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Abstract
The COVID-19 pandemic has placed an unprecedented burden on health care systems and economies around the globe.
Clinical evidences demonstrate that SARS-CoV-2 infection produces detrimental levels of pro-inflammatory cytokines and
chemokines that can lead to acute respiratory distress syndrome (ARDS) and significant systemic organ damage. Currently,
there is no definitive therapy for COVID-19 or associated complications, and with the hope of a safe and effective vaccine
in the distant future, the search for an answer is paramount. Mesenchymal stem cells (MSCs) provide a viable option due to
their immunomodulatory effects and tissue repair and regeneration abilities. Studies have demonstrated that compassionate
use of MSCs can reduce symptoms associated with SARS-CoV-2 infection, eliminate fluid buildup, and act as a regenerative
technique for alveolar damage; all in a safe and effective way. With multiple autologous sources available for MSCs, each
with their own respective limitations, allogenic umbilical cord (UC) and/or UC-derived Wharton’s jelly (WJ) seem to be
best positioned source to harvest MSCs to treat COVID-19 and associated symptoms. As an allogenic source, UC is readily
available, easily obtainable, and is rich in immunomodulatory and regenerative factors. In this manuscript, we reviewed the
current evidences and explored the potential therapeutic use of allogenic UC and/or WJ-derived MSCs for the treatment of
COVID-19. Although, preliminary preclinical and clinical studies indicate that their use is safe and potentially effective,
more multi-center, randomized, controlled trials are needed to adequately assess the safety and efficacy of UC and/or WJderived MSCs for the treatment of COVID-19.
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Background
For over 50 years, human coronaviruses (HCoVs) have been
reported as causes of mild to severe respiratory infections
in humans [1]. HCoVs subtypes such as HCoV-299E and
HcoV-OC43 are known to cause mild respiratory symptoms in healthy adults while HCoVs such as severe acute
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respiratory syndrome coronavirus (SARS) and Middle East
respiratory syndrome coronavirus (MERS) have shown
higher pathogenicity and are known causes of global outbreaks [1, 2]. In December 2019 in a wholesale wet market
in Wuhan, Hubei, China a novel HCoV (severe acute respiratory syndrome coronavirus 2) began its introduction to the
world [3]. Severe acute respiratory syndrome coronavirus 2
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(SARS-CoV-2) started its spread across China and surrounding countries (Thailand, Republic of Korea and Japan) eventually leading to a global pandemic [3]. As of September
6, 2020, there are about 27 million reported cases and over
881,000 deaths worldwide, with over 6.26 million reported
cases and over 188,000 deaths in the United States [4]. With
no current vaccine or definitive therapy for SARS-CoV-2 or
its disease (coronavirus disease 2019), there is an obvious
urgent need for safe and efficacious treatment modalities.
Currently, the treatment of coronavirus disease 2019
(COVID-19) centers around a broad range of pharmaceuticals (chloroquine/hydroxychloroquine, glucocorticoids and
antivirals), convalescent plasma transfusions and respiratory aid (noninvasive and invasive respiratory therapy) [5,
6]. With none of the available treatment modalities showing definitive effectiveness and the resulting strain on the
hospital resources, mesenchymal stem cells (MSCs) present
a promising option to combat COVID-19 and the present
global pandemic [7, 8]. MSCs have been shown to be a
potentially effective and safe treatment modality for inflammatory lung diseases with a large number of preclinical
studies showing positive immunomodulatory and regenerative effects [9]. For this reason, there has been increased
effort placed into developing clinical trials using MSCs in
COVID-19 patients, with a large number of current ongoing
trials. MSCs when intravenously administered have shown
to accumulate within the lung microvasculature, promoting
endogenous repair of local cells, protecting alveolar epithelial cells and decreasing lung fibrosis [10]. MSCs have also
been shown to decrease the hyperactivated immune system and subsequent elevated cytokine and chemokine levels reported in COVID-19 patients [11]. MSCs are able to
inhibit T-lymphocyte proliferation, B-lymphocyte proliferation and macrophage activation leading to decreased levels
of proinflammatory cytokines such as interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNF-α), while simultaneously increasing IL-10, an essential anti-inflammatory
cytokine [11, 12].
There are various sources of MSCs such as autologous
bone marrow, adipose tissue, dental pulp (DP), umbilical
cord (UC) and/or UC-derived Wharton’s jelly (WJ) [10,
13, 14]. Autologous bone marrow requires the patient to
undergo an invasive procedure associated with pain and
morbidity to harvest the MSCs [15]. The number of MSCs
in the bone marrow (bone marrow mesenchymal stem cells,
and BMSCs) is limited (0.001–0.01%) and are also known
to display characteristics of early senescence [15]. Adiposederived stem cells (ADSCs) harvest also requires the patient
to undergo an invasive procedure and are considered to be in
the preliminary steps of clinical investigation requiring more
randomized clinical trials to prove their efficacy and safety
[16]. DP MSCs have several limitations as well due to their
limited availability in adult humans and lack of regeneration
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after extraction [17]. The UC is a neonatal tissue that is
rich in easily expandable and accessible MSCs [10]. The
UC stroma otherwise known as WJ is an ample source of
MSCs and is also widely used to harvest MSCs [18]. WJ is
a connective tissue located within the UC known to resist
compressive and torsional forces during fetal development.
WJ contains high levels of primitive MSCs with the highest
concentration of MSCs per milliliter than any other allogenic
tissue [19]. WJ-MSCs have also been shown to be mostly
multipotent rather than pluripotent and secrete large quantities of anti-inflammatory cytokines (CKs), growth factors
(GFs) and extracellular vesicles (EVs) including exosomes
compared to other sources [18, 20, 21]. With all these factors
considered, the UC and/or WJ is an ideal allogenic source
of MSCs for treating COVID-19 patients and decreasing the
severe strain on hospital resources.

