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Abstract
Introduction: Currently, the COVID-19 pandemic is an important health challenge worldwide.  Due 
to the cytokine storm, the mortality rate in acute respiratory distress syndrome (ARDS) is high, 
but until now no therapy for these patients was approved. The aim of this review was to discuss 
the possible anti-inflammatory effect of photobiomodulation therapy (PBMT) on ARSD patients 
and present the potential role of low-level laser therapy (LLLT) in the improvement of respiratory 
symptoms associated with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Methods: Studies about PBMT in inflammation and ARSD patients were examined. A primary search 
with reviewing English-language citations between 2005 and 2020 using the keywords COVID-19, 
ADRS, cytokine storm, low-level laser therapy, anti-inflammatory, and photobiomodulation was 
performed. The initial search yielded 818 articles; however, 60 articles were selected and discussed 
in the present study.
Results: The results of the selected studies showed the usefulness of PBMT in the treatment of 
inflammation and ARSD in patients with COVID-19 infection. This therapy is non-invasive and safe 
to modulate the immune responses in ARSD patients.
Conclusion: PBMT can potentially reduce the viral load and bacterial super-infections in patients 
with COVID-19 infection and control the inflammatory response. Therefore, the use of PBMT could 
be an efficient strategy for preventing severe and critical illness in SARS-COV2 infection.
Keywords: COVID-19, Photobiomodulation, Acute respiratory distress syndrome, Cytokine storm, 
Low-level laser therapy.
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Introduction
The 2019 novel coronavirus (COVID-19) or the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is rapidly spreading around the world.1 Coronaviruses 
are enveloped positive-sense RNA viruses.2 RNA viruses 
create an important hazard to human health and are more 
disposed to changes and mutations compared with DNA 
viruses.3 Coronaviruses are shown to cause mild and 
mainly upper respiratory infections (common cold) as 
usual, but SARS (severe acute respiratory syndrome) and 
Middle East Respiratory Syndrome (MERS) cause severe 
and frequently lethal outbreaks of respiratory infections. 
After SARS and MERS, SARS-CoV-2 has been the latest 
coronavirus pandemic.1 The symptoms of SARS-COV2 
are wide, from asymptomatic and mild in most people to 
acute respiratory distress syndrome (ARDS) and multi-
organ dysfunction. The mortality rate in ARDS is around 
25 to 40%.4 Symptoms like fever, cough, sore throat, 

breathlessness, fatigue, muscle soreness, malaise is more 
common in the infected patients, but for 25%–30% of 
affected patients, intensive care admission is necessary.1,4 
The fatality rate in the community is estimated to range 
from 2.5 to 3% but up to 11% of hospitalized adult patients 
and more than 30% of ICU admissions.5,6 SARS-CoV-2 
spreads principally via the respiratory route. Although 
SARS-COV2 RNA has been detected in fecal samples, 
there is not any report of fecal transmission.7 The virus 
can be transmitted by respiratory droplets or aerosols 
of infected people and attachment to mucosal surfaces. 
High temperature, low humidity and sunlight are the 
most important environmental factors that could reduce 
the viability of aerosols; therefore, SARS-CoV-2 virus 
transmission alters in dissimilar geographical locations.8 
The virus enters mucosal epithelial by angiotensin‐
converting enzyme 2 (ACE2) as the practical receptor. 
Although ACE2 mRNA is present in closely all organs, 
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its protein expression is expressed in vascular endothelial, 
renal, cardiovascular tissue, and the small intestine. 
Interesting findings have shown that lung alveolar 
epithelial cells and enterocytes of the small intestine have 
large surface expression of ACE2 protein.1,9 The main 
target of SARS-COV-2 is not the respiratory system, as 
it has also tended to the digestive system, circulation 
system, urogenital system, and central nervous system.7  

All people are at risk to this novel virus even children 
and newborns, but the elderly and people with underlying 
diseases, such as acute renal insufficiency, hypertension, 
diabetes, and cardiovascular disease, are more at risk 
of severe infection.7,10 Despite extensive researches on 
coronavirus treatment, no specific antiviral treatment has 
been developed. Supportive and symptomatic treatment 
is essential for patients, but in patients with acute 
respiratory symptoms, hospitalization and provision of 
oxygen is necessary.1 

