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! Severe acute respiratory syndrome coronavirus
2 Middle East respiratory syndrome corona virus
* Coronaviridae

Positive-sense single-stranded RNA genome
3 Recombination
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7 Leukocytosis
Lymphopenia

° Angiotensin-converting enzyme 2

! Cytokine storm

" Lysis

12 Granulocyte colony stimulating factor

'3 Monocyte chemoattractant protein-1

" Macrophage inflammatory protein 1-alpha

12 Tumor necrosis factor (TNF)-alpha
Turnover
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3 Sensitivity
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¢ Leukopenia
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® Neutrophilia
" Neutrophil to lymphocyte ratio
§ Leukoerythroblastic
° Dacrocytes
Anisocytosis,
! Promyelocytes
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! Intensive care unit
2 Acute respiratory distress syndrome
3 Hyperlactic acidemia
Lymphopenic
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* Microthrombi
# Coagulation Factors
* Pleiotropic effects
Consumptive coagulopathy
7 International Society on Thrombosis and Haemostasis

(JmLG) Q\J-;‘ J”u G 3 s

\ .
(S Fe 509

g aS Col sy gesle SHlese SO e ol

ICU 5 e 5 S Sy 5 obow Sl b Jie 40
Lsr ot plal Slalllae oll s L(4) 5505 LS|
2o AT bl S oS ket oS
U Ohlost a1 55 o 45 Sl 3l 5 85,00 &5 O3 40 e pm o
il slaal oo 4 s pd B pled L o8 5 L (O
¥l Bl ks L oS ials o sl ol adlas
S s () 2l BLE Goley s
/L) ol bt Jlo s S 1 eSS sl Of s oS el
D5 s Sen a3 Ove s Sl xS 4 5 (10010 x )
Sobow Ldd 050 3 il Sl oy st g 5 ey 0
5l SSdps Olr e edias OLS Ypene 5 oo
oS Glaadlas s 5l sy lawe; SoSsSles ad
Obbos TYPIY 53 o simsmns p A el Sl 1049 (65,
e goksley 53 S Ko glardlas 3 (V) A sdalis
sdaliie Olslay VY0 53 o g gens 5 ok plol 5N
23 s s len gl A s (YY) A
S hlay VS L alie s Obley LOVY Slas
(OR s ogs ckzilsy xS odd L VA-0y 558 slacadle

(\Y) 2.96,95% CI, 2.07-4.22)

L Yiene s el VA= S Ohley 2
lSe ki SARS 53y ssess sy ol il
b 4 BlSe s nslis S-SARS (Al add ke
Ol gl e dlog il slad s 5 5lad s Slad s i
B 5530 b ) 5len 5 55y n] Sl &S uS w311
Pl el b Shes W WG b Sl s ns
S sbdie 4 el conl o A5 e Ll S
S XS o Wl 1) Cigns 4353 DIC K s s ol (© 358
sseia D-dimer 20330 5 odd Jusee slinil Oloj abauly o
Slaw 2alS 5 eSS G e Bl sdd syl DIC o
Lo s Gl 4 e g sy D pde
(YA) 3 pd odes ol (glaary 53 oSO G yae 133!
“A S 53 s el )50 5 ALSea 5 Xu
1535 o)Lal L3 315 14
5 oans by Ol e dshe e So T e
Obsb gy Ciste Jlis 4 LESW e e
306 L Ol e Slagty gladsle Sl
Syhipe IS A5 Al w4 e 5 S e

! Thrombocytopenia
2 Multifactorial



Lewrs 53U S 6505 T4 Hle oV ol Sl

Ok oo Olagy 52 e Slaw WA (555 » DK
D- solsime IS 4 (i YH) ICU ks ool e a3l
VoY) ksl ICU @ 3L a8 54 (ool 51 iy Oladimer
odd b 8l s D-dimer lpe ceomes (p<001) (&
Sss 2 S ladlas 53 (V4) 34 okle o3 sl 30 51 5VL
ol s i3IV 5ol Db 35 0F Jold) o 53 slay V)
33 S b ol axe ysb 4 (Glpg/mL) D-dimer 5l
Sl el e el il el Obiele
wlolbis 5o 1y 0y Ll e Tug/mL 51 2t D-dimer
Gy b Solem adsh e s i ST L Ol
5oyl daly sdd &b L oS D-dimer Ol o158 (YY)
yeasls alaly DIC L oS 055 e Ol 53 e 88
Shds 5 ¥V b e g Sl 55, VNN 0 Ol e
LIl 5 PT @PTT 0lej il s S edalin 003 (6 s
slas S 5 Ogumd 2l ol ea 4 D-dimer Ol
Ve aS Gl O (G Oly L Bslian Y sens eSO
D-dimer 2ol 580 5505 ol b el @Ol g Sl 5,V
©3Lanl oy iy D kS s pd gt ol Sy Ol LS e
S5 Jiewe a5 3L DIC | 5eb st OLES Ll 5 0
de Y5k OAE g Cle 4 5 ol VA S
) Sl ICU g o Pl b 5 IS &St

