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1  |   INTRODUCTION

A worldwide outbreak of severe acute respiratory syndrome 
emerged in 2019 and developed in a pandemic of COVID-19. 
This respiratory βeta-coronavirus is characterized by the se-
verity of its complications, that is acute pulmonary inflam-
mation, pneumonia, lung fibrosis and organ dysfunction, 
ultimately inducing fatality. Scientists worldwide have fo-
cused on finding medication and vaccine for fighting the viral 
disease, yet its high transmission and mutagenicity renders 
international efforts challenging. Drugs may also not be the 
only approach. Previous animal studies on pulmonary infec-
tious diseases and a recent case report of a COVID-19 patient 
with comorbidities demonstrated the mitigation of inflamma-
tory processes addressed with Infrared Photobiomodulation 
therapy (IR-PBMT). Here, we report the use of PBMT at dif-
ferent wavelengths and treatment parameters on two patients 
with acute infectious respiratory syndrome, who may repre-
sent early COVID-19 patients in the United Kingdom and 
France. This case report's dissemination to the broader sci-
entific community is of interest for PBMT was successfully 

applied according to clinical presentation, double-blind to 
COVID-19 diagnosis. Two females, mean age 60, mani-
fested signs of acute respiratory infection at the end of 2019. 
According to the CARE checklist, we retrospectively col-
lected data from patients and screening laboratories to as-
certain epidemiological and symptomatologic aspects and 
reported clinical, laboratory, radiological, scanner and im-
munology findings. Both patients experienced at the onset of 
illness fever, burning feeling in the throat, throbbing cough, 
myalgia, severe fatigue, headache, loss of taste, dyspnoea and 
pneumonia signs. Symptoms aggravated into chest tightness 
and respiratory difficulties. One patient experienced diar-
rhoea and cutaneous manifestations. Patients received PBMT 
with non-coherent red light (RL) 630 nm and 660 nm, sig-
nificantly improving oxygenation, respiratory function and 
inflammatory syndrome, avoiding emergency care. This case 
report demonstrates the potential clinical value of PBMT in 
mitigating inflammation, improving respiratory distress and 
oxygenation at early stages of COVID-19 and in other infec-
tious lung diseases, preventing viral infections complications. 
It also expands our knowledge on RL and its positive effects 
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on living organisms, oxyhaemoglobin, interfacial waters, cel-
lular respiration and immunological processes, paving the 
way for further research.

The pneumonia outbreak in China at the end of 2019, 
spreading rapidly outside mainland, was defined by the World 
Health Organization as a severe acute respiratory infectious 
disease or SARS-CoV-2, officially declared a public health 
emergency on 30 January, 2020, a pandemic on 11 March, 
2020.1 It is a non-segmented β-coronavirus RNA-enveloped 
in a fatty membrane, with two prevalent genotypes, L(∼70%) 
and S(∼30%).2 Clinical features are characterized by the viral 
migration from upper to lower respiratory pathways, specif-
ically to lung alveoli. The angiotensin-converting enzyme 2 
(ACE2) is acting as the cellular binding site, and functional 
receptor for SARS-CoV-2 and the transmembrane protease 
serine2 (TMPRSS2) serving the virus entering cells via 
endosomes, resulting in COVID-193 Initial viral infection 
is by direct transmission person-to-person, via respiratory 
droplets, aerosols and surfaces.4 The disease's demographics 
demonstrated gender equality in infection, 0.5-3% mortality 
rate with prevalence in men, significantly increasing over 60, 
and in individuals with comorbidities.5 Health complications 
include severe forms of potentially fatal pneumonia, respira-
tory failure requiring mechanical ventilation and admission 
to intensive care units, following an exacerbated immune 
response and cytokine storm.6 Although most individuals 
remain asymptomatic, mean incubation time was defined be-
tween 2 and 14 days, making viral transmission still possible.7

At the first signs of respiratory syndrome, the two cases 
of this report were addressed regarding their clinical pre-
sentation, not yet identified as SARS-CoV-2. The condition 
was unknown towards the end of 2019. PBMT was available 
at patients' location and brought a significant therapeutical 
action at different levels. Although treatment algorithms of 
viral infectious disease do not usually include PBMT, at least 
not as a first-line intervention, the observations of this case 
report have a clinically significant value supporting the use of 
PBMT in the treatment of early stages of COVID-19 disease. 
PBMT cannot prevent viral infection but has a viral defence 
role as a potent immunity and pulmonary inflammation mod-
ulator, improving lung function, mitigating potential fibrosis, 
lung injury and restoring homeostasis. Infrared (IR)-PBMT 
on COVID-19 was investigated in recent studies using pulsed 
low-level laser 808 nm and 905 nm.8,9 Here, we report the 
use of non-coherent light-emitting diodes (LED) 630 nm and 
660 nm simultaneously with +15 nm spectral shift (Table 1).

