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Background: COVID-19 (coronavirus disease 2019) is a pandemic around the world, and its treatment options often fail to
achieve ideal results. There is a lot of controversy in the treatment of COVID-19 with mesenchymal stem cells (MSCs). The
study aims to assess the safety and efficacy of mesenchymal treatment of new coronary pneumonia.

Methods: We manually searched electronic databases including PubMed, Embase, Cochrane Library, and Web of Science until
25th July 2022, and Stata 15.0 (StataCorpLLC: College Station, TX, USA) was used to analyze the data.

Results: A total of 8 randomized controlled trials were included, involving a total of 345 people, of which 180 were in the MSCs
group and 165 were in the placebo group. The analysis results showed that MSCs can reduce mortality in COVID-19 patients
compared to placebo [RR (Risk Ratio) = 0.56, 95% CI (Confidence Interval) (0.36, 0.89); p = 0.003]. There was no significant
difference between the mesenchymal stem cell group and the placebo group in the incidence of adverse reactions [RR = 0.64, 95%
CI(0.34,1.18); p=0.281]; In the SpO2/FiO-> (Oxygen Saturation/Fraction of Inspiration O2) [WMD (Weighted Mean Difference)
=9.07, 95% CI (-38.01, 56.15); p = 0.080]; In ICU (Intensive Care Unit) stay [WMD =-1.66, 95% CI (-7.23, 3.91); p = 0.131].

Conclusions: Mesenchymal stem cells can reduce the mortality of COVID-19 patients.
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Introduction

Coronavirus disease 2019 (COVID-19) is pneumonia
caused by the 2019 novel coronavirus [1,2]. It causes fever
and fatigue [3]. Most of the severe patients aggravate and
develop dyspnea after a week of onset [4—6]. Although
the global new crown vaccine vaccination rate has reached
11.2 billion doses [7]. With the progression of the disease,
it will appear a systemic inflammatory response and im-
mune system dysfunction, and multiple organs such as the
heart, lungs and kidneys will be involved, and myocardial
damage, dyspnea and hypoxemia may occur [§8]. Severe
metabolic acidosis and multiple organ failure may also oc-
cur [9]. Therefore, the diagnosis and treatment plan advo-
cates staging (observation period, clinical treatment period,
recovery period) and classification (light, common, severe,
critical) for treatment [10—12]. At present, the treatment of
new coronary pneumonia mainly includes general treatment
such as supportive care or symptomatic treatment, as well
as antiviral, antibacterial and traditional Chinese medicine,
but there is no specific drug to treat COVID-19 [13-15].

Stem cells are a kind of special cells with immune reg-
ulation, regeneration ability and differentiation characteris-
tics [16,17]. The differentiated progeny cells maintain lo-
cal tissue homeostasis and also have the same functions as
non-differentiated cells. Among them, mesenchymal stem
cells (MSCs) come from fat, placenta, amniotic fluid, um-
bilical cord blood, dental pulp, hair follicles and skin [18].
MSCs’ plasticity, can differentiate into multiple lineages.
MSCs in immune regulation and anti-inflammatory signal
transduction are particularly suitable for the treatment of se-
vere COVID-19, mainly by activating immune responses
through immune cells, and participating in non-specific im-
mune regulation and specific immune regulation [18]. Due
to the rapid transformation of immune overactivation and
immunosuppression in critically ill patients, mesenchymal
stem cells can suppress excessive immune responses, pro-
tect alveolar function, and reduce lung and systemic organs
in patients with new coronary pneumonia when they regu-
late immune cells through direct contact or paracrine vari-
ous cytokines [19,20]. There is a lot of controversy about
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the treatment of new coronary pneumonia with mesenchy-
mal stem cells in clinical practice [21]. Therefore, we hope
to evaluate the efficacy and safety of MSCs in the treatment
of COVID-19 through this study and provide new options
for COVID-19.

Materials and Methods

Retrieval Strategy

Search in PubMed, Embase, Cochrane Library, and
Web of Science was conducted for articles published by
25th July 2022 on mesenchymal stem cells for coronavirus
disease 2019. The search terms used were “mesenchy-
mal stem cells” and “COVID-19” in PubMed and Embase
(Supplementary Table 1).

