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Abstract 

Introduction: Remdesivir (Veklury), a viral ribonucleic acid (RNA)-dependent RNA polymerase inhibitor designed by 

Gilead Sciences, has shown reductions in recovery time for coronavirus disease 2019 (COVID-19) patients, although its 

efficacy remains controversial. It has been proposed that combining remdesivir with immunomodulators may improve 

clinical efficacy. Mesenchymal stem cells (MSCs) exert immunomodulatory properties, which resolve COVID-19-induced 

pneumonia in early-phase trials. Menstrual blood-derived stem cells (MenSCs) present a novel MSC source, superior in 

availability, proliferative ability, and ethicality than traditional stem cell sources. This study aims to investigate the efficacy 

of remdesivir-MenSC combination therapy in resolving severe COVID-19-induced pneumonia. 

Methods: A randomized, double-blind, controlled study will be performed to assess two primary endpoints: time of 

recovery, defined as no longer requiring ongoing medical care, and normalization of the immune system, defined as the 

change in the concentration of key cytokines from baseline. Safety will also be measured as the frequency of treatment-

related adverse events (AE). The study will aim to recruit 400 eligible subjects, aged 18 to 75, hospitalized with severe 

COVID-19, and they will be assigned to either receive intravenous (IV) infusions of MenSCs and remdesivir, or receive only 

remdesivir. A stratified log-rank test will be conducted to compare the time of recovery between study arms, with 

stratification by disease severity (baseline ordinal score). Two-way repeated measures ANOVA will be used to compare 

cytokine levels over time in the treatment group compared to the control group. 

Discussion: We expect remdesivir-MenSC combination therapy to surpass remdesivir in clinical efficacy and safety profile 

by improving clinical status, lowering duration of hospitalization, reducing mortality, and lowering the incidence of 

treatment-related AEs. 

Conclusion: Investigating this promising approach is an essential step in determining the feasibility of stem cell-based 

treatments in improving current COVID-19 therapeutics and patient outcomes. In particular, evaluating the clinical potential 

of MenSCs may provide insight into future therapeutic research as the literature has shown that MenSCs are superior to 

traditional MSC sources. 
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Introduction 

In December 2019, the novel coronavirus Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) was 

identified as the cause of an outbreak of pneumonia cases in 

Wuhan, China [1]. This outbreak of COVID-19 is the cause 

of a global pandemic [1]. The World Health Organization 

(WHO) declared the outbreak a “Public Health Emergency 

of International Concern” (PHEIC) on 30 January 2020, 

followed by a “pandemic” on 11 March 2020 [2]. As of 17 

October 2021, there are over 239 million confirmed cases 

of COVID-19, including nearly 4.9 million deaths [3]. 

SARS-CoV-2 is an enveloped positive-strand RNA 

coronavirus, closely related to Severe acute respiratory 

syndrome coronavirus 1 (SARS-CoV-1) [4]. Around late 

2020, variants of the original SARS-CoV-2, the Alpha, 

Beta, Gamma, and Delta variants, emerged due to persistent 

transmission and are known as variants of concern (VOCs) 

[5]. VOCs are verified variants with increased 

transmissibility, virulence, or pathogenicity [6-8]. Variants 

of Interest (VOIs) are emerging variants of SARS-CoV-2 

which have mutations associated with changes in virulence 

which have not been fully verified and validated [9]. The 
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Delta variant is the most infectious strain and has spread 

globally, becoming the predominant strain in Europe and 

North America [10-12]. The VOCs and emerging VOIs are 

poorly understood, warranting further study [6,7]. 

Patients with COVID-19 commonly present with fever, 

cough, and shortness of breath [13,14]. COVID-19 is more 

likely to progress to severe disease in high-risk patients, 

including the elderly and those with comorbidities like 

diabetes and hypertension [15]. In severe cases, COVID-19 

exhibits immune system evasion by inducing T-cell 

apoptosis and suppressing various pathogenic clearance 

mechanisms, leading to immune system overactivation and 

the overproduction of inflammatory cytokines [16]. This 

phenomenon, known as cytokine storm syndrome (CSS), is 

characterized by severe pneumonia, acute respiratory 

distress syndrome (ARDS) and eventual multi-organ  

failure [15]. 

