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Summary
Background The present study aims to better understand the efficacy and safety of mesenchymal stromal cells
(MSCs) in treating severe/critical patients with COVID-19.

Methods PubMed, the Cochrane Library, and the Chinese electronic database CNKI were searched from inception
up to Dec 19, 2021. Original comparative studies for MSC treatment + standard treatment for severe/critical patients
with COVID-19, with placebo or standard treatment as the control group, were included. The primary outcomes
were in-hospital mortality and adverse events (AEs). A meta-analysis was performed to compare the mortality rates
between the two groups. Then, a subgroup analysis was performed according to the category of the disease (severe
or critical) and MSC dose. Afterwards, a descriptive analysis was performed for AEs and secondary outcomes. The
funnel plot and Egger’s test were used for the publication bias assessment.

Findings Compared to placebo or standard care, MSCs provide significant benefit in the treatment of patients with
severe/critical COVID-19, in terms of in-hospital mortality rate (odds ratio: 0.52, 95% CI 0.32-0.84), with very low
heterogeneity (P=0.998 [Q test], I2=0.0%) and less AEs. No significant difference was found in mortality rate due to
the different disease categories or MSC doses. Furthermore, no publication bias was found.

Interpretation The present study demonstrates that MSCs are highly likely to reduce mortality and are safe to use
for patients with severe or critical COVID-19, regardless of whether 1-3 doses are applied. However, due to the small
sample size of the included studies, further high-quality, large-scale trials are needed to confirm this statement in
the future.
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Research in context

Evidence before this study

We searched the Cochrane Library, Medline, and
Embase databases up until Dec 19, 2021. The search
identified 3638 references (Medline: 1213, Embase:
2337, and Cochrane Library: 88). After duplicate check-
ing, approximately 2630 records were collected and
stored in the Endnote library. Approximately 150
reviews related to the topic were found. However, there
was no systematic review and meta-analysis on mesen-
chymal stromal cells (MSCs) for severe COVID-19. A sys-
tematic review in treating COVID-19 patients was
published (2021) but not severe/critical COVID-19.
According to the systematic review (2021), stem cell
therapy has a remarkable effect in reducing the mortal-
ity and morbidity of patients with COVID-19.

Added value of this study

This study summarised the presently available evidence
on the efficacy and safety of MSCs for severe COVID-19.
To our knowledge, this is the first systematic review and
meta-analysis conducted on this topic. The present
study revealed that the mortality in the experimental
group significantly decreased (OR: 0.52, 95% CI: 0.32-
0.84), with fewer AEs. Furthermore, an apparent
improvement in pulmonary function and imaging
appearance in patients with severe/critical COVID-19
was determined after the use of MSCs. In addition, it
was found that the cytokines decreased or tended to
decrease in the experimental group, further proving the
pulmonary repair function of MSCs in severe/critical
patients with COVID-19. In terms of resource use, it was
found that the length of hospitalisation and ICU stays
were shorter in the experimental group, when com-
pared to the control group.

Implications of all the available evidence

The present study demonstrated that MSCs can signifi-
cantly reduce mortality, and are safe to use for patients
with severe or critical COVID-19, regardless of whether
1-3 doses are used. In addition, MSCs have a high
potential to improve pulmonary function, save resource
use, and decrease inflammatory cytokines in these
patients. However, due to the small sample size of the
included studies, high-quality, large-scale trials are
needed to confirm this statement in the future.
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Introduction
Approximately 270 million COVID-19 cases and more
than five million related deaths have been confirmed
worldwide.1 The most common symptoms of COVID-
19 include cough, fever, myalgias, fatigue, headache
and diarrhoea.2 Severe or critical COVID-19 usually
begins at approximately one week after disease onset.3

Dyspnea and hypoxemia, followed by progressive respi-
ratory failure, are the most common severe disease
symptoms.4 Most severe or critical patients can progress
to acute respiratory distress syndrome (ARDS).3 It has
been reported that the mortality can reach up to 49%
for critically ill patients.5

Scientists are presently working on developing effective
drugs for COVID-19. Remdesivir is the only antiviral drug
approved by the Food and Drug Administration (FDA) in
the United States of America (USA) to treat COVID-19 in
adults, and children of 12 years old and older.6 Respiratory
support and dexamethasone remains as the main therapy
for most hospitalised patients with COVID-19.7,8 Hence,
there is an urgent need for novel therapies that can help
in the recovery of respiratory function and decrease the
mortality of patients with severe COVID-19.

Mesenchymal stem cells, also known as mesenchy-
mal stromal cells (MSCs), are a subset of heterogeneous
cells that can differentiate into cells of multiple line-
ages.9 The biomolecular basis of adipose-derived MSCs
was found to be correlated to the activity of receptor
tyrosine kinases (RTKs).10,11 MSCs have been shown to
have an antimicrobial function, enhance tissue repair,
and balance hyperinflammatory processes and overac-
tive immune systems.9

Severe patients with COVID-19 often present with
noticeable inflammatory cell infiltration following rapid
viral replication.12 Furthermore, several studies have
identified the presence of the “cytokine storm” (exces-
sive inflammation) and ARDS in patients with COVID-
19 due to the dysregulated immune response.13−15

Moreover, several observational studies have reported
the efficacy and safety of MSCs in COVID-19 disease
treatment.16−19 Therefore, MSCs appear to be a suitable
cell-based therapy due to their function in reducing
lung injury by modulating the immune response.20 A
recent living systematic review conducted by Kirkham et
al. stated that treating COVID-19 using MSCs appear
promising.21 However, there is a lack of systematic evi-
dence on the efficacy and safety of MSCs in treating
severe/critical patients with COVID-19. The present
study aims to systematically review the literature to bet-
ter understand the efficacy and safety of MSCs in treat-
ing severe/critical patients with COVID-19.
Methods

Study design
The present study was reported following the PRISMA
guidelines for reporting systematic reviews.22 Due to
the retrospective and anonymous characteristics of the
study, the informed consent from patients and ethics
approval were waived.
Search strategy and selection criteria
English electronic databases (PubMed and Cochrane
Library) and the Chinese electronic database CNKI were
www.thelancet.com Vol 51 Month , 2022
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searched. The search terms used were, as follows:
“COVID”, “SARS-CoV-2”, “coronavirus disease”, “novel
coronavirus”, “novel coronaviral”, “mesenchymal stem
cell”, “mesenchymal stromal cell”, “MSC*”, “stem cell”,
and “stromal cell”. Additional references were searched
by cross-checking the bibliographies of the retrieved
studies or relevant reviews. The final search date for the
literature search was December 19, 2021. The search
strategy is presented in the Appendix.

