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ABSTRACT Objective: Severe acute respiratory syndrome coronavirus
disease-2019 (COVID-19) primarily affects the respiratory system but cen-
tral and peripheral neurological manifestations have been increasingly rec-
ognized and reported. Our aim is to shed light on the relationship between
COVID-19 and polyneuropathy. Material and Methods: The study con-
sisted of patients with acute polyneuropathy that developed after the
COVID-19 infection. All patients were confirmed serologically with poly-
merase chain reaction positivity. In 16 patients, acute polyneuropathy was
diagnosed with an electrophysiological, laboratory findings and neurologi-
cal examination. All patients underwent etiological studies to exclude pos-
sible causes of polyneuropathy. Results: The average age of the patients
was 64.3 (29-83) years; most cases were female (13 vs 3). The interval be-
tween the onset of symptoms of COVID-19 and the first symptoms of acute
polyneuropathy ranged from 11 to 63 (mean: 21.5) days. On electroneu-
romyography, there was acute motor-sensory axonal neuropathy in 8 pa-
tients, 6 patients had acute motor axonal neuropathy and 2 patients had acute
inflammatory demyelinating polyneuropathy findings. Five patients ac-
cepted lumbar puncture; on analysis of the cerebrospinal fluid (CSF), 2 pa-
tient had normal protein level and the others showed an albumino-
cytological dissociation, increased protein in the CSF without increase in
cell count, characteristic of the Gullain-Barré syndrome (GBS). Conclu-
sion: This article; indicates the awareness of the possible causal association
between acute polyneuropathy and COVID-19, and recommends long-term
follow-up of COVID-19 patients for neurologic complications.
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OZET Amag: Siddetli akut solunum yolu sendromu koronaviriis hastaligi-
2019 [coronavirus disease-2019 (COVID-19)], dncelikle solunum sistemini
etkiler, ancak merkezi ve periferik norolojik bulgular giderek daha fazla ta-
ninmakta ve literatiirde sunulmaktadir. Amacimiz, COVID-19 polinéropati
iliskisine 151k tutmaktir. Gere¢ ve Yontemler: Calisma, COVID-19 enfek-
siyonundan sonra geligen akut polindropatili hastalardan olusuyordu. Tim
hastalarda tan1 polimeraz zincir reaksiyonu pozitifligi ile kesinlesti. On alt1
hastada elektrofizyolojik, laboratuvar bulgulart ve nérolojik muayene ile
akut polindropati tanis1 kondu. Tiim hastalara polindropatinin olas1 neden-
lerini diglamak i¢in etiyolojik aragtirmalar yapildi. Bulgular: Hastalarin yas
ortalamasi 64,3’tii (29-83 y1l); vakalarin ¢ogu kadind1 (13 kadin, 3 erkek).
COVID-19 semptomlarinin baslangici ile akut polinéropatinin ilk semp-
tomlar1 arasindaki siire 11 ile 63 giin (ortalama: 21,5 giin) arasinda degis-
mekte idi. Elektronéromiyografide 8 hastada akut motor-duyusal aksonal
noropati, 6 hastada akut motor aksonal néropati ve 2 hastada akut inflama-
tuar demiyelinizan polindropati bulgulari saptand1 Bes hasta lomber ponk-
siyonu kabul etti; beyin omurilik s1vis1 analizinde 2 hastada normal protein
seviyesi digerlerinde albiiminositolojik disosiasyon saptandi. Sonug¢: Bu
makale; akut polindropati ile COVID-19 arasindaki olast nedensel iligkinin
farkindaligi, nérolojik komplikasyonlar agisindan COVID-19 hastalarinin
daha uzun siireli takibinin gerektigini gostermektedir.

Anahtar Kelimeler: Guillain-Barré sendromu; COVID-19;
akut polindropati

Severe acute respiratory syndrome-coronavirus-
2 (SARS-CoV-2) continues to spread around the
world by mutation. In the literature, symptoms of the

central and peripheral nervous system associated with
SARS-CoV-2 infection are increasingly being repor-
ted.!? Along with new mutations, new neurological

Correspondence: Sinan ELIACIK
Department of Neurology, Hitit University School of Medicine, Corum, Tiirkiye
E-mail: sinaneliacik@gmail.com

Peer review under responsibility of Journal of Physical Medicine and Rehabilitation Science.

Received: 25 Apr 2022

Received in revised form: 31 May 2022

Accepted: 02 Jun 2022 Available online: 13 Jun 2022

1307-7384 / Copyright © 2022 Turkey Association of Physical Medicine and Rehabilitation Specialist Physicians. Production and hosting by Tirkiye Klinikleri.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/).