2  |   CASE 1

Primary symptoms of possibly the first patient in France, a 
female aged 69, started on 29 November 2019, with body 
temperature reaching 40° for 4 days, headaches and intense 

burning sensation in the throat, nausea and general inebria-
tion under no obvious factors. The patient had no notorious 
psycho-social history. In 3  days, a rhinopharyngitis devel-
oped treated with aspirin and paracetamol. Symptoms disap-
peared for 1 week then deteriorated from 6 December 2019, 
with the resurgence of rhinopharyngitis, fever and dry, un-
controllable cough. Spaced coughing fits at the beginning 
became persistent in the following week. On 10 December 
biological findings showed neutrophils 74.5%, SR 17 mm/h, 
ferritin 67 µg/L CRP 6.3 mg/L. Two weeks later neutrophils 
were 81%, SR 47 mm/h and CRP 55.9 mg/L. A chest X-ray 
performed on 26 December did not reveal a systemic evolu-
tion, neither pleural effusion to explain the symptomatology, 
except for a lateral-vertebral nodule formation of 6 mm right-
hand side at face view.

The cardiomediastinal silhouette was regular. A pulmo-
nologist first diagnosed asthma and recommended a chest 
scanner. The patient had no family history of lung disease. 
From 25 December, cough is not receding, body tempera-
ture rises intermittently at 40° and again appears an overall 
and disturbing inebriation state. The patient sleeps in a semi-
sitting position at this stage, is concerned about not speaking 
without coughing, describing significant breath shortness 
and difficulties in walking. A new chest X-ray is performed, 
and a chest scanner is scheduled. On 30 December, 2019, the 
chest scanner concluded into bilateral bronchial syndrome 
without systemic condensates, posterior respiratory disorder 
demonstrating bilateral declive with right-side prevalence. 
At the time of screenings, the scientific community did not 
know the pulmonary signs of COVID-19 infectious respira-
tory disease. In late February, when radiologists were better 
informed on the novel coronavirus manifestations, a second 
reading of the chest scanner revealed pulmonary involvement 
with interstitial abnormalities at lung basis identified as clini-
cal signs of early fibrosis, without bronchiectasis signs, com-
patible to bilateral peripheral superficial abnormalities seen 
in COVID-19, with a production of ground-glass opacities 
predominantly distributed in peripheral septa. Detection was 
better at ultrasound than X-rays screening that has a low sen-
sitivity for these opacities.

The patient recovered from 6 January, 2020 but experi-
enced major asthenia until the end of February 2020, with 
weight and sense of taste loss. Respiratory functional explo-
ration was conducted on 15 February, 2020, demonstrating 
neat improvement of vital pulmonary function. A thorax-
abdomen-pelvic control scanner was performed on 4 June, 
2020, follow-up suspicion of lung fibrosis formation and re-
current abdominal right-sided pain. No mediastinal, hilar or 
axillary adenopathy was found at thoracic level, neither pleu-
ral nor pericardial effusion nor pulmonary embolism. The 
parenchymatous integrity was preserved, and no suspicious 
macronodule was detected. Compared to the thorax scanner's 
findings from 30 December, 2019, the ground-glass images 



      |  3PELLETIER-AOUIZERATE and ZIVIC

T
A

B
L

E
 1

 
Tr

ea
tm

en
t d

el
iv

er
y 

pa
ra

m
et

er
s. 

Tr
ea

tm
en

t p
ar

am
et

er
s o

f P
B

M
T 

in
 C

as
e 

1 
an

d 
C

as
e 

2 
us

in
g 

tw
o 

w
av

el
en

gt
hs

 o
f r

ed
-li

gh
t (

R
L)

 6
30

 n
m

 a
nd

 6
60

 n
m

 si
m

ul
ta

ne
ou

sl
y.

