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Abstract Acute respiratory infections as one of the

most common problems of healthcare systems also

can be considered as an important reason for world-

wide morbidity and mortality from infectious diseases.

Coronaviruses are a group of well-known respiratory

viruses that can cause acute respiratory infections. At

the current state, the 2019 novel coronavirus is cited as

the most worldwide problematic agent for the respi-

ratory system. According to investigations, people

with old age and underlying diseases are at higher risk

of 2019 novel coronavirus infection. Indeed, they may

show a severe form of the disease (with severe acute

respiratory infections). Based on the promising role of

cell therapy and regenerative medicine approaches in

the treatment of several life-threatening diseases, it

seems that applying cell-based approaches can also be

a hopeful strategy for improving subjects with severe

acute respiratory infections caused by the 2019 novel
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coronavirus. Herein, due to the amazing effects of

mesenchymal stem cells in the treatment of various

diseases, this review focuses on the auxiliary role of

mesenchymal stem cells to reduce inflammatory

processes of acute respiratory infections caused by

the 2019 novel coronavirus.

Keywords ARDS � Cell therapy � Coronavirus �
COVID-19 � Mesenchymal stem cells � Pneumonia �
Regenerative medicine

Abbreviations

ARIs Acute respiratory infections

RV Rhinovirus

CoV Coronavirus

RSV Respiratory syncytial virus

SARS Severe acute respiratory syndrome

MERS Middle east respiratory syndrome

COVID-

19

Coronavirus disease 2019

WHO World Health Organization

ARDS Acute respiratory distress syndrome

HFNOT High-flow nasal oxygen therapy

PEEP Positive end-expiratory pressure

RMs Recruitment maneuvers

ECMO Extracorporeal membrane oxygenation

CTRM Cell therapy and regenerative medicine

MSC Mesenchymal stem cell

BM Bone marrow

AT Adipose tissue

PL Placenta

UC Umbilical cord

ICU Intensive care unit

AEs Acute exacerbations

COPD Chronic obstructive pulmonary disease

CF Cystic fibrosis

HMPV Human metapneumovirus

HBoV Human bocavirus

AIDS Acquired immunodeficiency syndrome

CAP Community acquired pneumonia

HpeV Human parechovirus

EBV Epstein–Barr virus

HSV Herpes simplex virus

CMV Cytomegalovirus

HIV Human immunodeficiency viruses

HCoVs Human coronaviruses

2019-

nCoV

2019 Novel coronaviruses

CBC Complete blood count

CRP C-reactive protein

ELISA Enzyme-linked immunosorbent assay

RT-PCR Reverse transcription-polymerase chain

reaction

ALI Acute lung injury

NIV Noninvasive ventilation

HEV Human enteroviruses

ACE2 Angiotensin-converting enzyme 2

CFR Case fatality rate

PTSS Posttraumatic stress symptoms

MODS Multiple organ dysfunction syndromes

CDC Centers for disease control

MOF Multiple organ failure

ORF Open reading frame

nsps Non-structural proteins

mRNA Messenger RNA

ER Endoplasmic rreticulum

IL Interleukin

TNF-a Tumor necrosis factor-a
LDH Lactate dehydrogenase

FGF Fibroblast growth factor

GCSF Granulocyte colony-stimulating factor

GMCSF Granulocyte–macrophage colony-

stimulating factor

IFN Interferon

IP10 Interferon-induced protein10

MCP Monocyte chemoattractant protein

PDGF Platelet-derived growth factor

VEGF Vascular endothelial growth factor

CCR Chemokine receptor

ESR Erythrocyte sedimentation rate

SAA Serum amyloid A

AST Aspartate aminotransferase

FIB Fibrinogen

Th T helper

TGF-b Transforming growth factor beta

PVD Patient-ventilator dyssynchrony

CT Computed tomography

TE Tissue engineering

HEV Human enteroviruses

Introduction

Acute respiratory infections (ARIs) (due to high

prevalence) are one of the most common problems
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and concerns of the healthcare systems. Indeed, ARIs

can be considered as the major cause of morbidity and

mortality from infectious diseases worldwide (Bulla

and Hitze 1978; Graham 1990; Caballero et al. 2018).

The most important agent of ARIs which can cause a

wide range of infections in the upper and lower

respiratory tract are viruses (Leung et al. 2020;

Bhuyan et al. 2017; Botti et al. 2018). Here, more

well-known respiratory viruses are influenza, parain-

fluenza, rhinovirus (RV), coronavirus (CoV), aden-

ovirus, and respiratory syncytial virus (RSV) (Nichols

et al. 2008; Modena et al. 2011; Pham et al. 2020).

CoVs are a large family of viruses ranging from the

common cold virus to the causes of more serious

diseases such as severe acute respiratory syndrome

(SARS), middle east respiratory syndrome (MERS),

and CoV disease 2019 (COVID-19) (Jiang et al. 2020;

Paules et al. 2020). Currently (in 2019–2020),

COVID-19 is cited as one of the most problematic

and novel zoonotic diseases of the respiratory system

around the world. COVID-19 was first reported in

Wuhan, China, in December 2019. Subsequently, on

11 March 2020, the world health organization (WHO)

declared it as a pandemic disease (Mackenzie and

Smith 2020; Organization and Organization 2020).

According to the WHO announcement, common

symptoms of COVID-19 which can occur within

2–14 days are including fever and chills, fatigue, dry

cough, shortness of breath, sputum production, myal-

gia or arthralgia, headache, and sore throat. Of course,

few people also show symptoms such as diarrhea,

vomiting, and runny nose (Cascella et al. 2020;

Organization and Organization 2020). Herein, Table 1

shows the percentages of these symptoms in COVID-

19 cases. In addition, the majority of subjects infected

with COVID-19 are reported to have mild to moderate

illness and do not require serious treatment. However,

the elderly people and those with cancer, diabetes, and

cardiovascular and chronic respiratory disease along

with subjects who have a poor immune system (for any

reason e.g. organ transplantation) are at high risk of

severe disease (Cascella et al. 2020; Heymann and

Shindo 2020; Team 2020). In severe cases of COVID-

19, intensive respiratory syndromes such as severe

pneumonia and acute respiratory distress syndrome

(ARDS) have been observed (Control 2020; Organi-

zation 2020). Pneumonia is an infection in which the

air sacs in one or both lungs are inflamed. In critical

cases, pneumonia is correlated with a progressed risk

of ARDS (Turkington and Ashby 2007; Quinton et al.

2018). ARDS is a rapidly progressive disease which

results in diffuse lung inflammation and following that

increase vascular permeability pulmonary, interstitial

space edema along with dysfunction of surfactant,

immune system, and blood clotting system (Ma-

tuschak and Lechner 2010; Matthay et al. 2019).

There are some treatment options for individuals who

have a respiratory failure from ARDS secondary to

COVID-19, such as high-flow nasal oxygen

(HFNOT), tidal volume, plateau airway pressure,

positive end-expiratory pressure (PEEP), neuromus-

cular blockade, prone positioning, recruitment maneu-

vers (RMs), fluid management, Inhaled NO, renal

replacement therapy, extracorporeal membrane oxy-

genation (ECMO), and antibiotics (Matthay et al.

2020; Organization 2020). Generally, proposed treat-

ments are often not a definite specific cure for COVID-

19 and they are directed to relieve symptoms (Jiang

et al. 2020; Matthay et al. 2020). Therein, given this

fact that cell therapy and regenerative medicine

(CTRM) methods offer the chance of revolutionary

approaches to delivering medicine (Arjmand et al.

