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Abstract
In this clinical research project, we will conduct a highly rigorous clinical trial where we randomize the
patients between umbilical cord (UC)-derived mesenchymal stem cell (MSC) and standard of care (SOC).
This study will ask the question whether the allogenic MSCs are effective in reducing death and/or
progression of COVID-19 disease when administered to patients with moderate to severe symptoms.
MSCs are unique group of cells with minimal immune reactivity and produce multiple bene�cial effects,
which include reduction of severe in�ammatory reaction. There is convincing evidence from human
studies that intravenous (IV) delivery of MSCs can directly impact the hyper-in�ammatory responses of
COVID-19 induced injury of the heart and lungs. Our study will evaluate the safety and e�cacy of
allogenic UC-derived MSCs administered intravenously to COVID-19 patients with moderate to severe
symptom in a randomized, controlled clinical trial. In addition, we will determine whether : (i) UC-derived
MSCs are effective in reducing 30-day all-cause mortality (primary endpoint) and (ii) UC-derived MSCs are
effective in preventing progression to mechanical ventilation, and/or reducing an in�ammatory response,
and/or improving overall patient condition (secondary endpoints).

Introduction
Coronavirus disease (COVID-19) is an infectious disease caused by the newly discovered virus from
SARS-CoV-2 family of viruses can cause illnesses such as common cold, severe acute respiratory
syndrome (SARS), and Middle East Respiratory Syndrome (MERS). Coronavirus is an enveloped single-
stranded RNA virus that causes distress in respiratory, enteric, hepatic and neurological systems with
varying severity among human (1-2). The main symptoms of COVID-19 include fever, fatigue, and cough
that can progress rapidly to severe and critical conditions resulting in pulmonary edema leading to acute
lung injury (ALI) and acute respiratory distress syndromes (ARDS) (3-7).

In the last eight months or so, it has spread to 188 countries and as of October 14, 2020, it has infected
more than 38 million people with 1,083,234 deaths worldwide (8). Importantly, there are currently no
approved drugs or vaccines for the treatment of COVID-19 patients. The clinical spectrum of COVID-19
stems from over-activated immune system of the infected subjects, to kill the virus, which can
induce/stimulate/ give rise to the production of a large number of in�ammatory factors, resulting in a
severe "cytokine storm". The cytokine storm may induce organ damage followed by edema, dysfunction
of air exchange, acute respiratory distress, acute cardiac injury, and secondary infection, which may lead
to death.

Stem cell therapy has emerged as a revolutionary treatment for diseases that were considered untreatable
only a few years ago. Umbilical cord (UC)-derived mesenchymal stem cells (MSCs) have been shown to
repair damaged liver, kidney, heart, pancreas, skin, cartilage, and cornea in animal models and in several
human trials (9-15). In addition to cellular replacement through regeneration, UC-derived MSCs mediate
through paracrine signaling pathways resulting in immune modulation. During the past eight months,
several reports have been published (16-19) that suggest, MSCs, may prevent the cytokine storm and thus
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reduce the COVID-19 related morbidity. These reports, taken together (16-19) with our previous successes
(20-21) with stem cell therapy in animal models has persuaded us to explore the MSC-based therapy for
the treatment of COVID-19 patients. Here, we propose to evaluate the therapeutic e�cacy of intravenous
infusions of UC-derived MSCs in the treatment of COVID-19. The primary objective will be to demonstrate
the safety of UC-derived MSCs administered intravenously in COVID-19 patients with moderate to severe
COVID-19. Speci�c secondary objectives include improvements in comparison to the standard of care:
general mortality, systemic in�ammation, COVID-19 viral load, sequential organ failure assessment
(SOFA), and chest imaging changes. The proposed investigation will have a duration of 30 days of active
participant follow-up.

Rationale  

COVID-19-induced severe respiratory illness is associated with acute respiratory distress syndrome
(ARDS); a recent retrospective cohort study of 201 patients in a Wuhan hospital found that 41.8% of
severe COVID-19 case patients developed ARDS, and a shocking 52.4% of those patients died (22). No
speci�c anti-viral treatment currently exists. The mainstay of clinical management is largely symptomatic
treatment, with organ support in intensive care for seriously ill patients. Cellular therapy, using MSCs has
been shown to reduce in�ammation and affect tissue regeneration and is being evaluated in patients with
ARDS (23). Recognizing the inherent characteristics of UC-derived MSC, it is hypothesized that infusion of
these cells may provide therapeutic relief in COVID-19 patients with ARDS and may be used as a novel
treatment of the infections.

