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Abstract \
Pain is a common symptom accompanying the coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). Nonspecific discomfort such as sore throat and body ache are frequent. Parainfectious
pain such as headache, myalgia, or neuropathic pain has also been reported. The latter seems to be associated with an
autoimmune response or an affection of the peripheral neuromuscular system or the central nervous system because of the viral
infection. Furthermore, chronic pain can be a complication of intensive care unit treatment due to COVID-19 itself (such as intensive
care—acquired weakness) or of secondary diseases associated with the SARS-CoV-2 infection, including Guillain—Barré syndrome,
polyneuritis, critical illness polyneuropathy, or central pain following cerebrovascular events. Data on long-lasting painful symptoms
after clinically manifest COVID-19 and their consequences are lacking. In addition, preexisting chronic pain may be exacerbated by
limited and disrupted health care and the psychological burden of the COVID-19 pandemic. Medical providers should be vigilant on
pain during and after COVID-19.
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1. Introduction

Pain is a common symptom accompanying the coronavirus
disease 2019 (COVID-19).2%84 Acute pain along with respiratory
infection may be classified as localized (eg, sore throat or
pharyngalgia), remote pain (eg, headache), or generalized
discomfort (eg, body ache, limb, or muscle and joint pain).
Furthermore, COVID-19-associated pain may occur as a
consequence of either the neurotropic properties of the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) or an
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autoimmune response to the virus.® Although several potential
pathomechanisms have been discussed,?®' the exact mecha-
nisms underlying the various persistent pain syndromes associ-
ated with COVID-19 are unknown.823

This narrative review aims to update and sensitize the
readership to pain as a relevant COVID-19 complication. The
MEDLINE database was searched for the free text terms “COVID-
19” or “SARS-CoV-2” combined with the terms “acute pain” or
“chronic pain” (for synonyms, see Table 1) in adults among
publications in only German or English until 10/02/2020.
Additional citations were obtained from references of the
identified publications and ongoing registered trials on the
German Clinical Trials Register (https://www.drks.de/drks_
web). There were no restrictions on the publication type. First,
incidences of any acute pain during COVID-19 in Germany and
worldwide will be summarized; second, disorders accompanying
CQOVID-19 that increase the risk for the development of persistent
pain will be reported. Third, implications for patients with chronic
pain will be discussed.

2. Acute pain associated with the infection but not
specific to COVID-19

Aside from the main clinical signs indicating a respiratory infection,
such as cough (46%), fever (39%), and rhinorrhea (21%), different
pain conditions have been described as occurring during infection
with SARS-CoV-2.5" In the first days of COVID-19 infection,
patients complain about acute pain in proximity to the respiratory
tract, such as sore throat or pharyngalgia. Furthermore, remote
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COVID-19-associated acute and subacute pain.

Painful symptoms German International  Potential underlying References (examples)
(synonyms) incidence incidence in % causes/pathologies Case reports* Observational trials or _ Systematic reviewst
in % retrospective records  (n = total included
(n = total included trials)
patients)
Sore throat and throat ~ 4-8.5 5.1-44.4 Local infection of the upper Bhatraju 2020 (n = 24)°  Dreher 2020 (n = 50,22  Li 2020 (n = 10),*
pain respiratory tract Guan 2020 (n = 1099),%> Rodriguez-Morales 2020
Gudbjardsson 2020 (n = (0 = 19)%
1321),% and Mao 2020 (n
=214
Pharyngalgia 2 13.1-17.4 Local infection of the upper n.f. Dreher 2020 (0 = 50,2  Zhu 2020 (n = 38)%
respiratory tract Wang 2020 (n = 138)
Body ache nf. 7.7-28.38 Cytokine release during  Aksan 2020 (n = 1)' Guan 2020 (n = 1099),%2 n.f.
common cold Gudbjardsson 2020 (n =
1321)%
Limb or joint painand  nf. 2-14.9 Arthritis nf. Yang 2020 (n = 52)% nf.
arthralgia
Chest pain, chest nf. 2-35.7 Pneumonia, cough, lower ~ Greenan-Barrett (n = 4% Yang 2020 (0 = 52)%8  Zhu 2020 (n = 38)*
tightness, and angina respiratory tract sign,
myocarditis, and
thromboembolism
Abdominal pain nf. 2.2-4.7 Diarrhea, gastroenteritis ~ Gahide 2020 (n = 3),2®6  Mao0 2020 (0 = 214)%%  Zhu 2020 (n = 38)*
and acute abdomen Saeed (n = 9)% Wang 2020 (n = 138)%
Headache 2 2-71.1 Meningeal affection Bhatraju (n = 24),° Filatov  Chen (n = 99),"® Dreher  Asadi-Pooya 2020
accompanying 2020 (n = 1)% 2020 (0 = 50),%2 Guan (0 = 2),° Chen 2020
cerebrovascular events, 2020 (n = 1099),%? (h = 92)," Li 2020
encephalitis, meningitis, Gudbjardsson 2020 (n = (0 = 10),*” Rodriguez-
intracerebral hemorrhage, 1321),%3 Huang 2020 (n = Morales 2020 (n = 19),%
encephalopathy, cranial 41),% Liu 2020 (n = 30),° Tsai 2020 (n = 79),”°
polyneuritis, inflammatory Mao 2020 (n = 214),%°  Tolebeyan 2020
(activation of nociceptive Tian 2020 (n = 262),"° (0 = 20),”* and Zhu 2020
sensory neurons by Tostmann (n = 20),® (nh = 38)%
cytokines and Wang 2020 (n = 138),22
chemokines), viral neuro- Xu 2020 (n = 62),% and
invasion, hypoxemia, and Yang 2020 (n = 52)%
thrombosis secondary to
COVID—19-induced hyper-
coagulable states
Myalgia, muscle pain, 12 3.2-76.9 Myositis, ICU-acquired nf. Dreher 2020 (n = 50,22 Li 2020 (n = 10),*
skeletal muscle injury/ weakness, critical illness Guan 2020 (n = 1099),%2 Rodriguez-Morales 2020
pain, muscle ache, and myopathy; generalized Huang 2020 (0 = 41),*"  (n = 19),% Tsai 2020
muscle soreness inflammation and cytokine Mao 2020 (0 = 214)%2 (0 = 79),”° and Zhu 2020
response Wang 2020 (0 = 138)82 (0 = 38)%
Xu 2020 (n = 62),%° Yang
(n = 52),%8 and Zhou 2020
(n = 191)*°
Neuralgia, neuropathic  n.f. 2.3 Guillain-Barré syndrome, ~ Aksan 2020 (n = 1), Mao 2020 (n = 214)% n.f.
pain, and nerve pain Miller—Fisher syndrome, Alberti 2020 (n = 1),2
and critical illness Sedaghat 2020 (n = 1),%°
polyneuropathy Toscano 2020 (n = 1),”°
and Zhao 2020 (n = 1)%°

