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Abstract  We  review  the  microbiological  aspects  of  COVID-19  infection  and  present  the  micro-
biological studies  that  should  be  performed  in  forensic  cases.  We  describe  the  taxonomic
characteristics  of  the  virus,  its  relationship  with  the  coronaviridae  family  and  its  genetic  struc-
ture. We  briefly  present  the  clinical  and  pathological  characteristics  of  COVID-19  infection,  as
well as  the  co-infections  that  could  be  associated  with  this  virus.  In  the  laboratory,  PCR  is  a
first-choice technique  in  the  acute  phase  of  the  infection,  together  with  antigen  and  serological
studies. Finally,  we  describe  the  main  objectives  of  microbiological  studies  in  the  deceased  in
relation to  the  COVID-19  pandemic,  as  well  as  the  main  post-mortem  microbiological  analysis
to be  carried  out  in  the  medico-legal  context.  The  microbiological  analysis  should  aim  to  detect
both SARS-CoV-2  and  coinfections,  which  may  also  contribute  to  the  cause  of  death.
© 2020  Asociación  Nacional  de  Médicos  Forenses.  Published  by  Elsevier  España,  S.L.U.  All  rights
reserved.
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Resumen  En  este  artículo  se  revisan  los  aspectos  microbiológicos  de  la  infección  COVID-19  y
se presentan  las  recomendaciones  sobre  los  análisis  que  deben  realizarse  en  casos  forenses.  En
primer lugar,  se  analizan  las  características  taxonómicas  del  virus,  su  relación  con  la  familia
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Microbiología
post-mórtem

coronaviridae  y  su  estructura  genética.  Se  presentan  brevemente  las  características  clínicas  y
patológicas  de  la  infección  COVID-19  así  como  las  coinfecciones  que  pueden  asociarse  a  este
virus. En  el  diagnóstico  de  laboratorio  se  describe  la  PCR,  técnica  de  elección  en  la  fase  aguda
de la  infección;  los  estudios  antigénicos  y  los  serológicos.  Finalmente  se  detallan  los  principales
objetivos  para  los  estudios  microbiológicos  en  fallecidos  en  relación  a  la  pandemia  COVID-19
y se  describen  los  principales  análisis  microbiológicos  post-  mórtem  a  realizar  en  fallecidos  en
el ámbito  forense.  Los  estudios  microbiológicos  deben  estar  dirigidos  tanto  a  la  detección  del
SARS-CoV-2  como  de  las  coinfecciones,  que  también  podrían  contribuir  a  la  causa  de  muerte.
© 2020  Asociación  Nacional  de  Médicos  Forenses.  Publicado  por  Elsevier  España,  S.L.U.  Todos
los derechos  reservados.
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ntroductionto the coronaviruses. SARS-CoV-2

oronavirus  (CoV)  is  the  common  name  for  members
f  the  Orthocoranavirinae  sub-family.  Taxonomically  they
elong  to  the  Coronaviridae  family,  Nidovirales  order.  These
iruses  are  widely  distributed  and  were  found  to  be  human
athogens  in  the  1960s.  They  are  zoonotic  viruses  that  can
e  transmitted  between  animals  and  humans,  so  they  have

 major  economic  and  social  impact.  The  name  coronavirus
esults  from  the  structure  of  the  virus  when  seen  under  an
lectron  microscope,  as  it  seems  to  have  a  sort  of  crown  on
ts  surface,  similar  to  the  appearance  of  the  sun.1

There  are  four  types  of  coronavirus,  differentiated  by
he  sequence  of  their  proteins:  Alphacoronavirus, Betacoro-
avirus,  Gammacoronavirus  and  Deltacoronavirus.  The  first
wo  infect  mammals  and  may  have  their  reservoir  in  bats,
hile  the  Gammacoronavirus  genus  includes  all  of  the  avian
oronaviruses.  The  Deltacoronavirus  affect  mammals  as  well
s  birds.2

Seven  types  of  coronavirus  infect  human  beings,  and
efore  the  outbreak  of  SARS-CoV  in  2003  they  were  con-
idered  to  be  the  cause  of  mild  and  self-limiting  respiratory
nfections.  The  human  coronaviruses  now  known  are:  coro-
avirus  229E  (HCoV-229E),  coronavirus  OC43  (HCoV-OC43),
ARS  CoV,  coronavirus  NL63  (HCoV-NL63),  human  coronavirus
KU1  (HCoV-HKU1),  Middle  East  Respiratory  Syndrome  coro-
avirus  (MERS-CoV)  and  Wuhan  coronavirus  o  SARS-CoV-2.
our  of  these  seven  viruses  (HCoV-229E,  HCoV-OC43,  HCoV-
L63  and  HCoV-HKU1)  specifically  affect  the  human  species
nd  cause  from  15%  to  30%  of  respiratory  tract  infections
very  year,  with  very  severe  symptoms  in  new  born  babies,
he  elderly  and  people  with  underlying  diseases.  They  mainly
ffect  the  lower  respiratory  tract.3,4

The  other  three  coronaviruses  (SARS-CoV,  MERS-CoV  and
ARS-CoV-2  of  2019)  are  highly  pathogenic  and  cause  severe
nfections  of  the  lower  respiratory  tract,  leading  to  acute
ifficulty  in  breathing  and  manifestations  outside  the  lungs.
he  SARS  outbreak  in  2003  led  to  a  rethink  of  these  viruses
nd  their  role  in  human  infections.5,6 Ten  year  after  this
rst  outbreak,  another  one  emerged  in  the  Arabian  penin-

ula  (MERS),  from  where  it  propagated  sporadically  to  the
est  of  the  world.7---9 The  new  SARS-CoV-2  coronavirus  is  the
ause  of  the  current  pandemic,  and  it  has  given  rise  to  an

c
i
R

nprecedented  medical  and  economic  crisis  in  the  modern
ge.

The  complete  sequence  of  the  SARS-CoV-2  genome,
s  determined  by  mass  sequencing,  established  significant
ifferences  with  previous  types  of  coronavirus  that  had
aused  outbreaks  (SARS  and  MERS).  Detailed  analysis  of  the
equence10 made  it  possible  to  establish  96.2%  homology
ith  a  bat  coronavirus  (Bat-SARS  RaTG13),  so  that  it  is

ncluded,  together  with  the  said  virus,  in  a  different  lin-
age  of  the  subgenus  of  Sarbecovirus.11 Although  the  exact
equence  of  transmission  between  bats  (the  main  reservoir)
nd  other  mammals  cannot  be  established,  its  zoonotic  ori-
in  seems  indisputable.

As  was  the  case  with  SARS  and  MERS,  SARS-CoV-2  is  a  virus
ith  a two  layer  lipid  envelope  of  approximately  100---160
anometres  in  diameter.  The  envelope  has  spicules  that
roject  outwards  and  are  composed  of  glycoprotein  S  trimer.

The  viral  genome  is  a  simple  sequence  with  positive
olarity.  The  5′ end  of  the  same  contains  the  genes  that
ode  for  regulatory  proteins  that  will  give  rise,  among  oth-
rs,  to  the  protease,  the  RNA-dependent  polymerase  RNA
nd  the  helicase.  The  genes  which  code  for  the  structural
roteins  (S  [spike  protein],  E  [envelope], M  [membrane]  and

 [nucleocapsid])  are  located  in  the  3′ end.12.  Additionally,
he  virus  codifies  non-structural  proteins1,13 (Fig.  1).