Inclusion criteria: (a) original comparative studies
that included randomised controlled trials (RCTs), retro-
spective or prospective cohort studies, and case-control
studies; (b) patients with severe and/or critical COVID-
19 disease, without age restriction, or studies with sub-
group information on severe and/or critical COVID-19
disease patients; (c) MSCs with standard treatment as
the experiment group; (d) standard treatment or placebo
combined with standard treatment as the control treat-
ment group; (e) studies with information on the out-
comes of survival rate or adverse effects. Exclusion
criteria: (a) other study designs, including case reports,
clinical research protocols, and non-controlled trials; (b)
studies not written in the English language; (c) abstracts
without full-text reports.
Study selection
Two independent authors (WY and HD) with more than
three years of research experience performed the study
selection. After deleting the duplicate studies, title and
abstract screening were performed according to the eli-
gibility criteria, using the Endnote (X9 version) software.
Then, the full-text reports of potentially eligible studies
were retrieved for further screening. Studies that may
not have information on the target outcomes were
excluded during the data analysis process. During the
full-text screening process, Excel spreadsheets were
used to record the reasons for each excluded study. Any
disagreements between the two reviewers were resolved
by discussion or referring to a third authority (JQ).
Data extraction
Two independent authors (WY and HD) used an Excel
data collection form to collect the data for each included
study. Missing or unclear information was requested
from the corresponding author of the study through
E-mail.

The primary outcome included short-term mortality
and adverse events (AEs), including any AEs and MSC-
related AEs. The secondary outcomes were, as follows:
(a) pulmonary function and imaging changes, (b) the
resource use was measured according to the length of
hospitalisation or ICU stay, and (c) the change in
inflammatory cytokines.

The following data were collected: (a) study charac-
teristics (study design, first author, year of publication,
www.thelancet.com Vol 51 Month , 2022
country, and sample size for each group); (b) patient
characteristics (age, gender and comorbidities); (c)
information and characteristics of the MSC treatment
and control treatment; (d) information on other treat-
ments; (e) information on the co-therapy.
Quality assessment and certainty of the evidence
Two independent reviewers (WY and HD) performed
the risk of bias assessment for each included study.
Any disagreements were resolved by discussion or
referred to a third authority (JQ). The revised
Cochrane risk-of-bias tool for randomised trials was
applied to assess the risk of bias for each RCT study.
The risk of bias assessment was performed using
the Risk of Bias in Non-randomised Studies of Inter-
ventions (ROBINS-I) tool for observational studies.23

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach24

was applied to assess the outcome results with the
meta-analysis result.
Data analysis
For the primary outcome, the mortality was measured
using odds ratio (OR) with 95% confidence interval
(CI). Since there was not enough data to perform a
meta-analysis, descriptive analysis was performed for
the AEs and all secondary outcomes. Two independent
reviewers together performed the meta-analysis using
the STATA software, version 16.0 (Stata Corp., College
Station, TX, USA). P<0.05 was considered statistically
significant.

For the mortality rate, merely studies that used the
outcome data to compare the two interventions were
included in the meta-analysis. Data conversions were
required when there was no appropriate direct number
for the meta-analysis. If there was any missing data or
unclear data, an e-mail was sent to the corresponding
author of the study to request information. The pooled
event rates were calculated using a double arcsine trans-
formation to stabilise the variances of the original pro-
portions. Each pooled rate was presented in proportion,
with 95% CI. Based on the information obtained from
the domain and research question, a meta-analysis was
performed for outcome measures when there were at
least two clinically homogenous studies (studies with
similar participants, interventions, and outcomes), and
a forest plot was generated for each meta-analysis. Due
to the potential high heterogeneity of the included
studies, the random-effects model was initially cho-
sen for all analyses. The heterogeneity was estimated
using the Q-test and I2 score. If the P-value was ≥0.1
(for Q-test) and I2 was ≤50%, the result was consid-
ered not heterogeneous. Subsequently, a fixed-effects
model was applied for the analysis as the final
result.25−27 The subgroup analysis was performed
3
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according to the number of MSC doses and COVID-
19 category (severe or critical). The sensitivity analy-
sis was conducted by deleting the data of each
included study, one by one, in order to assess the
robustness of the synthesised results.
Reporting for bias assessment
Publication bias analysis by Egger’s test was performed
for all response rates when the results were obtained
from at least 10 studies. P<0.05 suggests the presence
of publication bias. This was dealt with using the trim-
and-fill method.28
Role of the funding source
The funders of the study had no role in the study
design, data collection, data analysis, data interpreta-
tion, or writing of the report. All authors had full access
to all data in the study and had the final responsibility
for the decision to submit the study for publication.
Results

Study selection
A total of 3644 articles were extracted from the litera-
ture search. After omitting duplicate studies, 2632
articles underwent title and abstract screening. Among
these articles, 24 articles were selected for the full-text
review. Finally, 13 studies reported in 14 articles were
included for the study quality assessment and data anal-
ysis.5,29−41 The study selection process and reasons for
excluding studies are presented in Figure 1.
Study characteristics
A total of 557 patients were involved in the included 13
studies, with a sample size range of 8-210 patients. The
number of RCTs, prospective cohort studies, and retro-
spective cohort studies was 7, 5 and 1, respectively. All
articles were published in 2020 or 2021. Diabetes and
hypertension were the most common reported comor-
bidities. The details of the participants, including the
age, male rate, treatments, follow-up and primary out-
comes, in the included 13 studies reported in 14 articles
are listed in Table 1.

