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Abstract  Coronavirus  disease  2019  (COVID-19)  has  spread  worldwide,  resulting  in  significant
morbidity and  mortality.  Histopathological  findings  are  essential  in  understanding  its  pathogen-
esis and  we  present  our  findings  from  postmortem  core  needle  biopsies  in  an  attempt  to  share
information  that  may  shed  some  light  on  this  severe  pandemic.

Different  organ  samples  from  four  patients  with  PCR-confirmed  COVID-19  at  the  Infanta  Sofía
Hospital (Madrid)  were  studied  during  the  months  of  April  and  May,  2020  by  six  pathologists
using routine  stains,  histochemistry  and  immunohistochemistry.  Results  were  compared  with
other reported  cases.

All  patients  had  a  clinical  diagnosis  of  pneumonia  and  biopsies  revealed  lung  damage  in  the
majority. Heart,  liver,  spleen  and  kidney  were  also  studied  and  abnormalities  were  found  in  all
cases and  are  extensively  described.

The  histopathology  of  organs  affected  by  COVID-19  is  vital  to  the  understanding  of  this  disease
and its  sequelae.
© 2021  Sociedad  Española  de  Anatomı́a Patológica.  Published  by  Elsevier  España,  S.L.U.  All
rights reserved.

PALABRAS  CLAVE Hallazgos  patológicos  multiorgánicos  asociados  a  COVID-19  a  través  de  biopsias  con

Coronavirus; aguja  gruesa  postmortem  y  revisión  de  la  literatura  actual
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Resumen  La  enfermedad  de  coronavirus  2019  (COVID-19)  ha  afectado  de  forma  mundial
causando  intensa  morbimortalidad.  Los  hallazgos  patológicos  son  claves  para  entender  su
patogénesis.  A  través  de  biopsias  con  aguja  gruesa  postmortem,  intentamos  responder  a  las
Patogénesis;

Microscopía incógnitas  que  giran  en  torno  a  la  severidad  de  esta  infección.
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T.  González  Pessolani  et  al.

Se  enviaron  muestras  de  cuatro  pacientes  COVID-19  positivos  al  servicio  de  Anatomía  Patológica
del Hospital  Infanta  Sofía  (Madrid)  en  los  meses  de  Abril  y  Mayo  2020.  Se  estudiaron  a  través
de distintas  técnicas  y  los  resultados  se  compararon  con  la  literatura,  buscando  similitudes  y
peculiaridades.

Todos los  pacientes  tenían  un  diagnóstico  de  neumonía.  Las  biopsias  mostraron  daño  pulmonar
en la  mayoría.  El  resto  de  los  órganos  estudiados  fueron:  corazón,  hígado,  bazo  y  riñón.  Se
encontraron  características  distintivas  en  muchos,  las  cuales  fueron  descritas  exhaustivamente.

En conclusión,  el  análisis  microscópico  de  los  órganos  afectados  por  COVID-19  es  importante
para comprender  ésta  enfermedad  y  sus  posibles  consecuencias.
© 2021  Sociedad  Española  de  Anatomı́a  Patológica.  Publicado  por  Elsevier  España,  S.L.U.  Todos
los derechos  reservados.
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pain  has  become  one  of  the  epicenters  of  an  unprecedented
andemic  caused  by  Coronavirus  disease  2019  (COVID-19)
nd  is  one  of  the  countries  with  a  higher  coronavirus  mortal-
ty  rate.  Many  hypotheses  have  been  proposed  to  explain  the
ncrease  in  fatalities  but  so  far  it  remains  largely  an  enigma.
he  underlying  factors  responsible  for  worldwide  variations

n  mortality  are  poorly  understood  but  may  be  related  to
enetic  predisposition,1 access  and  quality  of  healthcare  and
revalence  of  comorbidities.

COVID-19  is  caused  by  severe  acute  respiratory  syndrome
oronavirus  2  (SARS-CoV-2).2 It  was  first  detected  in  Decem-
er,  2019  in  Wuhan  (China)  and  declared  a  pandemic  on
arch,  2020.3

Only  a  few  autopsy  results  have  been  reported  to  date.
owever,  it  is  vital  that  we  improve  our  understanding  of  this
isease  from  every  possible  angle.  Histopathological  analy-
is  of  postmortem  core  needle  biopsies  (PMCNB)  of  target
rgans  may  shed  light  on  the  pathogenesis  of  the  microor-
anism.

