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Abstract: Initially, the SARS-CoV-2 virus was considered as a pneumonia virus; however, a 
series of peer reviewed medical papers published in the last eight months suggest that this virus 
attacks the brain, heart, intestine, nervous and vascular systems, as well the blood stream. 
Although many facts remain unknown, an objective appraisal of the current scientific literature 
addressing the latest progress on COVID-19 is required. The aim of the present study was to 
conduct a critical review of the literature, focusing on the current molecular structure of SARS- 
CoV-2 and prospective treatment modalities of COVID-19. The main objectives were to collect, 
scrutinize and objectively evaluate the current scientific evidence-based information, as well to 
provide an updated overview of the topic that is ongoing. The authors underlined potential 
prospective therapies, including vaccine and phototherapy, as a monotherapy or combined with 
current treatment modalities. The authors concluded that this review has produced high quality 
evidence, which can be utilized by the clinical scientific community for future reference, as the 
knowledge and understanding of the SARS-CoV-2 virus are evolving, in terms of its epidemio
logical, pathogenicity, and clinical manifestations, which ultimately map the strategic path, 
towards an effective and safe treatment and production of a reliable and potent vaccine.
Keywords: SARS-CoV-2, COVID-19, virus pathogenicity, cytokines storm, diagnostic 
methods, immunotherapy, vaccine, antiviral, photobiomodulation therapy, PBMT, 
photodynamic therapy, PDT, clinical trials

Summary
1. The spread of SARS-CoV-2 virus has shown a potential zoonotic origin. 
Advancements in ongoing research activity is trying to identify further possible 
animal hosts of COVID-19
2. Classic Kawasaki disease (KD) has been identified in pediatric COVID-19.
3. Newer epidemiological facts, properties of the virus, immune responses against 
the virus and challenges in vaccine production are surfacing each day.
4. Prospective therapies: cellular therapy, ACE2 (vital component of renin-angio
tensin system; RAS) treated with inhibitors of RAS; ACEI and AT1R.
5. Phototherapy can be considered as a potential treatment modality in COVID-19 
management subjected to robust clinical trials.

Introduction
Since the World Health Organization (WHO) declared the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) viral infection a pandemic, researchers and 
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scientists have been making phenomenal efforts to under
stand the novel coronavirus behavior, clinical presenta
tions, host–virus interaction and its impact on the host 
immune responses, as well as attempt to establish optimal 
treatments and produce a safe and effective vaccine. As of 
October 20th,2020, approximately 40,472,505 cases have 
been tested positive for coronavirus disease 2019 
(COVID-19), including 1,119,283 deaths.1 Initially, 
SARS-CoV-2 was considered as a respiratory virus but a 
series of peer reviewed medical papers published in the 
last eightmonths, suggested that this virus attacks the 
brain, heart, intestine, vascular system via the blood 
stream.2–4 The main driving force in violating the blood 
vessels endothelium lining is the spike protein (S), which 
binds to the angiotensin-converting enzyme 2 (ACE2), 
leading to a cytokine storm.5–8 In this context, many 
cases of multiple-organ dysfunction or failure have been 
reported in COVID-19 patients with comorbidities.9–11 

Nevertheless, many facts regarding the host–virus interac
tion still remain unknown. On this note, reliable diagnostic 
methods for an early virus detection and effective and safe 
treatment modalities to curb the spread of the disease have 
challenged clinicians and scholars across the globe. The 
current lines of COVID-19 patients management are pal
liative and restoring organ functionality. To date, more 
than 3652 studies are registered in clinical trials.gov and 
a large number of trials are ongoing, aiming to establish an 
effective treatment, as well a safe and potent vaccine,12 

however this might take a length of time. Therefore, the 
quest for discovering alternative therapies shall persist 
until the ultimate cure, which is COVID-19 vaccine is 
produced.

This aim of this review article was to critically appraise 
the latest update on disease progression, by assimilating 
the current knowledge and understanding of COVID-19. 
The main objectives were to collect, scrutinize and objec
tively evaluate the available scientific evidence-based 
information and provide an overview of antiviral treatment 
modalities.

Epidemiology
Origin
Although origins of SARS-CoV-2 are not entirely under
stood, the majority of patients in the initial stages of this 
outbreak reported its link to the Huanan South China Seafood 
Market, which is a live animal or “wet” market, suggesting a 
zoonotic origin of the virus.9,10 More recently, several studies 

that conducted genomic analyses suggesting that SARS- 
CoV-2 probably evolved from a strain found in horseshoe 
bats because the whole genome-wide nucleotide sequence of 
SARS-CoV-2 is 96% identical to SARS-like CoV isolated 
from an intermediate horseshoe bat (Rhinolophus affinis) 
CoV, and 89% identical to two SARS-like CoVs isolated 
from Chinese horseshoe bats (Rhinolophus sinicus).13,14 

Some researchers believe that the likelihood for the existence 
of an amplifying mammalian host intermediate between bats 
and humans remains questionable, due to the mutation in the 
original strain, which could have directly triggered virulence 
towards humans.15 Conflictingly, notable research has pro
ven that the SARS-CoV-2 has been isolated from pangolins 
and CoV genomes found in the latter have approximately 
85.5–92.4% similarity to SARS-CoV-2, suggesting that the 
pangolin may be a potential intermediate host for SARS- 
CoV-2.16 There is also a substantial number of ongoing 
research to discover other probable animal hosts of SARS- 
CoV-2, which is of a great significance for the prevention and 
control of COVID-19.17

Physicochemical Properties
Most of the knowledge about the physicochemical properties 
of CoVs comes from SARS-CoV and MERS-CoV.17 The 
virus may survive and be detected on different surfaces for 
hours to days with a half-life ranging from 24 h on cardboard 
to approximately 72 h on plastic and stainless-steel surfaces, 
depending on the humidity and temperature.18,19 Like other 
CoVs, it is sensitive to ultraviolet (UV) rays, heat (56°C for 
30 min) and most disinfectants. In order to achieve a 99.99% 
reduction of the virus, surfaces can be decontaminated by a 
one minute exposure to products such as, ether (75%), etha
nol (95%), isopropyl alcohol (70–100%), sodium hypochlor
ite (0.21%), hydrogen peroxide (0.5%), povidone-iodine 
(0.23–7.5%), etc, except chlorhexidine gluconate.18,20 It has 
been found that soaps and detergents form a lather, which 
produce bubble-like structures called micelles that can 
degrade the fatty protective layer on the virus, thus deactivat
ing and separating it from the surface of the skin as well as 
other surfaces, upon rinsing with water.18 Thus, they can be 
deemed as effective, if hand-washing procedure is performed 
correctly.

Clinical Presentation and Disease 
Progression
Evidence-based literature of COVID-19 clinical manifes
tations have shown that the stage of disease and severity of 
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the symptoms and the corresponding care settings vary 
amongst the infected individuals (Figure 1).2,3,21–23 Most 
often, a suspected COVID-19 patient can exhibit symp
toms such as; fever, cough, myalgia, dyspnea, fatigue, and 
altered sense of taste/smell.9,10 Approximately 15% of the 
infected patients have shown signs of fever, cough, and 
dyspnea,10 whilst the less common symptoms were as 
follows: sputum production, sore throat, gastrointestinal 
symptoms, chest pain, confusion, dizziness, headache, rhi
norrhoea or nasal congestion, hemoptysis, conjunctivitis, 
cutaneous manifestations, and anorexia.10 Approximately 
90% of the total infected population has exhibited more 
than one symptom.10 Many studies have been conducted to 
identify the disease progression roadmap.2,3 The results of 
the findings were based on the onset of the disease and 
immediately after contracting the virus, which revealed 
that every infected individual is in an asymptomatic state.2 

This phase is known as viremia, which lasts for approxi
mately 1–2 days.2,3 Although the localized spread of the 
infection, corresponding with limited innate immune 
response occurs at this stage and the viral burden may be 
low, patients are infectious and the virus can be detected 
via nasal swabs.2,3 Subsequently, over the next few days 
the virus replicates and spreads through the respiratory 
tract along the air conduction pathway, initiating a further 
stronger immune response.2,4 The positive results of naso
pharyngeal swabs and early immune markers reveal a 
presence of SARS-CoV-2, during which the clinical symp
toms are predominant at this stage. Alternatively, the acute 

phase in this context is termed as the pneumonia phase,3 in 
which patients are home-quarantined and most often are 
asked to self-isolate and continuously monitored by health 
officials and or placed on symptomatic therapy. If the host 
immune response is effective, almost 80% of the infected 
patients remain mildly infected.4 In this case, the virus is 
effectively suppressed and the disease is contained in the 
upper conducting airways and subsequently, the patient 
enters a recovery phase.3 Unfortunately, the remaining 
20% of the population have comorbidities and are consid
ered as immunosuppressed,4 where the disease progresses 
to an advanced stage. On this note, a severe form of the 
disease develops with a formation of “ground glass” pul
monary infiltrates detected on chest computed tomography 
(CT), associated with hypoxia and successively the disease 
deteriorates to an acute distress respiratory syndrome 
(ARDS) and multi-organ failure (Figure 1).2,4 