Pathophysiology of SARS‑CoV‑2 infection
Understanding the pathophysiology of SARS-CoV-2 is
imperative if novel treatments are to be properly investigated. These viruses are enveloped, positive sense, singlestranded RNA viruses of about 30 kilobases and are transmitted in infected air droplets that enter the human body
through the nose, mouth, or eyes [22, 23]. The virus then
attaches to its functional receptor, angiotensin converting
enzyme 2 (ACE2), via the spike (S) protein expressed on
the surface of the virus [8]. RNA is then released into the
host cell that travels to the nucleus for replication [10, 22,
24]. It is important to note that ACE2 receptors are widely
expressed in epithelial cells not only of the lungs but also
the heart, liver, kidneys and digestive organs [12]. Once the
virus enters the bloodstream it spreads widely throughout the
body [12]. One of the major barriers faced by scientists and
clinicians is the diverse manifestation of the disease among
patients. Some patients present with severe symptoms while
others can be infected but appear asymptomatic [25]. There
is a common pattern of disease progression in which the
symptoms appear about 2–14 days after viral exposure which
include fever, muscle pain, headache, cough, sore throat, and
loss of taste or smell [25]. The patients requiring intensive
care unit (ICU) treatment are commonly older male patients
with prominent comorbidities such as obesity, hypertension,
cardiovascular disease, and lung disease, many of which are
highly prevalent [26, 27].
One of the most popular theories for the cause of SARSCoV-2-related complications is due to the body’s own
immune response. An overactivated immune system has the
potential to kill the virus, but also produce a large number
of pro-inflammatory factors, leading to the severe hypercytokinemia, also known as a cytokine storm (Fig. 1) [26].
Once a cell is infected, cytokines (e.g., IL-6, IL-8, IL-10,
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Fig. 1  SARS-CoV-2 induced cytokine storm and development of
ARDS. When SARS-CoV-2 enters the lungs, it’s S-protein binds to
the ACE2R on respiratory epithelial cells and leads to membrane
fusion, viral DNA release and replication inducing a cytokine storm.
This cytokine storm leads to the recruitment and activation of neutrophils, M1 macrophages, conventional DC and TH 1 T cells, all of
which induces inflammation, fibrosis, apoptosis and alveolar fluid
accumulation within the lungs leading to ARDS. Therapeutic intravenous administration of MSCs lead to accumulation of MSCs in the
lung microvasculature and inhibit inflammation by shifting the M1
macrophage, conventional DC, and TH 1 T-cell populations into antiinflammatory M2 macrophage, plasmacytoid DC, TH 2/TReg T-cell
populations as well as directly inhibiting neutrophils. Additionally,
MSC therapy inhibits fibrosis, apoptosis and alveolar fluid accumu-

lation and promotes tissue regeneration, anti-apoptosis and alveolar fluid clearance by producing extracellular vesicles, VEGF, HGF,
and KGF. Abbreviations: ARDS acute respiratory distress syndrome,
ACE2R angiotensin-converting enzyme 2 receptor, DC dendritic
cells, HGF hepatocyte growth factor, IL interleukin, IFN interferon,
IL-1RA interlukin-1 receptor antagonist, KGF keratinocyte growth
factor, MHC major histocompatibility complex, MSCs mesenchymal stem cells, PGE2 prostaglandin E2, SARS-CoV2 severe acute
respiratory-associated coronavirus-2, SOD-3 superoxide dismutase,
S-protein spike protein, TNF-α tumor necrosis factor alpha, TSG-6
tumor necrosis factor alpha stimulated gene-6, TGF-β transforming
growth factor-beta, TReg regulatory T cell, VEGF vascular endothelial growth factor

IFN-γ, TNF-α) that act as recruiting signals for various proinflammatory cells are released to fight off viral infections
[25]. The release of cytokines such as IFN-γ is involved in
the development of clinical symptoms such as fever, chills,
headaches, dizziness, and fatigue. Other cytokines such as
TNF-α can cause serious clinical conditions such as vascular
leakage, cardiomyopathy, lung injury, acute-phase protein
synthesis, and acute respiratory distress syndrome (ARDS)
[28]. On the contrary, a recent editorial suggests that the
role of the aforementioned cytokine storm is over exaggerated and that SARS-CoV-2 causes direct endothelial dysfunction and systemic inflammation leading to tachycardia,
tachypnea, and hypotension [29]. Prior studies have shown
that patients with COVID-19 despite not having high levels
of cytokines, specifically IL-6, still have unfavorable outcomes with postmortem identification of significant alveolar microthrombi [30]. Despite the exact cause, it is clear

that inflammation and its effect on various organ systems
whether induced by elevated levels of cytokines or directly
from SARS-CoV-2 leads to the development of COVID-19.
Ongoing research is needed to further elucidate the exact
pathophysiological cause of COVID-19 lung injury.