Currently, there is no known cure for COVID-19 [15]. 

Several vaccines exist and are approved for use in humans; 

however, they remain only a prophylactic measure against 

severe manifestations of COVID-19 [5]. Inequity in vaccine 

access for lower-income countries is a serious global issue 

that prolongs the pandemic [5]. Persistent transmission 

causes the emergence of variants, which may weaken or 

evade vaccine-acquired immunity [6,7]. Several therapeutic 

agents have been explored for the treatment of COVID-19 

[17] and among them, remdesivir (Veklury), a broad-

spectrum antiviral drug, has shown clinical promise due to its 

ability to inhibit SARS-CoV-2 and other coronaviruses both 

in in vitro and in vivo models [18-20]. It has gained full or 

conditional authorization in 50 countries [21]. Remdesivir 

prevents coronavirus replication when converted into the 

metabolite GS-441524 triphosphate by the action of 

esterases, phosphoramidases, and host-cell kinases, which 

inhibits viral RNA polymerase, causing premature 

polypeptide chain termination [22,23]. Although Beigel et al. 

[20] demonstrated how remdesivir lowers hospital discharge 

times of COVID-19 patients, its efficacy remains 

controversial and may be virtually indistinguishable from 

placebo in morbidity and mortality for severe cases of 

COVID-19 [20,24]. Thus, it has been proposed that 

combination approaches be explored to further enhance the 

desired therapeutic effects of remdesivir [20]. 

The use of immunoregulatory therapeutics in patients 

with severe COVID-19 has been considered, as dysregulated 

and hyper-activated inflammatory responses primarily 

contribute to disease-related mortality [15,25-28]. Present 

efforts to evaluate remdesivir in combination with 

immunomodulatory drugs, like baricitinib, a Janus kinase 

(JAK) inhibitor, may improve clinical outcomes [29,30]. 

Mesenchymal stem cells (MSCs) are multipotent stem 

cells that can differentiate into various cell types, regulate 

immune responses, induce tissue regeneration, and may be 

isolated from a multitude of sources, such as bone marrow 

and adipose tissue [31]. Numerous studies have 

demonstrated that adult MSCs can modulate different 

immune cells to regulate adaptive and innate immunity 

[19]. MSCs contribute to immunomodulation through 

paracrine secretion of soluble factors and anti-inflammatory 

cytokines, as well as cell-cell contact mechanisms [32], 

which reduces concentrations of pro-inflammatory 

cytokines like tumor necrosis factor-alpha (TNF-α), 

interleukin (IL)-6, IL-8, IL-12, and interferon-gamma (IFN-

γ), limiting the occurrence of CSS [19]. In clinical settings, 

the safety profile of MSCs has been well-established [31]. 

Early-phase trials have demonstrated that administration of 

MSCs resolves critical COVID-19 symptoms by decreasing 

inflammatory markers (such as C-reactive protein (CRP), 

IL-6, IL-8, and TNF-α), regenerating lung tissue through 

secretions of vascular endothelial growth factor (VEGF) 

and transforming growth factor-β1 (TGF-β1), and 

normalizing immune cell populations [15,33].  

In light of promising benefits of MSCs in treating 

COVID-19, we propose an investigation that will use 

allogeneic menstrual blood-derived stem cells (MenSCs) in 

combination with remdesivir to treat severe COVID-19. 

