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COVID-19 has affected the United States leading to a national emergency with health care
and economic impact, propelling the country into a recession with disrupted lifestyles not seen
in recent history. COVID-19 is a serious illness leading to multiple deaths in various countries
including the United States. Several million Americans satisfy the Center for Disease Control and
Prevention (CDC) criteria for being high risk. Unfortunately, the available supply of medical beds
and equipment for mechanical ventilation are much less than is projected to be needed. The
World Health Organization (WHO) and multiple agencies led by the CDC in the United States
have attempted to organize intensive outbreak investigation programs utilizing appropriate
preventive measures, evaluation, and treatment.

The clinical spectrum of COVID-19 varies from asymptomatic forms to conditions encompassing
multiorgan and systemic manifestations in terms of septic shock, and multiple organ dysfunction
(MOD) syndromes. The presently approved treatments are supportive but not curative for the
disease. There are multiple treatments being studied. These include vaccines, medications
Remdesivir and hydroxychloroquine and potentially combination therapy. Finally, expanded
umbilical cord mesenchymal stem cells or (UC-MSCs) may have a role and are being studied.

The cure of COVID-19 is essentially dependent on the patients’ own immune system. When the
immune system is over activated in an attempt to kill the virus, this can lead to the production
of a large number of inflammatory factors, resulting in severe cytokine storm. The cytokine
storm may induce organ damage followed by the edema, dysfunction of air exchange, acute
respiratory distress syndrome (ARDS), acute cardiac injury, and secondary infection, which may
lead to death. Thus, at this point, the avoidance of the cytokine storm may be the key for the
treatment of HCOV-19 infected patients.

In China, where there was limited availability of effective modalities to manage COVID-19
several patients were treated with expanded UC-MSCs. Additionally, the Italian College of
Anesthesia, Analgesia, Resuscitation and Intensive Care have reported guidelines to treat
coronavirus patients with stem cells in the hope of decreasing the number of patients going to
the ICU, and, also relatively quickly getting them out of ICU.

In this manuscript, we describe the urgent need for various solutions, pathogenesis of
coronavirus and the clinical evidence for treatment of COVID-19 with stem cells. The limited
but emerging evidence regarding UC MSC in managing COVID-19 suggests that it might be
considered for compassionate use in critically ill patients to reduce morbidity and mortality in
the United States.

The administration and Coronavirus Task Force might wish to approach the potential of

expanded UC-MSCs as an evolutionary therapeutic strategy in managing COVID-19 illness with

a 3-pronged approach: If proven safe and effective on a specific and limited basis. ..

1. Minimize regulatory burden by all agencies so that critically ill COVID-19 pa-
tients will have access regardless of their financial circumstance.

www.painphysicianjournal.com



Pain Physician: March/April 2020: 23:E71-E83

2. Institute appropriate safeguards to avoid negative consequences from unscrupulous actors.
3. With proper informed consent from patients or proxy when necessary, and subject to accumulation of data in
that cohort, allow the procedure to be initiated in critically ill patients who are not responding to conventional

therapies.
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1.0 INTRODUCTION

COVID-19 was initially concentrated in two regions
of China. It has now moved to multiple other countries,
including Italy with Europe becoming the new epicen-
ter. The novel coronavirus 2019-nCoV (COVID-19) has
reached pandemic proportions across the world after
originating in Wuhan (1-9) with a reported mortality of
2.3% (4) and 4.3% in hospitalized patients in China (5).
This led to extensive measures being undertaken in the
United States with declarations of emergency and in-
terruption of daily lives (10). As of March 18, 2020, the
World Health Organization (WHO) has reported almost
220,000 confirmed cases of COVID-19 globally. There
have been 9,000 deaths while 85,000 patients have re-
covered. In the United States (US), the Centers for Dis-
ease Control and Prevention (CDC) has counted almost
10,000 COVID-19 cases with over 200 deaths (11). In the
US, several million are at high risk including the approx-
imately 1.3 million people are living in nursing homes.
Current models regarding COVID 19 estimate hospi-
talizations of 4.8 million, 1.9 million patients requiring
admission to intensive care units (ICUs), and 960,000
would require mechanical ventilation (12,13). However,
the United States has approximately 4,900 acute care
hospitals, an estimated maximum of 550,000 staffed
beds and 95,000 ICU beds with maximum of 200,000
mechanical ventilation units (12). Health care expendi-
tures are expected to skyrocket, along with economic
strain on many sectors of the economy (14,15). There
have been numerous publications with widespread pre-
cautions for prevention, identification, and treatment
of these patients (16-45).