Acute respiratory distress syndrome (ARDS)
The recent outbreak of SARS-CoV-2 has brought the world
to an abrupt stop. The symptoms of the virus range from
asymptomatic to mild upper respiratory tract infection
to severe pneumonia [31]. About 67–85% of critically ill
patients are known to develop ARDS making it one of the
major reasons for the high mortality (61.5%) rate among
cases of SARS-CoV-2 [31, 32]. The pandemic has proven
that the United States healthcare system needs improvement.
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With over 5% of cases needing ICU treatment, the pandemic
rapidly outnumbered the available ICU beds and ventilator
capacity across the United States causing a massive burden
on our healthcare system [8]. Understanding the chronology from infection onset and controlling the later cascade
of pro-inflammatory cytokines and chemokines that lead to
ARDS, could lead to tremendous beneficial outcomes for
the patients worldwide.
Although there are several clinical disorders associated
with the development of ARDS, bacterial and viral pneumonia are the most common [33]. Normally, when infected
either by bacteria or virus, the lungs trigger an immune
response to clear the virus. However, ARDS is a result
of hyperactivation of the innate immune system leading
to rapid proliferation of T cells, macrophages and natural
killer cells, and overproduction of over 100 inflammatory
cytokines caused by SARS-CoV-2 infiltration [34]. Although
the primary purpose of the inflammatory response is to clear
the virus, it unfortunately has secondary adverse effects on
the lungs [33]. One particular is an increased permeability of
endothelial cells of the lungs caused by high levels of TNFα, vascular endothelial growth factor (VEGF), and leukocyte
signals in the lungs that destabilize the VE-cadherin bonds.
These bonds usually maintain endothelial barrier integrity
in the lung microvasculature [33]. Disruption of this barrier
leads to alveolar edema. Similar to endothelial permeability, lung epithelial permeability is also compromised during
an overactive immune response [33]. In this case, neutrophils disrupt intercellular junctions causing apoptosis and
denudation that ultimately results in epithelial permeability
[33]. During ARDS, the osmotic gradient that usually drives
alveolar fluid clearance is also disrupted, which further exacerbates fluid retention in the alveoli [33].
With an increasing number of SARS-CoV-2 cases needing ICU treatment for ARDS and a limited number of beds
and ventilators available, there is an increasing demand for
prevention and treatment. Current treatments for COVID-19
are not definitive and lack evidence of safety and efficacy.
Thus, new avenues for cellular repair following the development of ARDS should be investigated. UC and/or WJderived MSCs and their regenerative properties may have
the potential to treat COVID-19 patients in the ICU suffering
from ARDS, achieve complete recovery from SARS-CoV-2
symptoms, as well as reduce the burden on the healthcare
system.

Current treatment of COVID‑19
With the current status of the pandemic in mind, finding an
effective and safe treatment has been the highest priority for
research labs and pharmaceutical companies around the world
[10]. At the moment, randomized controlled clinical trials
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have not shown evidence supporting prophylactic therapy or
that any specific therapy (not including supportive therapy)
improves outcomes in patients with COVID-19 [6]. Much of
the current attention has been placed on treatments that have
been previously used to treat SARS-CoV and MERS-CoV
such as chloroquine/hydroxychloroquine, remdesivir, corticosteroids, and convalescent plasma [6].
Chloroquine and hydroxychloroquine seem to inhibit the
viral entry into the host cells and decrease cytokine production
and cell autophagy [6]. Notable side effects include hepatic
failure, severe cutaneous reactions, and corrected QT interval
prolongation especially with concurrent use of azithromycin
or fluoroquinolones [6, 35]. Remdesivir is an antiviral that is
metabolized into an active C-adenosine nucleoside triphosphate analogue inhibiting viral replication [6]. Currently, remdesivir has shown some efficacy in small clinical trials but it is
not currently FDA-approved, and larger scale clinical trials are
needed to further establish its efficacy [6]. Immunomodulation
with corticosteroids in theory should help decrease the host
hyper-immune response to the virus and decrease complications such as acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS) [6]. However, observational studies
in patients infected with SARS and MERS, and treated with
corticosteroids suggested that there was a delay in host viral
clearance, increased rates of secondary infection and increased
rates of complications such as psychosis, hyperglycemia, and
avascular necrosis [6, 36, 37]. Convalescent plasma, plasma
with antibodies from patients that have recovered from a specific infection, has been used effectively for salvage therapy
in MERS and SARS patients [6, 38]. Convalescent plasma in
theory could be efficacious when viremia is at its highest during the first 7–10 days of infection and contain SARS-CoV-2
antibodies. However, it is important to note that most commercial immunoglobulin preparations lack SARS-CoV-2 antibodies and more patients are required to recover from COVID-19
to have adequate plasma for large clinical trials [6].
Considering limited evidence to support the efficacy of
aforementioned treatment modalities, associated adverse
effects and the significant scientific constraints vaccines must
undergo before successful clinical implementation, there is an
increased need for quickly developing a safe and efficacious
therapy [6]. UC and/or WJ-derived MSCs with their lack of
severe adverse effects, effective immunomodulatory effects,
regenerative capability and superiority over other biologics
may be the answer for combating COVID-19 and the congruent healthcare burden that is currently present worldwide.

