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ABSTRACT
Article Info: Coronavirus disease 2019 (COVID-19) is a respiratory disorder that can affect many
26 Sep 2022 © body systems, including the hemostatic system. In this study, we aim to investigate the role of hemostatic
26 Oct 2022 ¢ systemand the blood coagulation in COVID-19.

0lun2022 In this review study, the articles were searched using the keywords COVID-19,
© Respiratory infection, and Coagulopathy in Google Scholar, PubMed, Google Springer and Science
Direct databases.
Ethical principles in writing this article were observed in accordance with the
guidelines of the National Ethics Committee and the Committee on Publication Ethics (COPE).
GESME Many changes in the coagulation profile of infected patients were reported, including changes
in the platelet count, fibrinogen/fibrin degradation product, D-Dimer, fibrinogen, prothrombin time,

Key words: and activated partial thromboplastin time. With the increase in the number of patients with COVID-19,
Coagulation several studies found out the occurrence of thrombosis and coagulopathy in patients.

system, COVID-19, : Due to the increase in the occurrence of coagulation disorders in patients with COVID-19, the
Coronavirus, © administration of anticoagulants is needed for their treatment; it can play an effective role in improving
Respiratory infection ©  the prognosis of patients.
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Introduction

n December 2019, a sudden outbreak of an

acute respiratory syndrome caused by a novel

coronavirus was reported for the first time in

Wuhan, Hubei Province, China. The World

Health Organization (WHO) named the disease
as COVID-19 and three months later, declared it a global
pandemic. This virus is highly contagious and affects the
lower and upper respiratory system. Evidence shows that
coagulation disorder is often seen in COVID-19 patients
and its occurrence is higher in severe cases [1, 2]. Due
to the insufficient information about coagulopathy of
COVID-19, in this narrative review study, we aims to
investigate the genetic structure, pathogenesis, clinical
manifestations of COVID-19 and the relationship of this
disease with blood coagulation disorders in patients with
COVID-19.

Materials and Methods

This is a narrative review study. Articles were searched
using the keywords COVID-19, Respiratory infection
and Coagulopathy in Google Scholar, PubMed, Google
Springer and Science Direct databases.

Results

The novel coronavirus belongs to the subfamily
Coronavirinae and the family Coronaviridae. This virus is
one of the enveloped viruses that have a diameter of 80-120
nm and has four variants: Alpha, beta, delta and gamma
[3]. It uses angiotensin-converting enzyme 2 (ACE2) as a
receptor and infects cells with ACE2 through the receptor-
binding domain found in the Spike (S) protein. Most
common clinical symptoms of COVID-19 include: Fever,
cough, fatigue, diarrhea, and vomiting, which are similar
to other coronaviruses with animal origin [8, 10]. Acute
respiratory distress syndrome occurs about 9 days after the
infection. In addition to the lungs, this virus involves heart,
kidney, liver, eyes, and the nervous system. Infection
caused by COVID-19 activates systemic inflammatory
responses as a part of the innate immune response [13].
The activation of the host’s defense system leads to the
activation of hemostatic factors and finally causes the
generation of thrombin, which is known as inflammation
of thrombosis or immunothrombosis. The receptor for
virus adhesion on endothelial cells is ACE2; therefore,
when the virus enters the vascular endothelial cell, it
causes viral replication, infiltration of inflammatory cells,
endothelial cell apoptosis, and capillary prothrombotic
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effects [20]. Recent studies have shown the occurrence
of venous and arterial thrombosis, including deep venous
thrombosis, pulmonary embolism, ischemic stroke,
and myocardial infection in patients with COVID-19
admitted to the intensive care units [22, 23]. Virchow’s
triad, which includes blood flow stasis, vascular wall
damage, and hypercoagulability, can also be a mechanism
in COVID-19. Hospitalized patients with confirmed or
suspected COVID-19 should have coagulation tests at the
time of admission, including D-dimer, prothrombin time
test, activated partial thromboplastin time test, fibrinogen
test, and platelet count, since these tests provide a useful
prognosis [32].

Discussion

The symptoms and prognosis of COVID-19 depend on
many factors, such as patient’s age, underlying diseases,
the type of virus, etc. One of the important features in
infected patients is the hemostatic disorders that are
associated with changes in indicators such as platelet
count, fibrinogen/fibrin degradation products, D-Dimer,
and fibrinogen. Therefore, according to changes in
the hemostatic system of patients with COVID-19,
anticoagulant treatments are recommended along with
supportive treatments for these patients.

Ethical Considerations

Ethical principles in writing this article were observed
in accordance with the guidelines of the National Ethics
Committee and the Committee on Publication Ethics
(COPE).

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for
profit sectors.

All authors met the writing standards based on the
recommendations of the International Committee of
Medical Journal Editors (ICMIJE).

The authors declare no conflict of interest.

Mohammadi F, et al. The Hemostatic System and the Importance of Blood Coagulation in COVID-19. J Arak Uni Med Sci. 2022; 25(2):174-187



http://jams.arakmu.ac.ir/index.php?slc_lang=en&sid=1
http://
http://

This Page Intentionally Left Blank



P er—

Y oyl YO 090 NF) 9 élé)é

S 3950 Vo
VA-955' (5)low 53 (93 Sl (2L (gldacar Coodl g JLugod phus GBI 12 (55950

“‘SJL‘.‘D Jone® )J)éd)iu& AA).‘Q tuj.)Lo l.:.of‘s c‘,)k&é e \‘SM 46.‘0[5

I ST ST St ke Sk sl ot a Sl aSetil )
Ol ST STl (K5 pole olStils ¢ o Kibzal g 008zl ¢ oalKiylosT pgle 09,5 .Y

Use your device to scan

and read the rtice onne (SETILYE) Mohammadi F, Nikrou M, Sadeghi K, Askarifard F, Sayyadi M. [The Role of Hemostatic System and the Importance
of Blood Coagulation in COVID-19: A Review Study (Persian)]. Journal of Arak University of Medical Sciences(JAMS). 2022;
25(2):174-187. https://doi.org/10.32598/JAMS.25.2.6211.1

https://doi.org/10.32598/JAMS.25.2.6211.1

° J'§> i ALt

" e

ISP
: 1P LT -f
s aloz) (320 (Slbrpiams 51 (5l lgicse 45 0 puin (S S S V8-S (5 ot e
2 095 il gl (BB gy & AL (i el esyaye i ol o 13 0 15 e ) jlisgen
il s VA-dugsS Cishe
 Coagulopathy § COVID-19¢ Respiratory infection  glae3lgands 5l eolisl b p¥ae jo cYlie sgoims NSRS
4538 1905 s sl S 55 ol Sl 5 eI elasl S,
e 005 ol COPE il 5,58 3145005 Jall s oo el 3,185 15 35 Jy
55 ap0r 55 1 30 oo (g 3500 QT 3 s il 13y g e Y41 s b
ONICTV) o g 9 (sistiinlo Alalliyes atnaS 9 Y Y-agsS |y gy ol (silaz bl lajlo - 53,155 Jliodsl sl sz
Slass 1o Sl sy ol o lge el o (5155 V40565 o) Lows (0linsl ldg s ;8 (6 oy & a5 (0l SARS-COV-211, ¢
adbico ooet foch eIl ABl o PTT 5 PT 55500 FDPe D-Dimer Jood f solio sla bl oS (eirad 9283 Lo lganls’
382 (ot VsS4 Mt plilers )3 (TlsSTsS 5 s9ran i o2 s Sate (slongmsyp b e VoggeS Cipie 1y o8 ol pitases
oo sUgjls 5| (St clpres olimilad (slang Jo 52926 IV Ayg9 (Lo 3o (g0l DS 90 alil e, IIITERE. Ly, g gl
S Ul (5 550 G (lons (5Tt S99 Wgfsm 9 2l n p3Y 1 hrcygsS adlne lilos oy (b5 Cdghe
e =
J gt 00y 93
‘sal.“ao S0x0