2014; Goodarzi et al. 2019a, b), it seems that utilizing

CTRM methods can also be a promising strategy for

improving COVID-19 subjects with severe ARIs. On

the other hand, many investigating efforts have shown

that mesenchymal stem cell (MSC)—based therapies

can be an innovative choice to treat ARI cases

(Broekman et al. 2018; Harrell et al. 2019a, b, c; Chen

et al. 2020a). In fact, MSCs which can be readily

Table 1 Common symptoms of COVID-19 (Organization and

Organization 2020)

Symptoms Percentage

Fever 87.9

Dry cough 67.7

Fatigue 38.1

Sputum production 33.4

Shortness of breath 18.6

Sore throat 13.9

Headache 13.6

Myalgia or arthralgia 14.8

Chills 11.4

Nausea or vomiting 5.0

Nasal congestion 4.8

Diarrhea 3.7
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obtained from various tissues (e.g. bone marrow

(BM), adipose tissue (AT), placenta (PL), umbilical

cord (UC), etc.) and have high-efficiency expansion

potential can be effective through their limitless self-

renewal and multi-potential differentiation ability

along with their paracrine mediators’ association

(Aghayan et al. 2014; Heo et al. 2016; Goodarzi

et al. 2018a, b; Leng et al. 2020). Hereupon, this

review focuses on the auxiliary role of MSCs to reduce

inflammatory processes of severe ARIs in COVID-19

Cases.

Overview of acute respiratory infections

ARI is an acute infection of any part of the respiratory

tract (included structures such as paranasal sinuses,

middle ear, and pleural cavity) which can lead to

inflammation from nose to alveoli (Pore et al. 2010).

ARI is presented with cough accompanied by short

and rapid breathing and it can even lead to death

especially when it is associated with the other

comorbidities (Dagne et al. 2020). Malnutrition, low

birth weight, immunization, overcrowding, ill-venti-

lation, and indoor smoke are mentioned to be some of

the risk factors for ARI (Pore et al. 2010). ARI is the

main cause of mortality and mortality among new-

borns and young children (Wang et al. 2020a, b). The

WHO has reported that 16% of deaths among children

under-5 years were because of ARI in 2015. Addi-

tionally, ARI including pneumonia is a significant

cause of substantial disease burden among adults

equal to or older than 65 years (Shi et al. 2019). The

diverse range of pathogens responsible for ARI,

include viruses, bacteria, and fungal pathogens.

Among them, viruses specifically RSVs are reported

to be the main cause of severe ARI in preterm infants

and they are at higher risk for the requirement of the

intensive care unit (ICU) (Benı́tez-Guerra et al. 2020).

It has been demonstrated that child and maternal age,

residence, and maternal hand hygiene information can

be important factors for the occurrence of ARI among

children under-5 years (Dagne et al. 2020). On the

other hand, some investigations were shown that RSV

is also an important viral pathogen recognized in adult

ARI patients. PCR, serological typing, bacterial

culture, and antibody detection are reported to be the

gold standards for diagnosis of ARI. However, there is

a challenge to simultaneously recognize all potential

pathogens for ARI and also capture new or uncommon

respiratory pathogens (Wang et al. 2020a, b).

Viral respiratory infections

Viral respiratory tract infection can cause different

ranges of disease syndromes from mild, predominant

upper respiratory syndromes to pneumonia and bron-

chiolitis which are more severe forms. Despite this

variety, viral infections of the respiratory tract may

vastly lead to self-limiting and mild symptoms which

last a few days. However, according to the epidemi-

ological, clinical and experimental evidence, respira-

tory virus infections have been known to be the main

inducers of acute exacerbations (AEs) in chronic lung

disorders such as asthma, chronic obstructive pul-

monary disease (COPD), and cystic fibrosis (CF)

(Ritchie et al. 2017). RV, RSV, human metapneu-

movirus (HMPV), influenza virus, parainfluenza virus,

adenovirus, human bocavirus (HBoV), CoV, and

enterovirus are kinds of viruses which are in the

association with acute wheezing illness and also

asthma exacerbations (Coverstone et al. 2019). RVs

infection is associated with common cold character-

istics, but it is not the only effect of RVs infection.

They have effects on both upper and lower respiratory

syndromes and it has been known that RVs have roles

in exacerbations of cystic fibrosis in children and

chronic bronchitis in adults (Turner 2007). RV and

RSV have been mentioned to have a major role in

acute lower respiratory tract infections in infants.

Moreover, RSVs can lead to more severe forms than

RVs in very young infants (Luchsinger et al. 2014).

Influenza viruses and CoVs have led to many

outbreaks of viral pneumonia worldwide and caused

different effects (Cong 2019). Respiratory infections

(caused by influenza and other respiratory viruses)

commonly manifest as a mild illness, but these viruses

have the potential to result in hospitalization and death

(Jiang et al. 2017). ARI which mainly affects the upper

tract exclusively, in a small percentage can progress to

lower respiratory tract infections such as bronchiolitis

and pneumonia in which children and elderly people

are at higher risk. (van Doorn and Yu 2020). Bron-

chiolitis is a common and potentially life-threatening

respiratory condition that affects young babies. The

majority of infants who are admitted to hospital with

bronchiolitis are infected with RSVs and all of them

presents intensive inflammatory responses in their
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airways (Smyth and Openshaw 2006). The ARDS

which is a clinical syndrome of acute lung disorder

(Ware and Matthay 2000) and mainly caused by

primary pneumonia (Matthay and Zemans 2011), and

pneumonia itself (that can be linked to several viruses)

(Ruuskanen et al. 2011) are going to be discussed

further.

Pneumonia

By the increasing rate of immunosuppressive thera-

pies, increased life span, the acquired immunodefi-

ciency syndrome (AIDS) progression, etc. the number

of people who are at the risk of viral pneumonia may

be raised. Viral pneumonia refers to disease condition

when there is viral causation of abnormalities in gas

exchanges at the level of alveoli. Old age, viral-

bacterial co-infection, underlying malignancy, and

shock at the initial presentation are some independent

predictors which are associated with short-term mor-

tality in adult patients with viral pneumonia. More-

over, there is a broad list of the differential diagnoses

for viral pneumonia including bacterial pneumonia,

bacterial or viral bronchitis, fungal pneumonia, lipoid

pneumonia, sarcoidosis, amyloidosis, hyper-reactive

airway disease, pulmonary hypertension, and some

others (Freeman et al. 2019). Pneumonia is an

important cause of death among young children and

elderly people which is correlated with several

pathogens especially viruses (Lin et al. 2019). Due

to the progress of viral infection diagnosing methods,

the viral cause of infection in pneumonia is frequently

recognized as a cause of community-acquired pneu-

monia (CAP) in adults as well as pediatrics (Kim et al.

2019). Moreover, the effects of viruses on hospital-

acquired pneumonia and ventilator-associated pneu-

monia are being investigated (Dandachi and Rodri-

guez-Barradas 2018). Herein, RSV, RV, influenza

viruses (A, B, and C), parainfluenza viruses (type 1,

2, 3, and 4), enteroviruses, hantavirus, and CoVs are

RNA viruses which are associated with pneumonia.

On the other hand, adenovirus, varicella-zoster virus,

parechovirus (HPeV), epstein-barr virus (EBV), her-

pes simplex virus (HSV), and cytomegalovirus (CMV)

are DNA viruses which can cause pneumonia. The

most common cause of viral pneumonia in small

children is RSV and the virus which is associated with

mortality and morbidity more than others is influenza

A. Adenovirus has an important role in the causation

of pneumonia in solid organ transplantation or hema-

tological transplantation. CMV is an important cause

of pneumonia in human immunodeficiency viruses

(HIV) -infected subjects with CD4 counts lower than

100 cells/mm2. (Freeman et al. 2019). Additionally,

human coronaviruses (HCoVs) have been known to be

important pathogens of respiratory tract infections;

because of the outbreaks of SARS and MERS (Yin and

Wunderink 2018). SARS and MERS are associated

with severe pneumonia and the prognosis of infection

with SARS and MERS is harder than RSV or influenza

virus (Freeman et al. 2019). Pneumonia is also one of

the typical clinical symptoms of the patients infected

by 2019 novel CoV (2019-nCoV) (SARS-CoV-2).

Progressive respiratory failure has been founded in

this condition; new pulmonary infiltrates on chest

radiography and no obvious improvement after antibi-

otic therapy for three days, have been also mentioned

to be the criteria related to this disease (Zhou et al.

