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Abstract
A healthy female genital mucosa has an ecosystem that remains in balance through interactions between endogenous and
exogenous factors. The light-emitting diode (LED) is a device that emits light at different wavelengths, with varying
color and effects. Blue light in humans is most commonly used for antimicrobial purposes and has been already applied
to treat facial acne and gastric bacteria. Although blue LED therapy in humans has been reported, its properties against
vaginal infections have not yet been investigated. This study aims to test the safety and effects of 401 ± 5 nm blue LED
on healthy vaginal mucosa. Phase I clinical trial involving 10 women between 18 and 45 years old with healthy vaginal
mucosa. The participants were illuminated by 401 ± 5 nm blue LED for 30 min and anamnesis, oncotic cytology, and pH
measurement were made again after 21/28 days of treatment. In the re-evaluation, adverse effects were investigated. The
mean age was 27 ± 5.4 years and one of the women was excluded due to interruption of use of oral contraceptives.
Oncotic cytology done before and after therapy showed that the composition of the microflora remained normal in all
participants. Vaginal pH remained unchanged in eight of the women and had a reduction in one woman (5.0–4.0). No
adverse effects were observed during or after illumination. 401 ± 5 nm blue LED did not generate any adverse effects or
pathogenic changes in the microflora and vaginal pH. The effects of 401 ± 5 nm blue LED still need to be tested in
vulvovaginal pathogens. Trial registration number: NCT03075046
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Introduction

The female genital mucosa presents an ecosystem that
remains in balance through the interactions between vag-
inal microflora, products of microbial metabolism, hor-
monal conditions, and immune response. Vaginal health
depends on the interaction between endogenous and ex-
ogenous processes. The microflora, through its defense

mechanisms, represents one of the main factors responsi-
ble for maintaining normal vaginal physiology [1, 2].

Different species of microorganisms considered patho-
genic or nonpathogenic are part of the vaginal microflora
[3]. The main bacteria present in healthy vaginal mucosa
are Lactobacillus sp., the producer of lactic acid which is
responsible for maintaining the vaginal pH acid. In turn,
this pH causes the vaginal environment to become inhos-
pitable for pathogens [2, 4, 5]. Besides this organic acid,
lactobacilli also produce hydrogen peroxide and bacterio-
cins that are capable of inhibiting or destroying potential-
ly harmful microorganisms [4]. Several factors such as
hormonal variations, sexual activity, and use of medica-
tions may alter the composition of the vaginal microflora,
causing an imbalance in the system and consequent pre-
disposition to infections in the genital tract [2].

Light-emitting diode, commonly known as LED, is a semi-
conductor device that, through the process of electrolumines-
cence, generates light emitted at different wavelengths,
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causing a differentiation also in color and effects [6, 7]. LED
has several therapeutic applications in view of its including
antimicrobial action and potentiating effects on cellular pro-
liferation and cicatrization [7, 8].

Most studies with blue light report its antimicrobial use.
Phototherapy has already been used to destroy bacteria in
the human skin and gastric mucosa without thermal effect or
damage to local cells, which points to the possibility of a
treatment with minimal adverse effects [9–11]. Blue LED
has also been used in the treatment of recurrent vulvovaginal
candidiasis without causing adverse effects [12].

Although the therapeutic efficacy of blue LED in humans
and its curative properties against vaginal infections have been
reported in a case report, it is necessary to test the safety of the
technique in order to start the next stages of the study. This
calls for the need to carry out extensive research. Thus, we
carried out a phase I study with the objective of testing the
safety and effects of 401 ± 5 nm blue LED on healthy vaginal
mucosa.

Study design

The study was approved by the Ethics Committee of the
Federal University of Recôncavo da Bahia (UFRB) through
CAAE: 56391416.1.0000.0056, and is in accordance with the
standards established by the Declaration of Helsinki. The
Clinical Trials registration number is NCT03075046.