Approximately 2.3% of the reported cases resulted in 
fatal outcomes.4 It has been noted that the severely 
affected COVID-19 patients are more contagious than 
the mildly affected counterparts, although asymptomatic 
infected persons in an incubation period have the capabil
ity to spread the infection.2,3 Apart from the abovemen
tioned scenarios, atypical clinical features involving 
delayed presentation of symptoms have also been reported 
among older individuals as well as those with medical 
comorbidities.22 At present, although several cross-sec
tional studies have reported a high prevalence of asympto
matic infection, as of now, since asymptomatic patients are 

Figure 1 Modified schematic diagram illustrates COVID-19 clinical presentation, diagnostic investigations, assessment of disease severity and consideration of care settings 
accordingly.2,3,21–23
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not routinely tested, the ratio of asymptomatic to sympto
matic infection is uncertain and needs to be explored 
further.22

Susceptible Population
Notable research has pointed out that all populations are 
generally susceptible to SARS-CoV-2. It is factual that 
elderly patients with or without underlying comorbidities- 
cardiovascular diseases (CVDs), diabetes mellitus (DM), 
obesity- have a low immune function and response9–11 

and are at a high risk, due to a failure to repair the damaged 
epithelium and reduced mucociliary clearance, leading to a 
rapid migration of the virus to the lung gas exchange units 
and further across multiple organs.24 Reports presented by 
the Center for Disease Control (CDC) China states that the 
population, within the age range of 30–79-year-olds, were 
the most severely affected.25 This data is in accordance to 
the global reports.11,26 It has also been shown that men have 
a higher rate of disease severity and mortality rate, inde
pendent of age and susceptibility, compared to women.
11,26,27 In addition, pregnant women and new-born babies 
infected with SARS-CoV-2 are also prone to develop a 
severe pneumonia.28 Thus, the treatment of these vulner
able patients should be given prime importance. Until 
recently, no severe cases had been reported among young 
children and it was assumed that a robust innate immune 
response is a significant factor for disease outcome.9 

However, surprising new evidence, linking COVID-19 
with Kawasaki disease (KD) has been reported.29 Jones 
et al, reported a case of a six-month-old infant diagnosed 
with classic KD who also screened positive for COVID-19 
has showed signs of fever and mild respiratory distress.29 

The association of KD with COVID-19 is more than a mere 
coincidence because reports of the former’s correlation with 
other human CoVs have been established in the past.30 In 
this context, further evidence is importantly required to 
achieve a definitive line of action of pediatric COVID-19 
management. An association between the number of 
infected patients with ethnic origin, race, socioeconomic 
status and illiteracy have also been acknowledge on a global 
platform.11,26,27 The CDC has stated that people living in 
rural communities, experiencing homelessness, newly 
settled refugee populations, people residing in nursing 
homes/long-term health-care facilities/group homes for 
the disabled have been shown to be at a high risk of acquir
ing COVID-19 infection and hence should take extra 
precautions.31 Recent evidence highlighted that the Bacille 
Calmette–Guérin (BCG) vaccine could have a potential role 

in reducing the viremia caused by SARS-CoV-2 and the 
subsequent illness severity.32 However, the research in this 
context is ongoing and conclusive results can be expected 
only in the near future.

Transmission Routes (Disease Spectrum)
The primary route of contagion is through close contact 
with infected individuals, which is often exhibited via 
respiratory droplets, arising from coughing, sneezing, or 
talking.33 However, this may not be the only route of 
transmission.33 Close contact has also been confirmed to 
be a potential source for spread of SARS-CoV-2.34 

Touching contaminated surfaces and then the face also 
could increase the likelihood of the disease spread. This 
occurs through a direct or an indirect contact with the 
mucous membrane of the eyes, mouth and nose.34 In 
addition, recent evidence has indicated that the airborne 
transmission route associated with an aerosol generation is 
the cause of the disease.34 Aerosol generation in an 
enclosed environment such as a dental clinic can result 
in continuous exposure to a high concentration of aerosols 
containing the virus. It has revealed that SARS-CoV-2 
remains viable for approximately three hours in aerosols.24

Incubation Period
The mean incubation period of SARS-CoV-2 is three to 
seven days (range: 2–14 days), which represents the cur
rent official estimated range for the novel coronavirus 
COVID-19.35 This finding is in accordance to the incuba
tion periods reported by the WHO (two and 10 days),36 

China’s National Health Commission (NHC) (10–14 
days)37 and the United States’ CDC (two and 14 days).38 

According to the pooled analysis of confirmed COVID-19 
cases reported between January 4 and February 24, 2020, 
as an incubation period of five days has been suggested by 
the research group at the Johns Hopkins University, 
USA.35 These authors suggested that the latent period of 
SARS-CoV-2 is consistent with those of SARS-CoV 
(mean five days, range: 2–14 days), which coincided 
with the Canadian research group‘s findings39 and with 
MERS-CoV (mean 5.7 days, range: 2–14 days).39 In spite 
of the long transmission period of the virus, evidence 
suggests that asymptomatic COVID-19 patients can effec
tively transmit infection during the incubation periods.40 

Controversially, some discrete cases have been reported 
with a very longer incubation period of 24 days,41 27 
days,42 and 19 days.43 According to the WHO, the long 
incubation period may suggest a possibility of a double 
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exposure and a potential for relapse, which needs further 
investigations.36

Histopathological Characteristics
The study of the pathological characteristics of a severe 
case of COVID-19 can assist in designing a treatment 
strategy for the acute and severely ill patients, which ulti
mately reduces the mortality rate.21 Nonetheless, the histo
pathological examination of the lung tissue specimen 
obtained from a SARS-CoV-2 infected patient shows a 
desquamation of pneumocytes along with the formation of 
hyaline membrane and interstitial mononuclear inflamma
tory infiltration, indicating ARDS.44 Additionally, the intra- 
alveolar spaces consisted of multinucleated giant cells, 
which were indicative of suggesting viral cytopathic-like 
changes44 Studies have confirmed similarity in the patholo
gical findings of COVID-19 with SARS and MERS.45 

Deshmukh et al, and co-workers have recently conducted 
a systematic review to summarize the histopathological 
observations in COVID-19. The authors have presented a 
critical appraisal of 45 studies which have assessed the 
latest histopathological changes in different organs 
observed after autopsy of COVID-19 cases. They con
cluded that although the respiratory and immune systems 
are the worst affected, other systems such as, cardiovascu
lar, urinary, gastrointestinal tract, reproductive system, ner
vous system, and integumentary system also show 
significant histopathological changes which are especially 
observed in elderly cases and those with comorbidities.46

Diagnostic Tests and Radiographic 
Imaging Characteristics (Chest CT 
Presentation)
A COVID-19 patient can show the following changes on 
chest CT scan: bilateral pulmonary parenchymal ground- 
glass opacity, pulmonary consolidation and nodules, bilateral 
diffuse distribution, sometimes with a rounded morphology 
and a peripheral lung distribution.47 During an early phase of 
the disease, multiple small patchy shadows and interstitial 
changes are evident in the lung periphery and appreciated on 
a chest CT image.16 As the severity of the disease progresses, 
changes can be observed in the bronchi, which gradually 
manifest across the entire lung with infrequent interlobar 
pleural thickening and pleural effusion.21,47 On this note, 
the moderate lung abnormalities such as; patchy ground- 
glass opacities’ (normalized during treatment) findings 

observed in the adults’ CT scan been reported in a study 
evaluated CT changes in children.48

The rapid and precise detection of the SARS-CoV-2 is 
quintessential to win this race against time. This has been 
facilitated through the laboratory diagnosis, using RT- 
qPCR technique, which is based on detection of nucleic 
acid sequences.21 RT-qPCR or viral gene sequencing of 
nasopharyngeal and oropharyngeal swabs (stool, sputum, 
or blood samples) have been conducted to facilitate SARS- 
CoV-2 detection.49 However, this testing method has sev
eral shortcomings such as, difficulty during sample collec
tion, need for close contact with health professionals, 
which can increase the risk of contagion, initiation of 
bleeding, and gag reflex.21,50 Furthermore, evidence has 
shown that COVID-19 detection varies from different 
sample sites,51 in which nasopharyngeal swabs are more 
reliable than oropharyngeal swabs.52 In spite of the con
troversies growing around this method, there has been a 
worldwide exponential ramping up of testing procedures 
over the last eight months. The detection of the virus in 
saliva has also been proven, suggesting that saliva might 
serve as, a noninvasive site, to diagnose and monitor the 
rate of infectivity.53 Nonetheless, coronavirus swab test 
can only detect an ongoing viral status and provides no 
information, if the individual was previously infected and 
recovered. Moreover, the results of the swab tests take a 
minimum of 24 h for diagnosis.54 In contrast to these 
findings, the use of a serological test (antibody testing) 
can identify if an individual was previously infected with 
COVID-19 and recovered.54 This involves a finger-prick 
testing method with results obtained at approximately 
15–30 mins, at a higher level of diagnostic accuracy has 
been reported than the swab test.54 Research on the use of 
synthetically produced RNA fragments of the SARS-CoV- 
2, as a diagnostic tool has shown notable progress and this 
could hold a promising role in the future.55 Figure 1 pro
vides an illustration of the diagnostic tests as well as 
various biochemical and imagining tests that are per
formed for monitoring COVID-19 patients.