Protein  S  forms  structures  that  project  from  the  viral
nvelope.  It  contains  the  domain  for  binding  to  the  receptor
f  the  cells  which  it  infects  (RBD),  so  that  it  is  therefore
he  protein  that  determines  the  tropism  of  the  virus.  It
s  composed  of  two  different  domains:  domain  S1,  which
s  responsible  for  binding  to  the  receptor,  and  domain
2,  which  is  responsible  for  the  fusion  with  the  cellular
embrane.14

The  sequence  and  analysis  of  SARS-CoV-2  protein  S  indi-
ate  that,  as  was  the  case  with  SARS-CoV-1,  it  uses  the
ngiotensin  converting  enzyme  2  (known  by  its  initials  ACE2)
s  receptor  for  entry  into  the  host  cell.15 ACE2  is  located
n  the  surface  of  a  wide  range  of  cells  in  the  mucous
embranes,  lungs,  arteries  and  intestines,  etc.,  where  it

onverts  angiotensin  I  into  angiotensin  II,  increasing  its  vaso-

onstrictive  action.  The  virus  uses  this  molecule  to  enter
nto  the  cell,  where  the  cellular  ribsosomes  use  the  viral
NA  as  messenger  RNA  to  synthesize  the  virus  proteins.  This,
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Figure  1  Struc

together  with  the  viral  replicase,  makes  it  possible  to  make
multiple  copies  of  the  virus  that  favour  its  dissemination.

N  protein  is  contained  in  the  virion  associated  with  viral
RNA,  and  it  plays  an  important  role  in  the  replication  of  the
virus  and  the  assembly  of  new  viral  particles.  M  protein  is
the  most  abundant,  and  it  is  responsible  for  the  final  shape
of  the  virion.  E  protein  is  of  small  size  and  is  found  in  small
amounts  on  the  surface  layer.  The  non-structural  proteins
play  important  specific  roles  in  the  virus  replication  process.

The  fact  that  SARS-CoV-2  has  reached  human  beings  from
an  animal  origin  means  that  there  is  a  high  probability
of  outbreaks  by  similar  viruses  in  the  future,  as  this  type
of  virus  is  still  circulating  in  the  animal  population.  It  is
therefore  a  priority  to  know  its  characteristics  (transmis-
sibility,  pathogenicity  and  rate  of  evolution,  etc.)  as  these
will  condition  its  propagation  and  determine  the  extension
of  the  pandemic.  It  is  also  of  special  interest  to  discover
whether  SARS-CoV-2  may  be  seasonal,  as  are  the  majority
of  the  coronaviruses  that  infect  humans.

COVID-19 disease

Clinical  manifestations

The  binding  of  SARS-CoV-2  to  the  ACE2  receptor,  which  is
located  among  other  places  in  type  I  and  II  alveolar  cells,
may  cause  lesions  at  the  level  of  these  cells,  particularly
in  those  which  have  a  large  amount  of  the  receptor.  This
damage  may  trigger  a  massive  release  of  cytokines,  which,
together  with  the  capacity  of  the  virus  to  evade  the  immune
response,  plays  an  important  role  in  the  pathogenesis  and
severity  of  the  disease.16

The  clinical  manifestations  in  cases  of  COVID-19  vary
very  widely,  from  asymptomatic  cases  to  ones  with  septic
shock,  pneumonia  and  multiple  organ  failure.  The  disease  is
classified  in  different  types  according  to  its  severity.  The

most  common  symptoms  are  fever,  fatigue,  a  dry  cough
and  diarrhoea.  After  an  incubation  period  of  from  5  to  14
days,  80%  of  cases  appear  with  mild  localised  symptoms  in
the  upper  airways  and  accompanied  by  non-specific  symp-

s
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a
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 of  SARS-CoV-2.

oms  such  as  fever,  asthenia,  anosmia,  ageusia  and  myalgia.
ome  patients  may  deteriorate  quickly  and  evolve  into  a
ore  serious  clinical  picture,  with  dyspnoea,  taquipnea,  a

all  in  saturation  and  bilateral  alveolar  infiltrates,  which
ay  require  admission  to  hospital.  A  variable  percentage

f  the  total  number  of  cases  may  in  turn  require  admis-
ion  to  intensive  care  units  (ICU)  due  to  severe  pneumonia,
evere  respiratory  distress  syndrome,  septic  shock  or  mul-
iple  organ  failure.17 These  patients  have  severe  dyspnoea,
aquipnea  (>  30/min),  SpO2  < 93%,  PaO2/FiO2  <  300  and/or  a
0%  increase  in  pulmonary  infiltrates  in  24  h.  or  48  h.  The
ost  common  extrapulmonary  complications  are  cardiovas-

ular,  hepatic  and  renal.  Lymphopenia  and  very  high  levels
f  dimer-d,  ferritin,  urea  and  creatinine  are  characteris-
ic  in  laboratory  parameters.  Multiple  organ  failure  occurs
ue  to  an  excessive  response  of  the  patient’s  immune  sys-
em.  The  Chinese  CDC  suggests  that  there  may  be  up  to
9%  mortality  in  critical  patients,  chiefly  because  of  the
resence  of  comorbidities  such  as  diabetes,  respiratory  dis-
ase,  cardiovascular  disease,  hypertension  and  oncological
omplications.18

The  general  mortality  in  the  Wuhan  series  amounted  to
.8%,16 although  different  studies  question  this  figure.  In  any
ase,  the  real  mortality  figures  are  hard  to  calculate  due  to
he  highly  heterogeneous  nature  of  some  data.

athology

ungs

acroscopically:  increased  in  size,  with  opaque  pleura.  The
ut  surface  shows  consolidation  and/or  oedema.  In  the  case
f  secondary  bacterial  infection  purulent  exudate  may  be
dded.19

Microscopically:  in  early  phases  of  the  infection
ntraavleolar  oedema  is  observed,  together  with  hyperpla-

ia  of  type  II  pneumocytes,  giant  cells,  focal  inflammation
nd  generally  no  presence  of  hyaline  membranes;  in  more
dvanced  phases  of  the  infection  diffuse  alveolar  damage  is
bserved,  with  hyaline  membranes,  fibrin  exudates,  intersti-
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30  

ial  lymphocytic  infiltrate  (pneumonitis),  presence  of  giant
ells  and  atypical  desquamated  pneumocytes  in  the  alveolar
pace  with  prominence  of  nucleoli.  The  lymphocytes  corre-
pond  to  type  T  (principally  CD4,  and  less  CD8).  Recently
iral  particles  have  been  detected  in  the  lungs  of  patients
ffected  by  COVID-19,20 although  other  authors  have  not
etected  them.21---24 Some  authors  describe  the  presence  of
icrothrombi  in  the  alveolar  capillaries.  If  there  is  bacte-

ial  coinfection,  abscesses  may  be  added  to  the  histological
igns.20

eart

acroscopically:  it  may  show  areas  of  haemorrhage  and  signs
f  infarct.

