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Abstract | The epidemiology, clinical characteristics, management and outcome of Guillain—Barré
syndrome (GBS) differ between low-income and middle-income countries (LMIC) and high-
income countries (HIC). At present, limited data are available on GBS in LMIC and the true
incidence of GBS in many LMIC remains unknown. Increased understanding of GBS in LMIC is
needed because poor hygiene and high exposure to infections render populations in LMIC
vulnerable to GBS outbreaks. Furthermore, insufficient diagnostic and health-care facilities in
LMIC contribute to delayed diagnosis in patients with severe presentations of GBS. In addition,
the lack of national clinical guidelines and absence of affordable, effective treatments contribute
to worse outcomes and higher mortality in LMIC than HIC. Systematic population-based
surveillance studies, cohort and case—control studies are required to understand the incidence
and risk factors for GBS. Novel, targeted and cost-effective treatment strategies need to be
developed in the context of health system challenges in LMIC. To ensure integrative rehabilitation
services in LMIC, existing prognostic models must be validated, and responsive outcome measures
that are cross-culturally applicable must be developed. Therefore, fundamental and applied
research to improve the clinical management of GBS in LMIC should become a critical focus

of future research programmes.

Guillain-Barré syndrome (GBS) is an immune-mediated
polyradiculoneuropathy with an acute onset that affects
100,000 people worldwide annually'~*. GBS is charac-
terized by rapidly progressive ascending weakness that
initially affects the limbs and can eventually affect the
cranial and respiratory muscles. Several infectious agents
have been identified as triggers for the development of
GBS, and clusters of this disease can be associated with
outbreaks such as the Zika virus epidemic’. The sever-
ity of GBS is highly variable, ranging from mild distal
limb weakness to complete paralysis, respiratory fail-
ure and even death. Several variants of GBS have been
defined on the basis of their clinical presentation, includ-
ing a pure motor variant, paraparetic variants and Miller
Fisher syndrome (MFS)”%, which is characterized by the
clinical triad of ophthalmoplegia, ataxia and areflexia’.
Several subtypes of GBS have also been identified on the
basis of electrophysiological features'~, including acute
inflammatory demyelinating polyneuropathy (AIDP)
and acute motor axonal neuropathy (AMAN)>*'°,
Patients with AIDP usually have the classic sensorimo-
tor variant of GBS, whereas those with AMAN typically

have the pure motor variant®. In some patients with
axonal GBS, both sensory and motor fibres are affected;
this variant is termed acute motor and sensory axonal
neuropathy (AMSAN) and is sometimes considered to
be a severe variant of AMAN®. Plasma exchange and
intravenous immunoglobulin infusions are equally
effective therapies for all variants of GBS*™*'".
Considerable variation between countries and/or
regions is evident in the epidemiology, subtypes and
management of GBS'~. These differences are thought
to be related to environmental and economic factors
as well as to health awareness and behaviour. Poor
hygiene and sanitation, unsafe drinking water and fre-
quent exposure to pathogens render the populations in
low-income and middle-income countries (LMIC) —
defined in July 2019 by the World Bank as countries
having an annual gross national income per capita of
<US$3,995 (REF."*) — highly vulnerable to outbreaks
of infectious diseases that are capable of triggering
GBS'*"°. For example, outbreaks of GBS in northern
China (2007) and Mexico (2011) were due to increases

in the incidence of Campylobacter jejuni infection'®"”.
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Key points

* The considerable regional variation evident in the epidemiology, subtypes and
management of Guillain-Barré syndrome (GBS) can be explained by geography,
population demographics, environmental and economic factors.

* Poor hygiene and sanitation along with frequent exposure to pathogens render
populations in low-income and middle-income countries (LMIC) prone to outbreaks
of infectious diseases that can trigger GBS.

* High rates of adverse outcomes and mortality in LMIC can be explained by insufficient
health-care infrastructure leading to diagnostic delays and lack of available and
affordable treatment.

* Owing to differences in disease severity, clinical presentation and patient
management between high-income countries (HIC) and LMIC, existing models to
predict the outcome of GBS must be validated for LMIC.

* New and low-cost treatment strategies for GBS need to be developed along with
improved access to integrative rehabilitation services in LMIC.

Variations in the incidence and outcomes of GBS can also
be partly explained by income per capita'>'é. Resource
limitations in LMIC, including the limited availability of
electrodiagnostic machines, hospital and intensive care
unit (ICU) beds and rehabilitation clinics, can hamper the
diagnosis and care of patients with GBS®. In addition,
the lack of national guidelines (in most LMIC) and the
high cost of treatment facilities complicate the manage-
ment of patients with GBS versus their counterparts
in high-income countries (HIC) — defined accord-
ing to World Bank criteria as having an annual gross
national income per capita of 2US$3,995 (REF."), which
represents the upper middle-income and high-income
categories combined"’ .

Although the number of studies of GBS in LMIC is
increasing, the majority of GBS studies conducted to
date have focused on HIC and we are not aware of any
prior published reviews focusing on LMIC. Accordingly,
this Review aims to provide an overview of GBS in LMIC
and to compare the epidemiology, clinical presentation,
subtypes and management of GBS in LMIC and HIC.
We identify specific challenges related to the diagno-
sis, treatment and management of patients with GBS
in LMIC and explore the prospects for future research
and policy.