2020). Laboratory examination of com-

plete blood count (CBC) with differential, chemistry

panel, C-reactive protein (CRP), enzyme-linked

immunosorbent assay (ELISA)—rapid antigen tests

could be useful for the diagnosis of viral pneumonia.

Furthermore, gene amplification, cytological evalua-

tion, viral culture and viral antigens serology are also

mentioned to be helpful diagnosis approaches in

different capabilities. Although imaging features

alone, are not able for diagnosing the pneumonia

definitely, recognition of viral pneumonia patterns

may be helpful to avoid unnecessary use of antibiotics

(Koo et al. 2018). In the chest x-ray, interstitial

infiltration and its patchy distribution and bilateral

infiltrate are more suggestive of viral pneumonia

(Freeman et al. 2019). Generally, laboratory findings,

biomarkers, and radiographic patterns have not an

ability for definite viral diagnosing; however, reverse

transcription-polymerase chain reaction (RT-PCR) to

detect viral nucleic acid in respiratory secretions,

provides a manner that is done for laboratory confir-

mation (Dandachi and Rodriguez-Barradas 2018).

One of the suggestive options for the treatment of

viral pneumonia is supportive care which is included

maintaining required oxygen, hydration, rest and

increasing required calorie following higher respira-

tory effort. Besides, there are also some specific viral

therapies and also prophylactic therapies (such as

vaccination or specific immunoglobulins) for some of

the viral pneumonia cases. Because of the frequent
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amount of evidence related to the coexisting bacterial

types of pneumonia, appropriate treatment and man-

agement of comorbid illnesses are also important.

(Freeman et al. 2019). It has been mentioned that there

are also limited treatments and antiviral (available for

immunocompromised subjects) therapies for non-

influenza pneumonia viruses (Dandachi and Rodri-

guez-Barradas 2018). In general, developing effective

vaccines and treatment approaches, and more sensitive

diagnostic tests for viral pneumonia is yet an important

issue especially in high-risk adult patients (Kim et al.

2019).

Acute respiratory distress syndrome

ARDS is a clinical syndrome of acute respiratory

failure and it is associated with arterial hypoxemia,

dyspnea and presents with a highly increased work of

breathing. Sepsis, pneumonia and major trauma are

some of the clinical conditions which are connected to

ARDS developing (Matthay and Zemans 2011).

Symptoms and clinical presentations of ARDS are

variable depends on the severity of the condition, and

also nonspecific which overlaps with several other

conditions. Nevertheless, respiratory distress (such as

dyspnea and tachypnea) with lower arterial saturation

of oxygen, epigastric pain, nausea, vomiting, fever,

and hypotension are common symptoms. Further, in

the early phases of ARDS, respiratory involvement

might be the only sign of the disease (Virani et al.

2019). The characteristic pathological findings in the

lungs of ARDS patients can be divided into three

groups according to the phases of occurrence; in the

acute phase which refers to the first 6 days, interstitial

and alveolar edema with the accumulation of neu-

trophils, macrophages and red blood cells in the

alveoli and also endothelial and epithelial injury could

be founded. For the second week, which is termed

subacute phase, reabsorption of edema, signs of

repairing, infiltration of fibroblasts and collagen

deposition could be mentioned. After those 14 days,

in the chronic phase more mononuclear cells, more

fibrosis and epithelial repairing, and the signs of

resolution of the acute neutrophilic infiltrates could be

seen (Fig. 1) (Matthay and Zemans 2011). ARDS as a

clinical syndrome is presented by inflammatory pul-

monary edema, severe hypoxia, and stiff lungs.

Diffuse endothelial and epithelial injury is also

mentioned to be its characteristics (Gattinoni et al.

2006). As it was mentioned, ARDS and also acute lung

injury (ALL) might be associated with some clinical

conditions and there are several causes for the

occurrence of ALI/ARDS; pulmonary or non-pul-

monary infection, severe sepsis, aspiration of gastric

contents, hemorrhage and shock are some of them

(Fig. 1). It is important to emphasize that some non-

pulmonary organ failure such as cardiovascular fail-

ure, renal failure, liver function and hematologic

abnormalities may be developed in patients with acute

respiratory failure from ARDS (Matthay and Zemans

2011).

Numerous viruses have been reported that have an

important role in the occurrence of pediatric ARDS.

RSV and influenza A (sub type H1N1) virus are

mentioned to be the most common viruses having

roles in the etiology of the disease. The most common

cause of pediatric ARDS is primary infection with or

without systemic infection and seasonal viruses such

as RSV, non-pandemic influenza, RVs, parainfluenza,

adenovirus, CoVs, and HMPV (Nye et al. 2016).

ARDS is an important and serious complication in

patients infected by H1N1 virus (Ferrarini et al. 2017).

Therefore, influenza infection could be followed by

lower respiratory tract infections and even ARDS

especially in adult immunocompromised hosts (Dio-

verti et al. 2016). SARS and MERS were reported to

be the considerable causes of ARDS. A large

percentage of patients infected with SARS, experi-

enced severe complications, with 20% developing

ARDS and in MERS patients, mild upper respiratory

symptoms, severe pneumonia, ARDS and some other

complications were reported (Nye et al. 2016). The

infection with 2019-nCoV can also cause severe

respiratory illnesses such as ARDS (Chen et al.

2020b). Besides, nosocomial infections (such as

reactivation of latent HSV in adult patients with

mechanical ventilation) are also important causes of

respiratory disorders leading to ARDS in both children

and adults (Nye et al. 2016). Several clinical trials and

researches have been carried out to understand the

epidemiology and pathogenesis and also to test new

therapies for ARDS (Matthay and Zemans 2011).

ARDS is known to be an important and costly public

health problem. In some studies, it has been demon-

strated that survivors of ARDS among relatively

young patients, will suffer from limited persistent

exercises and lower physical quality 5 years after their

critical illness. These mentioned limitations impose
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higher costs and use of health care services due to

severe lung injury (Herridge et al. 2011). It has been

founded that there are no pharmacological treatments

to benefit ARDS patients and even they may lead to

possible harms; however, lung-protective mechanical

ventilation has been founded to be effective. Recent

guidelines on mechanical ventilation in ARDS, may

help clinicians to deliver interventions in an evidence-

based manner that may lead to better outcomes (Fan

et al. 2018). Mechanical ventilation which often used

in patients with ARDS to restore required oxygen can

lead to pulmonary damage itself; which is not

distinguishable from those ARDS causes. This com-

plication has altered the target of mechanical ventila-

tion in patients with ARDS (which was the

maintenance of normal gas exchange) and has shifted

it to the protection of lung from the injuries caused by

the ventilator (Gattinoni et al. 2006). Noninvasive

ventilation (NIV) is a common and well-established

treatment used to prevent endotracheal intubation in

patients with ARDS. It has been founded that patients

with hypoxemic acute respiratory failure who succeed

in an NIV trial, represent a better prognosis compared

to those who failed. Higher ICU severity score,

presence of severe sepsis and lower ratio of arterial

oxygen tension to fraction of inspired oxygen are other

factors that could be in the association with worse

outcomes (Tucci et al. 2016).

Common respiratory viruses

RV, RSV, HMPV, influenza virus, parainfluenza

virus, adenovirus, HBoV, CoV and human entero-

viruses (HEV) can affect the respiratory tract and they

are in the association with the acute wheezing illness

(Coverstone et al. 2019). Adenoviruses, influenza

types A and B, parainfluenza, and RSVs are common

Fig. 1 Acute Respiratory Distress Syndrome (ARDS). Pul-

monary or non-pulmonary infection, severe sepsis, aspiration of

gastric contents, hemorrhage and shock are mentioned to be

some of the causes for ARDS. Pathological findings of ARDS in

lungs can be divided into three groups depending on the phase of

occurrence; in the acute phase, interstitial and alveolar edema,

accumulation of neutrophils, macrophages and red blood cells in

the alveoli, endothelial and epithelial injury; in the subacute

phase, reabsorption of edema, signs of repairing, infiltration of

fibroblasts, collagen deposition and in chronic phase, more

mononuclear cells, more fibrosis, and epithelial repairing and

also the signs of resolution of the acute neutrophilic infiltration

are the characteristics of findings in lungs (Matthay and Zemans

2011)
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viral agents associated with respiratory infections and

may lead to a different range of acute upper and lower

respiratory tract diseases. They may be associated with

serious clinical complications such as croup, bronchi-

olitis, and pneumonia especially in immunocompro-

mised patients (Syrmis et al. 2004). In a study, it has

been shown that respiratory viruses were highly

detected in bronchoalveolar lavage fluid samples of

CF patients and were in the association with markers

of disease severity (Esther Jr et al. 2014). RSV is the

most common virus recognized in young children with

an acute lower respiratory infection and was related to

33.8 million new cases globally in 2005 (Shi et al.