MenSCs are a novel source of stem cells derived from human 

menstrual fluid [34]. They express various classical MSC 

surface markers and octamer binding transcription factor 4 

(OCT-4), an embryonic stem cell marker, and are negative 

for several hematopoietic stem cell markers [34,35]. MenSCs 

are cultured and passaged through containers and effectively 

differentiate into a variety of stem cells under appropriate 

conditions [35,36]. MenSCs have been shown to suppress 

immune dysregulation and promote tissue regeneration 

[35,36]. Interest in MenSCs has grown recently due to their 

advantages of being an abundant and continuous MSC 

source, ease of procurement via non-invasive procedure, high 

proliferative rate, low immunogenicity, low malignancy, and 

lack of ethical concerns compared to traditional sources 

[35,36]. Such an investigation may elucidate a novel and 

efficacious treatment for severe COVID-19, a disease in 

which few effective therapies exist currently, and may 

provide a steppingstone for increased clinical research into 

the use of MenSCs in treating other disease states and 

COVID-19 variants. 

The overall objective of the study is to examine and 

evaluate the effect of remdesivir and MenSC therapy on 

resolving severe COVID-19 infection, in comparison to 

remdesivir alone, as a control. Remdesivir-MenSC 

combination therapy is expected to demonstrate an 

improvement in clinical efficacy in shortening 

hospitalization, lowering disease severity, and reducing 

mortality, and safety relative to treatment with remdesivir 

alone in patients hospitalized with severe COVID-19. 

 

Methods 

This study will be a randomized, double-blind, 

controlled clinical trial to evaluate the safety and efficacy of 

co-administration of remdesivir and MenSCs to treat 

hospitalized patients with severe COVID-19. This study 

will enroll approximately 400 male and female adults 
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between 18-75 years old hospitalized with severe COVID-

19 and who meet all eligibility criteria. 

 

Procurement 

The following procedure for the procurement and 

preparation of MenSCs is adapted from Zhong et al. [37], 

although note that no gold-standard exists. Concerning donor 

selection, there will be strict adherence to the Health Canada 

Cells, Tissues, and Organs for Transplantation Regulations 

(CTO Regulations) concerning allogeneic cell products. All 

donors will be recruited at participating hospitals and health 

clinics in Canada. All donors must be non-smoking female 

volunteers aged 18-30 who provide signed consent to donate 

menstrual blood. In addition, all donors must return a 

negative reverse transcription polymerase chain reaction 

(RT-PCR) test for COVID-19, human immunodeficiency 

virus (HIV), human papillomavirus virus (HPV), and 

hepatitis B and C. Donors will then undergo a standard 

medical history and physical evaluation for cardiovascular 

disease, diabetes, and malignancy. 

Menstrual blood collection tubes are to be treated with 

0.2 mL amphotericin B, 0.1 mL ethylenediaminetetraacetic 

acid (EDTA), and 0.2 mL streptomycin/penicillin. 

Collection of menstrual blood is to be done by the donor: a 

sterile Diva cup is to be inserted into the vagina for ≤4 

hours on days 1-3 of the menstrual cycle [37,38]. 

Contents of Diva cups should be decanted into collection 

tubes and then centrifuged for 10 minutes at 600 g. After 

removal of the supernatant and washing of the cell pellet with 

more PBS solution, cells are to be collected using sterile 

Cytiva Ficoll-Paque (Fisher Scientific, Portsmouth NH) 

liquid density gradient media (1.078 g/mL). 

The collected cells are to be plated in a T-75 flask with 

25 mL of complete Dulbecco’s Modified Eagle Medium 

(cDMEM). They will be cultured for 24 hours in a 

humidified atmosphere with 5% CO2 at 37°C. Adherent 

cells are to be washed off using PBS solution and 0.05% 

trypsin with EDTA. After centrifugation, cells will be 

washed with further cDMEM and plated in T-175 flasks. 

The contents were cultured for 5 days, and the subsequent 

cells are to be passed for 3-4 rounds. 

To be considered viable for culturing and subsequent 

administration, the MenSCs must have an endotoxin 

concentration below 1.65 endotoxin units per mL, measured 

using a chromogenic endotoxin detection assay kit (Fisher 

Scientific, Portsmouth NH). Additionally, the MenSCs 

must have morphology matching a fibroblastic shape 

and >95% cell viability (as assessed using flow cytometry) 

and no bacterial contamination, assessed using a cell culture 

contamination detection kit (Fisher Scientific, Portsmouth 

NH). MenSCs are to be cryopreserved in liquid nitrogen at -

196°C prior to the trial period [39]. 