Epidemiology

Most studies on the incidence of GBS have been per-
formed in populations from HIC; only a few have
included populations from LMIC (TABLE 1). The reported
incidence of GBS ranges from 0.16 to 3.0 cases per 100,000
persons/year*>”; this considerable variation could,
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in part, be related to geographical location (FIC. 1).
For instance, an incidence of ~0.40 cases per 100,000
persons/year was reported in Brazil, 0.84-1.91 cases per
100,000 persons/year in Europe and North America and
2.1-3.0 cases per 100,000 persons/year in Iran, Curagao
and Bangladesh>**~*. As well as the factors already men-
tioned, some of this variation could be due to method-
ological differences between studies and the lack of
robust, systematic population-based studies in certain
countries™.

Most studies from Europe and North America were
performed between 1980 and 2000 and the incidence
of GBS in these regions remained stable across most of
this period (1.0-1.8 cases per 100,000 persons/year),
suggesting a consistent exposure to infectious triggers®.
Seasonal fluctuations in the incidence of GBS also vary
by geographical area. One large meta-analysis showed
that the incidence of GBS increases in winter (January-
March) in western, Middle Eastern and Far Eastern
countries, but decreases during January-March in the
Indian subcontinent and Latin America”. The increased
incidence of GBS during winter in some countries is
thought to be due to the increased incidence of respira-
tory tract infections caused by Mycoplasma pneumoniae
or Haemophilus influenzae®”'. By contrast, an increase
in the incidence of GBS has been observed during
summer in northern China and Bangladesh, which is
thought to be associated with an increased frequency
of preceding diarrhoea®'®*”. In these countries, the high
temperatures and humidity of the summer season favour
bacterial growth and are an important determinant of
the burden of bacterial diarrhoea™*.

Almost all reports document a higher incidence
of GBS in men than women (~1.5:1.0), including
those from LMIC such as Bangladesh, India, Taiwan,
Pakistan, Egypt, Morocco, Ethiopia, Tanzania and
Kenya***!42*2733-53 Most studies indicate that the inci-
dence of GBS increases with age, although the age distri-
bution of cases in each country or region is influenced by
the demographics of the background population and the
number of people in each age group at risk of developing
GBS. Thus, in Europe and North America, which have
ageing populations, GBS occurs most frequently among
people aged 50-80 years (2.0-4.0 cases per 100,000
persons/year)>***. By contrast, studies from Asia
(Bangladesh, China, India), South America (Brazil) and
sub-Saharan Africa (Ethiopia, Tanzania), which are not
affected by population ageing, suggest that GBS occurs
most frequently in people aged 21-35 years'»*»40#44,
In LMIC, where Campylobacter infections are endemic,
infections are predominantly seen in children, and the
rates of Campylobacter-related illness and infection
ratios decrease with age’. Age can also influence
the risk of developing infections that trigger GBS
and is an important prognostic factor in individuals
with GBS.

The clinical presentation, extent and severity of GBS
vary geographically (TABLE 2). In Europe and North
America, ~90-95% of patients with GBS have AIDP,
and the rest have AMAN or AMSAN"?"%. The propor-
tion of patients with AMAN or AMSAN is considerably
higher (30-65%) in several countries in Latin America,
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Table 1| Reviewed publications on GBS by region

Region

LMIC
East Asia and Pacific
Middle East and North Africa

South Asia

Sub-Saharan Africa

HIC

East Asia and Pacific

Europe and Central Asia

Latin America and Caribbean

Middle East and North Africa

North America
South Asia

Country

Indonesia
Egypt
Morocco

India

Bangladesh

Pakistan
Nepal
Ethiopia
Kenya
Nigeria
Tanzania
Sudan

Zimbabwe

Australia
China
Taiwan
Japan

French Polynesia
Thailand
Korea
Singapore
New Zealand
Netherlands
Denmark
Germany
Italy

Norway
Spain

UK

Brazil

Puerto Rico
Colombia
Curagao
Mexico

Iraq

Saudi Arabia
USA

Sri Lanka

Number of

studies included

_
o

e N = = T = = v

U R R R R B R RN R R RN NN WO N

N = = = = T =S N}

2

Study design (number of patients with GBS per study)

Retrospective (28)
Clinical trial (41); cohort (50, 50); case—control (133)
Clinical trial (41)

National surveillance programme (79); clinical trial (37, 12); cohort
(328, 140, 102, 70%); case—control (80); retrospective (1,166, 273,
173, 90); case reports (2, 1)

Clinical trial (20); cohort (693, 506, 407, 344, 300, 300, 151);
case—control (418, 100)

Retrospective (216, 175, 87)
Retrospective (31)
Retrospective (95)
Retrospective (54)

Cohort (34)

Retrospective (115)

Case report (10)

Cohort (32)

Cohort (76); retrospective (46)

Cohort (541, 170, 166); retrospective (72); case—control (150, 32)
National surveillance programme (5,998, 5,469); retrospective (96)
Cohort (97); retrospective (40)

Case—control (42); national surveillance programme (9)
Retrospective (30); case report (1)

National surveillance programme (48)

Retrospective (31)

National surveillance programme (2,056)

Clinical trial (388°, 85); retrospective (67, 36)

National surveillance programme (2,319)

Retrospective (34)

Cohort (96)

Cohort (52)

Retrospective (106)

Retrospective (110)

National survey; cohort (206, 149); case—control (41);
case report (1)

National surveillance programme (56); cohort (123)
Cohort (68)

Retrospective (49)

National surveillance programme (467)

National surveillance programme (2,611)
Retrospective (49)

Case—control (26)

Case report (1, 1)