Inclusion and Exclusion Criteria

The inclusion criteria were the population that was af-
fected by COVID-19 and received mesenchymal stem cells.
Randomized controlled studies (RCT) including mortality
rate, stay in the ICU (Intensive Care Unit), and adverse
events were included. Duplicate publications, animal ex-
periments, case reports and conference abstracts were ex-
cluded.

Data Extraction

The data extracted from the articles were: Investiga-
tor’s name, publication year, country, number of included
cases, gender, age, stem cell type, number of stem cells,
follow-up, and outcome. The information from the studies
was extracted by two people.
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Fig. 1. Graphical representation of the risk of bias. N.B.: Au-
thor’s assessment per risk of bias domain by percentage across all
included studies. Green: Low risk of bias; Yellow: Unclear risk
of bias; Red: High risk of bias.

Risk of Bias Evaluate

Randomized, cross-over trials (RoB2.0) was used to
assess the risk of bias [22]. RoB2.0 was also paired by two
independent investigators. If two investigators disagreed on
the risk of bias analyzed, a consensus was performed by a
third investigator. The evaluators examined the randomiza-
tion process, deviations from expected interventions, miss-
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Fig. 2. Summary of the risk of bias. N.B.: Author’s assessment
per risk of bias domain for each included study. Green: Low risk
of bias; Yellow: Unclear risk of bias.

ing outcome data, choice of outcome measures, and re-
ported outcomes (Figs. 1,2).

Data Analysis

The extracted data were entered into Stata 15.0 soft-
ware (StataCorp, College Station, TX, USA) and it was
used for statistical analysis. Heterogeneity was tested by
I? value or Q statistic. 12 values of 0%, 25%, 50% and
75% represent no, low, medium and high heterogeneity, re-
spectively. Sensitivity analyses were performed to explore
potential sources of heterogeneity when the 12 value was
>50%.

Results

Literature Screening and Characteristics

Through manual retrieval, a total of 1610 articles were
obtained: 1073 articles were obtained after removing dupli-
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Fig. 3. Literature search chart. N.B.: PRISMA (Preferred Re-
porting Items for Systematic Review and Meta-Analyses) flow di-
agram showing study identification, selection, eligibility, and in-
clusion [31]. For more information, visit http://www.prisma-sta

tement.org/.
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Fig. 4. Forest plot of the impact of MSCs on mortality rate
in COVID-19 patients. N.B.: Statistical tests for heterogene-
ity (Chi® and I?) can be unreliable with small sample sizes—

heterogeneity explored using other strategies.

cates, 18 articles were obtained by checking the titles and
abstracts of the articles, and 8 articles [23—30] were finally
included in the analysis by reading the full text (Fig. 3, Ref.

[31]).
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Fig. S. Forest plot of adverse events of MSCs in COVID-19 pa-
tients. N.B.: Statistical tests for heterogeneity (Chi? and 1?) can
be unreliable with small sample sizes—heterogeneity explored us-
ing other strategies.
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Fig. 7. Forest plot of meta-analysis on the effect of MSCs on
SpO2/FiO2 in COVID-19.

Characteristics of Literature

A total of 8 randomized controlled trial studies were
included. Human umbilical cord mesenchymal stem cells
were used in all the included articles and the specific char-
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Fig. 8. Forest plot of meta-analysis on the effect of MSCs on
ICU stay in COVID-19.
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Fig. 9. The impact of MSCs on Adverse events funnel plot.
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Fig. 10. The impact of MSCs on Mortality rate funnel plot.

acteristics of the studies (Table 1, Ref. [23-30]).

Meta-Analysis
Mortality Rate

A total of 6 studies [23-27,29] involved 187 patients
with COVID-19 (I2 = 0%, p = 0.775) implying there was
no heterogeneity. Fig. 4 [RR (Risk Ratio) = 0.56, 95% CI

(0.36, 0.89); p = 0.003] suggested that MSCs can reduce
mortality in COVID-19 patients compared to placebo.