Among the 13 included studies, eight studies used
umbilical cord-derived derived MSCs,5,29,32,33,36,38−41 two
studies used healthy bone-marrow-derived MSCs,34,35 one
study used menstrual blood-derived MSCs,30 and one
study used non-hematopoietic enriched stem cells.37 For
the dose, seven studies administered 1-3 £ 106 cells per kg
of body weight,5,32,35,36,38,39,41 four studies administered 3-
12 £ 107 cells per infusion,29,30,33,40 and two studies did
not report the stem cell dose.34,37 Among the 210 patients
in the experimental group, 59 patients received a single
dose,5,32,36,39,41 35 patients received two doses,35,37,40 and
116 patients received three doses of therapy.29,30,33−35,38 All
included studies applied intravenous (IV) as the route of
delivery. However, not all studies reported the details of
standard care. Among the reported treatments,5,32,38,39 the
most common standard treatments included antipyretic,
antiviral, glucocorticoid, and supportive therapy. There
was diversity on the details of the standard treatment
between different hospitals and countries.
Risk of bias in the studies
The risk of bias in seven RCTs is summarised in
Table 2.5,29,36−38,40,41 Three studies had bias concerns
in randomisation,36−38 and one study had a high risk of
bias due to randomisation.5 Furthermore, two studies
had concerns in selection reporting,40,41 and one study
had concerns about the deviation of the intervention.36

For the overall assessment, one study was defined as
having a high risk of bias,5 five studies were defined as
having some concerns,36−38,40,41 and one study was
defined as having a low risk of bias.29,31

For the six cohort studies, the risk of bias assessment
results is listed in Table 3. All six studies had a risk of
bias in the selection of the reported result since none of
these studies published a priori protocol. Further-
more, there was no evidence that these had problems
in the domains with bias in the measurement of out-
comes into the study, or bias in the classification of
interventions. However, all studies had problems in
risk of bias due to confounding. Therefore, the over-
all risk of bias was defined as moderate and serious
risk of bias in four (66.7%)32−35 and two (33.3%)
studies,30,39 respectively.
Short-term mortality
Among the 13 included studies, three studies reported
that all patients who participated survived.31−33 The
detailed number of deaths reported in each included
article is presented in Table 4. The mortality for all other
remaining studies indicated that patients in the stem
cell group had a lower mortality rate (0.08; 95% CI:
0.01, 0.20), when compared to those in the control
group (0.28; 95% CI: 0.12, 0.48). The present meta-
analysis revealed that compared to standard treat-
ment, MSC therapy can significantly decrease the
mortality rate of patients with severe/critical COVID-
19 (OR: 0.52, 95% CI: 0.32-0.84), with very low het-
erogeneity (P=0.998 [Q-test], I2=0.0%) (Figure 2 &
Appendix).

According to the subgroup analysis, no statistical sig-
nificance was found between severe cases (OR: 0.59;
95% CI: 0.29, 1.18) and critical cases (OR: 0.56; 95%
CI: 0.26, 1.19). In addition, no statistical significance
was found among the one-dose MSC therapy (OR: 0.55;
www.thelancet.com Vol 51 Month , 2022



Figure 1. PRISMA flow diagram for article selection.
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95% CI: 0.25, 1.24), two-dose MSC therapy (OR: 0.47;
95% CI: 0.18, 1.24), and three-dose MSC therapy (OR:
0.52; 95% CI: 0.24, 1.15).

After deleting the data obtained from observational
studies, the OR for the mortality rates between the two
groups was 0.54 (95% CI: 0.29-1.00), which was similar
to the total results. In addition, after excluding the data
obtained from serious risk of bias studies, the OR for
www.thelancet.com Vol 51 Month , 2022
the mortality rates between the two groups was 0.57
(95% CI: 0.34-0.95), which was similar to the total
results.

The P-value in Egger’s test for the comparison of
mortality rates was 0.07. Combined with the funnel
plots (Figure 3), it was found that there was no publica-
tion bias in the included studies for the OR of mortality
rates between the two groups.
5
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First author

(publication

year), country

Study Design Included

patients

Total sample

size

(experimental

arm/control

arm), n

Total sample

age

(experimental

arm/control

arm), mean §
SD or specified

Experimental

arm male

/control arm

male, n (%)

Comorbidities (n,

experimental arm/control

arm)

Experimental

treatment

Control

treatment

Follow up days Primary outcome(s)

Shi et al. (2021),

China

RCT Severe patients

with COVID-19

100 (65/35) Not specified

(60.72 § 9.14/

59.94 § 7.79)

37 (56.92%)/ 19

(54.29%)

Any comorbidities (34/18) UC-MSCs Placebo 1 year Imaging and clinical

outcomes

Ventura-

Carmenate

et al. (2021),

United Arab

Emirates

Open‑label RCT Severe patients

with COVID-19

44 (20/24) Not specified Not specified Not specified Standard care plus

PB-NHESC-C

Standard care 28 days Hospital discharge and

mortality

Xu et al. (2021),

China

Prospective

cohort study

Severe and criti-

cally ill

patients with

COVID-19

44 (26/18) Not specified

(58.31 §
12.49/ 61.11 §
11.03)

17 (65.38%)/ 13

(72.22%)

Not specified MSC infusion plus

concomitant

medication

Concomitant

medication

1 month Survival rate

Zhu et al. (2021),

China

RCT Severe and criti-

cally ill

patients with

COVID-19

27 (14/13) Not specified Not specified Diabetes (4/4), hypertension

(11/11), cerebrovascular

disease (3/2), coronary

heart disease (3/3),

Chronic respiratory diseases

(1/0)

Standard treatment

plus MSC infusion

Standard treat-

ment plus

placebo

Not specified Hospital stays

Table 1: Characteristics of the 13 included studies in 14 articles.
Abbreviation: RCT, randomised controlled trial; SD, standard deviation; hUC-MSC, human umbilical cord mesenchymal stem cell; USA, United states of America; ECMO, extracorporeal membrane oxygenation; IQR, interquartile

range; ARDS, acute respiratory distress syndrome; ICU, intensive care unit; PB-NHESC-C, peripheral blood non-hematopoietic enriched stem cell cocktail.
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Table 2: Summary assessment of risk of bias for the included studies using the revised Cochrane risk-of-bias tool for randomised trials (RoB2).