* Incidences were only included if publications included at least 5 cases.
T Partially including duplicates to mentioned observational trials.
n.f., none found.

pain such as headache, abdominal, or chest pain, or generalized
pain such as body ache, limb, or muscle and joint pain have been
reported in the literature (Table 1). Of these acute pain
manifestations, headache and myalgia are the most common
and may occur in up to 71% of patients.*>”*7® Headache seems
to be heterogeneous and may have similarities with migraine,
tension-type headache, and trigeminal autonomic cephalgia.®®
The occurrence of pain symptoms seems to be potentiated if
patients are infected with SARS-CoV-2 and influenza virus
simultaneously.2! Thus, acute pain seems to represent a clinically
relevant manifestation of COVID-19. Generally, symptoms seem to

be similar to those accompanying a common cold. However, joint
and chest pain in particular, and less often headache and myalgia,
seem to persist in up to one-fifth of the patients for up to 2
months."! Possible mechanisms are discussed further below.
Currently, there are little published data from Germany on the
issue of acute pain during COVID-19. The first 50 patients treated
at the Aachen University Hospital initially reported an internation-
ally comparable frequency of pain symptoms such as pharyng-
algia (2%) or sore throat (4%), without relevant differences
between those who developed acute respiratory distress
syndrome later and those who did not.22 Adults suffered less
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frequently from sore throat compared with a cohort of German
children, who were examined between May and August 2020; in
this cohort, sore throat had an overall incidence of 8.5% among
children <14 years but was more frequent in older children.®?

3. Acute pain associated with neurological
complications of COVID-19

The above-mentioned nonspecific complaints due to acute
infection of the respiratory pathways should be differentiated
from more specific symptoms that arise as a consequence of
neurological manifestations in patients with SARS-CoV-2 in-
fection.®"24428082 pain has been described because of in-
volvement of the peripheral (PNS) and central nervous system
(CNS) (Table 1). A recent review identified myalgia as the fifth
most common symptom during COVID-19.%2 In one of the first
publications on neurological manifestations in hospitalized
patients due to COVID-19, CNS disorders were reported in
25% and PNS symptoms in 9%, with 5% of the latter described as
being cases of neuropathic pain (but without a specified definition
in this study), and 23% had muscle affection.®?

Some coronaviridae members, such as SARS-CoV, Middle
East respiratory syndrome (MERS-CoV), and the human coro-
naviruses HCoV-229E and HCoV-0C43, have been attributed a
neuroinvasive character.'®488% Hence, because of the probabil-
ity of a similar pathogenesis, the neurotropism of SARS-CoV-2
has been discussed as one potential mechanism for the direct
affection of the CNS and PNS.'®8791 Although the exact
mechanisms are not known thus far, routes of entry to the CNS
might include breaching of the blood—brain barrier, the olfactory
bulb, or the vagus nerve, whereas direct nerve or muscle injury
might be one reason for the observed neuropathy or myopathy.'

It is also possible that immunologic processes, including
molecular mimicry between viral proteins and the proteins of the
peripheral nerves (gangliosides), might underlie neuromuscular
symptoms during acute COVID-19. To date, several reports on
Guillain-Barré  syndrome  (GBS) from different coun-
tries, 346069788189 in iy ding Germany, *4%” or GBS variants such
as cranial polyneuritis and Miller—Fisher syndrome, have been
reported to be associated with COVID-19.%4 Pain in GBS is often
overlooked; although in a previous prospective study on 156
patients with GBS or GBS variants before the current pandemic,
66% of patients reported pain in the acute phase of disease; in
36% of patients, pain was already present in the 2 weeks pre-
ceding the onset of other symptoms such as weakness.®*

SARS-CoV-2-induced myopathy (or myositis) might explain
the relatively high proportion of patients with myalgia and fatigue
(44%-70%) and the increased serum concentration of creatine
kinase (CK) > 200 U/L (33%) in the group of patients hospitalized
due to COVID-19.28% Myalgia and increased serum CK
concentrations?>®® or rhabdomyolysis'>"® were reported in
about one-third of patients infected by other coronaviruses as
an indication of a potential viral myositis. Unfortunately, there are
no data available yet on further diagnostics in patient populations
assessed during the current pandemic, such as electromyogra-
phy, imaging of skeletal muscle, or histological findings. However,
the relatively low cut-off value of >200 U/L, which was used to
define the CK increase,®® does not allow the differentiation
between myogenic or neurogenic origin, because a slight
increase in CK might also be related to neuropathies of a different
origin, whereas in the course of myositis, significantly higher
serum CK concentrations are usually expected.*® From a
pathomechanistic point of view, both direct nerve and muscle
affection as well as an autoimmune reaction might potentially play
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a role. A SARS-CoV-induced cytokine storm could be hypoth-
esized as one possible underlying mechanism for the symptom
complex of persistent myalgia and fatigue while also explaining
other symptoms such as parainfectious headache and joint
pain.%’

Reports from Germany on this topic are rare. The only available
source refers to the first 50 patients treated at the Aachen
University Hospital, for whom headache was reported in 2% and
myalgia in 12%,22 in the lower range of incidence compared with
the international data.

4. Postinfectious pain associated with expected
long-term complications

Currently, there are very little data on the long-term complications
of COVID-19. In one study, an Italian cohort of 143 patients was
assessed 60.3 + 13.6 days after onset of the first COVID-19
symptoms; a high proportion of individuals still reported pain, with
the most frequent types being joint pain (27.3%) and chest pain
(21.7%), followed by headache and myalgia."" In a cohort of 120
French patients, the only reported pain symptom from a list of
postdischarge persistent symptoms after a mean of 110.9 days
was chest pain, which was reported in 10.8% of patients.?® In a UK
cohort of 100 patients, pain was the sixth most frequently reported
persistent symptom on average 48 days after discharge, especially
in patients who had been treated at an intensive care unit (ICU;
30%) but also in about 15% of the ward patients.3® Furthermore,
regarding the recommended prone position during moderate to
severe acute respiratory distress syndrome due to SARS-CoV2,
complications such as peripheral nerve injury have recently been
reported,®® which may lead to chronic neuropathic pain.