We mainly selected papers published after 1990 (REF.*), but we did not exclude commonly referenced and highly regarded older publications. GBS, Guillain-Barré
syndrome; HIC, high-income countries; LMIC, low-income and middle-income countries. 2Data were collected prospectively and subjected to retrospective review.
Data were collected from two randomized controlled trials and one pilot study; a multinational study (n=10); worldwide data, reviews and expert opinion (n=30).
Survey responses from Brazilian neurologists (no patients with GBS were included in the survey).
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Fig. 1| Reported incidence rates of GBS in HIC and LMIC. According to World Bank definitions, low-income and middle-
income countries (LMIC) are those with an annual gross national income per capita of <US$3,995, whereas upper
middle-income and high-income countries combined (HIC in this Review) have an annual gross national income per
capita of >US$3,995 (REF *). Numbers on a white background represent the incidence rate of all cases of Guillain—Barré
syndrome (GBS); numbers on a blue background represent the incidence rates of paediatric cases of GBS only. *Curacgao,

**French Polynesia.

the Caribbean (Curagao, Mexico, Argentina) and Asia
(China, Japan, Bangladesh), although in many of these
countries (including Japan) AIDP remains the most
frequent variant'**>**~**_In the countries and regions
where AMAN is the predominant variant, the frequency
of AIDP is 22-46%’. MFS seems to be more common
among patients with GBS from eastern Asia; as an
example, 20-26% of patients in Taiwan, Singapore and
Japan have MFS, a much higher proportion than in the
rest of the world (5-10%)”**". The high prevalence of
AMAN, AMSAN and MFS in Asia might be related to
the increased frequency of C. jejuni infection in this
region””'*. Other infections such as H. influenzae have
also been linked to MFS in Asia®’. In countries such as
Bangladesh and China, where AMAN is more frequent
than it is in Europe and North America, approximately
80% of patients present with severe GBS (GBS disabil-
ity score >2) compared with 40-60% of patients from
Europe and North America, where the AIDP subtype is
most prevalent'>*.

Pathogenesis

Overall, GBS is considered to be the consequence of a
preceding infection that triggers an immune response
that is responsible for the demyelination and axonal
degeneration of peripheral nerves and nerve roots.
Treatment with immunomodulatory agents, such as vac-
cines or biologic drugs, have also been associated with
GBS in rare individuals. Other events, including surgery
and malignancy, have been temporally related to GBS;

the underlying mechanism of GBS in such individuals
is not clear™".

Antecedent infections. Approximately two thirds of
patients with GBS report symptoms of an infectious
disease within the 4 weeks preceding the onset of
weakness”. Upper respiratory tract infection is the most
common antecedent event and is reported by 22-53% of
all patients with GBS in Europe, North America, South
America and parts of Asia (Taiwan, Nepal, Pakistan,
Japan and Malaysia)'*'>*”*"%, The frequency of anteced-
ent respiratory tract infections is even higher in paediat-
ric patients with GBS (50-70%)*. By contrast, in India
and Bangladesh, gastroenteritis is the most frequent
antecedent event associated with GBS (36-47%)'>"".
Worldwide, the most frequently identified infec-
tious agent that triggers GBS is C. jejuni, which is an
important bacterial cause of gastroenteritis and food
poisoning™®. The reported frequencies of antecedent
C. jejuni infection in patients with GBS differ between
studies as well as between countries and regions; for
instance, C. jejuni infection is substantially more fre-
quent among patients with GBS from Curagao, China
and Bangladesh (~60-70%) than in those from all other
countries (30-32%)'****>**. The increased frequency of
C. jejuni infection in these regions could be explained
by their hygienic infrastructure and environmental
or host-related factors, including diet'*****. C. jejuni
is an established cause of MFS that is probably more
frequent in LMIC®. However, other infections might

288 | MAY 2021 | VOLUME 17

www.nature.com/nrneurol



be responsible for triggering MFS in countries where
C. jejuni is less common.

The reported frequencies of antecedent infections in
a given population can change over time. For example,
China has undergone rapid socioeconomic develop-
ment and improvements in health services over the past
50 years. A recent study of GBS in China found a lower
incidence of antecedent C. jejuni infection (27% in data
from 2013-2017) than had previously been reported
(66% in data from 1991-1992)*. In addition, the trend
towards increased life expectancy in China over a sim-
ilar time period could have decreased the incidence
of C. jejuni infections, which are more common in
younger individuals. We are not aware of any public
health interventions undertaken during this time by
the Chinese government aimed specifically at reducing

REVIEWS

the number of C. jejuni infections®*'. However, public

health interventions can both reduce the prevalence of
Campylobacter infections and decrease the incidence
of GBS: in response to high rates of C. jejuni infection
between 1980 and 2006, the New Zealand government
introduced a national intervention to reduce contamina-
tion with Campylobacter spp. in poultry. Within 2 years,
the country achieved a 52% decline in campylobacteri-
osis and a simultaneous 13% reduction in GBS hospital
admissions®’. Whether such infection control interven-
tions are feasible in other countries and regions (such as
LMIC) remains to be fully explored.

Other infectious agents that have been detected at
higher frequencies in patients with GBS than in the back-
ground population are cytomegalovirus (10-13%), Epstein—
Barr virus (10%), M. pneumoniae (5%; predominantly

Table 2 | Clinical features and outcome of GBS by region

Region

Worldwide

Europe,
America and
parts of Asia

Europe and
North America

LMIC
Middle East and
North Africa

South Asia

Sub-Saharan
Africa

HIC

East Asia and
Pacific

Europe and
Central Asia

Latin America
and the
Caribbean

Country Antecedent events (%)

NA Adults: 22-53 RTI, 6-26
gastroenteritis
Children: 50-70 RTI, 7-14
gastroenteritis