The  lungs  and  the  heart  are  amongst  the  organs  most
ffected  by  COVID-19.3 In  the  lung,  the  typical  pattern
f  injury  described  is  diffuse  alveolar  damage  (DAD),3 a
onspecific  pattern  of  interstitial  pneumonia  that  evolves
hrough  phases  (exudative,  proliferative  and  fibrotic).  It  is
haracterized  by  hyaline  membranes  in  the  early  stages  and
brosis  in  later  stages.4 Interstitial  lymphocytic  infiltrates
ith  predominant  CD4-positive  T  cells4---6 are  commonly

eported.  Although  some  authors  propose  that,  in  severe
nfections,  ‘‘acute  fibrinous  and  organizing  pneumonia
AFOP)’’  is  the  main  pattern  found,  where  intra-alveolar  fib-
in  balls  are  seen  without  hyaline  membranes,7 this  diagnosis
hould  be  reserved  for  large  samples  so  that  the  absence  of
AD  features  can  be  confirmed.8 An  important  common  find-

ng  is  the  presence  of  microvascular  thrombi6 and  associated
emorrhage.  Other  findings  include  reactive  pneumocytes
nd  multinucleated  giant  cells  (MGC).  To  our  knowledge,  no
iral  inclusions  in  association  with  this  infection  have  been

4,9
eported. In  the  heart,  myocyte  hypertrophy  is  a  com-
on  finding,  probably  related  to  underlying  conditions.10 A

pectrum  of  mild  interstitial  chronic  inflammation  within  the
yocardium  without  necrosis  to  lymphocytic  myocarditis

L
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27
ith  myonecrosis  is  also  described.3 Further  reports  describe
ndividual  cell  necrosis  without  associated  inflammation.5

Other  organs  known  to  be  involved  in  this  disease  are
he  liver,  spleen  and  kidney.  In  the  liver,  frequent  sinu-
oidal  dilatation  with  congestion,  as  well  as  steatosis,  have
een  described,  in  addition  to  patchy  hepatocytic  necrosis
nd  microvascular  thrombi.9,11 In  the  spleen,  lymphocytic
epletion  of  the  white  pulp  with  a  decrease  or  absence  of
ymphoid  follicles  is  usually  found.12 Acute  tubular  necrosis
ATN)  is  generally  present  in  the  kidney,13 with  glomeru-
ar  capillary  thrombi  and  vacuolization  and  dilatation  of
ubules10 also  being  reported.

aterials and methods

nce  the  initial  overloading  of  the  hospital  system  due  to
he  pandemic  had  abated,  PMCNBs  were  performed  on  four
ases  of  PCR-positive  for  COVID-19,  between  April  and  May
020,  at  the  Infanta  Sofia  Hospital  in  Madrid,  Spain.  The
rocedure  was  carried  out  with  the  previous  consent  of  the
rst-degree  relative  of  the  deceased.

Six  pathologists  studied  the  samples  using  H&E,  histo-
hemical  (Alcian  blue  and  Masson  for  lungs;  PAS-diastase,
asson,  Reticulin  and  Perls  Prussian  blue  for  liver;  PAS,
ilver,  Masson  for  kidney)  and  immunohistochemical  stains
CD20,  CD3,  CD4  and  CD8  for  lungs;  CD20,  CD3  and  CD23
or  spleen).  Lung  tissue  was  sampled  in  all  patients,  as
ell  as  other  organs  such  as  heart,  liver,  spleen  and  kid-
ey.  Findings  were  compared  with  previously  published
eports.

esults

linical  data  and  pathologic  findings  of  the  patients  are  sum-
arized  in  Table  1.
Patient  1(P1)  was  a  56-year-old  male,  native  of  Peru,

x-smoker  with  no  concomitant  diseases  and  with  clinical
iagnoses  of  COVID-19  pneumonia  and  respiratory  failure.

ung,  liver  and  spleen  biopsies  were  sampled.

Lung  parenchyma  showed  a  DAD  pattern  in  predominant
roliferative/fibrotic  phase,  with  many  intra-alveolar  fib-
in  balls.  Moderate  lymphocytic  interstitial  infiltrates  with
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Table  1  Clinical  data  and  Pathological  findings.

