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Abstract

One of the main causes of acute respiratory distress syndrome in coronavirus disease
2019 (COVID-19) is cytokine storm, although the exact cause is still unknown. Umbilical
cord mesenchymal stromal cells (UC-MSCs) influence proinflammatory T-helper 2 (Thy)
cells to shift to an anti-inflammatory agent. To investigate efficacy of UC-MSC adminis-
tration as adjuvant therapy in critically ill patients with COVID-19, we conducted a
double-blind, multicentered, randomized controlled trial at four COVID-19 referral hos-
pitals in Jakarta, Indonesia. This study included 40 randomly allocated critically ill
patients with COVID-19; 20 patients received an intravenous infusion of 1 x 10°/kg
body weight UC-MSCs in 100 ml saline (0.9%) solution (SS) and 20 patients received
100 ml 0.9% SS as the control group. All patients received standard therapy. The primary
outcome was measured by survival rate and/or length of ventilator usage. The second-
ary outcome was measured by clinical and laboratory improvement, with serious adverse
events. Our study showed the survival rate in the UC-MSCs group was 2.5 times higher
than that in the control group (P = .047), which is 10 patients and 4 patients in the UC-
MSCs and control groups, respectively. In patients with comorbidities, UC-MSC adminis-
tration increased the survival rate by 4.5 times compared with controls. The length of
stay in the intensive care unit and ventilator usage were not statistically significant, and
no adverse events were reported. The application of infusion UC-MSCs significantly
decreased interleukin 6 in the recovered patients (P = .023). Therefore, application of
intravenous UC-MSCs as adjuvant treatment for critically ill patients with COVID-19
increases the survival rate by modulating the immune system toward an anti-

inflammatory state.
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Lessons learned

1 | INTRODUCTION

Patients with COVID-19 are increasing around the world, with more
than 61.8 million cumulative cases and 1.4 million deaths globally. In
November 2020, a referral hospital's data in Jakarta showed that
intensive care unit (ICU) occupancy had increased from 60% to 80%.
Moreover, the mortality rate of critically ill patients with COVID-
19-related pneumonia in the ICU was as high as 87% in a top referral
COVID-19 hospital (Persahabatan Central Hospital, Jakarta, Indone-
sia); this situation necessitated that clinicians fashion a breakthrough
therapy to increase the survival of patients in the ICU.

The current management of COVID-19 serves as an empiric and
supportive therapy, as the curative regiment has yet to be found.
Unfortunately, some patients are not responsive despite all the combi-
nation treatments given. There is still very limited research about the
new potential therapeutic agents for treating critically ill patients with
COVID-19.*?

Acute respiratory distress syndrome (ARDS) is the leading cause
of death in patients with COVID-19, and one of the main causes of
ARDS in SARS-CoV-2 infection is cytokine storm, although this topic
is still a matter of controversy.® In interactions with dendritic cells,
mesenchymal stromal cells (MSCs) cause proinflammatory Th, cells to
shift to anti-inflammatory Th, cells, including changes in cytokine pro-
files toward anti-inflammatory. Human umbilical cord mesenchymal
stromal cells (hUC-MSCs) have a high proliferative capacity for sus-
taining paracrine effects and low risk of body rejection due to absent
Human Leukocyte Antigen (HLA) expression.*>

Clinical trials in China have shown that patients with COVID-
19-related pneumonia treated with UC-MSCs were more likely to sur-
vive and have a faster recovery than patients without MSC therapy.®®

In contrast to existing studies, our study exclusively involved
intubated critically ill patients with COVID-19 in the ICU and used
naive umbilical cord mesenchymal stromal cells that were processed
using the simple multiple harvest explant procedure methods without
a special manipulation procedure that was directed at achieving ACE-2
negative MSCs. Therefore, this study aims to investigate whether

administration of allogenic UC-MSCs as adjuvant therapy for critically

Significance statement

There are some unfortunate patients with COVID-19 who are not responsive to all the combi-

Application of intravenous umbilical cord mesenchymal stromal cell infusion as an adjuvant treat-
ment for critically ill patients with COVID-19 increases the survival rate by modulating the

immune system toward an anti-inflammatory state.

nation treatment given. Therefore, this study exclusively involved intubated critically ill patients
with COVID-19 in the intensive care unit. In contrast to existing studies, this study used regular
umbilical cord mesenchymal stem cells without a special manipulation procedure that was
directed at achieving angiotensin converting enzyme-2 (ACE 2)-negative mesenchymal stem cell.
The results showed that the survival rate in those receiving umbilical cord mesenchymal stromal

cells was 2.5 times higher than that in the control group.

ill patients with COVID-19 who are unresponsive to conventional sup-
portive treatment can improve the survival rate of critically ill patients
with COVID-19-related pneumonia in Indonesia.