Along with pain, critical illness neuropathy (CIN) and myopathy
(CIM; both CINM) have been found to be very common in patients
who are seriously ill due to coronavirus infection.*4"® According
to the current clinical experience, patients who receive ICU
treatment due to COVID-19 very often develop motor deficits at
an early stage, which could be due to CINM. Until now, it has
remained unclear whether CINM after COVID-19 develops faster
and is more pronounced than CINM after ICU treatment due to
other primary diseases. However, beacuse CINM is known to be
associated with factors such as disease severity, the presence of
an acute respiratory distress syndrome, the use of the prone
position,® and neuromuscular blocking” high incidences should
be expected because of their association with the course of
COVID-19 treatment. It is well known that patients with CINM
report pain, dysesthesia, and motor weakness that negatively
affect their quality of 1ife.>*°%5¢ |n Germany, outside of the
mention of 2 cases of CIN of 38 critically ill COVID-19 patients,®”
medium-term®® and long-term data are lacking. International data
on the medium-term and long-term outcome of ICU-acquired
weakness after treatment for COVID-19 are also rare and
restricted to single case reports. In ltaly, the case of a 62-year-
old female COVID-19 patient who developed diffuse and
symmetrical muscle weakness after a long stay in the ICU was
followed 60 days after initiating rehabilitation; functional impair-
ment improved except for mild weakness in her lower limb
proximal muscles.®

In GBS, most attention is given to the progression of weakness
and its recovery. However, in a previous prospective study before
the current pandemic, 38% of the patients reported pain even
after 1 year,®* and residual sensory impairment, including pain
symptoms, persisted in 33% even 2 years after onset.?’
Therefore, pain as a symptom in patients with GBS associated
with COVID-19 requires attention.
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Furthermore, it has been recognized that cerebrovascular
events are an important neurological manifestation of COVID-
19,8 including both ischaemic stroke’?®' and intracerebral
haemorrhage.8! A German multicentre study on 165 patients
hospitalized for COVID-19 reported an increased risk of acute
stroke among patients with severe COVID-19.”" Although long-
term data from cohorts with COVID-19-associated cerebrovas-
cular diseases are lacking, it is generally known that poststroke
pain, including central neuropathic pain, spasticity-induced pain,
musculoskeletal pain, and headache, has an overall prevalence
of up to 65%, with differences depending on the pain type and
follow-up period (overview in Refs. 36, 77), and remains under-
diagnosed and undertreated. Nevertheless, poststroke pain is
associated with the presence of depression, cognitive dysfunc-
tion, and impaired quality of life.®® These aspects should also be
considered in the rehabilitation of patients with COVID-19-
associated cerebrovascular diseases.

Other factors may also induce pain symptoms among COVID-
19 patients. Single case reports have described encephalitis®’
and encephalopathy?® as complications of COVID-19. Although
these conditions can be theoretically associated with persistent
chronic pain, the available data are rare.

Importantly, limited access to rehabilitation services due to
ongoing lockdowns and reduced health care services may
potentially impact the resolution or chronification of pain
symptoms.

5. Impact of the COVID-19 pandemic on chronic
pain patients

Because of compromised health care services and their limited
accessibility during the pandemic, socioeconomic disadvan-
tages, and exposure to enhanced psychological stressors (eg,
because of social disconnection or the risks of increased social
proximity), patients with chronic pain may experience an
exacerbation of symptoms. ':388%:70 Therefore, special recom-
mendations for the care of chronic pain'®"° and palliative care
patients®® have recently been published.

Interestingly, in a study investigating 43 chronic German pain
patients within the first 2 weeks after the initial lockdown (ie,
including, among other restrictions, prohibitions of private
gatherings of any kind, closures of recreational and day-care
facilities as well as schools, closures of shops not urgently
needed for dalily life, cancellations of all planned admissions to
hospitals that were not emergency-related, strict regulations for
the visitation of patients in hospitals or nursing homes,
cancellations of public events, and travel restrictions), pain
intensity remained stable or even improved.*' In this time period,
only 11.6% of the entire cohort reported a pandemic-associated
worsening of pain, whereas 48.8% reported a worsening of
mood. Rumination scores of the pain catastrophizing scale also
decreased during that time. Further analysis revealed that
patients who had experienced a change in social life as a
consequence of pandemic restrictions had higher pain ratings
than those without, and feelings of helplessness increased in
those patients with higher pain ratings.*' The results therefore
suggest a shift of attention from the chronic pain condition
towards the imminent threat of a global pandemic at the
beginning of the lockdown.*' In view of the often postulated
stages that are passed through in the course of pandemics,? it
seems plausible that patients were still in the so-called “heroic” or
“honeymoon” phase at the time of the survey. These findings are
somewhat supported by the results of another German pre-
liminary study, in which 56.3% of 197 patients reported a stable
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condition, 37.1% an increase, and 6.6% a decrease of pain
intensity within the early phase of the lockdown.®®

To investigate the development of the assessed parameters in
the course of the pandemic will therefore be of great interest,
especially because 82 participants (73.2%) in another German
study reported a worsening of their pain disorder in the later
pandemic phase.*®> However, these self-reported subjective
worsening of the pain disorder could not be confirmed when
comparing the data on current pain intensity to results of previous
data assessment before the pandemic. The authors therefore
hypothesized that although the subjective impact is considered
high, chronic pain is a relatively stable disease that does not
undergo relevant changes due to external factors such as the
COVID-19 pandemic.*® To the best of our knowledge, similar
studies from other countries with different pandemic courses
have not yet been published. Follow-up examinations regarding
differences in pandemic restrictions in various countries are
therefore needed to more closely investigate the impact of the
COVID-19 pandemic on chronic pain.