Patient  1  2  3  4

Sex  Male  Male  Male  Male
Age 56  78  78  57
Nationality Peruvian  Spanish  Spanish  Cuban
Blood group  A+  O−  A−  A+
Clinical history  Ex-smoker  Ex-smoker,  HTA,  DM,

Dyslipidemia
Dyslipidemia  HTA,  overweight

Days with
symptoms

31  41  37  43

Days in  ICU 13  2  2  13

Histopathological  findings:
Lungs  •  DAD

(proliferative/fibrotic
phase)
• Microvascular  fibrin
thrombi
• Eosinophilic
infíltrates

Acute
bronchopneumonia

•  DAD  with  focal  hyaline
membranes  (predominant
proliferative  phase)
•  Acute  bronchopneumonia
with  fungal  hyphae
• Microvascular  fibrin
thrombi

•  DAD
(proliferative/fibrotic
phase)
• Microvascular
thrombi

Heart Not  sampled  Myocyte  hypertrophy  •  Myocyte  hypertrophy
•  Mild  inflammatory
infiltrates

•  Myocyte
hypertrophy
Focal  area  of  necrotic
myocytes  without
associated
inflammation
•  Moderate-intense
arteriosclerosis

Liver •  Portal  lymphocytic
infiltrates
• Focal  lobular
necrosis
• Microvascular  fibrin
thrombus
• Glycogenated  nuclei
Sinusoidal  congestion

Not  sampled  •  Mild  cholestasis
Mild  increase  in
intrahepatocytic  iron
• Sinusoidal  congestion

•  Intense  acute
hepatitis
Severe  steatosis
• Multinucleated
hepatocytes  with
bizarre  nuclei

Spleen •  Intense  lymphoid
depletion
•  Decreased/absent
lymphoid  follicles
•  Red  splenic
arteriolar  hyalinosis

Not  sampled  Not  sampled  Not  sampled

Kidney Not  sampled  •  Focal  acute  tubular
necrosis
• Vacuolization  of
tubular  epithelium
• Moderate  arteriolar
hyalinosis  and
arteriosclerosis

•  Focal  glomerular  capillary
thrombus
• Focal  acute  tubular
necrosis
• Occasional  dilated  tubules
with  diminished  walls
• Mild  arteriolar  hyalinosis
and  moderate

Not  sampled
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redominant  CD8-positive  T  cells  and  frequent  eosinophils
ere  seen,  both  in  the  interstitial  septa  and  inside  the  alve-
lar  spaces.  Numerous  microvascular  fibrin  thrombi  were

oted,  as  well  as  reactive  pneumocytes,  MGC,  intra-alveolar
emorrhage  and  edema.

Liver  parenchyma  showed  moderate  lymphocytic  infil-
rates  in  portal  spaces  and  a  microvascular  fibrin  thrombus.

t
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27
arteriosclerosis

 focal  area  of  lobular  necrosis  was  also  noted.  Many  hepato-
ytes  had  glycogenated  nuclei  and  sinusoids  were  congested
hroughout.
Spleen  parenchyma  showed  lymphocytic  depletion  of
he  white  pulp  with  decreased/absent  lymphoid  follicles.
ed  splenic  arteriolar  hyalinosis  was  observed,  with  narrow
umens.
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T.  González  

Patient  2(P2)  was  a  78-year-old  male,  hypertensive  ex-
moker  with  type  2  diabetes  mellitus,  dyslipidemia,  COPD
nd  obstructive  sleep  apnea.  His  clinical  diagnoses  were
OVID-19  pneumonia,  respiratory  infection  by  S.  maltoh-
hilia,  bilateral  pulmonary  embolism,  multi-organ  failure
nd  probable  acute  mesenteric  ischemia  (AMI).  Lung,  heart
nd  kidney  biopsies  were  sampled.  Unfortunately,  intestinal
amples  were  not  examined  to  rule  out  the  clinical  suspicion
f  AMI.

Lung  parenchyma  showed  histologic  signs  of  acute  bron-
hopneumonia,  with  no  features  suggestive  of  DAD.