Ohles 53 (VTE) sy il s 5 Sy @ ax s
andllae 5ol Caal Dl 55 V-S4 S (6 R
53 cadle VIE #5 Y0¥ Jl s (5lKes 5 Kahn
FF) 5ls 0L il 31 7 B Ol e 3 (S e 3l Ol e
Sy gl sdens (olew Olss sy e SNk S > o
Jle Olsie ) Foom o Jol oo Sy 5ol 0l el
b)) ol ol Lo(uls 5 Bl 0 LS
0L Solew b Seaflsl o a5 558 0L (5olas
Ll DS S5 kb gres 5 5 VTE L3 aile «(J1 ks »
Lien Jolge on S ald 5OV 086 OS5 me ier
Sy 058l s @ 5 0 VA= 58 (6 i Ololoz 5 oS
Jober 03 s/ el Ylazs| e dins il 53l 1, VTE
Llg o ACE2 gy o sy Jlal alauly & JLL 5l
Sl pslie oas sl s Bl | VIE S,
Oblewy 53 o558 5 baond 58 5 sl (Ll sla, ke
el & 25d 0SB GRIBH e e Ll s
Tl s B Gty sl S (SO Ot
aon alan AS K | By e Ll conl Wl e
S b s DVT Sap e s ol (Sae G5 s

® Venous thromboembolism
® Deep vein thrombosis

(ode) Ol pl (ol g5 e

Bt LY &'lf’"? l) J,:Jﬁf:.%) o); Jles \) LA;,S)}L; _\.»\)Jdn
O b ke b Sib sk V-l S L) -
oS J})Lsﬂ YLJ,:A} gff .:)‘}A L;aLA.? DL ‘<FDP‘ )D—dimer)
w5l g ol b golinl SLil 0us Jles edas LS
B) v_:’}[}bPT adﬁijl:.w}ﬁﬁj)? _,15}; (YY) el Qbkﬁ g.)'i\ 3
5SS gl 325 ol Lo ls DIC <IN D-dimer ol 54l
Solate pasie K5 4 555 6 0 dyS e 3 &S DIC
5ol e o NV goms (o g 5203 5 (s 53 20
Shlew 53 O Ol & sy > D-dimer Ol 5
53 ISTH 51w S 1 slajbne bl 5ol S Vam S
53 DIC & Mts 015 o5 142358 Ohsloy 31 (ko 315
Ll SLASTS O dppe g e 1D 55
s (low-grade) i 4,3 L DIC 31 S5 V4-diss8
Ll & Sl e S Spess Sl S
Oble 53 bl 5 Shes Dl 555 5 x5 JB 56

(7F) A3l anils a5 b 4 e

4 e Oy > S oolinl 5 Shas Il 4 ax g L
ol o3 D-dimer 5 05 5 b Rl el s VA S
LUl g ok 4 & (Slaallle 53 ool mls Olley
4 M Olley b plol LeSSLE 53V A= 8 Lb SL I STsS
Y5) Lid 5 Glow YY) it b 05,8 53 53 V4= S
@iz 058 53 oalinil s bl (pSKls ki S 513 Clewy
Jujp o 3 it Bd 05 50 i 8 ol
Obos (/) L amlis 53 V¥ ) (INR)' Ul o
s Oley (ast VY L s AYA) (PT) e 5
(B YUY L 55 B/Y) (APTT) s Jlad adl goas 5
Y/#1) FDP (1YY ol 5 wdle S FVE) 055w b (a5
V/o¥) Dedimer 5 (/88 Ll s Jeele S5 S
s Tang asllas bl o (F) (/Y 4l o ;Jgg/fﬁjj&
Sl s el mld V- S LS e 53 DIC 5iKes
FDP ; D-dimer _%l35l o35 (s3linl sla tolel anb
wils 25 ST e oLl s Oleys Lyy culda s Al 5 e