6. Limitations

Since the beginning of the pandemic, a multitude of
COVID-19-related case reports and other articles have been
published on a daily basis. Hence, reviews are almost
immediately outdated. Most available data are from countries
in Asia, likely because of it being the location at which the
pandemic launched. Most data are also from hospitalized
patients with moderate and more often severe courses of
illness. For the benefit of clinical care, knowledge is mostly
obtained from retrospectively assessed data, not registered
trials, preprints, single case reports, or hosts of reviews
focusing on repetitive issues using heterogenous definitions,
which is an approach that has recently been criticized for partly
compromising data quality.'® Furthermore, during the litera-
ture search, it is difficult to differentiate between reports on
newly obtained data and repeatedly analysed data. Thus, we
have chosen a subjective selection of the most significant
citations without claiming to be comprehensive. Reliable data
of long-term outcomes should not be expected before 2021.

7. Resumé and outlook

Prospectively and systematically assessed data on the incidence
and prevalence of acute and persistent pain symptoms due to
coronavirus infections, especially COVID-19, and the exact
pathomechanisms are missing. Current knowledge suggests
that pain accompanying COVID-19 might result from viral
neurotropic properties, activation of nociceptive sensory neurons
by cytokines and chemokines, direct affection of peripheral nerve
and muscles, and autoimmune reactions having the potential to
increase the incidence of chronic pain syndromes and worsen
preexisting chronic pain states. In addition, the social and
economic consequences of the pandemic may impact pain.
Therefore, health care providers should be vigilant to pain during
and after COVID-19.

Investigations into increase of incidences of persistent pain
related to the current pandemic and complications for patients
with chronic pain related to the current pandemic are planned or
have already started. As preventive therapeutic procedures within
acute treatment and rehabilitation protocols are known to be
promising, special programmes should be established for post—
COVID-19 patients to prevent persistent neuromuscular symp-
toms, including pain.*°



6 (2021) €893

Disclosures

The authors have no conflict of interest to declare.

Acknowledgments

CMF received grants from German Social Accident Insurance
(DGUV FR285) and FORUM (F961-19) of the Ruhr University
Bochum, Germany. EEK holds an endowed professorship funded
by the German Social Accident Insurance (DGUV) for the time of 6
years (2020-2026).

Article history:

Received 13 October 2020

Received in revised form 8 December 2020
Accepted 11 December 2020

Available online 20 January 2021

References

[11 Aksan F, Nelson EA, Swedish KA. A COVID-19 patient with intense
burning pain. J Neurovirol 2020;26:800-1.

[2] Alberti P, Beretta S, Piatti M, Karantzoulis A, Piatti ML, Santoro P, Vigano
M, Giovannelli G, Pirro F, Montisano DA, Appollonio |, Ferrarese C.
Guillain-Barré  syndrome related to COVID-19 infection. Neurol
Neuroimmunol Neuroinflamm 2020;7:e741.

[8]  Almqyist J, Granberg T, Tzortzakakis A, Klironomos S, Kollia E, Ohberg C,
Martin R, Piehl F, Ouellette R, Ineichen BV. Neurological manifestations of
coronavirus infections—a systematic review. Ann Clin Transl Neurol
2020;7:2057-71.

[4] Arabi YM, Deeb AM, Al-Hameed F, Mandourah Y, Aimekhlafi GA, Sindi
AA, Al-Omari A, Shalhoub S, Mady A, Alraddadi B, Almotairi A, Al Khatib
K, Abdulmomen A, Qushmagq |, Solaiman O, Al-Aithan AM, Al-Raddadi R,
Ragab A, Al Harthy A, Kharaba A, Jose J, Dabbagh T, Fowler RA, Balkhy
HH, Merson L, Hayden FG; Saudi Critical Care Trials group. Macrolides in
critically ill patients with Middle East Respiratory Syndrome. Int J Infect Dis
2019;81:184-90.

[6] Asadi-Pooya AA, Simani L. Central nervous system manifestations of
COVID-19: a systematic review. J Neurol Sci 2020;413:116832.

[6] Bagnato S, Boccagni C, Marino G, Prestandrea C, D’Agostino T, Rubino
F. Critical illness myopathy after COVID-19. Int J Infect Dis 2020;99:
276-8.

[71 Baig AM. Neurological manifestations in COVID-19 caused by SARS-
CoV-2. CNS Neurosci Ther 2020;26:499-501.

[8] Berger JR. COVID-19 and the nervous system. J Neurovirol 2020;26:
143-8.

[9] Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR, Nalla AK,
Greninger AL, Pipavath S, Wurfel MM, Evans L, Kritek PA, West TE, Luks
A, Gerbino A, Dale CR, Goldman JD, O’Mahony S, Mikacenic C. Covid-
19in critically ill patients in the Seattle region—case series. N Engl J Med
2020;382:2012-22.

[10] Bramstedt KA. The carnage of substandard research during the COVID-
19 pandemic: a call for quality. J Med Ethics 2020;46:803-7.

[11] Carfi A, Bernabei R, Landi F. Gemelli against COVID-19 post-acute care
study group. Persistent symptoms in patients after acute COVID-19.
JAMA 2020;324:603-5.

[12] Chen L-L, Hsu C-W, Tian Y-C, Fang J-T. Rhabdomyolysis associated
with acute renal failure in patients with severe acute respiratory syndrome.
Int J Clin Pract 2005;59:1162-6.

[13] Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei
Y, Xia J, Yu T, Zhang X, Zhang L. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet 2020;395:507-13.

[14] Chen X, Laurent S, Onur OA, Kleineberg NN, Fink GR, Schweitzer F,
Warnke C. A systematic review of neurological symptoms and
complications of COVID-19. J Neurol 2020:1-11. doi: 10.1007/
s00415-020-10067-3 [Epub ahead of print].

[15] Clauw DJ, Hauser W, Cohen SP, Fitzcharles M-A. Considering the
potential for an increase in chronic pain after the COVID-19 pandemic.
PAIN 2020;161:1694-7.

[16] Correia AO, Feitosa PWG, Moreira JLdeS, Nogueira SAR, Fonseca RB,
Nobre MEP. Neurological manifestations of COVID-19 and other
coronaviruses: a systematic review. Neurol Psychiatry Brain Res 2020;
37:27-32.

www.painreportsonline.com 5

[17] Courcelle R, Gaudry S, Serck N, Blonz G, Lascarrou J-B, Grimaldi D.
Neuromuscular blocking agents (NMBA) for COVID-19 acute respiratory
distress syndrome: a multicenter observational study. Crit Care 2020;24:
446.

