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Guillain-Barré syndrome (GBS) is associated with various types of preceding infections including Campylobacter jejuni and cytomegalovirus, but there is also an association with arthropod borne viruses (arboviruses), such as Zika virus, that are endemic in tropical regions. Here we present the clinical characteristics of 12 GBS patients from Suriname that were hospitalized between the beginning of 2016 and half 2018. Extensive diagnostic testing was performed for pathogens that are commonly associated with GBS, but also for arboviruses, in order to identify the preceding infection that might have led to GBS. With this extensive testing algorithm, we could identify a recent infection in six patients of which four of them had evidence of a recent Zika virus or dengue virus infection. These results suggest that arboviruses, specifically Zika virus but possibly also dengue virus, might be important causative agents of GBS in Suriname. Furthermore, we found that more accessibility of intravenous immunoglobulins or plasma exchange could improve the treatment of GBS in Suriname.
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INTRODUCTION

Guillain-Barré syndrome (GBS) is an immune-mediated polyradiculoneuropathy, characterized by a rapidly progressive symmetrical limb weakness and decreased or absent deep tendon reflexes (1). GBS can be a life-threatening disease because of respiratory and autonomic failure, and has an estimated mortality of 3–7% (2). The exact pathogenesis of GBS is unknown, but it is thought that preceding infections or vaccinations may trigger the production of autoantibodies to components of peripheral nerves due to molecular mimicry, leading to peripheral nerve injury (1). There are multiple clinical variants and electrophysiological GBS subtypes, such as acute inflammatory demyelinating polyneuropathy (AIDP), acute motor axonal neuropathy (AMAN), acute motor and sensory axonal neuropathy (AMSAN) and Miller Fisher syndrome (1). Diagnosis of GBS is based on clinical characteristics but can be supported by investigation of cerebrospinal fluid (CSF) and nerve conduction studies (3). Diagnosis and classification of GBS can be challenging because of the heterogeneity of the syndrome and the extensive differential diagnosis. Proven effective treatment of GBS are intravenous immunoglobulins and plasma exchange (1, 3).

Multiple pathogens are associated with GBS such as Campylobacter jejuni (C. jejuni), Epstein-Barr virus (EBV), cytomegalovirus (CMV), Mycoplasma pneumoniae (M. pneumoniae) and hepatitis E virus (HEV) (4). The type of preceding infection is related to the clinical presentation and course of GBS, and the variety of preceding infections contributes to the diversity in clinical variants and prognosis. Besides the above mentioned pathogens that are associated with GBS, during the 2015–2016 Zika virus (ZIKV) outbreak in the Americas, it became clear that this virus is also associated with GBS (5, 6). More recently, an association between the newly emerged severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and GBS was suggested (7, 8).

Diagnosis of the preceding infection that might have triggered GBS can be difficult. Firstly, direct pathogen detection, for example, with polymerase chain reaction (PCR), is quite often not possible when GBS is diagnosed because of the time lag of 1–4 weeks between the initial infection and onset of GBS symptoms. Furthermore, diagnosis of preceding infections of GBS with serology can be challenging due to cross-reactivity of antibodies between certain pathogens and reactivation of non-related antibodies during infection.

Here we describe 12 patients from Suriname with GBS who were recruited in a prospective observational study taking place from February 2016 to June 2018. Suriname is a country in South-America which has, due to the tropical climate, a relative high burden of arthropod borne viruses (arboviruses) like ZIKV and dengue virus (DENV) (9, 10). The aim of this study was to describe the clinical presentation, treatment and outcomes of GBS patients in Suriname and to diagnose the preceding infections that lead to GBS in these patients. We were specifically interested in the role of arboviruses as potential preceding infections that can lead to GBS. The results of this study may result in more knowledge about the clinical presentation and the etiology of preceding infections of GBS in Suriname which could help to improve diagnostic preparedness and treatment of GBS in Suriname, and possibly other countries in South America.