Pathophysiology and 
Etiopathogenesis
General Characteristic Features and 
Morphology of SARS-CoV-2
The Coronaviridae family (subfamily: Orthocoronaviridae, 
order: Nideovirales), are a large family of enveloped, 
nonsegmented, positive-sense, single-stranded RNA 
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viruses as observed under an electron microscope.15 This 
family of viruses are genotypically and serotypically 
further subclassified as; alpha-coronavirus (α-CoV), beta- 
coronavirus (β-CoV), delta-coronavirus (δ-CoV), and 
gamma-coronavirus (γ-CoV).15,17 Several systemic ail
ments such as, respiratory, enteric, hepatic, and neurologi
cal diseases in different animal species can be caused by 
this family of viruses.15 Human CoV infections are speci
fically caused by α- and β-CoVs.5 SARS-CoV-2 belongs to 
the subdivision β-CoV, which is similar to its predecessors, 
severe acute respiratory syndrome-coronavirus (SARS- 
CoV) and Middle East respiratory syndrome (MERS- 
CoV).15 SARS-CoV-2 is round or elliptic and often has a 
pleomorphic form, and a diameter of approximately 
60–140 nm.15 The genome that has a size of approxi
mately 30 kilobytes (kb) contains 29,891 nucleotides, 
encoding for 9860 amino acids.15 Of the several proteins 
possessed by the virus, there are four structural proteins, 
which consist of the spike surface glycoprotein, the mem
brane protein, the envelope protein and the nucleocapsid 
protein, which are fundamental for the assembly and 
potential for infectivity, of SARS-CoV-2.21

Structure and Function of the Spike 
Protein
The CoVs derive their peculiar name from the Latin term 
“coronam”, which means crown, due to the presence of 
spike surface glycoproteins on the envelope.15 The host 
viral interaction takes place in five steps namely, attach
ment, penetration, biosynthesis, maturation, and release.56 

The spike protein plays a crucial role in facilitating the 
virus–host cell attachment. Upon attachment to the host 
receptors, the virus penetrates via endocytosis or mem
brane fusion into the host cells.56 Host proteases have 
the potential to cleave the spike protein into an 
N-terminal S1 region for primary attachment and a mem
brane-bound C-terminal S2 region for viral infusion.57 In 
order to engage a host receptor, the receptor-binding 
domain (RBD) of the S1 subunit undergoes hinge-like 
conformational movements, which transiently hides or 
exposes the determinants of receptor binding.5,6 These 
two states of the S1 subunit can be regarded, as the 
down conformation (inaccessible state of the receptor) 
and the up conformation (accessible state of the receptor).
5,7 Upon binding of the S1 region of the protein to the host 
receptor cells, the pre-fusion trimer is destabilized, leading 
to shedding of the S1 subunit.8 This facilitates the 

transition of the S2 sub-unit into a highly stable postfusion 
conformation.8 Subsequent to the transfer of all the viral 
contents into the host cells, the viral RNA enters the 
nucleus for replication and to biosynthesize the viral pro
teins. The newly formed viral particles then undergo 
maturation and release phases.56 Researchers are optimis
tic that understanding the structure and function of the 
spike protein can aid in the development of various anti
viral drug regimens, as well in a direct development of 
vaccines in the near future.57

Host Defense Against SARS-CoV-2 Viral 
Interaction
Initially, the SARS-CoV-2 targets the nasal and bronchial 
epithelial cells, alveolar epithelial type I and II pneumocytes 
and capillary endothelial cells through the viral structural 
spike (S) protein to initiate an inflammatory response, by 
activating the inflammatory pathways of the immune 
system.58,59 Scientific evidence of the spike protein binding 
to angiotensin converting enzyme 2 (ACE2), which is pre
sent in the host cell has identified the latter as a functional 
receptor for SARS-CoV.60 The ACE2 receptor is predomi
nantly expressed in the lung epithelial cells, heart, ileum, 
kidney and bladder.61 The entry of the SARS-CoV-2 into 
the host cells is promoted by the cleaving of ACE2 by the 
type 2 transmembrane serine protease (TMPRSS2), which is 
present in the host cell, particularly the alveolar epithelial 
type II pneumocyte cells.61–63 The inflammatory response, 
consisting both of the innate and the adaptive immune 
response (comprising of humoral and cell-mediated immu
nity) can impair lymphopoiesis and increase the T lympho
cyte cell apoptosis resulting in profound lymphopenia.64–66

Cytokines are an essential part of the inflammatory pro
cess and are produced by several immune cells including the 
innate macrophages, dendritic cells, natural killer cells and 
the adaptive T and B lymphocytes.67 As the viral load 
increases, an exaggerated and unusual hostimmune response 
comes into play, leading to a continuous activation and 
expansion of immune cells, lymphocytes, and macrophages, 
which produce immense amounts of cytokines, resulting in a 
cytokine storm (CS), which is a serious life-threatening 
condition.67 The clinical findings associated with CS are 
linked to the action of the proinflammatory and anti-inflam
matory cytokines such as, Interleukin-1 (IL-1), IL-6, IL-18, 
IL-10, IFN-γ, and tumor necrosis factor-alpha (TNF-α), 
which are elevated in the serum of COVID-19 patients.68 

IL-6 and TNF-α have been recognized to play a major role 
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sequence of events occurring, as a result of the CS and 
consequent disease progression.67

In later stages of the infection when the viral replica
tion is accelerated, an exponential rise in cytokine levels 
result in the influx of other immune cells such as; macro
phages, monocytes, neutrophils, and T cells from the cir
culation into the site of infection.67,68 Various destructive 
events start to occur which are as follows: destabilization 
of the epithelial-endothelial barrier, damage of vascular 
barrier, capillary damage, infection spreading to the pul
monary capillary endothelial cells, diffuse alveolar 
damage, diffuse thickening of the alveolar wall with 
mononuclear cells and macrophages infiltrating airspaces 
appearing as ground-glass opacities on CT imaging and 
pulmonary edema filling the alveolar spaces with forma
tion of hyaline membrane, dysfunctional alveolar-capillary 
oxygen transmission, and impaired oxygen diffusion capa
city (Figure 2).44,64 Lung injury is one consequence of the 
cytokine storm that can progress into early phase acute 
respiratory distress syndrome (ARDS) or its more severe 
form.64,67,68

With a further progression into COVID-19 disease sever
ity, a disproportionate activation of the complement system 
stimulates the coagulation cascade, endothelial cells and pla
telets, inhibits fibrinolysis and results in the formation of 
microthrombi and a high incidence of thrombotic complica
tions in critically ill patients.69,70 The advancement of the 
disease process causes dysregulated host immune response 
mediated viral sepsis (critical organ dysfunction) which may 
further contribute to multi-organ failure.64 The characteristic 

clinical presentation of CS includes; signs of overwhelming 
systemic inflammation, hyperferritinemia and hemodynamic 
instability. Additionally, researchers have successfully linked 
the excessive production of pro-inflammatory cytokines as 
one of the major contributing factors in the development of 
ARDS in COVID-19 patients.9,10,71 ARDS leading to low 
oxygen saturation levels is a major cause of multi-organ fail
ure and mortality in COVID-19.67 Hence, the early recogni
tion of CS and the prompt treatment can improve the clinical 
outcome of the COVID-19 infection.67,72 Several antiviral and 
anti-inflammatory drug therapies have been proposed for 
treating SARS-CoV-2 mediated CS, in order to decrease 
both the morbidity and mortality in COVID-19 patients, and 
a comprehensive review and critical appraisal of these thera
pies has been made in this review.

Current Scenario for Treatment of 
COVID-19
General Management
Presently, there are no definitive therapeutic protocols for 
COVID-19 management.21 For suspected and mild con
firmed cases, isolation in designated areas or self-isolation 
at home has been suggested.21,73 The general line of treat
ment revolves around establishing symptomatic relief 
includes: ample bed rest, maintaining a good water-elec
trolyte balance and monitoring vital signs (temperature, 
heart rate, oxygen saturation, blood pressure, pulse rate, 
respiratory rate).21,73 Apart from these, it is important to 
note that all patients irrespective of the disease severity 

Figure 2 Modified schematic diagram illustrates the etiopathogenesis and pathophysiology of COVID-19. Data from Wiersinga et al.64

Dovepress                                                                                                                                                           Hanna et al

Journal of Inflammation Research 2021:14                                                                                 submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
19

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


need to receive a balanced diet full of high nutritive value 
with a good intake of foods rich in antioxidants.73 An 
overview of the contemporary trends for the treatment 
COVID-19 has been essayed in this review.