Mesenchymal stem cells (MSCs)
MSCs are non-hematopoietic progenitor cells first isolated
from bone marrow by Friedenstein el al. [39] and originally called colony-forming unit fibroblasts. In 2006, the
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International Society for Cell Therapy defined human MSCs
by the following criteria: plastic adhering when cultured;
expressing surface markers CD105, CD73, and CD90;
failing to express surface molecules CD45, CD34, CD14,
CD11b, CD79alpha, CD19, and HLA-DR; and potential
in vitro differentiation into osteoblasts, adipocytes, and
chondrocytes [40]. Most recently, in 2017, Caplan pointed
out that the primary function of MSCs is the paracrine secretion of various bioactive and immunomodulatory molecules
acting as an in situ medication [41]. Along with the associated immunomodulatory effects of MSCs, they are also
well known to decrease fibrosis, apoptosis, and induce tissue
regeneration as well as produce significant amounts of EVs
[45]. The regenerative and immunomodulatory capabilities
of MSCs have made them an attractive treatment option in
inflammatory and degenerative conditions [8]. Their efficacy
and safety have been demonstrated and well documented
from basic research and various clinical trials [12].

were reduced with a reduction in pro-inflammatory M1 macrophages and an increase in “anti-inflammatory” M2 macrophages along with decreased levels of IL-1β and IL-6 [51].
It is well known that the neutrophil activation and subsequent release of reactive oxygen species (ROS), superoxide
anion, peroxidases, and proteases are large contributors to
the ARDS pathophysiology. In a study conducted by Jiang
et al., the suppression of neutrophils by MSCs was characterized [49]. MSCs were shown to secrete SOD3, an antioxidant enzyme, which dampens the release of peroxidases
and proteases and the overall oxidative burst of neutrophils
[49]. MSCs were also able to directly engulf apoptotic neutrophils through ICAM-1 and inhibit the leakage of their
toxic contents [49]. Another contributing factor is the tumor
necrosis factor-inducible gene 6 protein released by MSCs
which was shown to directly bind to IL-8 and chemokine
CXCL8, inhibiting neutrophil migration, extravasation and
activation [52, 53].

MSCs and immunomodulation

MSC additional therapeutic benefits

Allogenic MSCs express low levels of class II major histocompatibility complex (MHC), class I MHC and associated
co-stimulatory molecules (B7-1, B7-2, CD80, CD86, and
CD40) contributing to their immune privilege [42, 43]. The
therapeutic effects of MSCs can be partly attributed to their
ability to secrete CKs, chemokines, GFs, angiogenic factors,
and exosomes [7]. Immunomodulation by MSCs involves
paracrine release of specific cytokines such as TGF-β, interleukin-1 receptor antagonist (IL-1RA), IL-10, IL-4, and
IL-13 [7, 44]. These factors help to induce division arrest
anergy, halting T cells at the G1 phase of the cell cycle, overall inhibiting not only T-cell proliferation but also B cells,
natural killer cells and dendritic cells (DC) [46, 47]. MSCs
paracrine signaling also modulates T-cell function by shifting the immune response from a Th1 and Th17 cell subset to
a Treg and Th2 subset, decreasing levels of IL-6 and TNF-α
and reducing inflammation [48]. Along with the immuneregulatory modulation on adaptive immunity MSCs are also
able to affect the innate immune response by influencing DC,
macrophages, and neutrophils [49].
A study by Chen et al. utilized an in vitro model to explore
the effect of human MSCs on the development of DC and
found that MSCs can significantly modulate DC [50]. The
study showed that due to the prostaglandin E2 production
(PGE2) from MSCs, the differentiation of DC to the conventional DC phenotype was decreased and the differentiation
into plasmacytoid DC increased, thereby weakening T-cell
stimulation and shifting the T-cell population to a predominantly anti-inflammatory Th2 subset [50]. The modulation
of adaptive immunity by MSCs was further characterized
in a study by Dayan et al. in relation to macrophages and
monocytes [51]. Levels of overall macrophages/monocytes