Microscopically:  endothelial  damage  may  be  observed,
ith  accumulation  of  inflammatory  cells  in  relation  with  the
ndothelial  cells  (lymphocytic  endothelitis)  and  apoptosis
n  the  myocardium.  Histological  signs  may  also  be  found  of
ymphocytic  myocarditis.  The  virus  has  been  detected  in  the
ytoplasm  of  the  affected  endothelial  cells.

ther  organs

he  development  of  ischemia  has  been  described  (macro-
copically)  and/or  lymphocytic  endothelitis  (microscopi-
ally)  in  the  colon,  small  intestine,  mesenterium,  kidneys
nd  liver.25

Cases  of  encephalitis  in  patients  with  COVID-19  have  been
escribed  very  recently,  including  necrotizing  haemorrhagic
ncephalitis.26,27

oinfections  in  COVID-19  disease

neumonia  is  one  of  the  main  causes  of  hospital  admission.
his  condition  may  be  caused  by  bacteria,  virus,  fungi  or
arasites.  A  single  microorganism  is  usually  responsible  for
he  symptoms,  although  this  is  not  always  the  case.  Cur-
ent  diagnostic  techniques  have  made  it  possible  to  find  that
n  many  cases  more  than  one  microorganism  is  present  in
hese  pathologies,  and  that  when  several  are  present  this
ggravates  the  symptoms,  complicating  patient  recovery.
his  is  applicable  not  only  to  traditional  pneumonia,  as  it
lso  occurs  with  COVID-19.

acterial  and  fungal  coinfections

ospitalised  patients,  and  especially  those  in  an  ICU,  are  at
igh  risk  of  developing  nosocomial  infections  or  pneumonia
ssociated  with  mechanical  ventilation,  as  well  as  secondary
oinfections  that  are  not  associated  with  a  respiratory  man-
festation  (such  as  a  urinary  infection).  Bacterial  and  fungal
nfections  are  common  complications  of  viral  pneumonia,
specially  in  critical  patients.  Nevertheless,  few  studies  of
nfections  of  this  type  have  been  conducted  in  patients

ith  COVID-19,  and  the  majority  of  published  works  do  not

nclude  a  prognostic  analysis,  even  when  secondary  infec-
ion  has  been  found  in  50%  of  non-surviving  patients  with
OVID-19.28

t
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A  review  of  the  existing  literature  indicates  that  8%  of  all
atients  admitted  to  hospital  suffered  fungal  or  bacterial
oinfections.  The  most  frequent  form  of  coinfection  is  bac-
eraemia,  and  the  microorganisms  found  are  gram-positive
acteria  (Staphylococcus  aureus)  as  well  as  gram-negative
trains  (Acinetobacter  baumannii, Klebsiella  pneumoniae);
typical  bacteria  were  detected  in  respiratory  samples
Legionella  sp,  Chlamydophila  pneumoniae).29

Coinfection  by  Aspergillus  was  also  found  in  several  sub-
ects  with  respiratory  distress,  and  it  shows  the  need  for
octors  treating  patients  with  this  pathology,  even  if  it  is
aused  by  COVID-19,  to  consider  the  possibility  of  invasive
ulmonary  aspergillosis  and,  as  a  result  of  this,  to  process
espiratory  samples  with  specific  analyses  that  make  it  pos-
ible  to  detect  coinfection.30

Although  it  may  be  hard  to  distinguish  between  bacte-
ial  or  fungal  infection  and  the  existing  viral  pneumonia  on
he  basis  of  symptoms  and  radiology,  microbiological  exam-
nation  ---  especially  sputum  culture  ---  can  offer  extremely
aluable  information,  on  condition  that  the  laboratory  staff
aintain  suitable  protective  measures  while  handling  these

amples  with  high  infectious  potential.
The  percentage  of  patients  with  COVID-19  in  which

oinfections  of  this  type  have  been  detected  is  small  in
omparison  with  other  coronaviruses.  However,  this  may
e  explained  by  the  fact  that  high  levels  of  antibiotics
ave  been  administered  during  this  pandemic,  and  broad
pectrum  antibiotics  have  often  been  used;  nevertheless,
ulti-resistant  microorganisms  have  not  been  identified

ery  often.
A  high  proportion  of  the  bacterial  coinfections  men-

ioned  in  the  literature  on  coronavirus  are  associated  with
edical  treatment,  including  bacteraemia  and  infection

ssociated  with  mechanical  ventilation.  Infection  control
easures  must  be  rigorously  applied  under  these  condi-

ions,  and  antimicrobial  drugs  must  be  prescribed,  given
hat  antibiotics  play  an  important  role  in  treating  COVID-19.
ombined  therapy  with  hydroxychloroquine  azithromycin
as  been  used  empirically  to  treat  patients  with  pneumonia.

iral  coinfections

he  aforesaid  symptoms  to  classify  a  patient  as  possibly
OVID-19  (fever,  asthenia,  dry  cough,  myalgia,  headache,
izziness,  abdominal  pain,  diarrhoea,  nausea  and  vomiting)
re  shared  by  many  acute  respiratory  infections,  including
iral  ones.31,32 Although  radiological  images  may  serve  as
uidelines,  they  cannot  completely  rule  out  the  presence  of
nother  virus  in  patients  with  the  suspicion  of  infection  by
ARS-CoV-2.

Several  studies  have  therefore  been  performed  to  detect
iral  coinfections  in  patients  with  the  symptoms  of  COVID.
hus  Lin  et  al.,33 in  a  work  that  included  186  individuals
ith  symptoms  compatible  with  COVID-19,  found  coinfec-

ions  with  other  respiratory  viruses  in  6  patients  (3.2%),  and
hey  found  that  18  other  patients  had  one  or  more  respira-

ory  viruses  other  than  SARS-CoV-2  (rhinovirus,  respiratory
yncytial  virus,  adenovirus,  influenza  A  and  B,  parainfluenza

 and  3,  coronavirus  HKU1  and  metapneumovirus)  which
ere  the  causes  of  the  observed  symptoms.
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COVID-19  y  estudios  microbiológicos  post  mortem  

Similar  data  have  been  found  in  other  series  under-
taken  in  different  countries.  In  the  United  States,  a  study
that  included  more  than  5000  patients  in  the  area  of
New  York  found  a  rate  of  respiratory  virus  coinfection  of
2.1%.34

Coinfections  of  SARS-CoV-2  and  other  coronaviruses  have
been  described,35 with  metapneumovirus36 and  influenza
virus.37,38 All  of  these  data  underline  the  importance  of
maintaining  the  suspicion  of  possible  coinfection  and  not
excluding  any  respiratory  virus  (including  SARS-CoV-2)  when
the  presence  of  another  virus  is  detected.  This  fact  is  espe-
cially  important,  given  that  the  possibly  seasonal  nature  of
the  coronavirus  that  has  caused  the  current  pandemic  is
unknown.

The  role  that  the  immunological  state  of  the  host  may
play  in  the  development  of  SARS-CoV-2  infection  is  unclear,
and  given  that  there  are  more  than  37  million  people
infected  with  HIV  in  the  world,  it  is  important  to  know
how  this  infection  may  affect  the  development  of  COVID-
19.  Additionally,  it  has  been  suggested  that  antiretroviral
drugs  be  used  as  an  alternative  therapy,  and  remdesivir  has
now  been  presented  as  a  promising  option  for  treatment.
Together  with  some  data  from  China,39,40 a  study  undertaken
in  our  country41 seems  to  indicate  that  these  patients  evolve
in  a  similar  way  to  the  general  population,  although  it  is  true
that  the  number  of  cases  is  insufficient  to  consider  these
conclusions  as  definitive.

