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Abstract

Vulvovaginal candidiasis (VVC) is a frequent infection of the female genitourinary tract. It is considered the second most
common genital infection in women, after bacterial vaginosis. VVC is treated with oral or topical azole derivatives. However,
these agents may lead to adverse reactions and their chronic use might lead to resistance to antifungal agents. Given that the
ultraviolet A/blue light-emitting diode (LED) is an electromagnetic radiation source with antimicrobial properties, it is hypoth-
esized that this resource may be a non-drug alternative to the treatment of vulvovaginitis. A technical/experimental safety test was
conducted to characterize the light source spectrum and temperature generation of the device, followed by a pilot study in a 52-
year-old patient with a clinical diagnosis of VVC confirmed by culture and examination of fresh vaginal samples, owing to the
presence of lumpy vaginal discharge and a complaint of pruritus. The vulva and vagina were exposed to 401 = 5 nm ultraviolet A/
blue LED irradiation in a single session, divided into two applications. A reassessment was performed 21 days after the treatment.
The light-emitting device had a visible spectrum, in the violet and blue ranges, and a maximum temperature increase of 7 °C.
During the reassessment, the culture was found to be negative for fungus, and the signs and symptoms of the patient had
disappeared. A light-emitting device with a spectrum in the range of 401 =5 nm could potentially be an alternative treatment
modality for women with VVC, as it led to the resolution of clinical and microbiological problems in our patient.
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Introduction

Vulvovaginal candidiasis (VVC) is an infection of the vulva
and vagina caused by the abnormal growth of several Candida
species [1, 2]. This pathology is one of the most common
diagnoses in gynecological practice and the second most com-
mon genital infection [2]. Studies have shown that 15 to 25%
of'adult women present with fungal colonization despite being
asymptomatic and that 75% of them will develop the disease
at some point in their lives [2, 3].

The characteristic clinical manifestations include pain, hy-
peremia, and edema in the vulval and vaginal regions, in ad-
dition to pruritus and the presence of lumpy and whitish vag-
inal secretions [4, 5]. These signs and symptoms are not pa-
thognomonic of VVC and the diagnosis must be confirmed by
laboratory tests, such as microscopy with an examination of
fresh vaginal samples and the 10% potassium hydroxide
(KOH) test. This examination allows visualizing the presence
of hyphae and/or fungal spores [5, 6].

The treatment of VVC involves the use of antifungal
agents, either orally or topically, which resolves 80 to 90%
of the cases [7]. However, the use of these agents can lead to
the development of adverse reactions such as dysuria, pruritus,
and gastrointestinal disorders. In addition, in cases of reinfec-
tions, resistance to antifungal agents may occur [8]. These
adverse effects, in addition to the variation in the resolution
rate, suggest the needs to continue searching for more cost-
effective and non-drug therapies.

Accordingly, a hypothesis arises that the blue/violet light-
emitting diode (LED) may be an alternative treatment for
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women with VVC because of its antimicrobial effect that has
been proven by several studies [9—11]. Moreover, it is consid-
ered a safe, non-invasive, painless, and non-toxic technique
for use in several types of tissue [12, 13]. This resource con-
sists of a semiconductor diode subjected to an electric current
with a wavelength ranging from 400 to 470 nm, being the
405-nm light used in studies that aimed to test its fungicidal
effect. To our knowledge, there is yet no standardized method
for the use of this technique in terms of the application param-
eters for obtaining different effects and its use in the genital
region, which is rarely mentioned in the literature [10, 13, 14].

Some reports have indicated that LED irradiation, more
specifically that using the blue spectrum (400470 nm), has
a fungicidal effect. This is because fungi contain porphyrins,
which are compounds that generate highly reactive oxygen
species when in contact with light, consequently leading to
cell death [9, 10]. Studies have reported that porphyrins ab-
sorb light more effectively at a wavelength of about 400 nm
[10].

Therefore, with the knowledge that VVC is an infectious
disease of the genitourinary tract that is common in women of
reproductive age [1], and because of the shortage of non-drug
therapies for this condition [15], we aimed to describe the use
ofultraviolet A/blue LED with a wavelength 0of 401 =5 nm in
a patient with a clinical manifestation of candidiasis. Before
the treatment, a technical/experimental safety test was con-
ducted to characterize the light source and temperature gener-
ation of the device.

Study design

This study was carried in two moments, an experimental (a
technical study) and other pilot study precedes a randomized
clinical trial in a woman with VVC.