2015). RSVs also have a close relation to severe lower

respiratory illnesses which require hospitalization.

RVs, in the first year of life are the major upper and

lower respiratory pathogens (Kusel et al. 2006). It has

been founded that RV infection is associated with

60–70% of the asthma exacerbations in school-aged

children (Turner 2007). HMPV has been also known to

be an important cause of severe respiratory diseases,

particularly in infants, young children, and elderly

people (Ditt et al. 2011). Human parainfluenza virus

types 1, 2, 3, and 4 have been recognized as respiratory

pathogens in young children and their importance in

adults has been also known (Hall 2001). Certain

serotypes of adenoviruses have been mentioned to be

the cause of epidemic pneumonia and other types of

respiratory tract infections in closed communities

(Lehtomäki et al. 1986). HEV can cause different

clinical syndromes, such as mild upper respiratory

tract illnesses and even severe and potentially fatal

conditions. HEV-68/71/104, coxsackievirus A9 (CV-

A9)/A21/B2/B4 and echovirus 9/11/22 are different

subtypes of HEV which have been isolated from

respiratory samples (Lu et al. 2014). HBoV may infect

all age groups and it has appeared that the virus has the

ability to trigger chronic lung disease (Schildgen and

Schildgen 2018). Influenza virus causes contagious

and acute respiratory disease and attacks the host

respiratory tract mucosa (Tamura and Kurata 2004).

Influenza viruses and CoVs have led to many out-

breaks of viral pneumonia worldwide (Cong 2019) and

CoVs are important pathogens with different effects

on the human body (Chen et al. 2020c). They are

enveloped, non-segmented and positive-sense RNA

viruses which can cause infection in respiratory,

gastrointestinal, hepatic and central nervous systems

of humans and many animals (Lin et al. 2019; Chen

et al. 2020c). CoVs are the group of viruses belongs to

Coronavirinae which is a subfamily of the Coron-

aviridae family and the other subfamily is Toroviri-

nae. Coronaviridae itself is a family of Nidovirales

(Fig. 2) (Fehr and Perlman 2015; Lin et al. 2019; Gu

et al. 2020). Coronavirus particles which are main

structural proteins are including spike (S), membrane

(M), envelope (E) and nucleocapsid (N) (Fehr and

Perlman 2015; Cong 2019). SARS as a human disease

(caused by SARS-CoV) is associated with pneumonia

and it led to more than 7900 patients across five

continents (Guan et al. 2003). SARS spread through

air-travel (Hilgenfeld and Peiris 2013) and the death

rate of SARS was 9.6% (Guo et al. 2020). Ten years

after the SARS outbreak, another unknown coron-

avirus (MERS-CoV) caused severe pneumonia and

renal failure with a high fatality rate (Hilgenfeld and

Peiris 2013). It is believed that origination of the virus

was bats; but also there was an intermediate host (Fehr

and Perlman 2015). MERS-CoV led to approximately

2500 cases and 800 deaths (Cascella et al. 2020).

Recently, a novel coronavirus has also emerged and

caused an outbreak of unusual viral pneumonia (Chen

et al. 2020c), which is going to be discussed, further in

the next parts.

Novel coronaviruses; Covid-19

2019-nCoV was first found in China and Huanan

Seafood Market in which livestock animals were also

traded (Sahin et al. 2020). Results of virus genome

sequencing and further analysis have reported bat as a

suspected natural host of virus origin which might be

transmitted by the means of unknown intermediate

hosts and thus, results in infection in humans (Guo

et al. 2020). On January 30, WHO announced the

presentation of the nCoV and declared it as a public

health emergency of international concern (PHEIC)

and on February 11, named it as COVID-19 (Chen

et al. 2020c). On February 28, WHO raised the threat

to the CoV epidemic outbreak to the ‘‘very high’’ level

(Cascella et al. 2020). COVID-19 spread rapidly from

a city to the entire country in 30 days (Wu and

McGoogan 2020) and now, several other countries

including Hong Kong, Italy, Japan, Russia, Iran,

United States, and more than twenty other countries

have reported COVID-19. Droplets, respiratory secre-

tions, and direct contact are three ways for spreading

the COVID-19; however, the isolation of SARS-CoV-
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2 from fecal swabs of a severe pneumonia patient was

also reported. The incubation period of the virus is

mentioned to be 2–14 days and mostly 3–7 days in

which the virus is contagious (Guo et al. 2020). On

average, one patient infects 1.4–2.5 other persons

(Javanian et al. 2019). Patients with cardiac diseases,

hypertension or diabetes, who are treated with

Angiotensin-converting enzyme 2(ACE2)-increasing

drugs have been founded to be at higher risk for severe

COVID-19 (Fang et al. 2020). In other words, based

on studies higher concentrations of ACE2 can cause

enhanced vulnerability to 2019-nCoV in subjects who

are using renin–angiotensin–aldosterone system inhi-

bitors (Sama et al. 2020). There is also a particular risk

for older persons for COVID-19 (Applegate and

Ouslander 2020). Higher case fatality rate (CFR) has

also observed in patients with chronic respiratory

disease and cancer; but contrary to H1N1, pregnancy

has not been appeared to be a risk factor for severe

disease (Fisher and Heymann 2020). In addition,

cancer receiving chemotherapy as well as multiple co-

morbidities can be a risk factor for severe illness

(Aslam and Mehra 2020). It has been founded that the

COVID-19 outbreak increased the risk of schizophre-

nia in older adults and also age is presented as an

important risk factor for new schizophrenia caused by

COVID-19 (Hu et al. 2020). The results of a research

have been demonstrated that the prevalence of post-

traumatic stress symptoms (PTSS) in China hardest-

hit areas was 7% one month after the outbreak which

was higher in women and this presents the need for

professional and effective mental health services

(Chen et al. 2020c). Covid-19, as well as SARS and

MERS, presents with cough and fever commonly and

frequently followed by lower respiratory tract disease

with poor clinical outcomes associated with older age

and also underlying health conditions (Wu and

McGoogan 2020). Common symptoms are fever,

Fig. 2 Nidovirales Order. Nidovirales order contains three

families: Arteriviridae, Roniviridae and Coronaviridae.

