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a b s t r a c t   

Objectives: This meta-analysis of randomized controlled trials (RCTs) investigated the usefulness of me-
senchymal stromal cells (MSCs) to treat patients with COVID-19. Methods: PubMed, Embase, Ovid 
MEDLINE, the Cochrane Library, and Clinicaltrials.gov were searched for RCTs published before November 7, 
2021. Only RCTs that compared the clinical efficacy and safety of MSCs with other alternative treatments or 
placebos in the treatment of patients with COVID-19 were included. 
Results: Six RCTs were included, in which the MSC and control groups consisted of 158 and 135 patients, 
respectively. The patients who received MSCs had a significantly lower 28-day mortality rate (7.6% vs 21.5%; 
OR, 0.18; 95% CI, 0.06–0.52; I2 = 0%) and significantly higher clinical improvement rate (OR, 6.05; 95% CI, 
2.31–15.83; I2 = 0%) than the controls. The patients who received MSCs were associated with a similar risk of 
adverse events (AEs) and serious AEs to the control group (AEs: OR, 33; 95% CI, 0.09–1.18; I2 = 59%; serious 
AEs: OR, 0.30; 95% CI, 0.02–4.41; I2 = 53%). 
Conclusions: MSC treatment may help to improve the clinical outcomes of patients with COVID-19. In ad-
dition, MSC treatment appears to be a safe therapeutic option for patients with COVID-19. 
© 2022 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. 
CC_BY_4.0   

Introduction 

The COVID-19 pandemic has spread around the world since its 
first appearance at the end of 2019 [1], with more than 535 million 
cumulative cases and 6 million deaths globally [2]. The clinical 
manifestations of SARS-CoV-2 infection range from asymptomatic, 
acute respiratory disease, pneumonia, and acute respiratory distress 

syndrome (ARDS) [3–5]. Severe or critical COVID-19 can be asso-
ciated with cytokine storm and cause a high morbidity and mortality  
[4]. Therefore, anti-inflammatory agents are an important treatment 
modality in addition to initial anti-viral agents [6–8]. At present, 
only corticosteroids and anti-interleukin-6 (IL-6) agents have de-
monstrated clinical efficacy in reducing the mortality of patients 
with COVID-19 [9,10]. Mesenchymal stromal cells (MSCs), which can 
be collected from a variety of adult and neonatal tissues and medi-
ated partly by conditioned media or through secreted extracellular 
vesicles, have been shown to exhibit significant immunomodulatory 
and tissue repair capabilities [11–14]. SARS-CoV-2 infection can 
cause life-threatening illness due to an activated immune response. 
Due to the potent anti-inflammatory activity of MSCs and their 
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Abbreviations: AE, adverse event; COVID-19, coronavirus disease 2019; MSC, 
mesenchymal stem cell; MV, mechanical ventilation; RCT, randomized controlled 
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secretomes, MSCs have been repurposed to treat COVID-19. Many 
clinical studies of MSCs have demonstrated their potential efficacy 
and safety in the treatment of SARS-CoV-2 infection during this 
global pandemic, however, only a small number of studies with 
limited information have been completed [15–21]. A systematic 
search and meta-analysis is therefore urgently needed to compre-
hensively review the results of these studies and provide solid evi-
dence on the potential benefit of MSCs. Therefore, we conducted this 
systematic review and meta-analysis using updated data to provide 
robust and timely evidence. 

Methods 

Study search and selection 

We searched PubMed, Embase, Ovid MEDLINE, the Cochrane 
Library, and Clinicaltrials.gov were searched for RCTs published be-
fore November 7, 2021. The following search terms were used: 
“mesenchymal stromal cells,’ “mesenchymal stem cells,” “MSCs,” 
“mesenchymal stromal cell conditioned medium,” “exosomes,” 
“mesenchymal stromal cell extracellular vesicles,” “microvesicles,” 
“Covid-19,” “SARS-CoV-2,” “coronavirus,” “2019-nCoV,” and ”corona- 
virus.” Only RCTs that compared the clinical efficacy and safety of 
MSCs with other alternative agents or placebos in the treatment of 
patients with COVID-19 were included. The inclusion criteria were: 
(1) studies with a RCT design; (2) study subjects were patients with 
COVID-19; (3) intervention was MSCs or their secretomes derived 
from any tissue source (e.g., bone marrow, adipose, umbilical cord, 
dental pulp, placenta, etc.), which could be syngeneic, allogeneic, or 
xenogeneic; and (4) comparator was a conventional therapy for 
COVID-19 (e.g., antivirals, immunomodulatory drugs, anticytokine 

drugs, combination therapies, etc.) or placebo. The exclusion criteria 
were: (1) not a RCT design (case reports, case series, observational 
studies, and retrospective cohort studies); (2) in vitro studies; (3) 
pharmacodynamic or pharmacokinetic studies; and (4) no available 
data regarding the outcome of interest. Two authors (CYC and WCC) 
independently reviewed the identified abstracts and selected articles 
for full review. Disagreements were resolved by the third author 
(CKH). For each included study, we extracted the following data: 
year of publication, study design, interventions, patient populations, 
methods of MSC isolation and characterization, primary and sec-
ondary clinical outcomes, and adverse event (AEs). This study was 
conducted in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines [22] and the 
study protocol is registered in PROSPERO (CRD42021288552). 

