported previously.72-74 In one of the patients with a recent CHIKV

infection, low binding of GD3 antibodies in complex was found, and in

the other CHIKV-positive case, no binding was found. The patient

with a recent DENV and C jejuni infection had an anti-glycolipid com-

plex reactivity similar to that of the patients with a C jejuni mono-

infection, and in the patient with a recent DENV and CMV infection,

IgM antibodies against GM2 were found, similar to previously publi-

shed cases of CMV-related GBS.75,76 This is in line with a previous
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study from Northeast Brazil where we did not find a specific anti-

ganglioside antibody profile related to arbovirus infections.26

Although a study on ZIKV-related GBS in French-Polynesia demon-

strated antibody activity against GD1a, this has not been replicated in

any study on GBS conducted during the Latin American ZIKV

epidemic.31 In general, anti-ganglioside antibodies have rarely

been demonstrated in GBS patients with preceding virus infections,

indicating that the underlying pathophysiology may be different from

bacterium-related GBS.

The fact that the anti-ganglioside antibody profile of the patients

with a DENV was more typical for their coinfection suggests that the

CMV or C jejuni infection were the actual trigger of GBS in these

cases, and the DENV infection was a coincidental finding. The patient

with a C jejuni and DENV infection also had a clinical profile most

compatible with a C jejuni infection, with preceding diarrhea and a

pure motor axonal variant of GBS. This is similar to findings of a study

from Bangladesh conducted during an endemic phase of ZIKV trans-

mission, where 9/18 ZIKV-positive GBS cases also had evidence of a

recent C jejuni infection, and a clinical phenotype typical for that

infection.77

Our study has several limitations. Most importantly, the case-

control study was underpowered. It was not always possible in clinical

practice to collect two paired controls for every case, as per the origi-

nal protocol, an unfortunate but unavoidable feat in a multinational

study. Second, participating centers were mostly academic or teaching

hospitals, and inclusion of patients may have been biased towards

more complicated or severe cases. Third, although we used sophisti-

cated serological testing to identify the presence of arbovirus and

other preceding infections, we were not able to perform PCR (for the

viruses) or culture (for the bacteria) due to sample and cost limitations,

and may have missed patients that did not (yet) mount a serological

response.

In conclusion, we found that preceding infections with CHIKV

and DENV occur in GBS patients outside of epidemics, although not

significantly more often than in controls. Broad serological testing and

anti-ganglioside antibody diagnostics, as well as clinical and electro-

physiological findings, may be helpful in determining the actual trigger

in GBS patients with coinfections. Larger studies on arbovirus-related

GBS are necessary to further study the association with GBS in

endemic phases of transmission.
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