10OP Publishing | Astro Ltd
Laser Phys. Lett. 17 (2020) 083001 (9pp)

Laser Physics Letters

https://doi.org/10.1088/1612-202X/ab95a9

Topical Review

An update on clinical photodynamic
therapy for fighting respiratory tract
infections: a promising tool against
COVID-19 and its co-infections

Lucas D Dias' and Vanderlei S Bagnato'+

! Sdo Carlos Institute of Physics, University of Sdo Paulo, Sio Carlos 13566-590, Brazil
2 Hagler Fellow, Department of Biomedical Engineering, Texas A&M University, College Station Texas

77843, United States of America

CrossMark

E-mail: lucasdanillodias @ gmail.com

Received 13 May 2020
Accepted for publication 18 May 2020
Published 26 June 2020

Abstract

Recently coronavirus infection 2019 (COVID-19) was declared as a Public Health Emergency
by the World Health Organization. Extensive measures to reduce person-to-person transmission
of COVID-19 and scientific research have been developed aiming to combat it. The idealization
of vaccines will be of great help, but they will have to be constantly redone due to the high
frequency of mutation of the virus. Also, it is necessary to develop techniques that allow to
combat viral, bacterial and fungi load. In this sense, photodynamic therapy can be an alternative
and efficient tool against viruses, bacteria, and fungi in the respiratory tract. The photodynamic
therapy protocol is characterized by activation of a photosensitizer using an appropriate light
source that in the presence of molecular oxygen is able to damage microorganisms. Herein, we
review the past 25 years (1995-2019) concerning the use of photodynamic therapy in clinical
trial against respiratory tract infections. We did not intend to create a comprehensive review;
instead we highlight some the most important aspects for this infection to connect with the
possibility of inactivation of the SARS-CoV-2 and its co-infections by photo reaction. We
emphasize the use of photodynamic therapy as a potential clinical tool to decrease the microbial
load in the respiratory tract, showing its main applications, advantages, and limitations.

Keywords: coronavirus infection 2019, SARS-CoV-2, severe acute respiratory syndrome,
infection, respiratory tract, photodynamic therapy

(Some figures may appear in colour only in the online journal)

1. Introduction emerged the called ‘Photodynamic therapy (PDT)’. It is a

well-established and non-invasive treatment applied against

Ancient civilizations (~3000 BC) already applied sunlight
against various skin diseases. Possibly this was the first
clinical protocol involving light interaction with biological
tissues, however, in an empirical way [l, 2]. Along the
years, the application of light, molecular oxygen (O;) and
a photosensitizing molecule (PS) has improved and has
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cancer and many infections [3-5] such as the current security
situation (with respect to bioterrorism, recurring military and
disaster scenarios), food safety, viral infections [6] as well as
aiming to address the antibiotic resistance [7].

The photodynamic protocol is well-defined by an oxygen-
dependent processes that in the presence of light-mediated
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Figure 1. General mechanism of photodynamic action illustrated by Jablonski’s diagram. Adapted from reference [11]. Copyright 2018
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activation of a photosensitizing molecule yielding cytotoxic
reactive oxygen species (ROS) [8] that are able to damage
microorganisms. In this context, this therapy has been used in
the treatment of cancer, bacterial, viruses, and fungal infec-
tions, and also in the photodynamic diagnosis in dentistry
field [9].

The details of mechanism of photodynamic action is illus-
trated by Jablonski’s diagram (figure 1), which is defined by
several photochemical and photophysical reactions through
light absorption, energy/electron transfer and proton abstrac-
tion [10].