82kl pole 09,8 STyl (S SaSENS WS (St pole o823l a1y 1 SLAS
+AA (AVA) YEYADFY :opils
m.sayadi@arakmu.ac.ir : oSKuig sl Couny



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
http://orcid.org/0000-0003-2927-9669
https://orcid.org/0000-0003-0512-1883
http://jams.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.32598/JAMS.25.2.6211.1

ST Sy pode oL Ao i&'l‘

@z gl wiS oo Joo Gladkplenm e JUi 5 (SYsb
ool alie Slaug g plo b dgeS= oyl (Vb (Glaes
il 5l 0 Sl mgpg oope ilis o sadidly
6L les a5 ilas oy 10 VA-0ugeS ol 15 cleay
Ceoglie Lod dy Cpd gy opl aib oo Lo Hludl oy
SARS- gy [T wad o lLis d995~ oyl 5l (6 yoien
Sllooygls (ol pyoins (g 9 oyl alie 45 COV-2
pe35 sl «ail co Coronaviridae oslgl> o (MERS)
yocap sl SO L (30kb) cacie 4 Db slais , S5 RNA
96,5 ¥ el 37 sleil ;5 POV A o3 S5 5 5 slecs
o pais 2 45 ansd (ORF) daz 55 b5 0,3 3l (g1l
{M)cenvelope (E) Lic (spike S)ale>;l adql (5 t5Lo
S5y & JLail S slagratSgp 03,5 95y dpnS9lS o5
Lo yoy fgon il oo Joonge |) (b Joho (oolais]
4 Jlasl g osls JSis (g pg lans 0 1) Solosl oS (a9
M locgn aijlaes oSen | (liee Jsho (sloygm,
JLail 5 (mang IS8 )0 &5 st olae slageals Jul
9 rang ige LB (g n i o0 S8 10 aenS9lS o o
WgeS 5 siaiy Jsis N (55 50 LS| 53530
Cie 5 WS o0 il (mars &l 0f 5 Sl pgi 05
01 (Y o)lests yg5) 33 oo 0jisST |, sboals slo RNA

ol e 95 9SUTS S Ug S g 09 (a9 0 S lend
JRl glad 4y st ; 4y onig s fuaiie (el 33yl a5
&) PH & iy 55mgail o g 00 e ACE2 T o5
lap 5l s Jlad el pg 903l 5 a5 (soml PH 025 oo
Slasly 1) 99 4 Hetig psSelS S (SS9 L g B (oS
slid L ozl (gl S2 g Jlasl (aly ST a5 .39 052 5
ke Js355m 429959 (612 (992939 500 554 e Jolos
b g ;0 [Y] 0 10 ¥ agus PH L (ol Jauses @ 5L 5
QS (o0 iS5 4 £9 70 995 5l pords RNA SaS s g 2 9¢ Jolos
039J1 1) jglome (slaJobo c Jokoo 519,35l s g 29 00l 9
Sl Gefis g Ol b Gezred Gl sladshe il o
9550855 4 jgle sla Jsbos ol Jlail cely 595 o 5o
a5 y05Me o gt ya Szl .05 o TP (e Sl
St Ll ale gl 0 15 50 guae o Slos o Pl el
TA] 3l oo ool8 55 1) (siosloianms Zawss 51158 9 g9
ez STe s i Lol slal5 | aan > MRNA ACE2
Cighe el oS plaglSe 5 ol (5] iz o ol atisy
O (S 3290 9 (Sl (839 smeg 5 eabox il ()] Codgid 39 g

1. Spike-Protein
2. Syncytium

Y 0ylols YO 0y90 NF+) 15 g olo )5

doddo

Bg,S" s g8 5l (LB ol (mdis oyt (ST 90
Ol Slagg e ;o ¥V Jlos b 33 Lisedsl (s o9
Slo (nl Gl Sdthags lojls 0l 5155 (e (Ba9m
b gy gaiaiils Molliy aiaS 51 =055 1) (w9
lestes IS e e oo duw els SARS-COV-2 1, 1 (ICTV)
el Sloz ySaen (5 lows S 1)V 00995« Sloar cudlage
1) (GLoss i olSCid 5 0392 (6 pame Jlona (g9 Cnl -5
E5090 (ol eaimylis aais glaez S lae 08 o 50
£33 999 o0 0330 V-0 995 ;o el (guliwl PPzl as ol
30 SBL ledol s a5 [V] el i cdsas 3 lge o
bl 6950 Alie (al 53 N -03955 35553l 5IS TS 3590
Slpallas 55595 pandlSoo s Sty LSlo s laaidly ¢ Sy
ol o 0y solial OLST L VA-0u95 bLS ) 5 (b
O oo s olles

o gy 9 dlge

5 COVID-19.Respiratory infection _slaoslgads 5l eolazul b
wdocsly ¢ Kyl J855 Sl slaolSL o Coagulopathy
RGO PLE IR LISPVERILR g¥) AT SN (L Wiy [ g% 3

sl

o O e oll ey el o biniss sl

5 WD Seeshy s gatie Cle en poye &Sl
0*922909,5 3 (g0 43S ivgd 5o 0g>ge slagleys
.25 ka5 NCOV-2019 gic o] ds s oolulis
el Glojlus i Ve v 550 5l g g cnl sl 8 jleds 38
o)Ll 451V A=y 998 ooy oL 51 (S5 (6 )lo (6T Slor
AVT 0,8 SBileo)ls LY AR Jlo g (5 5lom g cligS &

Coro- oolgil> ;o Coronavirinae oolgils 55 a5 gy glig,S
5l ovaps owl w0,ls 3l nidovirales 4al I naviridae
) Zegi WWemAe b pl (55ka8 oS 035 Jlo Adey (sl 29
Ot 9980 o0 ol Lal5 g Lo (L Ll 09,5 F 4y g asiin |l
Ol aiindlys oo (o9 9 Ug S €567 s VA gS alalics
Ly g U, L o0lgils 31 (ggae 4 ) A-yg5 st e0)1
99 aLBAS sl lo 1o el oyl yasiin 3gd o gt
4,5 3l o 54 &S MERS-COV 5 0965~ jle (g 9 UgS
535 08 1) 0ariS (g Ao 93 aidly Juil ladl 4 55
cooang UeyS Jgene slagliee Olgeas (S0 ng o ilis
Sae a2l G g plo el St lo b ol e

YA



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://www.who.int/
https://www.who.int/
https://www.who.int/
https://pubmed.ncbi.nlm.nih.gov/
https://link.springer.com/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjPy5fv6or9AhXS_7sIHabYD1EQFnoECA8QAQ&url=https%3A%2F%2Fwww.sciencedirect.com%2F&usg=AOvVaw0Cq_3Sqw2Pt-uiRlGP0g0U
https://scholar.google.com/
https://www.who.int/
https://www.who.int/

