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Acute respiratory distress syndrome 
in COVID-19: possible mechanisms 
and therapeutic management
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Abstract 

COVID-19 pandemic is a serious concern in the new era. Acute respiratory distress syndrome (ARDS), and lung failure 
are the main lung diseases in COVID-19 patients. Even though COVID-19 vaccinations are available now, there is still 
an urgent need to find potential treatments to ease the effects of COVID-19 on already sick patients. Multiple experi-
mental drugs have been approved by the FDA with unknown efficacy and possible adverse effects. Probably the 
increasing number of studies worldwide examining the potential COVID-19 related therapies will help to identifica-
tion of effective ARDS treatment. In this review article, we first provide a summary on immunopathology of ARDS next 
we will give an overview of management of patients with COVID-19 requiring intensive care unit (ICU), while focusing 
on the current treatment strategies being evaluated in the clinical trials in COVID-19-induced ARDS patients.
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Background
The 2019 novel coronavirus outbreak started in the Chi-
nese city of Wuhan and quickly spread worldwide, lead-
ing the World Health Organization (WHO) to declare a 
Global Health Emergency on January 30, 2020 [1]. Later 
on, it was declared as a global pandemic on March 11 [2, 
3]. This latest novel coronavirus, SARS-CoV-2, spreads 
more quick than its two closest common ancestors, the 
Severe acute respiratory syndrome coronavirus (SARS-
CoV) and Middle East respiratory syndrome coronavi-
rus (MERS-CoV), but has lower fatality. Infection can 
be spread through the droplet spray produced when 
coughing and sneezing by both symptomatic patients 
and asymptomatic carriers before the onset of the symp-
toms [4]. The respiratory system involvement is the 
most frequent complication of Coronavirus disease 2019 

(COVID-19) [5]. Pneumonia caused by the SARS-CoV-2 
virus presents with fever, dyspnea, and acute respiratory 
symptoms which can lead to refractory pulmonary fail-
ure [6, 7]. It is common among COVID-19 patients to 
develop acute respiratory distress syndrome (ARDS), a 
life-threatening form of respiratory failure [8, 9]. Accord-
ing to weighted averages calculated using data from indi-
vidual studies which have data available for COVID-19, 
approximately 1/3 (33%) of hospitalized patients develop 
ARDS. And nearly 3/4 (75%) of COVID-19 patients 
admitted to the ICU have ARDS [8]. ARDS was initially 
defined in 1968 with clinical symptoms including acute 
hypoxemia, non-cardiac pulmonary edema, low pulmo-
nary compliance, and increased work of breathing [10].

ARDS occurs due to both direct viral effects and 
host cell-derived substances [11]. Activated cells of the 
immune system release several products such as neutro-
phil myeloperoxidases and other proteinases, eosinophil 
major basic proteins and cationic proteins, and exces-
sive production of proinflammatory cytokines including 
IL-6 and TNF-α, that can ensue aggravation of ARDS 
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and extensive tissue damage resulting in multi-organ 
dysfunction and mortality [12, 13]. Although the exact 
mechanism of SARS-CoV-2 in ARDS is not fully under-
stood yet, the induction of cytokine storm is considered 
to be one of the leading factors [14]. ARDS caused by 
COVID-19 differs considerably from ARDS caused by 
other factors based on Berlin criteria, and therefore treat-
ment is different as well [5]. The onset time of COVID-
19-associated ARDS is 8 to 12 days [15]. This is contrary 
to the Berlin ARDS criteria, which defined an onset 
limit of 1 week [16]. Patients with COVID-19 ARDS 
may have normal or even high lung compliance; this is 
not the case in patients with classic ARDS [5]. COVID-
19 ARDS severity is redefined into three stages based on 
its specificity: mild, mild-moderate and moderate-severe 
[17]. Thus, the dependence on mechanical ventilation of 
COVID-19 ARDS is longer than that of non-COVID-19 
ARDS [18]. In typical ARDS, the most frequently used 
adjuvant therapies are continuous neuromuscular block-
ing agents, high-dose corticosteroids, and recruitment 
maneuvers [19]. Due to the anti-inflammatory effects of 
corticosteroids, they are considered a possible treatment 
for ARDS and WHO strongly recommended systemic 
corticosteroid therapy for patients with severe and criti-
cal COVID-19, and recommended against corticosteroid 
therapy for patients with non-severe COVID-19 [20]. 
Several drugs including lopinavir-ritonavir, remdesivir, 
ruxolitinib and tocilizumab are undergoing clinical trials 
as a treatment for COVID-19, but yet no proven effective 
therapies currently exist [21–23].

In this review, we first describe the immunopathology 
of ARDS, then we intend to highlight the management 
of intensive care unit patients with COVID-19-related 
ARDS while focusing on the current status of promising 
emerging therapies although there is no particular rec-
ommended antiviral medication.