Design And Study Plan

The phase II study aims to recruit 20 subjects to assess the safety and efficacy of UC-

derived MSCs for treatment of COVID-19 versus standard of care (SOC) during 30 day

follow up. It is two arms randomized study. Subjects will be divided in the following 2

groups:

Group 1: Fifteen subjects will be treated with three intravenous infusions of 5 x 105 (per kg

body weight) UC-derived MSCs delivered via peripheral intravenous infusion on days 1, 3,

and 5 besides the SOC.

Group 2: Five subjects will be treated under SOC. Two subjects in group 1 will not be

treated 24 hours apart. Patients will be randomized in a 3:1 ratio (UC-derived MSCs : SOC).

We propose to use this intervention at the onset of moderate to severe COVID-19. Figure 1

outlines the course of the disease.           

Outcome measures
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Primary outcome measures:

Safety and efficacy assessment of infusion associated adverse events
Chest radiograph or chest CT scan

Secondary outcome measures:

COVID-19 quantitative real-time PCR
SOFA Score. Each organ system is assigned a value for 0 (normal) to 4 (highest degree
of dysfunction)
Rate of all-cause mortality (measured at day 30 or at hospital discharge, whichever
comes first)
Clinical respiratory changes
Chest imaging changes for 30 days
Complete blood count (CBC) with differential
Comprehensive metabolic panel

CD4+ and CD8+ cell count
Interleukin (IL)-10 levels
Tumor necrosis factor (TNF)-α levels
C-reactive protein levels
Lactate dehydrogenase levels
D-dimer levels
Ferritin levels
pro-type B natriuretic peptide (pro-BNP) levels
Improvement of clinical symptoms including duration of fever and respiratory efficacy
of treatment

Isolation and characterization of human UC-derived MSCs

Human umbilical cord tissue along with informed consent forms will be collected from

hepatitis B, C, and COVID-19 virus-negative women with healthy pregnancies during the

Cesarean Section surgery after completion of normal gestation period. The cord tissue will

be transported in sterile phosphate-buffered saline (PBS) containing 200 units/ml penicillin

and 200 µg/ml streptomycin on ice. In the biosafety cabinet, the cord will be washed with 4-

5 changes of sterile 1x PBS and placed in a Petri plate with 15 ml PBS. Next, the umbilical

cord tissue will be minced after removal of blood vessels. Minced pieces will be treated with
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collagenase type-I (201 U/ml collagenase type I) for ~3.5 hours. Following centrifugation of

digested lysate diluted with PBS, the cells will be seeded in tissue culture flasks and will be

placed in an incubator at 5% CO2, 95% humidity at 37 C. The cells will be fed with fresh

media comprising of Dulbecco’s modified Eagle’s medium (DMEM)-high glucose

supplemented with 20% Hyclone fetal bovine serum (FBS), 1% 10,000 U/mL penicillin, and

10,000 μg/mL streptomycin every third day. UC-derived MSCs at passage 3 (P3) will be

characterized at the time of cryopreservation using the immunocytochemical analysis to

determine the expression of positive surface markers i.e. CD73, CD90, C105, and negative

for CD34 and CD45. In addition, quality control analyses will include sterility analysis for

any signs of bacterial and fungal contamination. The culture-expanded cells will be

cryopreserved at P3 using standard cryopreservation protocol until used in the experiment.

UC-derived MSC production facility

Cell production will be performed in a designated clean room qualified to maintain air

quality of ISO-9001: 2015 standards. All tissue handling and final product filling will be

completed within a certified Class II Biological Safety Cabinet. Furthermore, all members of

staff are required to gown-in to the clean room space with sterile, single-use personal

protective gear. Clean room, certified to meet ISO-9001: 2015 standards, will be utilized for

processing activities. The Facility has an established system for sanitization and disinfection

of clean-room, and the equipment used in manufacturing processes, in order to produce

aseptic conditions.

The organization maintains a quality enforcement program to ensure that each product

supplied conforms to product specifications. Product release will be monitored by trained

staff who has appropriate training and experience in evaluating and determining product

quality. It will be ensured that personnel engaged in technical and scientific activities have

the necessary technical and scientific education, training, background and experience to

ensure competent performance of their assigned functions.