Torovirinae and Coronavirinae are subfamilies of Coronaviridae

and Coronavirinae includes four genera: Alphacoronaviruses,

Betacoronaviruses, Gammacoronaviruses and

Deltacoronaviruses (Fehr and Perlman 2015), which are

subdivided into more subgenera (Lin et al. 2019). SARSr-

CoV, MERSr-CoV and SARS-CoV-2 are three species of

Betacoronaviruses genera (Guo et al. 2020)
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cough, and shortness of breath (Javanian et al. 2019);

but the infection varies from asymptomatic or pau-

cisymptomatic forms to clinical conditions associated

with the requirement of mechanical ventilation and

support in ICU and even to multiple organ dysfunction

syndromes (MODS) and fatal cases. Clinical mani-

festations can be divided into three groups due to their

severity according to Chinese centers for disease

control (CDC) reports. In mild disease which includes

81% of cases, non-pneumonia and mild pneumonia

could be predicted. The severe disease occurs in 14%

of cases and includes dyspnea, respiratory fre-

quency C 30/min, blood oxygen saturation (SpO2)-

B 93%. PaO2/FiO2 ratio\ 300 [(partial pressure of

oxygen, PaO2) and (fraction of inspired oxygen,

FiO2)], and/or lung infiltrates[ 50% within 24–48 h

are other clinical manifestations of severe form of the

disease. In critical disease which contains 5% of cases,

respiratory failure, septic shock, and/or MOD or

multiple organ failure (MOF) are clinical manifesta-

tions (Cascella et al. 2020). It has been also mentioned

that mild, moderate, or severe illness may be the three

presenting forms of COVID-19. Severe pneumonia,

ARDS, sepsis, and septic shock are included in severe

clinical manifestations. Mild fever, cough (dry), sore

throat, nasal congestion, malaise, headache, muscle

pain, or malaise in uncomplicated illness, cough and

shortness of breath in moderate pneumonia, and fever

with severe dyspnea, respiratory distress, tachypnea

and hypoxia in severe pneumonia have been men-

tioned to be among clinical manifestations (Cascella

et al. 2020). Some similarities have been observed

between COVID-19 and influenza and also seasonal

allergies (pollen allergies) in their signs and symp-

toms. For instance, they may also exhibit temperature.

Thus, a diagnostic kit or meter is needed to detect

patients accurately and rapidly (Shereen et al. 2020).

So far, detecting nucleic acid in the respiratory tract

samplings (for instance, nasal and throat swab sam-

pling) by real-time PCR is a golden clinical method for

diagnosis which further confirmed by next-generation

sequencing (Guo et al. 2020). Although this nucleic

acid testing is required to confirm the infection,

symptoms, exposures, and chest imaging are also used

for clinical diagnosis (Wu and McGoogan 2020).

Generally, controlling the source of infection, early

diagnosis, reporting and isolation along with good

personal hygiene, fitted masks, ventilation, and

avoiding crowded places will be helpful for the

prevention of the disease (Chen et al. 2020c).

Novel corona virus mechanism of action

The genome of SARS-CoV-2 has shown over 80%

similarity to other human CoVs and the entry mech-

anism is also as same as SARS-CoV. The structural

proteins of SARS-CoV-2 are encoded by S, E, N and

M genes which were presented earlier. Proteins

needed for viral replication, nucleocapsid and spikes

formation are encoded by specific genes in open

reading frame (ORF1) downstream which are included

in all CoVs (Shereen et al. 2020). A frameshift

between ORF1a and ORF1b has a role in producing

pp1a and pp1ab polypeptides, and also papain-like

proteases to produce 16 non-structural proteins (nsps).

It has been known that the function of the nsps and

structural proteins have a connection to pathophysiol-

ogy and virulence mechanisms of SARS-CoV-2 and

other CoVs (Cascella et al. 2020). SARS-CoV-2 uses

the same cell receptor ACE2 to SARS-CoV (Shereen

et al. 2020). ACE2 has been found in the lower

respiratory tract of humans and had a role in regulating

the cross-species and human-to-human transmission

in SARS-CoV patients. The bronchoalveolar lavage

fluid sample from a patient with COVID-19 demon-

strated that SARS-CoV-2 uses the same receptor to

infect humans (Guo et al. 2020). It has been known

that cigarette smoking can induce increased ACE2 in

the respiratory tract and this reveals that cigarette

smokers are more susceptible to COVID-19 (Wang

et al. 2020a, b). Analyses have shown that ACE2

expression in kidney cells was not lesser than in lung,

esophagus, small intestine and colon. It indicates that

the kidney may be an important target for SARS-CoV-

2 (Xu et al. 2020). The life cycle of SARS-CoV-2 is

initiated when S protein binds to the cellular receptor

ACE2 that plays as a key receptor. Conformation

change in the S protein, viral envelope fusion with the

cell membrane and releasing RNA into the host cell

are included in the next steps. Subsequently, viral

replicase polyproteins pp1a and 1ab are originated by

the translation of RNA genome and then they are

cleaved into small products by viral proteinases.

Production of sub-genomic messenger RNA (mRNA)

and then relevant viral protein, assembling of viral

proteins and genome RNA, and formation of the

virions are the next phases of the life cycle. Virions are
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assembled in the endoplasmic reticulum (ER) and

Golgi, and eventually they are released out of the cell

(Shereen et al. 2020). Histological examination on the

biopsy samples taken from a patient with COVID-19

showed bilateral diffuse alveolar damage with cellular

fibromyxoid exudates. Desquamation of pneumocytes

and formation of the hyaline membrane in the right

lung, suggested the diagnosis of ARDS, while pul-

monary edema with hyaline membrane formation in

the left lung, indicated early-phase ARDS. Moreover,

the rapid progression of pneumonia has been observed

on X-ray images. Moderate micro-vesicular steatosis

and mild lobular and portal activity have been founded

in liver biopsy of the patient which may be caused by

the means of SARS-CoV-2 infection or drug-induced

liver injury. No histological changes were founded in

the heart. Lymphopenia was also appeared in this

patient (Xu et al. 2020). The Results of more

researches showed that most of the patients with

COVID-19, had decreased white blood cell counts and

lymphocytopenia; however, neutrophil count,

D-dimer, blood urea, and creatinine levels were

considerably higher in severe patients and decreased

counts of lymphocyte were founded continuously.

Increased levels of interleukin (IL)-6, IL-10, and

tumor necrosis factor-a (TNF-a) as inflammatory

factors with the higher plasma levels of IL-2, IL-7 and

some other inflammatory factors in ICU patients, were

also seen (Guo et al. 2020). Lymphopenia has been

founded to be a negative prognostic factor (Cascella

et al. 2020). Increased incidence of acute renal injury

was reported (that can occur because of SARS-CoV-2)

along with the inflammation induced by the disease or

the effect of both of them on kidneys (Rismanbaf and

Zarei 2020). Hospitalized COVID-19 patients have

been shown higher levels of kidney impairments such

as hematuria, proteinuria, and kidney dysfunction and

it has been known that there is a correlation between

indicators of kidney impairments and the higher risk of

in-hospital death (Cheng et al. 2020). Cytokine storm

syndrome may lead to hepatic injury in patients with

COVID-19 and a positive correlation has been seen

between liver injury and an increased level of CRP.

Higher levels of lactate dehydrogenase (LDH) and

liver and muscle enzymes may be also found (Cascella

et al. 2020). Therefore, SARS-CoV-2 can lead to liver

damage and Lopinavir/ritonavir should be carefully

used for the treatment of patients with COVID-19;

because of the connection seen between emerging

liver injury after admission and their application (Fan

et al. 2020). It has been stated that liver injury is more

common in severe cases of COVID-19 compared to

mild cases (Xu et al. 2020). In a retrospective study on

121 symptomatic patients, bilateral and peripheral

ground-glass and consolidative pulmonary observed

on computed tomography (CT) scan, were known to

be the hallmarks of COVID-19 infection. 56% of early

patients have shown a normal CT scan; but it has been

demonstrated that there is a relation between the

frequency of CT findings and infection time course.

After a longer time with the appearance of symptoms,

more findings can be seen on CT scan. Consolidation,

bilateral and peripheral disease, greater total lung

involvement, linear opacities, ‘‘crazy-paving’’ pattern

and the ‘‘reverse halo’’ sign are meant to be these

findings. 28% of early patients, 76% of intermediate

patients and 88% of late patients were shown bilateral

lung involvement. (Bernheim et al. 2020). There are

several CT features such as linear opacities, crazy-

paving patterns, bronchial wall thickening, high CT

scores and extra-pulmonary lesions which are associ-

ated with severe/critical form of COVID-19 pneumo-

nia (Shereen et al. 2020). In another study it has been

demonstrated that the highest severity of lung disease

was observed on CT about10 days after onset of

symptoms. After 14 days from the initial onset of

symptoms which was named the absorption stage,

signs of improvement can be seen (Pan et al. 2020).

Covid-19 is never just confined to respiratory damage.

Patients with signs of cardiac injury should also be

identified earlier; because heart injury signs are

increased in COVID-19; especially in patients who

are male, older, smoker and also in hypertension cases

(Wu et al. 2020).