Adverse Events

A total of 5 studies [25-29] involved 246 patients with
COVID-19 (12 = 75.6%, p = 0.003) implying great hetero-
geneity. Fig. 5 [RR: 0.64, 95% CI (Confidence Interval)
(0.34, 1.18); p = 0.281] suggested that there was no sig-
nificant difference in the incidence of adverse reactions be-
tween the two groups. Sensitivity analysis was performed
on the deleted articles one by one. Fig. 6 indicates whether
the sensitivity of the analysis results was small, and the sta-
bility of the analysis results.

SpOQ/FlOQ

A total of 2 studies [24,26] involved 65 patients with
COVID-19 (I? = 93.8%, p = 0.000) implying high hetero-
geneity. Fig. 7 [WMD (Weighted Mean Difference) =9.07,
95% CI (-38.01, 56.15); p = 0.080] suggested that there
was no significant difference in SpO5/FiO5 (Oxygen Sat-
uration/Fraction of Inspiration O3) between the mesenchy-
mal stem cell group and the placebo group.

ICU Stay

A total of 2 studies [23,30] involved 98 patients with
COVID-19 (12 = 79.5%, p = 0.027) implying great hetero-
geneity. Fig. 8 [WMD = -1.66, 95% CI (-7.23, 3.91); p =
0.131] suggested that there was no significant difference in
ICU stay between the mesenchymal stem cell group and the
placebo group.

Publication Bias

Egger’s test was used to evaluate publication bias of
highly heterogeneous indicators such as mortality and ad-
verse events, and it showed that the mortality and adverse
event were p = 0.851 and p = 0.221. The results suggested
that mortality and adverse events were less likely to have
publication bias (Figs. 9,10).

Discussion

The autopsy and biopsy of histopathological results of
COVID-19 patients showed that the lung tissue of the de-
ceased patient had different degrees of pulmonary edema
and lung consolidation [32,33]. Atthe same time, local lung
tissue showed alveolar cell shedding, and intraalveolar fi-
brous exudate with hyaline membrane formation, consistent
with the pathological features of acute respiratory distress
syndrome (ARDS) [34]. In response to ARDS caused by
SARS-CoV-2 (Severe Acute Respiratory Syndrome Coro-
navirus 2), MSCs mainly play a role in immune regulation
and regeneration and repair and stabilize alveolar epithelial
[35]. MSCs are mainly formed by a variety of cytokines,
especially keratinocyte growth factor (KGF), which pro-
motes the clearance of alveolar fluid by up-regulating the
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Table 1. Characteristics of the studies.

Sample size  Gender Age (year) Stem cell  Number of  Follow-up
Study Country ——M - Outcome

T C (M/F) T C type stem cells D)
Dilogo IH [23] 2021 Indonesia 20 20 45229 18-95 UC-MSCs 1 x 108 50 Q1;Q2; Q3
Farkhad NK [24] 2022 Iran 10 10 45120 50-69 UC-MSCs 1 x 108 17 Q1; Q4; Q5; Q6; Q7
Lanzoni G [25] 2021 USA 12 12 45243 5858 58.83 UC-MSCs 1 x 108 31 Q1; Q10
Monsel A [26] 2022 France 21 24 13728 64 632 UC-MSCs 3 x 106 7 Q1; Q4; Q10
Rebelatto CLK [27] 2022 Brazil 11 6 45265 53 61.7 UC-MSCs 5 x 10° 14 Q1;Q8;Q9; Q10
Shi L [28] 2021 China 65 35 56/44  60.72 59.94 UC-MSCs 4 x 107 28 Q10; Q11
Shu L [29] 2020 China 12 29 24/17 61 57.86 UC-MSCs 2 x 106 28 Q1; Q3
Zhu R [30] 2021 China 29 29 22/36 64 66  UC-MSCs 1 x 106 14 Q3; Q10

T, treatment group; C, control group; D, day; UC-MSCs, umbilical cord mesenchymal stromal cells; Q1, mortality rate; Q2, length of ventilator
usage; Q3, stay in the ICU; Q4, SpO2/FiO2; QS, CRP; Q6, IL-6; Q7, IFN-g; Q8, IL-10; Q9, TNF-a; Q10, adverse events; Q11, 6-minute walking

distance.