 In
 C

as
e 

2,
 b

lu
e-

lig
ht

 
(B

L)
-P

B
M

T 
w

as
 a

dd
iti

on
al

ly
 a

pp
lie

d 
on

 p
so

ria
si

s p
at

ch
 in

 th
e 

ba
ck

. A
 L

ig
ht

-E
m

itt
in

g-
D

io
de

s (
LE

D
) d

ev
ic

e 
w

as
 u

se
d 

fo
r t

re
at

m
en

t d
el

iv
er

y 
in

 b
ot

h 
pa

tie
nt

s (
Tr

iw
in

gs
 L

LS
®

) e
m

itt
in

g 
8 

w
av

el
en

gt
hs

 in
 

th
e 

sa
m

e 
tre

at
m

en
t i

nc
lu

di
ng

 In
fr

ar
ed

 (I
R

) w
ith

 st
ab

le
, m

ea
su

ra
bl

e 
ou

tp
ut

 p
ow

er
 a

lo
ng

 th
e 

se
ss

io
n.

 W
e 

ca
n 

se
e 

th
at

 a
n 

im
po

rta
nt

 a
re

a 
of

 1
00

0 
cm

2  a
t 7

 c
m

 d
is

ta
nc

e 
fr

om
 sk

in
 w

as
 tr

ea
te

d 
at

 e
ac

h 
se

ss
io

n 
re

su
lti

ng
 in

 a
 h

ig
h 

B
lo

od
 C

um
ul

at
ed

 a
bs

or
bi

ng
 v

ol
um

e 
(V

) a
ss

is
tin

g 
pa

tie
nt

s’
 o

xy
ge

na
tio

n.
 In

 th
e 

tw
o 

co
lu

m
ns

 fa
r r

ig
ht

 tr
ea

tm
en

t d
el

iv
er

y 
pa

ra
m

et
er

s o
f n

on
co

he
re

nt
 L

ED
 a

re
 p

ut
 in

to
 p

er
sp

ec
tiv

e 
w

ith
 

lo
w

-le
ve

l-l
as

er
 p

ar
am

et
er

s s
uc

ce
ss

fu
lly

 u
se

d 
on

 a
 C

O
V

ID
-1

9 
pa

tie
nt

9

Li
gh

t-e
m

itt
in

g 
di

od
es

Lo
w

-le
ve

l l
as

er

C
as

e 
1

C
as

e 
2

W
av

el
en

gt
h

63
0 

nm
 +

 6
60

 n
m

63
0 

nm
 +

 6
60

 n
m

46
5 

nm
80

8 
nm

90
5 

nm
Sp

ec
tra

l s
hi

ft 
nm

±
15

 n
m

±
15

 n
m

±
15

 n
m

±
2 

nm
±

2 
nm

Em
itt

in
g 

an
gl

e 
°

45
45

45
n/

a
n/

a
D

is
ta

nc
e 

fr
om

 th
e 

sk
in

7 
cm

7 
cm

7 
cm

20
 c

m
20

 c
m

Em
is

si
on

 m
od

e
C

W
C

W
C

W
Pu

ls
ed

 1
50

0 
H

z
Pu

ls
ed

 1
50

0 
H

z
Pu

ls
e 

du
ra

tio
n

n/
a

n/
a

n/
a

33
0 

µS
10

0 
nS

Pe
ak

 p
ow

er
n/

a
n/

a
n/

a
3 

W
75

 W
 ×

 3
A

ve
ra

ge
 p

ow
er

–
–

–
1.

5 
W

34
 m

W
Tr

ea
te

d 
ar

ea
 a

t t
he

 sa
m

e 
tim

e
90

0 
cm

2  a
t l

ed
 c

on
ta

ct
10

00
 c

m
2  a

t 7
 c

m
90

0 
cm

2  a
t l

ed
 c

on
ta

ct
10

00
 c

m
2  a

t 7
 c

m
90

0 
cm

2  a
t l

ed
 c

on
ta

ct
10

00
 c

m
2  a

t 7
 c

m
2 

× 
25

0 
cm

2

50
0 

cm
2  a

t 2
0 

cm
Po

w
er

 d
en

si
ty

 m
W

/c
m

2  a
t L

ED
 c

on
ta

ct
80

 m
W

80
 m

W
80

 m
W

–
–

Po
w

er
 d

en
si

ty
 m

W
/c

m
2  a

t 7
 c

m
 sk

in
 

di
st

an
ce

55
 m

W
55

 m
W

55
 m

W
–

–

Po
w

er
 d

en
si

ty
 m

W
/c

m
2  a

t 2
0 

cm
 sk

in
 

di
st

an
ce

–
–

–
1.