Measurement of the light spectrum to characterize
the light source

At first, a technical study was carried out in the laboratory of
the Innovation Center of the Federal Institute of Bahia (IFBA)
to verify the light spectrum and irradiation provided by the
LED device developed for the study (patent application no.
BR 10 2017 026980 9). The device has no serial number or
mark and has three LED sources arranged in a circular area of
3.5 ¢cm and adjusted for a single power. The three points of
light, observed from a planar view, are parallel to each other,
with 0.6 cm between them (Fig. 1).

The measurements were performed in a room, following
the parameters of the National Institute of Standards and
Technology (NIST) Special Publication 250-37 —
Photométric Calibrations, NIST, 1997. An ultraviolet-visible
spectrometer (registry/serial number USB2G48645, from

Ocean Optics, model USB 2000) was used to characterize
the light source.

The irradiance read by the spectrometer was 3.01 mW/cm?.
The reading was performed under conditions of total darkness,
with a sensor indicating the reading “0” for all measurement
ranges. The sensitive area of the sensor of the spectrometer
was illuminated perpendicularly, 5 cm from the device that
was irradiating the LED light, with vertical distribution
(Fig. 2).

Measurement of the temperature generated
by the ultraviolet A/blue LED light source of 401 +
5nm

At the time of measurement, the testing room had a tempera-
ture of 22.8+0.6 °C and a relative humidity of 62.9 +9%.
Measurements of the temperature generated by the device
were performed in the power position, for a total time of
45 min, with a measurement interval of 5 s. The LED light
source was suspended 3 cm from the temperature sensor by a
support with three contact points (Fig. 3). A measurement
equipment with a calibrated system, developed in the IFBA,
was used for the temperature measurements.

Description of the use of the ultraviolet A/blue LED
in a woman with VVC

In a second moment, the study was carried out from May to
June 2017 and was approved by the Research Ethics
Committee of the Federal University of Reconcavo Baiano
(CAAE: 56391416.1.0000.0056). The clinical trial was regis-
tered at www.clinicaltrials.gov (registration no.
NCT03075046).

The patient was a 52-year-old woman (married, menopaus-
al, and undergoing hormonal therapy) who underwent a gy-
necological examination in the city of Salvador, Bahia, be-
cause of a complaint of lumpy and pruritic vaginal discharge
in the external genitalia. She was seeking a non-drug alterna-
tive for the treatment of her symptoms.

After signing the informed consent form, the patient
underwent anamnesis and a gynecological examination in
the clinic, and the presence of lumpy discharge and vulvar
erythema were confirmed. After the physical examination,
cytological analysis with an examination of fresh vaginal sam-
ples was performed with a saline solution and 10% KOH, and
the presence of fungal hyphae was identified. Then, assess-
ments of vaginal pH and vaginal secretion (for the determina-
tion of the cervical-vaginal microflora and cytology), as well
as culture-specific tests for fungi, were performed. The sam-
ples were collected and sent to a laboratory for clinical analy-
sis, as authorized and accredited by the network of service
providers under the laws of Brazil.
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Fig. 1 Presentation of the LED
source. Three sources of LED in
planar presentation

The blue/ultraviolet led with a wavelength of 401 +5 nm
and irradiance of 3.01 mW/cm?® was used in a single session in
two ways:

Initially, light was applied for 30 min (or 1800 s) within the
vaginal canal using a disposable clear acrylic speculum
(Fig. 4), which was 10-cm long (Fig. 5) and was used at its
maximum aperture, allowing the vaginal canal diameter to
increase by 9 cm (Fig. 6). In order to calculate the energy
delivered in this application, absorption of speculum was con-
sidered negligible and the loss of light power was corrected as
a function of the increase in distance, obeying the law of the
inverse of the square of the distance. Thus, the light output
delivered at 10 cm was calculated by the following ratio:
P1=(d2/d1)* x P2; where P1 is the light power at 5 cm,
dl at 5 cm (or 0.05 m), d2 at 10 cm (or 0.1 m) and P2 at
10 cm. Thus, 3.01 mW/cm?® = (0.10/0.05)* x P2, then P2 =
0.752 mW/cm?. The energy delivered for this application was
calculated according to the equation: Energy (J) = Power (W)
x time (s), logo: Energy =0.752 mW/cm?® x 1800 =1.353 J/
cm?.

Immediately after, the light has been applied at a distance
of 5 cm from the vulva. For this, the device was held in a
holder for 30 min. The labia majora were separated and fixed
in position with adhesive tape (Nexcare Micropore tape 25-
mm wide) to better expose the inner region of the vulva and
the vaginal introitus during LED irradiation (Fig. 7). Thus, the
energy delivered for this application was: Energy =3.01 mW/
cm’® x 1800 =5.418 J/em®.