al subunit of AECII (Alveolar Epithelial Type II) , and
relieves acute lung injury induced by endotoxin [36]. At
the same time, KGF can up-regulate the activity of alve-
olar cell sodium-potassium ATPase (Adenosine Triphos-
phatase), improve alveolar fluid transport, and in bacte-
ria Pneumonitis-induced ARDS and lung injury [37]. This
may be an important way for MSCs to act on patients with
COVID-19. Flow analysis of peripheral blood from pa-
tients with COVID-19 showed that the number of periph-
eral CD4T and CD8™ T cells decreased, but their activity
increased [38]. Some studies have suggested that SARS-
CoV-2 can bind ACE2 (Angiotensin-Conyerting Enzyme
2) receptors to invade cells. Viral binding to ACE2 also
depletes ACE2, leading to multisystem inflammation [39].
Under inflammatory conditions, MSCs can increase the
level of angiopoietin 1 (Ang-1) in the above pathways. At
the same time, single-cell analysis of transplanted MSCs
showed that MSCs were ACE2-negative suggesting that
MSCs may be helpful to maintain the balance of the RAS
(Renin-Angiotensin System) system affected by SARS-
CoV-2 [40,41]. These mechanisms further confirmed the
feasibility and scientific nature of MSCs in the treatment of
COVID-19.

The results of this study concluded that after MSCs
treatment, the fatality rate of COVID-19 patients was
greatly reduced. Meng ef al. [42] found that after UC-
MSCs (Umbilical Cord Mesenchymal Stromal Cells) treat-
ment in moderate to severe COVID-19 patients, the num-
ber of cases requiring mechanical ventilation and dyspnea
decreased, and the serum levels of IL-6 (Interleukin 6) de-
creased. Among the 4 severe patients, the highest levels
of IL-6 decreased the most, and the oxygenation index im-
proved the most. It is suggested that patients with high in-
flammatory cytokines are more likely to benefit from UC-
MSCs treatment. Feng et al. [43] conducted a prospective
cohort follow-up study. After three months of follow-up,
the blood routine, C-reactive protein and calcitonin, tumor
markers and visual acuity of the two groups were almost
within the normal range [43]. Moreover, the average FEV1

(Forced Expiratory Volume in 1 second) and FEV1/FVC
(Forced Vital Capacity) of the HUC-MSC (Human Umbil-
ical Cord Mesenchymal Stem Cell) group were higher, and
the St. George’s score was lower. Studies have shown that
venous transplantation of HUC-MSC can partially promote
the recovery of lung function. In the clinical trials of Shu et
al. [29], the levels of CRP (C-Reactive Protein) and IL-
6 in the treatment group were significantly reduced, and
the absorption of lung inflammation by CT (Computed To-
mography) imaging was significantly shorter than that in
the control group. The study also unexpectedly found that
COVID-19 patients with diabetes had reduced use of in-
sulin after UC-MCS transplantation [29]. UC-MCS trans-
plantation may be the most appropriate treatment for such
patients, the above studies suggest that MSCs have a broad
prospect in the treatment of COVID-19. There is no signif-
icant difference between the MSCs group and the placebo
group in the side effects of COVID-19 treatment. Although
no serious adverse events related to MSCs have occurred so
far, some scholars still believe that intravenous MSCs may
damage microcirculation and have the risk of mutagenic-
ity and carcinogenicity. Aerosol inhalation of MSC-derived
exosomes can avoid such risks [44—46].

Although this study has confirmed the efficacy of
MSCs in the treatment of COVID-19, it still has the fol-
lowing limitations. First, the number of included articles
is small, which may lead to potential deviation. Second, al-
though human umbilical cord mesenchymal stem cells were
used in all the papers, the number of stem cells was incon-
sistent, which may lead to great heterogeneity in the studies.
Third, the follow-up time of the included articles was incon-
sistent, which is also a potential source of heterogeneity.

Conclusions

This study demonstrates that mesenchymal stem cells
can reduce the mortality of COVID-19 patients.
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