Table 3: Summary assessment of the risk-of-bias for the five included studies using the ROBIN-I tool.

Articles

8 www.thelancet.com Vol 51 Month , 2022



First author
(publication year),
country

Mortality rate (MSC
group vs. Control
group)

AEs Pulmonary function Pulmonary imaging changes Length of
hospitalisation (MSC
group vs. Control
group)

Inflammatory cytokines

Kaushal et al.
(2020), USA

(2/9) vs. (15/31) No patients were lost to follow-up
for the primary outcome of
safety with MSC infusion, and
there were no reported side
effects.

Not specified. Not specified. Not specified. Isolated plasma exosomes contain-
ing the SARS-COV-2 spike pro-
tein decreased after MSC
infusions between day 14 or 21
after administration (P = 0.003
and P = 0.005, respectively), and
this was associated with the
decrease in COVID-19 IgG spike
protein titer at the same time
points (P = 0.006 and P = 0.007,
respectively). Control ECMO
patients who received conva-
lescent plasma did not clear the
COVID-19 IgG during the same
time frame.

Leng et al. (2020),
China

(0/5) vs. (1/3) No acute infusion-related or allergic
reactions were observed within
two hours after transplantation.
Similarly, no delayed hypersensi-
tivity or secondary infections
were detected after treatment.

For all the experimental patients,
the oxygen saturations rose to
≥95% at rest, with or without
oxygen uptake (5 liters per
minute).

Not specified. Not specified. After the intravenous injection of
MSCs, the decrease ratio of
serum pro-inflammatory cyto-
kine TNF-a before and after MSC
treatment was significant
(P<0.05). Meanwhile, the
increase ratio of anti-inflamma-
tory IL-10 (P<0.05) was remark-
able in the MSC treatment
group.

Meng et al. (2020),
China

(0/4) vs. (0/4) There were no serious adverse
events associated with the UC-
MSC infusion. Two patients who
received UC-MSCs developed
transient facial flushing and fever
immediately on infusion, and
this was spontaneously resolved
within four hours.

In most experimental severe
patients, the partial pressure of
arterial oxygen: percentage of
inspired oxygen (PaO2/FiO2) ratio
improved after UC-MSC
treatment.

The CT scans indicated that
patients in the MSC group pre-
sented with absorption of pul-
monary pathological changes.

Hospital stay: 20.00 vs.
23.00 days, P = 0.306

There was a decreasing trend in the
levels of all these cytokines in
UC-MSC-treated patients within
14 days.

Shu et al. (2020),
China

(0/12) vs. (4/29) All patients who received UC-MSC
treatment had no adverse reac-
tions (such as rash, allergic reac-
tions and febrile reactions, after
infusion).

The arterial blood gas analysis
revealed that the time for the
oxygenation index to return to
the normal range was faster in
the UC-MSC treatment group,
when compared to the control
group.

The chest CT scans indicated that
the CT scores, number of lobes
involved, GGO, and consolida-
tion, which reflects the decrease
in lung inflammation in the stem
cell treatment group, were sig-
nificantly better, when com-
pared to those in the control
group.

Not specified. Compared with those of the control
group, the C-reactive protein
and IL-6 levels significantly
decreased from day dat of the
stem cell infusion in the UC-MSC
group.

Table 4 (Continued)
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First author
(publication year),
country

Mortality rate (MSC
group vs. Control
group)

AEs Pulmonary function Pulmonary imaging changes Length of
hospitalisation (MSC
group vs. Control
group)

Inflammatory cytokines

Adas et al. (2021),
Turkey

(3/10) vs. (6/10) No adverse or serious adverse
events related to the MSC ther-
apy occurred.

Not specified. Not specified. Not specified. When the MSC group and control
group were compared, the
serum ferritin, fibrinogen and
CRP levels in the MSC group sig-
nificantly decreased.

Dilogo et al. (2021),
Indonesia

(10/20) vs. (16/20) The intravenous infusion of MSCs
was found to be safe and well-
tolerated, with no life-threaten-
ing complications or acute aller-
gic reactions during the
administration. The critically ill
patients with severe COVID-19
presented no immediate death
or acute anaphylactic shock after
MSC application.

Not specified. Not specified. The difference in length
of stay in the intensive
care unit and ventilator
usage were not statisti-
cally significant.

Inflammatory markers, namely, pro-
calcitonin, and CRP, were not sig-
nificantly different between the
MSC group and control group.

Feng et al. (2021),
China

(0/8) vs. (0/20) In the UC-MSC group, none of the
patients experienced any
adverse reactions, such as skin
itchiness, dizziness, loss of appe-
tite, or foggy vision, after dis-
charge. Two patients had slightly
increased alanine aminotransfer-
ase (ALT) and aspartate amino-
transferase (AST) levels, and one
patient had mildly elevated lev-
els of CA12-5.

Compared to the control group
(59.45%−27.45%), the UC-MSC
group (71.88%− 8.46%) had a
higher mean FEV1 (P<0.01). The
mean FEV1/FVC ratio was signifi-
cantly higher in the UC-MSC
group, when compared to that in
the control group (79.95%-8.00%
vs. 58.97%-19.16%, P<0.05).

There were no significant differen-
ces in CT scores between the
two groups (0.60-0.88 vs. 1.00-
1.31, P = 0.917).

Not specified. There were no significant differen-
ces in CPR (P = 0.111), but there
were significant differences in
procalcitonin (P = 0.002)
between the two groups at fol-
low-up after three months

Haberle et al.
(2021), Germany

(1/5) vs. (10/18) Not specified. At discharge, the MSC-treated
patients had a significantly lower
Murray score of 0.3+0.1, when
compared to control patients,
who presented an average score
of 1.3+1.1.

Not specified. Patients in the control
group had a shorter
length of stay in the
intensive care unit,
when compared to the
MSC group, but the dif-
ference was not signifi-
cant (P = 0.07).

The values for CRP and IL-6 did not
significantly differ between the
groups during ICU treatment.