Photo biomodulation therapy (PBMT), also known 
as cold laser therapy, low-level laser therapy (LLLT), 
biostimulatory laser therapy, etc. is a kind of laser 
therapy, which uses visible light, near-infrared light in 
the range of 450–1000 nm, and acts by the photochemical 
reaction in cells.11 The experimental studies showed that 
PBMT stimulated mitochondria and produced signaling 
molecules such as ATP, cyclic AMP, NO and ROS and 
therefore could upregulate oxidative stress in cells and 
have an antioxidant effect.12 PBMT is applied to reduce 
pain, inflammation or edema and accelerate tissue 
repair.13,14 Also, there are several published reports about 
the satisfactory results of PBMT in combination with 
other conventional therapies in pneumonia and other 
respiratory disorders, which have similar symptoms to 
COVID-19 in the moderate and severe stage of disease.15-20    

Therefore, in this review, we discussed the possible 
anti-inflammatory effect of PBMT on ARSD patients and 
presented the potential role of PBMT in the improvement 
of respiratory symptoms associated with SARS-COV2 by 
reviewing the published studies in this field. 

Materials and Methods
Searches were performed in PubMed, Medline and 
Google Scholar for articles published in English and 
other bibliographic references from 2005 to 2020, and 
the following websites were searched: the WHO, CDC 
(Centers for Disease Control and Prevention), and NICE 
(National Institute for Health and Clinical Excellence, 
https://www.nice.org.uk/). The following keywords, alone 
or in combination, were also searched: “COVID-19,” 
“ARDS,” “cytokine storm,” “low-level laser therapy,” “anti-
inflammatory,” and “photobiomodulation”. Numerous 
studies regarding the SARS-COV-2 were published in 
2020, and on the basis of the study scope, we categorized 
all papers into major categories including coronavirus 
pathology and cytokine cascade, PBMT and PBMT in 
pneumonia or ARDS. We found more than eight hundred 
published articles in the field of PBMT and COVID19, 
but 60 articles were selected and discussed in the present 
study. 

SARS-CoV-2 Pathogenesis and Inflammatory Cascade
The clinical features of COVID-19 are wide from 
asymptomatic to ADRS and multi-organ dysfunction 
(Table 1).21, 22 In recent studies, lymphopenia and elevated 
inflammatory cytokines in most SARS-CoV-2 cases have 
been reported.23,24 It is a hypothesis that the activation 
of the apoptosis signaling pathway in lymphocytes in 
COVID-19 patients may lead to lymphopenia.25

 Critical clinical manifestations and mortality in 
coronavirus patients are mostly developed in the late 
stage of the disease and it is due to the hyperactive 
immune reactions during viral infection. The first line 
of defense against viral infection is innate immune 
response stimulated by reactive oxygen species, 
secretion of primary cytokines and chemokines such as 
proinflammatory interleukins (IL1B, IL6), interferon 
(IFN), C-C Motif chemokine ligands (CCL2, CCL3, 
CCL5) and Nuclear Factor kappa-light-chain-enhancer of 
activated B cells (NF-kB) from epithelial cells, dendritic 
cells and macrophages.23 Nevertheless, an extreme 

Table1. COVID-19 patient’s symptoms and immune responses 

Classification Asymptomatic Mild Moderate Severe Critical Ref.

Clinical symptoms
Without clinical 

symptoms and signs

Acute upper respiratory 
tract infectiona or 

digestive symptoms

Pneumonia, no obvious 
hypoxemia with CT 

lesionsb

Pneumonia with 
hypoxemiac with CT  

lesions

ARDS and multi-organ 
dysfunctiond  with CT 

lesions
(21)

Percentage 20% 60% 10-20% (24)

Cytokines ↑ normal Moderate Moderate
proinflammatory 

cytokinee in plasma, 
IFN-γ, GM-CSF

higher proinflammatory 
cytokine, especially in 

IL-6 levels
(23)

Abbreviations: ARDS, acute respiratory distress syndrome; GM-CSF, Granulocyte-macrophage colony-stimulating factor; IFN-γ, Interferon gamma.
a Acute upper respiratory tract infection Symptoms: fever, fatigue, myalgia, cough, sore throat, runny nose, sneezing.
b CT  lesions: Studies showed, CT findings are more acceptable method in patients with no typically symptoms of COVID-19 disease.
c Hypoxemia:  SpO2 < 92%.
d Multi-organ dysfunction: encephalopathy, myocardial injury, heart failure, coagulation dysfunction and acute kidney injury.
e Proinflammatory cytokine: interleukin (IL)-6, IL-10, granulocyte-colony stimulating factor (G-CSF), monocyte chemoattractant protein 1 (MCP1), macrophage 
inflammatory protein (MIP)1α, and tumor necrosis factor (TNF)-α.