A Class II biosafety cabinet, located in an ISO Class 7 

clean room, will be used to contain the collection tubes 

containing phosphate-buffered saline (PBS) solution. 

 

Eligibility 

Study participants will be recruited to the trial at 

participating hospitals in Canada, where the duration of the 

data collection and study intervention period will take 

place. For a patient to be considered eligible to participate 

in the study, the criteria in Table 1 must be met. A patient 

who meets any criteria listed in Table 2 shall be excluded 

from participation in this study. 

 

Table 1. Inclusion Criteria 

Criteria Details 

Positive for COVID-19 Subject RT-PCR must return positive for the presence of SARS-CoV-2. 

Patient has “severe” 

COVID-19 as per 

criteria set by the 

National Institutes of 

Health [52]. 

At least one of the following conditions must be met: 

-Subject requires mechanical ventilation/supplemental oxygen; 

-Oxygen saturation (measured with pulse oximetry) at ≤94%; 

-Arterial partial pressure of oxygen to fraction of inspired oxygen ratio <300 mm Hg; 

-Respiratory frequency >30 breaths per minute; or 

-Pulmonary infiltrates >50% by imaging. 

Consent All subjects must provide informed written consent, including agreement to comply with all 

study procedures and post-intervention visits. 

Age All subjects must be aged 18-75 and should weigh ≥40 kg. Children and adolescents are 

excluded from participation as clinical trials of remdesivir have generally excluded them and as 

such, pediatric data is limited and warrants further safety research. The basis of the exclusion 

comes from epidemiological data of COVID-19 which indicates an overwhelming burden of 

severe disease in older adults, especially those with coexisting illness, whereas children have a 

low incidence of severe disease, representing 1-2% of total COVID-19 burden [1,20,53]. 

Female Subjects Female subjects must be willing to use prescribed contraceptives for the duration of the study. 
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Table 2. Exclusion Criteria 

Presence of a malignant chronic disease within the past 5 years. 

Patient is participating in another clinical trial. 

Patient (or legally authorized representative) is unable to provide written consent. 

Patient is allergic to any drug used in the study. 

Patient is expected to die within 48 hours. 

Patient is afflicted with other pulmonary conditions and/or autoimmune diseases. 

Female patients are pregnant, nursing, or expecting. 

Patient tests positive for HIV, HPV, syphilis, or hepatitis B or C. 

Anticipated discharge from hospital within 72 hours on enrollment. 

Continuous use of immunosuppressive agents. 

Patient has undergone organ transplants in the past 6 months. 

History of illegal drug abuse. 

Patient has impaired renal function (estimated glomerular filtration rate (eGFR) <30 mL/min). 

Alanine transaminase (ALT) or aspartate transaminase (AST) >5 times the normal upper limit 

 
Procedure 

Both control and treatment groups will receive 

standard of care for COVID-19 appropriate for a given 

patient’s conditions. It is considered unethical to give a true 

placebo to patients with severe COVID-19 when standards 

for treating COVID-19 exist. The control group will receive 

only remdesivir using procedures adapted from Beigel et al 

[20]. The ambient vials of lyophilized remdesivir 

formulation are to be stored below 30°C. The drug should 

be reconstituted and diluted prior to IV injection. Inactive 

ingredients include sulfobutylether β-cyclodextrin sodium 

(SBECD), and hydrochloric acid and/or sodium hydroxide 

and water for injection. The time period between 

reconstitution and administration of the remdesivir solution 

should not pass 4 hours (at room temperature) or 24 hours 

(at 2-8°C) refrigeration. 

The remdesivir regimen is adapted from Kalil et al. [29]. 