From the analysis of Jablonski’s diagram (figure 1), the
photosensitizing molecule in its ground singlet state has two
electrons (opposite spins) and the total spin is zero (with the
symbol SO). When a PS is excited by a light with an appro-
priate wavelength (quantum energy) results to the excitation
of one electron into a higher-energy orbital, called ‘excited
singlet state’ (S1). In this step, the singlet excited-state may
loses its energy by internal conversion producing heat or emis-
sion of light through fluorescence process. Furthermore, the
higher-energy orbital (excited singlet state—S1) may suffer
an intersystem crossing (IC) resulting in a more stable excited
triplet state (parallel spins). Then, the excited triplet state
shows a life time of microseconds (higher than exited sing-
let state) which may undergo to the ground singlet state emit-
ting a phosphorescent photon or transfer electron to O, (type I
mechanism) resulting on formation of reactive oxygen species
(ROS) such as superoxide radical anion (0,°*~), hydrogen
peroxide (H,O;), and hydroxyl radicals (HO®) or transfer
energy to O, (type II mechanism) yielding singlet oxygen
(!0,). These ROS and 'O, formed can combat pathogenic

microorganisms, for example viruses, bacteria, fungi, and
parasites [11-13].

2. The current challenge—coronavirus infection
2019 (COVID-19) outbreak

Severe acute respiratory syndrome (SARS), COVID-19, is
caused by SARS-CoV-2 (named by The International Com-
mittee on Taxonomy of Viruses (ICTV) (figure 2). Four
coronavirus genera (o, f3, o, ) were identified so far, with
human coronaviruses (HCoVs) detected in the x-coronavirus
(HCoV-229E and NL63) and [-coronavirus (MERS-CoV,
SARS-CoV, HCoV-0OC43 and HCoV-HKU1) genera [14]. In
that case, the SARS-CoV-2, is a type of S-coronavirus that
possess a single-stranded ribonucleic acid (RNA) as nuclear
material that belongs to the Coronavirinae subfamily, part of
the Coronaviridae family. Its genome has been correlated to
an identified coronavirus strain that resulted the SARS-CoV
outbreak in 2003 [15]. So far 2003, these type of viruses were
thought to infect only animals [16].

At the end of 2019, in a seafood market in Wuhan (China)
which is known by the sale of live animals like bats, frogs,
snakes, birds, marmots and rabbits [17] experienced an out-
break of a novel coronavirus that was called as SARS-CoV-2.
This episode was marked by a series of catastrophic events.
The National Health Commission of China released further
details about a new epidemic, suggested viral pneumonia
[17]. Then, after sequence-based analysis of infected patients
and genetic sequence studies, a novel coronavirus (SARS-
CoV-2) was identified. Moreover, researchers suggested that
after genomic similarity findings of novel coronavirus with
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Figure 2. The potential key reservoirs and mode of transmission of SARS-CoV-2.

SARS-like bat viruses supported that only bats could be the
key reservoirs [18]. The origin and transmission pathways are
fundamental to be determined in order to develop preventive
strategies to fight an infection. In that specific case, it was sug-
gested that patients were infected and induced pneumonia due
to a visit in a seafood market which containing infected anim-
als, like bat, that are traditionally used as source of food. How-
ever, studies revealed that some patients obtained COVID-
19 with no record of visiting the seafood market, indicating
that person-to-person transmission occurs, which was sub-
sequently reported worldwide [19] (figure 2).

So far, there are no approved/specific antiviral drugs or vac-
cine against COVID-19 infection [20]. Antipyretic drugs e.g.
paracetamol has been intensively used for the first-line treat-
ment against fevers, whilst expectorants (e.g. guaifenesin) may
be used for a non-productive cough [21]. Patients that showed
severe acute respiratory infection, respiratory distress, hypox-
aemia or shock must be applied oxygen therapy. To avoid fur-
ther bacterial and/or fungal infections during the middle and
latter stages of the COVID-19 disease, broad spectrum anti-
biotic therapy have been used [22, 23]. Furthermore, there
are many ongoing researchers around the world aiming to
develop antiviral drugs and vaccines against COVID-19, since
the only options available is using broad-spectrum antiviral
drugs like lopinavir/ritonavir (Kaletra®), nucleoside analogs,
neuraminidase inhibitors, remdesivir, umifenovir (arbidol),
DNA synthesis inhibitors (such as tenofovirdisoproxil, and
lamivudine), chloroquine, ACE2-based peptides, 3 C-like pro-
tease (3CLpro) inhibitors, novel vinylsulfone protease inhib-
itor [24-31]. A report showed that the broad-spectrum anti-
viral remdesivir was effective to combat COVID-19 infection
infection in vitro (EC50 = 0.77 mM and EC90 = 1.76 mM
in Vero E6 cells) [25]. In a clinical report, the administration
of corticosteroids was not recommended in the interim, unless
indicated for another reason, such as for patients that show
severe immune reactions [32].