346


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-9415-0039
https://orcid.org/0000-0002-3518-1935
https://orcid.org/0000-0002-7448-5210

Sinan ELIACIK et al.

J PMR Sci. 2022;25(3):346-54

complications began to be reported both in the acute
period and in the post-coronavirus disease (COVID)
period. Acute polyneuropathy is a condition that can
develop after respiratory tract and/or gastrointestinal
tract infections and can be fatal due to a delay in treat-
ment.

In this case series, a prospective analysis of pa-
tients with COVID-19 associated GBS was conduc-
ted, which determined the demographic and clinical
characteristics of polyneuropathy symptoms, inclu-
ding laboratory tests and electrophysiological fin-
dings, in order to elucidate the possible underlying
pathophysiology.

I MATERIAL AND METHODS

The study consisted of patients with acute polyneu-
ropathy that developed after the COVID-19 infection.
We examined 16 patients who had acute polyneuro-
pathy after the COVID-19. All patients were confir-
med serologically with COVID-19 polymerase chain
reaction (PCR) positivity. The patients had not been
vaccinated in the pre-COVID period. All of our pati-
ents were hospitalized at the infection diseases de-
partment in the COVID-19 process and treated but
none of our patients had an intensive care process.
During this process, there were no motor and/or sen-
sory neurological signs that would suggest polyneu-
ropathy. Disease activity was mild to moderate. There
were no treatments given for COVID-19 that could
cause polyneuropathy. The patients had been given
symptomatic, supportive treatments.

The study consisted of patients with acute poly-
neuropathy that developed after the COVID-19 in-
fection. The patients were evaluated in terms of
factors that play a role in the etiology of polyneuro-
pathy and no other risk factors were found. Conco-
mitant risk factors were excluded. Exclusion criteria
from the study are the presence of one of the factors
playing a role in the etiology of polyneuropathy: dia-
betes mellitus, thyroid disorders, renal failure, previ-
ous spinal cord surgery, spinal and/or plexus injuries,
electrolyte disorders, cancer diagnosis or patients
under antineoplastic therapy cases diagnosed with fa-
milial or inflammatory polyneuropathy. All patients
underwent electroneuromyography (ENMG) by the
same neurologist. There were no pathological evi-
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dence to explain acute paraparesis on the brain and
spinal cord imaging of the patients.

In the serological tests studied for any infective
disorder other than COVID-19 that may cause acute
polyneuropathy, no findings suggesting a different
pathogen were detected. The study was a prospective
study approved by Hitit University School of Medi-
cine Ethics Committee (date: October 13, 2021, no:
500) and conducted by following STROBE guideli-
nes and the Declaration of Helsinki. All participants
gave their informed consent for this study.

I RESULTS

We examined 16 patients who had acute polyneuro-
pathy after the onset of COVID-19. Most cases were
female (13 vs 3). The average age was 64.3 (29-83)
years. The interval between the onset of polyneuro-
pathy symptoms of COVID-19 and the first
symptoms of acute polyneuropathy ranged from 11
to 63 (mean: 21.5) days.

Pneumoniac findings on thorax tomography had
been detected in 10 patients in the acute period of
COVID-19 infection however none of them needed
extensive care.

Characteristics of the patients, symptoms of
acute polyneuropathy, CSF, and ENMG findings, and
abnormal findings detected in routine blood tests are
given in Table 1. One of the common neurological
symptoms of polyneuropathy was acute weakness,
mostly in the lower extremities. Although the neuro-
logical examination findings of the patients were
summarized in the table, distal limb weakness was
dominant in all patients with pathological findings in
the motor system examination. The symptoms of
acute polyneuropathy were lower-limb weakness and
paraesthesia in 12 patients whereas generalized, flac-
cid tetraparesis was in 3 patients. Except for pure sen-
sory symptoms, no motor findings were detected in
one patient. On ENMG, there was motor sensory axo-
nal neuropathy (MSAN) in 8 patients, 6 patients had
motor axonal neuropathy (MAN) and 2 patients had
inflamatory demiyelinating polyneuropathy (IDP)
findings.

Five patients accepted lumbar puncture; CSF
analysis of 3 patients revealed albumino-cytological
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dissociation. While the blood tests of 2 patients du-
ring the acute COVID-19 period were within normal
limits, the abnormal findings of the other patients are
summarized in the table. None of the patients had fea-
tures of myopathy. There were no symptoms of au-
tonomic dysfunction in the patients during the GBS
period.