MATERIALS AND METHODS


Participants

Patients with suspected GBS were recruited for this prospective study as soon as possible after clinical GBS suspicion. Participants were recruited in all three hospitals in Paramaribo, Suriname, from February 2016 until July 2018. The case definitions of the Brighton Collaboration were used to determine the level of diagnostic certainty of GBS ranging from 1 (most certainty for GBS diagnosis) to 4 (least certainty for GBS diagnosis) (2). If during admission another diagnosis than GBS was made, or of if insufficient clinical information was available to verify the GBS diagnosis, these participants were excluded, as were participants from whom no blood was collected. One participant was initially suspected of a paraparetic form of GBS with paralysis of the legs and normal strength of the arms. This diagnosis was changed during admission to transverse myelitis because of a sensory level at Th5 and CSF pleiocytosis of 206 cell/μl and no further suspicion of GBS. Even though concomitant GBS and transverse myelitis can occur, this patient did not meet the Brighton diagnostic criteria for GBS and was therefore excluded from this study (11–13). Three patients (patient 1, 2, and 6) were previously described in a smaller case series on possible ZIKV associated GBS in Suriname (14).



Data and Sample Collection

Serum and plasma were collected at enrolment in this study and 10–14 days later, or at the day of hospital discharge if this was before day 10. Neurological examination was performed by one of the researchers every seven days until hospital discharge. Additional information regarding medical history, (onset of) symptoms, and antecedent events like infections or vaccinations was collected with a questionnaire. Data from nerve conduction studies and analysis of cerebrospinal fluid were, when available, collected from all participants.



Ethics

This study protocol was approved by the ethical board of the Ministry of Health in Suriname. Informed consent was obtained from all patients and in case the patient was younger than 16 years old, from their parents or representatives. The study was carried out in accordance with the Declaration of Helsinki.



Diagnostic Tests

Serum samples were tested for presence of antibodies against pathogens commonly associated with GBS; C. jejuni, EBV, CMV, HEV and M. pneumoniae. Furthermore, serological tests were performed to diagnose (recent) infections with the arboviruses ZIKV, DENV and chikungunya (CHIKV). All the serological tests -except serology for C. jejuni- were performed at the department of Viroscience at Erasmus MC, Rotterdam, the Netherlands.

Presence of IgM antibodies against ZIKV and DENV and IgM and IgG antibodies against HEV and M. pneumoniae were assessed with use of commercial ELISA kits (ZIKV and DENV; Euroimmun, HEV; Wantai Biological, M. pneumoniae; Serion Diagnostics). EBV and CMV serology was performed using a chemiluminescent immunoassay (DiaSorin LIAISON®). Chikungunya antibodies were detected with an indirect immunofluorescence test (Euroimmun). All these assays were performed according to the manufacturer's instructions. In case of a positive IgM response for EBV or CMV, additional testing, detection of Epstein-Barr virus Nuclear Antigen (EBNA) antibodies and a CMV avidity test respectively, was performed to determine if this was likely to be a primary infection or not. C. jejuni serology was performed with an indirect IgG ELISA and antibody class capture ELISAs for IgM and IgA antibodies at the Department of Medical Microbiology, Reinier de Graaf Gasthuis, Delft, the Netherlands.

Neutralizing antibodies against ZIKV and DENV-2 [used as a representation of total DENV immunity (15)], were determined with an in-house micro-neutralization test (VNT) as previously described (9). Sera were tested in triplicates and the geometric mean of the highest final serum dilution was reported as titer. For both ZIKV and DENV-2, the cut-off of a positive VNT was a final serum dilution >1:32.

For ZIKV diagnosis, a reverse transcriptase polymerase chain reaction (RT-PCR) was performed on plasma or, when available, urine using the primer/probe set described by Lanciotti et al. (16).