It is worth noting that the equipment did not contact with
the tissues or secretions of the patient.

During the session, only the genital region of the patient
was exposed, with the hip flexed and abducted, and the knees
flexed. During the treatment, the physiotherapist who applied
the light stayed in the room to assess the patient for any dis-
comfort, sensation of temperature increase, and/or pain. If the
patient reported any discomfort, the session would have
stopped. In addition, the patient was advised to return for
examination if she noticed worsening or persistent clinical
manifestations or any adverse reaction to the treatment.
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Fig. 2 Arrangement for characterization of the LED, measuring within 5 cm of the light source
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Fig. 3 Arrangement for temperature measurement. The temperature sensor was positioned 5 cm away from the light source

Pre- and post-test evaluation

Microbiological evaluation was performed using a fungus cul-
ture test with quantitative analysis of colony-forming units
(CFUs). Secretions were collected before the LED application
and 21 days after treatment completion.

In addition, vaginal pH and cervix-vaginal cytology and
microflora were also assessed before therapy and 21 days after
the completion of therapy. The pH measurement was per-
formed in the vaginal canal for 1 min. The pH was measured
according to the color change of the McolorpHast tape that
was placed in the vaginal canal for 1 min. Microflora and
cervico-vaginal cytology were assessed by collecting secre-
tions and evaluating for cellular atypies, cell types present,
and the absence or presence of inflammation.

The clinical manifestations of the patient were also evalu-
ated before and 21 days after LED light application.

Results

The light source emits light in the ultraviolet A and
visible (blue range) regions (Fig. 2). The wavelength
of the light spectrum and wave peak value was 401 +
5 nm at maximum power (Fig. 8). The results of the
measurements at different times and device powers are
shown in Fig. 9. In addition, an increase in temperature
of approximately 7 °C was observed when testing the
equipment in the laboratory with the maximum available
power according to Fig. 9. The graph shows that the

temperature does not increase significantly, even in an
object of low specific heat (such as the temperature
sensor) and also shows that the temperature tends to
stabilize around 35 min.

The evaluation of the patient’s microbiological status con-
firmed that she had Candida infection (with the growth of 80
CFUs) before the beginning of the treatment. Twenty-one
days after the light application, the fungus culture showed an
absence of growth. Thus, the patient was negative for fungi in
the final report.

In the evaluations before the application of LED therapy
and at 21 days after the treatment, it was observed that there
was an increase in pH after treatment (pH 4.0 before treatment
vs. pH 5.0 at 21 days after LED irradiation).

Cervical cytology did not show any cellular atypia at
any time. However, in the microflora evaluation before
treatment, benign reactive cellular alterations associated
with moderate inflammation were observed, including
the presence of Candida and Lactobacillus. Cytological
examination performed 21 days after the end of treat-
ment revealed discrete inflammation and the presence of
only Lactobacillus.

Concerning the clinical condition, there was an ab-
sence of signs (lumpy discharge and vulvar erythema),
and the patient reported that the symptoms of pruritus
and burning stopped after the LED treatment. She was
then followed up through quarterly telephone contact,
over the course of 12 months, and remained without
complaints during the period. Therefore, no new tests
were requested.



Fig.4 Application of LED 401 +
5 nm in the vaginal region using a
speculum

The patient did not report pain, sensation of a temperature
increase, and discomfort during the LED treatment sessions.
In addition, she did not report any adverse effects after
treatment.

Discussion

The LED device was verified to have a wavelength in the
range of 401 £ 5 nm, within the ultraviolet A and visible blue
ranges. This evaluation demonstrated the degree of safety of
ultraviolet A/blue LED, an innovative intervention using a
prototype, as a non-drug treatment for vaginal candidiasis.
The lack of information on the parameters used for
phototherapeutic resources is a persisting concern [16].
Therefore, clinical trials combined with technical/

Fig. 5 Length of the speculum
was used the application of the
LED

experimental studies may provide these data and consequently
promote standardization of therapeutic protocols in the future.

Another important parameter verified was the heat gener-
ated by the device. This is important because the light emitter
is used for application in the vaginal mucosal region. The
literature defines LED treatment as a cold therapy [12, 13].
Our results showed that there was an increase in temperature
of approximately 7 °C when the equipment was tested in the
laboratory. Henderson et al. found a temperature increase of
around 3 + 0.3 °C when using laser light associated with pho-
tosensitizers in rat tumor cells, with important physiological
effects such as increased congestion and vascular hemorrhage
[17].

