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Abstract
SARS-CoV-2 viruses are positive single-stranded RNA viruses, whose infection can be asymptomatic or lead to the coronavirus
disease 2019 (Covid-19). Covid-19 is a respiratory infection with a significant impact on the hematopoietic system and hemo-
stasis leading to several cardiovascular complications. Hematologic consequences of this new infection allowed medical com-
munity to start new treatment approaches concerning infection going from targeted anti-inflammatory drugs to anticoagulation or
stem cell therapies. A better understanding of Covid-19 pathophysiology, in particular hematological disorders, will help to
choose appropriate treatment strategies.
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Introduction

From the end of 2019, an epidemic pneumonia caused by a new
coronavirus occurred in Wuhan (Hubei Province) spread rapid-
ly throughout China, evolving into a global pandemic [1, 2].
Originally called new coronavirus 2019 (2019-nCoV), this vi-
rus was then officially named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) by WHO. On January
30, 2020, the WHO declared the SARS-CoV-2 epidemic a
public health emergency of international concern.
Coronaviruses are a large family of viruses that some of them
are more known such as Middle East Respiratory Syndrome
(MERS-CoV) and Severe Acute Respiratory Syndrome
(SARS-CoV).

SARS-CoV-2 viruses are positive single-stranded RNA vi-
ruses, whose infection can be asymptomatic or lead to the
coronavirus disease 2019 (Covid-19). Covid-19 has a very
large pattern of respiratory manifestations but also other

non-specific symptoms including fever, headache, hemopty-
sis, nausea, vomiting, and in particular diarrhea also previous-
ly detected in other coronavirus infections [3, 4]. Respiratory
manifestations have a large spectrum of infectious signs from
fever, dry cough, and dyspnea to pneumonia, pulmonary ede-
ma and acute respiratory distress syndrome (ARDS) requiring
hospitalization in intensive care unit (ICU). The clinical spec-
trum of COVID19 varies from asymptomatic or mild disease
(more than 80% of all cases) to respiratory failure that requires
mechanical ventilation and to multiple organ dysfunction syn-
dromes or failure. Patients requiring hospitalization in an in-
tensive care unit have a high mortality rate. In terms of path-
ogenesis, SARS-CoV-2 recognizes the angiotensin
converting enzyme 2 receptor (ACE2) by its spike protein.
ACE2 is widely expressed in human tissues, including
alveloar type 2 (AT2), capillary epithelium, the heart, liver,
kidney, and endothelial cells [5]. ACE2 is also expressed in
hematopoietic stem and progenitor cells [6]. ACE2 stimulates
mobilization of progenitor cells from bone marrow, migration
to areas of vascular damage and revascularization of ischemic
areas in pathological conditions like hypoxic exercise [6–8].
SARS-CoV-2 also probably invades host cells via CD147
(also known as Basigin or EMMPRIN) [9]. This CD147 has
been also identified as a red blood cell receptor for parasite
Plasmodium Falciparum [10] and a vascular receptor for
Neisseria meningitidis [11]. CD147 has been described as a
marker of undifferentiated embryonic stem cells [12] and is
also expressed on mesenchymal stem cells [13]. In addition, a
research team from Germany revealed that the cellular serine
protease TMPRSS2 for SARS-CoV-2 spike protein priming is
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also essential for the host cell entry and spread [14]. Currently,
there is no specific treatment for Covid-19 and understanding
effects and mechanism of SARS-CoV-2 invasion and dissem-
ination will help to find new targets.