Along with MSC immunomodulatory functions, they have
also been reported to promote tissue regeneration, inhibit
fibrosis, aid in fluid clearance, and produce EVs [45, 54].
Additionally, intravenous infusions of MSCs are able to
accumulate in the lung microvasculature as well as have an
ability to directly hone and act on injured organs giving them
great therapeutic potential [53, 55].
Production of growth factors such as keratinocyte growth
factor (KGF), hepatocyte growth factor (HGF), and VEGF
by MSCs has been shown to decrease collagen build up,
decrease fibrosis and contribute to tissue regeneration [56,
57]. KGF stimulates type II alveolar epithelial cell proliferation, inhibits fibroblast proliferation and enhances the
clearance of apoptotic cells by increasing matrix metalloproteinase-9, IL-1RA, and granulocyte–macrophage
colony-stimulating factor [58, 59]. In a study by Aguilar
et al., KGF was found to decrease collagen accumulation,
decrease histological damage and induce endogenous type
II pneumocyte proliferation in a bleomycin-induced pulmonary fibrosis model [58]. HGF increases tissue regeneration and cell survival as well as promotes suppression of
fibrosis and chronic inflammation [60]. A study by Wang
et al. [61] demonstrated that HGF from MSCs increased
the expression of endothelial intercellular junction proteins,
increased endothelial cell proliferation, and protected pulmonary microvascular endothelial cells. In a bleomycininduced lung injury model by Gazdhar et al. [62], HGF from
induced pluripotent stem cells increased alveolar epithelial
repair in vitro and improved lung fibrosis in vivo. MSCderived KGF and HGF have also been shown to stabilize
Bcl-2, inhibit HIF1-α protein expression, and decrease ROS
production, leading to an anti-apoptotic effect on the alveolar
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epithelial cells [63]. VEGF is an important growth factor
that regulates vascular development and angiogenesis [64].
VEGF and HGF have been shown to stabilize the pulmonary
endothelial barrier and restore pulmonary capillary permeability and inhibit cellular apoptosis [65].
MSCs are also capable of clearing alveolar fluid in the
lungs, providing a great therapeutic benefit in patients with
ARDS. Alveolar fluid movement is based on an osmotic
gradient which is disrupted in ARDS leading to impaired
alveolar fluid clearance (AFC) and higher rates of morbidity and mortality [54]. In a study by Loy et al. [66], human
UC-derived MSCs were found to produce a large amount of
angiopoietin-1, HGF and EVs restoring impaired AFC in an
influenza A (H5N1) ALI model.
EVs are membrane-packed vesicles produced by MSCs
and are formed by direct budding from the cell membrane
and are about 40–1000 nm in size depending on the subclass
[67, 68]. There are several classes of EVs but exosomes and
microvesicles (MVs) seem to be the most clinically relevant
[67, 68]. Exosomes are encapsulated in lipid bilayer membrane and contain annexins, tetraspanins, heat-shock proteins, transcription factors and genetic materials (mRNA,
miRNA, DNA etc.) and are from an endosomal origin
[67–69]. Microvesicles are formed by external budding of
cell membranes and contain phosphatidylserine-containing
proteins, cholesterol, sphingomyelin, ceramide, mRNAs, and
microRNAs [67, 68]. In a study by Zhu et al. [70], MSC
derived MVs were used as a treatment for E.coli endotoxininduced ALI, and the results showed that transfer of KGF
mRNA from MVs was able to reduce neutrophil influx,
decrease pulmonary edema and lower lung protein permeability. Exosomes have also been shown to have their own
therapeutic applications. For example, a study by Dinh et al.
[71] showed that exosomes were able to treat bleomycin and
silica induced pulmonary fibrosis by inhibiting myofibroblast proliferation, decreasing collagen accumulation, and
reestablishing normal alveolar structure.