Antiviral Therapy
Although specific antiviral drugs and drug regimes have 
not been established to date, a variety of antiviral thera
peutic drugs have been tried and tested worldwide with 
fluctuating results, to obtain COVID-19 symptomatic 
relief.17 The use of these drugs has been reported through 
many case series and case reports. On this note, the level 
of usage of these drugs is low and controversial, due to the 
limited number of human clinical trials.17,74 The advan
tages and drawbacks of the potential antiviral therapeutic 
drugs that have been utilized for COVID-19 management 
are listed in Table 1 and a detailed review is been pre
sented below:

Antiviral Cytokines
Antiviral cytokines are proteins, having broad antiviral 
activity which exhibits both direct inhibitory effects on 
viral replication and spread through several mechanisms 
and supporting an immune response to clear viral infection 
which will enhance the adaptive immunity and improve 
the host resistance to the viral infection.75 In previous 
supporting literature, the use of interferons alpha and 
beta (INFα and INFβ) to mitigate SARS-CoV and 
MERS-CoV infections have been proven,75,76 as well in 
combination with other antiviral drugs such as, lopinavir/ 
ritonavir, ribavirin, remdesivir, corticosteroids have been 
reported.77–80 INFβ is better tolerated than INFα and no 
signs of adverse birth outcome have been noted with their 
use in COVID-19 management. Some frequently encoun
tered disadvantages with the utilization of antiviral cyto
kine therapy include, flu-like symptoms, nausea, fatigue, 
weight loss, hematological toxicities, elevated transami
nases, and psychiatric problems (Table 1).81 The potential 
for added toxicity with concurrent use of other immuno
modulators and chemotherapeutic agents is seen as the 
most serious drug-drug interactions with this therapy.

In an uncontrolled, exploratory study by Zhou et al, 77 
adults who had tested positive for COVID-19 were treated 
with either nebulized IFN-α2b (five milli international 
units twice a day), or arbidol (200 mg three times a day; 
tds) or a combination of IFNα2b and arbidol. The authors 
concluded that the patients who received IFNα2b with or 
without arbidol showed a significant reduction in the 

detectable virus duration in the upper respiratory tract 
along with a reduction in the duration of elevated blood 
levels for IL-6 and CRP.81 However, as per the recommen
dations of the COVID-19 Treatment Guidelines Panel, 
National Institutes of Health (NIH), the use of interferons 
for severe of critical COVID-19 illness must be avoided 
except in a clinical trial. The panel has provided a sub
stantial evidence to highlight the drawbacks of interferons 
in the previous coronavirus infections, as well underlying 
toxicities that prevail over the potential benefits of this 
treatment strategy.82 Concurrently, the NIH are conducting 
a study called the Adaptive COVID-19 Treatment Trial 3 
(ACTT 3), which would take place in the USA and other 
sites globally. The combination of INF1β and remdesivir 
for treating COVID-19 has been evaluated in a few small- 
scale randomized controlled trials (RCTs) and hence the 
current trial has been undertaken on a larger platform.83 

The various clinical trials related to the utilization of this 
therapy in COVID-19 patients are listed in Table 2.83–85

Antiviral Drugs
The nucleoside analogs are vital antiviral drugs, which 
have been used most commonly to treat HIV, hepatitis B 
virus (HBV), cytomegalovirus (CMV), HSV infections.86 

These drugs impair viral replication by competitive inhibi
tion of the viral polymerase or termination of the DNA 
chain.86 Due to its wide use in the past during the SARS 
pandemic, ribavirin was one of the first drugs tested as a 
potential remedy for COVID-19.87 In the past, it has been 
utilized in combination with steroidal drugs, as well as 
IFNβ.88 Owing to an existing inventory and a reliable 
supply chain, it can be used globally for COVID-19 man
agement. However, hepatic injury, myopathy, neuropathy, 
bone marrow suppression, and pancreatitis are some of the 
most common adverse effects that have been encountered 
in the use of this drug (Table 1).86,89 Another important 
nucleoside analog, remdesivir was utilized on a large-scale 
for the treatment of SARS-CoV and MERS-CoV.90 The 
antiviral efficacy of the drug against SARS-CoV-2 has 
been proven through in vitro analysis.91 In fact, this drug 
was also utilized in the treatment of COVID-19 in the 
USA.92 Although, nucleoside analogs have been used 
extensively to treat viral pneumonia, these drugs have 
several adverse effects such as, diarrhea, rash, renal fail
ure, and hypotension, increased liver enzymes (Table 1).93 

In a recent randomized double-blind, placebo-controlled, 
multicenter trial at 10 hospitals in Hubei, China, the anti
viral efficacy of remdesivir was tested on COVID-19 
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patients. Over a period of 10 days, the patients were 
randomly assigned in a 2:1 ratio to intravenous remdesivir. 
The dosage was 200 mg on day one, followed by 100 mg 
on days 2–10 in single daily infusion) or the same volume 
of placebo infusions. Although the findings were not sta
tistically significant, the test group patients showed a faster 
clinical improvement than the placebo group.94 To date, 
several clinical trials have been registered to assess the 
efficacy of these nucleoside analogs in COVID-19 man
agement which are listed in Table 2.83,95–98

The HIV protease inhibitors are a class of antiviral 
drugs, which play a vital role in the highly active antire
troviral therapy (HAART) utilized in HIV/AIDS 
management.99 Lopinavir and ritonavir, apart from their 
virtually identical molecular structures, inhibit the HIV 
protease by impairing cytochrome P450 activity, which 
affects the viral replication and synthesis (Table 1).99 

Therapeutic efficacy of these drugs has been reported in 
the management of SARS and MERS.100 It has been 
suggested that these drugs have the ability to bind to the 
endopeptidase C30 of SARS-CoV-2 and downgrade the 
respiratory distress.101 However, higher doses of both 
lopinavir and ritonavir have been linked to a number of 
toxicity conditions such as, hyperlipidemia, systemic 
hypersensitivity syndromes, and Achilles tendinopathy.101 

Hence, the safe use of these drugs is of utmost importance 
and should be performed only in the light of substantial 
evidence. Nonetheless, a recent review paper by Khalili 
et al, indicates that there are a number of ongoing clinical 
trials in which many of them, being conducted in China 
are to evaluate the role of ribavirin in the COVID-19 
outbreak.89 Some of these studies have compared the 
effectiveness of ribavirin vs many of the antiviral drugs 
mentioned above, whilst the others have been designed to 
evaluate whether these drugs are more effective when used 
in different combinations.61 The results of these studies 
will indeed show researchers the path forward. Nelfinavir 
is a selective HIV protease inhibitor, whose antiviral effi
cacy has been proven against SARS-CoV.102 This drug can 
strongly inhibit the replication of the SARS-Cov-2 expres
sion of viral antigens (Table 1).103 The potential implica
tions for the use of this drug in COVID-19 patients, is 
nevertheless, subject to the development of the scientific 
evidence. The most common side effects of this drug are 
nausea and diarrhea (Table 1).100 The clinical trials utiliz
ing this class of antiviral drug are listed in Table 2.85,104

Alternatively, the use of arbidol, as a broad-spectrum 
antiviral compound blocks the viral replication process of Ta
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SARS-CoV-2.105 It is well-tolerated in children and adults 
(Table 1).106 As a result, it has been one of the recom
mended antiviral drugs for COVID-19 treatment.107 

Allergic reactions, nausea, diarrhea, dizziness and elevated 
serum transaminase are some of the adverse effects asso
ciated with this drug (Table 1).106 A recent clinical trial was 
conducted to evaluate the efficacy of using arbidol as a 
monotherapeutic agent, compared to lopinavir/ritonavir in 
COVID-19 patients.108 The results in this study were in 
favor of the patients on arbidol monotherapy who recovered 
in shorter duration period with no apparent side effects, 
compared to the lopinavir/ritonavir group.108 Further use 
of this drug should be based on safe drug regimens standar
dized through RCTs, one of which is listed in Table 2.109

Chloroquine is a drug extensively used for malarial 
prophylaxis.110 One of its biochemical properties proposes 
a potent antiviral effect, which has led to its recognition as 
a broad-spectrum antiviral drug.111 In the past, chloroquine 
has shown beneficial effects in SARS-CoV inhibition by 
impairing ACE2,102 which has also been proven in the in 
vitro analysis against SARS-CoV-2.111 Furthermore, chlor
oquine is an inexpensive drug and with a good patient 
safety report and tolerance levels.63 Its adverse effects 
such as, retinal or psychiatric symptoms have been 
reported only with higher doses.110 A systematic review 
by Cortegiani et al, evaluated the efficacy and safety of 
chloroquine in COVID-19 treatment. The authors con
cluded that the drug is effective to reduce SARS-CoV-2 
multiplication. Moreover, they suggested the necessity to 
conduct long-term quality RCTs in the near future to 
propagate its safe use.112 The clinical trials which have 
evaluated the efficacy chloroquine in COVID-19 patients 
are highlighted in Table 2.85,104,113,114

It can be gathered that all antiviral drugs can play a vital 
role in the treatment of COVID-19. Nonetheless, to date, 
there are no approved antiviral drugs for the same.17,74 

Moreover, the adverse effects of each of them should not 
be overlooked. Research on the combination of these drugs 
has shown promising results, and further clinical evaluation 
of all these drugs is needed through long-term trials.74