As treatment; intravenous immunoglobulin 0.4
g/kg was administered for 5 days. We found a reg-
ression in the complaints and symptoms of the pati-
ents after intravenous immuglobulin. The follow-up
and rehabilitation processes of the patients are still
ongoing. We shared our experience with our COVID-
19 case series, which developed GBS as a neurologi-
cal complication.

I DISCUSSION

GBS is an inflammatory disease of the peripheral ner-
vous system, characterized by rapidly progressive,
symmetrical, and typically ascending weakness of the
upper and lower extremities sensory symptoms.
Three electrophysiological subtypes of GBS are:
acute inflammatory demyelinating polyneuropathy
(AIDP), acute motor axonal neuropathy (AMAN),
and acute motor-sensory axonal neuropathy
(AMSAN). GBS diagnosis is based on anamnesis,
clinical findings, electrophysiological and CSF re-
sults.>*

GBS occurs with an approximate incidence of
0.16-3 cases per 100,000 annually in the general po-
pulation but, incidence of GBS in COVID-19 pati-
ents is unknown, as a potential association remains
uncertain. An increasing number of reported case se-
ries of COVID-19 infection are presented with GBS
in the literature.”®

Peripheral and central nervous system damage
in COVID-19 has been postulated to be the conse-
quence of 2 different mechanisms: hematogenous or
trans-neuronal dissemination to the central nervous
system in relation with viral neurotropism, and ab-
normal immune-mediated response causing secon-
dary neurological involvement. The first mechanism
is supposed to be responsible for the most common
neurological symptoms developed by patients with
COVID-19 (e.g., hypogeusia, hyposmia, headache,
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vertigo, and dizziness). In contrast, the second can
lead to severe complications during or after the co-
urse of the illness, either dysimmune (e.g., myelitis,
encephalitis, GBS) or induced by cytokine overpro-
duction (hypercoagulable state and cerebrovascular
events).”!! Since the onset of the COVID-19 pande-
mic, there have been articles of the possible link bet-
ween GBS and the COVID-19 infection.!? Clinically,
acute flask paresis of the limbs was observed in most
cases of GBS associated with COVID-19."* The ma-
jority of GBS associated with COVID-19 documen-
ted up to date had a several disease process with
respiratory failure and of demyelating type after a short
latency period from COVID-19, also, axonal variants
were also commonly reported.'>!* As reported in the
review by Aladawi et al, the first case of GBS due to
COVID-19 was seen in 2020 in China, where the in-
fection was first observed.'* In this report identified a
total of 109 GBS cases with an average latency period
between the arboviral symptoms and neurologic ma-
nifestations for confirmed COVID-19 cases as 12
days. The most commonly reported GBS variants
were classical sensorimotor GBS, followed by para-
paretic GBS, Miller Fischer syndrome, facial diplegia
with paresthesia, pharyngeal-cervical-brachial GBS,
and pure sensory GBS. CSF analysis was performed
in 86 cases. In the CSF analysis of 86% of these
cases, albumino-cytological dissociation was shown.
The predominant EMG variant of GBS was AIDP,
37% of the cases required intensive care, and 30% re-
quired mechanical ventilation, and the mortality rate
was 5.5%. The male to female ratio was 2.5:1. In this
series, the duration between arboviral and neurologi-
cal symptoms, the latency period was highly variable
including cases even GBS manifestations preceded
COVID-19 arboviral symptoms. Thus, though the
authors have considered a post-infectious immune-
pathogenesis rather than direct neuronal damage or a
para-infectious mechanism considering the average
12 days latency period; the morbidity due to direct
viral damage is a possibility at least in some of the
cases.' The argument could be whether the GBS is
para-infectious or post-infectious.'* GBS is known to
be post-infectious following several types of infecti-
ons and causality can only be proven through large
epidemiological studies for COVID-19.
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In our series, the mean time between the onset
of COVID-19 symptoms and the first symptoms of
acute polyneuropathy was 21.5 days. The increased
latency period favoured the post-infectious autoim-
mune nature of GBS in our patients. There was a fe-
male preponderance and as given in the table, the
majority of our patients did not have any major res-
piratory involvement thus none of them needed ex-
tensive care. As reported in many countries,
COVID-19 mortality is higher in men as well as di-
sease morbidity. Thus there could be a selection bias
as more severe cases, probably males could be mis-
sed or decerased during the peak active pandemic pe-
riod. Consistent with the literature, paraparesis was
present in 12 patients, tetraparesis in 3, and pure sen-
sory symptoms in 1 patient, however, mortality from
COVID-19 and GBS was not observed in our series.
The excess of the female gender, the high incidence
of MAN and MSAN in our cases could be related to
cultural, genetic and socioeconomic differences af-
fecting the immunogenicity of COVID-19 and deve-
lopment of GBS as epidemiologic studies involving
certain populations might introduce bias in reporting
results. One should always consider the variations
between different populations as well as changing
viral characteristics with mutations as well as acqui-
red viral immunity through immunization or acqui-
red
polyneuropathy cases may change the spectrum in the

after infection. Classically observed
future. May the mutated virus play a role in the de-
velopment of a different spectrum of neurological
complications? This issue can be clarified with long-
term, more comprehensive and etiopathogenesis-ori-

ented studies.