Outcome measurements 

The primary outcome of this meta-analysis was 28-day overall 
mortality, and the secondary outcomes were the rate of clinical 
improvement, time to recovery, length of hospital stay, the need for 
mechanical ventilation (MV), and the risk of AEs. 

Data analysis 

The Cochrane risk of bias tool [23] was used by two authors (CYC 
and WCC) to assess the quality of the included RCTs and their as-
sociated risk of bias. Any discrepancies between these two authors 
were resolved by a third author (CCL). All statistical analyses were 
performed using Review Manager (version 5.3; Nordic Cochrane 
Center, Copenhagen, Denmark). Heterogeneity was evaluated using 
Q statistics generated by the χ2 test, and the I2 statistic was used to 

Fig. 1. Flow diagram of study identification and assessment for eligibility.  
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assess statistical heterogeneity. Heterogeneity was significant when 
the P value was <  0.10 or I2 >  50%. We used a fixed-effects model 
when the data were homogeneous and a random-effects model 
when the data were heterogeneous. We calculated pooled odds ra-
tios (ORs) and mean differences (MDs) along with 95% confidence 
intervals (CIs) for outcome analyses. 

Results 

Study selection 

The search results yielded a total of 441 studies (n = 358 from 
PubMed; n = 35 from Embase; n = 38 from Ovid MEDLINE; n = 24 
from the Cochrane Library; and n = 7 from Clinicaltrials.gov), of 
which 21 were excluded as duplicates. In addition, we determined 
that 247 studies were not relevant to this review after screening 
their titles and abstracts. Finally, we included 6 RCTs  
[15,16,18,20,21,24] in this meta-analysis (Fig. 1). 

Study characteristics 

Of the six RCTs, four were single center studies [16,20,21,24] 
(Table 1). Three RCTs were conducted in China [18,20,21], and one 
each in the US, [16] Indonesia [15], and Russia [24]. The inclusion 
criteria varied; three included patients with severe COVID-19  
[18,21,24] and two included critical patients with ARDS. [15,16] The 
regimens of MSCs also varied. Overall, the number of the patients in 
study group treated with MSCs in addition to standard of care was 
158, and the control group consisted of 135 patients (Table 2). The 
risk of bias in each study is shown in Fig. 2. Two studies [20,21] had 
high risk of performance bias. Unknown risk of detection and se-
lection bias was found for three [16,20,21] and two studies [18,21], 
respectively. 

Primary outcome 

Pooled analysis of the six RCTs [15,16,18,20,21,24] showed that 
the 28-day mortality rates were 7.6% (12/158) and 21.5% (29/135) in 
the study and control groups, respectively. Overall, the patients who 
received MSCs had a significant lower 28-day mortality rate than the 
controls (OR, 0.18; 95% CI, 0.06–0.52; I2 = 0%, Fig. 3). The results 
remained unchanged when the random-effects model was used (OR, 
0.18; 95% CI, 0.06–0.50; I2 = 0%). The results also remained consistent 
in the leave-one-out sensitivity test by excluding one study from 
each analysis. Furthermore, the MSC group was associated with a 
lower mortality rate than the control group in the subgroup analysis 
of patients with critical COVID-19 (OR, 0.16; 95% CI, 0.05–0.53; I2 = 
0%). The subgroup analysis of patients with severe COVID-19 also 
showed that the study group had a lower mortality rate than the 
control group, however the difference did not reach statistical sig-
nificance (OR, 0.24; 95% CI, 0.03–2.09; I2 = 0%). In pooled analysis of 
five RCTs [15,16,18,21,24] that reported 14-day mortality, the study 
group had a lower 14-day mortality rate than the control group (8.5% 
[11/129] vs 21.7% [23/106]; OR, 0.24; 95% CI, 0.08–0.74; I2 = 0%). 