NA NR

Egypt 24 RTI, 8 gastroenteritis

Morocco 51 RTI, 32 gastroenteritis

Bangladesh ~ 18-19 RTl, 36-50
gastroenteritis

India 35-65RTl, 23-47
gastroenteritis

Nepal 29 RTl, 3.2 gastroenteritis

Pakistan 35 RTI, 18 gastroenteritis

Ethiopia NR

Tanzania NR

China 24-63 RTl, 7-13
gastroenteritis

Taiwan 65 RTI, 4 gastroenteritis

Korea 11 RTI, 2 gastroenteritis

Australia NR

Japan NR

Netherlands

Spain
Brazil

Colombia

41 RTI, 40 gastroenteritis
38 RTl, 27 gastroenteritis
56 RTI, 8 gastroenteritis
NR

Severity

Mean MRC-SS at entry 48-49;
GBS-DS >2 at nadir 76%

NR

GBS-DS >2 at admission 76%
NR

Mean MRC-SS at entry 22;
GBS-DS >2 at nadir 93%

GBS-DS >2 at admission 76%

NR
NR

NR
NR

Mean GBS-DS at admission
2.57; GBS-DS at nadir 3.15;
GBS-DS >2 at nadir 55%

NR
GBS-DS >2 at nadir 75%

NR
NR
NR
GBS-DS >2 at admission 50%
NR

Median MRC-SS at admission
40; median GBS-DS at nadir 4

Subtype (%) Treatment  Mortality Refs
(%) (%)
NR IVIg or PE 2-10 SO
87-93 2597
90-95 AIDP, NR 3-7 Lo
5 axonal
76 AIDP, 8 axonal NR 16 “
81 AIDP, 19 axonal  NR 3
22-32 AIDP, IVigorPE 14, 14 i,
53-67 axonal supportive Sl
care 86
57-64 AIDP, NR 4-12 Al
23-41 axonal WHLE
19 AIDP, 19 axonal NR 6 152
46-63 AIDP, NR 8 RS
31-34 axonal
55AIDP, 19 axonal  NR 25 40
NR NR 15 B8
34-57 AIDP, NR 2-8 TR
22-29 axonal
80 AIDP, 6% axonal NR 2-5 TEH
NR IVIgor PE81, 2 EE
supportive
care 19
54 AIDP, 4 axonal NR NR Lz
34 AIDP, 45 axonal  IVIgorPE90 NR =B
60 AIDP, 4 axonal IVIgorPE91 2 R
83 AIDP, 8 axonal IVIgorPE86 2 L
82 AIDP, 18 axonal  NR 5 “
78 AIDP, 2 axonal NR 4 4

AIDP, acute inflammatory demyelinating polyneuropathy; GBS-DS, Guillain-Barré syndrome disability score; HIC, high-income countries; IVIg, intravenous
immunoglobulin; LMIC, low-income and middle-income countries; NA, not applicable; NR, not reported; MRC-SS, Medical Research Council sum score; PE, plasma
exchange, RTI, respiratory tract infection.
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in children), hepatitis E virus (5%) and Zika virus
Additionally, some infections that are more frequent in
LMIC than in other countries and regions have been
associated with GBS in case reports or case series:
malaria in India, Sri Lanka and Thailand; HIV infec-
tion in sub-Saharan Africa; and dengue virus infection
in Southeast Asia and Brazil*~"’. To our knowledge, no
reports have linked these infections to GBS in HIC, and
epidemiological or case-control studies are required
to confirm whether these infections are truly associ-
ated with GBS. During the coronavirus disease 2019
(COVID-19) pandemic, several case reports or case
series have indicated a possible association between GBS
and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection” "%, At the time of writing,
most such reports were from Europe, although a small
number of case reports were from LMIC (four from
India, one from Morocco and one from Sudan)”"".
However, an epidemiological study in the UK found no
increase in the incidence of GBS during the COVID-19
pandemic’. Further studies are required to confirm the
potential relationship between SARS-CoV-2 infection
and GBS.

Immunopathogenesis. The geographic differences
in clinical and electrophysiological phenotypes of GBS in
LMIC and HIC might be in part caused by differences
in the rates of preceding infections that tend to trigger
different types of GBS. For example, C. jejuni infections
lead to the development of predominantly (but not
exclusively) the axonal type of GBS™. In C. jejuni-related
GBS, an immune response is triggered owing to mole-
cular mimicry between C. jejuni lipo-oligosaccharides
and human nerve gangliosides, which results in the pro-
duction of cross-reactive antibodies that activate com-
plement and damage nerves’. The pathophysiological
mechanisms leading to GBS after infections other than
C. jejuni have not yet been clearly defined, but similar
mechanisms might also play a part in other bacterial
infections related to GBS, such as M. pneumoniae and
H. influenzae, although these have been less extensively
investigated.

The demyelinating and sensorimotor forms of GBS
are usually preceded by infection with viruses, such
as cytomegalovirus or Epstein-Barr virus; however,
the immunopathogenesis remains to be elucidated'.
Similarly, the specific components of the Zika virus that
trigger the immune response leading to GBS have not
yet been clarified”. Of the patients with SARS-CoV-2-
associated GBS, 77-80% had the demyelinating
electrophysiological subtype and ~70% had classic sen-
sorimotor GBS**'. Whether this is the typical phenotype
of SARS-CoV-2-related GBS is presently unclear owing
to the limited number of reported cases.

Despite the strong associations between specific
infectious agents and GBS, the overall risk of develop-
ing GBS after infection is very small; for example, only
one in 1,000-5,000 patients with C. jejuni infection will
develop GBS in the subsequent 2 months. One factor that
determines this low risk is the requirement for carbo-
hydrate mimicry (which is not present in all C. jejuni
strains) to develop the cross-reactive antibody response

to gangliosides that evolves into GBS>*'". However,

genetic and nutritional factors might also influence the
patient’s susceptibility to producing such antibodies®-*.
Poor nutritional status, and specifically malnutrition,
alters the dysfunctional immune responses implicated
in the pathogenesis of various autoimmune diseases®.
Immune response activation following an infection
has also been associated with genetic polymorphisms.
Several studies have found associations between GBS
and polymorphisms in the TNF gene (which encodes
tumour necrosis factor) and the MBL2 gene (which
encodes mannose-binding protein C)>**-.