Lanzoni et al.
(2021), USA

(2/12) vs. (7/12) Two serious adverse events (SAEs)
were observed in the UC-MSC
group, and 16 SAEs were
observed in the control group,
affecting 2 of 12 and 8 of 12 sub-
jects, respectively (P = 0.04, Fish-
er's exact test). Significantly
more subjects experienced SAEs
in the control group, when com-
pared to the UC-MSC treatment
group. Merely one AE was possi-
bly related to the treatment in
the UC-MSC group.

Not specified. Not specified. Not specified. Inflammatory cytokines signifi-
cantly decreased in UC-MSC-
treated subjects at day six.

Table 4 (Continued)

A
rticles

10
w
w
w
.th

elan
cet.com

V
ol51

M
on

th
,2022



First author
(publication year),
country

Mortality rate (MSC
group vs. Control
group)

AEs Pulmonary function Pulmonary imaging changes Length of
hospitalisation (MSC
group vs. Control
group)

Inflammatory cytokines

Shi et al. (2021),
China

(0/65) vs. (0/35) The incidence of AEs reported dur-
ing the study was similar in the
MSC group (55.38%) and pla-
cebo group (60%) All AEs were
unrelated to the UC-MSC inter-
vention. No deaths were
observed in this trial. There was
no difference in adverse events
at the 1-year follow-up.

The 6-minute walk test revealed an
increase in distance in patients
treated with UC-MSCs (differ-
ence: 27.00 m; 95% CI: 0.00,
57.00; P = 0.057).

UC-MSCs significantly reduced the
proportions of solid component
lesion volume, when compared
to the placebo (median differ-
ence: -15.45%; 95% CI: -30.82%,
-0.39%; P = 0.043). More interest-
ingly, 17.9% (10/56) of patients
in the MSC group had normal CT
images at month 12, but there
was none in the placebo group
(P = 0.013).

Not specified. There was no significant difference
in the subsets of peripheral lym-
phocyte counts (CD4+ T cells,
CD8+ T cells, B cells, NK cells)
and plasma markers between
the two groups.

Ventura-Carmenate
et al. (2021),
United Arab
Emirates

(4/20) vs. (7/24) In total, adverse events were
reported in 50 (72.46%) patients
who received stem cell treat-
ment, when compared to the 51
(72.85%) patients in the control
group (P = 0.9419). A total of 240
adverse events were reported
during the 28-day follow-up for
all enrolled patients.

Not specified. Not specified. After nine days of follow-
up (evaluating the first
tertial after cell ther-
apy), 63.3% of patients
in the experimental
group recovered, and
were discharged from
the hospital. In the
control group, this per-
centage was only
57.1%, and a non-sig-
nificant difference was
found.

The IL-6 and C-reactive protein lev-
els also significantly decreased in
the treated group during the fol-
low-up. In the control group,
only statistically significant
changes were observed in the
reduction of C-reactive protein
levels.

Xu et al. (2021),
China

(2/26) vs. (6/18) The frequency of each AE was sta-
tistically similar between the two
groups, except for the AE related
to high blood pressure, which
was more common in the con-
trol group. Furthermore, the
experimental group had a lower
incidence of AEs (76.92%), when
compared to the experimental
group (100.00%), but the differ-
ence was not statistically
significant.

SpO2 significantly improved follow-
ing MSC infusion, from 94.72§
3.4% before treatment to 96.04§
5.93% after treatment (P<0.001).

The chest CT results suggest that
the relative improvement rate
was higher in the experimental
group at one month after MSC
infusion, when compared to the
control group.

Length of stay in the ICU
(mean§SD, days),
experimental group:
24.00§12.67; control
group: 22.17§20.66.

For inflammatory indices, there
were no significant differences in
CRP (P = 0.486) and IL-6 (P =
0.375).

Zhu et al. (2021),
China

(0/14) vs. (2/13) More serious adverse events were
recorded in the placebo group,
when compared to the MSC
group, but the difference was
not statistically significant.

Not specified. The CT and X-ray significantly
improved in the experimental
group (P = 0.008).

Median time of hospitali-
zation stay (days): 11
(8, 14) vs. 15 (11, 19)
with P = 0.0198.

The MSC infusion reduced the lev-
els of C-reactive protein, proin-
flammatory cytokines, and
neutrophil extracellular traps
(NETs).

Table 4: Outcomes for the 13 studies in the 14 articles for efficacy and safety.
Abbreviations: UC-MSC, umbilical cord mesenchymal stem cell; AEs, adverse events; vs., versus; CRP, C-reactive protein; CT, computed tomography.
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Figure 2. Forest plot for the comparison of mortality rates between the experimental group (stem cell therapy + standard treatment) and con-
trol group (standard treatment).

Articles

12
Adverse events
All included articles, except for the article published by
Haberle et al.,35 reported safety outcomes. None of the
included studies reported any treatment-related serious
AEs or death related to cell infusion (Table 4). Merely
one study reported a subject with bradycardia with pos-
sible infusion-related AE. This patient experienced
worsening of the bradycardia, and required transient
vasopressor treatment.40 Furthermore, none of the stud-
ies, except for the study published by Meng et al.,33

reported infusion-related AEs. Meng et al. reported one
case of transient facial flushing and fever that immediately
occurred upon infusion, and another case of transient
fever, which was resolved without treatment.33 Five studies
compared non-treatment-related AEs during the trials
between the two groups.29,30,36,37,40 In all five studies, the
incidence of AEs in the experimental group was similar to
or less than that in the control group.
Pulmonary function and imaging changes
Eight included studies reported the pulmonary
function and/or imaging changes between the two
groups.5,29,30,32,33,35,36,39 Compared to the control group, the
experimental group was reported to have better pulmonary
function improvement and imaging appearance (Table 4).
Resource use
Resource use was reported in six included studies
(Table 4).5,33,35−37,41 Meng et al. and Ventura-Carmenate et
al. reported shorter length of hospitalisation stays, but the
www.thelancet.com Vol 51 Month , 2022



Figure 3. Funnel plot for the odds ratios of mortality rates obtained from the seven included articles.