On Day 1 of the study, a 200 mg loading dose of remdesivir 

should be administered intravenously, with 100 mg follow-

up doses for the next 9 days thereafter or until 

death/discharge. This dosage, from Kalil et al., is standard for 

adults weighing above 40 kg [29]. A matching saline solution 

placebo of equal dosage, schedule, and appearance to the 

MenSC treatment will accompany each dose of remdesivir. 

The treatment group will receive both remdesivir and 

MenSCs. The remdesivir procedure and regimen will follow 

the same steps outlined previously. In accordance with 

Antebi et al., prior to administration of MenSCs, a 24-hour 

acclimatization period post-thawing is required for MSCs to 

regain full anti-inflammatory capabilities [39]. MenSCs 

should be injected intravenously in 100 mL of saline 

solution. The dosage is set at 6x106 MenSCs per kg of body 

weight (dosage adapted from clinical trial NCT04339660) 

[40]. MenSCs doses should be given on every alternate day 

starting at Day 1 until Day 9 or death/discharge. 

 

Adverse Events  

Adverse events (AEs) are any unintended, 

unfavourable medical occurrence, such as a sign, symptom, 

or disease, temporally associated with the use of an 

investigational product, regardless of whether it is 

intervention-related [20]. A SAE is an AE that results in or 

has the potential to result in death, prolongation of existing 

hospitalization, or significant incapacity/persistent 

disruption in the ability to carry out normal life functions 

[20]. The evaluation and classification of AEs (see Table 3) 

will be based on the medical judgement of a licensed on-

site investigator, including but not limited to physicians and 

nurse practitioners. AEs and SAEs will all be assessed for 

severity based on the Division of Acquired 

Immunodeficiency Syndrome (DAIDS) Table [41]. The 

protocol team will review blinded collections of AE and 

SAE data weekly and conduct unblinded ad hoc reviews if 

there are a significant number of unexpected AEs. An AE is 

deemed to be intervention-related if there is a temporal 

relationship between the intervention and the AE, and the 

AE is known to occur with the intervention or there is 

reason to suggest a causal relationship exists. An AE is 

unrelated if there is no evidence of a causal relationship, or 

there is no temporal relationship, or an alternate cause has 

been identified. 
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Table 3. DAIDS Table for Grading the Severity of Adult and Pediatric Adverse Events, corrected version 2.1 

Severity Criteria 

Moderate (Grade 2) Events that are usually alleviated with additional specific 

therapeutic intervention. The event interferes with usual activities of daily living and causes 

discomfort, but poses no significant or permanent risk of harm to the research subject. 

Severe (Grade 3) Events that interrupt usual activities of daily living, or significantly affect clinical status, or 

may require intensive therapeutic intervention. Severe events are usually incapacitating. 

Severe (Grade 4) Events that are potentially life threatening 

Death (Grade 5) All deaths related to an AE are to be classified as Grade 5. 

 

Study Timeline 

Subjects will be screened according to the eligibility 

criteria and recruited at Day -1 to 1. This includes a detailed 

review of subject demographics and medical history, and a 

physical examination. Baseline assessments (e.g., ordinal 

scale, NEWS2) and laboratory testing (e.g. oropharyngeal 

swab, blood) will be conducted on Day 1, prior to 

randomization. Participants are block-randomized, stratified 

by ordinal score, sex, race, body weight, ethnic group, 

duration of symptoms before randomization (measured as 

≤10 days or >10 days), presence of coexisting conditions, 

vaccination status (unvaccinated, partial-vaccination, or full-

vaccination), and assigned in a 1:1 ratio to either receive 

remdesivir-MenSC combination, or remdesivir alone (control 

group). The control or treatment intervention will be 

administered on Day 1. Subjects will be assessed for 29 days. 

Subjects will be assessed daily on ordinal scale score of 

clinical status (Table 4) and NEWS2 score (a measure of 

disease severity; see Table 6) and will undergo a series of 

various clinical efficacy, safety, and laboratory assessments. 