Outbreaks of GBS. Although GBS usually occurs sporad-
ically, several outbreaks of this disease have been linked
to epidemics of infectious diseases that can trigger GBS.
Surges in GBS cases in China (2007) and Mexico (2011)
were linked to epidemics of C. jejuni infection, and an
outbreak of GBS in Peru in 2018 was associated with
an epidemic of enterovirus infection'®”*. A link
between GBS and Zika virus infection was first reported
when a 20-fold increase in GBS cases was found during
a Zika virus outbreak in French Polynesia in 2013-2014.
Subsequently, the incidence of GBS rose by ~3.2-5.1
times in areas affected by the Zika virus epidemic in
Latin America and the Caribbean (2014-2016)*%17:637,
However, only ~2 in 10,000 patients infected with Zika
virus went on to develop GBS, suggesting that a relatively
large outbreak of Zika virus is necessary to increase the
incidence of GBS®*.

The origins of emerging infectious diseases correlate
positively with specific socioeconomic, environmental
and ecological factors, which provide a basis for identify-
ing regions where new infections are most likely to orig-
inate (so-called emerging disease hotspots)®. Zoonoses
from wildlife represent the most important and growing
threat of emerging infections to global health, whereas
vector-borne diseases are responsible for about 25% of
emerging infectious diseases. Hotspots for emerging
infectious diseases are more common at lower latitudes
where wild animals and arthropod vectors reside, such
as sub-Saharan Africa and parts of Asia, which mainly
consist of LMIC¥. Other vector-borne viruses trans-
mitted by the same Aedes family of mosquitoes as Zika
virus (such as chikungunya and dengue) have also been
associated with surges in GBS cases™”". Therefore, these
regions are particularly at risk of new outbreaks of GBS.
In response to the Zika virus outbreak, several projects
have been set up in Latin America to prevent transmis-
sion of vector-borne diseases, including surveillance sys-
tems for arboviruses and vector control programmes”.
Further investment in these projects and their imple-
mentation in at-risk areas beyond Latin America could
help to reduce the likelihood of future outbreaks of GBS.

International disease surveillance initiatives could
also help identify new outbreaks of GBS. The ongoing
acute flaccid paralysis (AFP) surveillance programme —
originally devised for the surveillance of poliomyelitis
— is a useful early warning signal that flags changes
in the prevalence of AFP in children up to 15 years of
age. Studies conducted in China and Bangladesh show
that GBS is now the predominant cause of AFP among
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children in this age group, suggesting that AFP surveil-
lance programmes could be expanded to detect changes
in the incidence of GBS. Data from this programme have
already been used to calculate crude incidence rates of
GBS among children**”. Extending the AFP surveillance
programme to other age groups, and GBS case ascer-
tainment using the Brighton Collaboration criteria to
assess the degree of diagnostic certainty, might help
to monitor the incidence of GBS™.

Diagnosis

Diagnosis of GBS is mainly based on clinical features,
supported by cerebrospinal fluid examination and
nerve conduction studies. The National Institute of
Neurological Disorders and Stroke (NINDS) criteria
and the Brighton Collaboration criteria are the most
commonly used sets of validated diagnostic criteria for
GBSI—‘,]‘),‘),%*‘)‘)'

Patients with GBS can present with remarkably
diverse clinical features. In patients with typical GBS,
the key presenting feature is ascending bilateral symmet-
rical weakness that progresses over a period of 12h to
28 days before a plateau is reached' . Most patients
develop generalized hyporeflexia or areflexia, although
tendon reflexes can be normal or even exaggerated in
the initial stages. More than half of patients with GBS
develop cranial nerve deficits, including bilateral facial
weakness, bulbar weakness or extraocular motor dys-
function. In addition to muscle weakness, patients can
also experience sensory disturbances, ataxia, muscle
pain or radicular pain and signs of autonomic dysfunc-
tion, including blood pressure fluctuations and cardiac
arrhythmia'~>'". This diversity can complicate diagnosis
in the early stages of GBS, especially in patients with
atypical findings — for instance, the ~10% of patients
who have normal or brisk deep tendon reflexes and the
~8% of patients who present with only paraparesis'”.
Children with GBS might also present with atypical
features such as pain, refusal to walk or an abnormal
gait; indeed, GBS is correctly diagnosed at admission
in only one-third of affected preschool-aged children’.
Diagnosis is generally even more challenging in LMIC,
where facilities for cerebrospinal fluid examination and
nerve conduction studies might not be readily available,
which leads to multiple referrals of patients and diagnos-
tic delay. In one prospective multinational cohort study,
the median interval between the onset of weakness and
study entry was 5 days in the Netherlands compared
with 10 days in Bangladesh®. Studies conducted in
Africa have also found lengthy intervals of up to 19 days
between the onset of weakness and hospitalization®.
This delay could lead to under-reporting of GBS in
LMIC, as some patients with severe disease might die
before reaching the hospital. Moreover, patients with
mild symptoms might not seek treatment or recover
before reaching a hospital.