2 | MATERIALS AND METHODS

21 | Study design

This is a multicentered, double-blind, randomized clinical trial, con-
ducted between May 1 and October 10, 2020, at four COVID-19
referral hospitals in Jakarta (Sulianti Saroso Infection Disease Hospital,
Persahabatan Central General Hospital, Cipto Mangunkusumo
National Central General Hospital, and Universitas Indonesia
Hospital).

2.2 | Participants

Subjects in this study were selected using stratified random sampling
and randomized using a computerized random number generator. A
total of 40 subjects were included, with 20 in the control group and
20 in the experimental group. The number of subjects from this study
was determined based on references to previous studies. This is a
double-blinded study. Neither the subjects nor the care providers and
those assessing the outcomes were aware of the treatment assign-
ment. This is achieved by making the packaging of MSCs and the pla-
cebo in an identical way. All patient allocations were determined from
a third party that was unrelated to clinical decision-making or data col-
lection. Critically ill patients with COVID-19-related pneumonia were
defined as those who were intubated with severe pneumonia clinically
and radiologically, confirmed by a positive result in Reverse Transcrip-
tion - Polymerase Chain Reaction (RT-PCR) swab from nasopharyn-
geal or bronchoalveolar lavage. The criteria of critical patients
included the following: (a) respiratory failure that progressed into
ARDS, defined as the partial pressure of oxygen in arterial blood

(PaO,)/the fraction of inspired oxygen (FiO5) lower than 300 mmHg
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and supported by mechanical ventilation; (b) shock, such as septic
shock (persistent hypotension following fluid resuscitation and requir-
ing vasopressor to maintain mean arterial pressure of 265 mmHg and
serum lactate of >2 mmol/L); (c) multiple organ failure and monitored
in the ICU.

2.3 | Inclusion criteria

In this study, inclusion criteria for the participant were (a) age
18-95 years, (b) critically ill patients with RT-PCR-confirmed
COVID-19 obtained from a nasopharyngeal swab or bronchoal-
veolar lavage if intubated, (c) leukopenia and lymphopenia in periph-
eral blood and differential count, (d) presenting with pneumonia on
chest x-ray and/or ground-glass opacity on thorax computed
tomography (CT) scan, and (e) signed informed consent by subjects

or family members.

2.4 | Exclusion criteria

Exclusion criteria in this study were (a) any history of malignancy,
(b) pregnant or showed a positive pregnancy test, and (c) any history
of or currently taking part in another clinical trial in the last
3 months.

2.5 | Standard protocol approvals, registrations,
and patient consents

The study was approved by the ethics board of the Faculty of Medicine
Universitas Indonesia (KET-A36/UN2.F1/ETIK/PPM.00.02/2020)
(Supplemental Data S1). Written informed consent was obtained from
family members because of the patients' poor general condition
(Supplemental Data S2). The clinical trial was registered at ClinicalTrials.
gov (NCT04457609, https://clinicaltrials.gov/ct2/show/NCT04457609).
The timeline of the study can be observed in Figure 1.

2.6 | MSC collection, preparation, and
administration
2.6.1 | Umbilical cord material collection and

preparation

The MSCs were harvested from human umbilical cord produced by
Stem Cells Medical Technology Integrated Service Installation, Cipto
Mangunkusumo Central National General Hospital, Faculty of Medi-
cine Universitas Indonesia. MSCs were cultured and harvested from
passage 5 or 6 to ensure the best quality of the cells. Positive expres-
sion of CD90 and CD73 (>95%) and negative expression of CD34
(<2%) were found on cells acquired starting from passage 3, signifying

the presence of MSCs. Our previous study showed that senescence is

# TRANSLATIONAL MEDICINE

observed after passage 10 and viability is observed until passage
18 for UC-MSCs.”