Y oyl YO 090 NF) T 9.)'0)5

eSS

U sla 5930l oo e 0 g ,S b Lol o s b
o0l )55 A VYA g 5150 AAY 5 (yaude O Hlez 50 g S 5|
3o bod 53l 0 50 4y bogs o g S po (s s
Gy Gl o o asle lls as o)y Jlo VO ow
20 Solow ool slacs Lo YL (95 )Lid ceubs (yeoon
ol o [NV aten (L3 (o Joe g by (oudis
5 ool i 593k 2 Ftes (Jobor (ol i 5 Lo
090 o0 caanid 00 )95l S 31 )3 039 (ouig g slaighe pl
5 OUlyz Wi oo w929 (2l 45 5,5 hgel 8 b easzs cnll
e S ad e oo |y a5 sl e i1y wllo o3
250 (e 2oy YIF 1) g gl 5 (S0 095 50
Eoeed slasils Lol ez Cullage lojls Vo ¥ 40il5 Y
o9es gy g )hkdl Cunsy SO Iy waz g UsyS

DIV] 09,0 sloiiay ez ded (gl (guuags a5 0,5 WDlel

%!L;aﬁf#a&w:dm

[#] (Spike) S¢ (Membrane) M« (Envelope) E¢ (Nucleocapsid) N ol (1955 ol (5,65l slocystSa s ) yrguad

e il ol ol S ol 055 ] e
(S gS 009, o dady ) (5589 9l) (S Bl (S5 L930)
oo S ACER slass o oy JLol b 5 alS S Jins
AC 31l iyl s iy, ki
o5 5l gan o S Blo azmale sladshe 51, E2R
S asyle Loyl Sl snnlin cpl.aisls lid ae ogasas
1 Legaxd ACE2R (ST il L e o> SeaSs] (5500

DV T (Vojlads pguad) bl o Vb Loyl 1 g lass g ccdB cloay

4 55U Ug,S g mg s b e Sloz slojlel o 31 5.
suLA &J”‘ )b | o\.\,:.w) ).O) \Rn4 9 )‘).Q Yor 9 uf“‘l""’ ZY¥

35S Cpmedad e LAY 5 12 VY. g yela VL ol !

(] e oo 59 ACE2 y52imn; d Solom (30859 JLi! ¥ prguas

39-2995 (5 slent 3 (198 il illy (Wi Conodl g sLimigod piunss 5 )5S0 9 (G000 dalold



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://www.who.int/

ST Sy pode oL Ao

i ol o (6 5 gl b oo pndy el Saad lew s
oo a8 (6 lo WY 1Ll ol S8 (ool Jlono sl 2
S Glhlews 5l aio e YA cings a6yl Jgegiy
e 0 VF L awlae ;o (a3 WY 5l ,a5 FY) salds Sseets
) adl et olyg) S cadd e (Sgaghs )lard (llews 095
ME/L j 505 & ygo 90 4 5 D-dimer ,S,le.ais S a2
el 13 0030,5 s Qo y O MB/L 5l yis b g )0 O
mg/L ;| sz D-dimer Lasli ol (5 lews 4 s ol 4l
olasil lo il )l 51 5 el sl b3l o caslive duo o O
VAY 50 (e i 51 g (390 yosd D-dimere PTe aPTT Jplis
28,5 5158 56T 0 50 50, VF (b VAugsS Sl eailesly Lo
Slows VY goads a5 (oo TYIP) a5 YA JLacl (leg o
(doyo TOI) jlas AY Colpiye .ais,S &gd (o, 0V VD )
YV SIS ek iaile (Bl glusjlen 53 6t (ligen
ISTH Lo gubo )51 DIC L ol yor oiscigd a5 VO jlow
A (o) YV-1) 55, ¥ (b o lawgin jgloay.aials ools aseis
a8lyls sl 00 a3 e sy YA 1 oy 5o 5 55t
DIC oy waleds gl )ls i Lo 10 ouiscigd ol ,81.045 DIC
Ax 59, Vo b yo D-dimer. PT 500 s 2ol381 L ol on
s S2l98 & bgy po DMl 4z STedisgs (ot s
gl 58 Cang 5 5 el 4l 8959 b el oois L]
2 0l s 28l (2ol ouingd e 55 gy s
VY] 8,85 8 Jloi ek 5 o031 2 251

] ol 01 22ei o oy FYA (55, 5T, o
Vo<t (lie ololy 00l ciyyed) ol VA-ygeS &
Pa02/ «a0,08Y> 56l (slaa y5nST gl cazBs jo oy
slasilas (aoy YY) Jlw 49 «(mm Hg Y- -> FiO2
V sl Bl (VTE) o9 (Jomelomng 5 00iiS (6 25 i
Oliee 4 €noXaparin G ae bl ¥ .ais,S 2dly o 5,
Srae b o O g ol leys 5o, 0 30 05 e £o-Fe
39 02 0 V0w B Yoo e (UFH) ol anSs ()l
ojled el)s a5 AY) duoys YV ooy FFR 510zl sgegs
3 GNP hlew 5l as s YA 4 00e F<SIC ISTH
Olee 2 o (IS jsboa 4z S1.080,5 g8 )15 e
Gl Bras e g ()led Lot leyd (e yegS e
ools lis Calizes Slalas gl [YA] i oays 39, YA b jo
o o b g oy slacdl e la isu j3 a5 ey 3 Cu
Oygots a5 (63131 b anglite ;5 o (5 ms Gl Lo 5
eS8 G])L}‘ olaml glacans Ngds oo ok, u_ab)...u
w2 g adgl liwgan ;o p YS! ) aS oo go (jlid 595
Sl e dgpetie 45 limgen ;0

Y 0ylols YO 0y90 NF+) 15 g olo )5

e o imld gl 5 Jlowd ¢ Sus g by oo
sl i e ol 5] a5 wdl oo VA-ugeS Sigie (b
(s (g s Cansl (g sliiia b laywg poglig S
0919 (S (50 390 s £905 3l ey 39, 4 ogas Tol>
9 e S delS (ol dlazil lacdly plo 4 4y pogdle
e 9 e ¢ Shgal b o 2 W00 il (o e
S 9 @it U grae 5oy 9 (pldz 5 (2l )08 (o
4 bgiye 45wt ugng (nl (oas @Dl aloxjl isiae
$ire Sl Y] sl oo 5h0 Sleall g (93 (y5ST 09008
sl ligh bl I (26 et el jpboas w0
S DS 51 B prpditine yglods b (Ggaenlyil cellinil)
99528 -5l (ewnyty Collindl) og g basd (S3hem (S
Plse dayg 9 gl yd 50 5e00)5 slaml Baybojl VA-0sgs5
Ol 59 39005 Sl il Cansl 085" Slomy] 5 (B9 pem 3
939,¢ 8,8es 0 Pl dacsD ad Jlad il s Lo
35 Olest 53 joreg o slag)ls 5925 ol 3gye (S35
V05595 4 e 831 5l (5200 5 o0 S p0 sl 0l 2
& S oo 428 5 1) (suany slacigis ple Glejes
999 9 1398l ¢ ug g s, 1) Wl b o 0 Sl
IVF] g5 Sl s
Soyd £ plagy 55 eadig i Jlem A1 aly sla Sy
YE (PT) pmegyigm jo ilidl as o O @PTT jo iulil
Sl 6o S leg jo i3l g D-dimer o iulidl as o
T3058 U5l G NS gy sy oIL6) £- S il ol
Sl oawlive wo VY 0 L cnglugaeg ol Las ]y
o TV (658 sl plRaalesl slo el y 5l (LelS asgone
oals Gialidlas oy o lid 2o )57 g8 by 9wl dgups aS
wdlesl 3,8 YA L aislie ;o ooisigd 0,8 O ,o D-Dimer
(als 5 Shos j3 PN (so:lS” Mo 5 (5l ol oo
gs ol ot 9 31 lass V2V 56T o [10] wtly o
el Glows OF) oy YA ol (5158 09 S 00 lyue
a D-dimer Juldl Lols oSy b Lo ye slo,gisle
61,5 o oo 5 116 zal3él PT zoliél dpgiml 5 i
(Jolds S e slagslo 5 eims s gl SRl Sled!
OF plos adlbion (Bgyem (b S lom 5 Sl Vb g5 Lad
anleds o8 ao ) B LA0D e 0 0dll g8 03
S PT 5 gl ¥ il & ot cy55 olind 5 glookiiiy o5
3,85l sond yo sl ol ey 1, @PTT [0 (glasti & yiol38l L
385 (23 DIC az ST o9y 09290 4190 slacigie uiza
i S (Bine 10 ol len a5 Ws S edlel i [VF]