The relationships between C. jejuni infection and
antibodies against the GM1, GM1b, GD1a, GalNAc-
GD1a and GQ1b gangliosides in patients with GBS are
well established”. Some studies have suggested an asso-
ciation between the presence of anti-GM2 antibodies
and a recent cytomegalovirus or Epstein-Barr virus
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infection®'"". However, serological tests to detect anti-

ganglioside antibodies are not routinely performed at
diagnosis, as negative test findings cannot rule out GBS®.
Furthermore, most of these serological tests require
sophisticated techniques and trained personnel that
might not be available in LMICs.

In addition, an extensive list of differential diagnoses
might need to be excluded. The differential diagnosis of
GBS depends on the clinical presentation and variant
of GBS (BOX 1) and is also likely to differ between coun-
tries and regions, owing to local variations in the prev-
alence of infectious diseases, nutritional deficiencies or
intoxications, autoimmune diseases and malignancies.
As no region-specific information on the differential
diagnosis of GBS was included in published studies, we
conducted a small survey (Supplementary Information)
to obtain insight into this important characteristic. The
survey was sent to GBS experts working in LMIC within
our network, who were asked in turn to distribute the
questionnaire to other neurologists in their networks.
In total, 17 neurologists (of whom seven frequently see
paediatric patients) and two paediatric neurologists
working in LMIC returned the questionnaire. Their
responses revealed that the differential diagnosis of
GBS is generally comparable between LMIC and HIC,
although some important differences were noted (N.P,
S.E.L., Q.D.M. and B.C.J., unpublished observations).
For example, sarcoidosis, Sjégren syndrome, Lambert—
Eaton myasthenic syndrome and mitochondrial disease
seem to be less frequent diagnoses among patients sus-
pected of GBS in LMIC than in HIC. Other diagnoses,
such as hypokalaemic thyrotoxic periodic paralysis,
organophosphate intoxication, botulism, rabies, polio
and tetanus, seem to be more frequent in LMIC than in
HIC. Furthermore, the infectious causes of transverse
myelitis, acute flaccid myelitis and polyradiculoneuri-
tis differ between LMIC and HIC. Lyme borreliosis and
enterovirus D68 or A71 infection are rarely seen out-
side Europe and North America, whereas infections with
HIV, HTLV-1 and arthropod-borne viruses — including
Zika virus, chikungunya virus and West Nile virus —
are frequently reported in several LMIC. These differ-
ences might reflect geographic variation in the spread of
arthropod vectors (such as those carrying arboviruses)
or in the incidence of infectious diseases. For example,
polio and rabies eradication programmes have been
more successful in HIC than in LMIC. Other explana-
tions might include resource limitations in LMIC that
preclude the diagnosis of complex systemic disorders
such as Sjogren syndrome and differences in the ages of
the populations at risk.

The differential diagnosis of paediatric GBS differs
from that in adults owing to the presence of atypical
or non-specific features that complicate the diagno-
sis, such as meningism or poorly localized pain'®'®.
Furthermore, vascular causes, vitamin deficiencies,
drug-induced myopathy or polyneuropathy and chronic
inflammatory demyelinating polyneuropathy occur
less frequently in children than in adults'*>'*. These
differences between adults and children in the differ-
ential diagnosis of GBS occur in both HIC and LMIC,
although (as reported for adults) the infectious causes
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Box 1 | Differential diagnosis of GBS

Infection
* Acute transverse myelitis (associated with HIV, cytomegalovirus, Epstein-Barr virus,
varicella zoster virus, syphilis, tuberculosis or diphtheria infection)

e Acute flaccid myelitis due to infections with arthropod-borne viruses (such as Zika
virus, chikungunya virus, West Nile virus) or other viruses such as rabies, polio® and
enterovirus D68 or A71

* Poly(radiculo)neuritis owing to infection with HIV, cytomegalovirus, Epstein—Barr virus,
varicella zoster virus, diphtheria or Lyme borreliosis

 Botulism (Clostridium botulinum) or tetanus (Cl. tetani)
* Myositis caused by influenza virus, HIV, HTLV-1 or enterovirus infection®

* Meningitis and/or meningoencephalitis®

Inflammation
e Acute transverse myelitis

* Neuromyelitis optica, myelin oligodendrocyte glycoprotein antibody-associated
disorder, sarcoidosis, Sjogren syndrome

* (Acute onset) chronic inflammatory demyelinating polyneuropathy (CIDP)
* Myasthenia gravis

* Lambert—Eaton myasthenic syndrome

Metabolic

¢ Electrolyte disorders such as hypokalaemia or hypokalaemic thyrotoxic periodic
paralysis (common), hypophosphataemia or hypermagnesaemia

* Deficiency of vitamin B, (associated with beriberi or Wernicke's encephalopathy),
vitamin B,, (associated with subacute combined degeneration of the spinal cord)
and vitamin E¢

* Porphyria

¢ Diabetic neuropathy and/or drug-induced diabetic neuropathy*
* Hyperthyroidism and hypothyroidism

* Copper deficiency

Malignancy
* Leptomeningeal metastases or neurolymphomatosis®

* Brainstem or spinal cord tumour®

Vascular
* Brainstem or spinal cord stroke®
e Vasculitis®

Toxins

* Organophosphates (common), lead, thallium, arsenic, diethylene glycol, ethylene
glycol, methyl alcohol (methanol) and N-hexane

e Ethyl alcohol (ethanol) or paraquat poisoning
* Drug-induced (for example, by colchicine, chloroquine, emetine or statins)
* Snakebite envenomation

Mechanical factors
* Compression of the brainstem or spinal cord®

¢ Cauda equina syndrome

Other

¢ Functional and/or conversion disorder

e Critical illness polyneuropathy

* Myopathy or acute rhabdomyolysis

¢ Mitochondrial disease

GBS, Guillain—Barré syndrome. *Polio has been eradicated in most regions, with the exception
of several countries in sub-Saharan Africa and Southeast Asia (mostly Pakistan), where sporadic
cases can occur. Although this box mainly focuses on the differential diagnosis of GBS in adults,

diagnoses that are more common in children than in adults, and °diagnoses that are less
common in children than in adults are indicated.

of conditions that mimic paediatric GBS differ between
LMIC and HIC.