On February 11, 2020, the WHO Director Gen-
eral, Dr. Ghebreyesus, announced that the disease by
new CoV was a “COVID-19" which is the acronym of
“coronavirus disease 2019” (13). In the past 20 years,
2 coronavirus epidemics have occurred with a large-
scale epidemic beginning in China and involving over
20 countries leading approximately 8,000 cases and 800

deaths, and the MERS-CoV originating in Saudi Arabia
with approximately 2,500 cases and 800 deaths, still
causing sporadic cases. The new COVID-19 virus seems
to be very contagious and has quickly spread globally.

The clinical spectrum of COVID-19 varies from as-
ymptomatic or pauci-symptomatic forms to clinical
conditions characterized by respiratory failure requir-
ing mechanical ventilation and support in the ICU, to
multiorgan and systemic manifestations such as sepsis,
septic shock, and multiple organ dysfunction (MOD)
syndromes (4-7,13). In one of the first reports on the
disease, Huang et al (17) showed about one-third of the
patients with pneumonia (13, 32%) required ICU care,
and there were 6 (15%) fatal cases. In the United States,
Arentz et al (8) published characteristics and outcomes
of 21 critically ill patients with COVID-19 in Washington
State with descriptions of clinical presentation, charac-
teristics, and outcomes of incident cases of COVID-19
admitted to the intensive care unit. Among 21 cases,
comorbidities were identified in 18 cases (86%), with
chronic kidney disease and congestive heart failure be-
ing the most common. Initial symptoms included short-
ness of breath (76%), fever (52%), and cough (48%),
with mean onset of symptoms prior to presenting to
the hospital of 3.5 days, and 17 patients (81%) were
admitted to the ICU less than 24 hours after hospital
admission. Acute respiratory distress syndrome (ARDS)
was observed in 15 of 15 patients requiring mechanical
ventilation and 8 of 15 (53%) developed severe ARDS
by 72 hours. As of March 17, 2020, mortality was 67%
and 24% of patients have remained critically illness and
only 9.5% have been discharged from the ICU. This case
series provided additional data for United States popu-
lation with high rate of cardiomyopathy, the causation
of which may be either overwhelming critical illness or
a direct cardiac complication, being investigated to bet-
ter characterize this risk.

As the medical profession has recognized quickly,
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there is no cure presently for this disease and vaccina-
tion would not be available for several months. This
leaves a large unmet need for a safe and effective treat-
ment for COVID-19 infected patients, especially the se-
vere cases (12,13,16,17).

Multiple treatment strategies in the pipeline in-
clude antiviral therapy (1,16,36,37), hydroxychloroquine
and combinations (34,35,37,39), neutralizing antibodies
(18-21), repurposing currently available antiviral medi-
cations (1,16,22-28,36,37), and passive antibody trans-
fer from convalescent patients’ sera (29,30). Other new
therapies include development of blocking agents that
bind to ACE2 receptor (31-33,46-49). ACE2-positive cells
are infected by the HCoV-19, like SARS-2003 (50,51). The
ACE2 receptor is widely distributed on human cell sur-
face, especially the alveolar type Il cells (AT2) and capil-
lary endothelium (52), and the AT2 cells highly express
TMPRSS2 (53).

While immunological therapy may be feasible,
the immunomodulatory capacity may be not strong
enough, if only one or 2 immune factors were used, as
the virus can stimulate a cytokine storm in the lung. Cy-
tokine storm can lead to acute respiratory distress syn-
drome (ARDS), acute cardiac injury, secondary infection,
leading to generalized sepsis and multisystem failure,
which may lead to death (3,17). Thus, avoiding the cy-
tokine storm may be the key for the treatment of CO-
VID-19 infected patients.