MSCs and COVID‑19
Although there are limited published clinical studies regarding MSC therapy in COVID-19, there is evidence of MSC as
a therapy in ALI and ARDS that support the use of MSCs as
a treatment in COVID-19. Several studies have shown that
MSC therapy can decrease the overall mortality compared
to non-MSC treated groups [72]. For example, in a study
by Curley et al. [73], MSCs were shown to decrease lung
inflammation, decrease histological lung injury and restore
oxygenation and lung compliance in a ventilator-induced
lung injury model. There are also several studies evaluating
the use of MSCs in ARDS. ARDS is a major complication of
COVID-19 and a major cause of ICU admissions and overall
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mortality in patients [30]. In a phase I, single-center, doubleblind, placebo-controlled clinical trial, ARDS patients were
treated with allogenic MSCs [74]. No infusion toxicities or
serious adverse effects related to MSCs administration were
observed and levels of surfactant protein D (SPD) were significantly lower [74]. The lower SPD level has been reported
to be associated with reduction in pulmonary inflammation
[75]. In another investigation, the in vivo effects of MSCs
were studied in two patients with severe ARDS by Simonson et al., with both patients receiving 2 × 106 cells/Kg [76].
The two patients failed to improve initially after mechanical
ventilation and extracorporeal ventilation [76]. After administration of MSCs, there was a decrease in the expression
of markers for epithelial apoptosis and alveolar–capillary
fluid leakage, as well as lower expression of proinflammatory cytokines and chemokines [76]. Overall, both patients
improved with marked resolution in their hemodynamic
instability, respiratory failure, and multiorgan failure [76].
Given that multiple studies of the use of MSCs in ALI
and ARDS have shown evidence in regard to their safety
and efficacy, there has been a growing demand for their use
in patients with COVID-19. As of late, there has been several countries that have published data regarding the use
of MSCs as a treatment for COVID-19. In a study done in
Beijing YouAn Hospital, China, seven patients with COVID19 pneumonia were treated with MSCs [12]. After 2 days
following MSC treatment the pulmonary function and
symptoms of the all the seven patients drastically improved
without any adverse effects. 3 of the patients recovered and
were discharged 10 days after the treatment, with one of the
patients being characterized as a “severe” case [12]. Within
3–6 days levels of CD4+ T cells, CD8+ T cells, NK cells
and TNF-α disappeared or decreased, with marked increases
in regulatory DC and IL-10 compared to the placebo control group [12]. The gene expression of the MSCs showed
that they were free of COVID-19 infection due to being
ACE2− and TMPRSS2−, overall suggesting that MSCs were
a safe and effective treatment for patients with COVID-19
[12]. In a clinical study done by Tang et al. [77] two patients
with confirmed COVID-19 in Wuhan were treated with allogeneic menstrual blood-derived MSCs. The first patient was
a 37-year-old woman with a medical history of hypertension
and received IV infusions of MSCs on three consecutive
days starting on February 5th, 2020 [77]. The patient’s oxygen saturation ( SaO2) improved from a 98% on 100% fraction of inspired O2 (FiO2) to 97% SaO2 on 55% FiO2, and
inflammation indicators (CRP, TNF-α, IL-6) decreased [77].
The initial (Feb 1st and 4th) chest X-ray (CXR) findings of
large, patchy and high density lesions in bilateral lung fields
improved on Feb 6th and 10th with absorption of the exudate
lesions in the bilateral lung fields. On the patient’s followup visit on Feb 17th, the nucleic acid test for viral RNA
was negative with resolution of initial symptoms (Fever and
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dyspnea) [77]. The second patient was a 71-year-old male,
who also received three IV infusions of MSCs and had an
almost identical clinical outcome to the first patient, with
significant improvements in S
 aO2, inflammation indicators
and CXR findings [77]. This study suggests that multiple
infusions of MSCs may not only be safe, but also efficacious as a treatment for COVID-19. A very recent study
published by Sanchez-Guijo et al. [78] on July 2020 supports
the outcomes of the aforementioned studies. In this study,
13 patients who were previously treated with anti-inflammatory and antiviral therapies and that were under invasive
mechanical ventilation due to COVID-19, were treated with
allogenic MSCs [78]. All of the patients were administered
their first dose of MSCs at a median of 7 days after mechanical ventilation initiation [78]. The median number of cells
per dose was 0.98 × 106, with 10 of the 13 patients receiving
two doses, 2 patients receiving a single dose and 1 patient
receiving three doses. Overall clinical improvement was
seen in 70% of the patients with none of the patients experiencing any adverse events related to the cell therapy. 7 of
the patients were extubated and discharged, four patients
remained intubated with two showing improvement in their
ventilatory and radiological parameters and the remaining
patients in stable condition [78].
With the supporting data of the use MSCs in ALI and
ARDS and the early evidence seen in COVID-19 with
similar treatments, a case for compassionate use of MSCs
in COVID-19 patients can be made. However more randomized, controlled, multi-centered clinical trials are warranted to further establish the safety and efficacy of MSCs
modality for its ultimate clinical utilization.

Umbilical cord and Wharton’s jelly
MSCs and their specific attributes, including immunomodulation, tissue regeneration, fibrosis inhibition, fluid clearance, and ability to accumulate in the lung microvasculature
have shown to be particularly valuable in the treatment of
ALI, ARDS and COVID-19. With multiple sources of MSCs
available for clinical use, the search for the most efficacious
and safest source may end with the UC. The UC is a neonatal
tissue composed of two arteries and a vein supported within
connective tissue referred to as WJ, it connects the developing fetus and the placenta allowing the fetus to receive
nutrient rich oxygenated blood from the placenta [79]. WJ is
a mucoid connective tissue between the amniotic epithelium
and the umbilical vessels within the UC, and provides protection, cushion, and structural support to the umbilical vessels [19]. The UC can be obtained without having a patient
undergo an invasive procedure, unlike sources like DP, BM,
and adipose tissue. The UC and the WJ within it, are also
both considered an after-birth tissue and normally discarded

as medical waste, thus contributing more to their accessibility [80]. UC-MSCs can be easily and quickly expanded, due
to their doubling times, to reach the numbers needed to have
a clinically efficacious treatment [81]. WJ is rich with MSCs,
GFs, CKs, and EVs especially compared to other sources,
with the highest concentration of MSCs per milliliter than
any other allogenic tissue [19, 82]. UC-MSCs have been
shown to be significant regulators of activated T cells contributing to their superb ability for immunosuppression and
regulation of the innate and adaptive immune responses. The
UC has been the most widely used first choice for allogenic
MSCs in many immunocompromised states [83].