Articles
difference was not statistically significant.33,37 Furthermore,
Zhu et al. reported that the experimental group had a sig-
nificantly shorter length of hospitalisation stay
(P=0.0198).36 Moreover, Dilogo et al. and Haberle et al.
reported shorter length of ICU stays in the experimental
group, when compared to the control group, but the differ-
ence was not statistically significant.35,41
Inflammatory cytokines
All included studies reported the changes in inflammatory
cells and cytokines (Table 4). The cytokines were found to
be decreasing or tended to decrease in the experimental
group. Furthermore, two studies reported that the decease
between the two groups was statistically significant.5,38
Certainty of the evidence (GRADE)
According to the GRADE assessment, the evidence for
primary outcome mortality had low certainty for the
total results, but this was moderate in the meta-analysis
results obtained from the RCTs, because the observa-
tional study design meant that the GRADE rating
started as moderate�certainty evidence. Another critical
reason for the downgrading of scores is the small sam-
ple size, which increased the imprecision of the results.
Discussion
The therapeutic function of MSCs is its anti-inflam-
matory and immunomodulatory activities. These
have been proven for many autoimmune diseases,
including multiple sclerosis, inflammatory bowel dis-
ease, and type 1 diabetes mellitus.42 The potential
www.thelancet.com Vol 51 Month , 2022
therapeutic effects of MSCs in respiratory viruses (e.
g. COVID-19) have also been discussed and summar-
ised.43 To the best of our knowledge, the present
study is the first systematic review and meta-analysis
on MSC therapy that focused on patients with
severe/critical COVID-19. In the present systematic
review, the efficacy and safety of MSCs, as an
adjunctive therapy for severe/critical patients with
COVID-19, were verified.

In terms of the decrease in short-term mortality, it
was found that the mortality in the experimental group
significantly decreased (OR: 0.52, 95% CI: 0.32-0.84).
This result is similar to a recent systematic review,
which reported that for general patients with COVID-
19, MSCs can reduce mortality (RR: 0.471, 95% CI:
0.270-0.821).44 The present findings indicated that
even for severe/critical patients with COVID-19, MSCs
can achieve efficacy, in terms of mortality. However,
according to the present subgroup analysis, the efficacy
in mortality reduction was not associated to the dose or
category of the disease (critical or severe). In addition,
MSCs may be harvested from many tissues, and adi-
pose-derived MSCs are the most popular resources
in practice.45 However, there were not enough data
to analyse and determine whether the efficacy of
MSCs is associated with the resources. Considering
the relatively small sample size of all the included
studies, large-scale prospective studies are needed to
confirm this statement.

The safety of MSCs for severe/critical patients with
COVID-19 was excellent in the present review. Further-
more, none of the included studies reported treatment-
related serious AEs or death related to cell infusion.
However, it was reported that the intravascular
13
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administration of MSCs can increase fever risk (RR:
2.48, 95% CI: 1.27-4.86).46 Among the included stud-
ies, merely Meng et al. reported two cases with infusion-
related fever, which was resolved without interventions.
Furthermore, in studies that reported general AEs, the
incidence of AEs in the experimental group was similar
to or less than that in the control group. Therefore, it
appears that MSCs are safe for patients with severe/crit-
ical COVID-19.

In the present study, an apparent improvement in
pulmonary function and imaging appearance in
patients with severe/critical COVID-19 were found after
using MSCs. The rationale of this therapeutic efficacy is
that cytokines were released due to the damage to the
organs or tissues, causing the migration of MSCs to the
sites of inflammation and injury.47 In addition, it was
found that the cytokines decreased or tended to decrease
in the experimental group, further proving the pulmo-
nary repair function of MSCs in severe/critical patients
with COVID-19.48 In terms of resource use, it was
found that the length of hospitalisation and ICU stays
were shorter in the experimental group, when com-
pared to the control group. However, most of the differ-
ences were not statistically significant.

The present systematic review was performed using
rigorous search strategies and scientific methodology.
The present systematic review and meta-analysis sug-
gest that treatment with MSCs is efficient and safe for
severe and critical COVID-19, although the certainty of
this effect remains limited. According to the GRADE
assessment, the evidence for primary outcome mortality
had low certainty for the total results. There were some
limitations in the studies. First, the sample size of the
included studies was not very large, which decreased
the precision of the results. Second, due to the different
diagnosis guidelines of different hospitals, the defini-
tions for the included severe/critical patients with
COVID-19 were slightly different in the included stud-
ies. This may have introduced a selection bias to the
present findings. Next, most of the included studies did
not provide details for the MSC characteristics, limiting
the confidence in the cell product used. Lastly, due to
the urgent need for evidence for COVID-19 treatment,
the present review was not registered, and the outlined
protocol was not published. Therefore, future high-qual-
ity, large-scale trials are needed to confirm the present
statement, which could provide benefits for the treat-
ment of COVID-19 and other similar diseases at present
or in the future.

Given the evolution of COVID-19 variants and wide-
spread vaccination programs, the treatment regimens
for COVID-19 should be updated in a timely manner.
However, for severe/critical cases, there is still an
urgent need for efficient and safe treatments, such as
MSCs. Furthermore, according to all included studies
in the present study (Table 1), the treatment regimens
are diverse. Therefore, treatment guidelines for MSCs
are needed, in terms of standard regimens, suitable
resources and adjustments, according to the different
conditions of patients.

The present study demonstrated that MSCs have
a high possibility of significantly reducing mortality
and are safe for patients with severe or critical
COVID-19, regardless of whether 1-3 doses are used.
In addition, MSCs have a high potential to improve
pulmonary function, save resource use, and decrease
the inflammatory cytokines in these patients. How-
ever, due to the small sample size of the included
studies, high-quality, large-scale trials are needed to
confirm this statement in the future.
Contributors
WY and HD designed the methods. WY, QJ, YZ and
LS carried out the acquisition, analysis, and interpre-
tation of data. WY and HD drafted the manuscript.
LS and YZ critically revised the manuscript for
important intellectual content. LS and YZ performed
the statistical analysis and were responsible for the
integrity of the data and accuracy of the data analy-
sis. All authors approved the final manuscript. All
authors had full access to all data in the study and
had the final responsibility for the decision to submit
the study for publication.
Data sharing statement
The data are available from the corresponding authors
upon reasonable request.
Declaration of interests
The authors declare that they have no competing
interests.
Acknowledgements
The authors would like to thank Yun Zhang, Qi Qi, Lei
Wang and Lingling Cui. The authors would also like to
thank Medjaden Inc. for assisting in preparing the man-
uscript. The National Key Research and Development
Program of China (No. 2020YFC0860900), the Sci-
ence and Technology Project of Wuhan (No.
2020020602012112), and the Tianjin Science and
Technology Research Program (18PTSYJC00070 and
16PTWYHZ00030) funded the study.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.
eclinm.2022.101545.
www.thelancet.com Vol 51 Month , 2022

https://doi.org/10.1016/j.eclinm.2022.101545
https://doi.org/10.1016/j.eclinm.2022.101545


Articles
References
1 World Health Organization (WHO) Coronavirus (COVID-19)

Dashboard. 9 December 2021. https://covid19.who.int/. Accessed
10 December 2021.