[18] Daly JL, Simonetti B, Klein K, Chen K-E, Williamson MK, Antén-
Plagaro C, Shoemark DK, Simoén-Gracia L, Bauer M, Hollandi R,
Greber UF, Horvath P, Sessions RB, Helenius A, Hiscox JA, Teesalu
T, Matthews DA, Davidson AD, Collins BM, Cullen PJ, Yamauchi Y.
Neuropilin-1is a host factor for SARS-CoV-2 infection. Science 2020;
370:861-5.

[19] Deer TR, Sayed D, Pope JE, Chakravarthy KV, Petersen E, Moeschler
SM, Abd-Elsayed A, Amirdelfan K, Mekhail N; ASPN COVID Workgroup.
Emergence from the COVID-19 pandemic and the care of chronic pain:
guidance for the interventionalist. Anesth Analg 2020;131:387-94.

[20] DeWolfe D, Deborah J. Training manual for mental health and human
service workers in major disasters. 2nd ed. 2000. Available at: https://
www.hsdl.org/?view&did=4017. Accessed October 10, 2020.

[21] Ding Q, Lu P, Fan Y, Xia Y, Liu M. The clinical characteristics of
pneumonia patients coinfected with 2019 novel coronavirus and influenza
virus in Wuhan, China. J Med Virol 2020;92:1549-55.

[22] Dreher M, Kersten A, Bickenbach J, Balfanz P, Hartmann B, Cornelissen
C, Daher A, Stohr R, Kleines M, Lemmen SW, Brokmann JC, Muller T,
Muller-Wieland D, Marx G, Marx N. The characteristics of 50 hospitalized
COVID-19 patients with and without ARDS. Dtsch Arztebl Int 2020;117:
271-8.

[23] Drozdzal S, Rosik J, Lechowicz K, Machaj F, Szostak B, Majewski P,
Rotter |, Kotfis K. COVID-19: pain management in patients with SARS-
CoV-2 infection-molecular mechanisms, challenges, and perspectives.
Brain Sci 2020:10:465.

[24] Ellul MA, Benjamin L, Singh B, Lant S, Michael BD, Easton A, Kneen R,
Defres S, Sejvar J, Solomon T. Neurological associations of COVID-19.
Lancet Neurol 2020;19:767-83.

[25] Fan CK, Yieh KM, Peng MY, Lin JC, Wang NC, Chang FY. Clinical and
laboratory features in the early stage of severe acute respiratory
syndrome. J Microbiol Immunol Infect 2006;39:45-53.

[26] Filatov A, Sharma P, Hindi F, Espinosa PS. Neurological complications of
coronavirus disease (COVID-19): encephalopathy. Cureus 2020;12:
e7352.

[27] Forsberg A, Press R, Einarsson U, de Pedro-Cuesta J, Widén Holmaqvist
L; Swedish Epidemiological Study Group. Impairment in Guillain-Barré
syndrome during the first 2 years after onset: a prospective study.
J Neurol Sci 2004;227:131-8.

[28] Gahide G, Frandon J, Vendrell J-F. COVID-19 patients presenting with
afebrile acute abdominal pain. Clin Med (Lond) 2020;20:e4-€6.

[29] Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze H, Doucet
L, Berkani S, Oliosi E, Mallart E, Corre F, Zarrouk V, Moyer J-D, Galy A,
Honsel V, Fantin B, Nguyen Y. Post-discharge persistent symptoms and
health-related quality of life after hospitalization for COVID-19. J Infect
2020:81:e4-€6.

[30] Greenan-Barrett J, Perera A. COVID-19 and pulmonary emboli: a case
series and literature review. Clin Pract Cases Emerg Med 2020;4:
299-303.

[31] Guadarrama-Ortiz P, Chorefio-Parra JA, Sanchez-Martinez CM,
Pacheco-Sénchez FJ, Rodriguez-Nava Al, Garcia-Quintero G.
Neurological aspects of SARS-CoV-2 infection: mechanisms and
manifestations. Front Neurol 2020;11:1039.

[32] Guan W-J, NiZ-Y, Hu 'Y, Liang W-H, Ou C-Q, He J-X, Liu L, Shan H, Lei
C-L, Hui DSC, Du B, Li L-J, Zeng G, Yuen K-Y, Chen R-C, Tang C-L,
Wang T, Chen P-Y, Xiang J, Li S-Y, Wang J-L, Liang Z-J, Peng Y-X, Wei
L, LiuY, HuY-H, Peng P, Wang J-M, Liu J-Y, Chen Z, Li G, Zheng Z-J, Qiu
S-Q, Luo J, Ye C-J, Zhu S-Y, Zhong N-S. China medical treatment expert
group for covid-19. Clinical characteristics of coronavirus disease 2019 in
China. N Engl J Med 2020;382:1708-20.

[383] Gudbjartsson DF, Helgason A, Jonsson H, Magnusson OT, Melsted P,
Norddahl GL, Saemundsdottir J, Sigurdsson A, Sulem P, Agustsdottir
AB, Eiriksdottir B, Fridriksdottir R, Gardarsdottir EE, Georgsson G,
Gretarsdottir OS, Gudmundsson KR, Gunnarsdottir TR, Gylfason A,
Holm H, Jensson BO, Jonasdottir A, Jonsson F, Josefsdottir KS,
Kristiansson T, Magnusdottir DN, le Roux L, Sigmundsdottir G,
Sveinbjornsson G, Sveinsdottir KE, Sveinsdottir M, Thorarensen EA,
Thorbjornsson B, Léve A, Masson G, Jonsdottir I, Méller AD, Gudnason
T, Kristinsson KG, Thorsteinsdottir U, Stefansson K. Spread of SARS-
CoV-2 in the Icelandic population. N Engl J Med 2020;382:2302-15.

[34] Gutiérrez-Ortiz C, Méndez-Guerrero A, Rodrigo-Rey S, San Pedro-
Murillo E, Bermejo-Guerrero L, Gordo-Manas R, de Aragon-Gémez F,
Benito-Ledn J. Miller Fisher syndrome and polyneuritis cranialis in COVID-
19. Neurology 2020;95:e601-5.


https://www.hsdl.org/?view&tnqh_x0026;did=4017
https://www.hsdl.org/?view&tnqh_x0026;did=4017
www.painreportsonline.com

6 C.H. Meyer-FrieBem et al. 6 (2021) €893

[35] Halpin SJ, Mclvor C, Whyatt G, Adams A, Harvey O, McLean L, Walshaw
C, Kemp S, Corrado J, Singh R, Collins T, O’Connor RJ, Sivan M.
Postdischarge symptoms and rehabilitation needs in survivors of COVID-
19 infection: a cross-sectional evaluation. J Med Virol 2020;93:1013-22.