2.6.2 | Administration

After baseline assessments were done, subjects admitted to the study
were given a single intravenous infusion of 1 x 10°/kg body weight
UC-MSCs in 100 ml saline (0.9%) solution for the experimental group
or with placebo (100 ml saline [0.9%)] solution) for the control group
on day 8 (ranged from day 2-30) of treatment in the ICU.

2.7 | Study assessment

Baseline parameters including routine blood count, differential count,
C-Reactive Protein (CRP), D-dimer, fibrinogen, and procalcitonin, and
specific markers, including vascular endothelial growth factor (VEGF),
ferritin, cytokine IL-6, IL-10, flow cytometry leukemia inhibitory factor
(LIF), and lymphocyte subpopulation CX-CR3 CD4, CD8, and CD56,
were assessed before the application was done. During 15 days of
observation, laboratory evaluations were conducted on day 0 and day
1 and then once every 3 days for routine laboratory examination
whereas specific markers were evaluated on day O and day 7 only.
Adverse events (AEs) were closely observed in the MSCs group.

28 | Outcome measurements

The primary outcome is assessed by mortality rate and length of ven-
tilator usage. We measured the onset of intubation, which was
defined by the length of ventilator usage during the patient's care.
The period of intubation until the application of allogeneic UC-MSCs
was defined by the period of the patient still needing mechanical ven-
tilation after being given intervention. Secondary outcomes were
measured by (a) length of stay in the ICU; (b) improvement in the rou-
tine laboratory value, including routine blood count, differential count,
CRP, D-dimer, fibrinogen, and procalcitonin; (c) improvement in bio-
marker laboratory value of cytokines and lymphocyte subpopulation
(VEGF, ferritin, IL-6, LIF, CX-CR3 CD4, CD8, CD56 cell); and (d) AE or
serious AE (SAE).

2.9 | Statistical analysis

Descriptive statistics were used to describe demographic and parame-
ter characteristics, including mean, SD, frequencies, and percentages.
The rate of change in laboratory value was calculated for each param-
eter and compared between the control and experiment groups using
the Mann-Whitney-U test. Internal analysis of the experiment group
was done in patients treated with MSCs, comparing the value before
and after treatment using the Wilcoxon signed-rank test. P values

<.05 were considered statistically significant. The survival analysis
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FIGURE 1
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Timeline of the study. Standard of care consists of therapy given in accordance to the guidelines, namely, azithromycin 500 mg

and oseltamivir 75 mg, which is given tailored to the patient's need and the attending's discretion and clinical judgment. BW, body weight; NS,

normal saline; UC-MSCs, umbilical cord mesenchymal stromal cells

was assessed using Cox regression. The analysis was performed using
SPSS ver. 25 (IBM, Armonk, NY).

3 | RESULTS

A total of 40 critically ill patients with COVID-19-related pneumonia
were included. No patients were excluded or dropped out of the trial.
The baseline characteristics of the 40 patients are summarized in
Table 1.

3.1 | Primary outcome

Of the 40 subjects, males (75%) were significantly affected compared
with females (P = .049). The mortality rate was 65% (n = 26) and the
survival rate was 35% (n = 14), in which 71.4% (n = 10) of the recov-
ered group were from the MSCs group and 28.6% (n = 4) were from

the control group. Thus, the survival rate in the MSCs group was 2.5

times higher than that in the control group (P = .047). When only ana-
lyzing patients with comorbidities, our study showed that UC-MSC
administration increased the survival rate by 4.5 times compared with
controls, which is nine patients and two patients in the MSCs and
control group, respectively. The outcome of the subjects is described
in Table 2.

There were 19 subjects (47.5%) who had >2 comorbidities. These
subjects had a higher mortality rate than those with <2 comorbidities
(79.17% died). The majority of those with >2 comorbidities who
recovered came from the MSCs group, with a 4:1 ratio to the control
group. Furthermore, there was a significant difference between the
subject outcome and the number of comorbidities (P = .023). In the
distribution of comorbidities among subjects who died, 65% of sub-
jects had diabetes mellitus, 46.15% had hypertension, 26.93% had
chronic kidney disease, 15.38% had coronary artery disease, 7.69%
had congestive heart failure, and 7.69% had tuberculosis. Three
(21.4%) of the 14 patients who survived and 17 (65.3%) of the
26 patients who died had diabetes as a comorbidity. Further experi-
ments to diagnose endothelitis were not performed in this study.
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There is no significant difference between both groups regarding
the period of intubation and the period from intubation until applica-
tion. The mean period of intubation is 15.69 + 10.37 days for the
MSCs group and 16.63 + 5.4 days for the control group, whereas
the mean period from intubation until the application is 9.23
+ 6.89 days for the MSCs group and 8.63 + 2.44 days for the control
group.