Inflammatory process of acute respiratory

infections caused by COVID-19

Severe pneumonia, ground-glass opacities, and acute

cardiac injury are the main pathogenic incidences of

COVID-19 infection by the target of the respiratory

system. Multiple peripheral ground-glass opacities in

sub-pleural regions of both lungs in some patients may

cause higher inflammation due to induced immune

response. Higher leukocyte numbers and increased

blood levels of cytokines and chemokines as inflam-

matory factors are also reported in patients infected
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with COVID-19 including IL1-b, (IL1recepotor ago-

nist) IL1RA, IL7, IL8, IL9, IL10, basic fibroblast

growth factor (FGF2), granulocyte colony-stimulating

factor (GCSF), granulocyte–macrophage colony-stim-

ulating factor (GMCSF), interferon gamma (IFNc),

IFNc-induced protein10 (IP10), monocyte chemoat-

tractant protein-1 (MCP1), macrophage inflammatory

protein 1a (MIP1a), MIP1b, platelet-derived growth

factor subunit B (PDGFB), TNFa, and vascular

endothelial growth factor (VEGF). Levels of pro-

inflammatory cytokines such as IL2, IL7, IL10, GCSF,

IP10, MCP1, MIP1a, and TNFa were reported to be

higher in some of the patients hospitalized in ICU and

these levels had an association with promoted disease

severity (Rothan and Byrareddy 2020). In a case report

study, reduced numbers of peripheral CD4 and CD8

with their hyper-activated status (high proportions of

HLA-DR (CD4 3�47%) and CD38 (CD8 39�4%)

double-positive fractions) were founded in a patient

infected with COVID-19. The higher concentration of

pro-inflammatory chemokine receptor (CCR)6 ? T

helper (Th)17 in CD4 T and increased concentrations

of cytotoxic granules in CD8 T cells were also

reported. Tissue samples taken from both lungs of

the patient demonstrated interstitial mononuclear

inflammatory infiltration (lymphocytes dominated)

(Xu et al. 2020). It has been mentioned that total T

cells, CD8 ? T cells and CD4 ? T cells count lower

than 800/lL,300/lL, and 400/lL in non-ICU patients,

reveals the continues requiring of aggressive inter-

vention even in immediate absence of more severe

symptoms; because their condition has a higher risk

for getting worse (Diao et al. 2020). In a study, it has

been mentioned that IL2 receptor[ 793.5U/mL,

CRP[ 30.7 ng/mL, white blood cells[ 9.5 9 109 L

or neutrophil count[ 7.305 9 109 L are among the

parameters which should be observed accurately to

follow the progression of COVID-19 to the critical

stage. There is a close correlation between the severity

of the disease and inflammation; therefore, IL-6,

TNFa and IL-8 might be beneficial to be the promising

therapeutic targets (Gong et al. 2020). In the other

study, it has been known that there is a positive

correlation between CT imaging score and severity of

the disease. Based on CT imaging score, the higher

levels of enzymes, coagulation-related indicators and

inflammation markers were shown in patients with

increased CT imaging score. These indicators were IL-

6, CRP, erythrocyte sedimentation rate (ESR), serum

amyloid A (SAA), Serum ferritin, aspartate amino-

transferase (AST), LDH, a-hydroxybutyrate dehydro-

genase, D-dimer and fibrinogen (FIB) which are useful

to monitor the progression of COVID-19 and also its

prognosis. Additionally, the linear correlation was also

seen between the levels of IL-6, CRP, LDH, AST,

D-dimer and FIB as prominent indicators, and CT

imaging score (Wang et al. 2020a, b). During SARS-

CoV-2 infection, some host immune responses and

viral-host interactions occur. ACE2 expressing target

cells such as alveolar type 2 cells are infected because

of aerosolized uptake of SARS-CoV-2. Decreased

anti-viral IFN responses due to the presence of virus,

causes viral replication. Moreover, the influx of

neutrophils and monocytes/macrophages may lead to

hyper-production of pro-inflammatory cytokines (cy-

tokine storms) and may result in the immunopathology

of lung. Inducing the specific Th1/Th17 associated

with exacerbation of inflammatory responses and the

production of specific antibodies from B-cells/plasma

cells to neutralize viruses are also other interactions

(Fig. 3) (Prompetchara et al. 2020).

According to researches about previous CoVs, it

has been mentioned that innate immunity has an

important role in protective or destructive responses

and may provide hopes for bringing new treatment

options by the means of immune intervention. Hyper-

production type I IFN and the influx of neutrophils and

macrophages as important sources of pro-inflamma-

tory cytokines caused by active viral replication.

SARS-CoV-2 may probably induce delayed-type I

IFN and loss of viral control in an early phase. Patients

with underlying diseases are more susceptible to

COVID-19, while young children showed no severe

cases. Indeed, in young children the innate immune

response is highly effective that may reveal the key

role of innate immunity (Prompetchara et al. 2020). As

it was mentioned before, the functions of the nsps and

structural proteins have effects on the pathophysiology

and virulence mechanisms of CoVs and also SARS-

CoV-2 as an example. nsp has the ability to block host

innate immune response (Cascella et al. 2020). It has

been also mentioned that the high ability of contagious

in SARS-CoV-2 is in association with the stabilizing

mutation falling in the endosome-associated-protein-

like domain of the nsp2 protein (Angeletti et al. 2020).

ARDS is reported to be the main cause of death in

COVID-19 patients and in a study, six patients died

because of ARDS out of 41 patients who were
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admitted in the early stages of the outbreak. Deadly

and uncontrolled systemic inflammatory responses by

the means of releasing the large amounts of pro-

inflammatory cytokines (IFN-a, IFN-c, IL-1b, IL-6,

IL-12, IL-18, IL-33, TNF-a, transforming growth

factor beta (TGF-b), and etc.) and chemokines (CCL2,

CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc.) is an

important mechanism for ARDS. Therefore, the

cytokine storm may cause ARDS, MOF and eventu-

ally death in severe cases of COVID19 (Fig. 3)

(Cheng et al. 2020). Generally, all patients should be

monitored for hyper-inflammation findings to recog-

nize patients in which immunosuppression might have

beneficial effects (Mehta et al. 2020).

Appropriate treatments for acute respiratory

infections caused by COVID-19

According to studies, subjects with mild levels of the

COVID-19 do not need hospitalization and can be

treated using oxygen therapy, external cooling,

acetaminophen, and nutritional supplements (Hassan

et al. 2020; Organization 2020). However, individuals

with severe levels of COVID-19 who exhibit severe

ARIs and various degrees of respiratory syndromes,

are required fundamental care and hospitalization

(Organization 2020; Stoecklin et al. 2020). In this

context, some fundamental cares are included:

HFNOT which may prevent or delay the intubation

requirement, tidal volume strategy of 4 to 6 mL/kg

predicted body weight, maintaining the plateau airway

Fig. 3 Inflammatory Process of Acute Respiratory Infections

Caused by COVID-19. Coronavirus particles containing spike

(S), membrane (M), envelope (E) and nucleocapsid (N) are

CoVs main structural proteins (Fehr and Perlman 2015).

Aerosolized uptake of SARS-CoV-2, infection of Angioten-

sin-converting enzyme 2 (ACE2) expressing target cells such as

alveolar type2 cells, delayed or suppressed Type I interferon

(IFN) responses, viral replication, the influx of neutrophils and

monocytes/macrophages, activation of T helper1/17 (Th1/

Th17) associated with exacerbation of inflammatory responses,

production of specific antibodies from B-cells/plasma cells and

hyperproduction of pro-inflammatory cytokines called ‘‘cy-

tokine storms’’(which leads to the immunopathology of lung)

are the major viral-host Interactions (Prompetchara et al. 2020).