5 
W

/2
0 

cm
2  =

 
75

 m
W

/c
m

2
34

 m
W

/2
0 

cm
2  =

 
1.

7 
m

W
/c

m
2

Ti
m

e 
pe

r s
es

si
on

15
 m

in
 =

 9
00

 se
c

15
 m

in
 =

 9
00

 se
c

15
 m

in
 =

 9
00

 se
c

2 
× 

14
 m

in
 =

 2
8 

m
in

To
ta

l f
lu

en
ce

 J/
cm

2  p
er

 se
ss

io
n 

of
 1

5 
m

in
0.

05
5 

×
 9

00
 =

 5
0 

J/
cm

2
0.

05
5 

×
 9

00
 =

 5
0 

J/
cm

2
0.

05
5 

× 
90

0 
=

 5
0 

J/
cm

2
–

–
To

ta
l f

lu
en

ce
 J/

cm
2  p

er
 se

ss
io

n 
of

 
2 

× 
14

 m
in

–
–

–
7.

2 
J/c

m
2

11
4 

m
J

To
ta

l e
ne

rg
y 

de
liv

er
ed

 p
er

 se
ss

io
n

50
 k

J o
n 

10
00

 c
m

2
50

 k
J o

n 
10

00
 c

m
2

50
 k

J o
n 

10
00

 c
m

2
3.

6 
kJ

 o
n 

50
0 

cm
2

N
um

be
r o

f s
es

si
on

s p
er

 w
ee

k
3

2
2

4 
pe

r w
ee

k
To

ta
l n

um
be

r o
f s

es
si

on
s

12
 fo

r r
es

ol
ut

io
n 

th
en

 1
/1

5 
d 

fo
r 9

 m
on

th
s

6 
fo

r r
es

ol
ut

io
n 

th
en

 1
/1

5 
d 

fo
r 

6 
m

on
th

s
6

4

M
od

e 
of

 d
el

iv
er

y 
of

 e
ne

rg
y

3 
LE

D
 p

an
el

s
3 

LE
D

 p
an

el
s

3 
LE

D
 p

an
el

s
Sc

an
ne

r
V

 =
 B

lo
od

 C
um

ul
at

ed
 a

bs
or

bi
ng

 
vo

lu
m

e 
on

 1
00

0 
cm

2  w
ith

 to
ta

l s
ki

n 
su

rf
ac

e 
=

 2
 m

2  p
er

 se
ss

io
n,

 B
lo

od
 

flo
w

 5
 L

/m
in

V
 =

 1
00

0 
cm

2 /2
0 

00
0 

cm
2  

=
 1

/2
0 

× 
5 

L/
m

in
 ×

 
15

 m
in

 =
 V

 =
 3

.8
 L

V
 =

 1
00

0 
cm

2 /2
0 

00
0 

cm
2  

=
 1

/2
0 

× 
5 

L/
m

in
 ×

 1
5 

m
in

 
=

 V
 =

 3
.8

 L

V
 =

 1
00

0 
cm

2 /2
0 

00
0 

cm
2  =

 
1/

20
 ×

 5
 L

/m
in

 ×
 1

5 
m

in
 =

 
V

 =
 3

.8
 L

V
 =

 5
00

 c
m

2 /2
0 

00
0 

cm
2  =

 1
/4

0 
× 

5 
L/

m
in

 =
 V

 =
 1

.9
 L

H
bO

2 a
bs

or
ba

nc
e

M
ed

iu
m

M
ed

iu
m

V
er

y 
st

ro
ng

M
ed

iu
m

C
yt

oc
hr

om
e 

ox
id

as
e 

a3
 a

bs
or

pt
io

n
St

ro
ng

St
ro

ng
M

ed
iu

m
Lo

w



4  |      PELLETIER-AOUIZERATE and ZIVIC

and the thickening of bronchial walls had receded, only 
some discrete declive ventilation disorders remaining. At 
abdominal-pelvic level, liver (except for an infra-centimetric 
cyst), sub-hepatic veins, portal vein trunk, gallbladder, bile 
and pancreatic ducts, adrenal glands, kidneys (except for an 
infra-centimetric cyst), spleen and bladder showed integrity. 
The screening found minimal calcified plaques of the bladder 
but no adenopathy nor fluid or air effusion. The only notice-
able abnormality was a thickening of the ascending colon 
walls and angle, without peridigestive fatty tissue inflam-
mation but a retro-colic liquid sign in a slightly diverticular 
region, without abscess nor palpable mass. No suspicious 
lytic or condescending lesion at bony structure was seen, 
concluding previous thoracic findings' regression. Right 
colitis of undetermined aetiology remained. The patient had 
COVID-19 antibodies serology performed on 20 May, 2020, 
5  months after the first symptoms, which showed negative 
IgG and suspicious interpretation of IgM, both close to the 
detection limit. Second serologic testing was performed on 9 
June, 2020, also negative, despite the clinical conclusions. A 
fibro-colonoscopy was scheduled at the end of June 2020 and 
did not detect any anomaly. All medical images and labora-
tory tests are available.