A systematic review pointed to a significantly
increased number of patients with GBS after the
COVID-19 pandemic, with higher prevalence among
older patients than with younger ones." In our case
series, 11 cases were over 60 years old, 4 cases were
between 30-60 years old, and one of our cases was
under 30 years old. Consistent with the literature,
most of our patients were middle-aged or aged. While
the mean time between GBS and COVID-19 was
21.5 days in our case series, a case report of GBS de-
veloping approximately 100 days later was repor-
ted.'® There were no laboratory and electrophy-
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siological findings suggesting myopathy in our pati-
ents.

The polyneuropathy of GBS is considered to be
related to cross-immunity between peripheral nerve
components and bacterial products. In case of viral
infections, the “molecular mimicry” and related au-
toantibodies have not been well documented suppor-
ting the possibility of direct viral damage and/or
neurotoxicity effecting some group of patients.
SARS-CoV-2 has well-known neurotropism recog-
nized by hyposmia and could enter the nervous
system via terminals of the olfactory nerve and the
olfactory epithelium that express angiotensin con-
verting enzyme-2 (ACE2). Molecular mimicry bet-
ween SARS-CoV-2 and various human organs and
tissues have been hypothesized as a potential trigger
of multi-organ autoimmunity in COVID-19.'7* For
example, the study by Lucchese and Floel, sequence
analysis of the 41 human proteins associated with im-
mune-mediated neuropathies revealed that SARS-
CoV-2 contained two immunologically-related
hexapeptides with the human heat shock proteins 90
and 60 respectively.?® These authors hypothesized
that SARS-CoV2 infection may trigger an adaptive
immune response in which T cell-B cell interactions
result in the production-specific antibodies similar to
ganglioside-peptide sequences or structure, resulting
in loss of self-tolerance.?’ The gangliosides located
on the membranes of neurons and the schwann-cells,
which form the myelin sheath, act as receptors for an-
tiganglioside antibodies, promoting neutralization of
neurons complement inhibitory activity, which turns
them into targets for autoimmune-mediated destruc-
tion of myelin sheaths or axons.?® Thus, antiganglio-
side antibodies in GBS could be biomarkers of axonal
injury rather demyelination, as they directly target the
neuronal membrane gangliosides. About 50 to 85%
of previously reported cases with GBS or its variants
have anti-ganglioside antibodies in their serum. Ho-
wever, there is limited data on the presence of anti-
ganglioside antibodies in the patients with
COVID-19 related GBS. Dufour et al. reported the
first case with COVID-19 related GBS with positive
GM1 antibody.*! However, in the review by Aladawi
et al. that consisted of 109 GBS cases 86% of the pa-
tients were antiganglioside antibodies negative and
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not surprising as most of their cases were demyeli-
nating variant of GBS. Antiganglioside tests could be
possibly positive in axonal variants. Therefore, furt-
her studies are necessary to confirm the presence of
antiganglioside antibodies in COVID-19 related
GBS.'"* Unfortunately, we could not detect antigan-
glioside antibody and interleukin-6 (IL-6) levels in
our case series.

The role of neuroinflammation and the effect of
cytokine storms caused by SARS-CoV-2 infection on
the nervous system have been discussed. In COVID-
19 patients, an increase has been observed in cytoki-
nes such as IL-1b, IL-6, IL-17, tumour necrosis factor
alpha, and interferon-g, along with other chemokines.
Many of the same cytokines have been implicated in
the pathogenesis of typical GBS, the cytokine storm
in COVID-19 may play a primary role in the deve-
lopment and progression of GBS.?? However, the role
of cytokines in COVID-19 related GBS needs furt-
her investigation.?*?