Heart  parenchyma  only  showed  myocyte  hypertrophy.
Kidney  parenchyma  showed  focal  ATN  and  frequent  vac-

olization  of  the  tubular  epithelium.  Vessels  had  moderate
rteriolar  hyalinosis  and  arteriosclerosis.

Patient  3(P3)  was  a  78-year-old  man  with  a  history  of  dys-
ipidemia.  His  clinical  diagnoses  were  COVID-19  pneumonia,
espiratory  and  renal  failure  and  probable  respiratory  infec-
ion  by  A.  fumigatus.  Lung,  heart,  liver  and  kidney  were
ampled.

Lung  parenchyma  showed  features  of  DAD  predominantly
n  the  proliferative  phase,  with  focal  hyaline  membranes.
ibrin  intra-alveolar  balls  and  moderate  interstitial  lympho-
ytic  infiltrates  with  a  slight  predominance  of  CD8-positive

 cells  were  present.  Microvascular  fibrin  thrombi,  as  well
s  intra-alveolar  edema,  hemorrhage,  reactive  pneumocytes
nd  MGC  were  also  found.  Furthermore,  acute  bronchopneu-
onia  with  numerous  intra-alveolar  neutrophils  and  fungal

yphae  positive  by  Grocott’s  silver  stain,  was  diagnosed.
Heart  parenchyma  showed  myocyte  hypertrophy  and  mild

atchy  inflammatory  mixed  infiltrate,  without  associated
ecrosis.

Liver  parenchyma  showed  hepatocytes  with  frequent
lycogenated  nuclei.  Mild  cholestasis,  a  slight  increase  in
ntrahepatocytic  iron  (detected  using  Perls  Prussian  blue)
nd  widespread  sinusoidal  congestion  were  also  found.

Kidney  parenchyma  showed  a  fibrin  thrombus  in  a
lomerular  capillary.  There  were  occasional  dilated  tubules
ith  diminished  wall  thickness  and  focal  ATN.  Mild  arteriolar
yalinosis  and  moderate  arterial  arteriosclerosis  were  also
resent.

Patient  4(P4)  was  a  57-year-old  overweight,  hyper-
ensive  male,  native  of  Cuba,  whose  clinical  diagnoses
ere  COVID-19  pneumonia,  respiratory  and  renal  failure,
atheter-related  bacteriemia  by  S.  epidermidis  and  can-
idemia  by  C.  parapsilosis. Lung,  heart  and  liver  were
ampled.

Lung  parenchyma  showed  a  DAD  pattern  predominantly  in
he  proliferative/fibrotic  phase,  with  frequent  fibrin  intra-
lveolar  balls.  There  were  moderate  foci  of  interstitial
ymphocytic  infiltrates  with  predominant  CD8-positive  T
ells.  Microvascular  fibrin  thrombi,  common  reactive  pneu-
ocytes,  MGC  and  areas  of  alveolar  hemorrhage  were  also
resent.

Heart  parenchyma  showed  myocyte  hypertrophy  and
ocal  areas  of  necrotic  myocytes  without  associated  inflam-
ation.  The  sample  included  a  medium-size  artery  with
oderate  to  intense  arteriosclerosis.

Liver  parenchyma  showed  intense  acute  hepatitis,  severe

teatosis  and  widespread  sinusoidal  congestion.  Some  hep-
tocytes  showed  multinucleation  and  enlarged,  bizarre
uclei.
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iscussion

e  report  the  histopathological  findings  of  PMCNBs  of  four
ases  of  COVID-19.  To  date,  available  data  are  scarce,  how-
ver,  it  is  crucial  that  the  reason  for  the  elevated  mortality
ssociated  with  COVID-19  in  Spain  be  investigated.  Although
e  are  aware  that  our  study  is  limited  by  the  small  num-
er  of  cases,  we  hope  that  it  will  contribute  to  a  better
nderstanding  of  the  disease.

