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ARTICLE INFO                          ABSTRACT 
 

The study aimed to evaluate the effectiveness of laser therapy for the evolution of 
immunomodulatory markers and physiological parameters in patients with COVID-19 with 
moderate to high risk of death. Twenty seriously diagnosed patients with COVID-19 were 
selected for the study, which were divided into two groups: control (who did not receive the 
treatment) and laser (who received the treatment), selected through non-blind randomization. The 
laser was administered in five areas: pulmonary area, face, tonsillar fossae, trachea, and bronchi. 
The treatment was monitored throughout its duration, six days. Laboratory tests were collected 
daily in both groups and several parameters were measured. We tested the difference between the 
days with paired tests and tested the correlation of the parameters with time using Pearson's 
correlation. In the laser group, patients showed a constant improvement in partial arterial oxygen 
pressure (PaO2) when compared to patients in the control group. Therefore, when thinking about 
intervening in the pathophysiology of the disease, one should take into account the use of 
techniques or drugs that can act both in restricting the most pernicious phase of the inflammatory 
cascade and in modulating all events related to the evolution of COVID- 19. 
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INTRODUCTION 

In December 2019, several patients with severe pneumonia were 
identified in Wuhan, Hubei province, China. Subsequently, COVID-
19 was assigned to a new beta coronavirus, responsible for the severe 
acute respiratory syndrome by SARS-CoV-2 (1,2). Approximately 
20% of patients diagnosed with COVID-19 develop severe forms of 
the disease, including acute hypoxemic respiratory failure or severe 
acute respiratory syndrome, acute renal failure, and thromboembolic 
phenomena, and require admission to the intensive care unit (ICU). As 
of the time of this publication, the only clinical trials that have shown 
a reduction in important adverse events were those performed in 
critically ill patients using corticosteroids and prophylactic use 
through vaccination (3). Infection with SARS-CoV-2 has so far 
caused more than 119 million cases and more than 2 million and 600 
thousand confirmed deaths, as of March 15, 2021 (4).  

 
 
 
 
 
Although there is no solid evidence regarding drugs to prevent or 
treat SARS-CoV-2 infection, small studies have suggested that the 
combination of a relative immunosuppression related to lymphopenia 
are important prognostic factors, which implies the search for 
modulation of the inflammatory condition and infectious as the basis 
for a change in the course of the disease (5,6). Currently, we know 
that the pathophysiology of pneumonia by Sars-Cov-2 involves 
factors related to increased permeability of the vascular endothelium 
and its consequent generation of inflammation of the lung 
parenchyma. More specifically, we can say that the ventilation/ 
perfusion coefficient in COVID-19 can vary from patient to patient, 
and even in a single patient, where it is possible to observe 
pulmonary segments with perfusion and ventilatory impairment at 
different levels (7). This information can be valuable, denoting from a 
likely greater difficulty in treating the disease (since its 
pathophysiological characteristic involves several factors of high 
complexity) to a greater number of possibilities for plausible 
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therapeutic proposals. Intervening in the pathophysiological process 
of COVID-19 can be a particularly interesting strategy, especially if 
we consider that antiviral treatments to date have not produced an 
effective change in the course of the disease. And the already existing 
and well-established intensive support intervention, such as oxygen 
therapy, mechanical ventilation, and the use of vasoactive drugs, is 
very important to keep the patient alive with the best possible 
functional condition, but it does not act directly on the 
pathophysiological mechanisms of the disease. Among the 
possibilities of intervening in this immunomodulation scenario, 
photobiomodulation using laser application seems promising given 
the previously known response in the treatment of skin, ophthalmic 
and dental injuries (8–10). High-intensity lasers are a safe, non-
invasive technology approved by both the Food and Drug 
Administration (FDA) and Health Canada for various chronic and 
degenerative conditions, temporary pain relief, cellulite treatment, 
body aesthetics, reduction of lymphedema, growth hair loss, and 
chronic musculoskeletal injuries. Laser therapy is an accessible 
modality compared to other treatments and medications such as IL-6 
antagonists. It is a safe, effective, and low-cost modality, with no 
associated inputs or even physical contact with the patient and 
without any reported side effects compared to other approaches. A 
laser machine costs about $ 40,000 and each machine can fully treat 
more than 50,000 patients for COVID-19. In comparison, an IL-6 
antagonist costs $ 1,000 per vial, and each patient may need eight 
doses for the complete treatment of COVID-19. Well-planned laser 
therapy, combined with standard medical care, can optimize response 
to treatments, reduce inflammation, promote healing and accelerate 
patients' recovery times. With this, it could be added to the 
conventional treatment of COVID-19 at different stages of the 
disease and can reduce the need for ventilators in the healing process. 
We aimed to provide a pilot study to evaluate the effectiveness of 
laser therapy for the evolution of immunomodulatory markers and 
physiological parameters in patients with COVID-19 with moderate 
to high risk of death. 