In addition, passive immunization therapy and the use
of interferon could be helpful, but to date there is no clin-
ical or scientific evidences to validate this hypothesis [33].
Other potential strategies have been studied, Chinese doctors
isolated the blood plasma from clinically recovered patients
and injected into infected patients who showed positive for
COVID-19 showing a rapid recovery [34]. And recently, some
authors hypothesized that vaccines for other diseases such as
rubella or measles can create cross-resistance for SARS-CoV-
2. This statement was based on the clinical observations that
children in China and other countries are more resistant to
COVID-19 when compared to the elder population. It could
be due to children were largely vaccinated for measles world-
wide [35].

I sum, it is clear that more research is urgently required
on development of an alternative and effective therapy against
COVID-19 infection, its co-infections, and future outbreaks.

3. Photodynamic therapy for the treatment of
infections

Infections disease is one of the most serious public health
problems that multidisciplinary research teams are working
on [36, 37]. The number of new antimicrobial and their tar-
geted structures have continuously decreased emphasizing the
demand of alternative therapy for infections. Photodynamic
therapy is such a promising and alternative tool that has been
proven to be effective against a wide range of microorganism’s
strains [38—40].

3.1. Viral, bacterial and fungal targets in a photodynamic
protocol

Firstly photodynamic inactivation protocol to combat virus
was reported in 1928 [41], followed by clinical treatment of
herpes infection in the United States, in 1970 s [42]. Similarly
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Table 1. Parameters of cellular basis for photovirucidal action [46].

Site of action

Chemical Reaction Photoreaction results

Virucidal event

Water

Hydrogen abstraction Formation of (HO"), H,O, and

Further oxidative processes
Increased ion permeability
(Na™/ K™ leakage)

Loss of repair facility, lysis

Loss of viral infectivity

(027)

Envelope: unsatured lipids Peroxidation Peroxidation and hydroperoxide
formation

Viral protein coat Hydrogen abstraction Peptide cross-linking and enzyme
inactivation

Protein coat Oxidation of Try/Met/ His Protein degradation

residues
Enzymes (e.g. reverse Oxidation or crosslinking (as
transcriptase) above)

Nucleic acid residues (typically
guanosine)

Oxidation of base or sugar

Nucleotide degradation Sugar
degradation/cleavage

Inhibition of ribosome

assembly, inhibition of
replication/infectivity

Base substitution, strand cleavage,
mutation, inhibition of replication

to application of PDT against cancer, photodynamic inactiva-
tion of virus display the general mechanism described in fig-
ure 1, where a photosensitizer is irradiated with an appro-
priated source light resulting on generation of ROS and 'O,
which are able to promote damaging of virus targets by react-
ing with viral nucleic acids, lipids and/or proteins [43]. This
non-specificity against the viral targets observed in a photo-
dynamic protocol is considered one of most important advant-
ages when compared to others anti-viral drugs. It can over-
come the genetic flexibility of viruses preventing the devel-
opment of resistance in the target entity [44]. To be effective,
the PS used for viral PDT must specifically bind to vital viral
components, such as a lipid envelope (when present), protein
coating or nucleic acids [45]. Thus, in 2003, Prof. Wainwright
reported useful parameters describing cellular basis of photo-
virucidal action showing a correlation between site of action,
mode of action, result, consequence, and virucidal molecular
event (table 1).