SARS-CoV-2 Infection Induces Hematological
Disorders

Covid-19 is a respiratory infection with a significant impact
on the hematopoietic system and hemostasis. The current hall-
mark of SARS-CoV-2 pathogenesis is the cytokine storm.
Indeed, plasma concentrations of interleukin-6, interleukin-
1β, TNF-α but also granulocyte colony stimulating factor
(G-CSF) or interferon γ-inducible protein (IP10) seem very
high in Covid-19 patients and even higher in intensive care
unit (ICU) patients than non-ICU patients [15]. This cytokine
release syndrome made relevant treatment by blocking cyto-
kines or their receptors like tocilizumab and sarilumab that are
humanized monoclonal mAb blocking Il-6 receptors [16]
(CORIMUNO-SARI: NCT04324073; CORIMUNO-TOCI:
NCT04331808) or Anakinra (ANA) that is a recombinant
human decoy IL-1RA and therefore blocks IL-1α and IL-1β
(CORIMUNO-ANA: NCT04341584). This cytokine release
syndrome in Covid-19 patients is associated to a decreased
count of lymphocyte [15]. Lymphopenia is present in more
than 80% of Covid-19 patients at entrance [1] and could pre-
dict disease severity of Covid-19 [17]. This lymphopenia has
been related to a significant decrease in T cells (in particular
CD8 + T cells) and this significant decrease of T lymphocyte
subset is positively correlated with in-hospital death and se-
verity of illness [18]. B lymphocytes have also been proposed
to be involved in Covid-19, s ince pat ients with
Agammaglobulinemia lacking B lymphocytes had amild clin-
ical course in contrast to Covid-19 patients with Common
Variable Immune Deficiency [19]. Since Human B Cell
Memory through CD27dull and CD27bright epitope is different
along age, B lymphocytes could be at the origin of difference
responses between children and adults in early phase of
Covid-19. Indeed, B cells from children are able to better
generate natural antibodies with novel pathogens when com-
pared to B cells from adults [20].

Coagulopathy have been described in Covid-19 as soon as
first cases were described. In this context of inflammation
burst, link between coagulopathy and inflammation can be
related to thrombo-inflammation mechanisms. This
thrombo-inflammation has been described in arterial and/or
venous thrombosis but also in cancer associated thrombosis
with the complex interplay between blood coagulation and
inflammation [21]. Covid-19 infection is associated with a
coagulopathy characterized by an increase in procoagulant
factors such as fibrinogen, together with a strong increase of
D-dimers that have been associated with a higher mortality [3,

22]. D-dimer levels above 1000 ng/mL were an independent
risk factor of in-hospital death [3]. Coagulopathy was also
found in fatal cases of Covid-19 patients, including a signifi-
cant higher proportion of patients with D-dimers above 500
ng/mL and prolonged prothrombin time (PT) in non-survivors
[22]. This result was also found in another Chinese population
where D-dimers were still associated with in-hospital mortal-
ity [23]. D-dimers dynamics can also reflect the severity, in-
creased levels were more pronounced among severe cases [3].
In terms of prothrombotic signal, Zhang et al. described, three
cases of thrombosis associated with antiphospholipid antibod-
ies represented by anticardiolipin (aCL) and anti-β2-
glycoprotein I (aβ2GPI)2 [24]. In a French series from
Mulhouse, 45% of Covid-19 patients had a detect lupus anti-
coagulant (LA) positive according to ISTH recommendations
while aCL or aβ2GPI were only positive in 3 patients associ-
ated to LA [25]. All these procoagulant profile in Covid-19
patients encouraged International society of thrombosis and
haemostasis to propose preventive anticoagulation [26] in
hospitalized Covid-19 patients since it could decrease mortal-
ity [27]. The question of curative anticoagulation is currently
an open question that needs to answer in clinical trials.
Moreover, in contrast to other respiratory viral pneumonia,
an increased pulmonary embolism incidence has been ob-
served in Covid-19 patients [28]. SARS-CoV-2 virus has been
shown to infect blood vessels and induce vascular damage
in vitro and in vivo [29–31]. This endothelial lesion can be
at the origin of coagulopathy and hemostasis activation that
lead to thrombotic disorders observed in Covid-19 patients.

Are Mesenchymal Stem Cells the Key
Treatment for Covid-19?