Since there are a lack of effective therapies and
immunological treatments may be insufficient, mesen-
chymal stem cells (MSCs), owing to their powerful im-
munomodulatory ability, may have beneficial effects
for preventing or attenuating the cytokine storm and
reducing morbidity and mortality of this disease.

Cell-based therapies are being incorporated into
treatment plans for a number of disease processes in-
cluding pulmonary (54-60), cardiovascular (61-63), he-
patic (64-66), renal (67-69), and other conditions (60,70-
76). Generally, the use of cell-based therapy has greatly
outpaced the evidence (60,70-76). Unfortunately, this
led to unsubstantiated claims of miraculous outcomes
(77). As a result, the Federal Trade Commission (FTC)
has taken action against stem cell therapy clinics found
to be in violation of the truth in advertising law (78).
Subsequently, the Food and Drug Administration (FDA)
has investigated multiple stem cell clinics and published
new guidance (79-94). Further, the sheer volume of
unsubstantiated claims and lack of high level research
has led to a Health Canada policy position paper on the

use of autologous cell therapy products (95). Despite
and in full view of the above, stem cell therapy may
have a role in managing COVID-19 disease (3,16,59,96-
101). The news of reports of stem cell therapy in China
with publication of the details of a case of a critically
ill 65-year old Chinese woman infected with COVID-19,
whose conditions improved after the infusion of MSCs
(96,97). They also reported that 7 other coronavirus
patients in Beijing who had the stem cell therapy re-
sponded in a similar way (3).

The newspaper also noted that this case is one
of many using stem cells to treat coronavirus patients
in China, according to the WHO's clinical trial database.
Zhang Xinmin, director of biological technology at the
Ministry of Science and Technology in Beijing, told a
press conference on February 15 that the preliminary
results of stem cell experiments conducted across the
country suggested the technology was “safe and effec-
tive”. Such statements should be interpreted with cau-
tion (45).

2.0 PATHOGENESIS OF CORONAVIRUS

The S protein on Coronavirus surface specifically
recognizes the spike protein in the angiotensin | con-
verting enzyme 2 receptor (ACE2) of the exposed cell
and after binding, the virus enters the cell thereby in-
fecting it (1,3,47-53). Unfortunately, the ACE2 recep-
tor is widely distributed on the human cells surface,
especially the AT2 of the lungs (52,57). ACE2 receptors
are also abundantly found in the heart, liver, diges-
tive organs and kidneys. In fact, almost all endothelial
cells and smooth muscle cells in organs express ACE2,
therefore once the virus enters the blood circulation,
it spreads widely. All tissues and organs expressing
ACE2 could be the battlefield of the novel coronavi-
rus and immune cells. This explains why beyond ARDS,
patients might also experience acute myocardial injury,
arrhythmia, acute kidney injury, shock, and death from
MOD syndrome (3,17). However, the cure of COVID-19
is essentially dependent on the patient’s own immune
system. When the over activated immune system kills
the virus, it produces a large number of inflammatory
factors, resulting in severe cytokine storm (3,17). The
main reason for organ damage may be due to virus-
induced cytokine storm caused by IL-2, IL-6, IL-7, GSCF,
IP10, MCP1, MIP1A, and TNFX, followed by the edema,
dysfunction of the air exchange, ARDS, acute cardiac
injury and the secondary infection, which may lead to
death (17).
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3.0 TReaTmenT oF COVID-19

Pharmaceuticals and research labs across the world
are racing to find vaccines and treatments for the new
coronavirus, using a variety of different technologies
(42). According to Benjamin Neuman, a virologist, “im-
munizing against the pathogen is not only a longshot,
but there has never been a very successful human vac-
cine against any member of the coronavirus family”
(42).

President Trump urged scientists to speed up the
process of development of vaccine and treatment, but
experts do not express optimism due to fundamental
constraints, which leave little wiggle room (42). A vac-
cine must have a fundamental scientific basis, be safe
and manufacturable, which could take a year and a half
or even longer (42). However, thankfully, initial reports
are encouraging with potential development of vaccine
much sooner.