Case Definitions for Preceding Infections

For the interpretation of the serological and molecular tests performed in these patients, a distinction was made between confirmed recent infections, probable recent infections and possible recent infections. A recent infection was considered confirmed if one serum or urine sample was RT-PCR positive, or if IgM antibodies against the specific pathogens were present and there was a more than four-fold increase of IgG- or neutralization titer in paired samples. Presence of IgM antibodies with an increasing IgG- or neutralization titer in paired samples was considered a probable recent infection. Presence of IgM but with no increase in IgG or neutralization titer in paired samples was considered a possible recent infection. When paired blood samples were not available, presence of IgM in a single blood sample was considered a possible recent infection. Specifically for CMV, presence of anti-CMV IgM in combination with a rising IgG titer with low avidity was considered a confirmed recent CMV infection. The combination of CMV IgM with IgG with high avidity was considered as reactivation of CMV antibodies and not a recent infection (17). Presence of IgM against EBV in combination with IgG against EBV nuclear antigen (EBNA) was considered a non-recent infection (18).




RESULTS


Participant Enrolment

In total, 27 patients with suspected GBS were enrolled in this study. Of these 27 patients, 15 were excluded because during admission another diagnosis than GBS was made or because the availability of clinical data or blood samples was insufficient, illustrated by the flowchart in Figure 1A. The number of GBS patients recruited per quarter of a year is displayed in Figure 1B. The highest peak of GBS patients, in the first quarter of 2016, coincided with the peak of the ZIKV outbreak in Suriname and South America in the first months of 2016 (19, 20).
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FIGURE 1. (A) Flowchart of patient recruitment and exclusion. (B) Number of GBS patients recruited in this study per quarter of a year (Q). The time period of the peak of the ZIKV outbreak in Suriname is marked with two red bars. CVA, cerebrovascular accident.




Clinical Characteristics

Seven out of 12 patients (58.3%) had a pure motor form of GBS (without sensory deficits, Table 1). Cranial nerves were affected in five patients (41.7%), and a facial palsy was present in four of these patients (80.0%). At nadir, six patients (50.0%) were confined to bed or chair of which three patients (50.0%) required assisted mechanical ventilation. Five patients (41.7%) received treatment with intravenous immunoglobulins (IVIg) while the other seven patients (58.3%) only received supportive care. None of the patients were treated with plasma exchange. Eight out of 12 patients (66.7%) underwent nerve conduction studies and electromyography during admission of which five (62.5%) showed a demyelinating type of GBS, one (12.5%) showed an axonal GBS type, one (12.5%) was classified as equivocal and in one (12.5%) the potentials were absent. Brighton criteria 1 (highest level of diagnostic certainty) for GBS diagnosis was met in six patients (50.0%), level 2 in five patients (41.7%) and level 3 in one patient (8.3%). Median hospital stay was 14 days (IQR 11–34 days).


Table 1. Clinical characteristics of GBS patients.
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Preceding Infections

Nine patients (75%) reported symptoms of a possible preceding infection and the average time between these symptoms and the first neurological symptoms was 9 days (range 5–22 days). Most of the patients (N = 5, 41.6%) reported non-specific, flu-like symptoms such as fever and myalgia. Two patients (16.7%) reported symptoms of a gastrointestinal infection while two other patients reported symptoms associated with an arbovirus infection, such as conjunctivitis and skin rash. The interpretation of the diagnostic test results are shown in Table 1 and the results of the diagnostic tests are shown in Table 2. In three patients (25%) we could confirm the preceding infection based on the criteria described in the methods. Of these three, patient 2 had a confirmed recent infection with ZIKV, patient 5 had a confirmed recent infection with DENV and patient 8 had a confirmed recent infection with CMV. Two patients (16.7%) had a probable recent infection, one with M. pneumoniae (patient 9) and one with ZIKV (patient 3) although a recent DENV infection could not be ruled out in this last patient. In one patient (8.3%, patient 11) we found evidence of a possible recent infection with M. pneumoniae and/or C. jejuni. Finally, in six patients (50.0%) we could not find sufficient evidence of a recent infection based on our diagnostic criteria. Four of these six patients (patient 1, 6, 10, and 12) did have non-specific symptoms of an infection, such as fever and myalgia, prior to the start of GBS symptoms. None of the patients reported to have recently received a vaccination.