From the analysis of table 1, Type I mechanism (electron
transfer and/or proton abstraction) resulting on formation of
ROS e.g. superoxide radical anion (O,°~), hydrogen perox-
ide (H,0,), and hydroxyl radicals (HO®). These ROS can pro-
mote the abstraction of allylic hydrogens from phospholipids,
formation of lipid hydroperoxide, aminolipids and/or peptides.
Moreover, cell envelope can be oxidized yielding the inac-
tivation of enzymes and receptors as well as peroxidation of
lipid can destroy structural integrity of a virus, increasing ion
permeability (Na™ and/or K*) [47]. On other hand, Type II
mechanism (energy transfer) is considered the most effective
against viruses. In that case, singlet oxygen ('0,) react with
molecules presented in the external structure of the cell, for
instance amino acid tryptophan and methionine residues [48].

In this sense, PDT against viruses has been used in clin-
ical protocols against localized viral lesions such as herpes
and warts [49, 50]. Additionally, it has showed potential in
extracorporeal applications e.g. disinfection of blood products
(viruses transmitted through blood products and transfusions
include CMV (cytomegalovirus), B19 (human parvovirus),
human T-cell lymphotropic virus, HAV (hepatitis A virus),
HBV (hepatitis B virus), HCV (hepatitis virus), and HIV
(human immunodeficiency virus), decontamination of surface

[51] and for inactivation of virus for production of vac-
cines [52]. A wide examples regarding the use of photody-
namic therapy against viruses was recently reported by Wiehe,
O°‘Brien, and Senge [43]. In this perspective paper, the authors
described current viral targets, design and synthesis of photo-
sensitizers, and the application of different photosensitizers in
PDI of viruses and their various areas of use (purification of
blood products, treatment of human papilloma virus, water and
surface decontamination, and biosafety).

Regarding bacteria, there are two main targets/mechanisms
for their lethal processes caused by photodynamic therapy:
i) DNA damage; ii) damage to the cytoplasmic membrane,
which allows leakage of cellular components or by inac-
tivation of membrane transport systems and enzymes [53].
Moreover, there are a fundamental difference in susceptibil-
ity of Gram-positive and Gram-negative bacteria when they
have submitted to a photodynamic protocol. In general, high
susceptibility of Gram-positive species is observed which can
be explained by their physiology/structure, as their cytoplas-
mic membrane is surrounded by a relatively porous layer of
peptidoglycan and lipoteichoic acid that allows photosensit-
izer to cross. On the other hand, the cell envelope of Gram-
negative bacteria present of an inner cytoplasmic membrane
and an outer membrane forming a physical and functional bar-
rier between the cell and its environment [54].

It has been described that the mechanism of photodynamic
action is multi-factorial and non-specific. In this regard, the
application of PDT against fungi is an area of increasing
interest. It involves the damage of fungal cell wall and/or
membrane [55] through oxidation of enzymes, proteins, lip-
ids, and/or mitochondria causing cell death. Dentistry field is
one of the most applied area of PDT against fungi due to the
accessibility of the oral cavity and excellent results have been
reported [56, 57].

Overall, given efficacy of PDT against viruses and other
microorganisms reported in the literature as well as the
low probability of resistance formation due to the non-
selective nature, the photodynamic therapy is really a poten-
tial weapon against the SARS-CoV-2. A large variety of
work has demonstrated the efficacy of photodynamic action
in viruses inactivation such as MVM (minute virus of mice),
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poliovirus, HSV-1 (herpes simplex virus 1), SFV (sem-
liki forest virus), VSV (vesicular stomatitis virus), HIV-1
(human immunodeficiency virus 1), HRV (human rhinovirus),
WNV (West Nile virus), SIV (simian immunodeficiency
virus), INF (influenza virus), and HPV (human papilloma
virus) [52, 58-61]. To those lodged in the cells, they
may also be inactivated by the selectivity that the viruses
present concerning the adherence to certain molecules like
photosensitizers.