2 Ghelichi-Ghojogh M, Allah Kalteh E, Fararooei M. Coronavirus dis-
ease 2019; epidemiology and recommendations. J Prev Epidemiol.
2020;5:e01.

3 Berlin DA, Gulick RM, Martinez FJ. Severe covid-19. N Engl J Med.
2020;383:2451–2460.

4 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in Wuhan, China: a retro-
spective cohort study. Lancet. 2020;395:1054–1062.

5 Shu L, Niu C, Li R, et al. Treatment of severe COVID-19 with
human umbilical cord mesenchymal stem cells. Stem Cell Res Ther.
2020;11:361.

6 Lamb YN. Remdesivir: first approval. Drugs. 2020:1–9.
7 RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexa-

methasone in hospitalized patients with Covid-19. N Engl J Med.
2021;384:693–704.

8 Felten-Barentsz KM, van Oorsouw R, Klooster E, et al. Recommen-
dations for hospital-based physical therapists managing patients
with COVID-19. Phys Ther. 2020;100:1444–1457.

9 Lindner U, Kramer J, Rohwedel J, Schlenke P. Mesenchymal stem
or stromal cells: toward a better understanding of their biology?
Transfus Med Hemother. 2010;37:75–83.

10 Scioli MG, Bielli A, Gentile P, Mazzaglia D, Cervelli V, Orlandi A.
The biomolecular basis of adipogenic differentiation of adipose-
derived stem cells. Int J Mol Sci. 2014;15:6517–6526.

11 Gentile P, Piccinno MS, Calabrese C. Characteristics and potential-
ity of human adipose-derived stem cells (hASCs) obtained from
enzymatic digestion of fat graft. Cells. 2019;8:282.

12 Xu Z, Shi L, Wang Y, et al. Pathological findings of COVID-19 asso-
ciated with acute respiratory distress syndrome. Lancet Respir Med.
2020;8:420–422.

13 Middleton EA, He X-Y, Denorme F, et al. Neutrophil extracellular
traps contribute to immunothrombosis in COVID-19 acute respira-
tory distress syndrome. Blood. 2020;136:1169–1179.

14 Khosroshahi LM, Rezaei N. Dysregulation of the immune response
in coronavirus disease 2019. Cell Biol Int. 2021;45:702–707.

15 Sinha P, Matthay MA, Calfee CS. Is a “cytokine storm” relevant to
COVID-19? JAMA Intern Med. 2020;180:1152–1154.

16 Gentile P, Sterodimas A. Adipose stem cells (ASCs) and stromal
vascular fraction (SVF) as a potential therapy in combating
(COVID-19)-disease. Aging Dis. 2020;11:465–469.

17 Gentile P, Sterodimas A. Adipose-derived stromal stem cells
(ASCs) as a new regenerative immediate therapy combating coro-
navirus (COVID-19)-induced pneumonia. Expert Opin Biol Therapy.
2020;20:711–716.

18 Gentile P, Sterodimas A, Pizzicannella J, Calabrese C, Garcovich S.
Research progress on mesenchymal stem cells (MSCs), adipose-
derived mesenchymal stem cells (AD-MSCs), drugs, and vaccines in
inhibiting COVID-19 disease. Aging Dis. 2020;11:1191–1201.

19 Gentile P. SARS-CoV-2: the “uncensored” truth about its origin
and adipose-derived mesenchymal stem cells as new potential
immune-modulatory weapon. Aging Dis. 2021;12:330–344.

20 Xu Z, Huang Y, Zhou J, et al. Current status of cell-based therapies
for COVID-19: evidence from mesenchymal stromal cells in sepsis
and ARDS. Front Immunol. 2021;12:738697.

21 Kirkham AM, Monaghan M, Bailey AJM, et al. Mesenchymal stem/
stromal cell-based therapies for COVID-19: first iteration of a living
systematic review and meta-analysis: MSCs and COVID-19.
Cytotherapy. 2022.

22 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71.

23 Sterne JA, Hern�an MA, Reeves BC, et al. ROBINS-I: a tool for
assessing risk of bias in non-randomised studies of interventions.
BMJ. 2016;355:i4919.

24 Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging con-
sensus on rating quality of evidence and strength of recommenda-
tions. BMJ. 2008;336:924–926.

25 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327:557–560.

26 Bowden J, Tierney JF, Copas AJ, Burdett S. Quantifying, displaying
and accounting for heterogeneity in the meta-analysis of RCTs
using standard and generalised Q statistics. BMC Med Res Meth-
odol. 2011;11:41.
www.thelancet.com Vol 51 Month , 2022
27 Huedo-Medina TB, S�anchez-Meca J, Mar�ın-Mart�ınez F, Botella J.
Assessing heterogeneity in meta-analysis: Q statistic or I2 index?
Psychol Methods. 2006;11:193–206.

28 Shi L, Lin L. The trim-and-fill method for publication bias: practical
guidelines and recommendations based on a large database of
meta-analyses.Medicine. 2019;98:e15987.

29 Shi L, Huang H, Lu X, et al. Effect of human umbilical cord-derived
mesenchymal stem cells on lung damage in severe COVID-19
patients: a randomized, double-blind, placebo-controlled phase 2
trial. Signal Transduct Target Ther. 2021;6:58.