Table 2. Results of diagnostic tests for GBS preceding infections.
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DISCUSSION


Diagnosis and Clinical Presentation GBS

In this study, we recruited patients as soon as the treating neurologist suspected GBS. In a relatively large amount of the patients, another diagnosis than GBS was subsequently made by the treating physician and these patients were excluded from this study. This demonstrates that diagnosing GBS, especially in low- and middle income countries with sometimes limited diagnostic facilities, can be challenging and that other conditions need to be ruled out before the diagnosis of GBS can be made. Because of the limited sample size of this study it is difficult to draw conclusions from the clinical data of these patients. In general, the diversity in clinical presentation of the described patients corresponds with what is known about GBS (1). One observation that can be made is that only five GBS patients were treated with IVIg while 11 patients were unable to walk or wheel chair bound and had an indication for treatment (1, 3). This undertreatment is explained by the limited availability of IVIg or plasma exchange facilities in Suriname.



Preceding Infections of GBS

We performed extensive diagnostic testing for preceding infections that are commonly associated with GBS and arboviruses that are endemic in Suriname and are possibly associated with GBS. From 9 out of 12 patients we could collect paired serum samples during hospital admission. As a result, we found indications of a preceding infection in 6 of the 12 GBS patients (50.0%). Four of these six patients (66.7%) in which we could diagnose a recent infection had evidence of a recent ZIKV or DENV infection. It is possible that this relatively high percentage of possible ZIKV associated GBS cases is because recruitment of patients for this study started during the peak of the ZIKV outbreak in Suriname at the beginning of 2016. As is indicated in Figure 1A, during this period there was a peak in GBS patients that were recruited for this study. From the results of the serological tests in Table 2, it can be concluded that it is difficult to distinguish a recent ZIKV infected from a recent DENV infection based on serology because of cross-reactivity of anti-flavivirus antibodies. In this study we used neutralization assays for DENV-2 and ZIKV serology which is the gold standard for flavivirus serology and has shown to give less cross-reactivity than, for example, ELISA tests (9, 15, 21). Another diagnostic challenge is that asymptomatic reactivation of CMV and EBV can occur during acute infections with other pathogens which can lead to the presence of anti-CMV or EBV IgM antibodies (17, 22). In order to differentiate between a primary CMV or EBV infection or reactivation of these viruses, it is possible to measure the avidity of IgG antibodies against CMV, which are low after a recent infection, and to test for presence EBNA IgG antibodies against EBV which are not present after recent EBV infection (17, 18).

Interestingly, in patient 5 we found IgM antibodies against DENV and a more than six-fold increase in the neutralizing antibody titer in paired serum samples taken nine days apart from each other. No IgM or neutralizing antibodies against ZIKV were detected. Based on these results and the fact that this 12 year old patient did not recently receive a yellow fever vaccination, he was classified as having a confirmed recent DENV infection. The patient presented with pain in the backside of both legs, bilateral foot drop and difficulty walking. During physical examination, symmetrical areflexia and pain in the lower extremities was found, the Lasègue sign was positive and no neck stiffness was observed. The CSF did not contain white blood cells or elevated albumin levels and the CSF culture was negative. An EMG was not performed in this patient. DENV has previously sporadically been associated with GBS and other neurological complications (23–25). It might be worthwhile to study this possible association in more detail with specific attention to the clinical presentation of suspected GBS or a GBS-like syndrome caused by DENV.