Search strategy
We searched the PubMed and google scholar to retrieve 
eligible articles of any publication status and in English 
from December 1, 2019, to June 20, 2021, using the fol-
lowing key words: Therapeutic management, Therapeu-
tic strategy, Antiviral therapies, Immunomodulatory 
therapies, anti-inflammatory drugs, NSAIDs, corticos-
teroids, MSC therapies, Interleukin-6 inhibitors, Janus 
kinase inhibitors, Convalescent plasma, IVIG, anti-
fibrotic therapies, Anticoagulant therapies, Anti anae-
mic therapies. Each key word was searched with the 
following string of key words (using the “AND” opera-
tor): COVID-19-related-ARDS OR coronavirus-related-
ARDS OR “SARS-CoV-2-related-ARDS” OR “Severe 
Acute Respiratory Syndrome Coronavirus 2” OR their 
derivates. In addition, we identified other eligible studies 

by searching the reference lists of relevant articles as 
well as unpublished studies in ClinicalTrials.gov. Stud-
ies which provided information on the treatment of 
COVID-19-related ARDS were identified. After screen-
ing title and abstracts for relevant studies, full texts were 
carefully checked for inclusion.

Immunopathology of ARDS
It is discovered that for RNA viruses, coronavirus 
included, pathogen-associated molecular patterns 
(PAMPs) in the structure of viral RNA genomes, or the 
dsRNA replication intermediates, are recognized via 
either endosomal receptors, TLR3 (toll-like receptor 3) 
and TLR7 (toll-like receptor 7), or by cytosolic sensors 
of RNA, RIG-I/MDA (retinoic acid-inducible gene I/
melanoma-differentiation-associated gene) [24]. These 
events lead to the transcriptional activation of interferon-
stimulated genes and nuclear factor-κB-regulated genes 
(NF-κB) as well as immune effectors and regulatory cell 
recruitment [25]. Alveolar epithelial cells (AECs), alveo-
lar macrophages (AMs), and dendritic cells (DCs) have 
key roles as sensor cells that detect danger signals via the 
receptors known as pattern recognition receptors (PRR) 
and initiate innate immunity. Recruitment of effector 
cells due to activated sensor cells lead to the secretion of 
a first wave of cytokines (AECs secrete IFNλ, CCL2, AMs 
secrete IFNα, IFNβ, IL-6, TNF, IL-12 and DCs secrete 
IL-12, IL-23, IL1β) to alert and stimulate resident lym-
phocytes [26]. The upregulation of type I IFN should be 
capable of suppressing the virus replication and dissemi-
nation during the early phase. In a SARS-CoV mouse 
model, it has been demonstrated that dysregulation of 
type I IFN and inflammatory monocyte macrophages 
cause fatal pneumonia. Consequently, exaggerated 
secretion of type I IFN and the infiltrated myeloid cells, 
negatively affect the result of the infection and are the 
key factors of lung damage and dysfunction [24]. Sub-
sequently, as a part of the innate immunity the release 
of chemokines, including CCL2, CCL5, CXCL8, and 
CXCL10, results in the recruitment of neutrophils and 
NK cells to the lung parenchyma [25]. Neutrophils pro-
duce toxic agents, such as reactive oxygen species (ROS) 
and proteases. Considerable production of free radicals 
by neutrophils overwhelms endogenous anti-oxidant sys-
tems, leading to oxidative cell injury. This robust inflam-
matory reaction due to the activation of neutrophils plays 
a key role in the ARDS pathogenesis [27]. Similarly, NK 
cell recruitment during influenza virus infection exerts 
both pro-necrotic and -apoptotic effects through the 
release of granzymes and perforins; indeed, excessive NK 
cell–mediated cytotoxicity is linked to lethal influenza 
virus infection due to uncontrolled lung damage. Further-
more, infiltrating monocyte-derived macrophages and 
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DCs by releasing other pro-inflammatory mediators such 
as TNF-α and nitric oxide, play key roles in influenza 
clearance and alveolar injury by inducing epithelial cell 
apoptosis [25]. DCs play important role in bridging the 
innate and adaptive immune systems via presenting path-
ogen antigens to the T cells located at lymph nodes. Once 
in the lung, cytotoxic T cells recognize the pathogen and 
kill pathogen-infected cells and remove the source of 
further infection. Helper T cells modulate inflammation 
in a myriad of strategies, including the excessive pro-
duction of cytokines such as type-II interferon (IFN-II) 
and generate the memory against the pathogen and also 
activate B cells to differentiate in the germinal centers 
of conventional lymphoid tissues to produce antibod-
ies specific to the pathogen [28]. Through the secretion 
of IL-10 and TGFβ, Treg cells suppress inflammation 
and restore homeostasis [26]. Comparing patients with 
ARDS, pneumonia, and healthy controls, research-
ers found that ARDS patients had increased IL-10-pro-
ducing  CD4+ T cells [29]. As well, ARDS survivors had 
more IL-10 producing  CD4+ T cells than non-survivors 
[29]. In a small proportion of infected individuals, these 
immune processes can completely suppress viral replica-
tion or eliminate virus infection. Others have incomplete 
viral suppression and a reduction of circulating B and T 
cells followed by a mechanism as yet unknown. Cytokine 
storm, a serious condition caused by sustained viral repli-
cation, occurs in some patients and it has been shown to 
be the main cause of COVID-19 related ARDS [30]. Some 
of the cytokines and chemokines overexpressed during 
the cytokine storm include IL-1β, IL-2, IL-6, IL-10, TNF-
α, IFN-γ, IP-10, MIP-1, and MIP-1α [31]. Serum IL-6 
concentration has been associated with disease severity 
and mortality, suggesting IL-6 plays a central role [30]. As 
IL-6 circulates, it binds soluble IL-6 receptors, forming a 
complex with a gp130 dimer on the surface of some cells. 
The complex induces JAK-STAT3 activation in various 
cell types, including endothelial cells, leads to cytokine 
storm and finally may cause fatal symptoms such as 
ARDS in a subgroup of hospitalized COVID-19 patients 
[30, 32]. So blocking these immune pathways could be 
beneficial against cytokine storm and ARDS in patients 
suffering from COVID-19 in a severe form [30].