This study demonstrated the use of ultraviolet A/blue LED
with a wavelength of 401 + 5 nm in the treatment of a patient
with a clinical and laboratory diagnosis of VVC. The




Fig. 6 Maximum aperture of the speculum was used in the application of
the LED

treatment led to the resolution of the clinical manifestations
and the absence of fungal growth after the application of the
technique, as confirmed by microbiological examination. It is
believed that phototherapy, at the wavelength used in this

Fig. 7 Application of LED 401 +
5 nm in vulva region

study, is capable of inactivating microorganisms through the
mechanism of pathogenic cellular death; that is, the blue light
interacts with the porphyrins present in Candida, resulting in
the production of reactive oxygen species and the consequent
death of microbial cells [9, 10, 18, 19]. In addition, another
explanation for the negative microbiological examination af-
ter the application of the technique may be related to the in-
crease of vaginal pH, as Candida proliferates in an acidic
environment [6].

A similar result was found in the study by Robatto et al.,
who used ultraviolet A/blue LED light in the 401 £ 5 nm range
for the treatment of a patient with recurrent VVC. Three ses-
sions were performed, which reduced the fungal load at the
end of treatment. Three months after the conclusion of the
treatment, the absence of fungal infection was noted [20].
They also observed resolution of the clinical manifestations
(pruritus, burning, dysuria, dyspareunia, and edema) of the
patient after treatment.

In the present study, a single session was conducted,
based on the study of Ganz et al., who found positive
results after the application of 405+2 nm blue light to
the gastric mucosa for the treatment of symptomatic
patients with Helicobacter pylori infection. In the gas-
tric mucosa study, at least 90% of the bacteria were
eliminated in seven of the nine patients treated. These
authors confirmed the results of their study by exposing
endogenous porphyrins to blue light, which generated
reactive singlet oxygen and caused microbial cell death
through the rupture of organelles and chromosomal ge-
netic material [21].

In our study, it was observed that the symptoms (pruritus
and burning) and signs (lumpiness and vulvar erythema)
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Fig. 8 Luminous spectrum measured at a distance of 5 cm from the source at maximum power

disappeared after a single application of blue light. This result
can be explained by the absence of fungal elements in the
patient’s vaginal region after the treatment, owing to photoex-
citation of the porphyrins present in fungi, leading to the pro-
duction of reactive oxygen species and consequent cell death
[11]. Gold et al. observed clinical improvement of acne and
bacterial lesions after four sessions of blue LED treatment at
414 nm, with a reduction of erythema and local inflammatory
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40.00 °C
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lesions. They explained their finding as a result of the presence
of porphyrins in Propionibacterium acnes, which, by absorb-
ing blue light, generated singlet oxygen and subsequently
caused bacterial cell death [22].

In our study, a reduction of inflammation was observed
after treatment. This result can be explained by the absence
of Candida after treatment, with consequent reduction of the
inflammatory signs.

Sensor
room temperature

W

0:00:00 0:05:00 0:10:00 0:15:00 0:20:00 0:25:00 0:30:00 0:35:00 0:40:00 0:45:00

Fig. 9 Graphs generated by the different temperatures collected in a total time of 45 min, with x-axis in time and axis y in temperature



The patient reported no adverse effects during the session
or after the end of treatment. This result may be explained by
the fact that the therapeutic technique with LED has a super-
ficial action [12, 13].

In this study, the light was applied for 60 min, divided into
two applications, with 30 min each. However, we are aware of
the need to reduce the treatment time, and we are planning
future studies to test the optimal duration for this method.
Because an LED device for simultaneous application of light
onto the vulva and vagina has already been developed, the
treatment period can be reduced to 30 min of light application.

The results of this treatment are preliminary and represent
our experience in a single patient. Therefore, controlled clin-
ical trials with a larger number of patients should be performed
to evaluate the safety and efficacy of the therapy.

Conclusion

In the technical/experimental safety test, the light-emitting
device showed emission in the ultraviolet A/blue (401 +
5 nm) regions, and visible in the violet and blue ranges, with
a temperature increase of approximately 7 °C.

Irradiation with ultraviolet A/blue LED may be an alterna-
tive treatment for VVC, as it led to the resolution of the clin-
ical and microbiological manifestations in our patient, with no
adverse effects. Randomized clinical trials with a larger sam-
ple size are warranted to evaluate the efficacy and safety of
this innovative technique.
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