OFF) dil
sl 53 )3 ol el 65 0 diy SaddS s S o
53 Do V188 fexla) (03 V- S eyl 2l
GE W) s 5 G AYF) i e oVl Ol anglie
V)(20.5 mg/L) 35 jSaxss JB D-Dimer i3l s lay
D- il o Olass L3 slew 48 (55, » 555 dalllas s
5 Wang adlas 55 .(Y0) i sdalie Ollew 7Y% > dimer

1 Fibrinogen degradation products

“ International normalized ratio

? Prothrombin time

* Activated partial thromboplastin time



Lewrs 53U S 6505 T4 Hle oV ol Sl

S S5 sdisess s s eSSl L @slikl A
(1) A3l e ™ ) 555 T B 3 Wl e oS L

& S am

d o3 Ol w5 L sy 2l L poobss Ol e
Sy dae g glamlal b S5y gl 8 528
5 ods Wil S b Sl slelid (el 35,00 Ouke
Daged ol gl S gt L ol ST
e andllas opl po e e B4 (g0 Sl gl e
S slen by S 4 sy 5 s b S A5 0T
Gosls S VAmdssS popar 53 (a5 dike SleSbl
SEb Gl e 2 VA= S pgeme 53 25
B N e
C‘L” 5 63> 2Ll .l ol es g 55 hypercoagulability
Solee b e ol s aulesl gla el
Sl i el o Ul SGS OS5 4 Lilg e

S al 3 et (5 e 3 i sl 3

¢ Immunothrombosis

(JmLG) Q\J-;‘ J”u G 3 s

53 olply pd 0t a OS> de 4 PE 4 anls
23 a2l SNy s VTE Koy b agrlye &5
(V) o VA5 8 8 e Ol

(ool ols 151 VA= 5 S 4 e Ol ke 55 PE L;u)\;
5 Gy gl s 5 linas (VU 55 ekims LIS &S
pA 4 e Oblen o3 ool Obe (pl 53 (ShS S5 S
el IOV o Il gas 5 olee Sap cSolen Ll
oolse Sss &S sl Ol aJsl cohort  lallas

FF) el 0T, O e ol 53 Jsmel g 5

6 slE Ay e 4 ekl Cs @ glaanl bl
VTE &,ﬁ)ﬁ&”w‘@aé)b&;ﬂjfv &mﬁ)ﬂf@a
oS s Yo¥ Ls ok s b oalie 3 b s
— ol ey BB b a4 S ool Bk Sl e
aMWW RG ubﬁ.\.:w)\fﬁlfru ;;ilg-.’.jj
b el Olejon D-dimer C)Ja.ﬂ 03 4 BB Rl s el
Sloses 0L Jbe ol an w0 (galinil SLagl oy i OLS Jle
ShISTS LA s8 ds Sogie 1 laay 55 gy o

(V) il ol jos S godin Olslew L3 g 55 B

5248 optme whibys gg) Sl S Ay e B4
oo LISl SO L s e ais VA= S Olles
s GUSTSS Tl a8 aal wsls LSyl i )
e 55 a8 cl st (o lIKL (PIC) sp, e
53 Dedimer cdale 5l ool Soslie DIC L sladsl
O3 Lol o ol lag 5T wlals (51580 5 0 5o S
SUASTS sl s Gla Sns 5l s oS3 sk

(FA) a4ty 558 b s e ol s B e 0

V-t S Ohlen Cupde 3 g air ¥ ad b o
Cuxsy follow-up (ali;.ﬁt:}_} s (Wl ls sy
PT s aoled) ISTH lal 3,8 5 b 51 DIC
(€ s 3,8as SRl 5 ns 3 (ST Dodimer 035y o8
Sl by 5 e Lasie | ST LS. &
S A Ohley plobis (s colia 1) (s Sl
G b ol 5 S5 w5 Silean (z 2bm b
(s i gl Sbsl alsl bl CMWH) (S IS5
Sl Cope S cd (Sas LMWH el as sls S5
Slagls plo plesl 4 Yl 55 5 A3 VA5 8 Osla 53

! Pulmonary embolism
? Caucasians
? African—American
Pulmonary intravascular coagulopathy
* Low molecular weight heparins



Lewrs 53U S 6505 T4 Hle oV ol Sl

—

[S8

o

. Tu Y-F, Chien C-S, Yarmishyn AA, Lin Y-Y, Luo Y-H, Lin Y-T,

et al. A Review of SARS-CoV-2 and the Ongoing Clinical Trials.
Int J Mol Sci. 2020;21(7):2657.

. Terpos E, Ntanasis-Stathopoulos 1. Hematological findings and

complications of COVID-19. 2020.

. Huang J, Cheng A, Kumar R, Fang Y, Chen G, Zhu Y, et al.