Management of patients with ARDS 
in the intensive care unit (ICU)
A 1-week onset limit is defined by the ARDS Berlin cri-
teria for a person to be diagnosed as having ARDS which 
is inconsistent with the onset time of COVID-19-related 
ARDS that is 8–12 days. So, greater attention must be 
paid to the ARDS development in patients with a course 
of longer than 1 week [5]. The management of ARDS 
patients is critical for survival, and should be taken into 

account by relevant specialists [33]. ARDS patients pre-
senting with  SpO2 < 94% on room air at sea level, res-
piratory rate > 30 breaths/min,  PaO2/FiO2 < 300 mmHg 
or lung infiltrates > 50%, may require aerosol-generat-
ing procedures (AGPs). Compared to standard oxygen 
therapy, high-flow nasal oxygen (HFNO) decreases the 
requirement of endotracheal intubation in patients with 
ARDS. It has been suggested that HFNO may be safe in 
mild/moderate COVID-induced ARDS patients, and 
even in some moderate/severe patients [34]. Increasing 
lung capacity by the recruitment of previously collapsed 
units is often achieved by the use of high positive end-
expiratory pressure (PEEP) levels, recruiting maneu-
vers, and prone positioning [35]. Prone positioning can 
improve oxygenation and survival in patients but care 
should be taken to turn them safely [36, 37]. For cases 
with suspected bacterial pneumonia or sepsis as a sec-
ondary infection, empiric antibiotics should be adminis-
tered and re-evaluated daily, and, in case of no bacterial 
infection, antibiotic treatment should be de-escalated or 
stopped [38]. The evaluation should include the imaging 
of pulmonary (chest x-ray, ultrasound, and, if indicated, 
CT) and an electrocardiogram (ECG) if necessary and 
A laboratory test consisting of a complete blood count 
(CBC) with differential, metabolic panel, liver and renal 
function tests [38]. Even though measurement of inflam-
mation markers such as CRP and D-dimer is not included 
in standard care, it can provide valuable prognostic infor-
mation. Currently, limited information is available which 
suggests that the intensive care management of COVID-
19 patients should be substantially different from the 
management of other ICU patients, although safety pre-
cautions are essential to avoid viral contamination. As for 
every ICU patient, successful COVID-19 clinical man-
agement depends on attention to the primary conditions 
leading to admission to ICU, but also to other comorbidi-
ties and hospital-acquired complications [38].

Emerging therapies for COVID‑19‑induced ARDS
Although there is only one antiviral, Remdesivir, 
approved by the U.S. Food and Drug Administration 
(FDA) to treat hospitalized COVID-19 patients, many 
medications are being tested and currently, research-
ers are investigating other potential treatments for 
COVID-19 [38]. Two different strategies have been 
tested as potential “cures” for COVID-19, one strategy 
is to target the virus directly (reducing virus replica-
tion, receptor binding, etc.) and the other strategy is to 
modulate the innate and adaptive immune responses of 
the host against the virus infection (targeted or nonspe-
cific immune-modulating drugs) [39]. A properly com-
bined anti-inflammatory and anti-viral medication with 
doses adjusted according to the symptom severity and 
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immune cell counts may help improve survival outcomes 
[28]. Much of the information available in research to 
date is based upon clinical trials, retrospective analyses, 
or uncontrolled case series, and so ultimate evidence of 
effectiveness for interventions is still required [39]. A list 
of drugs used for the treatment of COVID-19 patients is 
presented in Table  1 and a summary of the clinical tri-
als investigating COVID-19 and COVID-19-associated 
ARDS management is provided in Table 2.

Antiviral therapies /strategies
Remdesivir
Remdesivir is an antiviral drug that exhibits potent 
in  vitro efficacy against SARS-CoV-2 [40]. Remdesivir 
is the first FDA approved medication (on October 22, 
2020) for COVID-19 hospitalized patients. Remdesivir 
(also GS-5734) was developed by Gilead Sciences for the 
treatment of patients with Ebola virus disease in 2016 
[53]. Although it has not been proved to be effective in 
human clinical trials for this disease, it has shown antivi-
ral efficacy against coronaviruses including SARS-CoV-1 
and MERS-CoV. Based on this information, remdesivir 
has earned notable attention for its likely use as an option 
for the treatment of SARS-CoV-2 [54, 55]. However, the 
evidence regarding the efficacy of remdesivir in treating 
COVID-19 is mixed.