Morphological  manifestations  generally  fitted  the  profile
escribed  in  previous  reports.13 Lung  histology  revealed  a
AD  pattern  predominantly  in  a  proliferative/fibrotic  phase
Fig.  1a  and  b),  with  frequent  intra-alveolar  fibrin  balls
nd  focal  hyaline  membranes  in  only  one  case  (P3).  Reac-
ive  pneumocytes,  MGC,  interstitial  lymphocytic  infiltrates,
lveolar  hemorrhage  and  edema  (Fig.  1c)  were  common,
s  well  as  microvascular  fibrin  thrombi  (Fig.  1d---f).  In  all
atients,  cardiac  histology  showed  some  degree  of  myocyte
ypertrophy,  probably  related  to  comorbidities,  including
ypertension.  In  one  case  (P3)  there  was  mild  interstitial
hronic  myocardial  inflammation  without  associated  necro-
is,  and  in  another  case  (P4)  a  focal  area  of  acute  myocardial
nfarct  (Fig.  2a)  without  inflammatory  infiltrates,  as  in  prior
eports.5 Liver  histology  showed  diffuse  sinusoidal  conges-
ion  and  frequent  hepatocytes  with  glycogenated  nuclei
Fig.  2b).  One  case  (P1)  had  a  small  area  of  hepatocellular
ecrosis  and  a  portal  microvascular  fibrin  thrombus  (Fig.  2c).
nother  case  (P4)  showed  intense  steatosis  (Fig.  2d).  In  the
nly  case  in  which  spleen  tissue  had  been  biopsied  (P1),
istopathological  findings  similar  to  previous  reports  were
een,  in  the  form  of  lymphocytic  depletion  of  the  white
ulp  and  areas  with  diminished/absent  lymphoid  follicles12

Fig.  2e).  Kidney  samples  in  one  case  (P3)  showed  vascu-
ar  injury  with  a  glomerular  capillary  thrombus  (Fig.  2f),
rteriolar  hyalinosis  and  arteriosclerosis.  Tubular  injury  was
lso  frequently  noted,  with  ATN  in  two  cases  (P2,  P3)  and
idened  tubular  lumina  with  flattened  epithelium  in  one
ase  (P3)  (Fig.  2g).

Abnormalities  were  found  in  most  of  the  organs  sam-
led,  mainly  in  the  lungs.  In  contrast  to  previous  reports,
nterstitial  lymphocytic  infiltrates  were  predominantly  CD8-
ositive.4---6 One  case  (P1)  showed  frequent  eosinophilic
nfiltrates.  Although  some  authors  report  the  presence  of

 few  eosinophils,4 to  the  best  of  our  knowledge,  these
ells  are  not  a  frequent  finding  in  COVID-19  lungs.  One  case
P2)  did  not  have  a  DAD  pattern,  but  acute  bronchopneumo-
ia,  probably  related  to  S.  maltohphilia. Another  case  (P3)
ad,  as  well  as  DAD,  concomitant  acute  bronchopneumonia,
robably  related  to  A.fumigatus. In  the  liver,  one  case  (P4)
howed  acute  hepatitis,  not  typically  associated  with  this
isease  and  probably  secondary  to  drug  cytotoxicity.  The
ame  patient  showed  hepatocytes  with  multinucleation  and
nlarged  bizarre  nuclei  (Fig.  2d);  to  our  knowledge,  an  unre-
orted  feature.  Kidney  histology  showed  vacuolization  of
ubular  epithelium  in  one  case  (P2)  (Fig.  2h),  also  probably
n  relation  to  drug  therapy.

The  present  study  also  revealed  two  interesting  clini-
al  aspects.  Both  of  the  younger  patients  (P1,  56  and  P4,

7  years-old)  were  Latin  Americans  (Peruvian  and  Cuban,
espectively).  Two  previous  studies  have  linked  blood  group

 with  a higher  susceptibility  to  COVID-19  in  comparison

8
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Figure  1  Histological  study  of  the  lung:  (a  and  b)  lung  parenchyma  with  diffuse  thickening  of  alveolar  walls  by  inflammatory
infiltrate and  fibrosis  (DAD  pattern,  proliferative/fibrotic  phase)  (H&E  stain,  2×);  (c)  lung  parenchyma  with  DAD  pattern  and  frequent
associated alveolar  hemorrhage  (H&E  stain,  2×);  (d---f)  Alveolar  walls  coated  by  reactive  pneumocytes  and  thickened  by  increased
cellularity and  fibrosis.  Note  the  numerous  vascular  microthrombi  (head  of  arrow)  (H&E  stain,  20×).

