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Editorial
The term ‘phototherapy’ is defined as a method that utilizes electromagnetic irradiation to
prevent or treat diseases [1]. Typically, this would include the use of visible light (within the
spectrum of 400 nm to 760 nm), however, this also includes wavelengths outside of the visible
spectrum, such as ultraviolet or infrared radiation [1]. In addition, it is common for visible light to
be combined with chemicals and/or drugs to elicit a photosensitizing or photothermal reaction,
which would more appropriately be defined as Photodynamic Therapy (PDT) and photothermal
therapy, respectively [2,3].
Antimicrobial phototherapy may be defined as a method that specifically uses light for the
treatment of infectious diseases. Ultraviolet irradiation, (Ultraviolet C [UVC; 222 nm to 265 nm
wavelength] in particular) for example, has long been known to elicit antimicrobial effects against
a wide array of infectious organisms [3,4]. As such, its application for sterilization and infection
treatment purposes has long been understood. While UVC is a rapid and highly efficacious method
of killing microorganisms, it suffers from an important flaw; host-cell toxicity [3,4]. Mechanistically,
UVC elicits its antimicrobial effects through nucleic acid absorption that results in direct destruction,
mutagenesis, ROS production, and aberrations in protein translation [4]. However, this absorption
of UVC into nucleic acids is not selective, in that exposure onto any living cell, be it microbial or
human, is subject to destruction and potential toxicity.
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In the era of antimicrobial resistance, it is now more important than ever to identify alternative
approaches for the treatment of infectious diseases [5]. UVC, while highly effective, may perhaps be
difficult to translate clinically due to intrinsic toxicity concerns. Some studies, however, have
suggested that shorter wavelength UVC or “far-UVC” at a 222 nm wavelength may be safely applied
[6]. Nevertheless, if we were to shift along the optical spectrum towards to blue spectral region, we
may find a potentially translatable light-based method in the field of antimicrobial phototherapy. In
1903, Niels Ryberg Finsen utilized the ‘Finsen lens’ to successfully treat cutaneous tuberculosis and
lupus erythematosus, which resulted in his reception of the Nobel Prize [7]. Studies, into the optical
dynamics of the Finsen lens revealed that it was highly likely that the dominant light wavelength that
was filtered through this lens was within the blue spectral region [8].
In recent years, there have been many studies that have been focused on capitalizing on the
intrinsic antimicrobial effects elicited by blue light (400 nm to 470 nm wavelengths) [9,10].
Previously, for antimicrobial purposes, PDT was explored as a method of killing microorganisms
in vitro and in vivo [11]. With some evidence of clinical translation for the treatment of acne
(delta-aminolevulinic acid mediated PDT; ALA-PDT) and other infections [11,12]. However, as
mentioned above, PDT relies on the use of light in the presence of an exogenous photosensitizer.
Mechanistically, PDT works by exciting a photosensitizer, in the presence of oxygen, to induce a
type I and/or type II photochemical reaction [10]. This induces Reactive Oxygen Species (ROS)
and free radical production that damages the internal structures of the microorganism. The
common consensus is that PDT is more selective against microorganisms than human cells,
however, the selectivity is assuredly imperfect [13]. This has led to groups to construct targeted
photosensitizers that can bind more effectively to target microorganisms to reduce toxicity [14].
An important question to ponder, is whether it is always necessary to use photosensitizers to
induce microbial killing? Wavelengths within the red spectral region are commonly used in PDT
[11]. Although, photosensitizers that absorb blue, green, and Near Infrared (NIR) wavelengths
have also been used [11]. Red light has the longest wavelength within the visible light spectrum,
and it is well known that the longer the wavelength, the better the tissue penetration [15], which
would explain the preference of using red light for treatment of localized infections. To induce a
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Unlike with UVC, it does not significantly damage human cells.
The reduced production of porphyrins (relative to bacteria), for
example, has been implicated as a potential reason why there is an
inherent selectivity of blue light against bacteria vs. human cells. It
is clear from the literature, that there is still an untapped potential
in blue light mediated antimicrobial phototherapy. It is true, that
the short wavelength (relative to red light, for example) limits its
penetration into human tissue [28], however, this is something that
may be overcome with the use of optical clearing agents to reduce
the attenuation of light in tissue [29] and/or optical waveguides for
interstitial light delivery [30].

photochemical reaction, it is essential that a photosensitizer capable
of activation by light is present. In the absence of an appropriate
photosensitizer this cannot be achieved, which is the principal reason
why red light, for example, requires the co-administration of an
exogenous photosensitizer to kill microorganisms.
What is of fascination, is that of all the light within the visible
spectrum, blue light at 400 nm to 470 nm wavelengths, is the only
proven region that can induce microbial killing without the addition
of exogenous photosensitizers [10]. The obvious question is why is
blue light the only region within the visible spectrum that does not
require the use of exogenous photosensitizers? The short answer is
that there are already endogenous photosensitizers present within the
organism that can absorb blue light and induce photochemical
reactions consistent with ROS and/or free radical production [10]. In
fact, there have been numerous studies focused on answering this very
question. Porphyrins are fundamental intermediate compounds that
are produced during heme biosynthesis [16]. In fact, Protoporphyrin
IX (PpIX) is essentially heme without the presence of an iron atom.
Porphyrins have been long associated with the intrinsic antimicrobial
properties that are unique to blue light. They have peak absorption of
405 nm, and when excited, they elicit a type II photochemical reaction
that induces the production of singlet oxygen [17]. Several studies
have shown that in porphyrin deficient organisms, the application of
porphyrins exogenously is associated with pronounced antimicrobial
effects, suggesting their role in microbial killing [18,19]. There have
also been other endogenous chromophores that have been suggested
to be involved in the antimicrobial effects of blue light, such as flavins;
however, given their absorption spectra (peak of 450 nm) this has been
implicated as photosensitizers when exposed to longer wavelength
blue light [19].
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