Corticosteroids
Corticosteroids have potent anti-inflammatory effects 
against the COVID-19 cytokine storm (Table 1).115 The 
National Institute of Health and Care Excellence in line 
with the WHO guidance have confirmed that the dexa
methasone (oral or intravenous; IV) and hydrocortisone 
(IV) play a role in COVID-19 management.116 Clinical 

evidence has shown that glucocorticoids may modulate 
inflammation-mediated lung injury, which is a key feature 
of COVID-19 infection, thereby reducing progression to 
respiratory failure and death.116 Dexamethasone (6 mg 
once a day; od) can lower the 28-day mortality among 
those who receive either invasive MV or oxygen alone 
compared to those receive no respiratory support in the 
treatment of shock and/or ARDS.116 In their a meta-ana
lysis of seven trials, the WHO Rapid Evidence Appraisal 
for Covid-19 Therapies (REACT) Working Group evalu
ated corticosteroids (mainly hydrocortisone or dexametha
sone) in 1703 critically ill patients in 12 countries and 
reported that both these drugs reduced the risk of death 
by about a third, in comparison to the control group.117 

The RECOVERY (Randomized Evaluation of COVID-19 
Therapy) collaborative group have conducted a controlled, 
open label trial to assess the role of dexamethasone (6 mg 
od, oral or IV) for up to 10 days compared to the standard 
care in 28-day mortality. The primary results of this study 
demonstrated the beneficial role of dexamethasone in low
ering the abovementioned primary outcome compared to 
the control group (Table 2).104 In addition, antishock ther
apy using small doses of corticosteroids such as hydro
cortisone could help in mitigating of CS, which in turn can 
minimize the occurrence of respiratory distress, septic 
shock and multi-organ failure,73 as well an alternative to 
dexamethasone in some COVID-19 patients. Some disad
vantages include, increased appetite, irritability, difficulty 
in sleeping (insomnia), swelling in your ankles and feet 
(fluid retention), heartburn, muscle weakness, impaired 
wound healing, increased blood sugar levels 
(Table 1).115,117 Other clinical trials based on application 
of dexamethasone drug therapy in COVID-19 manage
ment are listed in Table 2.104,113,118,119

Immunotherapy
Convalescent plasma is plasma rich in antibodies, which is 
obtained from a patient who has recovered from a virus. 
Discernibly, the plasma can be taken from patient who has 
shown a full recovery, and has received ample time to 
develop a robust antibody response against the virus. The 
therapy is safe, clinically effective and decreases the mor
tality rate (Table 1).120,121 Convalescent plasma therapy 
(CPT) has been widely used for diseases like influenza 
A,122 Ebola123 and SARS-CoV.124 Recently, this form of 
passive immunization was utilized in COVID-19 
management.125 The results of this study have shown 
that CPT was well-tolerated with a significant 
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neutralization of the viremia and drastic improvement in 
the clinical presentation of severely affected COVID-19 
patients.125 Nevertheless, the benefit of this therapy needs 
to be established through further large and well-controlled 
clinical investigations like the one listed in Table 2.104 

Some drawbacks of this therapy include; transfusion 
related acute lung injury, transfusion associated circulatory 
overload and allergic/anaphylactic reactions, transmission 
of infections, febrile nonhemolytic transfusion reactions, 
RBC alloimmunization, and hemolytic transfusion reac
tions (Table 1).120,121

Another immunotherapy is a protective monoclonal 
antibody (mAb) that targets vulnerable sites of viral sur
face proteins and deactivates the same, and thus prevents 
the strain propagation. Recently, researchers isolated the 
human mAb 47D11, which has demonstrated potential 
benefits in deactivation of SARS-CoV-2 spike protein.126 

Although the precise mechanisms of action remain 
unknown. On this note, the first report on the application 
of protective mAB for management of COVID-19 
launches a gate for further exploration.

Currently, it is well-known that IL-6 is associated with 
the inflammation seen in COVID-19 patients and hence IL-6 
and IL-6 receptor (IL-6R) inhibition appear to be promising 
targets to mitigate the adverse effects of this viral infection. 
Tocilizumab also known as atlizumab, is an anti- interleukin- 
6 receptor humanized mAb.127 It has a potent anti-inflamma
tory action and is immunosuppressive in nature and has been 
recommended for the treatment of rheumatoid arthritis and 
systemic juvenile idiopathic arthritis, a severe form of arthri
tis in children (Table 1).127–129 Lan et al, conducted a sys
tematic review and meta-analysis of seven retrospective 
studies to assess the efficacy of tocilizumab (IV infusion: 
4–8 mg/kg over 60 min; if needed repeat at 12 h max dose 
800 mg), as a potential treatment modality for COVID-19. 
All-cause mortality of severe COVID-19 patients was lower 
in the groups receiving tocilizumab, compared to the con
trols, however, this difference was not statistically signifi
cant. Factors such as risk of intensive care unit admission and 
requirement for mechanical ventilation were similar between 
the treatment groups. Based on this, the authors concluded 
that a high quality evidence from future large RCTs data will 
decide the potential role of this drug in the management of 
COVID-19.130

The use of a novel human anti-interleukin-1β neutra
lizing mAb showing in vivo efficacy known as anakinra 
has surfaced for COVID-19 management in the last few 
months. Researchers believe that this recombinant IL-1 

receptor antagonist can neutralise the hyperinflammatory 
state, which is considered to be one cause of acute respira
tory distress among patients with COVID-19 (Table 1).131 

A prospective cohort study from Groupe Hospitalier Paris 
Saint-Joseph (Paris, France) conducted by Huet et al, to 
assess the off-label use of subcutaneous anakinra (100 mg 
twice a day for 72 h, then 100 mg daily for seven days) in 
severely ill COVID-19 patients having symptoms indica
tive of worsening respiratory function. The group that 
received anakinra showed 50% fewer ICU admissions for 
invasive mechanical ventilation or death, compared to the 
control group.132 Some drawbacks of both these drugs are 
as follows, headache or dizziness, mouth ulcers, high 
blood pressure, hypercholesterolemia, allergic reactions, 
weight gain or swollen ankles, stomach irritation or 
abdominal pain. The immunosuppressive nature of ana
kinra may result in an adverse effect on the immune 
system (neutropenia) and healing, which may lead to reac
tivation of latent tuberculosis or other atypical or opportu
nistic infections (Table 1).127–129,131 The clinical trials that 
have been registered to evaluate the efficacy of both these 
drugs are listed in Table 2.133–145

Over the past few months, Regeneron Pharmaceuticals, 
Inc. have designed an antibody cocktail REGN-COV2, 
which has been investigated for its potential role in 
COVID-19 management. Their clinical data have proven 
that the two antibodies Regeneron selected, REGN10933 
and REGN10987, were less likely to generate escape mutants 
than individual antibodies or other cocktails that have been 
designed.146 The cocktail has demonstrated the following 
benefits: targeted killing to reduce viral load and the time to 
alleviate symptoms in nonhospitalized COVID-19 patients, 
as well in reducing medical visits (Table 1).146–148 The 
University of Oxford in collaboration with Regeneron 
Pharmaceuticals, Inc. have announced that RECOVERY, 
which is one of the world’s largest RCTs of potential 
COVID-19 treatments will evaluate Regeneron’s investiga
tional antiviral antibody cocktail, REGN-COV2. This will be 
a phase three open-label trial in hospitalized COVID-19 
patients to assess the effects of adding REGN-COV2 to the 
usual standard-of-care vs standard-of-care on its own 
(Table 2).104 This antibody cocktail has been chosen by the 
university owing to its emerging safety profile in humans, 
preclinical data showing it could protect against viral escape 
mutations and reduce the amount of virus and associated 
damage in the lungs as demonstrated successfully in in 
vitro and in vivo nonhuman primate treatment studies.104,146 

Other antibody cocktail therapies that have been announced 
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are by Eli Lilly with AbCellera-partnered LY-CoV555, 
AstraZeneca with researchers from Vanderbilt University 
and a collaboration in between GlaxoSmithKline and Vir 
Biotechnology and all trials of the above are in difference 
phases at present.147 Use of systemic anti-inflammatory 
drugs such as baricitinib to reduce the adverse effects of the 
cytokine storm has also been assessed, due to its anti-inflam
matory and antiviral effects.148

Prospective Therapies for COVID- 
19 Management
Apart from the various treatment options mentioned 
above, there are some upcoming modalities that have 
emerged, as prospective alternatives and the corresponding 
registered clinical trials are listed in Table 3.149–168 These 
include:

1. Gheblawi et al, in their review have highlighted the 
role of ACE2 as the novel SARS-CoV-2 receptor and have 
provided a critical link between immunity, inflammation, 
ACE2, and cardiovascular disease.169 The authors have 
stated that the action of ACE2 is enhanced by recombinant 
ACE2, gene-delivery of Ace2, Ang 1–7 analogs, and Mas 
receptor agonists.169 The latter serves as potential thera
pies for disease conditions associated with an activated 
RAS (Table 3).149,150

2. Molecular mechanism of exosome-based (30–120 nm 
extracellular vesicles) strategies are being tested to fight the 
COVID-19 infection (Table 3).151,152 These vesicles help in 
intercellular communication via delivering biomolecules like 
nucleic acids, proteins, and lipids to recipient cells 
(Table 1).170,171 They contain receptors for viruses (CD9 
and ACE2) that make recipient cells susceptible to virus 
entry. They are released by virus-infected cells and are asso
ciated with the transfer of viral components.170 Researchers 
believe that exosomes have a role in the spread of the SARS- 
CoV-2 virus and a thorough understanding of their relation to 
the COVID-19 infection could aid in identifying vital infor
mation regarding the entry, replication and spread of the virus 
in order to combat its adverse effects (Table 1).170,171 