https://www.nice.org.uk/
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rise in proinflammatory cytokines and chemokines 
like IL2, IL7, IL10, granulocyte-colony stimulating 
factor (GCSF), Interferon-gamma-induced protein 10 
(IP10), monocyte chemoattractant protein 1 (MCP1), 
macrophage inflammatory protein-1 alpha (MIP1A), 
Tumor Necrosis Factor alpha (TNFα), is associated with 
illness progression in patients with severe COVID-19.23 
Afterwards, activation of NF-kB stimulates more pro-
inflammatory cytokine production and induces apoptosis 
and necroptosis in severe infection. All of these signaling 
events may lead to increased cellular death, hyper-
inflammation, and the cytokine storm and eventually 
make multi-organ disorder (Figure 1).23-26 Therefore, 
efficaciously suppressing the cytokine storm is a key way 
to prevent the deterioration of patients with COVID-19 
infection.

Prevention and Treatment
Treatment is essential support and depends on the illness 
grouping and the variation of symptoms.24 Stringent 
quarantine is necessary to prevent the transmission of 
the virus to others in all groups. All patients should 
be isolated at home and fully briefed about the risk 
markers for the prevention of this infectious disease.27 
The standard supports are necessary to dehydration 
and malnutrition.28 Fever, cough and oxygen saturation 
should be controlled. Antibiotics should be prescribed in 
confirmed cases for the prevention of secondary bacterial 
infections.1,29 In hypoxic patients, the provision of oxygen 
is essential, depending on the patient’s condition by a face 
mask or invasive/noninvasive ventilators. Antiviral drugs 
such as favipiravir, ribavirin, lopinavir, ritonavir are used 
based on the experience with SARS and MERS. However, 

currently, there is no evidence to support specific drug 
treatment against COVID-19.27,29

Against COVID-19 infection, some hypothetical 
treatment strategies are recommended for cytokine storm 
suppression and the usage of some mediators for inhibited 
inflammation, such as Corticosteroid therapies, IL-1 
family antagonists, IL-6 antagonists, TNF blockers, IFN-
αβ inhibitors, ulinastatin (a natural anti-inflammatory 
substance in the body). Some drugs like baricitinib and 
ruxolitinib are powerful anti-inflammatories that inhibit 
the JAK–STAT signaling pathway and are approved for 
rheumatoid arthritis and myelofibrosis. The JAK-STAT 
signaling can activate STATs, which can attach to DNA 
and permit the transcription of genes involved in immune 
cell division, survival, activation and recruitment. 
Baricitinib and ruxolitinib inhibit the consequences of 
the elevated levels of cytokines.23,30 In addition, blood 
purification treatments by dialysis or improved vascular 
permeability with drugs could reduce the occurrence of 
a cytokine storm.23 Since many mortality rates in most 
cases are due to ARDS and cytokine storm, all suggested 
methods help patients balance the immune responses. 
Recently, PBMT and the use of X-ray radiation that is 
less than the maximum annual radiation dose have been 
suggested for the treatment of pneumonia associated with 
SARS-COV2.31,32

Use of PBMT in Pneumonia Patients
PBMT involves the use of wavelengths of light energy 
(450–1000 nm) in medicine, and apply low-level light 
on the surface of the skin for the treatment of some 
medical disorders like inflammation, pain management 
and the tissue healing process by altering cellular 
function.33 PBMT has been approved in several medical 
administrations and professional societies such as the 
World Association of Laser Therapy (WALT) and the 
North American Association for Photobiomodulation 
Therapy (NAALT). Laser therapy has been suggested for 
several chronic diseases and approved by the FDA to put 
the brakes on hair loss, pain management and decrease in 
fat accumulation.11

The first record of light therapy as a medical treatment 
returns to the time of Egyptian Pharaohs as shown by 
the inscriptions.34 The documents showed sunlight was 
effective in reducing flu-related mortality and morbidity 
in 1918 when the H1N1 flu was pandemic.35 Furthermore, 
natural or stimulated sunlight has a negative effect on the 
survival of various viruses, and viruses like influenza 
significantly lose their infectivity in the face of sunlight, 
as evidenced by research studies.8,36 

In PBMT, the photon penetrates to the tissue, where 
it interacts with the intracellular biological molecules, 
and this starts a series of changes in cellular functions, 
including changes in cell membrane permeability and 
metabolism and it up-regulates antioxidant defenses and 