METHODS 

Study population: The patients eligible for the study were seriously 
ill patients diagnosed with COVID- 19 admitted to the Therapy Unit 
of Hospital Meridional Serra (Serra-ES, Brazil). Inclusion criteria 
were patients older than 18 years with positive RT-PCR for Sars-
Cov-2; with pulmonary involvement with a TSS score greater than or 
equal to five points; respiratory dysfunction characterized by the need 
for at least 1 l/min of supplemental oxygen; absence of the need to 
use invasive mechanical ventilation through orotracheal intubation 
and patients capable of performing self-prone. The exclusion criteria 
were: patients in palliative care, with severe autoimmune disease, 
pregnant women, and those who refused to sign the Informed 
Consent Form (ICF). The patients were interviewed and duly 
informed about the technique, risks, and expected benefits, as well as 
the possibility of not receiving the application of the technique due to 
the randomization between the control group and the laser group 
(who received the treatment). Registration started in December 2020 
and was completed in February 2021. The approach to patients was 
conducted following the provisions of the Declaration of Helsinki and 
the guidelines organized by the International Conference on Good 
Clinical Practice. Patients were included after signing the informed 
consent form, or when personal signature is not possible, by a 
guardian over 18 years of age capable of assuming this commitment. 
A total of 32 patients were interviewed, however, only 20 patients 
accepted the terms provided in the consent form. The patients were 
randomized in a parallel and non-blind manner, with 10 patients 
in the control group and 10 patients in the laser group. We didn’t 
calculate the ideal sample size because this a pilot study, therefore, 
we used a small sample size. The essay designed by the researchers 
had no influence from sponsors on the design of the study. 
 
Treatment protocol: The laser treatment protocol was administered 
by a physician trained in high-intensity laser therapy (HIL) in the 
following regions: pulmonary, face (paranasal sinuses and nasal 

cavity), tonsillar fossae, trachea, and bronchi (Figure 1). The 
applications were daily, performed on four consecutive days, and 
uninterrupted. The application is made at a distance, without physical 
contact between the applicator and the patient, and there was no 
unpleasant sensation perceived by the patient and referred to the team. 
The patients were evaluated for six consecutive days from the first 
day of application of the treatment, thus, all had a follow-up time for 
data collection, with the stratification of results limited to this period of 
treatment. The Therapy Laser System model BTL-6000 High-
Intensity Laser 10W was used, with registration number with 
ANVISA 80991690011, authorization 8099169, process 
25351.428880 / 2019-44 valid until August 12, 2029. 
 
We use the formula: DE = (P xt) / A; where DE = energy density (J 
/ cm2), P = Power (Watt), t = exposure time (seconds), and A = Laser 
focus area (cm 2 ) to calculate the laser energy density to be applied in 
the tissues. The Arndt-Schultz Act is considered the standard for 
describing the dose-dependent effects of laser therapy. The effective 
stimulation dose of laser therapy is 1 to 10 J / cm 2 in the target tissue. 
Doses greater than 16 J / cm 2 produce inhibitory effects. The 
inhibitory effects are used in conditions that require inhibition and 
suppression of the tissue response (11). Thus, laser dosages favorable 
to healing are found between energy densities of 1 to 15 J / cm 2, 
which in turn does not depend on the intensity of the nominal energy 
used, but rather on the way it interacts with the tissues and the dose. 
effectively distributed. 
 
For the pulmonary region (each of the lungs): the patients were 
placed in the prone position in the horizontal prone position. For six 
minutes, we used an irradiation field (for the laser) 15 cm wide by 30 
cm high with an energy density of 8 J / cm 2 in automatic continuous 
mode applied by the scanner system 45 cm away from the patient's 
skin. The total treatment time in the pulmonary area was 12 minutes, 
at 900 cm² and 7200 J of energy.  
 
For application in the face region (paranasal sinuses and nasal 
cavity): patients were placed in the supine position. We used an 
irradiation field of 8 cm wide by 5 cm high for 32 seconds with an 
energy density of 8 J / cm 2 in manual continuous mode (hand 
applicator) at a distance of 2 cm from the skin, totaling 40 cm² and 
320 J. For application in tonsillar fossae (on each side): patients were 
placed in the horizontal supine position. For 16 seconds, we used an 
irradiation field 5 cm wide by 4 cm high with an energy density of 8 J 
/ cm 2 in manual continuous mode (hand applicator) at a distance of 2 
cm from the skin, totaling 32 seconds, 40 cm² and 320 J.  
 