In a randomised, double-blind, placebo-controlled, 
multicentre trial, Wang et al. demonstrated that remdesi-
vir did not show statistically significant clinical improve-
ments in hospitalized adults with severe COVID-19 [56]. 
The final results of a double-blind, randomized, placebo-
controlled trial by Beigel et al. revealed that remdesivir is 

superior to placebo at reducing the duration of recovery 
in patients with lower respiratory tract infections who 
were hospitalized with Covid-19. According to their data, 
the remdesivir-treated patients showed a lower propor-
tion of serious adverse events related to respiratory fail-
ure, indicating that remdesivir may have prevented the 
progression to more severe respiratory disease [57]. 
Based on a systematic review of RCTs and observational 
studies, Piscoya et  al. investigated the effects of remde-
sivir in adult hospitalized patients with COVID-19 and 
evidence of respiratory insufficiency or pneumonia. The 
evidence was scarce on the efficacy and safety of 10-day 
remdesivir regimens, or when comparing 5-day or 10-day 
regimens to standard of care [55]. Regardless of the FDA 
approval, several ongoing RCTs need to be completed in 
order to evaluate if remdesivir has a clinically effective-
ness and safety profile. Emdesivir cannot be concluded 
to be effective for treating COVID-19 until stronger evi-
dence is available [55].

Favipiravir
Favipiravir is a viral RNA polymerase inhibitor, already 
demonstrated activity against influenza A and B [41]. 
The clinical trials of Favipiravir generally do not include 
patients with critical or severe conditions [58]. However, 
these case reports suggest that favipiravir is effective in 
treating patients with severe or critical conditions. Taka-
hashia et al. shared their experiences with three COVID-
19 patients: two were in critical condition, and one 
was in a very severe condition. All three cases required 
high dose oxygen therapy or ECMO. Favipiravir helped 
them recover from SARS-CoV-2 pneumonia, and the 

Table 1 Drugs used for COVID-19 respiratory distress

drug Type of drug mechanism of action references

Remdesivir antiviral drug Inhibits SARS-CoV-2 RNA-dependent RNA polymerase [40]

Favipiravir targets RNA-dependent RNA polymerase enzymes [41]

Lopinavir/Ritonavir Inhibitors of the HIV protease [42]

chloroquine and 
hydroxychloroquine

The precise mechanisms of action are unknown [43]

Losartan Angiotensin II receptor blocker, could prevent COVID-19 viral entry [39]

dexamethasone Immunomodulatory drug Corticosteroid, suppress inflammatory reactions [44]

methylprednisolone Glucocorticoid, has anti-inflammatory and immunosuppressive effects [45]

Tocilizumab interleukin-6 receptor inhibitor, prevents the cytokine storm and dampens the 
inflammatory response

[46]

Baricitinib JAK inhibitors, prevent the cytokine storm and dampen the inflammatory response [47]

Ruxolitinib [48]

heparin Anticoagulant drug binds to antithrombin III (AT-III) [49]

Alteplase Tissue plasminogen activator (tPA), breaks down blood clots [50]

Pirfenidone Anti-fibrotic drug reduces fibroblast proliferation [51]

Vadadustat Anti anaemic drug acts as a HIF prolyl-hydroxylase inhibitor [52]
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oxygenation treatment was tapered. According to their 
report of three COVID-19 cases, favipiravir may be effec-
tive in preventing pneumonia progression and cytokine 
production, improving respiratory function, and produc-
ing immediate effects, even in serious or critical condi-
tions [58].

Lopinavir/ritonavir
Lopinavir/Ritonavir are inhibitors of the HIV protease 
and are routinely used in the treatment of AIDS [42]. 
In a randomized, controlled, open-label trial, Cao et  al. 
observed that lopinavir-ritonavir therapy compared with 
standard care, in adult patients with severe Covid-19, 
did not yield any positive results. They found that Lopi-
navir/ritonavir treatment failed to reduce risk of death, 
improve clinical outcomes, or decrease throat viral RNA 
detectability in patients with severe Covid-19. The results 
of future trials in patients with severe COVID-19 may 
confirm or exclude the possibility that the treatment is 
beneficial [42].

Chloroquine and hydroxychloroquine (Clq/HClq)
ACE2 allows SARS-CoV-2 virus to enter cells, disrupt-
ing the renin-angiotensin-aldosterone axis and possi-
bly contributing to lung damage [59]. The antimalarial 
medications, chloroquine, and hydroxychloroquine inter-
rupt ACE2 binding and block viral entry, moreover, they 
also could affect endosomal and lysosomal pH, which 
can suppress the merging of the virus with the host cells 
[60]. These medications also inhibit the secretion of pro-
inflammatory cytokines [43]. Chloroquine has especially 
been reported to suppress lung injury induced by influ-
enza A H5N1 in preclinical designs [61]. In an open-label 
RCT, as a result of the addition of Clq/HClq to standard 
care, patients admitted with severe COVID-19 signifi-
cantly worsened in their clinical status, were at greater 
risk of renal dysfunction, and required more IMV, even 
though mortality did not differ. This study concludes 
that Clq/HClq should be avoided in patients with a more 
severe form of COVID-19 pneumonia, and can be used 
to inform clinical practice and guidelines [62]. Further-
more, according to a meta-analysis, treatment with Clq/
HClq does not result in any benefit in mild, moderate, or 
severe COVID-19 patients. When comparing treatment 
groups and controls in pooled analysis, no significant 
difference was observed in clinical recovery, viral clear-
ance, and length of hospital stay. Based on the currently 
available RCTs, Clq/HClq has no added benefit in the 
treatment of COVID-19 patients [63]. Since the HCQ 
trial failed to show any benefit, WHO and the National 
Institute of Health discontinued the trial for hospitalized 
COVID patients [64].