Currently, no specific drugs or vaccines are available to treat
Covid-19 patients. The therapeutic strategies are only support-
ive. Immunomodulatory drugs to block cytokine release syn-
drome are only focus on one pathway at a time. Mesenchymal
stem cells (MSCs) have been described to have strong immu-
nomodulatory properties. These cells have capacity to migrate
to inflammatory sites, having anti-inflammatory and anti-
fibrotic effects. Thus, MSCs could offer a new therapeutic
approach. Moreover, their regenerative potential in particular,
in vascular dysfunction of Covid-19, could be a good point.
Indeed, MSCs have been described as proangiogenic cells in
peripheral arterial disease [32]. In this context, MSCs act as
paracrine cells since no endothelial differentiation is observed
within adult bone marrow derived MSCs [32]. The interaction
between endothelial cells andMSCs has been demonstrated in
extracellular matrices models [33, 34] and also in vivo [35]. In
these models, MSCs support vasculogenic processes because
of their ability to transdifferentiate in perivascular cells when
they interact with endothelial cells [33, 36, 37] but also their
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ability to interact directly with endothelial endoglin pathway
[38]. Thus, we can speculate that MSCs could modulate in-
flammation around endothelial cells during Covid-19 and also
cure endothelial dysfunction to accelerate their recovery after
Covid-19 induced vascular lesion. Allogenic MSCs have clin-
ical grade culture and are already available in banks of
cryofrozen cells. MSCs have been tested in several clinical
trials with an excellent safety record in particular in immune
mediated inflammatory diseases, such as graft versus host
disease (GVHD) and autoimmune diseases [39]. Thus, several
clinical studies are ongoing to test efficacy of MSCs in Covid-
19 patients [40]. Leng et al. investigated whether MSC trans-
plantation improves the outcome of 7 enrolled patients with
COVID 19 pneumonia in China [41]. They found improve-
ment in pulmonary function and symptoms of their patients 2
days after MSCs transplantation. Clinically they noticed de-
crease of the fever, dyspnea and respiratory rate. Concerning
the laboratory results, they noticed recovery of lymphopenia
and decrease of CRP, aspartic aminotransferase and myoglo-
bin levels. Moreover, after intravenous injection of MSCs, a
significant decrease in circulating TNF-α concentration was
observed. This study demonstrated safety but now efficiency
need to be tested in large clinical trials. Bari et al. also pro-
posed that MSCs secretome could be formulated as a drug and
administered by intravenous injection or after inhalation [42].
Since MSCs-derived extracellular vesicles are well known
vector of growth factors and different type of RNA [43],
MSCs secretome could constitute a new and smart approach
for COVID19 pneumonia treatment, in particular for the ones
requiring hospitalization in intensive care unit [42].Moreover,
gene expression profiling of mesenchymal stem cells showed
that these cells are ACE2 and TMPRSS2 negative, making
them a good cell target not influenced by SARS-CoV-2 infec-
tion [41]. In Paris (France), one clinical trial is ongoing with
MSCs isolated from Wharton’s jelly of the umbilical cord
(Stroma-Cov-2 project: NCT04333368) to treat covid-19
intubated-ventilated patients presenting with Acute
Respiratory Distress Syndrome of less than 96 h. Three intra-
venous infusions of umbilical cord Wharton’s jelly-derived
mesenchymal stromal cells will be realized. Thus, pleiotropic
MSCs therapeutic effects could help to cure all hematological
effects of SARS-CoV-2: inflammation and coagulopathy by a
vascular effect. If MSCs are an efficient treatment of Covid-
19, other allogenic stem cells could be helpful in future of
virus-inducible cytokine release syndrome: these are very
small embryonic like stem cells (VSELs). Indeed, VSELs
have the ability to support endothelial cells angiogenic poten-
tial [44] and also ability to have their own endothelial differ-
entiation [45, 46]. Therefore, VSELs have been proposed as a
promising cell for cardiac and vascular regeneration [46–48].
Moreover, VSELs are able to give rise to hematopoietic cells
and could counteract lymphopenia and side effects of inflam-
mation on hematopoietic cells. VSELs have been also

described to help regeneration of lungs [49, 50], thus VSELs
injection could help fighting Covid-19 induced lung fibrosis.
As prerequisite to clinical trials, it will be essential to have an
expansion of these cells. Indeed, ability of VSEL to proliferate
in vitro is very limited [45, 51]. Thus, more research on this
topic is required to stimulate proliferative capacity of VSELs
without affecting their potential for differentiation.

Conclusions

In conclusion, situation of the Covid-19 outbreak is having
clinical and pathophysiological profiles currently under inves-
tigations. Understanding pathophysiology will help to choose
more appropriated treatment. Vaccination, reducing virus rep-
lication or its cell entrance by interacting with ACE2 and/or
CD147 and/or TMPRSS2 will be a key point for treatment
design. Other ideal approaches will be to treat both inflamma-
tion and coagulopathy disorders. Stem and progenitor cells
could be recruited by huge cytokine burst induced by
SARS-CoV-2 infection and this phenomenon needs to be
studied in the next future. Moreover mesenchymal stem cell
transplantation could be an outstanding response to both cy-
tokine release syndrome and vascular disorders. This SARS-
CoV-2 seems to have more than one trick up his sleeve and
probably we`ll need to combine several pharmacological and
stem therapy to succeed in critical form of Covid-19.
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