UC and/or WJ and COVID‑19: current evidence
UC and/or WJ-derived MSCs have been used in multiple
clinical situations and have shown to be safe when appropriate cell concentrations, dosages, and infusion rates are
used [84]. In a case study reported in China by Liang et al.
[85], a patient with COVID-19 was treated with a triple IV
infusion of UC-derived MSCs. The patient was a 65-yearold female who presented on day 1 with a fever of 38.2 oC,
chest tightness and a S
 PO2 of 81% along with a positive
real-time reverse transcription polymerase chain reaction
(RT-PCR) assay for SARS-CoV-2 [85]. On day 12 after she
was diagnosed as a critically ill-type COVID-19, with multiorgan injury, ARDS and severe pneumonia, and treatment
with UC-MSCs was discussed and approved [85]. Allogenic
UC-MSCs were IV administered on days 13, 16, and 19
[85]. After the first infusion, no obvious adverse effects
were noted, and serum CRP, ALT and AST levels diminished along with improvements in the vitals [85]. Following the second infusion, WBC count and neutrophil levels
decreased to a normal range and C
 D3+ T cell, C
 D4+ T cell,
+
and CD8 T counts were increased, and the patient had their
tracheal cannula removed and was ambulating by day 17
[85]. On day 21, the patient was transferred out of the ICU
with CT images showing resolution of initial ground glass
opacities, along with near normal vitals, laboratory values
and was discharged from the hospital on day 30 [85]. In
another single-center open label, individually randomized
standard treatment-controlled trial conducted in Hubei
Province China, UC-MSCs were assessed as a treatment
of COVID-19 [86]. A total of 41 patients diagnosed with
COVID-19 were enrolled in the study and divided into 2
groups: a standard treatment group (control group) and a
standard treatment group (treatment group) with the addition
of UC-MSCs [86]. The standard treatment included supplemental oxygen (invasive ventilation or non-invasive),
antibiotics (oral moxifloxacin and others depending on
bacterial sensitivity), antivirals (abidor/oseltamivir) and
glucocorticoids [86]. 12 patients were enrolled in the treatment group and 29 patients were enrolled in the stand alone
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Study phase; estimated enrollment
(N)

Not applicable;
N = 48
Phase II;
N = 100
Phase I/II;
N = 60

Phase I/II;
N = 40
Phase I;
N = 21
Phase I;
N = 40

Phase I/II;
N = 24

NCT04273646 Human umbilical cord mesenchymal stem cells

NCT04288102 Human umbilical cord-derived mesenchymal stem
cells

NCT04494386 Umbilical cord lining stem cells (ULSC)

NCT04333368 Umbilical cord wharton’s jelly-derived mesenchymal stromal cells

NCT04490486 Umbilical cord tissue-derived mesenchymal stem
cells

NCT04457609 Umbilical cord mesenchymal stem cells

NCT04355728 Human umbilical cord-derived mesenchymal stem
cells

NCT04366271 Allogeneic mesenchymal cells from umbilical cord Phase II;
tissue
N = 106

Study identifier Stem cell source

Mortality due to lung involvement due to SARSCoV-2 virus infection at 28 days of treatment
(Time frame: 28 days)
Pneumonia severity index (Time frame: from
baseline (0 W) to 12 week after treatment); Oxygenation index (PaO2/FiO2) (time frame: from
baseline (0 W) to 12 week after treatment)
Change in lesion proportion (%) of full lung
volume from baseline to day 28 (time frame: day
28)
Incidence of dose limiting toxicity (DLT)
(time frame: 24 h); incidence of dose limiting toxicity (DLT), suspected adverse reaction (SAR), or serious adverse event (SAE)
(time frame: 1 week); treatment-emergent
adverse events (AE) and serious adverse events
(SAE) (time frame: 1 month); Treatment-emergent adverse events (AE) and serious adverse
events (SAE) (time frame: 12 months)
Respiratory efficacy evaluated by the increase in
PaO2/FiO2 ratio from baseline to day 7 in the
experimental group compared with the placebo
group (time frame: from baseline to day 7)
Percent of participants with treatment
related serious adverse events (SAE)
(time frame: 12 months)
Clinical improvement: Presence of dyspnea
(time frame: 15 days); clinical improvement:
presence of sputum (time frame: 15 days); clinical improvement: fever (time frame: 15 days);
clinical improvement: ventilation status
(time frame: 15 days); clinical improvement:
blood pressure (time frame: 15 days); clinical
improvement: heart rate (time frame: 15 days);
clinical improvement: respiratory rate
(time frame: 15 days); clinical improvement:
oxygen saturation (time frame: 15 days)
Incidence of pre-specified infusion associated
adverse events (time frame: day 5); incidence of
severe adverse events (time frame: 90 days)

Primary outcome measure(s)

Spain
China

Recruiting
Not yet recruiting

France

United States of America
Indonesia

Recruiting

Not yet recruiting
Recruiting

Active, not recruiting United States of America

United States of America

Recruiting

Active, not recruiting China

Country

Recruitment status

Table 1  Clinical trials registered on ClinicalTrials.gov till September 6, 2020 utilizing stem cells from UC and/or WJ-derived MSCs for the treatment of COVID-19
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Study phase; estimated enrollment
(N)

Early phase I;
N=9
Phase II;
N = 16
Phase II;
N = 20

NCT04456361 Mesenchymal stem cells derived from Wharton
jelly of umbilical cord
NCT04269525 Umbilical cord-derived mesenchymal stem cells

NCT04390139 Wharton’s jelly mesenchymal stromal cells

NCT04390152 Wharton’s jelly-derived mesenchymal stem cells

NCT04313322 Wharton’s jelly mesenchymal stem cells

NCT04371601 Umbilical cord mesenchymal stem cells

Phase I/II;
N = 40
Phase I/II;
N = 30

Early phase I;
N = 60
Phase I;
N=5

Phase I/II;
N = 75

NCT03042143 Human umbilical cord-derived CD362 enriched
MSCs

NCT04437823 Umbilical cord-derived mesenchymal stem cells

Phase II;
N = 30
Phase I;
N=9

NCT04429763 Mesenchymal stem cells derived from human
umbilical cord
NCT04452097 Human umbilical cord-derived mesenchymal stem
cells