The next drug is Remdesivir, which could be the
closest to market launch (1,16,26,36,37). Other drugs in-
clude chloroquine and hydroxychloroquine. Both chlo-
roquine and hydroxychloroquine have been described
to be effective (34,35,37,39) however, hydroxychloro-
quine was shown to be superior to chloroquine with a
5-day treatment. Outside of supportive therapies, of all
the treatment modalities linked to COVID-19, expand-
ed umbilical cord mesenchymal stem cells (UC-MSCs)
may be the closest to being utilized (3,96-104).

The Italian College of Anesthesia, Analgesia, Re-
suscitation and Intensive Care have reported guidelines
to treat coronavirus patients, which included a state-
ment that stem cells have a serious potential to avoid
COVID-19 by decreasing the number of patients going
to the ICU and relatively quickly getting them out of
ICU (57).

4.0 RoLe oF STEM CELLS

At a cellular level, MSCs would appear to have
some natural immunity to the coronavirus owing to
their powerful immunomodulatory ability. They may
also have beneficial effects for preventing or attenu-
ating the cytokine storm by secreting powerful anti-
inflammatory factors. MSC therapy can theoretically
inhibit the overactivation of the immune system and
promote endogenous repair by improving the microen-
vironment. After entering the human body through in-
travenous infusion, part of the MSCs accumulate in the
lung, which could potentially improve the pulmonary
microenvironment, protect alveolar epithelial cells,
prevent pulmonary fibrosis and improve lung function
(3,54-56,58).

MSCs have been widely used in cell-based therapy,
from basic research to clinical trials. Safety and effec-
tiveness have been clearly documented in many clinical
trials, especially in the immune-mediated inflamma-
tory diseases, such as graft versus-host disease (GVHD)
and systemic lupus erythematosus (SLE) (54-56,58-76)
though obviously, they haven’t been studied other than
very preliminarily in COVID-19. MSCs play a positive role
mainly in two ways, namely immunomodulatory effects
and differentiation abilities. MSCs can secrete many
types of cytokines by paracrine secretion or make direct
interactions with immune cells including T cells, B cells,
dendritic cells, macrophages and natural killer cells
leading to immunomodulation). As indicated in Fig. 1.,
stem cells are thought to regulate the inflammatory
response and promote tissue repair and regeneration.

MSCs also have been shown to improve function
in cardiovascular, renal, hepatic, and multiple other
disorders (54-56,58-76). This study aims to investigate
whether MSC transplantation improves the outcome of
7 enrolled patients with COVID-19 pneumonia.

4.1 Stem Cells are Also Anti-Microbial

One of the concerns based on preclinical science is
that the virus can infect the stem cells rendering them
ineffective. A study (3) of seven patients with COVID-19
pneumonia (and three controls) in Beijing suggested
that the coronavirus was not able infect the injected
umbilical cord stem cells. Current data (103-110) sug-
gest that MSCs exert their antimicrobial effects through
indirect and direct mechanisms. Indirectly, they influ-
ence the role of host immune response against patho-
gens, especially in the dynamic coordination of the
pro- and anti-inflammatory elements of the immune
system or by increasing the activity of phagocytes; and
directly, by the secretion of antimicrobial peptides and
proteins (AMPs), and by the expression of molecules
such as indoleamine 2,3-dioxygenase (IDO) and inter-
leukin (IL)-17. MSCs have been reportedly responsible
of the bacterial clearance in preclinical models of sep-
sis, ARDS, and cystic fibrosis infection (109,110). So far,
MSCs have been found to constitutively express four
AMPs: cathelicidin LL-37, human K-defensin-2 (hBD-2),
hepcidin, and lipocalin-2 (Lcn2), which can be further
modulated during infection and inflammation. In dif-
ferent preclinical models, MSCs-derived AMPs have
demonstrated to be part of the bacterial clearance ef-
fect observed with MSCs treatment, suggesting that
MSCs can directly enhance the innate immune response
to bacterial infection (103). AMPs-mediated cell killing
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Fig. 1. ACE2 MSCs benefit the COVID-19 patients via immunoregulatory function.
Source: Leng Z, Zhu R, Hou W. Transplantation of ACE2 Mesenchymal stem cells improves the outcomes of patients with COVID-19 pneu-

occurs by disrupting membrane integrity, by inhibiting
protein, DNA or RNA synthesis, and by interacting with
certain intracellular targets.