Infusion of UC-derived MSCs in COVID-19 patients

The stem cell preparation will be administered intravenously in three single infusions of 5 x

105 cells per kilogram body weight each on days 1, 3, and 5 in addition to the SOC. For the
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intravenous infusion, stem cells will be resuspended in 100 ml of normal saline (0.9%

sodium chloride). The cell infusion will be performed for approximately 50 minutes with a

speed of about 35 drops per minute. The patient will be critically assessed by the clinician

during infusion as well as six hours post-infusion for infusional and allergic reactions. The

laboratory, clinical, and radiological outcomes will be recorded according to parameters

mentioned in Table 1.

Time Frame   

All patients will be examined at the following time points:

Day -1 (baseline/ one day before the UC-derived MSCs injection) and

Day 1 after infusion

Day 3 after infusion

Day 5 after infusion

Day 7 for follow up

Day 14 for follow up

Day 21 for follow up

Day 30 for follow up

Statistical methods

All statistical comparisons will be made primarily between the baseline and final values

using the Student’s paired t-test. Results will be obtained as means and standard deviations.

The p value <0.05 will be considered statistically significant. A 95% confidence interval for

the difference in means will be used for double confirmation.

Patient recruitment criteria

The study will recruit twenty patients suffering from COVID-19 with moderately severe

symptoms. To participate in the proposed study, the patients must meet the following

inclusion and exclusion criteria:

Inclusion criteria:

For inclusion, the subjects must comply with the following criteria:
Provide written informed consent.
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Male or female subjects older than 18 years of age at the time of signing the informed
consent form.
Must have a clinical diagnosis of COVID-19 with at least one of the clinical symptoms
i.e. cough, fever ≥38°C or fatigue, and a positive result by the reverse-transcription
polymerase chain reaction (RT-PCR) testing or equivalent.
Subjects with moderate to severe COVID-19 symptoms. Moderate disease category
symptoms include mild category with abnormal chest imaging or any degree of hypoxia
requiring supplemental oxygen while severe disease category symptoms include
moderate symptoms with worsening hypoxia compatible with mild ARDS (PaO2/FiO2

</= 300 but > 200).
Appropriate venous access.
Female patients will be agreed to use recommended birth control until 6 months post-
treatment.
Must agree to conform with all study constraints including completing all study visits.
Entails in-patient admission.

Exclusion:

The following exclusion criteria will be used:

Male or female younger than 18 years of age.

Subjects with mild COVID-19 symptoms. Mild disease category symptoms include fever,
cough, headache, myalgia, sore throat, nasal congestion, nausea, vomiting, diarrhea,
fatigue, anosmia and/or dysgeusia.

A female who is pregnant, nursing the infant, or of child-carrying potential while not
practicing effective contraceptive methods. Females to be included in the present study
must undergo a blood pregnancy test at screening and before infusion.
Failure to perform any of the evaluations necessary for endpoint analysis.
Have a clinical history of melanoma within 3 years, i.e. subjects with prior malignancy
must be disease-free for 3 years.
History of drug abuse (illegal drugs or prescription medications not being used properly
for a pre-existing medical condition) or alcohol abuse or documented medical or legal
problems arising from the use of alcohol or drugs within the past 2 years.
If found serum positive for HIV, hepatitis B or C.

Events/visits schedule
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Treatment evaluation will be performed through study design including a schedule of

event/visit follow-up as described below. It is a two arms study to evaluate the safety and

potential efficacy of UC-derived MSC infusions for the treatment of COVID-19 infection.

Visit 1: Screening, written consent, duration of fever and respiratory efficacy, chest

imaging, quantitative real-time PCR, ELISA, CBC with differential, comprehensive

metabolic panel, SOFA score, CD4+ and CD8+ cell count, IL-10 levels, TNF-α levels, C-

reactive protein levels, D-dimer levels, lactate dehydrogenase levels, ferritin levels, and pro-

BNP levels will be evaluated.

Visit 2: Intravenous infusion of stem cells, adverse events, if any, duration of fever and

respiratory efficacy, chest imaging, quantitative real-time PCR, ELISA, CBC with

differential, comprehensive metabolic panel, SOFA score, IL-10 levels, TNF-α levels, C-

reactive protein levels, D-dimer levels, lactate dehydrogenase levels, ferritin levels, ICU

monitoring report and pro-BNP levels will be examined.