[36] Harrison RA, Field TS. Post stroke pain: identification, assessment, and
therapy. Cerebrovasc Dis 2015;39:190-201.

[37] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X,
Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao
H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical
features of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 2020;395:497-506.

[38] Javed S, Hung J, Huh BK. Impact of COVID-19 on chronic pain patients:
a pain physician’s perspective. Pain Manag 2020;10:275-7.

[39] Karos K, McParland JL, Bunzli S, Devan H, Hirsh A, Kapos FP, Keogh E,
Moore D, Tracy LM, Ashton-James CE. The social threats of COVID-19
for people with chronic pain. PAIN 2020;161:2229-35.

[40] Kemp HI, Corner E, Colvin LA. Chronic pain after COVID-19: implications
for rehabilitation. Br J Anaesth 2020;125:436-40.

[41] Kersebaum D, Fabig SC, Sendel M, Sachau J, Lassen J, Rehm S,
Hullemann P, Baron R, Gierthmihlen J. The early influence of COVID-19
pandemic-associated restrictions on pain, mood, and everyday life of
patients with painful polyneuropathy. PAIN Rep 2020;5:e858.

[42] Khatoon F, Prasad K, Kumar V. Neurological manifestations of COVID-
19: available evidences and a new paradigm. J Neurovirol 2020;26:
619-30.

[43] Kley RA, Schmidt-Wilcke T, Vorgerd M. Differential diagnosis of
HyperCKemia. Neurol Int Open 2018;02:E72-83.

[44] Lampe A, Winschel A, Lang C, Steiner T. Guillain-Barré syndrome and
SARS-CoV-2. Neurol Res Pract 2020;2:19.

[45] Lassen C, Siam L, Degenhardz A, Bundscherer A, Klier T, Lindenberg N.
PO020: einfluss der COVID-19 Pandemie auf das Schmerzerleben von
Patienten einer interdisziplindren Schmerzambulanz. Schmerzkongress
2020. Available at: https://events.mcon-mannheim.de/frontend/index.
php?page_id=54248&v=List&do=15&day=366&ses=9512#.

[46] Leung TW. Myopathic changes associated with severe acute respiratory
syndrome: a postmortem case series. Arch Neurol 2005;62:1113-17.

[47] LiL-Q, Huang T, Wang Y-Q, Wang Z-P, Liang Y, Huang T-B, Zhang H-Y,
Sun W, Wang Y. COVID-19 patients’ clinical characteristics, discharge
rate, and fatality rate of meta-analysis. J Med Virol 2020;92:577-83.

[48] Li Y-C, Bai W-Z, Hashikawa T. The neuroinvasive potential of SARS-
CoV2 may play a role in the respiratory failure of COVID-19 patients.
J Med Virol. 2020;92:552-55.

[49] LiuM, He P, LiuHG, Wang XJ, LiFJ, Chen S, Lin J, Chen P, Liu JH, Li CH.
Clinical characteristics of 30 medical workers infected with new
coronavirus pneumonia [in Chinese]. Zhonghua Jie He He Hu Xi Za Zhi
2020;43:209-14.

[50] Malik GR, Wolfe AR, Soriano R, Rydberg L, Wolfe LF, Deshmukh S, Ko
JH, Nussbaum RP, Dreyer SD, Jayabalan P, Walter JM, Franz CK. Injury-
prone: peripheral nerve injuries associated with prone positioning for
COVID-19-related acute respiratory distress syndrome. Br J Anaesth
2020;125:e478-80.

[51] Mangalmurti N, Hunter CA. Cytokine storms: understanding COVID-19.
Immunity 2020;53:19-25.

[62] Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y,
Wang D, Miao X, Li Y, Hu B. Neurologic manifestations of hospitalized
patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurol
2020;77:683-90.

[53] Meyer-FrieBem CH, Malewicz NM, Rath S, Ebel M, Kaisler M, Tegenthoff
M, Schildhauer TA, Pogatzki-Zahn EM, Maier C, Zahn PK. Incidence, time
course and influence on quality of life of intensive care unit-acquired
weakness symptoms in long-term intensive care survivors. J Intensive
Care Med 2020:885066620949178. doi: 10.1177/0885066620949178
[Epub ahead of print].

[54] Montalvan V, Lee J, Bueso T, De Toledo J, Rivas K. Neurological
manifestations of COVID-19 and other coronavirus infections: a
systematic review. Clin Neurol Neurosurg 2020;194:105921.

[65] Munch U, Mdller H, Deffner T, von Schmude A, Kern M, Kiepke-Ziemes S,
Radbruch L. Recommendations for the support of suffering, severely ill,
dying or grieving persons in the corona pandemic from a palliative care
perspective : Recommendations of the German Society for Palliative
Medicine (DGP), the German Interdisciplinary Association for Intensive
and Emergency Medicine (DIVI), the Federal Association for Grief
Counseling (BVT), the Working Group for Psycho-oncology in the
German Cancer Society, the German Association for Social Work in the
Healthcare System (DVSG) and the German Association for Systemic
Therapy, Counseling and Family Therapy (DGSF) [in German]. Schmerz
2020;34:303-13.

PAIN Reports®

[56] Nasuelli NA, Pettinaroli R, Godi L, Savoini C, De Marchi F, Mazzini L,
Crimaldi F, Pagni A, Pompa CP, Colombo D. Critical illness neuro-
myopathy (CINM) and focal amyotrophy in intensive care unit (ICU)
patients with SARS-CoV-2: a case series. Neurol Sci 2020. doi: 10.1007/
$10072-020-04820-9 [Epub ahead of print].

[57] Notz Q, Lotz C, Herrmann J, Vogt M, Schlesinger T, Kredel M, Muellges
W, Weismann D, Westermaier T, Meybohm P, Kranke P. Severe
neurological complications in critically il COVID-19 patients. J Neurol
2020:1-4.

[68] Pati S, Goodfellow JA, lyadurai S, Hilton-Jones D. Approach to critical
illness polyneuropathy and myopathy. Postgrad Med J 2008;84:354-60.