5.0 CuinicaL EviDeEnce oF EXPANDED
MEesencHYMAL STEM CELLS

Multiple clinical trials (99-102) using stem cell ther-
apy to treat the Coronavirus from China have been reg-
istered at www.clinicaltrials.gov. The published studies
include small numbers of patients (3), a case reports
(97), and newspaper reports (96,98). The descriptions
provided below are from the investigators and/or spon-
sors of the studies or submitted proposals and reflect
their perspectives and understanding of the facts. The
studies include a case report (97), one published pre-
liminary report with 7 patients in the treatment group
and 3 in the control group with a 14-day follow-up (3),
other studies registered to be performed, with infor-
mation being obtained from submitted protocols.

The first coronavirus case treated with umbilical

cord cells was reported from China (97) leading to fur-
ther to speculation and further investigations. A 65 y/o
with severe pneumonia, respiratory failure and multi-
organ failure requiring mechanical ventilation was
treated with 3 doses each of 50 million allogeneic um-
bilical cord stem cells, three days apart. This was done
in conjunction with conventional therapy to which she
was not responding. One day after the second dose, her
vital signs stabilized along with the signs of organ fail-
ure and she was no longer dependent on the ventilator.
2 days after the third infusion, she was transferred out
of the ICU to the regular ward as she recovered with
most of her laboratory indexes returning to normal. 6
days after the third infusion, her CT scan changes in the
lungs significantly improved. 2 days after the third infu-
sion, her throat swabs were negative for Coronavirus.
In a recently published tiny clinical trial (3), the
investigators compared 7 patients (1 critically serious,
4 serious and 2 common) infected with the coronavi-
rus who received one dose of stem cell therapy with 3
patients in the control group (3 serious) who did not.

www.painphysicianjournal.com
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All these patients were not responding to standard
treatment. They were followed for 14 days. All the 7
patients with stem cell therapy recovered. However, in
the control group, one patient died while another pa-
tient developed ARDS. Only one patient in the control
group was stable. No complications were noted in the
treatment group. In the treated group within a few
days, the oxygen saturation, biomarkers for inflamma-
tion and tissue injury like CRP, aspartic aminotransfer-
ase, creatine kinase activity and myoglobin normalized.
Significant improvements were seen in the radiological
signs in the follow up CT scans of the lungs (3). Limi-
tations of this study include the small sample size and
short-term follow-up.

The first trial (99) was registered on 2/5/2020 by
Beijing 302 Hospital. This phase 1 clinical trial is done
to inspect the safety of UC-MSCs therapy for pneumo-
nia patients infected with 2019-nCoV. This multi-center
trial is expected to recruit 20 patients. 10 patients will
receive 3 IV transfusions of stem cells in the treated
group, along with the conventional treatment. In addi-
tion, 10 patients receiving conventional treatment will
be used as controls. The clinical symptoms, pulmonary
imaging, side effects, 28-days mortality, immunologi-
cal characteristics (immune cells, inflammatory factors,
etc.) will be evaluated during the 180 days follow up.
The authors (99) opined that, “The features of MSCs,
including their regenerative properties and ability to
differentiate into diverse cell lineages, have generated
interest among researchers whose work has offered in-
triguing perspectives on cell-based therapies for vari-
ous diseases.” Authors (99) also felt that these findings
seem to suggest the potential beneficial effect of MSC-
based treatment could be principally due by the im-
munomodulation and regenerative potential of these
cells.

The second trial (100) was registered on 2/13/2020
by Zhongnan Hospital. Per the investigators, this phase
2 trial is being conducted to assess the role of umbili-
cal cord stem cells in treating the 2019-nCOV infection
pneumonia.