TABLE 1  Demographic background of subjects
Control group (n) MSCs group (n) P value
Subjects 20 20
Age, yr >.05
<40 3 4
40-60 7
>60 10 8
Sex .642
Male 15 15
Female 5 5
Comorbidities, n 122
0-1 7 9
22 13 11

Abbreviation: MSCs, mesenchymal stromal cells.

TABLE 2 The outcome of the
subjects
Characteristics

Subjects
Age, yr
<40
40-60
>60
Sex
Male
Female
Comorbidities, n
0-1
22
Types of comorbidities
Diabetes mellitus

Hypertension

Chronic kidney disease
Coronary arterial disease

Congestive heart failure

Tuberculosis

Others?

# TRANSLATIONAL MEDICINE

The illustration of the day of survival using Kaplan-Meier is
shown in Figure 2, and it shows a longer survival time for the MSCs
group. Further analysis was performed to see the contribution of age,
treatment group, and the number of comorbidities to the time of
death. Although none of these factors affected death significantly, it
shows that MSCs contribute to the improvement of the subjects com-
pared with placebo. Both age and comorbidities positively contribute

to early time of death for the subjects.

3.2 | Secondary outcomes

3.21 | Length of stay

The length of stay in the ICU was longer for the MSCs group (12.23
+ 8.86 days) compared to the control group (10.44 4 7.37 days) with
no statistically significant difference.

3.2.2 | Improvement in biomarker laboratory values
of organ functions

After comparing the change of every laboratory parameter of the
MSCs group and the control group, statistical analysis showed that

Recovered (n) Died (n)
MSC Control MSC Control P value
10 4 10 16 .047
.062
4 1 1
2 4
3 1 7
492
7 4 16
4
.023
3 3 4
4 1 7 12
1 2 7 10
3 1 3 9
0 0 2 5
0 1 2 2
0 0 1 1
0 0 1 1
7 0 3 6

Abbreviations: MSC, mesenchymal stromal cell.

2Other comorbidities include gastric perforation, pleural effusion, multiple rib fractures, obesity,
hypercoagulation, and lung contusion in the Recovered group and icterus, stroke infarction, Disseminated
Intravascular Coagulation (DIC), atrial fibrillation, obesity, acute kidney injury, myocardial infarction, and
hypertensive heart disease in the Died group.
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FIGURE 2 Kaplan-Meier diagram of the time from intervention
(administration of umbilical cord MSCs or placebo) to death or
improvement. MSC, mesenchymal stromal cell

there were no significant differences in the complete blood count
(hemoglobin, hematocrit, leukocyte, lymphocyte, and thrombocyte
between the MSCs group and the control group with P value, respec-
tively: .630; .782; .423; .414; .295).

There was no significant difference between D-dimer and
fibrinogen in the MSCs group vs the control group (P value,
respectively: .233; .979). Inflammatory markers, namely, pro-
calcitonin, and CRP were not significantly different between the
MSCs group and the control group (P value, respectively: .212;
.827;.707).

Ten subjects (62.5%) in the control group had a reduced value
of IL-10, whereas most of the subjects in the MSCs group showed
an increased IL-10 value on the seventh day after MSC application
with no significant difference between groups (P = .661). How-
ever, an increased value from day O to day 7 was observed, from
an average 3.26 pg/ml to 4.70 pg/ml in the MSCs group. There
was a decreased trend in IL-6 after MSC application; in contrast,
an increasing trend was observed in the control group. The appli-
cation of infusion UC-MSCs significantly decreased IL-6 in the
recovered patients (P = .023). The trend of cytokine analysis is
shown in Figure 3.

VEGEF also showed an increasing trend in the MSCs group, com-
pared with a decreased trend in the control group on day 7, but there
was no significant difference (P = .826). A significant increase in LIF
value was also observed in subjects receiving MSC application
(P = .002). Ferritin was also reduced in the MSCs group but increased
in the control group, however, the difference was not statistically sig-
nificant (P = .861). Details of the cytokine analysis are presented in
Table 3.