Losartan
Angiotensin receptor blockers (ARBs), such as losartan, 
may also alleviate some of adverse effects of ACE2 induc-
tion [59]. Losartan is currently being tested in patients 
with COVID-19 [39, 65]. Among patients with COVID-
19, hypertension (HTN) is a major cause of acute respira-
tory failure, hospitalization, and mortality [66]. Losartan 
and amlodipine were compared in patients with primary 
HTN and COVID-19 by Nouri-Vaskeh et  al. in a ran-
domised clinical trial. Losartan or amlodipine adminis-
tration did not appear to have any priority for COVID-19 
patients with primary HTN [66]. Further, Bolotova et al. 
in a feasibility study noted that losartan was well toler-
ated among hospitalized COVID-19 patients with HTN 
and did not worsen symptoms [67]. Bengtsone et  al. 
examined the safety of using losartan to treat COVID-
19-related respiratory failure in an open-label, non-ran-
domized trial using an external, post-hoc control group. 
The study found that Losartan was safe for acute respira-
tory compromise caused by COVID-19. However, rand-
omized trials are required to evaluate true efficacy [68].

Immunomodulatory therapies
The selection of anti-inflammatory drugs and their 
therapeutic doses ought to be based on the severity of 
the symptoms and should be monitored with the num-
ber of immune cells present in the complete blood count 
(CBC) [69]. Management of COVID-19 inflammation 
with NSAIDs and systemic corticosteroids has been con-
troversial [70]. As overt symptoms of the cytokine storm 
emerge, anti-inflammatory cytokines like Interferon 
beta-1b (IFN-β-1b), and therapeutic antibodies targeting 
pro-inflammatory cytokines or their signaling pathways 
like Tocilizumab (anti-IL-6), Adalimumab (anti-TNFα), 
Anakinra (anti-IL-1), and Baricitinib (Janus kinase inhib-
itor) might be beneficial [71, 72].

Corticosteroids
In consideration of the cytokine storm observed dur-
ing SARS-CoV, MERS-CoV, and SARS-CoV-2 infec-
tions, corticosteroids have been commonly used to treat 
serious illness, for the possible recovery of lung injury 
induced by inflammation [73]. Despite the adverse 
effects of corticosteroid use, such as delayed viral clear-
ance and opportunistic infections, and while initially 
WHO recommended against corticosteroid therapy, as 
of September 2, 2020, WHO strongly recommended sys-
temic corticosteroid therapy for patients with severe and 
critical COVID-19 rather than no systemic corticoster-
oids [20, 74]. The choice of corticosteroid therapy and 
the length of treatment can be significant and must be 
taken into notice [75]. Several clinical trials evaluated the 
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effectiveness of corticosteroid and glucocorticoid therapy 
in critically ill patients with COVID-19 [45, 76]. In a mul-
ticentre, randomised controlled trial done by Villar et al. 
high doses of dexamethasone, 20 mg per day, from day 1 
to 5, then 10 mg per day from day 6 to 10 were adminis-
tered in all stages of ARDS, even in the mild cases. They 
demonstrated that early treatment of dexamethasone 
could decrease overall mortality and ventilator duration 
in patients with established moderate-to-severe ARDS 
[44]. Furthermore, in a randomized clinical trial, Tom-
azini et  al. evaluated the efficacy of i.v. dexamethasone 
administration in COVID-19 induced moderate to severe 
ARDS patients. In these patients, standard treatment 
plus i.v. dexamethasone led to a statistically significant 
increase in days alive and free of mechanical ventilation 
over 28 days compared with standard treatment alone 
[77]. Moreover, in a controlled, open-label trial, it has 
been determined that dexamethasone use reduced 
28-day mortality in hospitalized Covid-19 patients’ who 
received either mechanical ventilation or oxygen, but 
not those receiving no respiratory support [78]. Some 
preliminary trial results suggest methylprednisolone 
and dexamethasone can be used for the severe form of 
COVID-19 [79]. Using a randomized control study, Ran-
jbar et al. assessed the efficacy of methylprednisolone in 
hospitalized COVID-19 patients, comparing it to regular 
dexamethasone treatment. Compared to the use of 6 mg/
day of dexamethasone in patients admitted to hospital 
with COVID-19 pneumonia, the administration of 2 mg/
kg per day of intravenous methylprednisolone resulted in 
a shorter hospital stay and less need for mechanical ven-
tilation. Methylprednisolone demonstrated better out-
comes in COVID-19 hypoxic patients when compared 
to dexamethasone [80]. The results of a meta-analysis of 
seven RCTs and 6250 severe COVID-19 cases indicated 
that corticosteroid therapy reduced all-cause death and 
disease progression rather than increasing adverse events 
[81]. In a systematic review and meta-analysis, Chaud-
huri et  al. summarized RCT findings concerning corti-
costeroids’ role in ARDS of any cause. Corticosteroids 
were proposed to be beneficial for patients with all forms 
of ARDS regardless of their causes. Corticosteroids might 
reduce mortality rates in ARDS patients and the need for 
mechanical ventilation. COVID-19 and non-COVID-19 
ARDS patients showed the same effect across different 
corticosteroid types and dosages [82]. Kumakawa et  al. 
reported a patient with severe ARDS caused by COVID-
19. Treatment in this 67-year-old man was managed 
with late administration of i.v. steroids from day 20th 
of administration until 27th which was successful. The 
current report highlights the need for future trials to 
evaluate the best treatment timing and doses for ARDS 
induced by COVID-19, as well as selecting the optimal 