The third trial (101) was registered on 2/18/2020
by Wuhan Union Hospital. The researchers posit that a
large amount of evidence shows that MSCs can migrate
to damaged tissues, exert strong anti-inflammatory and
immune regulatory functions, promote the regenera-
tion and repair of damaged tissues, resist apoptosis and
inhibit tissue fibrosis, and reduce tissue damage (101).
They cite studies that have shown that the anti-inflam-
matory effects of MSCs can significantly reduce virus-

induced lung injury and mortality in mice. The purpose
of this study is to investigate effectiveness and safety
of UC-MSGCs in treating severe pneumonia patients in-
fected with 2019-nCoV. This trial is expected to recruit
48 patients, with 24 patients receiving 4 IV transfusion
of 5.0 x106 cells’kg of UC-MSCs in the treatment group.
All of them also will receive conventional treatment. In
addition, another 24 patients receiving conventional
treatment will serve as a control group. Based on the
study protocol, “The respiratory function, pulmonary
inflammation, clinical symptoms, pulmonary imaging,
side effects, 28-days mortality, immunological charac-
teristics (immune cells, inflammatory factors, etc.) will
be evaluated during the 90 days to 96 weeks follow up
(101).”

The fourth trial (102) was registered on 3/3/2020
by the Puren Hospital Affiliated to Wuhan University of
Science and Technology. Per the investigators, this clini-
cal trial will be performed to explore the safety and ef-
ficacy of UC-MSCs therapy for coronavirus pneumonia
patients (102). The investigators planned to recruit 48
patients aged from 18 to 75 years old and had no severe
underlying diseases. In the cell treatment group, 24 pa-
tients will receive 0.5 x 106 UC-MSCs /kg body weight
intravenous treatment 4 times every other day besides
conventional treatment. In the control group, other 24
patients will receive conventional treatment plus 4 times
of placebo intravenously. The lung CT, blood biochemi-
cal examination, lymphocyte subsets, inflammatory fac-
tors, 28-days mortality, etc will be evaluated within 24h
and 1, 2, 4, 8 weeks after UC-MSCs treatment.

5.1 What Are The Best Stem Cells To Treat
Coronavirus?

Largely due to the FDA regulations, currently in the
US, stem cell therapy is dominated by autologous bone
marrow stem cells (76). MSCs are most commonly used
to treat pain resulting from musculoskeletal conditions.
Various clinical trials have shown that they are safe and
efficacious in this context (74-76,111). Despite the fact
that there are few stem cells in the bone marrow they
are sufficient to treat spine and joint pain as the injec-
tions are very localized. However, they would not likely
be ideal to treat coronavirus which is a serious systemic
iliness.

The other stem cells available for clinical use are
adipose stem cells, amniotic stem cells and Umbilical
cord stem cells. Amongst these, umbilical cord stem
cells seem to be the most desirable for the following
reasons.
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1. Umbilical cord (especially Wharton jelly) unlike
bone marrow has a high concentration of stem
cells. It is one of the richest sources of MSC (112).

2. Umbilical cord is an extensive source of stem cells.
(113).

3. UC-MSCs have fast doubling times, they can be ef-
ficiently expanded in the lab. Since coronavirus is
a systemic condition, millions of stem cells need to
be injected for clinical efficacy (113). This is easily
possible with umbilical stem cells.

4. Additionally, they are scalable which will be impor-
tant given the large number of expected coronavi-
rus patients (113).

5. UC-MSCs can be extracted noninvasively No proce-
dure is necessary unlike bone marrow or adipose
stem cells.

6. Unlike embryonic stem cells (ESCs), it is an after-
birth tissue and is considered medical waste.

7. Unlike bone marrow and adipose stem cells, UC-
MSCs show a gene expression profile more simi-
lar to that of ESCs which means they have faster
doubling times, more plasticity and possibly more
potency. Fortunately, unlike ESCs, they are not tu-
morigenic (114).

8. Although these cells are allogeneic, they seem to
be immunoevasive (115) as they express low levels
of major histocompatibility complex (MHQC) class |
molecules, but not MHC class Il on their cell surface,
allowing their transplantation across MHC barriers.

