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Á.  Lambea-Gil,  A.  Sancho-Saldaña,  R.  Caldú-Agud  et  al.

Treatment  during  the  acute  phase  consists  in  control-
ing  pain  and  administration  of  prednisone  to  accelerate
he  resolution  of  symptoms;  the  drug  is  typically  dosed  at
0  mg/day  orally  for  one  week  and  subsequently  tapered.

7. Cacciavillani M, Salvalaggio A, Briani C. Pure sensory neu-
ralgic amyotrophy in COVID-19 infection. Muscle Nerve.
2021;63:E7—8.

8. Mitry MA, Collins LK, Kazam JJ, Kaicker S, Kovanlikaya A.
Parsonage-turner syndrome associated with SARS-CoV2(COVID-
ntravenous  corticosteroids  or  immunoglobulins  may  also  be

sed  in  the  event  of  symptom  recurrence  or  very  intense
ain4.

In  conclusion,  vaccines  against  COVID-19,  like  other

19) infection. Clin Imaging. 2021;72:8—10.
9. Ismail II, Abdelnabi EA, Al-Hashel JY, Alroughani R, Ahmed

S. Neuralgic amyotrophy associated with COVID-19 infec-
tion: a case report and review of the literature. Neurol Sci.
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accines,  may  be  associated  with  cases  of  amyotrophic
euralgia;  nonetheless,  the  reported  cases  of  amyotrophic
euralgia  following  SARS-CoV-2  infection  outnumber  those
ssociated  with  vaccination.  In  order  to  ensure  proper  treat-
ent,  we  must  be  alert  to  the  possibility  of  phrenic  nerve

nvolvement  in  all  patients  presenting  amyotrophic  neural-
ia.
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cute transverse myelitis
ollowing SARS-CoV-2 infection�

ielitis transversa aguda asociada a  infección
or SARS-CoV-2

ear  Editor:

ARS-CoV-2,  the  virus  that  causes  the  disease  COVID-19,
as  first  described  in  Wuhan  in  December  2019.  The

ypical  symptoms  of  COVID-19  are  fever,  dry  cough,  dys-

noea,  and  general  discomfort.1—9 The  most  severe  cases

� Please cite this article as: Jauregui-Larrañaga C, Ostolaza-Ibáñez
, Martín-Bujanda M. Mielitis transversa aguda asociada a infección
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nvolve  massive  release  of  proinflammatory  cytokines  that
ause  alveolar  damage  associated  with  respiratory  insuf-
ciency  and  multi-organ  failure,  leading  to  the  death  of
he  patient.2 Neurological  manifestations  of  SARS-CoV-2
nfection  include  headache,  dizziness,  impaired  level  of  con-
ciousness,  and  anosmia.3 We  present  the  case  of  a  patient
ith  acute  transverse  myelitis  associated  with  SARS-CoV-2

nfection.
The  patient  is  a  53-year-old  man  with  no  relevant

edical  history  who  was  diagnosed  2  days  earlier  with  SARS-
oV-2  infection;  he  consulted  due  to  dysaesthesia  in  the

ower  limbs  and  inability  to  walk  independently.  He  pre-
ented  no  respiratory  symptoms  or  lung  involvement  at  any
ime.

Neurological  examination  revealed  preserved  motor
trength,  vibratory  and  tacto-algesic  hypoaesthesia  at  the
9-T10  sensory  level,  exaggerated  deep  tendon  reflexes  in
2
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Figure  2  A  close-up  of  the  sagittal  T2-weighted  MRI  sequence,
showing  hyperintensity  of  the  T6-T11  segments.

microbiological  study  of  the  CSF  sample  yielded  negative
results.

The  neurological  symptoms  significantly  worsened  during
hospitalisation,  with  progression  to  severe  paraparesis,  and
a  urinary  catheter  had  to  be  placed.

An  MRI  study  (Figs.  1  and  2)  revealed  a  slight  signal
alteration  in  the  T6-T11  segments,  with  hyperintensity  on
T2-weighted  sequences;  the  lesion  did  not  present  gadolin-
ium  uptake  or  mass  effect.  These  findings  are  compatible
with  longitudinally  extensive  transverse  myelitis  of  the  tho-
racic  spinal  cord.