A participant’s total NEWS2 score (which can have a 

maximum possible value of 22) is calculated by summing the 

score of several physiological parameters (including 

respiratory rate, blood oxygen saturation, supplemental 

oxygen, systolic blood pressure, pulse, consciousness, and 

temperature). Blood and serum sample collection and 

oropharyngeal (OP) swabs will occur on Day 3, 5, 8, 11, 15, 

22, and 29, if able to return to clinic or if still hospitalized. 

Patients are followed monthly for up to 12 months to monitor 

safety. 

 

Primary Endpoints 

This study will use multiple primary endpoints to 

assess efficacy of remdesivir-MenSC combination therapy. 

One primary endpoint is time of recovery (by Day 29), 

measured in days after enrollment. A subject is considered 

to have recovered if they have an ordinal score of 1, 2, or 3 

and if they test negative for 2 consecutive RT-PCR tests for 

SARS-CoV-2. Additionally, immune response will be 

gauged by the change in the concentration of a group of 

cytokines (IL-1β, IL- 2, TNF-α, IFN-γ, IL-4, IL-6, IL-10) 

from baseline (on Day 1, before control or MenSC 

intervention) to Day 15. The group of cytokines are co-

primary endpoints. 
 

Table 4. 8-point Ordinal Scale for Clinical Status (using categories defined by Beigel et al.) [20] 

Score Criteria (1 = best, healthy; 8 = worst) 

1 Not hospitalized, no limitations on activities. 

2 Not hospitalized, limitation on activities. 

3 Hospitalized, not requiring supplemental oxygen, no longer requiring ongoing medical care. 

4 Hospitalized, not requiring supplemental oxygen, requiring ongoing medical care. 

5 Hospitalized, requiring supplemental oxygen. 

6 Hospitalized, on non-invasive ventilation or high flow oxygen devices. 

7 Hospitalized, on invasive mechanical ventilation/extracorporeal membrane oxygenation (ECMO). 

8 Death. 
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Secondary Endpoints 

Table 5 summarizes the key secondary endpoint measures of the study. 

 

Table 5. Secondary Endpoints 

Objectives Endpoints (Outcome measures) 

Disease severity The National Early Warning Score 2 (NEWS2) score is used in emergency medicine to assess the 

severity of disease in a patient. It has been validated by Myrstad et al. and others to strongly predict 

in-hospital mortality scores from COVID-19 [53,54]. The change in NEWS2 score from baseline 

(Day 1) to Days 3, 5, 8, 11, 15, 22, and 29. 

Pulmonary function. Change in blood oxygen saturation, measured using a pulse oximeter, from baseline (Day 1) to Days 

3, 5, 8, 11, 15, 22, and 29. 

Hospitalization Duration of hospitalization up to Day 29 

Mortality 14-day mortality; 

29-day mortality 

Virologic efficacy. Percentage of subjects with SARS-CoV-2 present in OP swab sample on Days 3, 5, 8, 11, 15, and 29 

(from Beigel et al.) [20]. Change evaluated from baseline (Day 1) to Days 3, 5, 8, 11, 15, 22, and 29. 

Safety Cumulative incidence of SAEs; 

Cumulative incidence of Grade 3 and 4 AEs 

General indicators. Changes in white cell count, hemoglobin, platelets, creatinine, glucose, total bilirubin, CRP, ferritin, 

prothrombin time, ALT, and AST from Day 1 (baseline) to Days 3, 5, 8, 11, 15, 22, and 29. 

 

Table 6. The NEWS2 Scoring Table. CVPU refers to new confusion (C), or arousable only to voice (V), or pain (P), or 

unresponsive (U). Reproduced from: Royal College of Physicians. National Early Warning Score (NEWS) 2: Standardising 

the assessment of acute-illness severity in the NHS. Updated report of a working party. London: RCP, 2017 [42]. 
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Statistical Analysis 

At baseline, groups were compared for equality using 

t-tests or Chi-squared when appropriate. A stratified log-

rank test will be conducted to compare the time of recovery 

of the treatment group with the control group, with 

stratification by disease severity (baseline ordinal score) 

[20]. For time-to-recovery analyses, data of patients who 

did not recover or who die by Day 29 will be censored. 