However, some drawbacks that have been noted with regards 
to this therapy are as follows: inefficient separation methods, 
difficulties in characterization and lack of specific biomar
kers. At present, the strategies that are being tested include; 
inhibition of exosome biogenesis and uptake, exosome-ther
apy, exosome-based drug delivery system, and exosome- 
based vaccine (Table 3).151,152

3. Cellular therapy: an intravenous transplantation of 
ACE2-mesenchymal stem cells (MSCs) or natural killer 
cells to mediated-antiviral therapy.21,172 MSCs are able to 
suppress the activities of viruses via Chaf1a- mediated and 
Sumo2-mediated epigenetic regulation (termed proviral 
silencing) and have demonstrated beneficial effects in 
ARDS. However, there is a lack of clarity with regards 
to optimal dose and route of MSC delivery, difficulties in 
large-scale production and cryopreservation, and the 
potential for substantial variability (Table 1).172,173 

Table 3 provides data on three clinical trials which have 
been registered for assessed MSCs in COVID-19 
management.153–155

4. As the ACE2 is a vital component of renin-angio
tensin system (RAS), it can be a possible treatment by 
utilizing the RAS inhibitors such as; ACE-inhibitors 
(ACEI) and angiotensin II receptor type 1 (AT1R).174 

These drugs are not associated with an increased risk of 
death, admission to intensive care unit (ICU), mechanical 
ventilation requirement or progression to severe or critical 
pneumonia in COVID-19–infected hypertensive patients 
and they can be used safely in children and adults. There 
is insufficient evidence of their potential harm and only 
overwhelming evidence shows their benefits, thus favoring 
their utilization in COVID-19 management in the clinical 
trials listed in Table 3.156–158

5. Traditional Chinese medicines (TCMs) such as; 
qingfei paidu decoction (QPD), gancaoganjiang decoction, 
sheganmahuang decoction, qingfei touxie fuzheng recipe, 
glycyrrhizin, hesperetin, baicalin and quercetin, are rich in 
naturally occurring flavonoids.175,176 The advantages of 
TCMs include, remarkable symptomatic relief, antipyretic, 
faster recovery, reduced hospital stay results in their utili
zation in previous epidemics. However, some commonly 
associated drawbacks include, hypersensitivity pneumoni
tis, lung injury, fatigue with gastrointestinal discomfort 
(Table 1).175–178 Table 3 lists two important clinical trials 
that have been registered to assess TCMs, as a potential 
treatment strategy in COVID-19 patients.159,160

6. Consumption of food products rich in vitamins A, C, 
D, and E, which are naturally occurring antioxidants.73 

They can prevent or reduce the damage caused by oxida
tion as well as reduce the risk of cardiovascular disease. 
Some drawbacks include; bruising under the skin, diar
rhea, dizziness, joint pain (Table 1).179,180 Clinical trials 
which have been registered to evaluate antioxidant therapy 
in COVID-19 are listed in Table 3.161–164
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7. Curcumin may have a potential role against COVID- 
19, owing to its scientifically proven benefits such as its 
ability to modulate various molecular targets that contri
bute to the attachment and internalization of SARS-CoV-2 
in various human organs, cellular signaling pathways and 
RNA replication, as well its role in suppression of pul
monary edema and fibrosis-associated pathways 
(Table 1).181 It has also demonstrated strong inhibitory 
effects on NF-κB and several pro-inflammatory cytokines 
for which it can be used, as an adjunct in reversing the 
fatal CS that occurs in severely-ill COVID-19 patients.181 

Owing to no known drawbacks of curcumin it is being 
assessed in a clinical trial (Table 3).165

8. The role of omega-3 fatty acids, honey and its 
various components as well as potato starch have been 
highlighted as novel natural therapies to fight against the 
symptoms of COVID-19 infection.182 These therapies are 
known to have a potent antibacterial and anti-inflamma
tory effects (Table 1).183–185 Methylglyoxal (MGO) is a 
component of manuka honey which can inhibit enveloped 
virus growth and inhibit SARS-CoV-2 replication.184,186 In 
addition, the higher the concentration of MGO, the stron
ger the antibiotic effect. There are no known drawbacks of 
honey and starch, however, the omega 3 fatty acids 
namely, eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) can make cell membranes more susceptible to 
nonenzymatic oxidation mediated by ROS, leading to the 
formation of potentially toxic oxidation products and 
increasing the oxidative stress (Table 1).183–185 

Researchers believe that these natural products can help 
boost the host immune system, improve comorbid condi
tions and antiviral activities in COVID-19 patients and 
hence some clinical trials have been registered to assesses 
their outcomes (Table 3)166–168

Vaccine
Presently, the entire world has joined hands and engaged all 
the available resources and manpower to develop a vaccine 
against COVID-19. It is believed that vaccination could be 
acknowledged as the epitome of all existing remedies 
assigned for controlling the COVID-19 outbreak. Quite a 
large number of vaccines are undergoing trials across differ
ent parts of the world to fight against the present pandemic 
situation.73,74 Epitopes, mRNA and S protein-receptor bind
ing domain structure-based vaccines are the most coming 
vaccine proposals, which have been initiated.75 However, 
scientists have estimated that the process is time consuming 
and consisting of sequential phase-wise trials with quite a 

few safety evaluations. Notably, this entire process will take 
almost 12–18 months in achieving optimal results, as well as 
mass manufacture.76 Moreover, after the vaccine is available 
to the general population, human clinical trials would be 
required to prove the efficacy and safety of the same. The 
efforts of the entire scientific fraternity in the fight against 
this brutal fatality have just started materializing. Newer 
epidemiological facts, properties of the virus, immune 
responses against the virus and challenges in vaccine produc
tion are surfacing each day.50 Evidently, the efforts invested 
into research have to be amplified with an urgent application 
in order to combat this disease. Perhaps this is how research 
will evolve and the vaccine will be developed.

Future Noninvasive Therapy
COVID-19 remains a serious concern, until now, as there are 
a lack of effective antiviral drugs and the ongoing studies are 
yet to produce a safe and effective vaccine. Hence, photo
therapy could be considered to treat COVID-19, as a ther
apeutic or preventive treatment modality. The term 
phototherapy encompasses photobiomodulation therapy 
(PBMT), including lasers light and laser-emitted diodes 
(LEDs) and photodynamic therapy (PDT).187,188 It is well- 
documented in the scientific literature that phototherapy pre
sents a promising noninvasive treatment modality in tissue 
healing and regeneration, as well in pain management.189–194

The Rationale for Use of PBMT (Laser 
and LEDs) in COVID-19
The role of PBMT in modulating the molecular and cel
lular activities plays a significant part in achieving the 
optimal therapeutic outcomes.190,195 Experimental studies 
utilizing murine models of acute airway and lung inflam
mation have shown that PBMT reduces pulmonary micro
vascular leakage, IL-1β, IL-6, and intracellular ROS. On 
this note, PBMT as a single or adjunct treatment modality 
can modulate the cytokine storm and ARDS via its anti- 
inflammatory action196–199 and this has demonstrated the 
potential effect of PBMT in reducing the need for ventila
tors in patients with COVID-19.199,200

Several in vivo animal studies have utilized various 
wavelengths such as; λ 650 nm, λ 660±20 nm201 and λ 
780 nm lasers for PBM irradiation in which positive 
results reported as follows: downregulation of inflamma
tory mediators, reduction in the activation of neutrophils 
influx, improvement in the endothelial damage, reduction 
in TNFα, and IL-1β in the lung, as well lung edema.201–203 
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On this note, ARDS symptoms, as a result of SARS-CoV- 
2 infection can be improved with PBMT.204 Additionally, 
in vivo experimental animal model studies of respiratory 
disease suggested that PBMT reduces inflammation and 
promotes lung healing.199,205,206 These in vivo animal 
studies have shown PBMT effectiveness in minimize the 
length of time needed on a ventilator, enhance the healing 
process, and shorten recovery time. As a result, this could 
significantly reduce severely overwhelmed health-care 
systems. Hence, there is an urgency of proposing this 
therapy for COVID-19 management.207 This statement is 
supported by the evidence-based clinical results, which 
showed a significant improvement in patients with chronic 
obstructive pulmonary syndrome (COPD) and asthma fol
lowing PBMT.208,209

Figure 3 illustrates the mechanism in which PBM can 
reverse the cellular and molecular activities of the SARS- 
CoV-2 virus.200,203,206 On this note, the first severe case of 
COVID-19 pneumonia treated with PBMT, as an adjunct 
to standard conventional protocol was recently treated by 
Sigman et al, which aimed to reduce inflammation and 
promote lung healing. The presentation of this case is 

related to a 57-year-old African American man with severe 
COVID-19 who, once-daily for four consecutive days, 
received PBMT sessions by a laser scanner with pulsed λ 
808 nm (peak power of 3 W, frequency 1500 Hz, 330 
microseconds, 50% duty cycle) and super-pulsed λ 905 
nm (peak power 75 W⨰3, frequency 1500 Hz, 10 nanose
conds) for 28 min (14 mins for each lung).210 The fluence 
was 7.2 J/cm2 and the total energy 3600 J. The laser device 
utilized scanner, which positioned 20 cm above the target 
tissue and scanned 250 cm2 over each lung. The patient 
was evaluated before and after treatment via radiological 
assessment of lung edema (RALE) by CXR, pulmonary 
severity indices, blood tests, oxygen requirements and 
patient questionnaires. The results have shown that oxygen 
saturation (SpO2) has increased from 93–94% to 
97–100%, whilst the oxygen requirement has decreased 
from 2–4 L/min to 1 L/min. The RALE score improved 
from eight to five. Furthermore, the pneumonia severity 
index (PSI) improved from Class V (142) to Class II (67). 
Furthermore, both pulmonary indices (Brescia-COVID 
and SMART-COP) were decreased from four to zero. 
The CRP normalized from 15.1 to 1.23. The patient has 