3.2. Photodynamic therapy: a clinical reality in the treatment
of respiratory tract infections

The entrance of particulate material into the respiratory tract
including living organisms is capable of producing several
types of respiratory diseases. Thus, the nose acts as an air fil-
ter but only particles larger than 10 p in diameter tend to be
filtrated [62]. It is importance to emphases that the majority
of particles less than 10 p passing through the nose into the
larynx, trachea, bronchi, and lungs by airflow and/or liquids
secretions. Thus, the accumulation of secretions possessing
pathogenic microorganisms in the oral pharynx can be aspir-
ated via liquid-phase into the lungs resulting in the develop-
ment of an infection or a co-infection in the case of COVID-19.
In this regard, we believe and emphasizes that the PDT can be
a useful tool to decrease the microbial load in the respiratory
tract (nasal cavity, pharynx, larynx, trachea, bronchus, bron-
chiole, and lungs) avoiding the development of an infection
and/or a co-infection.

One of most serious symptoms in COVID-19 infection is
pneumonia (viral and/or bacterial). So, dual correlated infec-
tions could either be viral-viral or viral-bacterial as the human
respiratory tract is a reservoir for many organisms. At the host
level, the outcome of dual infection is commonly viral inter-
ference, such as when one virus competitively inhibits the rep-
lication of another virus, but it can also enhance replication in
some cases [63] altering the epidemiology of viral infections.
It is postulated that the sequence of infections, the time inter-
val between viral exposure, and the route of infection affect
the pathogenicity of the co-infection.

To date, there are many in vitro and animal studies apply-
ing PDT for combating respiratory tract infections that can be
considered good start points [64—66]. Moreover, an increasing
interest have been observed on use of clinical PDT protocols
against infections in the respiratory tract. Thus, a comprehens-
ive review of the past 25 years (1995-2019) concerning the
use of photodynamic therapy in clinical trial against respirat-
ory tract infection will be described and discussed. In figure 3
is summarized the regions of respiratory tract that have been
clinically treated with PDT.

In 2005, Shikowitz and co-authors [67] evaluated the use
of meso-tetra (hydroxyphenyl) chlorin (m-THPC) as photo-
sensitizer for the treatment of recurrent respiratory papillo-
matosis and also if a single adjunct PDT protocol reduces the
frequency of recurrent disease compared to surgery alone. In
this study, randomized trial of patients requiring surgery at
least 3 times yearly with single PDT 6 or 18 months after
enrollment and 12-month follow up were evaluated. For the

PDT protocol, a source light at 652 and a light dose ranged
from 80 to 100 J for adults and 60 to 80 J for children were
used. The authors observed that: (i) tracheal disease was not
responsive to PDT; (ii) no change occurred in the prevalence of
latent human papillomavirus DNA; (iii) the immune response
to virus improved with clinical response. Thus, the application
of photodynamic protocol showed a significant efficacy in the
treatment of papillomatosis in the larynx, probably reflecting
improvement in the immune response by indirectly immuniz-
ing the patient to HPV proteins.

In2011, Donelly [64] reported a preliminary photodynamic
protocol using methylene blue as photosensitizer and an ex
vivo and in vitro lung model aiming to investigate the deliv-
ery of light (at 635 nm) and methylene blue to the lung. Using
a fiber-optic light, up to 11% of the total light dose penet-
rated through full thickness pulmonary parenchymal tissue,
which indicates potential for multiple lobe irradiation in vivo.
The mass median aerodynamic diameter of particles gener-
ated via methylene blue solution nebulization was 4.40 pm,
which is suitable for targeting the site of infection within
the cystic fibrosis lung. The authors observed that planktonic
and biofilm cultured CF pathogens have proven to be highly
susceptible to photodynamic protocol used, being considered
a clinical option for selective killing of cystic fibrosis lung
pathogens.