Figure  2  Histological  study  of  other  organs:  (a)  heart  myocardium  with  necrotic  myocytes  (H&E  stain,  20×);  (b)  hepatocytes  with
frequent glycogenated  nuclei  (H&E  stain,  20×);  (c)  portal  vascular  microthrombus  (H&E  stain,  20×);  (d)  Hepatocytes  with  intense
steatosis and  enlarged  nuclei  (H&E  stain,  40×);  (e)  Spleen  with  lymphocytic  depletion  of  the  white  pulp  and  diminished  lymphoid
f s  (H&
( stain

t
g
d
A
O

C

Although  the  study  of  PMCNB  of  patients  dying  of  COVID-
ollicles (H&E  stain,  4×);  (f)  Glomerular  capillary  microthrombu
H&E stain,  20×);  (h)  Vacuolization  of  tubular  epithelium  (H&E  

o  blood  group  O,  and  suggested  that  this  former  blood
roup  may  be  associated  with  coagulopathies  related  to  this
isease.14 Three  of  our  four  patients  had  blood  group  A  (P1:

+,  P3:  A−  and  P4:  A+).  Only  one  patient  had  blood  group
-  (P2)15,16 and,  interestingly,  he  had  no  features  of  DAD.

1
u

27
E  stain,  20×);  (g)  Tubular  dilatation  with  flattened  epithelium
,  20×).

onclusion
9  is  not  as  complete  as  a  full  autopsy,  it  will  further  the
nderstanding  of  the  histopathology  related  to  this  highly
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10.1101/2020.03.11.20031096 [Epub ahead of print].
16. Zietz M, Tatonetti NP. Testing the association between blood
T.  González  

ethal  virus.  Our  study,  albeit  a  small  one  with  only  four
ases,  correlates  well  with  previously  published  reports,  and
ighlights  some  interesting  pathological  findings.  Therefore,
e  hope  it  will  contribute  in  shedding  some  light  on  the
ature  of  this  microorganism,  although  further  and  larger
istopathological  series  are  urgently  required.

onflict of interest

he  authors  have  no  conflict  of  interest  to  declare  regarding
his  study.

cknowledgments

he  authors  would  like  to  thank  the  head  of  the  ICU  ser-
ice  of  Hospital  Infanta  Sofía,  Miguel  Angel  González,  for
erforming  the  PMCNBs  and  thus  making  this  study  possible,
s  well  as  Dr  Alejandro  Ayala  from  the  University  of  Miami
USA)  for  his  significant  contribution.

eferences

1. COVID-19 Host Genetics Initiative. The COVID-19 Host Genet-
ics Initiative, a global initiative to elucidate the role of host
genetic factors in susceptibility and severity of the SARS-
CoV-2 virus pandemic. Eur J Hum Genet. 2020;28:715---8,
http://dx.doi.org/10.1038/s41431-020-0636-6.

2. Tian S, Xiong Y, Liu H, Niu L, Guo J, Liao M, et al. Pathological
study of the 2019 novel coronavirus disease (COVID-19) through
postmortem core biopsies. Mod Pathol. 2020;33:1007---14,
http://dx.doi.org/10.1038/s41379-020-0536-x.

3. Buja LM, Wolf DA, Zhao B, Akkanti B, McDonald M, Lelenwa
L, et al. The emerging spectrum of cardiopulmonary pathol-
ogy of the coronavirus disease 2019 (COVID-19): report of
3 autopsies from Houston Texas, and review of autopsy
findings from other United States cities. Cardiovasc Pathol.
2020;48:107233, http://dx.doi.org/10.1016/j.carpath.2020.
107233.

4. Jain A. COVID-19 and lung pathology. Indian J Pathol Microbiol.
2020;63:171---2, http://dx.doi.org/10.4103/IJPM.IJPM 280 20.

5. Fox SE, Akmatbekov A, Harbert JL, Li G, Quincy Brown

J, Vander Heide RS. Pulmonary and cardiac pathology
in African American patients with COVID-19: an autopsy
series from New Orleans. Lancet Respir Med. 2020;8:681---6,
http://dx.doi.org/10.1016/S2213-2600(20)30243-5.

28
olani  et  al.

6. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T,
Laenger F, et al. Pulmonary vascular endothelialitis thrombosis,
and angiogenesis in Covid-19. N Engl J Med. 2020;383:120---8,
http://dx.doi.org/10.1056/NEJMoa2015432.