3.2.3 | Flow cytometry analysis of lymphocyte
subpopulations

We examined lymphocyte subpopulations (Supplemental Figure 1),
namely, CD4-CXCR3, CD8-CXCR3, and CD56-CXCR3 (Supplemental
Figure 2). We found that MSCs were better in suppressing the popula-
tion of CD8-CXCR3 and CD56-CXCR3 among critically ill subjects, but
no significant difference between groups was detected (P = .061).
CD4-CXCR3 analysis revealed that there was also no significant differ-
ence between the MSCs and control group during the baseline and day
7 evaluation (P value, respectively: .064; .745) (Supplemental Table 1).

3.24 | AE or SAE within treatment care period

The intravenous infusion of MSCs was found to be safe and well tol-
erated with no life-threatening complications or acute allergic reac-
tions during the administration. The critically ill patients with severe
COVID-19 showed no immediate deaths or acute anaphylactic shock
after MSC application.

4 | DISCUSSION

This study showed that the combined application of mesenchymal stromal
cells and standard regimen improved survival rates for the critically ill
patients with COVID-19. Of the recovered subjects, 10 (71.4%) came from
the MSCs group and 4 (28.6%) from the control group. For instance, 50%
of subjects with COVID-19 from the MSCs group showed recovery,
whereas only 20% of subjects in the control group recovered. A previous
pilot study of modified ACE-2-negative MSC application by Leng et al.
showed improvement in seven patients with COVID-19 with varying
grades from moderate to a critical degree.® In contrast, our study specified
the UC-MSC application for critically ill patients with COVID-19, and we
used a naive umbilical cordmesenchymal stromal cells without special
manipulation procedure that was directed at achieving ACE-2-negative
MSC. Using a similar dose and route of administration, our results are con-
sistent with existing reports that administering UC-MSCs as adjuvant ther-
apy is efficient in treating critically ill patients with COVID-19.

Endothelial dysfunction has been identified as an important factor in
the manifestation of vascular abnormalities in critical COVID-19 cases
with thrombosis and coagulation manifestation.’® Besides the intimate
proximity between alveolar epithelial cells and endothelial cells, which
facilitate efficient oxygen exchange, endothelial cells also express ACE-2.
SARS-CoV-2 can be found in endothelial cells not only in the lungs but
also in various other organs. Of 26 patients who died in this study,
17 (65.3%) of them had diabetes as a comorbidity. These findings are in
line with several meta-analyses that support that diabetes mellitus
increases the mortality rate in COVID-19 cases.**? Endothelial dysfunc-
tion occurs in patients with diabetes because of oxidative stress pro-
cesses and chronic inflammation. With endothelial conditions that are
already compromised by this process, it cannot be denied that endothelial

dysfunction will worsen with COVID-19, particularly in older patients.*®
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FIGURE 3 Trend of IL-6 (A), IL-10 (B), LIF (C), VEGF (D), and ferritin (E) in the MSCs group vs the control group with the interval of 7 days.
D-0: Day O (before application), D-7: Day 7 (7 days following the application); IL, interleukin; LIF, Leukemia Inhibitory Factor; MSC, mesenchymal

stromal cell; VEGF, vascular endothelial growth factor

TABLE 3 Analysis of cytokine before and after UC-MSC application

P value (before application

Cytokine in total subjects) in total subjects)
IL-6 A1 469
VEGF 646 .826
Ferritin 372 861
IL-10 .285 .826
LIF 524 .843

P value (7 days after application

P value (7 days after application
in subjects who recovered)

P value (7 days after application
in subjects who died)

.023 312
.888 .665
48 47

229 .348
.620 .613

Notes: The analysis was carried out to find the difference between the MSCs and control groups using bivariate analysis via a Mann-Whitney U test.
Values were obtained using an Analysis of Covariance (ANCOVA) test with preapplication value as a covariate.
Abbreviations: IL, interleukin; LIF, Leukemia inhibitory factor; UC-MSC, umbilical cord mesenchymal stromal cell; VEGF, vascular endothelial growth factor.