Hypoalbuminemia predicts the outcome of COVID-19
independent of age and co-morbidity. Journal of medical virology.
2020.

4.Zou 'Y, Guo H, Zhang Y, Zhang Z, Liu Y, Wang J, et al. Analysis of

w

[=2)

2

0

9.

coagulation parameters in patients with COVID-19 in Shanghai,
China. BioScience Trends. 2020.

. Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, et al.

Lymphopema predicts disease severity of COVID-19: a
descriptive and predictive study. Signal transduction and targeted
therapy. 2020;5(1):33.

. Fan BE, Chong VCL, Chan SSW, Lim GH, Lim KGE, Tan GB, et

al. Hematologic parameters in patients with COVID-19 infection.
American journal of hematology. 2020.

. Guan W-j, Ni Z-y, Hu Y, Liang W-h, Ou C-q, He J-x, et al. Clinical

characteristics of 2019 novel coronavirus infection in China.
medRxiv. 2020:2020.02.06.20020974.

. Rahimzadeh G, Ekrami Noghabi M, Kadkhodaei Elyaderani F,

Navacifar MR, Enayati AA, Manafi Anari A, et al. COVID-19
infection in Iranian children: a case series of 9 patients. Journal of
Pediatrics Review. 2020;8(2):139-44.

Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated
with severe coronavirus disease 2019 (COVID-19) infections: A
meta-analysis. Clinica chimica acta; international journal of
clinical chemistry. 2020;506:145-8.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al
Dysregulation of Immune Response in Patients With Coronavirus
2019 (COVID-19) in Wuhan, China. Clinical Infectious Diseases.
2020.

. Lippi G, Plebani M. The critical role of laboratory medicine
during coronavirus disease 2019 (COVID-19) and other viral
outbreaks. 2020.

. Li T, Lu H, Zhang W. Clinical observation and management of
COVID-19 patients. Emerg Microbes Infect. 2020;9(1):687-90.

. Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High
expression of ACE2 receptor of 2019-nCoV on the epithelial cells
of oral mucosa. International journal of oral science. 2020;12(1):8.

. Singh S, Sharma A, Arora SK. High producer haplotype (CAG) of
A#v-C/A, -308G/A and -238G/A polymorphisms in the promoter

region of TNF-alpha gene associate with enhanced apoptosis of
lymphocytes in HIV-1 subtype C infected individuals from North
India. PloS one. 2014;9(5):¢98020.

. Liao YC, Liang WG, Chen FW, Hsu JH, Yang JJ, Chang MS. IL-
19 induces production of IL-6 and TNF-alpha and results in cell
apoptosis through TNF-alpha. Journal of immunology (Baltimore,
Md : 1950). 2002;169(8):4288-97.

. Aggarwal S, Gollapudi S, Gupta S. Increased TNF-alpha-induced
apoptosis in lymphocytes from aged humans: changes in TNF-
alpha receptor expression and activation of caspases. Journal of
immunology (Baltimore, Md : 1950). 1999;162(4):2154-61.

. Chan JF, Zhang AJ, Yuan S, Poon VK, Chan CC, Lee AC, et al.
Slmulatlon of the clinical and pathologlcal manifestations of
Coronavirus Disease 2019 (COVID-19) in golden Syrian hamster
model: implications for disease pathogenesis and transmissibility.
Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America. 2020.

. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. The lancet. 2020;395(10223):497-506.

. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical
Characteristics of 138 Hospitalized Patients With 2019 Novel

20.

2

—_

22.

23.

9%

24.

25.

26.

217.

28.

29.

30.

3

32.

33.

34,

3s.

36.

37.

38.

<J°"’L°) Q\J-;‘ J”u [SSWi) ‘d"‘

@L'\A
Coronavirus—Infected Pneumonia
2020;323(11):1061-9.

Wu C, Chen X, Cai Y, Zhou X, Xu S, Huang H, et al. Risk factors
associated with acute respiratory distress syndrome and death in
patients with coronavirus disease 2019 pneumonia in Wuhan,
China. JAMA internal medicine. 2020.

in Wuhan, China. JAMA.

. Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY, Loh J, et

al. Epidemiologic features and clinical course of patients infected
with SARS-CoV-2 in Singapore. Jama. 2020;323(15):1488-94.

Henry BM, Lippi G, Plebani M. Laboratory abnormalities in
children with novel coronavirus disease 2019. 2020.

Fischer K, Hoffmann P, Voelkl S, Meidenbauer N, Ammer J,
Edinger M, et al. Inhibitory effect of tumor cell-derived lactic acid
on human T cells. Blood. 2007;109(9):3812-9.