Comorbidities  aggravate  the  prognosis  of  COVID-19.
Elderly  patients,  those  with  diabetes,  severe  respira-
tory  complications,  hypertension,  cardiovascular  diseases,
altered  leukocyte/lymphocyte  counts  in  the  blood,  etc.,  are
at  higher  risk  of  a  poor  clinical  outcome.  Viral,  bacterial  or
fungal  coinfections  are  another  factor  that  has  to  be  consid-
ered  an  additional  risk.

Microbiological diagnosis of SARS-CoV-2

It  is  important  to  swiftly  identify  COVID-19  by  laboratory
tests  so  that  patients  infected  with  SARS-CoV-2  can  be  iden-
tified,  isolated  and  treated  as  soon  as  possible,  to  restrict
the  transmission  of  the  virus  as  well  as  to  free  up  space  in  the
emergency  department  or  evaluate  the  condition  of  medical
staff  exposed  to  the  virus.

The  sample  of  choice  for  this  diagnosis  is  a  nasopharyn-
geal  swab  (NPS),  given  that  the  viral  load  is  higher  in  the
nasal  fossa  than  it  is  in  the  oropharynx.  The  most  useful
technique  is  the  detection  of  SARS-CoV-2  nucleic  acids  in
the  nasopharyngeal  exudate  sample,  as  the  virus  can  be
detected  from  the  first  phases  of  infection.  Correct  taking
of  the  sample  is  fundamental  to  prevent  false  negatives;
for  this  the  patient’s  head  has  to  lean  backwards,  introduc-
ing  the  swab  through  the  nasal  fossa  to  the  nasopharynx,
rotate  the  swab  energetically  and  then  withdraw  it.  Pharyn-
geal  samples  may  also  be  used,  of  endotracheal  aspirate,
bronchoaspirate  and  bronchoalveolar  washing.42

Real-time  PCR  and  other  molecular  analysis

techniques

Nucleic  acid  amplification  techniques,  and  particularly  RT-
PCR  (reverse  transcription  polymerase  chain  reaction,  PCR
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rom  here  on),  is  considered  to  be  the  technique  of  choice
or  acute  phase  COVID-19  disease.  In  patients  with  symptoms
f  infection  these  techniques  have  a  high  positive  predictive
alue  (PPV).

Although  the  majority  of  assays  used  are  commercial,
ome  reference  laboratories  use  in  house  tests.  The  regions
hese  assays  detect  include  ORF1ab  and  regions  which  code

 and  N  proteins.  The  selection  of  the  said  regions  has  the
im  of  maximising  the  specificity  of  the  amplification  to
revent  crossed  reactions  with  other  related  coronaviruses.
ome  assays  include  the  detection  of  the  gene  which  code
or  E  protein  as  screening,  as  this  protein  is  common  to
ther  SARS  group  coronaviruses,  so  that  it would  give  pos-
tive  results  for  other  related  coronaviruses  such  as  2003
ARS-CoV  and  bat  SARS-CoV.  Neither  of  these  two  viruses  is
irculating,  and  in  the  case  of  the  second  one,  it  does  not
nfect  human  beings.  Some  of  these  kits  analyse  two  or  more
f  the  said  regions  in  multiplex  format,  i.e.,  in  the  same
eaction,  using  a  control  that  is  added  before  extraction
o  verify  the  effectiveness  of  the  whole  process  ---  extrac-
ion  and  amplification  ---  and  the  absence  of  inhibitors  in  the
eaction.

The  outstanding  commercial  PCR  tests  include  those
y  Altona,  Thermofisher,  Seegene,  Genesig,  Biomerieux,
io-Speedy  and  Bioeksen  Turkey,  as  well  as  the  ones  that
re  made  in  Spain,  such  as  Vircell,  Genomica  or  Genetics
CR  Solution.  There  are  also  other  formats,  such  as  PCR-
icroarray  hybridisation,  although  real-time  PCR  is  the  most
idely  used  technique.  Unpublished  data  suggest  that  tech-
iques  have  different  sensitivities,  although  in  general  the
etection  limit  is  usually  10  copies  of  viral  genome  per  reac-
ion.

PCR  technique  has  also  made  it  possible  to  know  that  in
he  first  days  with  symptoms,  and  probably  in  the  presyn-
rome  phase  too  -  infected  individuals  have  a  high  viral  load
from  104 to  108 genome  copies/mL  per  nasopharyngeal  or
aliva  sample).43 When  the  course  of  the  infection  is  mild,
he  viral  load  peak  occurs  during  the  first  5---6  days  after  the
tart  of  the  symptoms,  and  it  disappears  on  around  the  tenth
ay.  Although  viral  may  exist  in  these  samples  after  this  day,
he  viral  load  is  from  100−1,000  times  less,  indicating  that
he  virus  is  hardly  transmissible  during  this  time.  On  the  con-
rary,  in  those  with  severe  infection  the  viral  load  is  up  to  60
imes  greater  than  it  is  for  those  with  mild  symptoms,44 and
iral  excretion  may  last  for  longer.  One  study  showed  that
atients  who  had  died  due  to  severe  infection  by  COVID-19
ontinued  to  give  a  positive  PCR  until  death,  and  it  did  not
ecome  negative  at  any  time.45 Respecting  viral  transmis-
ibility,  it  is  thought  that  in  milder  cases  this  commences
ne  or  two  days  before  the  start  of  symptoms,  and  that  it
asts  for  5  or  6  days.  In  more  severe  cases  the  transmission
eriod  would  be  longer  and  more  intense,  due  to  the  greater
iral  load,43 and  some  recent  studies  even  describe  the  pos-
ibility  of  an  asymptomatic  period  during  which  the  virus  is
ransmissible  of  up  to  6  days.46

PCR  interpretation  must  always  take  place  with  the  clin-
cal  context,  especially  when  it  is  negative.  False  negatives
ay  be  due  mainly  to  inappropriate  sample  taking  or  trans-

ort,  or  a  low  viral  load  at  the  time  the  sample  was  taken,
o  that  it  was  below  the  sensitivity  limit  of  the  tech-
ique.
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ntigen  detection  techniques

he  use  of  immunochromatography  techniques  to  detect
he  SARS-CoV-2  antigen  in  respiratory  samples  (mainly  in
asopharyngeal  exudate)  could  be  the  first  step  in  detect-
ng  the  pathogen  in  symptomatic  and  even  asymptomatic
atients  during  the  first  moments  of  infection,  given  that  the
iral  load  is  high  at  these  times.  Moreover,  the  simplicity  of
he  technique  as  well  as  the  fact  that  no  specific  equipment
s  used  makes  it  an  ideal  candidate.43

However,  almost  no  kit  with  these  characteristics  exists
n  the  world  market.  There  is  only  the  BIOEASYTM Diagnos-
ic  Kit  for  Novel  Coronavirus  (COVID-19)  Ag  Test  Kit,  which
as  purchased  by  the  Ministry  of  Health  and  Consump-

ion  and  evaluated  prior  to  use  by  the  medical  authorities
or  validation.  The  first  kit  studied  ---  a  conventional
mmunochromatograph  with  simple  visual  reading  using  col-
oidal  gold  ---  as  well  as  the  second  version  that  was  sent,
hich  used  fast  immunofluorescence,  showed  very  low  lev-
ls  of  sensitivity  (<30%),  so  that  in  no  case  could  they  be
mployed  as  useful  diagnostic  tools.42

ntibody  detection  techniques

ifferent  tests  with  variable  characteristics  of  sensitivity
nd  specificity  exist  for  the  study  of  antibodies,  and  in
ome  cases  their  validations  have  been  limited  by  the  urgent
ature  of  the  pandemic.  Some  of  them  have  now  been  inde-
endently  evaluated  to  unify  criteria,  as  well  as  to  validate
hese  tests  clinically.42 In  Spain,  specifically  the  SEIMC  and
he  CNM  are  gathering  information  to  make  reliable  data
vailable  at  a  national  level  on  the  sensitivity  and  speci-
city  of  these  kits,  and  these  data  will  be  available  in  the
ear  future.47