The cytokine storm might lead to acute respiratory distress

syndrome (ARDS), multiple organ failure (MOF) and eventu-

ally death in severe cases of COVID-19 (Cheng et al. 2020)

123

Cell Tissue Bank (2020) 21:405–425 417



pressure less than 30 cm water, PEEP, RMs, using

neuromuscular-blocking agents (for patient-ventilator

dyssynchrony (PVD), increased airway pressure, and

hypoxemia situation), prone positioning (for worsen-

ing hypoxemia), administration of 5–20 ppm ofi n-

haled NO, fluid management (for a negative fluid

balance), renal replacement therapy (Its beneficial

effects on oxygen delivery and survival have been

shown in individuals with ARDS), and ECMO(should

be considered using the EOLIA trial criteria) (Matthay

et al. 2020; Organization 2020). On the other hand,

empiric antibiotic therapy for probable bacterial co-

infection and using convalescent plasma (obtained

from recovered COVID-19 subjects) are suggested

(Murthy et al. 2020). Additionally, based on some

evidence it was noted that in the case of viral

pneumonia and ARDS, using glucocorticoids should

be avoided (Matthay et al. 2020; Organization 2020).

Moreover, alongside the mentioned therapies, a great

deal of attention is now being paid to the application of

regenerative medicine approaches.

Importance of cell therapy and regenerative

medicine

Over recent years, investigations were indicated

regenerative medicine can be paved the road for the

treatment of many life-threatening diseases. In other

words, translational cell biology can be considered as

an innovative and efficient healthcare intervention for

the promotion of the quality of life and medical costs

reduction (Goodarzi et al. 2014, 2015; Payab et al.

2018, Baradaran-Rafii et al. 2020; Larijani et al. 2020).

Herein, the great discoveries have highlighted that

MSCs as regenerative medicine soldiers have long

been regarding, based on their multi-potential differ-

entiation capacity and self-renewal ability along with

immunomodulatory potency. (Fitzsimmons et al.

2018; Goodarzi et al. 2018a, b). For instance, some

investigations were shown that there is a higher

survival rate in the subjects with H7N9 influenza who

received MSC therapies compared to control group

(Singh et al. 2020). Accordingly, MSC-based thera-

pies also appear to be effective in eradicating severe

ARIs caused by COVID-19.

Mechanism of mesenchymal stem cells-based

therapies to attenuate inflammatory processes in acute

respiratory infections caused by COVID-19

Since respiratory infections can damage the epithelial

and immune cells of the lung and following that lead to

no appropriate immune system function and ongoing

inflammation, there is a need to be some contributing

factors to reduce inflammation and repair damaged

cells (Robb et al. 2016; Crane et al. 2018). In this

respect, MSCs which have the potential to regulate

proper proliferation and activation of immune cells

along with differentiation into type II alveolar epithe-

lial (ATII) cells (which form approximately 60% of

the pulmonary alveolar epithelium) can be a con-

tributing factor (Gotts and Matthay 2011; Harrell et al.

2019a, b, c). The mechanism of MSC activity may be

via cell-to-cell communication and releasing extra-

cellular vesicles (EVs) contains immunomodulatory

molecules and cytokine (Lee et al. 2009; Huh et al.

2018; Harrell et al. 2019a, b, c; Martin-Rufino et al.

2019). Hereupon, MSCs can release prostaglandin

E2(PGE2) (to induce production of anti-inflammatory

cytokines from macrophages along with suppressing

ongoing T cell-dependent inflammation), transform-

ing growth factor beta (TGF-b), NO, and indoleamine

2,3-dioxygenase (IDO)( to inhibit ongoing T cell-

dependent inflammation), induce the proliferation of

regulatory T cells (to inhibit proliferation and activa-

tion of effector T-cells), increase the phagocytic

activity of neutrophil, promote the macrophages

differentiation into the M2 phenotype (for producing

anti-inflammatory cytokines), inhibit neutrophil

intravasation and pro-inflammatory activation by

TGF-b. Collectively, MSCs are created an anti-

inflammatory environment for improving pathological

resolution, function restoration, and tissue repair in the

alveolar space) (Fig. 4) (English et al. 2008; Ma and

Chan 2016; Wang et al. 2018; Weiss and Dahlke 2019;

Jiang and Xu 2020). On the other hand, MSCs can

transfer mitochondria to the damaged alveolar epithe-

lium, increase the concentration of alveolar ATP,

regenerate alveolar bioenergy, and finally lead to

ameliorating function of the lung (Islam et al. 2012,

Monsel et al. 2014).
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Conclusion and future perspectives

As life-threatening communicable diseases are

accountable for the considerable worldwide burden

of premature death and disability, discovering the best

approaches to manage and eradicate them is a

challenging issue. In the current state, COVID-19

(with related severe ARIs) is one of the rapidly

expanding life-threatening communicable diseases

around the world. Therefore, many steps have been

taken and various plans have been devised to control

and treat it. However, there is still no specific

treatment and vaccine for COVID-19 and the

presently approved treatments only can relieve symp-

toms. Indeed, COVID-19 treatment primarily depends

on the patient’s immune system. The excessive

response of the immune system to kill the virus can

lead to the production of numerous inflammatory

factors including severe cytokine storm. Accordingly,

it can cause organ destruction followed by ARDS,

dysfunction of air exchange, acute cardiac injury,

edema, and secondary infection that finally can lead to

death (McGonagle et al. 2020). Herein, the prevention

of a cytokine storm and controlling the inflammation

can play a key role in the treatment of COVID-19. In

this sight, several clinical trials have been operated

globally to evaluate the effectiveness of different

treatment options specifically MSC-based therapies as

promising therapeutic strategies (Table 2). MSCs are

proper therapeutic tools for severe ARIs (in COVID-

19 cases) by facilitating the lung tissue repair through

the release of paracrine-soluble agents (that interact

with immune cells) and their multipotent differentia-

tion ability along with regenerating alveolar bioen-

ergy. However, more investigations with a long

follow-up period are demanded to increase the ther-

apeutic outcome of MSCs besides creating the best

strategy for application of them, including the best

route and dose of administration. In this respect,

further studies also should be performed on the use of

Fig. 4 Effects of mesenchymal stem cells on lung in acute

respiratory infections caused by COVID-19 based on cell-to-cell

communication and releasing immunomodulatory molecules.

Mesenchymal stem cells (MSCs) can release prostaglandin

E2(PGE2) to provoke the generation of anti-inflammatory

cytokines from macrophages and inhibiting ongoing T cell-

dependent inflammation, transforming growth factor-beta

(TGF-b), nitric oxide (NO), and indoleamine 2,3-dioxygenase

(IDO) to suppress ongoing T cell-dependent inflammation,

support the macrophages differentiation into the M2 phenotype

for providing anti-inflammatory cytokines, suppress neutrophil

intravasation and pro-inflammatory activation by TGF-b.

Promote proliferation of epithelial cells and induce protection

of vascular permeability by releasing keratinocyte growth fac-

tor (KGF), vascular endothelial growth factor (VEGF), and

hepatocyte growth factor (HGF) (Wang et al. 2016; Harrell

et al. 2019a, b, c; Caretti et al. 2020)
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Table 2 Cell- based Clinical Trials for COVID-19 Cases (https://clinicaltrials.gov/)

Clinical trial title Cell type Number of

participants

Recruitment

status

Identifier number

Treatment of COVID-19 Patients Using

Wharton’s jelly Mesenchymal Stem Cells

Umbilical cord Wharton’s

jelly-derived human

Mesenchymal stem cells

5 Recruiting NCT04313322

A Phase I/II Study of Universal Off-the-shelf

NKG2D-ACE2 CAR-NK Cells for Therapy of

COVID-19

NK cells 90 Recruiting NCT04324996

Safety and Efficacy of Allogeneic Human Dental

Pulp Mesenchymal Stem Cells to Treat Severe

COVID-19 Patients

Allogeneic Human Dental Pulp

Mesenchymal Stem Cells

20 Recruiting NCT04336254

NestCell�Mesenchymal Stem Cells to Treat

Patients With Severe COVID-19 Pneumonia

NestCell� 66 Not Recruiting NCT04315987

Novel Coronavirus Induced Severe Pneumonia

Treated by Dental Pulp Mesenchymal

Stem Cells

Dental Pulp Mesenchymal

Stem Cells

24 Not Recruiting NCT04302519

Treatment With Mesenchymal Stem Cells for

Severe Coronavirus Disease 2019(COVID-19)