Secondary outcomes 

In analysis of the five RCTs [15,16,20,21,24] that reported clinical 
improvement, the study group was associated with a significantly 
higher clinical improvement rate than the control group (86.0% [80/ 
93] vs 65.0% [65/100], 6.05; 95% CI, 2.31–15.83; I2 = 0%, Fig. 4). In 
pooled analysis of the two RCTs [20,21] that had available data on 
the time to clinical improvement, the study group was associated 
with a faster time to recovery than the control group (MD, −4.02 
days; 95% CI, −6.42 to −1.63; I2 = 0). In addition, the study group was 
associated with a shorter length of hospital stay than the control Ta
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group (MD, −3.84 days; 95% CI, −6.19 to −1.50; I2 = 0). In analysis of 
the three RCTs [18,20,21] that had available data on the need for MV, 
none of 106 patients in the study group needed MV, but 6.5% (6/93) 
of the patients in the control group needed MV. However, the dif-
ference did not reach statistical significance (OR, 0.21; 95% CI, 
0.12–1.79; I2 = 0%). Finally, the study group was associated with a 
similar risk of AEs and serious AEs to the control group (AEs: OR, 
0.33; 95% CI, 0.09–1.18; I2 = 59%; serious AEs: OR, 0.30; 95% CI, 
0.02–4.41; I2 = 53%, Fig. 5). 

Discussion 

In this meta-analysis, we reviewed six RCTs [15,16,18,20,21,24] 
including 293 patients to investigate the additional use of MSCs for 
the treatment of patients with COVID-19. Overall, we found that 
treatment with MSCs was associated with improved clinical out-
comes of patients with COVID-19, which was supported by the fol-
lowing evidence. First, we observed that the patients who received 
MSCs were associated with a lower mortality rate than the control 
group, and that this result remained consistent in the subgroup 
analyses and sensitivity test. In addition, this finding is consistent 
with an observational study [25] in which critical patients who re-
ceived MSCs had a lower mortality rate than controls (20% vs. 55.6%). 
Second, the patients who received MSCs had a higher clinical im-
provement rate and a faster time to clinical improvement. Third, the 
patients who received MSCs were associated with a shorter length of 
hospital stay than the controls. Fourth, the patients who received 
MSCs had numerically less need of MV than the controls, although 
no statistically significant difference was observed between the two Ta
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Fig. 2. Summary of risk of bias assessment.  
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groups. These findings regarding the benefits of MSC treatment for 
patients with COVID-19 are consistent with those of recent ob-
servational studies [25,26]. One small series of five patients showed 
that MSC infusion could help improve the pulmonary function and 
overall outcome of patients with COVID-19 and ARDS [25]. In addi-
tion, another series of seven patients with COVID-19 pneumonia 
showed that MSC treatment could cure or significantly improve lung 
function without observed AEs [26]. Moreover, our findings were 
consistent with previous meta-analyses, which based on the ana-
lyses of RCT and non-RCTs [27–29]. In contrast, our findings were 
based on the analyses of only RCTs, and could provide more solid 
evidence than previous meta-analyses [27–29]. Finally, we found 
that MSCs was associated with the similar risk of any AE or serious 
AE to the comparator, and these findings were consistent with 
previous studies [25–29]. Thus, MSC treatment is a safe therapeutic 
option for patients with COVID-19. Taken together, these findings 
indicate that MSC treatment may positively impact the clinical 
outcomes of patients with COVID-19, and suggest a potential clinical 
role for MSC treatment. 

Although this study cannot provide plausible mechanisms, sev-
eral studies have demonstrated the anti-inflammatory activity of 
MSCs when treating patients with COVID-19 [15,16,20,21]. Shu et al. 
showed that C-reactive protein (CRP) and IL-6 levels were sig-
nificantly lower after infusion of MSCs, and that the time for the 
lymphocyte count to return to normal range was significantly faster 
in the MSC group than in the control group [21]. Zhu et al. also 
demonstrated that MSC infusion could reduce the levels of CRP, 
proinflammatory cytokines, and neutrophil extracellular traps, and 
promote the maintenance of SARS-CoV-2-specific antibodies [20]. 
Moreover, Lanzoni et al. observed significant differences between 
MSC and control groups in the concentrations of GM-CSF, IFNg, IL-5, 
IL-6, IL-7, TNFa, TNFb, PDGF-BB, and RANTES after treatment [16]. 
Taken together, these anti-inflammatory activities of MSCs may ex-
plain the improved clinical outcomes of patients with COVID-19. 

This study has several limitations. First, the number of study 
patients was small; hence, some differences between the study 
group and control group did not reach statistical significance. 
Additional large-scale RCTs are required to validate our findings. 

Fig. 3. Forest plot of 28-day mortality.  

Fig. 4. Forest plot of the rate of clinical improvement.  

Fig. 5. Forest plot of the risk of adverse events (AEs).  
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Second, we observed some differences in the study subjects and MSC 
regimens among the included RCTs. However, most of the outcome 
analyses in this study demonstrated low heterogeneity, which may 
minimize the confounding effect of heterogeneity. Finally, two  
[20,21] of included five RCTs carried the high risk of performance 
bias, so our findings should be interpreted with caution. 

Conclusions 

This meta-analysis found that MSCs may help improve the clin-
ical outcomes of patients with COVID-19, and suggest its potential 
clinical role. However, further large-scale research is required to 
validate our findings. 
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