Two-sample repeated measures ANOVA will be used to 

compare a given cytokine’s levels between the treatment 

group and the control group from Day 1 (baseline) to Days 

3, 5, 8, 11, 15, 22, and 29, with post hoc comparisons.  

Statistical analyses of secondary endpoints will also be 

conducted. Proportional odds model will compare the 

likelihood of decrease in NEWS2 score (from baseline to 

Day 15) between treatment and control groups, with 

stratification by baseline ordinal score [20]. Two-way 

repeated measures ANOVA will be used to compare blood 

oxygen saturation from baseline to Days 3, 5, 8, 11, 22, and 

29 between treatment and control groups. Kaplan-Meier 

estimates of mortality at 14 days and at 29 days will be 

generated. Two-way repeated measures ANOVAs will be 

used as appropriate to compare other general indicators’ 

levels (as listed in Table 5) before and after MenSC 

intervention in the treatment group (from baseline to Days 

3, 5, 8, 11, 15, 22, and 29) to that indicator’s level before 

and after control intervention in the control group (from 

baseline to Days 3, 5, 8, 11, 15, 22, and 29). Finally, 

Barnard’s exact test will be conducted to compare 

frequency of patients who would have experienced SAEs 

and Grade 3 or 4 AEs between treatment and control groups 

[20]. 

Safety endpoints will be presented as a percentage. 

Significance of data analysis will be evaluated with 

Student’s t-test. A p value of <0.05 will be deemed 

statistically significant. Proportional difference with 95% 

confidence intervals will be used when comparing study 

arms. 

 

Anticipated Results 

Overall, it is hypothesized that remdesivir-MenSC 

combination therapy will show better prognosis than the 

control group. 

It is expected that the treatment group will have a 

shorter time of recovery than the control group. Given 

MSCs’ immunomodulatory properties [19,32], it is 

expected that the treatment group will show a greater 

reduction in pro-inflammatory cytokine (including IL-1β, 

IL-2, IL-6, TNF-α, IFN-γ) concentrations and a greater 

increase in anti-inflammatory cytokine (including IL-4, IL-

10) concentrations [43], as compared to the control group. 

For the combination therapy to be considered efficacious, 

either the time of recovery must be significantly different 

between treatment and control groups, or the changes in 

concentrations of all co-primary cytokine endpoints must 

be significantly different between treatment and control 

groups. The recovery time of patients with severe  

COVID-19 is expected to be lowered and improved when 

administered the combination treatment of MenSCs and 

remdesivir, compared to treatment with remdesivir alone. 

Regarding secondary endpoints, the results are 

expected to demonstrate a greater decrease in NEWS2 

score, greater increase in blood oxygen saturation, and a 

lower 14-day and 29-day mortality in the treatment group, 

as compared to the control group. With the other general 

indicators, we expect the serum levels of the general 

indicators to approach normal ranges to a greater degree in 

the treatment group than the control group. The 

combination treatment is expected to show a greater safety 

profile than remdesivir treatment alone by lowering the 

frequency of SAEs and Grade 3/4 AEs. 

 

Discussion 

Based on current literature, the remdesivir-MenSC 

combination treatment group is expected to have shorter 

time of recovery and greater decrease in pro-inflammatory 

cytokine levels, as compared to the control group. 

There has been some limited phase 1 and phase 2 trials 

conducted on umbilical cord-derived MSC (UC-MSC) 