2.1  |  Treatment

The patient received pharmacological intervention with amox-
icillin 1000 mg, 3 times daily for 10 days, budesonide 0.5 mg 
nebulizer suspension, sinus-nasal irrigation (Respimer), and 
RL-PBMT 630 nm and 660 nm transcutaneously, 3 sessions 
of 15 mn weekly, irradiance 55 mW/cm2, fluence 50 J/cm2 
on the presternal region 7 cm above the skin, with a LED de-
vice emitting the two wavelengths simultaneously (TriWings 
LLS® Biophoton). PBMT treatment parameters are detailed 
in Table 1. In the evidence of low or null efficacy of amoxi-
cillin therapy, the intervention was changed to ceftriaxone 
(Rocephin) 1 g/3.5 mL, 1 intramuscular injection daily for 
10  days. The antibiotherapy being efficient only on fever 
while cough remained tenacious, it was whanged for azithro-
mycin, 2 tablets of 250 mg on day 1 then, 250 mg daily for 
4 days. The patient also received pneumococcal vaccination 
(Pneumovax) a month later. Patient's assessment described 
PBMT as the only intervention to significantly and immedi-
ately relieve chest tightness and breath shortness. Therefore, 
PBMT was continued in February 2020, weekly at the same 
parameters.

3  |   CASE 2

The second patient, a female aged 53, attended in mid-
December 2019 an international congress gathering having 

exhibitors and attendees from China. On 24 December, 
2019, 2  weeks after returning to the United Kingdom, 
symptoms onset started with intense sore throat and head-
ache evolving in 2 days into a severe dry cough, extreme 
fatigue and body temperature at 40° for 4  days. The pa-
tient's primary complaint was the intensity of chest tight-
ness and breathlessness unexperienced before. She was 
also concerned by myalgia, asthenia and for having diffi-
culties in walking, eating and speaking. The patient medi-
cal history did not reveal any salient family or occupational 
event or predisposal to allergies that could explain her res-
piratory signs. The patient did not take any regular medi-
cation. From 30 December, 2019, symptoms evolved into 
a paroxysmal cough, increasing in frequency and sever-
ity with more oppressive chest tightness, lung weakness, 
and trouble breathing, yet no rhinitis signs. An episode of 
sharp abdominal pain and diarrhoea lasted 3 days. The pa-
tient reported mainly being concerned by her breath short-
ness, describing congestion in the cardiac area. The patient 
also reported the appearance of two psoriasis patches on 
the right-hand side of her back, as described in a study on 
COVID-19 cutaneous manifestations.10 Although the pa-
tient experienced symptoms compatible with SARS-CoV-2 
infection, specifically concerning fever, cough, chest tight-
ness and shortness of breath, in a serologic screening con-
ducted on 12 June, 2020, 6 months later, IgG was negative, 
IgM inconclusive. The patient gradually improved from 7 
January, 2020, yet reported asthenia, muscle fatigue and in-
termittent abdominal pain throughout the year. Laboratory 
immunology tests are available.

3.1  |  Treatment

No pharmacological intervention neither antibiotherapy was 
administered. The patient spontaneously quarantined for 
2 weeks receiving at home 2-3 times per week RL-PBMT. 
The patient described the intervention's outcome, immedi-
ately and significantly improved the dyspnoea symptoms, 
shortness of breath, chest oppression, pain and lack of oxy-
gen, with a delayed effect the following days. PBMT was 
continued at same settings twice weekly for 2  weeks until 
the beginning of remission from 7 January, 2020. Psoriasis 
patches were treated with PBMT too. Treatment parameters 
and delivery are reported in Table 1.