Treatment

Management of GBS requires a multidisciplinary
approach including supportive medical care and immuno-
therapy. Intravenous immunoglobulin (0.4 g/kg for
5 days) and plasma exchange (usually five sessions at
200-250 ml/kg) are proven and equally effective treat-
ments for GBS>'"'**, However, most randomized con-
trolled trials that evaluated the effectiveness of these
two treatments for GBS were conducted in populations
from HIC. These trials mainly included adult patients
who were treated either with intravenous immunoglob-
ulin within 2 weeks or with plasma exchange within
4 weeks after the onset of weakness'"'**. Included
patients had a GBS disability score of >3 and the major-
ity had the AIDP subtype of GBS'"'**. Therefore, the
efficacy of these therapies might differ in LMIC, where
AMAN and AMSAN are prevalent and patients usually
present to hospital in the later stages of disease than they
do in HIC.

Considerable variations in treatment protocols for
GBS are observed throughout the world*'. In general,
intravenous immunoglobulin is considered the first
choice of treatment as it is easy to administer, widely
available and associated with a reduced frequency of
adverse effects compared with plasma exchange'"'*.
Conversely, plasma exchange is less costly than intra-
venous immunoglobulin and could theoretically be
a preferred treatment option for GBS in LMIC'**-'%,
However, in practice, clinicians in LMIC face various
limitations and obstacles that were not considered in
existing GBS therapeutic studies. For example, owing to
the low per capita income and lack of coverage by the
national health insurance system in Bangladesh, neither
intravenous immunoglobulin (~US$12,000-16,000) nor
plasma exchange (~US$4,500-5,000) are affordable for
the majority of patients'®. Therefore, only 10-12% of
patients in Bangladesh receive one of these treatments,
even though most patients with GBS in Bangladesh
are severely affected. For instance, 93% of patients
from Bangladesh were unable to walk independently
at nadir (GBS disability score >2) in comparison with
76% of patients in Europe, America or other parts of
Asia'>'*?»1%_This situation underscores the need for
low-cost and effective treatment strategies for GBS in
LMIC. Small volume plasma exchange (SVPE) is a novel,
relatively low cost (~$500), simple technique for selec-
tive removal of plasma, and has been shown to be a safe
and feasible treatment for GBS in resource-limited set-
tings such as India and Bangladesh'®'"’. However, as the
efficacy of SVPE has only been shown in a small num-
ber of patients, large-scale studies are required before
this technique can be implemented in routine clinical
practice.

Complement inhibitors are a new focus in the treat-
ment of GBS in HIC. Eculizumab, a humanized monoclo-
nal recombinant antibody against complement factor 5,
is currently being studied in the UK and Japan’'®.
Another humanized antibody against complement factor 3
was shown to be safe and well tolerated in patients with
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GBS'", and efficacy trials of this agent are currently
ongoing in Europe, the USA and Asia. Although the
high cost of these biologic agents is likely to greatly
restrict their use in patients with GBS from LMIC, such
drugs might be made available for specific indications
within LMIC at affordable price levels in the future; for
instance, HIV drugs have been made available to some
African countries at much lower prices than in HIC'"%.
Moreover, several different phases of efficacy trials for
complement factor 3 inhibitors are currently ongoing
in patients in Bangladesh, which indicates that research
groups in some LMICs are able to conduct treatment
trials in accordance with the latest scientific methods
and regulatory requirements. We hope that this expe-
rience will lead to opportunities to develop affordable
treatments for patients with GBS in LMIC in future.

Outcome and prognosis

Admission to the ICU is recommended for patients
with GBS who have imminent respiratory insufficiency,
severe autonomic dysfunction with cardiovascular insta-
bility, severe swallowing dysfunction and/or diminished
cough reflex or rapidly progressive weakness'*''3-1¢,
However, in LMIC the number of ICU beds is limited
and ICU services in private hospitals are too costly
(~US$300-1,200 daily) for most patients”"'"”. A study
from Bangladesh found that the absence of ICU support
when required was the strongest risk factor for death in
patients with GBS*.

In most studies worldwide, the mortality rate for GBS
is 2-10%>'>"” although disparities are evident between
regions. For example, reported mortality rates are 2-7%
in Europe and North America'®'>'>!'%, 13% in Hong
Kong*, 14-17% in Bangladesh'>'**? and 16% in Egypt'".
Moreover, access to integrative rehabilitation services is
limited in LMIC, which can adversely affect recovery and
long-term quality of life of patients with GBS'*". Across
the globe, ~20% of patients with GBS are unable to walk
unaided 6 months after disease onset>>*'*>!?! and this
rate is higher (30-40%) in countries such as Bangladesh
where AMAN predominates and most patients do not
receive immunotherapy'>'*'**. In addition to physical
complications, a substantial proportion of patients in
HIC experience residual problems, including persistent
pain (~35-40%), fatigue (60-80%) and anxiety or depres-
sion (6-7%)>'**'**. No data have been reported on rates of
these complications in LMIC. However, as most patients
with GBS in LMIC only receive supportive care, these
sequelae are also likely to vary between countries and
to be worse in patients in LMIC than in those in HIC.