We  administered  a  5-day  cycle  of  methylprednisolone
dosed  at  1000  mg  per  day,  observing  no  improvement.  Due
to  the  ineffectiveness  of  the  treatment,  we  administered
intravenous  immunoglobulins  dosed  at  0.4  g/kg/day  for  5
days.  Progression  was  satisfactory,  and  the  patient  was  able
to  walk  independently  at  discharge,  although  impaired  pro-
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igure  1  Sagittal  T2-weighted  MRI  sequence  of  the  spinal
ord,  showing  slight  hyperintensity  of  the  T6-T11  segments,
ompatible  with  longitudinally  extensive  transverse  myelitis.

he  lower  limbs,  bilateral  Babinski  sign,  ataxic  gait,  and
rinary  retention.

Head  and  lumbar  spine  CT  studies  revealed  no  abnormal
ndings.  A  blood  analysis  detected  mildly  elevated  levels  of
cute-phase  reactants.  Autoimmune  test  results  were  nor-
al.  Suspecting  acute  transverse  myelitis,  we  performed  a

SF  analysis,  which  revealed  pleocytosis  with  mononuclear
ells  and  high  protein  levels,  with  no  glucose  uptake.  A

P
s

57
rioception  persisted.
The  neurological  manifestations  of  SARS-CoV-2  infec-

ion  described  to  date  are  diverse,  and  present  in  up  to
ne-third  of  patients.4 The  most  frequent  symptoms  are
eadache,  dizziness,  altered  level  of  consciousness,  and
nosmia.  Isolated  cases  have  been  reported  of  seizures,
cute  encephalitis,  stroke,  Guillain-Barré  syndrome,  and
ransverse  myelitis.3,4

The  diagnostic  criteria  for  transverse  myelitis  include  the
resence  of  bilateral  sensory,  motor,  and  autonomic  dysfunc-
ion  at  a  defined  sensory  level,  progression  to  the  maximal
evel  of  disability  between  4  hours  and  21  days,  evidence  of
pinal  cord  inflammation  due  to  pleocytosis,  elevated  CSF
gG  levels,  and  gadolinium  uptake  on  MRI,  with  compres-
ive,  neoplastic,  vascular,  and  post-radiation  causes  having
een  ruled  out.5,6 SARS-CoV-2  infection  is  diagnosed  with

CR  testing  of  a  nasopharyngeal  swab,  given  the  low  sen-
itivity  of  PCR  testing  of  CSF.7 The  treatment  of  choice
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or  transverse  myelitis  is  high-dose  methylprednisolone;  if
his  is  ineffective,  intravenous  immunoglobulins  should  be
onsidered.8,9

SARS-CoV-2  can  affect  the  nervous  system  by  direct
nvasion  or  through  an  exaggerated  systemic  inflamma-
ory  response  to  the  virus.  The  latter  mechanism  causes
ncreased  permeability  of  the  blood-brain  barrier  and  mas-
ive  release  of  proinflammatory  cytokines,  which  in  turn
ause  oedema  and  immune-mediated  damage  to  the  spinal
ord.3 SARS-CoV-2  has  been  shown  to  invade  human  cells
y  binding  to  the  angiotensin-converting  enzyme  2  (ACE2)
eceptor.8,10 Microarray  studies  have  demonstrated  ACE2
xpression  in  the  cerebral  cortex,  basal  ganglia,  hypotha-
amus,  brainstem,  and  brain  capillary  endothelium.10 This
arked  ACE2  receptor  expression  in  the  human  brain  may

xplain  the  neuroinvasive  capacity  of  the  virus.11,12 The  virus
ay  also  spread  through  the  central  nervous  system  via  the

lfactory  bulb;  studies  of  intranasal  inoculation  with  SARS-
oV-2  in  mice  have  shown  that  the  virus  is  able  to  penetrate
he  brain,  brainstem,  and  spinal  cord.13

Currently,  the  mechanisms  of  SARS-CoV-2  virulence  and
he  pathophysiology  of  COVID-19  are  not  fully  understood.
espite  this,  it  seems  plausible  that  the  abundant  expression
f  ACE2  receptors  in  the  brain  parenchyma  favours  inter-
ction  with  the  virus,  increasing  the  risk  of  neurological
omplications.

unding

his study received no funding of any kind.

onflicts of interest

he  authors  have  no  conflicts  of  interest  to  declare.

eferences

1. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clin-
ical characteristics of 138 hospitalized patients with
2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA. 2020;323:1061—9, http://dx.doi.org/10.
1001/jama.2020.1585.

2. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections
and immune responses. J Med Virol. 2020;92:424—32.

3. Ahmad I, Rathore FA. Neurological manifestations and
complications of COVID-19: a literature review. J Clin Neurosci.
2020;77:8—12.

4. Arriola Torres LF, Palomino Taype KRP. Manifestaciones
neurológicas de COVID-19: Una revisión de la liter-
atura. Neurol Arg. 2020;12:271—4, http://dx.doi.org/10.
1016/j.neuarg.2020.07.005.

5. Beh SC, Greenberg BM, Frohman T, Frohman EM. Transverse
myelitis. Neurol Clin. 2013;31:79—138.

6. Gómez-Argüelles JM, Sánchez-Solla A, López-Dolado E, Díez-
De la Lastra EJ, Florensa J. Mielitis transversa aguda: revisión
clínica y algoritmo de actuación diagnóstica. Florens Rev Neu-
rol. 2009;49:533—40.

7. Valiuddin H, Skwirsk B, Paz-Arabo P. Acute transverse myelitis
associated with SARS-CoV-2: a case report. Brain Behav Immu-
nity Health. 2020;5:100091.

8. Zhao K, Huang J, Dai D, Feng Y, Liu L, Nie S. Acute myeli-
tis after SARS-CoV-2 infection: a case report. medRxiv. 2020,
http://dx.doi.org/10.1101/2020.03.16.20035105.

9. Águila-Gordo D, Flores-Barragán JM, Ferragut-Lloret F, Portela-
Gutiérrez J, LaRosa-Salas B, Porras-Leal L, et al. Acute myelitis
and SARS-CoV-2 infection. A new etiology of myelitis? J Clin
Neurosci. 2020;80:280—1.

10. Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-
cell RNA-seq data analysis on the receptor ACE2 expression
reveals the potential risk of different human organs vul-
nerable to 2019-nCoV infection. Front Med. 2020;14:185—92,
http://dx.doi.org/10.1007/s11684-020-0754-0.

11. Li W, Sui J, Huang IC, Kuhn JH, Radoshitzky SR, Marasco
WA, et al. The S proteins of human coronavirus NL63
and severe acute respiratory syndrome coronavirus bind
overlapping regions of ACE2. Virology. 2007;367:367—74,
http://dx.doi.org/10.1016/j.virol.2007.04.035 (Oct).

12. Matías-Guiu J, Gomez-Pinedo U, Montero-Escribano P, Gomez-
Iglesias P, Porta-Etessam J, Matias-Guiu JA. Should we expect
neurological symptoms in the SARS-CoV-2 epidemic? Neurologia.
2020;35:170—5, http://dx.doi.org/10.1016/j.nrl.2020.03.001.

13. Desforges M, Le Coupanec A, Dubeau P, Bourgouin A, Lajoie
L, Dubé M, et al. Human coronaviruses and other respi-
ratory viruses: underestimated opportunistic pathogens
of the central nervous system? Viruses. 2019;12:14,
http://dx.doi.org/10.3390/v12010014.

C.  Jauregui-Larrañaga ∗, A.  Ostolaza-Ibáñez,
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© 2021 Sociedad Española de Neurología. Published by Elsevier
Espa?a, S.L.U. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
57
4

dx.doi.org/10.1001/jama.2020.1585
dx.doi.org/10.1001/jama.2020.1585
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0010
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0015
dx.doi.org/10.1016/j.neuarg.2020.07.005
dx.doi.org/10.1016/j.neuarg.2020.07.005
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0025
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0030
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0035
dx.doi.org/10.1101/2020.03.16.20035105
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
http://refhub.elsevier.com/S2173-5808(21)00081-X/sbref0045
dx.doi.org/10.1007/s11684-020-0754-0
dx.doi.org/10.1016/j.virol.2007.04.035
dx.doi.org/10.1016/j.nrl.2020.03.001
dx.doi.org/10.3390/v12010014
mailto:carlota_l13@hotmail.com
https://doi.org/10.1016/j.nrleng.2021.05.003
http://creativecommons.org/licenses/by-nc-nd/4.0/