[59] Porta-Etessam J, Matias-Guiu JA, Gonzalez-Garcia N, Gémez Iglesias P,
Santos-Bueso E, Arriola-Villalobos P, Garcia-Azorin D, Matias-Guiu J.
Spectrum of headaches associated with SARS-CoV-2 infection: study of
healthcare professionals. Headache 2020;60:1697-704.

[60] Rahimi K. Guillain-Barre syndrome during COVID-19 pandemic: an
overview of the reports. Neurol Sci 2020;41:3149-56.

[61] Robert Koch Institute (RKI). COVID-19 in Germany. Available at: https://
www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Steckbrief.
html. Accessed September 25, 2020.

[62] Robert Koch Institute (RKI). First quarterly report (I1/2020) of German
children day care. Available at: https://www.rki.de/DE/Content/INfAZ/N/
Neuartiges_Coronavirus/Projekte_RKI/KiTAStudie_Quartallll_2020.pdf?
__blob=publicationFile&fbclid=IwAR2FEmwXYy8k_JHe4uJiXkrl2b-
ZiXpdDVJYILJKo-CnLQBpxGIQNgZ06K8. Accessed September 25,
2020.

[63] Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E,
Villamizar-Pena R, Holguin-Rivera Y, Escalera-Antezana JP, Alvarado-
Arnez LE, Bonilla-Aldana DK, Franco-Paredes C, Henao-Martinez AF,
Paniz-Mondolfi A, Lagos-Grisales GJ, Ramirez-Vallejo E, Suérez JA,
Zambrano LI, Villamil-Gémez WE, Balbin-Ramon GJ, Rabaan AA,
Harapan H, Dhama K, Nishiura H, Kataoka H, Ahmad T, Sah R,Latin
American Network of Coronavirus Disease 2019-COVID-19 Research
(LANCOVID-19). Clinical, laboratory and imaging features of COVID-19: a
systematic review and meta-analysis. Trav Med Infect Dis 2020;34:
1016283.

[64] Ruts L, Drenthen J, Jongen JLM, Hop WCJ, Visser GH, Jacobs BC, van
Doorn PA; Dutch GBS Study Group. Pain in Guillain-Barre syndrome: a
long-term follow-up study. Neurology 2010;75:1439-47.

[65] Saeed U, Sellevoll HB, Young VS, Sandbaek G, Glomsaker T, Mala T.
Covid-19 may present with acute abdominal pain. Br J Surg 2020;107:
e186-7.

[66] van der Schaaf M, Beelen A, de Vos R. Functional outcome in
patients with critical iliness polyneuropathy. Disabil Rehabil 2004;
26:1189-97.

[67] Scheidl E, Canseco DD, Hadji-Naumov A, Bereznai B. Guillain-Barré
syndrome during SARS-CoV-2 pandemic: a case report and review of
recent literature. J Peripher Nerv Syst 2020;25:204-7.

[68] Schurer L, MiBgens D, Frettloh J, Sorgatz H, Ludwig L, Marx J, Bingel U.
PO072: effekte der Covid-19-Pandemie auf das Schmerzerleben chronischer
Schmerzpatienten. Schmerzkongress 2020. Available at: https://events.
mcon-mannheim.de/frontend/index.php?page_id=5424&v=List&do=
15&day=3668ses=9512#. Accessed September 22, 2020.

[69] Sedaghat Z, Karimi N. Guillain Barre syndrome associated with COVID-
19 infection: a case report. J Clin Neurosci 2020;76:233-5.

[70] ShanthannaH, Strand NH, Provenzano DA, Lobo CA, Eldabe S, Bhatia A,
Wegener J, Curtis K, Cohen SP, Narouze S. Caring for patients with pain
during the COVID-19 pandemic: consensus recommendations from an
international expert panel. Anaesthesia 2020;75:935-44.

[71] Siepmann T, Sedghi A, Simon E, Winzer S, Barlinn J, de With K, Mirow L,
Wolz M, Gruenewald T, Schroettner P, von Bonin S, Pallesen L-P,
Rosengarten B, Schubert J, Lohmann T, Machetanz J, Spieth P, Koch T,
Bornstein S, Reichmann H, Puetz V, Barlinn K. Increased risk of acute
stroke among patients with severe COVID-19: a multicenter study and
meta-analysis. Eur J Neurol 2021;28:238-47.

[72] Tan Y-K, Goh C, Leow AST, Tambyah PA, Ang A, Yap E-S, Tu T-M,
Sharma VK, Yeo LLL, Chan BPL, Tan BYQ. COVID-19 and ischemic
stroke: a systematic review and meta-summary of the literature. J Thromb
Thrombolysis 2020;50:587-595.

[73] Tian S, Hu N, Lou J, Chen K, Kang X, Xiang Z, Chen H, Wang D, Liu N, Liu
D, Chen G, zZhang Y, Li D, Li J, Lian H, Niu S, Zhang L, Zhang J.
Characteristics of COVID-19 infection in Beijing. J Infect 2020;80:401-6.

[74] Tolebeyan AS, Zhang N, Cooper V, Kuruvilla DE. Headache in patients
with severe acute respiratory syndrome coronavirus 2 infection: a
narrative review. Headache 2020;60:2131-8.

[75] Toscano G, Palmerini F, Ravaglia S, Ruiz L, Invernizzi P, Cuzzoni MG,
Franciotta D, Baldanti F, Daturi R, Postorino P, Cavallini A, Micieli G.