population for different severity COVID-19-induced 
ARDS [83]. Due to the affordability and accessibility of 
corticosteroids in healthcare systems trembling under 
the strain of the worldwide outbreak of this coronavirus, 
this area of research should be a universal priority [74].

Mesenchymal stem cell (MSC) therapies
Mesenchymal stem cells have exhibited immunoregu-
latory capability which can suppress inflammatory 
reactions. Chan et  al. reported that MSC therapy has 
beneficial effects on H5N1- induced acute lung injury 
and may be beneficial to patients with a severe pulmo-
nary illness caused by influenza viruses such as H5N1 
and H7N9 [84].

Lanzoni et  al., in a double-blind RCT, examined the 
safety and efficacy of allogenic UC-MSC infusions in 
patients with ARDS associated with COVID-19. Their 
trial results revealed that UC-MSC infusions are safe for 
COVID-19 patients with ARDS. Furthermore, compared 
to controls, UC-MSC treatment reduced SAEs, mortality, 
and recovery time [85]. Moreover, Shi et  al. conducted 
a double-blind, placebo-RCT at two medical centers 
in Wuhan, China, assessing the safety and efficacy of 
iv administration of UC-MSCs in COVID-19 patients 
with severe lung damage. Following administration of 
UC-MSC, the lesions of the lung solid component were 
resolved faster as well as the capability of the integrated 
reserve improved [86]. Liang et al. noted that the optional 
transfer of hUCMSCs, combined with other therapeutics 
presented good clinical outcomes for a severely ill patient 
with COVID-19 and acute lung inflammation. Albeit only 
a case was designated there, it would further be especially 
valuable to inspire more clinical investigation to manage 
likewise critically ill patients with COVID-19 [87]. More-
over, Leng et al. [80] reported a single-dose clinical trial 
of MSC therapy in 7 patients with COVID-19 induced 
ARDS and 3 controls, and a case study by Liang et al. [81] 
reported the resolution of all COVID-19 manifestations 
in a severely ill woman on a ventilator who was admin-
istered three intravenous MSC doses. In these 2 reports, 
all of the 8 patients with COVID-19 induced ARDS made 
a good recovery following the administration of MSCs, 
although the follow-up periods differed, and there was 
no stability in the measurement of biological variables 
[88]. MSCs have been shown to be effective and safe in 
preclinical studies of ARDS models, and the results from 
Covid-19 clinical trials demonstrated their potential effi-
cacy. Nevertheless, more large-scale trials are needed to 
verify MSC’s efficacy, particularly in patients with ARDS 
who have been diagnosed with Covid-19. Additionally, 
research is needed to establish the optimal cell source, 
dose and route of MSCs therapies, to develop a safe and 
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effective treatment option for ARDS patients, particu-
larly those who suffer from Covid-19 [89].

Interleukin‑6 inhibitors
Excessive secretion of IL-6 can cause an acute systemic 
inflammation referred to as cytokine release syndrome 
(CRS). In the pathogenesis of COVID-19 pneumonia, it 
has been found that a CRS involving a considerable pro-
inflammatory cytokine secretion occurred, including 
IL-6, IL-1, and TNF-α [90]. Xu et al. in a non-controlled 
retrospective study of 21 patients with SARS-CoV-2-in-
duced ARDS demonstrated that treatment with toci-
lizumab (TCZ), an interleukin-6 receptor antagonist, 
could decrease the number of white blood cells and 
improve CT lung opacity and lung oxygenation [46]. 
Based on this data, on March 3, 2020, TCZ, an anti-
IL-6 receptor monoclonal antibody, was included in the 
7th edition of COVID-19 therapy recommendations by 
China’s National Health Commission (NHC) [90]. A sin-
gle center-based study with 100 patients in Brescia, Italy 
evaluated the efficacy of intravenous administration of 
TCZ in the treatment of severe COVID-19 pneumonia 
and ARDS patients. They observed that more than three-
quarters of patients displayed improvements in their clin-
ical outcomes [91, 92]. In a RCT of hospitalized patients 
with COVID-19 pneumonia and PaO2/FIO2 ranging 
from 200 to 300 mmHg, no difference was shown in the 
progression of disease between the tocilizumab and the 
standard care group [93]. A systematic review and meta-
analysis was conducted by Pinzon et al. to evaluate evi-
dence regarding the effectiveness of IL-6 inhibitors in 
the treatment of COVID-19. In patients with COVID-19, 
IL-6 inhibitors have shown to be beneficial in reducing 
mortality, particularly in severely ill cases [94]. However, 
additional blinded, placebo-controlled, RCTs should be 
conducted in well-established settings to evaluate the 
risks and benefits of IL-6 inhibitor agents across the dis-
ease spectrum [93].