3. Acute Respiratory Distress Syndrome (ARDS)
4. Erythrocyte Sedimentation Rate (ESR)

38-2955 (5 slewt 3 (19 Sl iully (Whaier Conodl g sLimigod piuass 45 )5S0 9 G000 dalold



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

Y oyl YO 090 NF) T 9.)'0)5

]

SIC w20 o ylis il ISen § SSU (glaosls a5 jsbolos [V +]
S sl el g aind (6 ymn lon jo0 &5 Sl
Mo lilews 0088l oe () iz (olo)l s o5
g CRP 4 IL-6 ESR w3l yiol3dl mglas ol y SARS COV-2
922935 Joo a2 5l.0 )3 9.0 a2 5 B el )3g
log 5 5 Jubisad sla ol slolss ACE2 o,
Sloml sl ol (2ld 4 Gy SCgineg i T ban Ao
2 VgsS Ohles Sl 3t ()15 IV 098 o e ai2d
sm.:‘)s‘ 9 ob; ‘_g)jo)‘..\.v‘ ‘) G’LQ’J‘U’“'” (_gLQu.sLS}uLw ‘Ol'bjﬁ
Oylews 31 YL g3 o 6l it ) lans jo a8 LoDy ale o)
C?*Ja"" u.ubs‘ 6‘)1‘ 6JL<;.‘L>| ul.:g_ia Slaxsl GO GL“’&}L“’JL’*éj
S g5 s g e Lot 15 s yoglsrD L ol
Olbers (5 lse iy 00,5 (Al 0aied 45T Sty S
5a3,)ls SARS COV-2 cigac 4y conns 555,L Slesd! (slageuly
ko by Sntir el sloialy oy > 4Sazil sils
Oy an 5 KU a5 joboylad . am0 rnsgs (golinil glacns jo
43, Vb ooy (6 e 3l yLows plod 10 a0 yd prdas S0l L
Sl H5Mg diels 45 wols &l ol S 5 i

5. Ranucci
6. ARDS

%!L;aﬁf#a&w:dm

[e¥] 5 sliss g Sl bl )| ¥ 5 guad

T 9 2brSh e omang slapisl o U lacisas

e lyedy Seetnn 2l lagaly s ld sl
s Slagealy Bl dighoe SIS (el STy
5 Siliwgen sl )giS slacsiloled 4 2o (ljes (£
sgeng 5 Dl (slaplias a5 098 o (g 5 loml Sl Coledy
sepsis o gllew y tl oo pllaco (1 jreg Sgigenl b 5
s S 59053k el Jled (induced coagulopathy) SIC
S9dise QB ez o Ak slml el DIC LS5 5 jlivgon
b Jobs Sl Jlisay slasdl ileJld (gl yens [V
J S el g Ko 5l 48,5 ol glaclind
el Sl o ol o 3 X1 152815 g L s e
sladobe GaiJed @ e Geizres bacplignle 5l 220
S99 oPlg> Lol s oayo do JLligail g 39,6 JLligud
e San Sy ymo 9 Do 93,5 00 15| bl
Ol Sy Lol iy oy lagsly oo slagiliind ol Sl
i dgae oSS g glej 050 4 Cenl See IISlae
kol 10,5 55 slajlis p (n o sloodisS lge ol il
e Ll 50 € iy 5l ) 00 s e e i 1
285 SeY i e (S Ghgeld il oo GRS Zighe 4y nly
seden azily T3 PAIT Coleb by 5 ol o 3! 55 ot
JLbigail 4y dess 098 oo b palo-D S a4y oxie 00,5 oo
laslinilas mals g iion (hgulagueg 5 Sl i By
ol Olyear Seiliwgen ilulad asly w5d 0 ab
(Fojlad pgai) 0l ol jandy |) Sy iDIC Coligsd ol

39-2995 (5 slent 3 (198 il illy (Wi Conodl g sLimigod piunss 5 )5S0 9 (G000 dalold



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

ST Sy pode oL Ao i&'l‘

Ohless ;o 1) 0,84 pastie dasin (pais salise Olalas
lolids (b ol 2 0 pis 5V Vg5 (Sgegiy 4 dlie
O30 aS gl yle ¢ pasloD ey palaie iul33l pogdle . ais,S
(I8M) (pd 920 s (g0l il (glls o el ools o158
VWF o581 0 g b ilidl GPIB2 ol I1gM
g A g1 e g (ULN 51 5L ol Jle) VWF ol
JECUERUE NV WONC TN NS W FEHNCER

LYA] & ls cdsllas 08 S uliie

Sgesy ozl (SlyS 5 s semes s E589 w3l Clalllae
)5 e Cighe «SaSn] 4iSis (5925 (ool (5159 Gros
VA998 a0 Mis Lo VAT o 1) Sattcs Sl 0 2Bg 5
0,5 gy N0y 00D (S g (o §] RS 0 oS
30,5 cdl e 1y olastinl cwSMdg gy i Lo don
£sds (% 039 Lol 1U/day 2850-5700 oy, s,00)
Foelyos i gs8s 09 o0 YV Signagy mally (lojen
ool S STy (hopo YY) il 1) end (n by 32,
ol SSgang 5 @y 0SSt sl yeiS 09 (592
olindl (6, 80L58 lacans 13 S9zge walel g (p Gial3Sl
b 9 5l VL 4l Y)IPT] ey g 0 (o) wail oo
D<IAPTT] o Jlub S coniedligngsi oloj «([ULN]
&8s &5 Shlow | Suged (sl 9> ULN 5l YL 436
5309 sl sl bl S 425 1) Sdgeg 5

I¥a] wolws lad ], e

stk 5 Jlosied Sl (slo el ly 2ol Seom 5 S0

G V%995 (Sgegi b 5550 Lo VAT o )
inile 005545 Sl 4 s il 0aij a5 slagyladsls
Jlo syt olasil gla yial b .oczisls 6 sYLAPTT g PT o Lis
A 50 9 09 d9pde (Liojlen )0 Gl b5l o
2o 5 3 (emes 5T e 5 530y AALe o
5 Slaadllas jo alice guwyy o [Vo] cél rals g
L Jol azyo jo eolasilas loys a5 ol )55 leo YO
Fhar s,V sl o (65 J5Sm 3 b (2,0) LMWH
SIC Gasla b Gllew )0 29205 b dmalie )3 3580 925
SIC ua}l.m ] o‘).o.Q: 6f¢5 039, YA ).».4555).,0 L:‘ULN 6
el ks py0in jasls « PTT FDP (25O g les