This is a phase I clinical trial, of a descriptive nature,
developed in a gynecological clinic in Salvador, Brazil,
from April to June 2017. Asymptomatic women were in-
vited to participate in the study during their routine gyne-
cological consultations. Ten participants aged between 18
and 45 years, with healthy vaginal mucosa and vaginal
cytology for cancer presenting normal findings, were in-
cluded in the study. Women were excluded if they (i) were
using medications that could influence the composition of
the vaginal microbiota such as antibiotics, corticoids, or
immunosuppressants; (ii) had a pacemaker; (iii) changed
the contraceptive method they had been using for more
than 6 months; (iv) had a neoplasia in the genital area; (v)
had amnesia; (vi) were pregnant; and (vii) presented neu-
rological and/or psychiatric disorders.

The sociodemographic data collected included age, body
mass index (BMI), history of pregnancy/delivery/abortion,
presence of regular menstrual cycle, use of oral contracep-
tives, frequency of sexual intercourse, use of condoms, use
of mini sanitary pads, use of specific products for intimate
hygiene; and realization of intimate showers.

The ten participants underwent physical examination in
a private environment, always by the same professional.
Findings obtained from the examination of the vaginal
mucosa determined the participant’s eligibility to

participate in the study. Women with no signs and symp-
toms indicating pathologies such as pruritus, pain, burn-
ing, dysuria, erythema, fissure, edema, excoriations in the
vulva and uterus, and leukorrhea were included. In addi-
tion, a potassium hydroxide (KOH) test and fresh cytolo-
gy with saline solution were used to analyze the compo-
sition of the vaginal discharge under optical microscope.
In these tests, cells typical of a healthy vagina such as
Lactobacillus sp. and/or other bacilli should be visualized,
as well as absence or rare leukocytes, fungal hyphae and
pathogenic bacteria.

After analyzing these data, the participants who met the
criteria of normality were referred to the next phase of the
study. Vaginal pH was assessed using specific tapes
(MColorpHast™, Germany) which were introduced into the
vaginal canal for 1 min. Oncotic cytology was performed by
collection of vaginal discharge by pap smear, using a spatula
and an endocervical brush to collect ecto and endocervial
material, respectively. The presence of Lactobacillus sp. and/
or other bacilli, absence of inflammation or presence of dis-
crete inflammation and absence of cellular atypia were con-
sidered as normal pattern.

The blue LED prototype was specifically developed for
this study and had a wavelength of 401 ± 5 nm, a power of
30 W and a mean irradiance of 0.000773 W/cm2. Light was
applied to healthy women for 30 min and during application
they were in dorsal decubitus with flexed knees, hips in ab-
duction, and feet supported on the stretcher to provide them
greater comfort. To avoid discomfort, a small speculum was
used in the vaginal canal, and the LED device was statically
positioned in front of the vulvovaginal region, from a distance
of about 5 cm (Fig. 1).

Fig. 1 Application of 401 ± 5 nm blue led with use of speculum in the
vaginal canal
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Phototherapy was performed by a physiotherapist in a
closed environment and the protocol consisted of only one
session. Depending on the menstrual cycle of the partici-
pants, after an interval of 21 to 28 days they underwent a
similar reassessment to investigate the appearance of
symptoms such as pruritus, pain, burning, dysuria, erythe-
ma, fissure, edema, excoriations in the vulva and uterus,
and leukorrhea and to perform tests such as oncotic cytol-
ogy and measurement of vaginal pH, for later comparative
analysis. During this interval of days, the participants were
asked to return to the clinic for gynecological consultation
in case of appearance of any discomfort or alteration, and if
necessary, appropriate referrals would be provided. The
women submitted to therapy were questioned about the
presence of adverse effects such as heating or pain during
and/or after the application of 401 ± 5 nm Blue LED, and
the therapist observed whether erythema appeared in the
region exposed to light.

In accordance with ethical principles, no sample calcula-
tion was performed because this was a phase I clinical trial to
test the safety and effects of 401 ± 5 nm Blue LED in healthy
vaginal mucosa.

A database was prepared for statistical descriptive anal-
ysis using the SPSS (Statistical Package for the Social
Sciences) 14.0 (IBM Corporation, New York, USA) and
the results were presented in tables. Numerical variables
were expressed as means and categorical variables were
expressed as absolute values.