To summarize, amongst all stem cells, umbilical
cord cells seem to be best positioned to treat corona-
virus. These are the cells that have been used to treat
coronavirus in China.

5.2 What is the Best Route of Administration?

Intravenous infusion seems to be the most desir-
able route of administration. All the positive reports
from China have used this route. It is also the least inva-
sive compared to intra-arterial or tissue injection. Lungs
seem to be the most commonly affected organ with the
coronavirus. Fortunately, most of the stem cells injected
IV, get trapped in the lung. Intuitively, this should likely
be beneficial. Additionally, distant injured organs also
have positive effects as seen in the study (3) described
above. This is possibly from the paracrine effects or by
the production of specific exosomes by the stem cells
which travel to remote affected organs and perform
healing by secreting the necessary immunomodulatory
proteins.

5.3 How to Assure Safety of this Treatment?

Quality preparation of the stem cells is of para-
mount importance. The source of stem cells should be
from legitimate labs which are compliant with the FDA
standards. There should be zero tolerance for negli-
gence in these labs. Donors should be strictly screened.
There should be no room for contamination right from
the procurement of the cord tissue to the production of
the final product. This product must be analyzed for cell
viability, quality of the stem cells and sterility and must
meet the highest standards.

During IV infusion, all precautions should be taken
to prevent pulmonary or other organ embolization. Pa-
tients should be monitored for allergic reactions as we
are using an allogeneic product. Numerous complica-
tions (45,116) have been reported from improper ap-
plication of stem cells.

The appropriate cell dose, cell concentration, cell
infusion rate should to be determined to maximize effi-
cacy and safety. Cell passage numbers should be limited
to increase potency and decrease cell size.

6.0 EvaLuaTion oF CORONAVIRUS
(COVID-19)

Multiple manuscripts have described evaluation
and treatment of COVID-19. In the United States, cri-
teria have been developed for persons under investi-
gation (PUI) for COVID-19. Per the CDC, most patients
with confirmed COVID-19 have developed a fever and/
or symptoms of acute respiratory illness (i.e., cough,
difficulty breathing). Arentz et al (8) reported char-
acteristics and outcomes of 21 critically ill patients
with COVID-19 in Washington State. These critically ill
patients initially reported shortness of breath (76%),
fever (52%), and cough (48%). The mean onset of
symptoms prior to presenting to the hospital was 3.5
days with 17 patients or 81% were admitted to the
ICU less than 24 hours after hospital admission. Thus,
symptoms reported in the United States are similar to
symptoms in China and other countries, some specific
concerns with cardiomyopathy were reported in the
United States. If a person is a PUI, it is recommended
that practitioners immediately put in place infection
control and prevention measures. The major concern
of COVID-19 infection is that MOD syndromes leading
to death (13). Li et al (6) published the case studies,
which encapsulated the first 425 cases recorded in Wu-
han, China in the New England Journal of Medicine.
Patients’ ages ranged from 15 to 89 years with a me-
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dian age of 59. Both genders were involved equally.
Children were not involved. In addition, clinical and
epidemiological data from the Chinese CDC and re-
garding 72,314 case records encompassing confirmed,
suspected, diagnosed, and asymptomatic cases were
published in the journal of the American Medical As-
sociation, providing an important illustration of the
epidemiologic curve of the Chinese outbreak (4). The
overall case-fatality rate on confirmed cases was 2.3%.
Importantly, the fatal cases were primarily elderly pa-
tients, in particular those aged above 80 years (15%)
and 70 to 79 years (8%). Approximately half of the
critical patients and affected by preexisting comorbid-
ities such as cardiovascular disease, diabetes, chronic
respiratory disease, and oncological diseases died.
While 1% of patients were aged 9 years or younger,
no fatal cases occurred in this group. Wang et al (5)
published in JAMA the clinical characteristics of 138
hospitalized patients with COVID-19. In this single cen-
ter case series, 26% of patients required admission to
the ICU and 4.3% died. They presumed that human to
human hospital-associated transmission of COVID-19
was suspected in 41% of the patients. In the United
States, showing the first description of critically ill pa-
tients infected with SARS-COV-2, showed a high rate
of ARDS and a high risk of death (8). Overall, as of
March 17, 2020, mortality in this group of 21 patients
was 67% and 24% of patients have remained critically
ill and only 9.5% have been discharged from the ICU.
Data from other countries is also similar (117-123).
The clinical manifestations were divided as follows
by the Chinese CDC report:
1. Mild disease: non-pneumonia and mild pneumonia
occurring in 81% of the cases.
2. Severe disease: this occurred in 14% of the cases
e Dyspnea
e Respiratory distress
e  Respiratory rate > 30 per minute
e Oxygen saturation < 93% at rest state
e  Arterial partial pressure of oxygen (PaO2)/frac-
tion of inspiration 02 (FiO2) < 300 mnHg, 1
mmHg=0.133 kPa
3. Critical disease: this occurred in 5% of the cases
with need for ICU
e Respiratory
ventilation
e Septic shock
e Multiple organ dysfunction (MOD) or failure
(MOF)
e Patients needing ICU