4  |   UPDATE

Both patients' evolution reports persistent overall fatigue 
lasting 1-year post-disease, with remaining neurologic signs 
and digestive symptoms like throbbing pain in the abdo-
men. However, laboratory findings returned with negative 
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serologic antibodies. This clinical experience opens the ques-
tion of whether antibodies do not decay gradually in certain 
patients to the undetectable range and whether they protect 
from reinfection and long-term immunity with non-short-
lived neutralizing antibodies.11 Serologic testing might be 
optimized if stratified according to disease severity and dis-
tance from the disease at the time of testing.

This may also have important implications in vaccine de-
sign and in the role of cell-innate and cell-adaptive immunity 
when more evidence is building for a cell-mediated rather 
than antibody-mediated immunity.12

Case 2 persistent abdominal pain was investigated with 
ultrasound 3.5 MHz and Doppler recording of the suprame-
socolic floor on 9 January, 2021. The screening revealed a 
hypertrophic, slightly dysmorphic liver with thickening of the 
caudate lobe at 23 mm, while parenchymal echotexture did 
not present any suspicious focal mass, neither was seen any 
anomaly of the biliary ducts or gall bladder. Pancreatic, renal 
and splenic echotexture and the permeability of vascular axes 
were normal. Both patients reporting repetitive abdominal 
pain, with no previous medical history, the possibility that a 
particular hepatic sequel of COVID-19 disease occurs, with 
micro-embolisms and multi-system inflammation or multi-
ple organ dysfunction, is to be considered. Recent research 
supported by the Russian Federation described SARS-CoV-2 
as an autoimmune virus, triggering potentially pathogenic 
autoantibodies.13

5  |   DISCUSSION

Although all mechanisms of action are not yet understood, 
photobiological responses in PBMT result from photon en-
ergy absorption by a photoacceptor, converting light into 
signals acting as biological stimuli (Figure 1). Mitochondrial 
cytochrome-c-oxidase (CCO), intracellular waters, calcium 
ion channels and, more recently, epidermal opsins are identi-
fied as primary chromophores to light. By influencing key 
cellular pathways, they upregulate adenosine triphosphate 
(ATP) and nitric oxide production, downregulate reactive ox-
ygen species (ROS) and activate light-sensitive ion channels 
increasing intracellular calcium concentrations. Recent find-
ings have demonstrated that the activity of PBMT, separate 
from the effects of anti-inflammatory drugs, lies in the “miti-
gation” of the critical components in inflammatory processes 
and in the modulation of the individual's immune response by 
restoring normal immuno-dynamics.14,15 The current corona-
virus infection provokes the immune system's dysregulation, 
resulting in the overproduction and release by macrophages 
of proinflammatory cytokines, chemokines and ferritin. In 
this early and acute inflammatory response, the massive 
infiltration of lungs by macrophages is described as a “cy-
tokine storm”.6 Studies have suggested that the interstitial 

macrophages, residents of the lung parenchyma, are involved 
in the pathophysiology of SARS-CoV-2 and possibly respon-
sible for the COVID-19-associated acute respiratory distress 
syndrome (ARDS).16

The use of phototherapy in infectious lung diseases was 
first recorded in sanatoriums, where patients were daily 
exposed to sunlight and open air.17,18 Several studies have 
evaluated the efficacy of PBMT on ARDS in animal mod-
els, demonstrating a significant decrease in the neutrophilic 
influx and TNFα levels in bronchoalveolar lavage fluid in-
volved in ARDS pathogenesis.19 The downregulation of 
proinflammatory cytokines and the decrease in collagen 
deposits and pro-fibrotic secretions in lungs were demon-
strated in mice receiving PBMT (660 ± 20 nm, irradiance 
33.3  mW/cm2, fluence 5  J/cm2).20 Airflow inflammation 
in chronic obstructive pulmonary disease (COPD) and pul-
monary oedema were also reduced in murine models with 
a diode laser (660 ± 20 nm, irradiance 30 mW, fluence 3 J/
cm2).21 Several murine experiments demonstrated the anti-
inflammatory and antimicrobial activity of visible light on 
bacteria and secondary bacterial reinfection and strong vir-
icidal action on certain enveloped and non-enveloped vi-
ruses.22,23 The anti-inflammatory and anti-fibrotic activity 
of RL-NIR PBMT is also evidenced in acute lung injury 
provoked by sepsis.14,24