https://events.mcon-mannheim.de/frontend/index.php?page_id=5424&tnqh_x0026;v=List&tnqh_x0026;do=15&tnqh_x0026;day=366&tnqh_x0026;ses=9512#
https://events.mcon-mannheim.de/frontend/index.php?page_id=5424&tnqh_x0026;v=List&tnqh_x0026;do=15&tnqh_x0026;day=366&tnqh_x0026;ses=9512#
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Steckbrief.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Steckbrief.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Steckbrief.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KiTAStudie_QuartalIII_2020.pdf?__blob=publicationFile&tnqh_x0026;fbclid=IwAR2FEmwXYy8k_JHe4uJiXkrI2b-ZiXpdDVJYlLJKo-CnLQBpxGIQNgZ06K8
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KiTAStudie_QuartalIII_2020.pdf?__blob=publicationFile&tnqh_x0026;fbclid=IwAR2FEmwXYy8k_JHe4uJiXkrI2b-ZiXpdDVJYlLJKo-CnLQBpxGIQNgZ06K8
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KiTAStudie_QuartalIII_2020.pdf?__blob=publicationFile&tnqh_x0026;fbclid=IwAR2FEmwXYy8k_JHe4uJiXkrI2b-ZiXpdDVJYlLJKo-CnLQBpxGIQNgZ06K8
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Projekte_RKI/KiTAStudie_QuartalIII_2020.pdf?__blob=publicationFile&tnqh_x0026;fbclid=IwAR2FEmwXYy8k_JHe4uJiXkrI2b-ZiXpdDVJYlLJKo-CnLQBpxGIQNgZ06K8
https://events.mcon-mannheim.de/frontend/index.php?page_id=5424&tnqh_x0026;v=List&tnqh_x0026;do=15&tnqh_x0026;day=366&tnqh_x0026;ses=9512#
https://events.mcon-mannheim.de/frontend/index.php?page_id=5424&tnqh_x0026;v=List&tnqh_x0026;do=15&tnqh_x0026;day=366&tnqh_x0026;ses=9512#
https://events.mcon-mannheim.de/frontend/index.php?page_id=5424&tnqh_x0026;v=List&tnqh_x0026;do=15&tnqh_x0026;day=366&tnqh_x0026;ses=9512#

6 (2021) €893

Guillain-Barré syndrome associated with SARS-CoV-2. N Engl J Med
2020;382:2574-6.

[76] Tostmann A, Bradley J, Bousema T, Yiek W-K, Holwerda M, Bleeker-
Rovers C, Ten Oever J, Meijer C, Rahamat-Langendoen J, Hopman J,
van der Geest-Blankert N, Wertheim H. Strong associations and
moderate predictive value of early symptoms for SARS-CoV-2 test
positivity among healthcare workers, The Netherlands, March 2020. Euro
Surveil 2020;25:2000508.

[77] Treister AK, Hatch MN, Cramer SC, Chang EY. Demystifying poststroke
pain: from etiology to treatment. PM R 2017;9:63-75.

[78] Tsai L-K, Hsieh S-T, Chao C-C, Chen Y-C, Lin Y-H, Chang S-C, Chang
Y-C. Neuromuscular disorders in severe acute respiratory syndrome.
Arch Neurol 2004;61:1669-73.

[79] Tsai S-T, Lu M-K, San S, Tsai C-H. The neurologic manifestations of
coronavirus disease 2019 pandemic: a systemic review. Front Neurol
2020;11:498.

[80] Tsivgoulis G, Palaiodimou L, Katsanos AH, Caso V, Kdéhrmann M, Molina
C, Cordonnier C, Fischer U, Kelly P, Sharma VK, Chan AC, Zand R, Sarraj
A, Schellinger PD, Voumvourakis Kl, Grigoriadis N, Alexandrov AV,
Tsiodras S. Neurological manifestations and implications of COVID-19
pandemic. Ther Adv Neurol Disord 2020;13:1756286420932036.

[81] Varatharaj A, Thomas N, Ellul MA, Davies NWS, Pollak TA, Tenorio EL,
Sultan M, Easton A, Breen G, Zandi M, Coles JP, Manji H, Al-Shahi
Salman R, Menon DK, Nicholson TR, Benjamin LA, Carson A, Smith C,
Turner MR, Solomon T, Kneen R, Pett SL, Galea |, Thomas RH, Michael
BD; CoroNerve Study Group. Neurological and neuropsychiatric
complications of COVID-19 in 153 patients: a UK-wide surveillance
study. Lancet Psychiatry 2020;7:875-82.

[82] Wang H-Y, Li X-L, Yan Z-R, Sun X-P, Han J, Zhang B-W. Potential
neurological symptoms of COVID-19. Ther Adv Neurol Disord 2020;13:
1756286420917830.

[83] Wang J-T, Sheng W-H, Fang C-T, Chen Y-C, Wang J-L, Yu C-J, Chang
S-C, Yang P-C. Clinical manifestations, laboratory findings, and
treatment outcomes of SARS patients. Emerging Infect Dis 2004;10:
818-24.

www.painreportsonline.com 7

[84] WHO. Report of the WHO-China joint mission on coronavirus disease
2019 (COVID-19). Geneva, Switzerland:World Health Organization;
2020.

[85] Wu'Y, Xu X, Chen Z, Duan J, Hashimoto K, Yang L, Liu C, Yang C.
Nervous system involvement after infection with COVID-19 and other
coronaviruses. Brain Behav Immun 2020;87:18-22.

[86] XuX-W, Wu X-X, Jiang X-G, Xu K-J, Ying L-J, Ma C-L, Li S-B, Wang H-Y,
Zhang S, Gao H-N, Sheng J-F, Cai H-L, Qiu Y-Q, Li L-J. Clinical findings
in a group of patients infected with the 2019 novel coronavirus (SARS-
Cov-2) outside of Wuhan, China: retrospective case series. BMJ 2020;
368:m606.

[87] Yachou Y, El Idrissi A, Belapasov V, Ait Benali S. Neuroinvasion,
neurotropic, and neuroinfammatory events of SARS-CoV-2:
understanding the neurological manifestations in COVID-19 patients.
Neurol Sci 2020;41:2657-69.

[88] Yang X, YuY, XuJ, ShuH, Xia J, LiuH, WuY, Zhang L, Yu Z, Fang M, Yu
T,WangY, Pan S, Zou X, Yuan S, Shang Y. Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a
single-centered, retrospective, observational study. Lancet Respir Med
2020;8:475-81.

[89] Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome
associated with  SARS-CoV-2 infection: causality or coincidence?.
Lancet Neurol 2020;19:383-4.

[90] Zhou F, Yu T, DuR, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X,
Guan L, Wei Y, LiH, Wu X, Xu J, Tu S, Zhang Y, Chen H, Cao B. Clinical
course and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet 2020;395:1054-62.

[91] Zhou Z, Kang H, Li S, Zhao X. Understanding the neurotropic
characteristics of SARS-CoV-2: from neurological manifestations of
COVID-19 to potential neurotropic mechanisms. J Neurol 2020;267:
2179-84.

[92] Zhu J, Ji P, Pang J, Zhong Z, Li H, He C, Zhang J, Zhao C. Clinical
characteristics of 3062 COVID-19 patients: a meta-analysis. J Med Virol
2020;92:1902-14.


www.painreportsonline.com