infusion in patients with severe COVID-19, and many trials 

demonstrate encouraging results (e.g., patients having 

decreased cytokine levels, significantly increased 

lymphocyte count) [44]. However, there are limited COVID-

19-related studies evaluating MSC infusion from non-UC-

MSC sources, and even fewer specifically involving MenSCs 

[44-46]. In general, it was found that patients receiving MSC 

infusion with standard treatment had better mortality 

outcomes, faster recovery of oxygenation levels, and reduced 

lung inflammation (as compared to patients receiving 

standard treatment alone) [29,44-46]. Kalil et al. found that 

baricitinib plus remdesivir was superior to remdesivir alone 

in reducing recovery time for moderate and severe COVID-

19 patients [29]. Patients receiving high-flow oxygen or non-

invasive ventilation at baseline recovered 8 days earlier on 

average when taking combination treatment, compared to 

remdesivir alone [29]. As both MenSCs and baricitinib 

function as immunomodulators, it is expected that the 

recovery time will be improved in this study. Remdesivir-

MenSC combination is expected to show a greater safety 

profile than the control group by lowering the frequency of 

SAEs and Grade 3 or 4 AEs. Kalil et al. found a 5% 

improvement in SAE incidence from 21% (control) to 16% 

(combination) [29]. 

When compared to traditional MSC sources, the 

procurement of MenSCs is more efficient, non-invasive, 

cheap, plentiful, and lacking in ethical concern [35]. 

Furthermore, MenSCs have higher proliferation rates and 

lower malignancy [15]. MSCs are immune privileged (i.e., 

they avoid normal processes involved in allogeneic 

rejection), allowing for transplantation with little fear of 

rejection [15]. Hence, MenSCs are promising contenders 

with MSCs from bone marrow, umbilical cords, and other 
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more logistically demanding sources. Therefore, this study 

can facilitate a larger sample size than otherwise. 

Another strength of this study is the use of IV 

administration of MenSCs. Pulmonary entrapment refers to 

the tendency for intravenously injected MSCs to 

accumulate in the lungs. With IV infusion, more than 80% 

of all MSCs are entrapped in the lungs [47]. This makes the 

therapeutic effects of MenSCs concentrate in the lungs, 

leading to easier detection. 

A key weakness associated with this study is failure to 

account for the effects of MenSC donor heterogeneity. The 

current literature lacks any systematic assessment of an 

appropriate donor range. MenSCs exhibit various stages 

which differ in their therapeutic ability [35]. In addition, 

donors vary based on epidemiological background, 

endocrine changes, age, and contraceptive/hormone use. 

The dosage of MenSCs for human treatment vary greatly 

from those used in animal models [37,48-50]. As such, 

standardized dosage values should be established for future 

clinical use. Additionally, as it is unethical to not provide 

standard care to patients, the study is limited by the lack of 

a true placebo. 

Optimal MenSC cell expansion and preparation 

procedures are still undecided in the literature [35]. In a 

study by Matthay et al., it was found that the clinical 

viability of MSCs varied across similar preparation 

techniques in different sites [51]. The quality of MenSC 

samples is also subject to variability as there is no gold-

standard on molecular markers for an ideal batch of 

MenSCs for clinical use [35]. Further investigation into the 

effects of different cell expansion and preparation 

procedures on patient outcomes is therefore necessary. 

 

Conclusions 

The intent of this protocol is to investigate the clinical 

feasibility of MenSCs in patients with severe COVID-19 in 

conjunction with remdesivir. This is to improve the utility 

of MenSCs in pulmonary conditions, and to ameliorate 

existing COVID-19 therapies. 

MenSCs present a superior alternative to traditional 

MSC sources. In addition to the advantages, MenSCs can 

likely facilitate large-scale growth without substantial 

mutagenesis and display fewer mutations (as compared to 

other MSC sources), with Chen et al. reporting at least 20 

passages without karyotypic abnormalities [35]. When 

delivered intravenously, a majority of MenSCs will remain 

in the lungs [15]. For these reasons, MenSCs present a 

promising novel clinical option in treating pulmonary 

diseases. 

Chen et al. noted that the literature contains no data 

concerning the duration of therapeutic effects, nor any 

guarantee of long-term safety [35]. In addition, the detailed 

mechanism of action and long-term side effects in foreign 

bodies are unknown [35]. Further, research is required to 

verify optimal dosage, donor age, and administration route 

[35]. 

As more concerning COVID-19 variants emerge, 

particularly those that show potential to be more resilient 

against vaccines, it is crucial to investigate novel treatment 

options [12]. 
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