Besides ZIKV and DENV, we also found evidence of preceding infections with pathogens that are commonly associated with GBS; CMV, M. pneumoniae and C. jejuni. In two patients (9 and 11) we found evidence of a possible recent infection with both M. pneumoniae and C. jejuni. For C. jejuni, IgM was only positive in the first collected sample from both patients, this can indicate that the possible C. jejuni infection was not very recent. However, it has been shown that IgM antibodies against C. jejuni can be short lived or even absent, especially in asymptomatic infections (26). A recent M. pneumoniae infection was probable in patient 9 because of the presence of anti M. pneumoniae IgM antibodies and a rise in the IgG titer. In patient 11, a recent infection with M. pneumoniae was less likely since, even though IgM antibodies were present in the first sample, no kinetics were observed in the anti M. pneumoniae IgG titers. We did not find evidence of recent infections with HEV, EBV or CHIKV in any of these patients. In patient 1 and 6 we could not make a diagnosis of a preceding infection based on the diagnostic criteria described above. However, both patients already had a high titer of neutralizing antibodies against ZIKV early in the ZIKV outbreak (20). This could be indicative of a recent ZIKV infection since ZIKV did not circulate in Suriname before the end of 2015 and both patients reported to have had symptoms that are associated with arboviral infection such as myalgia and arthralgia. However, since it has been shown that after a recent DENV infection, cross-neutralization of ZIKV can occur in some cases, it is also possible that these two patients had a recent DENV infection (15, 21).



Strengths and Limitations

A strength of this study is that we performed extensive and state of the art, diagnostic testing to try to identify preceding infection that might have triggered GBS. Because of this extensive testing we were able to demonstrate the challenges that arise with the interpretation of serological diagnostic results. A limitation is that the small sample size of this study and the period of recruitment of the patients (partially during the ZIKV outbreak) does not allow us to generalize the results found in this study with respect to amongst others the incidence of GBS in Suriname and the exact contribution of the different pathogens in causing GBS. Furthermore, because of insufficient clinical data, we had to exclude a relatively large amount of study participants.




CONCLUSION

In conclusion, we found that—apart from infections with pathogens that are commonly associated with GBS—infections with ZIKV and possibly DENV might play an important role in causing GBS in Suriname. Furthermore, more accessibility to IVIg or plasma exchange could improve the treatment of GBS in Suriname.
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P(51.6)

Chikungunya virus

Cytomegalovirus Epstein-Barr virus Hepatitis
E virus
IgM 19G Avidity  IgM 1gG VCA 1gG M 1gG
EBNA
N P@25) - N P(>750) = -
N PE33 - N P (249) N N
P@1.0) P(79.N) Hgh  P(00) P(E0S) P8O N N
(0.64)
P99 P95 - P(739) P(>750) P@5.4) N N
N P(158) - N P22 N N
N P78 - N N N N
N P(103) - N P (209) N P
N P©S5) - N P (>750) NN
N P(118) N P(710) N N
N P(>180) - N P (>750) N P2.1)
N P(>180) - N P (>750) - -
P(23) P(Y Low  B@362) P@14 N N
(0.09)
P(858) P(115 - N P313) N N
N P@05) High N P(@218) N N
()
P@EY P12 - N P (455) N PGS
N P(126) o N P (>750) N P(1.4)
N PATY - N P (>750) N P@.1)
N P(s5T) - N P (>750) N P(1.8)
N P48 - N P (>750) N P9.5)
Zika virus Dengue virus
VNT PCR PCR IgM VNT IgM
plasma urine
P(1:161) N N N P(1:64) N
P (1:80) . P N P(1:162) N
P(1:102) - - N P(1:204) N
P (1:101) N N P(12.2) P81 N
P (1:203) B(0.9) P(1:646) N
N N - N N N
N & & N N N
N N N N P (1:64) N
N P(1.33) P(1:408 N
P (1:328) - N N P(1:812) N
P(1:323) - - N P(1:646) N
N N s N P(1:64) N
N N P(1:102) N
N N - P (2.35) P(:162) N
N - - P (1.25) P (1:102) N
N N - N P (1:40) N
N - N P (1:80) N
N . . N N
P (1:209) N - - -
P(1:128) - = N N
N N - N P (1:162) N