PBMT has also demonstrated a biphasic dose-response 
described through the Arndt Shultz curve: low power of light 
having stimulative and high power inhibitory effects resulting 
in ROS decrease activating NF-kB transcription factors ac-
cording to cells' redox state.15,25,26 In a recent case report, IR-
PBMT at peak powers 808 nm and 905 nm has enabled the 
cytokine storm's management in a COVID-19 patient.12 In 
the pathophysiology of COVID-19, a non-invasive therapeu-
tic modality able to decrease the IL-1β, IL-6, IL-8, TNFα and 
MCP-1 proinflammatory cytokines would reduce the fatality 
rate of the disease.27,28 The complications of an overreact-
ing immune system, particularly in populations at risk with 
underlying comorbidities, may also lead to critical compli-
cations, as vascular hyperpermeability and multi-organ inju-
ries, abnormal coagulation parameters and micro-thrombosis 
having been described in hospitalized patients.29

PBMT is here described using two wavelengths, 630 nm 
and 660  nm, from a dual RL emitter (Triwings LS®, 
Biophoton) with a spectral shift of +15 nm, both wavelengths 
remaining in the visible spectrum, yet the second approach-
ing the near-infrared (NIR) range. Although RL is primarily 
known for its wound-healing activity, this clinical experience 
reports RL action on mitigating the excess of inflammation 
rather than suppressing it and opens our reflection on funda-
ments of cellular respiration where RL has a positive action 
on patients' oxygenation. Effectively, RL is absorbed by oxy-
haemoglobin (HbO2), whereas IR wavelengths 800 nm and 
above, with a deeper penetration influencing cytokines, are 
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not strongly absorbed by HbO2.12 Clinical observation may 
evidence the changes that occur upon oxygenation and deox-
ygenation of blood even at a macroscopic level, the oxygen-
rich blood being red-coloured by iron binding to oxygen. 
Previous studies have evidenced the effects of RL absorption, 
by HbO2 identifying four major actions: the augmentation of 
oxygen transportation, the normalization of iron and oxygen 
homeostasis, the improvement of erythrocyte deformability 
reducing blood viscosity, the repolarization and repair of 
erythrocyte membrane from free radicals' damages, reducing 
the risk of micro-embolisms. The clinical experience here 
reported applied RL-PBMT 7  cm above patients' sternum, 
irradiating lungs, heart and chest blood vessels, the impor-
tance of skin vasculature favouring RL HbO2 absorption. 
Additionally, mitochondrial CCO absorption of RL induces 
a significant cells' re-energization and ATP augmentation, 
which simultaneously with erythrocytes' membrane repolar-
ization improves oxygenation and micro-embolisms disloca-
tion via electrostatic repulsion.30-33

Considering the amount and velocity of circulating blood 
in an adult at rest, determined by size, weight and the total 
cross section of the studied area, the cardiac output (heart 
rate ×  stroke volume) has a normal range value between 4 
to 6 L/min. PBMT at the sternum area would treat in 1 min-
ute almost the whole blood volume passing through the 
heart (Table 1). A neat increase of 1.6 times in local tissue 
oxygen tension was previously described with HeNe laser 
(633 nm, 1 mW, 10 mn irradiation), without production of 
singlet oxygen in the process of molecular oxygen photodis-
sociation from haemoglobin.34 A parallel can be drawn with 

the findings of a study that evaluated in vitro the effects of 
RL 635  nm on cellular function in hypoxia and reoxygen-
ation conditions, concluding enhanced mitochondrial activ-
ity when ATP levels were challenged: weaker initial ATP 
inducing higher stimulative effects.35,36 Recent investigations 
from the French National Institute for Medical Research 
(INSERM) have identified at electron microscopy 3.7 million 
cell-free functional mitochondria per ml of plasma in human 
blood acting as cellular respiration organelles and potential 
diagnostic biomarkers.37 An earlier study discussed the cor-
respondence between platelet mitochondrial respiration and 
impaired ATP levels in depressed individuals, describing 
erythrocytes illumination with RL as a possible systemic 
therapy in depression.36,38 RL-PBMT has a significant im-
pact on the current pandemic; by treating blood circulating in 
all organs, boosting erythrocytes, enhancing ATP and oxygen 
saturation levels, it may avoid the requirement for mechani-
cal ventilation. RL-PBMT may also potentialize the effects 
of pharmacological treatments, reduce their use and improve 
mental health too.39

Furthermore, the stronger absorption of R-NIR light by 
water is also to be considered in the positive outcomes of 
this case report. Studies have demonstrated the influence 
of 633 nm and 670 nm at 4 mW on interfacial water layers 
(IWL), density and tension between bound water/free water 
as a fine-tuning of volume expansion and viscosity reduction 
supporting ATP synthesis and cell proliferation.40-42