Mesenchymal Stem Cells 90 Recruiting NCT04288102

Clinical Research of Human Mesenchymal Stem

Cells in the Treatment of COVID-19

Pneuminia

Umbilical Cord Mesenchymal

Stem Cells

30 Recruiting NCT04339660

CAP-1002 in Severe COVID-19 Disease CAP-1002 Allogeneic Cardio

sphere Derived Cells

– Available NCT04338347

ASC Therapy for Patients With Severe

Respiratory COVID-19(ASC COVID-19)

Allogeneic Adipose Tissue

Derived Mesenchymal Stem

Cells

40 Not Recruiting NCT04341610

Cell Therapy Using Umbilical Cord-derived

Mesenchymal Stromal Cells in SARS-CoV-2-

related ARDS

Umbilical cord Wharton’s

jelly-derived human

Mesenchymal Stromal Cells

60 Not Recruiting NCT04333368

Study of Human Umbilical Cord Mesenchymal

Stem Cells in the Treatment of Novel

Coronavirus Severe Pneumonia

Umbilical Cord Mesenchymal

Stem Cells

48 Not Recruiting NCT04273646

Mesenchymal Stem Cell Treatment for

Pneumonia Patients Infected With 2019 Novel

Coronavirus

Mesenchymal Stem Cells 20 Recruiting NCT04252118

Stem Cell Educator Therapy Treated the Viral

Inflammation Caused by Severe Acute

Respiratory Syndrome Coronavirus2

Combination Product: Stem

Cell Educator- Treated

Mononuclear Cells Apheresis

20 Not Recruiting NCT04299152

Therapy for Pneumonia Patients Infected by

2019 Novel Coronavirus

Umbilical Cord Mesenchymal

Stem Cells

0 Withdrawn NCT04293692

Umbilical Cord(UC)-Derived Mesenchymal

Stem Cells(MSCs) Treatment for the

2019-novel Coronavirus(n COV) Pneumonia

Umbilical Cord Mesenchymal

Stem Cells

10 Recruiting NCT04269525

NK Cells Treatment for Novel Coronavirus

Pneumonia

NK Cells 30 Recruiting NCT04280224

A Pilot Clinical Study on Inhalation of

Mesenchymal Stem Cells Exosomes Treating

Severe Novel Coronavirus Pneumonia

Mesenchymal Stem Cells-

derived Exosomes

30 Not Recruiting NCT04276987
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different animal models and strains to examine the

inter-individual genetic diversity and to different

species in response to MSCs—based treatments.

Additionally, the role of culture conditions in MSC

growth is an important issue which needs to be further

studied. For instance, the role of the MSCs in

controlling the immune microenvironment can be

influenced by the development of tissue engineering

(TE) technology (Frank and Sayegh 2004). On the

other hand, some genetic engineering strategies are

investigating to enhance the remedial efficacy of

MSCs via rising cell delivery or the impressive dose of

trophic agents to the damaged tissue (Saeedi et al.

2019). Furthermore, the development of new diag-

nostic techniques based on molecular science and

OMICS technology can assist better treatment of

COVID-19 by increasing information about the novel

coronavirus.
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Tovar M, Bernal-Silva S, Benito-Cruz B, Castillo-Martı́-

nez F (2020) Respiratory syncytial virus acute respiratory

infection-associated hospitalizations in preterm Mexican

infants: a cohort study. Influenza Other Respir Viruses

14:182–188

Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, Zhang N,

Diao K, Lin B, Zhu X, Li K (2020) Chest ct findings in

coronavirus disease-19 (covid-19): relationship to duration

of infection. Radiology 200463.

Bhuyan GS, Hossain MA, Sarker SK, Rahat A, Islam MT,

Haque TN, Begum N, Qadri SK, Muraduzzaman A, Islam

NN (2017) Bacterial and viral pathogen spectra of acute

respiratory infections in under-5 children in hospital set-

tings in Dhaka city. PloS One 12(3):e0174488

Botti C, Micillo A, Ricci G, Russo A, Denisco A, Cantile M,

Scognamiglio G, De Rosa A, Botti G (2018) Characteri-

zation of respiratory infection viruses in hospitalized

children from Naples province in Southern Italy. Exp Ther

Med 15(6):4805–4809

Broekman W, Khedoe PP, Schepers K, Roelofs H, Stolk J,

Hiemstra PS (2018) Mesenchymal stromal cells: a novel

therapy for the treatment of chronic obstructive pulmonary

disease? Thorax 73(6):565–574

Bulla A, Hitze K (1978) Acute respiratory infections: a review.

Bull World Health Organ 56(3):481

Caballero MT, Bianchi AM, Nuño A, Ferretti AJP, Polack LM,

Remondino I, Rodriguez MG, Orizzonte L, Vallone F,

Bergel E, Polack FP (2018) Mortality associated with acute

respiratory infections among children at home. J Infect Dis

219(3):358–364

Caretti A, Peli V, Colombo M, Zulueta A (2020) Lights and

shadows in the use of mesenchymal stem cells in lung

inflammation, a poorly investigated topic in cystic fibrosis.

Cells 9(1):20

Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R

(2020) Features, evaluation and treatment coronavirus

(COVID-19). StatPearls [Internet], StatPearls Publishing

Chen J, Hu C, Chen L, Tang L, Zhu Y, Xu X, Chen L, Gao H, Lu

X, Yu L, Dai X, Xiang C, Li L (2020a) Clinical study of

mesenchymal stem cell treatment for acute respiratory

distress syndrome induced by epidemic influenza a (H7N9)

infection: a hint for COVID-19 treatment. Engineering

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J,

Liu Y, Wei Y (2020b) Epidemiological and clinical char-

acteristics of 99 cases of 2019 novel coronavirus pneu-

monia in Wuhan, China: a descriptive study. The Lancet

395(10223):507–513

Chen Y, Liu Q, Guo D (2020c) Emerging coronaviruses: gen-

ome structure, replication, and pathogenesis. J Med Virol

92:418–423

Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, Li J, Yao

Y, Ge S, Xu G (2020) Kidney impairment is associated

with in-hospital death of COVID-19 patients. MedRxiv

Cong Y-Y (2019) Molecular insights into viral respiratory

infections. University of Groningen, Groningen

Control CD (2020) Interim clinical guidance for management of

patients with confirmed coronavirus disease (COVID-19).

Coverstone AM, Wang L, Sumino K (2019) Beyond respiratory

syncytial virus and rhinovirus in the pathogenesis and

exacerbation of asthma: the role of metapneumovirus,

123

Cell Tissue Bank (2020) 21:405–425 421



bocavirus and influenza virus. Immunol Allergy Clin

39(3):391–401

Crane MJ, Lee KM, FitzGerald ES, Jamieson AM (2018) Sur-

viving deadly lung infections: innate host tolerance

mechanisms in the pulmonary system. Front Immunol

9:1421–1421

Dagne H, Andualem Z, Dagnew B, Taddese AA (2020) Acute

respiratory infection and its associated factors among

children under-five years attending pediatrics ward at

University of Gondar Comprehensive Specialized Hospi-

tal, Northwest Ethiopia: institution-based cross-sectional

study. BMC Pediatrics 20(1):93

Dandachi D, Rodriguez-Barradas MC (2018) Viral pneumonia:

etiologies and treatment. J Investig Med 66(6):957–965

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, Chen L, Li M,

Liu Y, Wang G (2020) Reduction and functional exhaus-

tion of T cells in patients with Coronavirus Disease 2019

(COVID-19). Medrxiv

Dioverti MV, Cawcutt KA, Schears GJ, Baddour LM (2016)

Use of extracorporeal membrane oxygenation for the

treatment of influenza-induced acute respiratory distress

syndrome in immunocompromised adults. Am J Med Sci

352(1):81–85
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