Figure 3 Modified schematic diagram illustrates the cellular and molecular cascade of PBMT that reserve SARS-CoV-2 cellular and molecular activities to prevent ARDS. 
Notes: Adapted with permission from Mokmeli S, Vetrici M. Low level laser therapy as a modality to attenuate cytokine storm at multiple levels, enhance recovery, and 
reduce the use of ventilators in COVID–19. Can J Respir Ther. 2020;56:1–7.200
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reported a substantial improvement on the community- 
acquired pneumonia assessment (CAPA) tool. 
Importantly it wasreported that the respiratory indices, 
radiological findings, oxygen requirements and patient 
outcomes have improved over several days of treatment 
without the need for a ventilator. This report has presented 
the significance of supportive PBMT in a patient with 
severe COVID-19 pneumonia. Future randomized con
trolled clinical trials with large data are warranted to 
evaluate PBMT effects on clinical outcomes in patients 
with COVID-19 pneumonia.

In the present review, we highlighted that patients with 
comorbidities can be subjected to a higher risk of complica
tions when infected with SARS-CoV-2 virus.9–11 Obesity is 
one them. This is due to a low respiratory system compliance, 
increased inflammatory cytokines and an activated immune 
system secondary to excess adiposity. Another recent case 
report by Sigman et al, evaluated the effect of PBMT in 
treating a morbidly obese 32-year-old Asian female with 
severe COVID-19211 who was irradiated with the same proto
col of the previous case report.102 The utilized evaluation 
methods of PBMT outcomes are as follows: on CXR, pneu
monia severity indices (SMART-COP and Brescia-COVID) 
and pneumonia severity indices blood inflammatory markers 
(IL-6, ferritin, and CRP), and oxygen requirements and satura
tion in a patient with severe COVID-19 and morbid obesity. 
The results have shown that SpO2 via pulse oximetry 
increased to 97–99% on 1–3 L oxygen after PBMT, compared 
to baseline where SpO2 via pulse oximetry was 88–93% on 
5–6 L oxygen. Additionally, a reduction in the following 
values noted after PBMT: RALE score from eight to three, 
Brescia-COVID from four to zero, and SMART-COP from 
five to zero, IL-6 from 45.89 to 11.7 pg/mL, ferritin from 359 
to 175 ng/mL and CRP from 3.04 to 1.43 mg/dL. This report 
suggests that adjunct PBMT can be safely combined with 
conventional treatment in patients with severe COVID-19 
and morbid obesity. This coincides with a recent review by 
Mokmeli et al, who showed that PBMT combined with con
ventional medical therapy has the potential to prevent 
COVID-19 progress and improve symptoms.200

Given the abovementioned two cases, there is a rela
tively recent trend towards utilization of PBMT in mini
mizing complications with patients who are more 
vulnerable to COVID-19 than others. Hence, there is an 
urgent need for RCTs with large data to validate this 
promising noninvasive therapy.

The Rationale for Use of PDT in COVID-19
The most appropriate photosensitizer (PS) for PDT in the 
airway tract seems to be methylene blue (MB, phenothia
zine derivative) for its good performance for safety in 
various clinical therapeutic uses. MB has two absorption 
peaks at λ 635 and λ 670 nm and its complete absorption 
spectrum ranges from of λ 609 nm to λ 690 nm, with a low 
slope trend of the ascending part of the absorption curve and 
a sudden drop of the descending part.212 The scientific 
literature clearly shows that both MB and riboflavin can 
be used to inactivate coronaviruses, using a photodynamic 
process, although the cellular mechanisms are not comple
tely understood. It is assumed that the COVID-19 viruses 
accumulate the photosensitive molecules due to their ener
getic potential. Photodynamic excitation by an appropri
ately adapted light source (lasers or LEDs) leads to the 
formation of ROS and singlet O2 (1O2), which destroys the 
cell membranes of the viruses.213,214 Knowing that most of 
the viruses have either DNA or RNA (single or double 
stranded) core and an outer protein cover or lipid, thereby, 
the basic structure of viruses contains three principal mole
cular targets for viral protein disulfide isomerase (PDI) and 
for the reaction with the generated ROS: nucleic acids, virus 
proteins, and if present, viral lipids.215 Those with viral 
lipids and/or protein envelope, in general seem to be more 
sensitive to using PDT/PDI (photodynamic inactivation) 
than those without.216 It is noteworthy that photodynamic 
damage is likely to occur very close to the intracellular 
location of the PS, which plays a crucial part in the apopto
sis process, in conjunction with other factors such as the 
overall PDT dose (PS concentration ⨰ light fluence).217

Interestingly, SARS-CoV-2 has a number of distin
guishing features including a protein envelope and lipids 
that would make it susceptible to treatment with PDT,218 

as well as positive stranded RNA virus and belongs to the 
beta CoVs category. It has a round/elliptic and often pleo
morphic form, and a diameter of approximately 60–140 
nm. Like other CoVs, it is sensitive to ultraviolet rays and 
heat.218 As a result, safe and potent vaccine production 
faces many challenges, which might take a longer time to 
be on the market. Importantly, at the onset of the symp
toms such as, fever, cough, and headaches, a significant 
number of viruses are bound to ACE2 receptors in the 
mucosa of the oral cavity, throat and nasal cavity,219 which 
allow easy access to PDT. Reduced viral load via PDT 
process can stimulate an immune reaction and the forma
tion of protective antibodies, while favoring a mild or 
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moderate course of disease without severe lung dysfunc
tion or damage.220 It is noteworthy that the upper respira
tory tract is the main harbor for opportunistic pathogen 
propagation. This is due to the natural colonization in the 
oropharynx. On this note the pharyngotonsillitis PDT can 
facilitate a reduction in these pathogens and act as a safe
guard to prevent their penetration into the mucosal bar
riers. Hence, it is a good helper in the phagocytosis 
process, including inactivation of pathogen proliferation.
213 This has been demonstrated by Blanco et al, reporting a 
clinical PDT protocol against pharyngotonsillitis in redu
cing more than 90% of the symptoms related to the disease 
after 24 h were observed. Hence, PDT is significant to 
inactivation the viral infection and reduce viral load in the 
respiratory tract.221 Interestingly, many studies investi
gated the methods of delivery of the PS to the respiratory 
tract.

The most common vehicle for PS delivery for PDT of 
pulmonary diseases is via intravenous administration. 
This, however, is subjected to an intrinsic difficulty in 
targeting respiratory tract pathogen.222 As a result, nebu
lization can assist to overcome the lack of equal distribu
tion of the PS and reduce adverse effects by delivering the 
PS directly to the lung. Fine catheter is another vehicle to 
deliver the light through the cricothyroid membrane. This 
technique could be useful in COVIS-19 patients with 
tracheostomy, thereby, MB-PDT in a topical setting is 
safe without expected morbidity.223 Given the current 
treatment protocols for COVID-19 management, MB- 
mediated PDT could be a potential treatment modality 
for an early and advanced bronchopulmonary infection.

An in vivo animal study by Geralde et al, 224 has 
shown the efficiency of PDT protocol in eradicating bac
terial pneumonia by using an extracorporeal illumination 
via a custom-made laser device contained 18 clusters of 
laser diodes, emitting monochromatic light of λ 780 nm at 
irradiance of 60 mW/cm2 and a total dose of 120 J/cm2 to 
activate nebulized indocyanine green (ICG) as PS. The 
ICG concentration of 100 μmol/L and 15 μL was instilled 
in each nostril of the mouse. The number of recruited 
infected mice with Streptococcus pneumoniae cells was 
ten. The authors observed no deaths in the PDT group, 
compared to 60% in the control group. In addition, the 
colony forming unit recovery ranged from 103–104/mouse 
in the control group, whilst no bacteria recovered in 80% 
of the animals in the PDT group. Therefore, the authors 
concluded that clinical implementation of this protocol 
(extracorporeally-illuminated photodynamic inactivation 

of pneumonia) is a significant steping-stone toward PDT 
potential as a single therapy or as an adjunct to antibiotics 
treatment modality. Another in vivo animal study by 
Kassab et al, evaluated the viability of three photosensiti
zers (ICG, the chlorine photodithazine, and porphyrin 
photogem) in a jet nebulizer device, which was shown to 
be effective to target the lung directly.225