When IWL viscosity is increased at ROS production, it 
affects the speed of mitochondrial rotary motors. RL-NIR 
PBMT demonstrated biostimulative effects at this level, 

F I G U R E  1   Schematic representation 
of PBMT mechanisms of action
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improving stressed cells' metabolism by reducing IWL vis-
cosity. A concept of photonic water emerges from this re-
port, which would be of interest in further research, as well 
as the relationship between bound water and tissue stiffness. 
A higher tissue stiffness and permeability have been associ-
ated with severe forms of COVID-19, the adhesion of viral 
particles being increased on stiffer cell surfaces, similar to 
platelets on hardened arterial wall surfaces.43 We may also 
consider the role of RL-PBMT in improving water trans-
port and catabolic evacuation by releasing bound water, 
facilitating alveolar fluid clearance in pulmonary oedema, 
hence supporting self-repair mechanisms and faster return 
to homeostasis. The role of aquaporins (AQPs) water chan-
nels across cell membranes is also important, particularly in 
lungs, with their isoforms AQP1, AQP3, AQP4 AQP5.44 All 
these aspects have a clear clinical value in COVID-19.

The simultaneous use of two RL might have played a 
substantial role in mitigating the inflammatory processes, 
preventing lung fibrosis, improving lymphocytic balance 
through an immuno-modulative action, described in previ-
ous studies.45-47 Beyond the anti-inflammatory action, this 
case report's strength is that it provides a significant thera-
peutical key for exploring RL-PBMT capacity to enhance 
oxygen fixation on erythrocytes to restore oxygen delivery 
at local and global levels. It also supports rationale for the 
understanding that fatality in the COVID-19 is undoubtedly 
linked to an exacerbated immune response, deleterious in-
flammation and consequent organ damages rather than to a 
pathogen. Therefore, RL-PBMT by influencing IWL may 
assist fluid clearance and possibly pulmonary surfactant ho-
meostasis, where the regulation of secretion and degradation 
processes is essential before patients cross the line of respi-
ratory distress, especially when refractory to invasive oxygen 
supplementation.

Limitations of this case report are the absence of early 
PCR tests in 2019. However, clinical signs were conclusive to 
COVID-19 once diagnostic knowledge was acquired during 
the pandemic.48

6  |   CONCLUSION

Photobiomodulation therapy cannot prevent viral infection, 
but it demonstrates strong clinical evidence in supporting 
the management of infective respiratory diseases in patients 
of all ages, improving oxygenation and modulating their in-
flammatory response, both responsible for the aggravation of 
their condition. From these clinical experiences, RL-PBMT 
was beneficial overall, no complication did occur during the 
support protocol, and we recommend the use of RL-PBMT 
at the early stages of respiratory and inflammatory symp-
toms. Given the pandemic's magnitude and the increase in 
critical complications with age,49 RL-PBMT is a promising, 

cost-effective, in-clinic or home care modality potentially 
reducing life-threatening aggravations and alleviating the 
burden on public health. We may also consider PBM as a 
prophylactic therapy supporting the native immune system to 
fight viruses and bacteria and produce antibodies.

Future clinical trials may investigate further the absorp-
tion of RL by HbO2 and cells' membranes and their role in 
securing oxygen transportation. Pulse oximetry measure-
ments pre- and post-PBMT could test the hypothesis that the 
alleviation of respiratory symptoms and breathing comfort 
patients experience do correspond to the saturation of their 
oxygen levels. This would have relevant implications in clin-
ical practice to treat pathologies related to impaired micro-
circulation and oxygen supply. Beyond the impact of PBMT 
on biological processes, the informational light it delivers 
acts on the field and not the mere pathology, which also has 
a clinical significance for neurologic sequelae and fatigue 
post-COVID-19.

7  |   PATIENT'S PERSPECTIVE

Case 1 was alerted by unrestrainable cough, breathless-
ness, devastating fatigue, loss of appetite and taste sense. 
She feared the chest tightness and reported her thorax freed 
from oppression after PBMT. The second patient, particu-
larly isolated, worried about fatal shortness of breath or heart 
disorder, whereas she never suffered from respiratory illness 
before. She reported a feeling of airway oedema and chest 
tightness clearing with PBMT as if catching back her breath 
and recovering some elasticity and dynamics in the lungs. 
Both patients continued RL-PBMT on the sternum 9 months 
post-disease, describing the intervention to support their re-
covery from long-term fatigue.
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