For  serological  study  methods  to  detect  humoral  response
o  S  protein  and  N  protein  are  used,  as  both  have  been  shown
o  be  strongly  immunogenic.  S  protein  binds  to  a cellular
eceptor,  the  angiotensin  converting  enzyme  ACE2,  in  the
ase  of  SARS-CoV-1  as  well  as  in  the  case  of  SARS-CoV-2.
ome  anti-S  antibodies,  including  those  against  RBD,  have

 neutralising  activity,  also  it  has  yet  to  be  determined  its
eal  relative  proportion  in  comparison  with  the  total  of  anti-
ARS-CoV-2  antibodies  during  infection  by  the  virus.48

Once  infection  has  occurred  and  after  the  appear-
nce  of  the  symptoms,  after  approximately  5  days  IgM
nd  IgA  appear;  subsequently,  at  14  days  IgG  appears
10−18  days).45,50 Seroconversion  for  total  antibodies  takes
lace  at  day  11.47,49

Some  tests  that  combine  IgM  and  IgG  may  offer  results
hat  are  hardly  definitive,  as  there  may  be  potential  crossed
eactivity  with  other  antibodies  against  other  coronaviruses,
s  well  the  frequent  low  level  of  specificity  of  IgM.50

Given  that  a  variable  response  has  been  detected  to  both
mmunoglobulins  during  the  course  of  the  disease,  a  nega-
ive  result  for  IgM  and  for  IgG  would  not  rule  out  the  patient
eing  infected  by  SARS-CoV-2,  especially  if  they  are  immun-
depressed.  Thus  although  antibody  study  is  a  useful  tool

or  estimating  the  proportion  of  individuals  who  have  been
xposed  to  SARS-CoV-2,  it  is  less  useful  in  the  diagnosis  and
linical  evaluation  of  a  patient  except  under  highly  specific
ircumstances.  One  example  of  these  would  be  the  detec-
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ion  of  patients  infected  with  PCR-negative,  particularly
hose  that  present  results  with  a  viral  load  below  the  detec-
ion  limit  of  the  PCR  technique,  or  when  it  is  not  possible  to
ake  samples  from  the  lower  respiratory  tract.51

mmunochromatography.  Point  of  care  (POC)

hese  are  known  in  many  cases  as  fast  tests,  given  that  the
esults  can  be  read  in  10−15  min.  They  are  actually  useful
o  detect  the  response  of  IgM  and  IgG  antibodies,  so  that
ufficient  time  must  have  passed  after  infection  for  the  said
ntibodies  to  have  been  produced.47 At  the  present  time
n  Spain  there  are  more  than  60  kits  with  the  CE  mark  for
ntibody  detection.  One  of  their  advantages  is  that  they
an  be  used  with  peripheral  blood  (even  by  capillary  punc-
ure),  and  not  only  in  serum  or  plasma.  However,  other  ELISA
r  chemoluminescence  techniques  are  more  sensitive  and
pecific.

Some  of  the  kits  in  the  market  detect  the  present  of
otal  IgG  and  IgM  antibodies  against  different  antigens  of
he  virus,  while  others  detect  the  presence  of  IgM  and  IgG
ntibodies  separately.

The  kit  purchased  at  first  by  the  Ministry  of  Health  and
onsumption  for  screening  detected  IgM  and  IgG  together
gainst  the  S  protein  (COVID-19  IgG/IgM  Rapid  Test  Cassette,
hejiang  Orient  Gene  Biotech  Co  Ltd,  Huzhou,  Zhejiang,
hina)52 using  samples  of  serum  or  plasma.

utomated  methods

everal  techniques  for  the  rapid  detection  of  SARS-CoV-2  by
he  automated  detection  of  antibodies  in  less  than  one  hour
ave  recently  been  introduced.  Some  of  these  tests  have
lready  been  approved  by  the  FDA  and  they  will  be  awarded
he  CE  mark  in  the  near  future.

SARS-CoV-2  IgG  Abbott.  Chemoluminescent  microparti-
le  immunoanalysis  (CMIA)  detects  IgG  antibodies  against  N
rotein  of  the  nucleocapsid  in  serum  and  plasma  is  a  two-
tage  automated  system.  In  the  first  phase  paramagnetic
icroparticles  coated  in  SARS-CoV-2  antigen  are  bound  to

he  IgG  antibodies  contained  in  the  sample,  washed  and
hen  a  conjugate  of  human  anti-IgG  antibodies  marked  with
cridine  is  added  and  incubated.  Subsequently,  after  the
ddition  of  the  preactivating  and  activating  solution  the
esulting  chemoluminescent  reaction  is  read.

LIAISON  SARS  CoV-2  IgG.  This  a  qualitative  assay  using
hemoluminescent  technology  (CLIA)  that  detects  IgG  anti-
odies  against  the  S1  and  S2  domains  of  SARS-CoV-2  S
rotein.

Other  pharmaceutical  companies  are  developing  new
utomated  assays  for  the  study  of  IgG  antibodies  against
ARS-CoV-2.

MAGLUMI  2019-nCoV  IgG  and  IgM.  This  is  a  quantita-
ive  assay  using  chemoluminescent  technology  (CLIA)  that
etects  IgG  and  IgM  antibodies  against  the  S protein  and  N
rotein  of  the  virus.53
Other  assays  are  available  in  the  market  with  a  monotest
resentation  that  includes  all  of  the  necessary  reagents,
uch  as  COVID-19  VIRCLIA® IgM  +  IgA  MONOTEST,  which  also
etects  the  presence  of  IgA.
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COVID-19  y  estudios  microbiológicos  post  mortem  

Semi-automated  methods

Few  kits  are  commercialised  for  the  study  of  IgM  and  IgG
against  SARS-CoV-2,  and  most  of  them  are  ELISA  (enzyme-
linked  immunoassay)  to  be  carried  out  in  microplates  with
96  wells  lined  with  the  S  protein  of  the  virus,  followed  by
colorimetric  developing  (COVID-19  Human  IgM  IgG  Assay  Kit
Abnova,  COVID-19  ELISA  IgG  e  IgM  +  IgA  Vircell).