Y 0ylols YO 0y90 NF+) 15 g olo )5

(L-6)7 (S'el sl a5 youloD 5 ()39 b (lie g s
331 el GBS ol e 438l Sy el 00 (5 ool o]
et gl GG b e 7 oS o) il e (al3dlaS
P20l lam b (6 plSan 4y joalsD s (ljl il s
VAT 2loo VA-2955" 13 o9 o (liee Gl L Lo e 90
e llon ysboias § S S 90 § S e o Lo
St S o sl (o pae 13 ¢ s a3 (9 (5> DIC &,
J> 10 SARS COV-2 cigie 15 oliail s b o 515e et
e ol b sy o iy Ll 0ty b st lit il
ol OO 03 4Ll L mg s ol (sl S sl

u*’)L*’ 59 odxsoddlice olixl ‘;i:)bw 6‘)““’ [ U929 )gAL..: 9
IVVT (¥ 0)lod i) 395 o0 4255 BB (0 9> 42 i

L lisl (Joko (ol b slogul adlg oo oS

wYlail Gyboil oo ey s Clablre o 5 Cosll o0
Oygods o 9 S FC (sl gt alanlyay el 5 piinse
Sy See 4 Lwdly (g n ok B2yboj) piins o
daassST g5l Jad ailen [YF] wgd oo Juain alizes
&sldlil 5 gl adolil cely wlgi o bty JLasl
S 9 (PFA) T oS3 oSl alejl ooy
ot O Sl (S Cruizren oS [YO] 005 B
5 Job il aldly pwgpg slisilen Jelse glSL 0
L5 15 (6 S S a5 005 9,5 cLoepnsSI L Lo S VL

S Ohler 5o a8los 038k S3Sh sl iYL
by Sy g pae vz oLl b uslages s (Jow
Cdgae 8,84y pastie (Sig a5 & ooy lid Sldllas el
a5 Sl Y500 )5 slacuns S 3529 N -0y

[Y9] 5 o <53 a5 Jab b

sladsbe 595 52 ACEZ (Gugpg (S ¥z Sur o3 pS
Heligadl Johoo o g g 9959 b azmei > oty oo JLligudl
s5asl el Jshos 3585 ¢ gug s silmsilon coly 3500
S0 S pge SSgmegign SlAl 5 Jbisw! Jobo
395 CanblB Lo yag g Uy, 45 whols ol sl ol 55
Slna S5 Glasbo 4 ruizmen g JLbigad slasho (19,0
Jubgal done (b Shaijl wandbioe Dlo 1) Bygady
05 85 o s ol b oles (Bge slaS s
355 45 395 g0 Sgeng 5 Silysily Soo 4y ymie SrsS
Al lr dedly g ol Seotns Bl 2l
IYVT 055 0 Ohlos 5o« Silgrelsns 5

VAY



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

Y oyl YO 090 NF) T 9.)'0)5

o

ol (93 by sl el Jals 45 Virchow ailSa
S Sl (L8055 50 d9ee el 5 (B
S35 6l ool 4 Wil s ol CaedB L Sugelsily Ll
G505 50 jgeegy aShl jl pel 08,8 0ol )3 ooy (o g
A 5l S50 aS Jbjo s ) S a0 g laay jg 9 Loyl i
oS aS ol o 39 so 0390l 3ST 0 b o
Gl 50 5 Ll aaz il Wil oo S50 (o 4T e

IYY] 0l coglicie B9 0

Ol o e o3 bl eleD S b
Glom &5 Gl ogaza Vagss e o les
6ol olawi ogd co cnalin pglie jebay (aijls wal

15 St e e

VA-03995 0 S9m095 (SlpunsilSlo ¥ 9008

e Lo 10+ () SSge0g 5 @9 €989 o>l liios
92 oo 810 85 St Sl ly 0 5 1 V0555
Ot Sl by (et )5 ()15 ogy 00 (6 i
S 5180958 4o (o Tyt (Jge 5095 €585 Sl
VAagsS pud Sishe b laipe (oS Sl j2 i g1l
53,5 4,25 |, 63, Jgmol (403 VAV Jlace T s ol
coimleyl 8550 sl VO 5l Jlews B 0 cwgrg) slaslixilos
Sogae b o po (oS 25 oy I (Lo o b 8L
233,845 1y oy (ool T o 5 Y- N A-0y968 1
275 oo 4 e il 45 W3ls (A5 (izren (lidone
Iy yiie (5509, Sl V -0y 998 1d Cigac b dad po oS
Olessl (e90,5 zokaw jo gladasda b8 yioli8l g wislas yliad
IPYV] il soliadl VI 5351 o VWF colad VWF

39-2995 (5 slent 3 (198 il illy (Wi Conodl g sLimigod piunss 5 )5S0 9 (G000 dalold



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

ST Sy pode oL Ao i&'l‘

&axil gl S 3 oS

b oz ol V-5 & Vet 00k 5 o
[D-dimerPT. aPTT aloxjlc golial glacans b pdy ol )
T e B ol coins plal PHE o 5 535
s 5 b Lo o D-dlimer ilidl sl oo ol sute
W Y (b ailgi o DICL Lo (550 yd @y 28l 5 Lo
39b odalie (6 s jlam 5o, Ve (I T L Cedle (gl jlam 5,
ol 9 (Y590 yend 2l L D-dimer caPTT (Pt iol58l o\lo;
Sl los )3 5y Sloj 0,50 b (reizpon unl ol o (S
Gy a9, Ve IV G Ol bl 9,0 45 ably oo Sslae
D9 £y p)laz 39, 40 Wlgv oo D-dimer iolidl ax 51l
Maail Ol s taiind S b ol jon Jlay oy ol Jlows o)
s ol e 45 a3 o i |, DIC & 1y oy iy
(S )Ny (6 fm (B Yol I 3 9 WL -u965
LYF] ams SE 6] 39 Jgoxa sbade ﬁL.u 9 lsgac

S5 sladsly 9 3l

S350 giloal) 4l S Slngen g jgneg )5 Mallire ¢razed
A5 151 S > LIS ot 5 S5
bl )| g D-dimer il aloz sl galdS eS8 paie s
ot Sl 1y (sasisbaens 3 cond SaidlS el
ol 35 ol ITV] o ey (6 ol
STt a3ls Sy ofsieas 1, ISTH DIC jasls 5 solicd
00,5 drogi loys olatal) 6l V0555 4 Miw ol jo
b bslisilos Jle s slajgoi s s Clé o pgasds. ol
ol 008 (658 slajge (I ol b sigd i8S i
Si99silen ezl [YA] 098 0 drogs LMWH | oaiiann S
o) Sy gt L LIMWH |y oS3 55 1
05,5 o |y Glogs b oled 20lS (oly UFH Lasgs ons
VT Sl Sgmagy sl Jl e (S s a5l S Sl
o2l 23y 03l L) S ol oy 5 (oSl
Ao ol Juoas 5 355 olsl s p S oo VP - LS 29 &
Pk Vo ObSleny b gey YY-YO ol g, 50 055 e
(5501 Gse g B @S ol Cogllas (g, YTV (sl 5, 0
sl 50 Cudlie aS 1)) A-ay558 o yo (290 (Sdg
2ok (i gl b Ggaghy oS (LS aslen il sl g (oo
e gl S 25 g 5 oo o8 s ool e
Wdlge 5 lijlon 53 45 505k () Vel 5 )l
she ol iz B8l ey K [F4] e 4oy
alletign & )llas g caSDdg 5909 5 Coeal S slaog 59
V8 e 4 Mian ot s 5 Siipnns s e 5
Ll a5,