196G

N
P(>100)
P(>100)
P(10)
P(10)
N

N

P (>100)
P (>100)
P (>100)
P (>100)
N
N

N

N

P (>100)
P (>100)
P(10)
N

N

A, diagnostic results of pathogens commonly associated with GBS; B, diagnostic results of arthropod bome viruses that are possibly associated with GBS. Results on which the
dlagnosis was based are merked bold and in red. 1%, first sample; 2°%, second sample; VCA, viral capsid antigen; EBNA, Epstein Barr nuclear antigen; VNT, virus neutralization test; P,
positive; N, negative; B, Borderiine; -, not performed.
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Patient

A

Sex, Age 1)
Start of GBS
symptoms
Antecedent
symptoms

Ciiical subtype

Cranial nerve
involvement

CSF cell count
Protein in CSF
NCS result

GBS disabilty
score! at nadir
Diagnostic
certainty GBS
diagnosis (2)
IVig/PE treatment

Preceding
infection

Patient

B

Sex, Age (y)
Start of
GBS-symptoms
Antecedent
symptoms
Ciinical subtype

Cranial nerve
involvement

Cells in CSF
Protein in CSF
NCS result

GBS disabity
score' at nadir
Diagnostic
certainty GBS
diagnosis (2)

IVig / PE treatment
Preceding
infection

M, 46
09-Feb-2016

Fever, rash,
arthralgia,
conjunctivitis

PM

Facial nerve,
glossopharyngeal
nerve

ol

1.98 gL
Demyelinating

2

No
Unknown

F,39
19-Apr-2016

None

sMm
No

O/l
2099/
Demyelinating

Yes, Vg
Unknown

A, patient 1-6; B, patient 7-12.
M, mae; F, female; PM, pure motor; SM, sensory-motor; -, not performed; NCS, nerve conduction studies; IVlg, intravenous immunoglobulins; PE, plasma exchange.

1GBS disabilty score. 0, healthy; 1, minor symptoms or signs of neuropathy but capable of manual work/capable of running; 2, able to welk without support of a stick but incapable of
manual work/running; 3, able to walk with a stick, appliance or support; 4, confined to bed or chair bound; 5, requiring assisted ventilation (for any part of the day or night); 6, death.

M, 44
10-Feb-2016

Influenza-lie
symptoms,
double vision

SM
No

33/l
a4gL
Demyelinating
3

No
Confirmed ZIKV

F.20
14-Nov-2016

Fever, diarthea,
vomiting

PM

No

4l
256 /L
Demyelinating

Yes, Vg

Confirmed CMV,
possible
ZIKV/DENV

F67
19-Feb-2016

Fever, myalgia

PM
Facial nerve

3/pl
05g/L

4

No

Probable ZIKV,
possible DENV

9

F 10
23-May-2017

Conjunctiviis

PM
Oculomotor
nerve, facial
nerve

2/l

0.16 gL

Yes, IVig
Probable M.
pneumoniae,
possible C. jejuni

F. 54
09-Feb-2016

None

PM
No

56/l
233g/L

No
Unknown

10

M, 48
14-Jan-2018

Influenza-fke
symptoms
sm

No

3l
030g/L
Axonal

Yes, Mg
Unknown

M, 12
22-Feb-2016

Influenza-like
symptoms

sM
No

O/l
0.18 gL

No
Confirmed DENV

11

M, 58
23-Jan-2018

Diarrhea,
vomiting

PM
No

2/l
090 gL
Absent
potentials

5

Yes, IVig
Possible C.
Jejuni/M.
preumoniae.

M, 64
30-Jan-2016

Myalgia and
arthralgia

SM
Facial nerve

16/l
2939/l
Equivocal
4

No
Unknown

12

F,58
24-Feb-2018

Fever, myalgia

PM
No

3/l
066 g/L
Demyelinating

No

Unknown









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