NCT04461925 Cryopreserved allogeneic Multipotent mesenchyPhase I/II;
mal stem cells of the placenta and umbilical cord N = 30

Study identifier Stem cell source

Table 1  (continued)

Changes of oxygenation index P
 aO2/FiO2, most
conveniently the P/F ratio. (time frame: up to
28 days); changes in length of hospital stay
(time frame: up to 28 days); changes in mortality
rate (time frame: up to 28 days)
Clinical deterioration or death
(time frame: 4 weeks)
Incidence of infusion-related adverse events
(time frame: day 3); Incidence of any treatmentemergent adverse events (TEAEs) and treatment
emergent serious adverse events (TESAEs)
(time frame: day 28)
Oxygenation index (OI) (time frame: day 7);
incidence of serious adverse events (SAEs)
(time frame: 28 days)
Oxygen saturation (time frame: baseline, and at
days 2, 4 and 14 post-treatment)
Oxygenation index (time frame: on the day 14
after enrollment)
Safety and efficacy assessment of infusion associated adverse events (time frame: day 1–30); chest
radiograph or chest CT scan (time frame: day
1–30)
Changes of oxygenation index ( PaO2/FiO2),blood
gas test (time frame: 12 months)
Clinical outcome (time frame: 3 weeks); CT
scan (time frame: 3 weeks); RT-PCR results
(time frame: 3 weeks)
Intergroup mortality difference with treatment
(time frame: 28 days)
All-cause mortality at day 28 (time frame: day 28)

Primary outcome measure(s)

United States of America

United Kingdom

Not yet recruiting

Recruiting

Pakistan

Recruiting

Recruiting

Not yet recruiting

Recruiting

Spain

Colombia

Jordan

Active, not recruiting China

China

Recruiting

Active, not recruiting Mexico

Colombia

Ukraine

Recruiting

Not yet recruiting

Country

Recruitment status
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standard treatment group with no significant differences in
demographics, laboratory test results, clinical symptoms and
conditions [86]. All of the patients in the treatment group
did not have to undergo invasive ventilation and were all
discharged, with a 28-days mortality rate of 0% [86]. Out of
the 29 patients in the control group, 4 progressed to critical
illness and had to receive invasive ventilation and the group
had a 28-days morality rate of 10.34% [86]. Symptomatic
and clinical improvement was seen in more patients and at
a faster rate in the treatment group with no noted adverse
effects [86]. The effects of MSCs were noted by the decrease
in CRP and IL-6 along with improvements in arterial blood
gas, lymphocyte counts and the patient’s chest CTs compared to the control group [86].
Recently, data from a phase I clinical trial involving UCMSCs in patients with COVID-19 were published that further support previous results [87]. A total of 18 patients with
moderate to severe COVID-19 were enrolled in a parallel
assigned, controlled, non-randomized, phase I clinical trial
[87]. The 18 patients were evenly divided into 2 groups both
of which received standard COVID-19 treatment regimens
with the treatment group (9 patients) receiving 3 cycles of
IV UC-MSCs [87]. Other than temporary facial flushing
seen in two patients and transient fever in three patients that
spontaneously resolved within 24 h, there were no serious
adverse events associated with UC-MSCs [87]. Invasive ventilation was required for only one patient in the treatment
group compared to four patients in the control group, along
with complete resolution of pathological lung changes seen
on CT in the treatment group [87]. Levels of IFN-γ, TNF-α,
IL-6, and IL-1 receptor were all found to be reduced within
14 days of UC-MSC infusion [87]. With this phase I trial
showing that infusion of UC-MSCs is safe and tolerable in
patients with COVID-19 along with signs of promising efficacy, a phase II clinical trial (NCT04288102) was proposed
and will be conducted to further assess the efficacy, as also
indicated in Table 1 [87].

Ongoing trials
Several pre-clinical and clinical studies have investigated the
potential of MSCs including UC and/or WJ-derived MSCs
for treating COVID-19, including management of associated cytokine storm. Though the results are encouraging,
the limited literature still warrants more studies to establish
safety and efficacy of UC and/or WJ-derived MSCs to treat
and manage symptoms associated with the COVID-19 infection. Eventually, multi-center, controlled, randomized trials
will be needed to adequately assess the future of these MSCs
in the treatment of COVID-19. As of September 6, 2020,
there are 19 on-going studies related to use of UC and/or
WJ-derived MSCs (Table 1) registered on ClinicalTrials.gov.

13

Conclusion
Millions of people have been affected by COVID-19 and the
ripple effects of this pandemic is yet to be discovered. The
scientific and medical community is desperate to find a way
to combat COVID-19 and diminished any further damage.
With no definitive treatment not yet available, MSCs seem to
be a promising answer to the current pandemic. The case for
the use MSCs on a compassionate basis can be made due to
their ability to decrease inflammation and repair endogenous
tissues. Much of the current evidence points to the UC as
most promising source of MSCs. Although more preclinical
and clinical studies are needed, allogenic UC-MSCs and/
or WJ-MSCS have evidence of being an available, safe and
effective option to combat COVID-19 and the congruent
strain on medical and hospital resources.
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