Visit 3: Intravenous infusion of stem cells, adverse events, if any, duration of fever and

respiratory efficacy, chest imaging, quantitative real-time PCR, ELISA, CBC with

differential, comprehensive metabolic panel, SOFA score, IL-10 levels, TNF-α levels, C-

reactive protein levels, D-dimer levels, lactate dehydrogenase levels, ferritin levels, ICU

monitoring report and pro-BNP levels will be evaluated.

Visit 4: Intravenous infusion of stem cells, adverse events, if any, Duration of fever and

respiratory efficacy, chest imaging, quantitative real-time PCR, ELISA, CBC with

differential, comprehensive metabolic panel, SOFA score, cell count, IL-10 levels, TNF-α

levels, C-reactive protein levels, D-dimer levels, lactate dehydrogenase levels, ferritin levels,

ICU monitoring report and pro-BNP levels.

Visit 5, Visit 6, Visit 7, Visit 8:  Adverse events, if any, duration of fever and respiratory

efficacy, chest imaging, quantitative real-time PCR, ELISA, CBC with differential,

comprehensive metabolic panel, SOFA score, CD4+ and CD8+ cell count, IL-10 levels, TNF-

α levels, C-reactive protein levels, D-dimer levels, lactate dehydrogenase levels, ferritin

levels, and pro-BNP levels will be examined.

Scheme of assessment:
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Table 1: The timeline and events plan for the conduct of the study.

 
 

Parameters

Time from Infusion (Days)

Baseline/
Day -1

(Medical
History)

Normal/
Standard

Values

Day of
first

infusion
/Day
+1

Day of
second
infusion

/Day
+3

Day of
Third

infusion
/Day
+5

Day+7 Day+14 Day+21 Day+30

Intravenous infusion
of stem cells

    X X X        

Adverse events, if
any,

    X X X X X X X

Duration of fever and
respiratory efficacy

X X X X X X X X X

Chest imaging X X X X X X X X X

Quantitative real-time
PCR

X X X X X X X X X

 ELISA
Results                       
Serum
 Urine                      

X X X X X X X X X

CBC with differential X X X X X X X X X

Comprehensive
metabolic panel

X X X X X X X X X

Sequential organ
failure assessment
(SOFA) score

X X X X X X X X X

CD4+ and CD8+ cell
count

X X       X X X X

IL-10 levels (pg/ml) X X X X X X X X X

TNF-α levels (pg/ml) X X X X X X X X X

C-reactive protein
levels (mg/L)

X X X X X X X X X

D-dimer levels (ug/L) X X X X X X X X X

Lactate
dehydrogenase levels
(U/L)

X X X X X X X X X

Ferritin levels (ng/ml) X X X X X X X X X

pro-BNP levels
(pg/ml)

X X X X X X X X X

ICU Monitoring
Report

    X X X X X    

Overall Improvement     X X X X X X X
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Potential side effects and hazards of the therapy:

Allergic Reaction: it is possible that some patients experience an allergic reaction to UC-

derived MSCs. Possible allergic reactions include skin rash, sudden drop in blood pressure,

loss of consciousness and/or associated seizures, or may have fatal effects.

Needle Insertion for IV Infusion: An experienced physician will perform this procedure.

There may be discomfort due to needle insertion lasting a few minutes. Occasionally, a

small accumulation of blood (hematoma) may form at the point of insertion of the needle.

This may result in a small lump that will gradually disappear. Rarely, a small amount of

bleeding or a local infection may occur around the needle insertion site. The amount of pain

and discomfort will depend on pain tolerance of the subject. This usually lasts for 15-45

minutes during the actual procedure.

Blood Draw Risks: The blood drawing may accompany rare risks such as fainting,

occurrence of temporary discomfort and/or bruise at the site of puncture. Rarely, infection

or formation of a small clot or swelling in the vein and surrounding area may occur.

Approximately 3 tablespoons of blood will be drawn at every study time point.

Steps taken to minimize the risks: The UC-derived MSCs undergo extensive screening and

in-process controls to ensure purity and consistency during manufacturing.

Intravenous administration of study product, as well as blood draws will only be performed

by qualified, licensed, medical experts.  Although unanticipated, there is a hypothetical risk

of thrombus formation associated with administration of any biologic product.  Should the

patient experience symptoms of thrombosis, based on the physician’s judgment, the patient

will be treated for thromboembolisms as per ICU protocol.
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Figure 1

COVID-19 course of disease.
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