A randomized controlled trial/placebo study by 
Schikora et al, evaluated the effects of antimicrobial PDT 
(a-PDT) on following variables: SARS-CoV-2 viral load at 
early stages of the infection, viral load in the lung, inflam
mation and severe damage on the lung, clinical course of 
treatment and mortality rate.226 The following a-PDT pro
tocol was utilized and applied on 300 participants who 
tested positive for COVID-19, whereas the placebo group 
(n=330) received sham. MB (1% solution of methylthio
ninium-chloride dissolved in a 5% glucose solution) was 
applied to flush the oral cavity and throat and it was 
sprayed in the nostrils: λ 660 nm photonic energy irradia
tion applied at power output of 240 mW for five minutes, 
at a fluence of 72 J/cm2 (total fluence 360 J/cm2). The 
PCR real time testing employed to determine the viral load 
pretreatment (baseline) and immediately after a-PDT. In 
addition, four weeks post a-PDT the patients were tested, 
using ELISA test to evaluate the formation of antibodies to 
SARS-CoV-2 virus. The results identified the following 
findings: (1) a reduction in mortality rate (0.7 in PDT 
and placebo group vs 3.3% in placebo group), (2) a sig
nificant reduction in the severity of the course of disease 
(2.6% vs 19%) and attenuation of COVID-19 progression 
(97% vs 81%) in PDT group. As a result, a reduction of 
viral load in throat, oral and nasal cavities revealed by 
PCR test immediately after each five-stage treatment 
cycle. Ultimately, no adverse effects were reported. In is 
important to mention that MB alone has no impact in 
reducing the viral load without photodynamic excitation 
with a light source. The authors concluded that a-PDT is 
an effective, innovative, accessible, cost-effective treat
ment modality in COVID-19 management without adverse 
effects. It is noteworthy that another significant application 
of PDT in COVID-19 pandemic is plasma inactivation of 
the SARS-CoV–2 to ensure safe blood transfusion.227

Several studies have reported successful treatments of 
coronaviruses by PDT, using riboflavin as PS.228,229 

Riboflavin and UV light effectively reduced the titer of 
MERS-CoV in human plasma products, including the pla
telets to below the limit of detection, suggesting that the 
treatment process may reduce the risk of transfusion 
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transmission of MERS-CoV.228,229 It is Important to note 
that a study employed λ 405 nm light can have antimicro
bial properties to eliminate the infection risk and can be 
propagated despite commonly known approaches in PDT 
and PDI. The design of personal mobile devices for the 
purpose of biological war can be proposed and used in 
such a simple form as mobile application, which program 
LED to irradiate specific wavelengths. Moreover, in terms 
of viruses inactivation, light therapy with a range of blue 
wavelengths between λ 420 nm and λ 430 nm can inacti
vate the leukemia virus.200 In this context, the visible light 
of the electromagnetic spectrum contributes into the PDT 
of the plasma to inactivate many viruses such as herpes 
simplex (HSV-1) and HIV.213,230,231 It is noteworthy that 
the recent reports have shown that blue light in a pulsed 
emission mode was 20–100 times more potent than in 
continuous emission mode to inactivate the opportunistic 
bacterial infections.232,233 This light source could be of 
great potential, as an antiviral agent to inactivate SARS- 
CoV-2, which requires further investigations.

Based on the abovementioned science and evidenced- 
based practice, phototherapy can be utilized as a single 
treatment modality or as an adjunct to the standard treat
ment protocol/s to inactivate SARS-CoV-2 virus, decrease 
its viral load, and reverse the cytokine storm, which can 
assist in modulating the host immune system.

The Current Ongoing Phototherapy 
Registered RCTs for COVID-19 
Management
For all the abovementioned, phototherapy deserves great 
attention from researchers and clinicians for future long- 
term RCTs in the management of COVID-19. This coincides 
with a recent critical review by Hanna et al, showed that 
phototherapy is a promising treatment modality in COVID- 
19 pandemic that demands to be validated by robust and 
rigorous randomized, double blind, placebo-controlled, clin
ical trials to evaluate its impartial outcomes and safety.234

Taking into consideration the abovementioned poten
tial of phototherapy in COVID-19 management, at this 
stage only four RCTs have been registered at clinical
trials.gov, which are either in the recruiting phase or not 
recruiting yet or completed phase without reported results 
(Table 4). These trials are highlighted below.

An ongoing RCT clinical trial (not recruiting yet stage)235 

aims to evaluate the effects of PBMT and PDT, compared to 
control in treating COVID-19 patients, in order to achieve a 

major clinical response or partial respond defined by WHO in a 
time-frame of two weeks (Table 4). This trial is including 
hospitalized patients with positive COVID-19 with one or a 
combination of the following symptoms; fever, cough, short
ness of breath, chills, muscle pain, a new loss of taste or smell, 
vomiting or diarrhea and/or sore throat, whilst it is excluding 
critical cases admitted to ICU, respiratory distress grade III and 
IV, as well patients on mechanical ventilator. Laboratory inves
tigations (molecular-based assays; serology and antigen) and 
CT chest utilized to evaluate the trial clinical outcomes. The 60 
recruited patients would be randomized as follows: group I 
irradiates with λ 980 nm PBM from laser watch, which is 
applied on wrist on the radial artery for 30 min, 20 J for 3–5 
days and laser acupuncture trigger points; group 2 receives 
PDT according to the following protocol, 670 nm laser watch, 
methylene blue (MB) as a photosensitizer (PS) of 0.1 to 0.2 mL 
(1% solution per kilogram of body weight) injected intrave
nously very slowly over a period of several minutes, after one 
hour, an application of light photonic dose: 100–200 J/cm2, 
50–100 mW/cm2 (50 mW/cm2 increased the phototoxic 
response as well as the fractionated light application) twice 
per week; whilst group 3 serves as a control (conventional 
treatment protocol).

In terms of PBMT, there are two ongoing RCTs that are in 
the recruiting stage (Table 4).236,237 One of these RCTs aims to 
evaluate the effects of LED PBMT on lung inflammation in 
COVID-19 patients.237 Sixty-four participants above 18-years- 
old diagnosed with COVID-19 and exhibiting moderate-acute 
respiratory distress were recruited, whilst participants with 
photosensitive condition or medication, active chemotherapy 
treatment or other cancer treatment, autoimmune disorders, as 
well pregnant or possibly pregnant or planning pregnancy prior 
to the end of study participation would be excluded. In this 
trial, LED light source in the red and IR range of PBMT is 
utilized. All participants continue receiving standard treat
ments for COVID-19 symptoms. This trial aims to determine 
if a reduction of pneumonic inflammation occurs after PBMT, 
applying red-light LED source on the respiratory system of 
COVID-19 patients, suffering from acute viral pneumonia. 
The protocol of PBMT was not recorded. The following meth
ods of assessment of outcomes are SpO2, CRP, and IL-6 levels. 
Alternatively, a randomized, triple-blind, placebo-controlled 
trial is registered (not recruiting yet)237 to investigate the 
effects LEDs PBMT combined with static magnetic field 
(sMF) (LEDs PBMT/sMF) on respiratory muscles of patients 
admitted to the ICU with COVID-19, using invasive mechan
ical ventilation. The laser protocol described in Table 1 shows 
that a clustered probe of eight diodes of λ 850 nm, eight diodes 
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of λ 633 nm and four diodes of λ 905 nm. This indicates that the 
light would interact with tissue at various depth of penetration 
to achieve optimal outcome. Various variables would be 
assessed (Table 4) to determine whether this combined therapy 
has an influence in minimizing the impact of COVID-19 on the 
respiratory muscles, accelerating the ventilatory weaning pro
cess and optimizing the functional capacity of the involved 
muscles.

One completed RCT238 evaluated the effectiveness of 
multiwave locked system (MLS) laser therapy, as a treat
ment for pulmonary complications due to COVID-19 infec
tion. Laser treatment was delivered with patients in a prone 
position, using a 10 by 25 cm laser field across each lung 
with 7 J/cm2 at 1500 Hz. The treatment frequency and 
duration: once daily for four days (Table 4). However, no 
study results are posted on clinicaltrials.gov yet.

It is noteworthy that despite the scientific evidence-based 
research consistently suggesting the potential of PDT in 
COVID-19 which is intensively emphasized in our review, 
only one RCT to date is registered to evaluate the effects of 
PDT combined with PBMT in COVID-19 management. 
Further studies are warranted to confirm the study design of 
an ideal photodynamic protocol. Moreover, the authors of the 
present review observed that phototherapy protocols for each 
stage (early and medium-severe) of COVID-19 are warranted 
to justify therapeutic outcomes and ensure safety.

Conclusion
This review has produced a high quality evidence, which can 
be utilized by the clinical and the scientific community for 
future reference, as the knowledge and understanding the virus 
SARS-CoV-2 are evolving, in terms of its epidemiological and 
clinical manifestations, which ultimately map the strategic 
path toward an effective and safe treatment and production 
of potent and safe vaccine. To date, there is neither a reliable 
safe vaccine nor an effective safe treatment modality, specifi
cally designed to treat COVID-19. There are novel therapeutic 
innovations such as immunotherapy and cellular therapy, 
which require further investigation. Phototherapy is a well- 
documented treatment modality, which can play a crucial role 
in COVID-19 management. However, further clinical research 
is mandatory in this regard.
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