Figure 1. Cytokine Storm in Response to COVID-19. The SARS-
COV2 attaches to lung epithelial cells and alveolar macrophages 
by the angiotensin-converting enzyme (ACE2). ACE2 down-
regulation and the loss of ACE2 from the endothelium enhance 
inflammation and vascular permeability by the induction of 
ROS and TNF-α. Pro-inflammatory cytokine and chemokine 
activated more neutrophils and macrophages and activated T-cell 
and excessive immune response and started the cytokine storm. 
Eventually these events may damage to the respiratory system and 
advance the disease towards ARDS or multi-organ dysfunction. 
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decreases oxidative stress.37 There are several hypotheses 
for the effects of PBMT on cellular functions. The first 
hypothesis refers to the cytochrome c oxidase, which 
takes place in near-infrared light. Another theory is that 
the photons separate nitric oxide from the enzyme and 
make an active NO and increase electron transportation, 
mitochondrial membrane potential and ATP production. 
The next hypothesis is related to light-sensitive ion 
channels which lead to the accumulation of calcium in 
cells. After the absorption of photons, several signaling 
pathways are activated using reactive oxygen species 
(ROS), cyclic AMP, NO and Ca2+, eventually leading 
to the stimulation of transcription factors. Activated 
transcription factors can increase gene expression and 
as a result, enhance protein synthesis and proliferation, 
anti-inflammatory signaling, anti-apoptotic proteins and 
antioxidant enzymes.12,38

The studies indicate that PBMT suppresses inflammation 
by reducing ROS and NO in oxidative stress conditions 
and decreasing NF-kB in pathological situations.12 Also, 
PMBT decreases pain related to inflammation by the 
reduc tion of prostaglandin E2 and pro-inflammatory 
cytokines such as IL-1, IL-6 and TNFα concentration.31 

Furthermore, PMBT cleans inflammatory fragments 
from the damaged tissues and enhances blood flow by the 
cellular influx of neutrophils, oxidative stress, edema, and 
bleeding.39

Since 1978, the results of different studies have indicated 
that “PBMT could be used in respiratory tract diseases”. 
Several experimental studies in humans and animals 
have demonstrated that PBMT potentially moderate lung 
inflammation, fibrosis, pneumonia, and acute respiratory 
disorders.40 PBMT therapy increases microcirculation, 
lym phatic drainage, cellular metabolism, healing 
promotion and tissue regeneration, thereby alleviating 
many acute and chronic conditions (Table 2). Therefore, 
PBMT has the possibility of suppressing ARDS, as a major 
reason for mortality in the COVID-19 pandemic.40 

On the other hand, some studies have shown that 
monochromatic blue light (400–470 nm) has an 
antimicrobial effect on numerous bacterial and viral 
infections and therefore, the solicitation of this laser level 
could be effective in reducing super infection associated 
with respiratory viral infection like SARS-COV2 and 
reducing the virus load in patients.41-44 In a study by 
Shehatou et al., it was shown that P. aeruginosa, S. aureus, 

Table 2. Previews Studies on LLLT Effects on Respiratory Tract Diseases

Author Patients/Animal Kind of Laser Therapy Results

Mohamed et al (15) 31 patients with chronic respiratory disorder Acupuncture laser • Improvement in clinical symptoms 

Lutai et al (17) Pneumonia  in elderly patients infrared laser therapy • Rehabilitation 

Sayed et al (16) 30 COPD patients LLLT • Clinical improvement

Milojevic et al (18) 50 patients with asthma acupuncture 
• Improvement of all estimated lung function 

parameters

Suzuki et al (19) 30 COPD patients acupuncture • Improvement in Borg scale

Ailioaie et al (54) 98 children with moderate or severe asthma acupuncture
• Improvement in immunological and clinical 

parameter

Ostronosova et al (55) 466 patients ( bronchial and asthma:BAni)
low-intensive laser 
radiation

• Improves a BA course
• Reduction in the duration of hospitalization

Amirov et al (56) 142 patients with pneumonia
low-energy laser with 
drugs

• Discount in cell membrane permeability
• Increased blood iron chromium 
• Improvement of respiration function

Kochetov et al (57) 19 patients with acute pneumonia 
low-energy laser with 
common drugs

• Discount of pain, cough heaviness in the chest
• More rapid normalization of respiration function
• Decreased hospitalization time.

Sigman et al (50, 51) 2 patients with Severe COVID-19 Pneumonia PBM therapy 

• Increased in Oxygen saturation 
• CRP normalized
•  Pneumonia Severity Index improved from Class 

V to Class II.