failure needing mechanical

Based on the recommendations of the WHO, col-
lection of the specimens from both the upper respi-
ratory tract, nasal and oropharyngeal samples, and
lower respiratory tracts such as expectorated sputum,
endotracheal aspirate, or bronchoalveolar lavage is
recommended.

7.0 Discussion

The United States is at a crossroads of national
emergency with healthcare and economic impact pro-
pelling the country into a recession with disrupted
lifestyles never seen before in recent history. President
Trump has directed scientists and drug companies to
speed up the process of prevention and treatment
(42,123,124). The guidelines of the Italian College of
Anesthesia, Analgesia, Resuscitation and Intensive Care
to treat coronavirus patients (57) outlined that:

1. Doctors should make “moral” choices and provide
intensive care based on “distributive justice” and
the "appropriate allocation” of limited health
resources, as seen during wartime catastrophe
medicine.

2. The allocation criteria need to guarantee that
those patients with the highest chance of thera-
peutic success will retain access to intensive care.

3.  What might be a relatively short treatment course
in healthier people could be longer and more
resource-consuming in the case of older or more
fragile patients.

4. Stem cells have a potential to avoid this by decreas-
ing the number of patients going to the ICU and
also relatively quickly getting them out of ICU.

In the United States, President Trump has outlined
the required precautions (124). Multiple organizations
in the United States spearheaded by the CDC and the
FDA have published guidelines.

Based on the present evidence, expanded UC-MSCs
shows some promise as a therapeutic strategy in manag-
ing COVID-19 illnesses. Others are in development and
have been proposed to be utilized based on the same
philosophy as expanded umbilical cord stem cells such
as exosomes (41-43,104). Antiviral drug therapy with
Remdesivir and treatment with hydroxychloroquine are
also options for mild disease (1,16,34-36,39,42). How-
ever, for severe disease, expanded UC-MSCs may be the
readily available option. However, at the present time,
the evidence is limited.

Intravenous infusion of expanded allogeneic um-
bilical cord stem cells seem to be safe and possibly ef-
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ficacious based on the early and preliminary reports

from China. To achieve the goals of near term compas-

sionate use treatment of critically ill COVID-19 patients,
we urge administrators and regulators to consider this

3-pronged approach, if proven safe and effective on a

specific and limited basis:

1. US regulatory agencies should minimize the regu-
latory burden so that properly informed, critically
ill COVID-19 patients/proxies will have access to ex-
panded UC-MSC therapy (3,96-98).

2. Safeguards must be instituted so that patients do
not suffer any negative consequences from this
treatment from unscrupulous actors.

3. Ideally, any patients/proxies consenting for this
compassionate use care will be followed and en-
tered into a central data base.

8.0 ConcLusION

COVID-19 presents a serious and urgent healthcare
crisis. The spectrum includes critically ill patients some
of who are nonresponsive to conventional therapies and
unlikely to recover. Preclinical and preliminary clinical
data suggests that by UCS-MCS through its anti-inflam-
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