Epidemiological studies to gain knowledge
about the virus

Study  of  its  biological  properties:  cell  culture

SARS-CoV-2  was  isolated  in  cell  cultures  from  the  start  of
the  outbreak  in  China,  and  this  is  of  enormous  interest  as  it
makes  it  possible  to  determine  whether  a  certain  value  of
the  threshold  cycle  or  Ct  obtained  by  PCR  genome  amplifi-
cation  methods  correlates  with  virus  able  to  be  transmitted
between  human  beings.  Positive  PCR  in  a  nasopharyngeal
sample  may  last  for  up  to  22  days  or  longer  after  the  start
of  symptoms.54,55 Nevertheless,  the  infective  virus  (deter-
mined  by  isolation  in  culture)  is  only  detectable  during  up
to  8  days  after  the  appearance  of  symptoms  in  mild  cases.55

It  has  been  proven  that  the  minimum  viral  load  necessary
to  isolate  the  virus  using  saliva  is  106 copies  of  RNA/mL.
Contagion  is  estimated  to  occur  from  2−8  days  prior  to  the
symptoms  and  7  days  afterwards.54

The  chief  applications  of  the  isolation  in  cell  cultures  of
SARS-CoV-2  include:  a)  research  into  antiviral  drugs  using
the  experimental  capacity  of  new  substances  to  inhibit  the
growth  of  the  virus;  b)  research  into  the  viral  pathogenesis
by  studying  transmission  chains  in  human  beings,  the
severity  of  infection,  the  viral  load  deriving  from  the  said
infections  and  the  capacity  of  the  virus  to  infect  different
organs,  and  c)  research  into  the  stability  of  the  virus,  show-
ing  its  capacity  to  remain  infective  on  surfaces  or  under
certain  environmental  conditions,  temperature  and  light
(https://www.cdc.gov/coronavirus/2019-ncov/php/grows-
virus-cell-culture.html).

Study  of  its  genomic  characteristics:  mass
sequencing

Genetic  sequencing  is  a  technique  used  in  practically  all  bio-
logical  and  biomedical  research  laboratories.  The  reference
technique  is  Sanger  sequencing,  which  by  using  fluorescent
techniques  and  capillary  electrophoresis  makes  it  possible  to
automate  the  sequencing  process,  it  is  applied  to  knowledge
of  the  virus  genome,  and  more  specifically  to  respiratory
viruses.  Over  the  years  new  techniques  have  arisen  that
make  it  possible  to  obtain  millions  of  sequencing  reactions
simultaneously  and  very  quickly,  using  Illumina  and  IonTor-
rent  technologies,  and  they  have  been  considered  to  be  part
of  second  generation  genome  sequencing.  The  third  gener-

ation  of  techniques  is  composed  of  methods  that  are  able
to  sequence  DNA  molecules  without  previous  amplification,
and  they  have  been  developed  by  Pacific  BioSciences  and
Oxford  Nanopore.56,57
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Sequencing  the  SARS-CoV-2  genome  is  an  enormous
hallenge,  to  know  its  genome  and  its  variability.  Unprece-
ented  sequencing  work  has  been  performed  from  the
tart  of  the  pandemic  to  obtain  sequences  very  quickly,
o  that  they  can  be  analysed  very  soon  after  detection
nd  diagnosis  in  patients.  The  aim  of  genome  analysis  is
o  generate  knowledge  for  research  into  drugs  for  treat-
ent  and  vaccines  for  prevention.  Sequencing  data  also

enerate  results  that  make  it  possible  to  evaluate  diag-
ostic  kits,  tracing  the  origin  of  the  virus,  studying  the
ransmission  routes  and  identifying  the  options  for  strategic
ntervention.  A  protocol  has  been  published  in  the  proto-
ol  platform  protocols.io  (https://www.protocols.io/)  for
he  mass  sequencing  of  SARS-CoV-2  using  Oxford  Nanopore
echnology,  and  this  is  being  updated  by  its  different  users
labworm.com/tool/protocolsio).58 Other  approaches  use
llumina  and  IonTorrent  technologies.

A  total  of  16,000  genome  sequences  are  now  stored  in
he  GISAID  database.59 Analysis  of  the  sequences  in  dif-
erent  countries  uses  the  basic  strain  which  is  considered
he  reference,  Wuhan-Hu-1/2019.  This  was  sequenced  on  19
anuary  2020  and  deposited  with  access  number  MN908947
n  the  GenBank  sequences  database,  and  EPI-ISL-402,119
n  the  GISAID  sequences  database.  This  strain,  together
ith  other  contemporary  ones,  is  used  as  the  basis  for
hylogenetic  analyses.  They  are  also  used  as  the  basis  for
tructural  studies  of  the  proteins  associated  with  the  new
equences.  Spanish  sequences  have  been  used  to  calculate
hat  the  evolution  of  SARS-CoV-2  has  a  range  of  1.08  ×  10−3

o  1.87  ×  10−3 substitutions  per  site  per  year.60

orking of the national epidemiological
onitoring  network in connection with
OVID-19

he  epidemiological  monitoring  of  transmissible  diseases
s  one  of  the  activities  traditionally  associated  with  pub-
ic  health.  Such  diseases  are  studied  in  a  department  which
as  the  mission  of  improving  our  knowledge  about  them  and
utbreaks  of  any  type,  through  monitoring  and  epidemio-
ogical  and  public  health  research.  The  final  aim  is  to  supply
uality  information  to  guide  the  control  and  prevention  of
ransmissible  diseases,  as  well  as  to  guide  the  design,  imple-
entation  and  evaluation  of  medical  policies.
Monitoring  structure  is  based  on  the  work  of  the  National

pidemiological  Monitoring  Network  (Red  Nacional  de  Vigi-
ancia  Epidemiológica)  (RENAVE),  which  is  governed  by  the
ational  Epidemiology  Centre  of  the  Instituto  de  Salud
arlos  III  (ISCIII).  This  decentralised  structure  reflects  the
egionalised  organisation  of  our  country.  It  is  composed  of
echnical  public  health  professionals  in  local,  regional  and
tate  health  departments.  The  Network  responds  to  needs
or  information  which  arise  in  health  authorities  and  all  of
he  professionals  who,  in  different  fields  and  with  different
esponsibilities,  need  to  know  the  symptoms,  risk  patterns
nd  distribution  of  transmissible  diseases  in  the  popula-
ion.  The  RENAVE  brings  together  the  monitoring  process,

ncluding:  a)  the  notification  of  cases  and  b)  epidemiological
esearch  into  the  said  cases  of  transmissible  diseases.

In  the  current  pandemic,  the  Ministry  of  Health,  through
he  Health  Emergency  Warnings  and  Coordination  Centre

https://www.cdc.gov/coronavirus/2019-ncov/php/grows-virus-cell-culture.html
https://www.cdc.gov/coronavirus/2019-ncov/php/grows-virus-cell-culture.html
https://www.protocols.io/
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CCAES),  is  in  permanent  contact  with  the  autonomous  com-
unities  (AC)  through  the  Warning  System  and  Plans  for

reparation  and  Response.  The  National  Centre  for  Epi-
emiology  (CNE)  also  takes  part,  as  does  the  National
icrobiology  Centre  (CNM)  in  the  ISCIII.  Coordination  with

nternational  bodies  (the  WHO,  the  European  Centre  for  Dis-
ase  Control  [ECDC]  and  the  European  Commission  [EUC])  is
asic  for  the  evaluation  of  risks  in  situations  and  coordinat-
ng  measures  to  respond.

From  the  start  of  the  crisis  an  action  protocol  was  imple-
ented  after  the  appearance  of  cases  in  Spain,  and  this  has
een  updated  during  2020.  This  protocol  includes  the  new
oronavirus  case  Notification  Document,  the  information  in
hich  is  sent  from  the  AC  to  the  CNE  and  the  CCAES,  as  well
s  the  indications  for  sending  samples  to  the  CNM.