Y 0ylols YO 0y90 NF+) 15 g olo )5

oo «Symas 53 (& OV- ) Vs Ghle
(YYa-+ ng/ml Jloy 2> 0 z5,) (IQR: 262-872 ng/ml)
) (nped Sl Jel Jgaze jels D JoSse
Olyeds g b nped @ (gt o
o3 yLis (50,5 18 yeula D jgam 045 oo oolaul 5 JGLS
03ly el oDl daaogi (g yuad Gl pady ol SCS
askad o5 5] loaias LSas gl Gobsl 2 y02l-D (50550 5
ot (Kl )iS1) (p2e Wy Lawgs 45 allioe (08 D
o 535 0 sele D jas a5 Jb o wibads ais
@i o 095 datiio a3 oo Slatiy 1) ey 5 0929
Sl by OIO) 6iiie Bye g olind it 5
095 dhegts Sl iz all 9 995 e Sl 42 (DIC)
Spas Jdo lejen s> 9 25 G905 0 S o
QWLSA oals ua.anm) ‘LS"’}“’L““"Wﬁ)" 9 (_gol.o.ul ‘sl&)ﬁb
Sl &5 cul Gl g gl oSt bl 3550 o0
olandl slagyiig n (X85 )18 (50050 5 )3a> St
O, lee PLilanss 5 £8b slo,eS ol o 503 o
laolinilas oz LalS b olpen _B5e JLliswl slo Jskos
oaiS Jld aloxjl SeiVon b anien 5 Seigls
«Ojgedly oaiiS Jlud aile LS99l 5 (8L (oieendly
[y yd w055 3l Jeol> (slaosjgl,8 .l DIC 595 Jofuo
D9 (g0 Sy ad Jlsd 4 i ol D aboz sl (y50 5d
S il mhaw 3 FDPS (e e (Sior S5
90 4 05> auls pyd 0 S VI RS SEPS WELRCRYE N
9 Cred D askad (Gonag 5 Jol al> 5 50) 00l Jato (DI
St 1y (e S5 o e 0 (SO o ¢ poulo-D
0 S lgiedy el 1o GPVI M b o .0isS o
9 e Selgs 45 398 AT 5w ol ofy perly (b
A5 o g, pmnn F iy o 4y 25y AL 5
5 ShollsS b bas o) V-ougsS o0 ,ame (Shs [V
SIS 5 IS g S8 950 Sy Shdgeng s
5 db Slaslie 5l oaal Casods e g daled .o o Ll
5 Sm 1, ISy L) ey S
2 o9l glaJlbgen ST (oo plote DIC 5 Sigusg s
o] 5o a8 ol salive bEYA-0ugs5 Jou jlews o) low
polie (oS g OS] iz 50 (Al e y93 (895 )3 Al

YD) 048 g0 0305 DIC a4y 122 ARDS g yloyo 4

8. Panigada

38-2955 (5 slewt 3 (19 Sl iully (Whaier Conodl g sLimigod piuass 45 )5S0 9 G000 dalold

VAY



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://www.isth.org/
https://www.hematology.org/
https://www.hematology.org/
https://www.acc.org/

15 St e e

Y oyl YO 090 NF) T 9.)'#,5

S5 Ao

Sy oo Dgma LS 10 Wy g (6 5lew SN A58 (6 Lo
093 (oS Lighe G o8 4y Wilgi so (5 5len (pl 0l ) e
i s e 358 (bled (saz 45 jle S b osighagase
Golew lom o doxil a2l 5l g )lews @ (5 Lo
)‘ é.: .o)lo (_;u.m; -9 o.\.Z.SS).:f)Q UM929 &5.: ‘Lg‘w)
oo SV W55 o0V Ao 955" llo 55 mtee sl S5
O s asdz o3l 1A Lol ol o (595 58 (FDP. D-Dimer
s olawl ws LngQLo)é le.o.:.} Qﬁl N J...»L....)}o.m RO
03,,.,.,‘54 My Q‘)Lg.ﬁ Q.).‘ » ‘Sul.o> 6Lm¢b)o o‘;oné.g

M OlaMo

D a8 Jaallygins b callin 355 0 S sl
a0y Cole ) COPE aali ] 5 6958

it s b gle ol 5 o Ko med ko oy
0,55 il el 12 by o)l o ogos (sl

S dog bl p 1y (5K glas laibinl B ain s asn
33,8 Cole , (ICMIE) (S35 clors oy il 19 sllodl s daS

3o @dlis e e (sl e E 55 el oLy

39-2995 (5 slent 3 (198 il illy (Wi Conodl g sLimigod piunss 5 )5S0 9 (G000 dalold



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://www.icmje.org/
https://www.icmje.org/
https://arakmu.ac.ir/fa
https://arakmu.ac.ir/fa

ournal of
rak University of Viedical Sciences

References

[1] Ciotti M, Angeletti S, Minieri M, Giovannetti M, Benvenuto D, Pas-
carella S, et al. COVID-19 outbreak: An overview. Chemotherapy.
2019; 64(5-6):215-23. [DOI:10.1159/000507423] [PMID] [PMCID]

[2] Giiner HR, Hasanoglu i, Aktas F. COVID-19: Prevention and control
measures in community. Turkish J Med Sci. 2020; 50(SI-1):571-7.
[DOI:10.3906/sag-2004-146] [PMID] [PMCID]

[3] Mousavizadeh L, Ghasemi S. Genotype and phenotype of COV-
ID-19: Their roles in pathogenesis. J Microbiol Immunol Infect. 2021;
54(2):159-63. [DOI:10.1016/j.jmii.2020.03.022] [PMID] [PMCID]

[4] Wang MY, Zhao R, Gao LJ, Gao XF, Wang DP, Cao JM. SARS-CoV-2:
Structure, biology, and structure-based therapeutics develop-
ment. Front Cell Infect Microbiol. 2020; 10:587269. [DOI:10.3389/
fcimb.2020.587269] [PMID] [PMCID]

[5] Guruprasad L. Human coronavirus spike protein-host receptor rec-
ognition. Prog Biophys Mol Biol. 2021; 161:39-53. [DOI:10.1016/j.
pbiomolbio.2020.10.006] [PMID] [PMCID]

[6] Cuffari B. What are spike proteins? 2021 [Updated 2023 February 8].
Available from: [Link]

[7] Peter EK, Schug A. The inhibitory effect of a coronavirus spike
protein fragment with ACE2. Biophys J. 2021; 120(6):1001-10.
[DOI:10.1016/j.bp;j.2020.08.022] [PMID] [PMCID]

[8] Koley T, Madaan S, Chowdhury SR, Kumar M, Kaur P, Singh TP, et
al. Structural analysis of COVID-19 spike protein in recognizing the
ACE2 receptor of different mammalian species and its susceptibility
to viral infection. 3 Biotech. 2021; 11(2):109. [DOI:10.1007/5s13205-
020-02599-2] [PMID] [PMCID]

[9] Sriram K, Insel P, Loomba R. What is the ACE2 receptor? How is it
connected to coronavirus and why might it be key to treating COV-
ID-19? The experts explain. 2020 [Updated 2023 February 8]. Avail-
able from: [Link]

[10] Perrotta F, Matera MG, Cazzola M, Bianco A. Severe respiratory
SARS-CoV2 infection: Does ACE2 receptor matter? Respiratory Med.
2020; 168:105996. [DOI:10.1016/j.rmed.2020.105996] [PMID]
[PMCID]