7. Copin M, Parmentier E, Duburcq T, Poissy J, Mathieu D. Time
to consider histologic pattern of lung injury to treat critically
ill patients with COVID-19 infection. Intensive Care Med. 2020,
http://dx.doi.org/10.1007/s00134-020-06057-8.

8. Beasley MB. The pathologist’s approach to acute
lung injury. Arch Pathol Lab Med. 2010;134:719---27,
http://dx.doi.org/10.1043/1543-2165-134.5.719.

9. Hanley B, Lucas SB, Youd E, Swift B, Osborn M. Autopsy in sus-
pected COVID-19 cases. J Clin Pathol. 2020;73:239---42.

0. Menter T, Haslbauer J, Nienhold R, Savic S, Hopfer H,
Deigendesch N, et al. Post-mortem examination of COVID19
patients reveals diffuse alveolar damage with severe cap-
illary congestion and variegated findings of lungs and
other organs suggesting vascular dysfunction. Histopathology.
2020, http://dx.doi.org/10.1111/his.14134 [Accepted Author
Manuscript].

1. Li Y, Xiao S-Y. Hepatic involvement in COVID-19 patients:
pathology, pathogenesis, and clinical implications. J Med Virol.
2020:1---4, http://dx.doi.org/10.1002/jmv.25973.

2. Xu X, Chang XN, Pan HX, Su H, Huang B, Yang M, et al.
Pathological changes of the spleen in ten patients with
coronavirus disease 2019(COVID-19) by postmortem needle
autopsy. Zhonghua Bing li xue za zhi. 2020;49:576---82,
http://dx.doi.org/10.3760/cma.j.cn112151-20200401-00278.

3. Polak SB, Van Gool IC, Cohen D, von der Thüsen JH,
van Paassen J. A systematic review of pathological find-
ings in COVID-19: a pathophysiological timeline and pos-
sible mechanisms of disease progression [published online
ahead of print, 2020 Jun 22]. Mod Pathol. 2020:1---11,
http://dx.doi.org/10.1038/s41379-020-0603-3.

4. Su H, Yang M, Wan C, Yi LX, Tang F, Zhu HY, et al. Renal
histopathological analysis of 26 postmortem findings of patients
with COVID-19 in China [published online ahead of print,
2020 Apr 9]. Kidney Int. 2020;S0085---2538, http://dx.doi.org/
10.1016/j.kint.2020.04.003, 30369-0.

5. Zhao J, Yang Y, Huang H, Li D, Gu D, Lu X, et al.
Relationship between the ABO Blood Group and the
COVID-19 susceptibility. MedRxiv. 2020, http://dx.doi.org/
type and COVID-19 infection, intubation, and death. medRxiv.
2020, http://dx.doi.org/10.1101/2020.04.08.20058073.

0

dx.doi.org/10.1038/s41431-020-0636-6
dx.doi.org/10.1038/s41379-020-0536-x
dx.doi.org/10.1016/j.carpath.2020.107233
dx.doi.org/10.1016/j.carpath.2020.107233
dx.doi.org/10.4103/IJPM.IJPM_280_20
dx.doi.org/10.1016/S2213-2600(20)30243-5
dx.doi.org/10.1056/NEJMoa2015432
dx.doi.org/10.1007/s00134-020-06057-8
dx.doi.org/10.1043/1543-2165-134.5.719
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
http://refhub.elsevier.com/S1699-8855(20)30100-8/sbref0125
dx.doi.org/10.1111/his.14134
dx.doi.org/10.1002/jmv.25973
dx.doi.org/10.3760/cma.j.cn112151-20200401-00278
dx.doi.org/10.1038/s41379-020-0603-3
dx.doi.org/10.1016/j.kint.2020.04.003
dx.doi.org/10.1016/j.kint.2020.04.003
dx.doi.org/10.1101/2020.03.11.20031096
dx.doi.org/10.1101/2020.03.11.20031096
dx.doi.org/10.1101/2020.04.08.20058073

	Multi-organ pathological findings associated with COVID-19 in postmortem needle core biopsies in four patients and a revie...
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Conflict of interest
	Acknowledgments

	References