For the trachea and bronchi region: patients were placed in the 
horizontal supine position. We used an irradiation field 10 cm wide by 
15 cm with height in the anterior cervical and anterior central thoracic 
region for two minutes, with an energy density of 8 J / cm 2 in manual 
continuous mode (hand applicator) at a distance of 2 cm from the 
skin, totaling 150 cm² and 1200 J. Considering all treated regions, the 
total treatment time was 15:04 min, the total area was 1130 cm² and the 
total energy was 9040 J. 
 
Parameters evaluated:  Laboratory tests were collected daily in both 
groups, control and laser, and sent to Metrolab (clinical analysis 
laboratory) located at the Hospital Meridional Serra. Blood values 
were measured for: albumin, direct bilirubin, serum bicarbonate, total 
bilirubin, creatinine, D- dimer, fibrinogen, hematocrit, hemoglobin, 
lactate, lactate dehydrogenase, leukocytes, magnesium, pH, platelets, 
potassium, partial pressure of carbon dioxide, partial pressure of 
oxygen, C-reactive protein, transferrin saturation, sodium, 
prothrombin time, troponin and urea. Albumin, direct bilirubin, total 
bilirubin, D-dimer, fibrinogen, lactate, prothrombin time, and 
troponin were removed from the analysis as they did not have at least 
3 samples on any given day. 
 
Statistical analysis: We tested whether there were significant 
differences in the parameters evaluated between the treatment days in 
each group. For this, we tested the normality of each variable with the 
Shapiro-Wilk test and evaluation of the QQ graph, to define whether 
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the test to be used to test the difference between the
test (parametric test) or Wilcoxon test (non-parametric test). We used
Pearson's correlation to assess whether there was any linear 
correlation between treatment time and the parameters
analyzes were performed in the R version 4.0.3 environment using the 
rstatix 0.6.0 package. 

RESULTS 

The following results are only from the analyzes with parameters that 
showed some significant difference. The laser group had higher 
averages in the levels of C-reactive protein (CRP) compared to the 
control group throughout the treatment, with a decrease in the level of 
the marker in stage 2, stability between stages 2 and 4, and a decrease 
in stage 5 followed by stability in stage 6. In the control group, a 
decrease in the values of the CRP level can be observed throughout 
the treatment (Fig 2A). There was no significant differen
any of the stages in any of the groups. The correlation test indicated a 
weak negative correlation between the time of treatment and the level 
of CRP in the control group (r = -0.3) and in the laser group (r = 
0.13), this relationship being significant only in the control group (p = 
0.02 ) (Fig. 3A).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Areas of application of high-intensity laser. Pulmonary region on the left, tonsillar fossae and trachea in the middle, and 
facial region (paranasal sinuses

Figure 2. Boxplot graph (darker part) and violin graph (lighter part) indicating the distribution of the parameters evaluated in patien
in the control group (left) and the laser group (right) during the treatment stages. A) Reactive Protein C B) Oxygen partial 
Platelets D) Urea. The X-axis represents the treatment stages, from the initial stage on the left to the final stage on the right, and the Y

axis shows the observed values of the parameter. The points connected by the line and the number indicate
indicates the median of the 
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In the laser group, the level of urea remained stable between stages 1 
and 2, followed by an increase until stage 6, reaching higher levels 
than the control group (Fig 2D). There was no significant difference 
between any of the stages in the two groups. The correlation test 
indicated a weak non-significant positive correlation between 
treatment time and urea level for the control group (r = 0.1, p = 0.44) 
and a significant weak positive correlation for the laser group (r = 
0.39, p = 0.0023) (Fig. 3D). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 

The initial mean of the CRP marker in the patients in the group was 
approximately 160% higher than in the control group, indicating 
greater complexity in the cases of the laser group, a value above the 
average of critical cases, while the mean of the control group would 
be classified as a severe case but not as a critic (12). Despite the 
higher levels of the PCR marker in the laser group than the control 
group, we can observe an increase in PO2 in the group that received 
laser treatment, showing a positive correlation with the intervention 
time. In a situation of global pandemic, where several countries 
experience an overload of health systems (high levels of bed 
occupancy and lack of ventilatory equipment), and in some cases 
even lacking compressed oxygen for patients, as seen in the State of 
Amazonas in Brazil, laser therapy can be a short-term therapeutic 
option that is simple to implement (low cost and little labor) (13). The 
reduction in the number of platelets in the blood is a phenomenon 
observed in patients with covid-19, this reduction being more evident 
in patients with more severe cases (14). The platelet count was lower 
in the patients in the laser group, which was expected considering the 
greater inflammation indicated by the CRP level. Despite this lower 
initial number, the final average of the laser group ended up being 
higher than that of the control group, indicating a better evolution of 
this parameter in the group that received the treatment. In both 
groups, an increase in the level of urea in the patients can be 
observed. This increase may occur due to water reabsorption (passive 
reabsorption of urea) due to systemic inflammation, or the activation 
of the renin-angiotensin-aldosterone system, and the peak in the final 
stage of the laser group can be associated with the highest level of 
CRP, that is, the water reabsorption process (and passive urea 
reabsorption) was more intense (15,16). Laser therapy has been used 
in diseases of the respiratory tract since 1978.  