[11] Fajar JK, Sallam M, Soegiarto G, Sugiri YJ, Anshory M, Wulandari L,
et al. Global prevalence and potential influencing factors of COVID-19
vaccination hesitancy: A meta-analysis. Vaccines. 2022; 10(8):1356.
[DOI:10.3390/vaccines10081356] [PMID] [PMCID]

[12] Ciotti M, Ciccozzi M, Terrinoni A, Jiang WC, Wang CB, Bernardini S.
The COVID-19 pandemic. Crit Rev Clin Lab Sci. 2020; 57(6):365-88. [D
01:10.1080/10408363.2020.1783198] [PMID]

[13] Fernandez-de-Las-Pefias C, Palacios-Cefia D, GGmez-Mayordomo
V, Florencio LL, Cuadrado ML, Plaza-Manzano G, et al. Prevalence of
post-COVID-19 symptoms in hospitalized and non-hospitalized COV-
ID-19 survivors: A systematic review and meta-analysis. Eur J Intern
Med. 2021; 92:55-70. [DOI:10.1016/j.ejim.2021.06.009] [PMID]
[PMCID]

[14] Nehme M, Braillard O, Alcoba G, Aebischer Perone S, Courvoisier
D, Chappuis F, et al. COVID-19 symptoms: Longitudinal evolution and
persistence in outpatient settings. Ann Intern Med. 2021; 174(5):723-
5. [DOI:10.7326/M20-5926] [PMID] [PMCID]

[15] Jin X, Duan Y, Bao T, Gu J, ChenY, Li Y, et al. The values of coagulation

function in COVID-19 patients. Plos One. 2020; 15(10):e0241329.
[DOI:10.1371/journal.pone.0241329] [PMID] [PMCID]

June & July 2022, Vol 25, Issue 2

[16] Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use interleukin-6 (IL-
6) blockade for coronavirus disease 2019 (COVID-19)-induced cy-
tokine release syndrome (CRS)?. J Autoimmun. 2020; 111:102452.
[DOI:10.1016/j.jaut.2020.102452] [PMID] [PMCID]

[17] Favaloro EJ, Thachil J. Reporting of D-dimer data in COVID-19:
Some confusion and potential for misinformation. Clin Chem Lab
Med. 2020; 58(8):1191-9. [DOI:10.1515/cclm-2020-0573] [PMID]

[18] Hippensteel JA, LaRiviere WB, Colbert JF, Langouét-Astrié CJ,
Schmidt EP. Heparin as a therapy for COVID-19: Current evidence
and future possibilities. Am J Physiol Lung Cell Mol Physiol. 2020;
319(2):L211-7. [DOI:10.1152/ajplung.00199.2020] [PMID] [PMCID]

[19] Shaw RJ, Bradbury C, Abrams ST, Wang G, Toh CH. COVID-19 and
immunothrombosis: Emerging understanding and clinical manage-
ment. BrJ Haematol. 2021; 194(3):518-29. [DOI:10.1111/bjh.17664]
[PMID]

[20] Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL, Van Tas-
sell BW, et al. Endothelial dysfunction and immunothrombosis as
key pathogenic mechanisms in COVID-19. Nat Rev Immunol. 2021;
21(5):319-29. [DOI:10.1038/s41577-021-00536-9] [PMID] [PMCID]

[21] Francischetti IM, Toomer K, Zhang Y, Jani J, Siddiqui Z, Brotman DJ,
et al. Upregulation of pulmonary tissue factor, loss of thrombomodu-
lin and immunothrombosis in sars-cov-2 infection. EClinicalMedi-
cine. 2021; 39:101069. [DOI:10.1016/j.eclinm.2021.101069] [PMID]
[PMCID]

[22] Portier I, Campbell RA, Denorme F. Mechanisms of immuno-
thrombosis in COVID-19. Curr Opin Hematol. 2021; 28(6):445-53.
[DOI:10.1097/MOH.0000000000000666] [PMID] [PMCID]

[23] Caccamo N, Dieli F. Inflammation and the coagulation system in
tuberculosis: Tissue factor leads the dance. Eur J Immunol. 2016;
46(2):303-6. [DOI:10.1002/€ji.201546225] [PMID]

[24] Sayyadi M, Shaiegan M, Nikouguftar Zarif M, Vaezi M, Malek-
Mohammadi A, Ahmadi M, et al. [Platelet compatibility assessment
between AML patients and platelet donors by flow cytometry (Per-
sian)]. Sci J Iran Blood Transfus Organ. 2016; 13(1):29-37. [Link]

[25] Sayyadi M, Shaiegan M, Nikougoftar Zarif M, Vaezi M, Moham-
madi S. Platelet transfusion outcome and flow cytometric monocyte
phagocytic assay (FMPA). Arch Iran Med. 2016; 19(6):426-9. [PMID]

[26] Manne BK, Denorme F, Middleton EA, Portier |, Rowley JW, Stub-
ben C, et al. Platelet gene expression and function in patients
with COVID-19. Blood. 2020; 136(11):1317-29. [DOI:10.1182/
blood.2020007214] [PMID] [PMCID]

[27] Gu SX, Tyagi T, Jain K, Gu VW, Lee SH, Hwa JM, et al. Thrombo-
cytopathy and endotheliopathy: Crucial contributors to COVID-19
thromboinflammation. Nat Rev Cardiol. 2021; 18(3):194-209.
[DOI:10.1038/541569-020-00469-1] [PMID] [PMCID]

[28] Iba T, Levy JH, Connors JM, Warkentin TE, Thachil J, Levi M. Crit
Care. 2020; 24(1):360. [DOI:10.1186/s13054-020-03077-0] [PMID]
[PMCID]

[29] Chen S, Zhang D, Zheng T, Yu Y, Jiang J. DVT incidence and risk fac-
tors in critically ill patients with COVID-19. J Thromb Thrombolysis.
2021; 51(1):33-9. [DOI:10.1007/511239-020-02181-w] [PMID] [PM-
ciD]

[30] LiY, Deng Y, Ye L, Sun H, Du S, Huang H, et al. Clinical significance of
plasma d-dimer in COVID-19 mortality. Front Med. 2021; 8:638097.
[DOI:10.3389/fmed.2021.638097] [PMID] [PMCID]

Mohammadi F, et al. The Hemostatic System and the Importance of Blood Coagulation in COVID-19. J Arak Uni Med Sci. 2022; 25(2):174-187