Janus kinase inhibitors (e.g., baricitinib, Ruxolitinib)
Another drug that can be used to block viral entry 
through ACE2-mediated virus endocytosis is barici-
tinib, an inhibitor of JAK, that also prevents the cytokine 
storm and dampens the inflammatory response [47]. 
One meta-analysis by Chen et  al. evaluated 11 studies 
of the safety and effectiveness of ruxolitinib and barici-
tinib in COVID-19 patients. They found these drugs 
decreased the use of IMV, had borderline effects on rates 
of ICU admission and ARDS and did not decrease inter-
val of hospitalization. Among the treatments, barici-
tinib showed the most convincing reduction in the risk 
of death [95]. Capochiani et  al. investigated the use of 
JAK inhibitors in the management of patients infected 

with SARS-CoV-2, including patient selection and dos-
ing and administration information. Despite the small 
number of patients collected, they reported encourag-
ing results regarding using ruxolitinib as a possible treat-
ment option for severely ill patients with COVID-19 who 
develop respiratory distress [96]. In another study, Neu-
bauer et  al. have described the first successfully treated 
case with COVID-19-related ARDS using ruxolitinib. 
They observed that ruxolitinib therapy resulted in a 
decreased ARDS-associated inflammatory cytokines lev-
els such as IL-6 and the acute phase protein ferritin, and 
also was associated with a rapid improvement in cardiac 
and respiratory systems [48]. Currently, clinical trials are 
ongoing to study both ruxolitinib and baricitinib in a pro-
spective manner [48, 74, 97].

Convalescent plasma
Convalescent plasma treatment is nothing new; physi-
cians have used it for SARS, pandemic 2009 influenza A 
(H1N1), avian influenza A (H5N1), several hemorrhagic 
fevers including Ebola, and other viral infections [98]. 
Convalescent plasma from the blood of people who’ve 
recovered contains neutralizing antibodies against 
viral proteins in almost all patients with COVID-19 
[99, 100]. Therefore, it might be worthwhile to investi-
gate the safety and effectiveness of convalescent plasma 
therapy in COVID-19 cases [101]. A randomized con-
trolled trial by Pouladzadeh et  al. found that CP had 
remarkable immunomodulatory and antiviral properties, 
reducing the cytokine storm and improving the clinical 
scores in COVID-19 patients, but had little impact on 
mortality [102].. Furthermore, Raymond et al. in a ran-
domized, parallel arm, phase II trial with patients with 
severe COVID-19 disease and mild to moderate ARDS 
investigated the clinical and immunological benefits 
of convalescent plasma transfusion. The convalescent 
plasma treatment arm did not demonstrate statistically 
significant differences in clinical outcomes across all age 
groups, though patients with severe ARDS aged less than 
67 years were found to experience immediate hypoxia 
reduction, shorter hospital stays, and improved survival. 
This study suggested that a precise targeting of severe 
COVID-19 patients is necessary to achieve efficacy 
[103]. In a study by Shen et  al., 5 critically ill patients 
with laboratory-confirmed COVID-19 and ARDS were 
treated with convalescent plasma. As assessed by Ct, 
treatment with convalescent plasma leads to a decline 
in viral load within days, and clinical improvement of 
patients, as indicated by body temperature reduction, 
improvement in P/F ratio, and chest imaging. By 9 days 
after plasma administration, four patients who had 
been receiving extracorporeal membrane oxygenation 
(ECMO) and mechanical ventilation no longer required 
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breathing support [104]. Moreover, According to Allah-
yari et al., early administration of CP can help defuse the 
symptoms of severe COVID-19 patients with mild or 
moderate ARDS, who are at risk of progressing to criti-
cal state [105].

Intravenous immune globulin (IVIG)
Intravenous immunoglobulin (IVIG) has been investi-
gated as an alternative immune-modulator, and IVIG 
therapy in a high dose has shown useful effects for 
immune-mediated diseases, such as Kawasaki disease 
and other diseases [106]. However, the exact mechanisms 
of action of IVIG in immune-mediated diseases are still 
unknown, but IVIG may act on the host’s hyperimmune 
reactions by binding to immune cell receptors, etiologic 
substances including pathogenic proteins (PPs), or other 
proteins that are linked to inflammation [106]. A double-
blind, randomized clinical trial demonstrated that the 
administration of IVIg to patients with severe COVID-
19 infection who failed to respond to initial treatment 
has significantly improved their clinical outcome. Still, 
several multicenter trials with larger sample sizes must 
be conducted to provide more information regarding the 
drug’s suitability as a standard treatment [107]. In recent 
case reports, IVIG therapy has proved beneficial for 
patients with COVID-19, including three cases of ARDS. 
In a retrospective study, early IVIG treatment of COVID-
19-related ARDS resulted in a smaller mortality and 
shorter ventilator time [108]. With regards to IVIg’s high 
price, it is recommended that it should be considered for 
patients with > 30% lung involvement in lung CT scans, 
persistent dyspnea, persistent satO2 under 90%, and indi-
viduals with progressive lung involvement in serial lung 
CT scans, especially in younger cases [107].