27  reports  on  the  situation  were  prepared  before  30
pril,  collecting  AC  data  and  notifying  the  Ministry  of  Health
very  day  about  the  number  of  confirmed  accumulated
ases  of  COVID-19:  the  total  number  of  cases,  cases  in
ealthcare  professions,  hospitalisations,  admissions  to  ICU,
eaths  and  cases  that  had  recovered.  The  AC  completed
n  individualised  survey  for  each  one  of  the  said  cases,
nd  this  includes  epidemiological  and  clinical  information
greed  and  approved  by  the  Warning  System  and  Plans  for
reparation  and  Response  and  the  RENAVE,  together  with
otification  using  the  computerised  platform  SiViEs  (the
onitoring  System  in  Spain),  which  is  managed  by  the  CNE.
rom  the  start  of  the  COVID-19  pandemic  in  Spain  cases
ave  been  monitored  based  on  the  universal  reporting  of
ll  of  the  confirmed  cases  of  COVID-19  identified  in  each
C.  The  aggregate  data  referring  to  COVID-19  (Fig.  2) may
e  consulted  in  https://covid19.isciii.es/

It  is  important  to  state  that  the  monitoring  of  excess
ortality  rates  due  to  all  causes  takes  place  using  a  moni-

oring  system  known  as  MoMo.  This  records  excess  mortality
ue  to  all  causes,  evaluating  the  impact  on  the  mortality
f  the  population  of  all  events  that  may  be  a  public  health
hreat.  Its  results  may  support  risk  evaluations  correspond-
ng  to  the  said  events  and  help  to  guide  a  suitable  public
ealth  response  and  the  development  of  policies  to  control
uch  events.  These  can  be  consulted  in  Informes  MoMo  2020,
t  https://cnecovid.isciii.es/

ost mortem microbiological studies with
eference to SARS-CoV-2: applicability

nterest  and  objectives  in  the  post  mortem
etection  of  SARS-CoV-2

he  main  medical  and  legal  circumstances  in  which  it  is  of
nterest  to  detect  COVID-19  as  a  diagnostic  technique  in
orensic  autopsy  samples  are:  a)  suspected  (unconfirmed)
ases  of  COVID-19  in  natural  deaths  b)  sudden  or  unexpected
f  adults  or  children  in  which  COVID-19  has  to  be  ruled  out
s  a  possible  cause  of  death;  c)  reports  of  poor  praxis  in
hich  infection  may  be  involved  in  the  cause  of  death;  d)

iolent  deaths  in  which  the  circumstances  make  it  advis-
ble  to  determine  this  factor  (e.g.,  suicide,  the  possibility
f  a  covert  crime),  and  e)  any  other  situation  in  which  the
orensic  official  considers  it  to  be  necessary.

r
t
w
s
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As  well  as  questions  of  medical  and  legal  importance,  the
orensic  doctor  is  dealing  with  a  new  infectious  disease.  As
uch,  he  is  in  an  optimum  position  to:

one-  Identify  the  physiopathology  and  mechanism  of
action  of  this  new  infectious  agent.

one-  Identify  patterns  of  infection  in  different  risk  popu-
lations  and  age  groups.

one-  Contribute  to  the  epidemiological  study  of  the  pan-
demic.

one-  Optimise  post  mortem  diagnostic  techniques.

ypes of analysis for the detection of
ARS-CoV-2 in corpses

ibliographical  review

o  date,  practical  experience  of  the  post  mortem  detection
f  COVID-19  infection  has  been  restricted  by  the  small  num-
er  of  autopsies  performed  on  these  patients  in  the  affected
ountries.24 The  few  published  papers  on  the  results  of
utopsies  in  cases  of  COVID-19  are  restricted  to  certain
rgans  and/or  tissues,  or  they  use  minimally  invasive  tech-
iques,  and  complete  autopsies  are  only  described  in  a
ew  cases.20,24,25,61,62 With  some  exceptions,  the  majority  of
hese  publications  do  not  offer  many  details  on  the  microbio-
ogical  studies  that  were  performed.  In  the  majority  of  these
tudies  the  detection  of  the  pathogen  was  performed  ante
ortem  with  the  usual  samples  taken  in  clinical  practice

NPS  or  pharyngeal  swab),  or  the  samples  used  for  diagnosis
r  when  they  were  taken  is  not  specified.  In  the  publica-
ions  that  state  that  microbiological  diagnosis  took  place
ost  mortem,  the  technique  used  was  PCR.21,63,64 In  these
ases,  the  sample  analysed  was  a  pharyngeal  swab,64 and
nly  a  few  cases  used  samples  taken  from  the  lower  airways,
uch  as  lung  parenchyma  swabs62 or  lung  necropsies  fixed
n  paraffin.21 Only  exceptionally  was  electron  microscopy
sed  to  verify  the  presence  of  viral  inclusion  particles  in  the
ungs20 or  kidneys.61

No  study  was  found  in  the  bibliography  consulted  which
ade  parallel  use  of  more  than  one  type  of  sample  for
icrobiological  analysis,  so  that  it  is  impossible  to  make  any

ecommendation  on  this  basis  as  to  which  sample  may  be  the
ost  recommendable  to  use  in  corpses.

ecommendations for the determination of
OVID-19 in corpses

olecular  techniques

orensic  protocols  in  Spain  for  the  study  of  COVID-1965

ndicate  that  samples  should  be  taken  prior  to  autopsy,
ore  specifically  NPS  and  pharyngeal  swab.  These  would
e  the  most  suitable  samples  for  the  purpose  of  screening
or  COVID-19  to  decide  whether  to  carry  out  an  autopsy,
epending  on  whether  the  result  is  negative  or  positive,

espectively.  These  samples  must  be  collected  in  a  virus
ransport  medium  or  an  inactivation  medium;  the  latter,  as
ell  as  guaranteeing  the  stability  of  the  virus,  makes  it  pos-

ible  to  inactivate  for  increased  biosafety  during  transport

https://covid19.isciii.es/
https://cnecovid.isciii.es/
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Figure  2  Situatio

Source:  Instituto  de  Salud  Carlos  III.

and  the  start  of  analysis.  These  samples  will  be  used  for
molecular  analysis.

In  any  case,  if  it  is  decided  to  perform  a  complete,
directed  or  minimally  invasive  autopsy,  other  additional
samples  can  be  taken  from  the  lower  airways  for  microbi-
ological  diagnosis.  These  samples  can  be  bronchial  swabs
or  swabs  of  the  pulmonary  parenchyma,  and  even  a  small
fresh  lung  biopsy.  These  samples  may  be  highly  useful  when
the  virus  is  undetectable  in  the  nasopharynx  ---  which  may
occur  in  certain  phases  of  the  disease  ---  but  is  detectable
in  the  lower  airways,  as  is  sometimes  the  case  with  the
influenza  virus  or  other  respiratory  viruses.  Additionally,
unpublished  data  from  post  mortem  studies  in  COVID-19
(personal  communication  by  Nihan  Ziyade  and  Neval  Elgo-
rmus)  show  that  the  tracheal  swabs  may  be  positive  when
the  NPS  is  negative.  All  of  these  must  be  taken  into  account,
especially  in  cases  with  a  suspicion  of  COVID-19  and  a neg-
ative  result  in  the  NPS  or  pharyngeal  swabs.