Coronaviruses are thought to cause GBS in cer-
tain patients either directly through neuroinvasive ca-
pacity (ACE2 receptors on neuronal tissues) or
indirectly through the response of the immune
system.??7 The data indicate that SARS-CoV-2 can
cause an immune reaction with an increased level of
IL-6 which stimulates the inflammatory cascade and
damages tissues. Therefore, inflammatory factors
may play an important role in the organ dysfunctions
of patients with COVID-19 infection. The actual data
indicate that SARS-CoV-2 is capable of causing an
excessive immune reaction with an increased level of
cytokines as IL-6, which are produced by activated
leukocytes and stimulate the inflammatory cascade.
IL-6 plays an important role in multiple organ
dysfunctions, which are often fatal for patients with
COVID-19.283! In the literature, although polyneuro-
pathy was found to be more common in men, we had
only three male patients in our series of 16 cases.* In
our case series, IDP cases were observed less fre-
quently than the other 2 subtypes. Studies that are
more comprehensive and include inflammatory mar-
kers will add new dimensions to the acute polyneu-
ropathy COVID-19 relationship, which we shed light
on with our case series. COVID-19 causes an exag-
gerated immune response with persistent fevers, ele-
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vated inflammatory markers, and elevated proin-
flammatory cytokines. COVID-19 associated im-
the of

immune-mediated conditions such as GBS.* In our

mune dysregulation increases risk
case series, IL levels were not studied in the acute pe-
riod of COVID-19. Therefore, we think that high fer-
ritin levels only in the acute period can be associated
with complications in the post-COVID period. It sho-
uld also be considered that prospective studies will
be needed to examine long-term complications in pa-

tients who have had a cytokine storm.

Common patient characteristics in this series be-
sides COVID-19 were increased ferritin levels. Fer-
ritin is a key mediator of immune dysregulation,
especially under hyperferritinemia, via immune supp-
ressive and pro-inflammatory effects. It can be tho-
ught that patients with hyper ferritinemia will
experience more severe COVID-19 related compli-
cations.*** Laboratory findings in patients with se-
vere COVID-19
cytokine storm involving elevated inflammatory mar-

showed data consistent with

kers, including ferritin, which has been associated
with critical and life-threatening illness.** The height
of ferritin detected during the COVID-19 period also
requires more caution in terms of polyneuropathy that
may develop. An important question regarding the
pathophysiology of GBS following COVID-19 is
whether it reflects a para-infectious response related
to the acute inflammation or a true post-infectious im-
mune-mediated response.?’*¢ The case would give
credence to the hypothesis that it is the immune res-
ponse to COVID-19 and not the virus itself or the
acute vascular changes that underly the pathophysio-
logy of long COVID-19 syndrome.?” Although the in-
terval between COVID-19 and GBS was 21.5 days
on average.

In our series clinically, there were no symptoms
of autonomic dysfunction in the patients during the
GBS period. Considering that further tests were not
conducted. This could be attributed to long latency
period of our patients. In the review by Abu-Rumei-
leh et al., autonomic disturbances were reported in
16.7% of GBS cases associated with COVID-19.%
However, Milovanovic et al detected significant car-
diovascular autonomic neuropathy in COVID-19 pa-
tients during the early phase of infection when
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compared to controls even an increased risk of sud-
den cardiac death.®

I CONCLUSION

Our knowledge about the COVID-19 pandemic is
still very limited as the disease is still evolving with
new mutants and continuing efforts for vaccination
and new treatment models. Accordingly, there is li-
mited data to yield any conclusion about the short and
long term consequences. There are also racial and so-
cioeconomic differences among countries that reflect
the immune response, disease course, complications
and mortality rates. We add to the literature 16 cases
of GBS related to COVID-19 infection supporting the
SARS-Cov-2 virus could be a triggering factor of
GBS. The high number of women in our case series
and the presence of motor axonal and motor-sensory
axonal electrophysiological findings in the ENMG
examination were not compatible with the literature.
With this case series, we can suggest that acute poly-
neuropathy occurring after COVID-19 should be add-
ressed from this perspective. In addition to classical
GBS cases, whether there will be an increase in

detailed studies. Therefore, with more comprehen-
sive studies, new targets should be determined for
both etiology and treatment in post-COVID period
GBS. Studies assisted by histopathological evidence
could show us the fate of patients with axonal neuro-
pathy, which occurs acutely but can be reflected in
the chronic period. However, more cases with epide-
miological data should be studied and future investi-
gations should be carried out in this regard.
Awareness of the possible causal association between
acute polyneuropathy and COVID-19, recommends
long-term follow-up of COVID-19 patients for neu-
rologic complications. Finally, it is recognized that
research on the relationship between COVID-19 and
the nervous system surely would not be limited to
the current period but would also serve basis for
providing knowledge and treatment for future pan-
demics.
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