The ability to predict which patients with GBS
will develop respiratory insufficiency or have a poor
prognosis has been a long-held desire worldwide, as
it would enable physicians to take the necessary pre-
cautions and provide additional treatment for the
patients most at risk*”'*. To this end, the Erasmus GBS
Respiratory Insufficiency Score (EGRIS) was developed
to predict the risk of requiring mechanical ventilation
within 1 week and the Erasmus GBS Outcome Score
(EGOS) and modified EGOS (mEGOS) were devel-
oped to predict the outcomes in patients with GBS at
6 months*”!''*'?>. However, these tools were derived and
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validated in cohorts from European countries and might
not be applicable worldwide. Indeed, a study from north-
east Brazil found that EGOS was not a good predictive
tool in that population'*. By contrast, both EGRIS and
mEGOS can accurately predict GBS outcome in popu-
lations from Japan and Malaysia'*”'**. Therefore, these
models might need to be validated or adapted before
they can be used in LMIC.

Various measures have been employed to capture
outcomes in clinical trials of GBS around the world.
Improvement in GBS disability scale scores is the main
prognostic variable in the majority of studies. The
Rasch-built Overall Disability Score (RODS), Overall
Neuropathy Limitations Scale (ONLS), and Fatigue
Severity Scale (FSS) were developed as outcome meas-
ures for clinical trials and are used to assess disability,
activity limitations and fatigue, respectively, in patients
with GBS'*-"*!. However, these tools were developed
in cohorts of patients with GBS from HIC and the
questions might not be culturally appropriate in LMIC.

Conclusions and future prospects

At present, only limited data are available on GBS in
LMIC. Most studies in LMIC were conducted in South
Asia (Bangladesh and India) and publications from
other LMIC are scarce, especially from Africa. LMIC
are hotspots for many emerging infectious disease out-
breaks, some of which have been associated with GBS.
Therefore, publications from LMIC are often related to
outbreaks of GBS associated with specific antecedent
infectious diseases. Owing to the lack of well-designed
epidemiological studies, the true incidence of GBS in
many LMIC remains largely unknown. The long inter-
vals between onset of weakness and hospitalization that
are frequently observed in patients in LMIC might intro-
duce selection bias at the hospital level, as patients with
mild symptoms might not reach the health system and
severely affected individuals might die before reaching
the hospital. Moreover, diagnostic facilities, health-care
infrastructure and adequately trained health profes-
sionals are frequently lacking in LMIC. The absence of
national treatment guidelines and high costs of exist-
ing treatments relative to local wages contribute to the
worse outcomes and higher mortality rates of GBS in
LMIC compared with HIC. Finally, current models
for predicting the outcome of GBS might not be valid
in LMIC, owing to variations in disease severity, clin-
ical presentation, electrophysiological subtypes and
management.

A number of strategies can address these chal-
lenges. Firstly, the expansion and improvement of
GBS research capacity in LMIC is required. Systematic
population-based surveillance and cohort studies that
employ accurate standardized case definitions are
needed to understand and monitor the incidence and
overall burden of GBS. Case-control studies are crucial
to identify the risk factors associated with GBS and to
detect new antecedent infections that trigger GBS in
LMIC. Observational cohort studies are important to
define the clinical course of GBS and the factors that
influence and predict this course. An example of a
cohort study of GBS that is ongoing globally in both
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LMIC and HIC is the International GBS Outcome Study
(IGOS)*. The standardized trial protocol and web-based
data entry system used in this international prospective
cohort study are an example of how methodological
differences between GBS studies conducted in different
regions and countries might be overcome. However,
African and Latin American countries and regions are
under-represented in IGOS, and expanding the study
to these regions and the long-term sustainability of this
global initiative needs to be assured. Nonetheless, IGOS
has already highlighted differences in the presentation
and outcome of patients with GBS between HIC and
LMIC such as Bangladesh, which provide insight into
the challenges associated with caring for these patients
in LMIC that might facilitate future research'.
Affordable and cost-effective treatment strategies
need to be developed and multinational efficacy trials
are required to study and scale-up innovative treat-
ment approaches. Several randomized controlled trials,
including a safety, feasibility and efficacy trial of SVPE
and a phase I (leading to phase II-III) trial of a new
investigational drug are currently being conducted in
Asia, Europe and the USA. Additional clinical interven-
tion studies of innovative and affordable treatments need
to be designed, taking into account the specific context
of the health system challenges in LMIC. A sustainable
clinical trial infrastructure including physical health-care
facilities and adequately trained health professionals
needs to be established to support research into GBS
in LMIC; these efforts should include high-quality
diagnostic laboratories and training programmes for

health-care professionals involved in the management
of patients with GBS and in clinical research.

Moreover, existing prognostic models need to be val-
idated and adapted for use in LMIC. Such tools would
help clinicians in LMIC to accurately identify the patients
most in need of ICU care at an early stage, thereby
improving the management of individual patients and
increasing the efficiency of ICU services in low-resource
settings. Valid, responsive and cross-culturally applica-
ble outcome measures need to be developed to improve
our understanding of the long-term outcome of GBS
in LMIC and to optimize the management of patients in
rehabilitation services. Patients and their caregivers can
also contact the GBS|CIDP Foundation International
for support.

In conclusion, GBS is an under-reported disease in
LMIC, although the limited available evidence suggests
that the disease has a more severe clinical course in
LMIC and that affected patients in LMIC have worse
outcomes than do their counterparts in HIC. This
Review highlights the most important knowledge gaps
and provides suggestions and recommendations for
future research. Increasing the breadth and quality of
fundamental and applied research should become a crit-
ical focus to improve the clinical management of GBS in
LMIC in the future. More than 100 years after the first
description of the syndrome by George Guillain, Jean
Alexandre Barré and André Strohl, now is the time to
reduce the disease burden of GBS in LMIC.
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