Ambire et al (58) Rat  (LPS-induced pulmonary inflammation) LLLT • Reduced the lung permeability

da Silva et al (59) Wistar rats were exposed to formaldehyde 1%
LLT (660 nm, 12.86 J/
cm2)

• Reduced neutrophilic lung inflammation 
• Reduced myeloperoxidase activity
•  Reduced microvascular lung permeability 
•  Alterations of inflammatory cytokines

de Lima et al (60)
Rats with bronchial hyperresponsiveness 
(BHR) and lung inflammation

LLT (660 nm, 7.5 J/cm2)
• Decreasing both TNF-α and iNOS 
• Control the lung's inflammatory reactions. 

da Cunha Moraes et 
al (61)

COPD mice (animals exposed to cigarette 
smoke)

Diode laser, 660 nm, 
3 J/cm2)

• lessen inflammatory cells 
• Decreased proinflammatory cytokine in BAl
• Decreased collagen displacement
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K. pneumoniae, and A. baumannii as four important 
nosocomial bacterial infections were highly susceptible to 
monochromatic blue light.45 Blue light in bacteria could 
block gene expression associated with DNA replication 
and cell division and the creation of free radicals like 
cytotoxic ROS and DNA mutation.46 Bacterial inhibitor 
doses have no significant effect on viability, function, and 
proliferation in mammalian cells.47 

Several studies showed that PBMT was effective against 
viral infections.20 Lasers with different wavelengths can 
be valuable in viral infection. For example, green light 
lasers increased oxygenation in tissue and blue light used 
as photodynamic therapy (PDT). PDT is a two-stage 
action that syndicates light energy with a photosensitizer 
as a drug that considered to destroy cells after light 
stimulation.  Treating these cells with PDT can also 
reduce the viral load and increase NO.

Lugongolo et al in 2017 showed that PBMT enhanced 
cell apoptosis in human immunodeficiency virus (HIV-
1) infected cells but had no inhibitory effects on HIV-1 
uninfected cells.48 

In 2018, Lago et al demonstrated that a combination of 
PDT and PBMT was effective against herpes simplex in 
the nose wing region.49 We should consider that PBMT 
is dose-response and acts according to the Arndt-Schulz 
dose curve which states that if the stimulus is too weak, no 
outcome is seen. An optimal dose leads to the best effect, 
while a higher dose inhibits the effects.  Each wavelength 
has a specific effect on special treatment goals.50,51  

PBMT in SARS-COV-2 Patients
Two case reports have been published recently regarding 
the PBMT application on COVID 19 infection. The first 
was a 57-year-old man and the second was a 32-year-
old woman, being morbidly obese, and both had severe 
COVID-19 infection with pneumonia. In these cases, 
SARS-CoV-2 had been confirmed by real-time PCR of 
the nasopharyngeal swab. The chest X-ray and clinical 
observation (SpO2 of 80%, oxygen requirements and 
blood tests) demonstrated lung involvement. Both patients 
received four once-daily PBMT (LLLT) sessions with 808 
and 905 nm laser beams and were successfully treated 
(SpO2 increased to 97%–100%, oxygen requirement 
decreased and the pneumonia severity index improved 
from class V to Class II CRP normalized).52, 53

Although there have been just two studies reporting 
satisfactory effects of PBMT on patients with SARS-
COV2 infection until now, more studies and clinical trials 
to estimate the clear effect of laser therapy are required.

Conclusion 
The COVID-19 pandemic is a recent major pandemic 
challenge in the world. High virus titer and the 
subsequent cytokine storm due to strong inflammatory 
cytokine and chemokine responses and ARDS are the 
most important complications with high mortality, 

especially in immunosuppressed patients and those with 
underlying diseases, during SARS-CoV2 infection. There 
are no approved drugs or vaccines, so most attention is 
given to supportive care and the prevention of severe 
cases. Considering the experiences of SARS and MERS 
treatment, the controlled inflammatory response and the 
reduced viral load are efficient strategies to prevent severe 
and critical illness in SARS-COV2 infection. Evidence 
supports PBMT as a natural, non-invasive and safe method 
for modulating the immune responses at multiple levels 
and stimulating tissue healing. PBMT can potentially 
reduce the viral load and bacterial super-infections in 
patients with COVID-19 infections.20,51 However, there 
are not sufficient research studies regarding the effects of 
PBMT and COVID-19 disease. The application of PBMT 
at clinical stages needs different clinical trials to approve 
its effects on SARS-COV2 infection and the reduction of 
lung inflammation or pneumonia. 
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