Faria SS, Fernandes Jr PC, Silva MJB, Lima VC, Fontes W,
Freitas-Junior R, et al. The neutrophil-to-lymphocyte ratio: a
narrative review. ecancermedicalscience.)+;Y+\5 .

Liu Y, Du X, Chen J, Jin Y, Peng L, Wang HH, et al. Neutrophil-
to- lymphocyte ratio as an 1ndependent risk factor for mortality in
hospitalized patients with COVID-19. Journal of Infection. 2020.

Mitra A, Dwyre DM, Schivo M, Thompson GRY rd, Cohen SH,

Ku N, et al. Leukoerythroblastic reaction in a patient with
COVID-19  infection. ~ American journal of hematology.
2020:10.1002/ajh.25793.

Chang, Lin M, Wei L, Xie L, Zhu G, Dela Cruz CS, et al.
Epidemiologic and Clinical Characteristics of Novel Coronavirus
Infections Involving 13 Patients Outside Wuhan, China. Jama.
2020.

Yang M, Ng MH, Li CK. Thrombocytopenia in patients with
severe acute respiratory syndrome (review). Hematology
(Amsterdam, Netherlands). 2005;10(2):101-5.
Xu P Zhou Q, Xu J. Mechanism of thrombocytopenia in COVID-
19 patients. Annals of Hematology. 2020:1-4.

Connors JM, Levy JH. COVID-19 and its implications for
thrombosis and anticoagulation. Blood. 2020.

. Deng Y, Liu W, Liu K, Fang YY, Shang J, Zhou L et al. Clinical

characteristics of fatal and recovered cases of coronavirus disease
2019 (COVID-19) in Wuhan, China: a retrospective study.
Chinese medical journal. 2020.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet (London,
England). 2020;395(10229):1054-62.

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel
coronavirus pneumonia. Journal of thrombosis and haemostasis.
2020;18(4):844-7.

Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities and
thrombosis in patients with COVID-19. Lancet Haematol.
2020;7(6):e438-¢40.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al.
Epldemlologlcal and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive
study. The Lancet. 2020;395(10223):507-13.

Kahn SR, Lim W, Dunn AS, Cushman M, Dentali F, Akl EA, et
al. Prevention of VTE in nonsurgical patients: antithrombotic
therapy and prevention of thrombosis: American College of Chest
Physicians evidence-based clinical practice guidelines. Chest.
2012;141(2):e195S-e226S.

Fogarty H, Townsend L Ni Cheallaigh C, Bergin C,
Martin-Loeches I, Browne P, et al. COVID-19 Coagulopathy in
Caucasian patients. British journal of haematology. 2020.

McGonagle D, O'Donnell JS, Sharif K, Emery P, Bridgewood C.
Immune mechanisms of pulmonary intravascular coagulopathy in
COVID-19 pneumonia. The Lancet Rheumatology. 2020.



Lo sUs,S 8505 AT Sl oV by Fuls (ooke) Ol il oo § b

Hematology findings in patients with Coronavirus disease 2019
(COVID-19)

Soltani S.', Mahmoudi M.*? and Farhadi E.*?
1 Rheumatology Research Center, Tehran University of Medical Sciences, Tehran, I.R. of Iran
2 Inflammation Research Center, Tehran University of Medical Sciences, Tehran, I.R. of Iran
Abstract

In December 2019, Wuhan, the capital of Hubei Province in China, became the center of an outbreak of
pneumonia with unknown etiology. By 7 January 2020, Chinese scientists have isolated a new
coronavirus from patients with viral infectious pneumonia, the Coronavirus 2 Acute Respiratory
Syndrome (SARS-CoV-2), previously called 2019-nCoV. The disease was later diagnosed as coronavirus
2019 (COVID-19) in February 2020 by the World Health Organization (WHO). Although the outbreak
primarily originated from a zoonotic transmission, it soon became evident that human-to-human contact
was spreading efficiently. The clinical manifestation of SARS-CoV-2 infection has a broad spectrum,
ranging from asymptomatic infection, a relatively mild disease of the upper respiratory tract, to severe
viral pneumonia with respiratory failure and even death. Lymphopenia, thrombocytopenia, and
coagulation disorders are some of the conditions that develop in severe cases and are associated with poor
prognosis. It is speculated that impaired coagulation time and elevated D-dimer levels in severe cases
may require anticoagulant therapy. The present study aimed to address some of the most critical
hematology findings related to the disease, which have key roles in prognosis and management of the
treatment process.
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