In 2014, Zhou and collaborators reported the treatment of
laryngeal papillomatosis in children using a clinical photo-
dynamic protocol [68]. For this treatment, the authors used
a commercial solution of aminolevulinic acid hydrochloride
(topical powder, 3 to 5 bottles, 118 mg per bottle, Fudan-
zhangjiang Bio-Pharmaceutical, Co, Ltd, Shanghai, China)
and a laser with an illumination source at 635 nm showing
a power of 280 to 300 mW. A cotton ball was immersed
in the photosensitizer solution and placed on the surface
of the infected region, with a fresh solution re-applied to
the cotton ball every 30 min followed by photoactivation at
635 nm with a light dose of 100-200 J cm™2. A return visit
was made 1 to 2 weeks after the treatment, and PDT was
done again if recession of the mucosa edema was observed.
The authors reported that this protocol was able in all cases
applied removing the virus from mucosa without systemic side
effects.

In 2014, Lieder, Khan, and Lippert reported a review
paper [69] regarding the use of photodynamic therapy against
recurrent respiratory papillomatosis. In this well-documented
paper, the authors randomized controlled trials utilizing pho-
todynamic therapy as sole or adjuvant therapy in participants
of any age with proven recurrent respiratory papillomatosis
versus control intervention.

In 2016, Zhang and co-authors [70] reported the application
of 5-aminolevulinic acid as photosensitizer via self-retaining
laryngoscope combined with CO, Laser Therapy to treat three
patients with juvenile laryngeal papilloma. This infection dis-
ease is a type of common benign tumor occurring in children’s
throats, which is mostly related to the infection with Human
Papilloma Virus (HPV). Their laryngeal papillomas were dis-
tributed either in rear pharynx wall, right laryngeal vent-
ricle, right vocal cord, or below glottis. After PDT treatment
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Figure 3. Schematic figure of the respiratory tract regions that have been clinically treated with PDT.

(at 635 nm and a light dose of 100-120 J cm~2) combined
with CO, Laser Therapy, the authors observed that laryngeal
papilloma was fully eliminated from the three patients, with
no recurrence during the 6-24 months of follow-up medical
examination.

In 2017, Blanco and co-authors [71] reported the use of
PDT against pharyngo-tonsillitis which shows a high incid-
ence in children and young people. In this clinical report,
a patient with confirmed diagnosis of infection and inflam-
mation of the pharynges was submitted to a photodynamic
therapy protocol. Before that, ten recurrent times infection
occurred and a standard treatment with lyophilized bacterial,
azithromycin, amoxicillin and anti-inflammatory was admin-
istered to patient. Regarding the PDT protocol used, three
gargles (30 s each) of curcumin (0.75 mg ml~!) as photosensit-
izer and the oropharynx was illuminated using a homemade
device at 450 nm, showing a light dose of 2.2 J cm—2. Then,
others sections was performed using the same parameters. The
authors observed a bacterial reduction after first section. This
case report was part of a complete research that involved 72
patients with absence of signs of disease after 24 h from PDT
and reduction (average) of 1 Log of bacteria after illumination.
Moreover, due to it is applied locally, it has minimal

side effects, and a repetition of procedure causes no extra
concern.

In 2017, Blanco and co-authors [72] also reported two
case reports on use of a gum containing curcumin photo-
sensitizer and its application in clinical PDT protocol against
pharyngo-tonsillitis. This innovative pharmaceutical formula-
tion was able to deliver curcumin photosensitizer into tonsils
and pharynx. For both cases, a microbial reduction of 1 Logjg
of CFU after the treatment and no recolonization after 24 h
were achieved.

In 2018, Lago and co-authors [73] described a clinical study
using PDT and its association with photobiomodulation aim-
ing to combat herpes simplex in the nose wing region. In this
work, a 19-year-old female patient showed a clinical diagnosis
of HSV-1 in the vesicle phase due to the clinical character-
istics, anatomical position affected, and her history. After all
vesicles had been ruptured, a PDT protocol using a solution
of methylene blue (0.01% w/v) as photosensitizer and a light
dose (at 660 nm) of 12 J cm~2 was performed. According to
patient a significant improvement in itching and burning after
the first PDT section was observed. After 24 h, a photobio-
modulation therapy (75 J cm~2) was carried stimulating more
organized collagen fibers and favoring the reduction of tissue
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repair time. The authors concluded that the combination of
PDT and photobiomodulation was effective as a treatment of
herpes simplex in the nose wing region.