Critically ill patients with COVID-19 often have high systemic
procoagulants and are at risk of Disseminated Intravascular Coag-
ulation (DIC) and thromboembolism. Tang et al. stated that 71%
of patients who died of critical-grade COVID-19 met the diagnos-
tic criteria for DIC.2* Administration of MSCs via the intravenous

route is controversial because MSCs with high levels of tissue
factor (TF)/CD142 have a high risk of causing a patient to fall into
a hypercoagulation state.®

Adipose tissue-derived MSCs are the MSC source that expresses

TF/CD142 the most, and Perlee et al. showed an increase in
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thrombin-antithrombin-complex and D-dimer after administration of
4 x 10° cells/kg body weight AT-MSCs; thus, an application dose less
than 4 x 10° cells/kg body weight is recommended.'® Not analyzing
the TF/CD142, we used UC-MSCs with 1 x 10°/kg body weight
dose. Supported with no significant differences in the D-dimer
between two groups at baseline and after application, the use of
MSCs in this study is not associated with hypercoagulation.”

Our study revealed that there was a decreased trend of IL-6 in
the MSCs group and an increasing trend of IL-10 with no significant
difference. Zheng et al. and Meng et al. also showed a decreasing
trend of IL-6 after MSC application for moderate to severe COVID-19
with no statistically significant value.*®!° Consistently, Leng et al.
reported an increase of IL-10 in the MSCs group compared with the
placebo group with a significant value (P < .05).

Having the ability to secrete paracrine factors that suppress IL-6
serum level, MSCs evoked the tolerance state by which
proinflammatory cytokine subsides.?° Indeed, our result showed IL-10
increment on day 7 after MSC application in comparison to baseline.
Released by MSCs, IL-10 activated T-lymphocyte suppressor or regu-
lator and also play roles in the healing of the organ tissue.?'24

Increased expression of LIF in our study was shown in 80% of
recovered patients who were treated with MSCs. Similarly, Leng et al.
also reported 10x RNA analysis of transplanted MSCs, which was
highly expressed in LIF. As one of the cytokine family that is still less
explored for use in lung injury in COVID-19, LIF possesses the capa-
bility to repair and regenerate through stem cell niches of type Il alve-
olar epithelial cells.®*?> LIF also plays a role in controlling excessive
inflammatory cascade, in which the increase has an inhibitory effect
on overactive T-lymphocyte populations CXCR3+CD4+, CX-CR3
+CD8+, and CX-CR+CD56 cells that play roles in cytokine
storms.2627

We found that there was a suppression of the population of
CD8-CXCR3 and CD56-CXCR3 after the MSC application. A decrease
in the population of these immune cells in the peripheral blood circu-
lation indicates a subsidence of cytokine storms and progression
toward clinical improvement.?82? However, our analysis did not show
a suppression of the population of CD4-CXCR3, but the increment in
the MSCs group on day 7 is showing a flatter trend when compared
with the control group. The increment pattern of CD4-CXCR3 after
MSC application indicates the proliferation of these Th1 populations.
MSCs have been indicated to regulate the balance between
proinflammatory (Th1) and anti-inflammatory(Th,), and a shift toward
Th, phenotype is the target of MSC application.®°-32

We also studied VEGF, an angiogenic factor that is essential in the
recovery of the damaged lung. Whereas VEGF tended to go down in
the control group, MSCs gave a boost to increase VEGF in the circula-
tion so that regeneration of capillary at the lung could occur.?® Similarly,
Leng et al. also demonstrated the same result where VEGF is increased
significantly after the application of MSCs (P = .0556). MSCs are well
known to secrete keratinocyte growth factor, VEGF, and hepatocyte
growth factor, which play a role in regenerating lung type Il alveolar
cells, preventing apoptosis of pulmonary capillary endothelial cells, and

improving air-alveolar barrier repair in ARDS.2® Thus, MSCs act not

only as an immunomodulator but also to regenerate and to repair the
damaged lung tissue in COVID-19 pneumonia.®> As evidenced by Shu
et al. in their study, it was proved that administering MSCs to patients
with critical-grade COVID-19 gave better results in terms of Computed
Tomography (CT) scores, the number of lobes involved, and the
ground-glass opacity image, which represented a reduced Ilung
inflammation.”

This study has several limitations. First, the limited subject in this
study hold up to acquire a statistically significant result. Second, we
did not perform further supplementary tests to check for endotheliitis.
Another limitation is that we did not apply exact criteria about how
long the critically ill patient with COVID-19 had been treated in
the ICU.

5 | CONCLUSION
Application of intravenous infusion MSCs as an adjuvant treatment
for critically ill patients with COVID-19 increases the survival rate by

modulating the immune system toward an anti-inflammatory state.
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