Anticoagulant and anti‑fibrotic therapies
Heparin
Disordered coagulation, specifically, pulmonary micro-
vascular thrombosis is increasingly in association with 
the pathogenesis of severe COVID-19 respiratory fail-
ure. Treatment with anticoagulants, mainly low molecu-
lar weight heparin (LMWH), has also been found to be 
associated with better treatment outcomes in severe 
coronavirus patients with evidence of activation of the 
coagulation system such as markedly elevated D-dimer 
levels [49]. A prophylactic dose of LMWH may be rec-
ommended for hospitalized patients. LMWH also exerts 
anti-inflammatory effects that might confer protec-
tion [109]. Currently, a clinical trial is ongoing to test 
its potential to reduce mortality in patients with Severe 
COVID-19 [110].

Alteplase
It has been suggested that targeting coagulation and 
fibrinolysis could improve the clinical outcomes of ARDS 
patients [111]. In particular, plasminogen activators have 
received strong support to limit the progression of ARDS 
and reduce ARDS-induced death from animal mod-
els [112–114] and a phase 1 human clinical trial [115]. 
According to Wang et  al., three COVID-19 patients 
with ARDS being ventilated and being treated with tPA 
(Alteplase) showed temporally improved respiratory sta-
tus, with one of them demonstrating a durable response 
[116]. Moore et al. have suggested that Alteplase admin-
istration can be used as compassionate salvage therapy 
in patients with COVID-19 related ARDS, but details 
remain to be determined about the dose, administration 
routes, and duration of treatment [50]. At the moment, 
clinical trials are in progress to evaluate the effects of tPA 
on improving the respiratory function of ARDS patients 
[117–119].

Pirfenidone
Pirfenidone which is approved for the treatment of mild 
to moderate idiopathic pulmonary fibrosis (IPF), may 
prevent the invasion and cytokine storm of COVID-19 
in pneumocytes and other tissues by inhibiting apopto-
sis, decreasing expression of ACE receptors, suppressing 
inflammation through various mechanisms, and reduc-
ing oxidative stress [120]. Consequently, it can be effec-
tive against severe viral inflammation, ARDS, and ARDS 
fibrosis [51]. A new clinical trial aims to determine the 
safety and efficacy of treatment with Pirfenidone versus 
standard of care (SoC) in COVID-19 patients with severe 
ARDS (NCT04653831).

Anti anaemic drugs
Vadadustat
Vadadustat acts as a hypoxia-inducible factor prolyl 
hydroxylase inhibitor (HIF-PHI) and can trigger the 
body’s protective response to oxygen deficiency [52]. 
Alveolar inflammation can be dampened by stabilizing 
HIF, which is one of the main challenges that patients 
with COVID-19-related lung disease face when they 
develop ARDS [121]. The efficacy of vadadustat for 
ARDS prevention and treatment is going to be exam-
ined in a new clinical trial in hospitalized patients with 
COVID-19 [18].

Nitric oxide (NO)
During the SARS-CoV outbreak, in 2004, a pilot study 
revealed that low dose NO (max 30 ppm) inhalation 
could shorten the duration of the ventilator for patients 
diagnosed with SARS-CoV infection [122]. Furthermore, 
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strong evidence suggests that inhaled NO can decrease 
inflammatory cell-mediated lung damage via suppress-
ing activation of neutrophils and subsequent secre-
tion of pro-inflammatory cytokines [123]. Although 
there is no epidemiological evidence supporting the 
use of inhaled NO to improve outcomes for COVID-19 
patients, because of the genetic similarities between the 
two viruses, similar therapeutic effects of NO could be 
expected for COVID-19 patients [124]. Based on this 
experience, several medical institutes have begun clinical 
trials [125], and now a phase 2 clinical study of inhaled 
NO is being performed for COVID-19 patients who 
required mechanical ventilation for ARDS to confirm 
whether inhaled NO could be a life-saving intervention 
for managing COVID-19 ARDS [126, 127].

Conclusion
2020 has been a challenging year for all with the COVID-
19 pandemic as a live issue affecting people globally. 
Although 58 COVID-19 vaccines have been developed 
in clinical trials by several manufacturers, with some vac-
cines proving to be over 90% effective in preventing the 
disease in clinical trials [128], But it might take years for 
enough coverage to create herd immunity, and vaccine 
escape mutants are a threat to this progress [129]. So, 
there is still an urgent need to develop targeted therapies 
to combat COVID-19 and its complications [23]. In this 
sense, it is hoped that extensive research worldwide into 
possible therapies for patients suffering from COVID-19 
will result in the rapid identification of effective ARDS 
treatments.
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