Moreover, one way of delivering drugs (photosensitizer)
directly to the respiratory system is via nebulization. This
route of administration can overcome drug delivery problems,
decreasing the side effects generated by intravenous injec-
tion and, in the case of photodynamic inactivation, deliv-
ering photosensitizers directly to the lungs [74]. In 2016,
Geralde and co-authors [75] developed a proof-of-principle
protocol to treat lung infections by a photodynamic pro-
tocol using extracorporeal illumination (at 780 nm) using
indocyanine green as photosensitizer. In this study, hairless
mice were infected with S. pneumoniae and PDT experiment
(120 J cm™?) was performed two days after infection using an
extracorporeal illumination approach. The authors observed
no deaths occurred in PDT group, whereas 60% of the control
group died. These results indicate that extracorporeal photo-
dynamic protocol is a potential tool against pneumonia, and
pulmonary decontamination with PDT may be used as a single
therapy or as an antibiotics adjuvant.

The evolution of antimicrobial PDT as an alternative
method for inactivating several microorganisms is mainly due
to the fact that this treatment is not target-specific, therefore, it
is considered incapable of generating resistance to target cells
[76, 77]. Hamblin and Hasan [78] reported the photoinactiva-
tion of viruses in vitro and observed that viruses surrounded by
lipids are more susceptible to PDT than non-enveloped strains.
In this sense, the action and efficiency of photodynamic pro-
tocol will depend on photosensitizer molecular structure and
the physical-chemical reactions with the structures of the tar-
get cell. In addition, PDT against viruses is equally effective
if the virus is sensitive or resistant to conventional antiviral
agents [77].

Despite of many clinical applications and advantages on
the use of PDT against microorganisms, we hypothesize
and expect that the photodynamic therapy can be a tool
against COVID-19 and future outbreaks through decreasing
the microbial load in the respiratory tract.

4. Conclusion and future directions

The COVID-19 outbreak is quickly increasing in number of
cases and deaths worldwide. We are facing many unknowns,
and monitoring and research should continue. The coming
days/weeks will provide an enormous amount of new sci-
entific data about SARS-CoV-2 which will allow us to make
decisions for new treatment strategies. To date, effective treat-
ment for SARS-CoV-2 is still lacking; however, two studies
with potential drugs (remdesivir and chloroquine) are under-
way in China and US, and many pharmaceutical companies
(e.g. Moderna Therapeutics, Inovio Pharmaceuticals, Johnson
& Johnson, and others) are working for the development of
effective vaccines to combat the SARS-CoV-2.

In this context, we hypothesize and expect that the pho-
todynamic therapy may be an alternative and powerful tool
against COVID-19 through decreasing the microbial load in

the respiratory tract. There are studies in the literature showing
photoinactivation of viruses for purification of blood products
and for the treatment of human papilloma virus. Besides, there
are advantages to be gained by such an approach over antiviral
drugs and there are available photosensitizers and technolo-
gical advances that allow to apply this therapy in the clinic
against COVID-19. Despite of many applications and advant-
ages of PDT against virus, some parameters still need to be
studied, optimized, and well understand: (i) the correlation
between photodynamic therapy and the immune system; (ii)
the capacity of light and photosensitizer alone to tract virus
infection; iii) the relationship between a photo inactivated vir-
uses and the producing of an immune response; (iv) envel-
oped viruses have been shown to be significantly more sensit-
ive to photodynamic destruction than non-enveloped viruses.
Furthermore, regarding the use of animal as models for stud-
ies, the human ACE2 cell receptor is known by SARS-CoV-
2. Thus, TALEN or CRISPR-mediated genetically modified
hamsters or other small animals could be used for the study of
the pathogenicity of COVID-19. In sum, we believe and expect
that to overcome the COVID-19 infection and become prepar-
ing to future outbreaks, the coordination between public and
private sector, and researchers (chemists, physics, biologists,
pharmacologists, doctors) will be the drive force.
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