Empirical practice in more than 1000 patients has produced data 
relating to chronic pneumonia, acute pneumonia, asthma, and chronic 
bronchitis in children, adults, and the elderly. Common findings 
include reduced chest pain, weight reduction; normalization of 
respiratory function; improvement of blood, immunological and 
radiological parameters; and reduced recovery times (17–19). The 
Medical Subject Heading database at PubMed contains more than 
7,000 articles on laser therapy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Its effects have been confirmed by several meta-analysis studies and 
include anti-inflammatory and analgesic effects, tissue healing, 
treatment of tendinopathy and improvement of lymphedema, 
increased protein production and cell proliferation, accelerated 
healing, and cell regeneration, among others (20–25). The effects of 
laser therapy are not due to heat, but to a photochemical reaction that 
occurs when a photoreceptor molecule within the cell absorbs a 
photon of light, becomes activated, and changes the permeability and 
metabolism of the cell membrane. Cytochrome C oxidase, opsins, and 
their associated calcium channels are the main mediators of 
photochemical mechanisms (11). As an answer, we have increased 
mRNA synthesis and cell proliferation. Laser therapy produces 
reactive oxygen species (ROS) in normal cells, but ROS levels are 
reduced when it is used in cells with oxidative stress (11). In the 
treatment of COVID-19, laser therapy is effective against the 
cytokine storm involved in the pathophysiology of Acute Respiratory 
Discomfort Syndrome (ARDS) while promoting tissue healing and 
regeneration. Experimental and animal models of lung disease and 
infection have revealed multiple cellular and molecular effects, which 
are local and systemic. Laser therapy reduces inflammation without 
impairing lung function in acute lung injuries, significantly reduces 
the number of inflammatory cells and pro-inflammatory cytokines 
such as interleukin 1B, interleukin 6, TNF-alpha, decreases collagen 
deposition, and increases interleukin expression 10, making 
promising therapy for chronic obstructive pulmonary disease. The 
major mechanisms responsible for modulating the inflammatory 
process involve increased microcirculation, angiogenesis, and 
immune cell modulation (26). In a model of pulmonary inflammation, 
a decrease in the number of leukocytes, a decrease in mast cell 
degranulation and pulmonary microcirculatory permeability, and the 
release of inflammatory cytokines have been demonstrated (27).  

 
 

Figure 3 - Data dispersion, with the line representing the linear model and the gray area the model's confidence interval. A) Reactive Protein C B) 
Oxygen partial pressure C) Platelets D) Urea. The X-axis represents the time in days since the beginning of the treatment and the Y-axis represents the 

observed values of the parameter. The blue color represents the control group and the red color the lasergroup 
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Aimbire and colleagues showed that laser therapy restores the 
capacity for bronchial relaxation by increasing cyclic AMP, and 
decreases bronchial hyperreactivity by controlling calcium sensitivity 
and increasing the production of interleukin 10 messenger RNA, with 
anti-inflammatory action. (28). There is also evidence of an 
improvement in lung function through photobiomodulation in a 
model of idiopathic pulmonary fibrosis (29), reduction in both 
cholinergic hyper-reactivity and expression of TNF alpha messenger 
RNA via INFKb (30). We started with a small sample size (N = 20) 
due to the state of the pandemic that we are experiencing, which 
makes large sampling and application methods unfeasible, which 
would require a time window not available at this time. The results 
demonstrate the potential of using laser as a therapeutic alternative, 
highlighting the need for further study. According to the sample size 
analysis, considering the Brazilian population, approximately 400 
samples would be needed to have a 95% confidence level, and 700 
samples to have a 99% confidence level. 

CONCLUSION 

Therefore, when thinking about intervening in the pathophysiology of 
the disease, one should take into account the use of techniques or 
drugs that can act both in restricting the most pernicious phase of the 
inflammatory cascade and in modulating all events related to the 
evolution of COVID- 19. And in this last aspect, laser therapy can be 
a viable option since its effectiveness has been demonstrated in 
several other diseases with similar inflammatory events, and the 
improvement of physiological parameters, even in the most critical 
cases of the disease. 
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