186



http://jams.arakmu.ac.ir/index.php?slc_lang=en&sid=1
https://www.ncbi.nlm.nih.gov/pubmed/32259829
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7179549
https://doi.org/10.3906/sag-2004-146
https://www.ncbi.nlm.nih.gov/pubmed/32293835
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7195988
https://doi.org/10.1016/j.jmii.2020.03.022
https://www.ncbi.nlm.nih.gov/pubmed/32265180
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7138183
https://doi.org/10.3389/fcimb.2020.587269
https://doi.org/10.3389/fcimb.2020.587269
https://www.ncbi.nlm.nih.gov/pubmed/33324574
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7723891
https://doi.org/10.1016/j.pbiomolbio.2020.10.006
https://doi.org/10.1016/j.pbiomolbio.2020.10.006
https://www.ncbi.nlm.nih.gov/pubmed/33137344
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604128
https://www.news-medical.net/health/What-are-Spike-Proteins.aspx
https://doi.org/10.1016/j.bpj.2020.08.022
https://www.ncbi.nlm.nih.gov/pubmed/32941783
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7451127
https://doi.org/10.1007/s13205-020-02599-2
https://doi.org/10.1007/s13205-020-02599-2
https://www.ncbi.nlm.nih.gov/pubmed/33552834
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7848672
https://www.asbmb.org/asbmb-today/science/051620/what-is-the-ace2-receptor
https://doi.org/10.1016/j.rmed.2020.105996
https://www.ncbi.nlm.nih.gov/pubmed/32364961
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194970
https://doi.org/10.3390/vaccines10081356
https://www.ncbi.nlm.nih.gov/pubmed/36016242
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9412456
https://doi.org/10.1080/10408363.2020.1783198
https://doi.org/10.1080/10408363.2020.1783198
https://www.ncbi.nlm.nih.gov/pubmed/32645276
https://doi.org/10.1016/j.ejim.2021.06.009
https://www.ncbi.nlm.nih.gov/pubmed/34167876
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8206636
https://doi.org/10.7326/M20-5926
https://www.ncbi.nlm.nih.gov/pubmed/33284676
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7741180
https://doi.org/10.1371/journal.pone.0241329
https://www.ncbi.nlm.nih.gov/pubmed/33119703
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7595402
https://doi.org/10.1016/j.jaut.2020.102452
https://www.ncbi.nlm.nih.gov/pubmed/32291137
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7151347
https://doi.org/10.1515/cclm-2020-0573
https://www.ncbi.nlm.nih.gov/pubmed/32432563
https://doi.org/10.1152/ajplung.00199.2020
https://www.ncbi.nlm.nih.gov/pubmed/32519894
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7381711
https://doi.org/10.1111/bjh.17664
https://www.ncbi.nlm.nih.gov/pubmed/34114204
https://doi.org/10.1038/s41577-021-00536-9
https://www.ncbi.nlm.nih.gov/pubmed/33824483
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8023349
https://doi.org/10.1016/j.eclinm.2021.101069
https://www.ncbi.nlm.nih.gov/pubmed/34377969
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8342934
https://doi.org/10.1097/MOH.0000000000000666
https://www.ncbi.nlm.nih.gov/pubmed/34232139
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8490282
https://doi.org/10.1002/eji.201546225
https://www.ncbi.nlm.nih.gov/pubmed/26763085
https://bloodjournal.ir/article-1-983-fa.pdf
https://pubmed.ncbi.nlm.nih.gov/27293059/
https://doi.org/10.1182/blood.2020007214
https://doi.org/10.1182/blood.2020007214
https://www.ncbi.nlm.nih.gov/pubmed/32573711
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7483430
https://doi.org/10.1038/s41569-020-00469-1
https://www.ncbi.nlm.nih.gov/pubmed/33214651
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7675396
https://doi.org/10.1186/s13054-020-03077-0
https://www.ncbi.nlm.nih.gov/pubmed/32552865
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7301352
https://doi.org/10.1007/s11239-020-02181-w
https://www.ncbi.nlm.nih.gov/pubmed/32607652
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324310
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324310
https://doi.org/10.3389/fmed.2021.638097
https://www.ncbi.nlm.nih.gov/pubmed/34113629
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8185282

ournal of
S R Gersiyof iedtea cences

[31] Gébmez-Mesa JE, Galindo-Coral S, Montes MC, Mufioz Martin AJ.
Thrombosis and coagulopathy in COVID-19. Curr Probl Cardiol. 2021;
46(3):100742. [DOI:10.1016/j.cpcardiol.2020.100742] [PMID] [PM-
CID]

[32] Blann AD, Lip GY. Virchow’s triad revisited: The importance of solu-
ble coagulation factors, the endothelium, and platelets. Thromb Res.
2001; 101(4):321-7. [DOI:10.1016/S0049-3848(00)00419-9] [PMID]

[33] Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, et al. D-dimer levels on
admission to predict in-hospital mortality in patients with COVID-19.
J Thromb Haemost. 2020; 18(6):1324-9. [DOI:10.1111/jth.14859]
[PMID] [PMCID]

[34] Levi M, Iba T. COVID-19 Coagulopathy: Is it disseminated intra-
vascular coagulation? Intern Emerg Med. 2021; 16(2):309-12.
[DOI:10.1007/511739-020-02601-y] [PMID] [PMCID]

[35] Panigada M, Bottino N, Tagliabue P, Grasselli G, Novembrino C,
Chantarangkul V, et al. Hypercoagulability of COVID-19 patients in in-
tensive care unit: A report of thromboelastography findings and oth-
er parameters of hemostasis. J Thromb Haemost. 2020; 18(7):1738-
42.[DOI:10.1111/jth.14850] [PMID]

[36] Flam B, Wintzell V, Ludvigsson JF, Martensson J, Pasternak B. Direct
oral anticoagulant use and risk of severe COVID-19. J Intern Med.
2021; 289(3):411-9. [DOI:10.1111/joim.13205] [PMID] [PMCID]

[37] Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, et
al. ISTH interim guidance on recognition and management of co-
agulopathy in COVID-19. J Thromb Haemost. 2020; 18(5):1023-6.
[DOI:10.1111/jth.14810] [PMID]

[38] Yusuff H, Zochios V, Brodie D. Thrombosis and coagulopathy in
COVID-19 patients rceiving ECMO: A narrative review of current
literature. J Cardiothorac Vasc Anesth. 2022; 36(8 Pt B):3312-7.
[DOI:10.1053/j.jvca.2022.03.032] [PMID] [PMCID]

[39] Massaro G, Lecis D, Martuscelli E, Chiricolo G, Sangiorgi GM. Clini-
cal features and management of COVID-19-associated hypercoagu-
lability. Card Electrophysiol Clin. 2022; 14(1):41-52. [DOI:10.1016/j.
ccep.2021.10.005] [PMID] [PMCID]

[40] Vincent JL, Levi M, Hunt BJ. Prevention and management of
thrombosis in hospitalised patients with COVID-19 pneumonia.
Lancet Respir Med. 2022; 10(2):214-20. [DOI:10.1016/52213-
2600(21)00455-0] [PMID]

Mohammadi F, et al. The Hemostatic System and the Importance of Blood Coagulation in COVID-19. J Arak Uni Med Sci. 2022; 25(2):174-187



http://jams.arakmu.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1016/j.cpcardiol.2020.100742
https://www.ncbi.nlm.nih.gov/pubmed/33243440
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605852
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605852
https://doi.org/10.1016/S0049-3848(00)00419-9
https://www.ncbi.nlm.nih.gov/pubmed/11320984
https://doi.org/10.1111/jth.14859
https://www.ncbi.nlm.nih.gov/pubmed/32306492
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264730
https://doi.org/10.1007/s11739-020-02601-y
https://www.ncbi.nlm.nih.gov/pubmed/33368021
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7758412
https://doi.org/10.1111/jth.14850
https://www.ncbi.nlm.nih.gov/pubmed/32302438
https://doi.org/10.1111/joim.13205
https://www.ncbi.nlm.nih.gov/pubmed/33258156
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7753564
https://doi.org/10.1111/jth.14810
https://www.ncbi.nlm.nih.gov/pubmed/32338827
https://doi.org/10.1053/j.jvca.2022.03.032
https://www.ncbi.nlm.nih.gov/pubmed/35577652
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8969294
https://doi.org/10.1016/j.ccep.2021.10.005
https://doi.org/10.1016/j.ccep.2021.10.005
https://www.ncbi.nlm.nih.gov/pubmed/35221084
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8556574
https://doi.org/10.1016/S2213-2600(21)00455-0
https://doi.org/10.1016/S2213-2600(21)00455-0
https://www.ncbi.nlm.nih.gov/pubmed/34838161