Another  sample  that  may  be  of  interest  is  a  rectal  swab,
as  excretion  of  the  virus  in  stools  is  more  prolonged  (up  to  30
days),  although  it  has  to  be  taken  into  consideration  in  the
interpretation  of  these  results  that  the  finding  does  not  nec-
essarily  indicate  that  the  dead  person  was  in  the  acute  phase
of  the  disease,  but  rather  than  it  is  a  sign  of  an  infection  in
the  past.

As  was  pointed  out  above,  the  interpretation  of  PCR  in
corpses  must  be  approached  with  care.  If  a  NPS  result  is
clearly  positive,  in  a  pharyngeal  or  lower  airway  sample,
it  will  be  assumed  that  the  dead  individual  had  COVID-19
infection.  Nevertheless,  this  does  not  always  imply  that  the

patient  is  in  the  acute  phase  of  the  disease,  given  that  series
of  patients  have  been  published  in  which  the  viral  RNA  of  this
pathogen  persists  in  clinical  samples  without  the  virus  being
viable.

n

COVID-19  in  Spain.

On  the  contrary,  if  a  result  is  negative,  this  negativity
ay  not  be  due  to  the  absence  of  infection,  but  rather  to

ther  reasons,  of  which  the  main  ones  are:

one-  The  sample  was  not  taken  properly.
one-  The  virus  is  no  longer  detectable  in  the  pharynx  or

nasopharynx,  but  it  may  be  in  the  lower  airways
because  of  the  evolution  of  the  disease.

one-  The  infection  is  remitting  and  the  viral  load,  as  it  is
very  low,  is  below  the  detection  limit  of  the  tech-
nique.

erological studies and other studies

here  are  currently  no  well-founded  data  on  which  to  base
he  use  of  the  so-called  fast  serological  tests  for  screening
nd  to  recommend  their  routine  use  in  corpses,  given  that
his  may  lead  to  errors,  according  to  the  above  considera-
ions.

Respecting  the  use  of  automated  or  semi-automated  clas-
ical  serological  tests,  it  would  make  sense  to  use  these  in
he  following  circumstances:

one-  Deaths  with  a  negative  PCR  result  and  the  suspicion
of  COVID-19  infection,  i.e.,  to  confirm  the  infection
in  the  absence  of  a  positive  PCR.  In  these  cases  the
evolution  of  the  infection  must  have  lasted  for  longer

than  7  days.

one-  When  a ‘‘past  infection’’  has  to  be  confirmed  by  IgG
determination,  in  connection  or  not  with  the  negative
result  of  an  ante-mortem  PCR  test.
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Due  to  these  reasons  the  forensic  protocols  at  national
evel  have  included  serum  sampling,  with  the  aim  of  per-
orming  serological  studies.  Moreover,  these  protocols  have
lso  included  taking  samples  of  peripheral  blood  with  EDTA,
o  detect  a  possible  viremia.  However,  the  diagnostic  utility
f  this  would  be  very  limited,  as  there  are  no  studies  which
rove  the  presence  of  the  virus  in  the  blood  or  urine.66

In  any  case,  the  final  interpretation  of  the  results
btained  must  always  take  the  clinical  situation  of  the  dead
ndividual  into  account,  so  that  it  would  be  advisable  to
ave  data  from  their  clinical  history,  if  this  is  available,
s  well  as  the  interview  with  those  who  they  lived  with,
ll  with  the  aim  of  tracing  the  start  of  the  symptoms,  if
here  were  any.  We  must  not  forget  that,  above  all  in  elderly
atients,  some  symptoms  may  be  confused  with  manifesta-
ions  of  their  age  (chronic  cough,  comorbidity  or  cognitive
eterioration,  etc.).

ther microbiological studies of interest in
hose who died due to COVID-19

lthough  from  a  forensic  point  of  view  deaths  due  to  COVID-
9  have  easily  distinguishable  characteristics,  the  proven
act  that  these  patients  may  have  suffered  different  types
f  coinfection  at  the  moment  of  death  makes  it  necessary  to
erform  complementary  microbiological  tests  to  clarify  this
ossibility.  If  the  corpse  is  not  opened,  then  logically  the  pos-
ibility  of  detecting  these  coinfections  will  be  reduced.  It  is
lways  possible  to  take  additional  NPS  and  pharyngeal  swabs
o  use  for  bacterial  culture  and  molecular  analysis  for  res-
iratory  viruses.  Nevertheless,  if  these  tests  are  negative,
t  does  not  mean  that  there  is  no  infection  of  the  lower  air-
ays.  It  is  therefore  advisable  to  also  take  a  bronchial  swab
nd  lung  biopsy,  in  the  case  of  a  traditional  autopsy,67 or
yringe  aspirate  of  the  lung  if  a  minimally  invasive  autopsy  is
erformed,  following  ESGFOR  recommendations  (the  Euro-
ean  Study  Group  of  Forensic  and  Post-mortem  Microbiology
f  the  ESCMID,  the  European  Society  of  Clinical  Microbiology
nd  Infectious  Diseases).68

As  in  any  other  post  mortem  study,  the  most  frequent
nalyses  are  bacterial  and  fungal  culture  techniques,  anti-
en  detection  techniques  and  molecular  techniques.69

To  detect  the  bacteria  that  may  appear  in  COVID-19
oinfections  bacterial  cultures  of  samples  may  be  made
n  conventional  solid  and  liquid  media,  under  similar  incu-
ation  conditions  and  times  to  those  used  for  the  studies
f  living  patients.  Atypical  bacteria  (Legionella  sp.  and
.  pneumoniae) may  be  analysed  using  antigen  tech-
iques  (enzyme  immunoanalysis  or  inmunochromatography)
r  molecular  techniques.  When  there  is  the  suspicion  of  a
ungal  infection,  samples  must  be  inoculated  in  Sabouraud
gar  with  antibiotic,  although  it  is  true  that  Aspergillus
rows  well  in  almost  all  culture  media,  for  bacteria  as  well
s  for  fungi.  Fungal  antigens  such  as  galactomannan  are
seful  to  detect  the  presence  of  this  fungus,  as  it  most  espe-
ially  a  search  for  its  DNA.  The  detection  of  nucleic  acids
sing  molecular  techniques  is  useful  to  detect  any  of  the

icroorganisms  that  may  accompany  SARS-CoV-2,  although

irological  studies  are  especially  relevant  here.
All  molecular  studies  commence  with  the  extraction  of

ucleic  acids  from  a  sample.  This  is  usually  done  using  auto-

1
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atic  platforms  that  guarantee  that  the  material  obtained
s  of  suitable  quality.  This  material  is  subjected  to  different
ypes  of  PCR  that  may  be  combined  with  other  techniques
uch  as  microarrays.  To  detect  the  presence  of  respira-
ory  viruses  other  than  SARS-CoV-2  it  is  highly  useful  to  use
ommercial  microarrays  that  make  it  possible  to  analyse
he  17  most  common  respiratory  viruses  in  humans  (Clart
neumovir.  Genómica  S.A.U.).  Other  techniques,  such  as
he  Luminex  NxTAG  or  the  Biomerieux  Filmarray  (multiple
CRs),  make  it  possible  to  easily  and  simultaneously  detect
he  main  respiratory  viruses  as  well  as  the  bacterial  which
ause  atypical  pneumonias,  and  even  to  quantify  them  in
ome  cases.
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