30 Xu X, Jiang W, Chen L, et al. Evaluation of the safety and efficacy of
using human menstrual blood-derived mesenchymal stromal cells
in treating severe and critically ill COVID-19 patients: an explor-
atory clinical trial. Clin Transl Med. 2021;11:e297.

31 Shi L, Yuan X, Yao W, et al. Human mesenchymal stem cells
treatment for severe COVID-19: 1-year follow-up results of a
randomized, double-blind, placebo-controlled trial. EBioMedi-
cine. 2021;75:103789.

32 Feng G, Shi L, Huang T, et al. Human Umbilical Cord Mesenchy-
mal Stromal Cell Treatment of Severe COVID-19 Patients: A 3-
Month Follow-Up Study Following Hospital Discharge. Stem Cells
Dev. 2021;30:773–781.

33 Meng F, Xu R, Wang S, et al. Human umbilical cord-derived mes-
enchymal stem cell therapy in patients with COVID-19: a phase 1
clinical trial. Signal Transduct Target Ther. 2020;5:172.

34 Kaushal S, Khan A, Deatrick K, et al. Intravenous mesenchymal
stem cells in extracorporeal oxygenation patients with severe
COVID-19 acute respiratory distress syndrome; https://www.medr-
xiv.org/content/10.1101/2020.10.15.20122523v2.

35 Haberle H, Magunia H, Lang P, et al. Mesenchymal stem cell
therapy for severe COVID-19 ARDS. J Intensive Care Med.
2021;36:681–688.

36 Zhu R, Yan T, Feng Y, et al. Mesenchymal stem cell treatment
improves outcome of COVID-19 patients via multiple immuno-
modulatory mechanisms. Cell Res. 2021;31:1244–1262.

37 Ventura-Carmenate Y, Alkaabi FM, Castillo-Aleman YM, et al.
Safety and efficacy of autologous non-hematopoietic enriched stem
cell nebulization in COVID-19 patients: a randomized clinical trial,
Abu Dhabi 2020. Transl Med Commun. 2021;6:25.

38 Adas G, Cukurova Z, Yilmaz R, et al. The systematic effect
of mesenchymal stem cell therapy in critical COVID-19
patients: a prospective double controlled trial. Cell Transplant.
2021;30:9636897211024942.

39 Leng Z, Zhu R, Hou W, et al. Transplantation of ACE2- mesenchy-
mal stem cells improves the outcome of patients with COVID-19
pneumonia. Aging Dis. 2020;11:216–228.

40 Lanzoni G, Linetsky E, Correa D, et al. Umbilical cord mesenchy-
mal stem cells for COVID-19 acute respiratory distress syndrome:
a double-blind, phase 1/2a, randomized controlled trial. Stem Cells
Transl Med. 2021;10:660–673.

41 Dilogo IH, Aditianingsih D, Sugiarto A, et al. Umbilical cord mesen-
chymal stromal cells as critical COVID-19 adjuvant therapy: a ran-
domized controlled trial. Stem Cells Transl Med. 2021;10:1279–1287.

42 Shen Z, Huang W, Liu J, Tian J, Wang S, Rui K. Effects of mesen-
chymal stem cell-derived exosomes on autoimmune diseases. Front
Immunol. 2021;12:749192.

43 Xiong J, Chen L, Zhang L, Bao L, Shi Y. Mesenchymal stromal cell-
based therapy: a promising approach for severe COVID-19. Cell
Transplant. 2021;30:963689721995455.

44 Arabpour E, Khoshdel S, Tabatabaie N, Akhgarzad A, Zangiaba-
dian M, Nasiri MJ. Stem cells therapy for COVID-19: a systematic
review and meta-analysis. Front Med (Lausanne). 2021;8:737590.

45 Gentile P, Calabrese C, De Angelis B, Pizzicannella J, Kothari A, Gar-
covich S. Impact of the different preparationmethods to obtain human
adipose-derived stromal vascular fraction cells (AD-SVFs) and human
adipose-derived mesenchymal stem cells (AD-MSCs): enzymatic diges-
tion versus mechanical centrifugation. Int J Mol Sci. 2019;20:5471.

46 Thompson M, Mei SHJ, Wolfe D, et al. Cell therapy with intravas-
cular administration of mesenchymal stromal cells continues to
appear safe: an updated systematic review and meta-analysis. ECli-
nicalMedicine. 2020;19:100249.

47 Beghini DG, Horita SI, Henriques-Pons A. Mesenchymal stem
cells in the treatment of COVID-19, a promising future. Cells.
2021;10:2588.

48 Chouw A, Milanda T, Sartika CR, Kirana MN, Halim D, Faried A.
Potency of mesenchymal stem cell and its secretome in treating
COVID-19. Regen Eng Transl Med. 2021;8:1–12.
15

https://covid19.who.int/
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0013
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0013
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0013
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0014
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0014
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0015
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0024
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0024
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0024
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0029
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0029
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0029
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0029
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0030
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0031
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0031
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0031
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0031
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0032
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0032
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0032
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0032
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0033
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0033
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0033
https://www.medrxiv.org/content/10.1101/2020.10.15.20122523v2
https://www.medrxiv.org/content/10.1101/2020.10.15.20122523v2
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0035
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0036
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0036
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0036
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0037
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0037
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0037
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0037
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0038
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0038
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0038
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0038
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0039
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0040
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0040
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0040
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0040
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0041
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0041
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0041
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0042
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0042
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0042
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0043
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0043
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0043
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0044
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0044
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0044
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0045
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0046
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0047
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0048
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0048
http://refhub.elsevier.com/S2589-5370(22)00275-9/sbref0048

	Safety and efficacy of mesenchymal stem cells in severe/critical patients with COVID-19: A systematic review and meta-analysis
	Introduction
	Methods
	Study design
	Search strategy and selection criteria
	Study selection
	Data extraction
	Quality assessment and certainty of the evidence
	Data analysis
	Reporting for bias assessment
	Role of the funding source

	Results
	Study selection
	Study characteristics
	Risk of bias in the studies
	Short-term mortality
	Adverse events
	Pulmonary function and imaging changes
	Resource use
	Inflammatory cytokines
	Certainty of the evidence (GRADE)

	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	Acknowledgements
	Supplementary materials
	References