Results

Twenty women were initially invited to participate in the
study. Among these, ten women were included. The ex-
clusions occurred for the following reasons: four women
presented numerous leukocytes and supracytoplasmic ba-
cilli (suggestive of Gardnerella/Mobiluncus spp.) in the
visualization of vaginal discharge through fresh examina-
tion and presented positive KOH test with exacerbated
odor; two women presented fungal hyphae of Candida
sp.; and four women presented numerous leukocytes, also
visualized under fresh cytology. One of the ten partici-
pants included in the study was excluded at the time of
reassessment because she reported the interruption of the
use of oral contraceptives (OC) (Fig. 2).

Sociodemographic characteristics and gynecological
data are shown in Table 1. The mean age of the partic-
ipants was 27 ± 5.4 years and the mean BMI was 25.25
± 3.05 kg/m2. Most women (seven) had a regular men-
strual cycle and five reported the use of OC (Table 1).

Regarding life habits, among the five women who were
sexually active, three of them reported not using preser-
vatives in sexual intercourse. Most participants did not

use specific intimate hygiene products and mini sanitary
pads; half of the women reported frequent use of tampons
(Table 2).

Cytological data showed that the composition of the
normal vaginal microflora was maintained in all partici-
pants. No differences were seen in relation to benign cel-
lular alterations and discrete inflammation. In eight of the
participants, the vaginal pH was the same in the two as-
sessments and in one of the women there was a reduction
of pH from 5.0 to 4.0 (Table 3).

None of the participants reported adverse effects such as
heating and pain during or after exposure to 401 ± 5 nm blue
LED, and the therapist did not find the appearance of erythe-
ma in the exposed area. One of the participants reported dis-
comfort during the passage of the speculum through the vag-
inal canal; nevertheless this episode was solved after seconds
with a better positioning of the speculum in the region.

Discussion

This study is a phase I clinical trial, pioneering the use of the
blue LED with a wavelength of 401 ± 5 nm in the healthy
vaginal mucosa. There were not pathogenic modifications ob-
served in the short-term evaluation of the vaginal mucosa that
received the emission of light. By being a resource with an
unknown effect in the vaginal region, it is important to carry
out phase I clinical studies, that is, in healthy women to test the
safety of the method. However, it should not be forgotten that
studies with a larger population and with different character-
istics should be performed to ensure the safety of the blue
LED on the vaginal mucosa.

The fact that no adverse effects were observed among the
participants of this study during or after the application of blue
LED can be explained by the fact that this phototherapy is
considered non-invasive, athermic, and has superficial

Evaluated by eligibility (n = 20) 

Intervention (n = 10)

Reassessment after 

21/28 days (n = 10)

Not included in the study (n = 10) 

- 4 women with numerous 

leukocytes and supracytoplasmic 

bacilli  

- 2 women with hyphae of 

Candida sp.

- 4 women with high leukocyte 

count 

Excluded (n = 1) 

Interruption of OC  

Analyzed (n = 9) 

Fig. 2 Flowcharts of randomization recommended by the Consort
Statement
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penetration. Some studies have already used blue LED in
humans in different regions and have demonstrated the ab-
sence of adverse effects [10, 12, 13].

In this study, some women were excluded due to the pres-
ence of pathogens identified in the KOH test. This can be
explained by the fact that in some cases findings considered
pathogenic may be present, but they are part of the woman’s
vaginal flora and do not cause exacerbation of symptoms [14].

Blue LED (405–420 nm) with irradiance ranging from 50
to 200 W/cm2 was applied in the face of 46 participants with
acne and no adverse effects, pain, or discomfort were ob-
served in any of the participants [13]. Likewise, blue light
(409–419 nm) with a dose range between 24 and 48 J/cm2

was used in 30 patients with facial acne and self-limited reac-
tions were observed exclusively on the lesioned sites.
Erythema, dry skin, and mild pruritus were observed in
53%, 13%, and 16% of the patients, respectively [15]. These
reactions can be explained by the inflammatory characteristics
of the lesioned areas and due to the interaction between blue
light and the bacteria present in the acne.

In this study, there was no complaint of warming or pain by
the participants, nor any changes such as erythema or edema
seen by the professional during the physical examination.
Only one participant reported discomfort during the passage
of the speculum through the vaginal canal. It is believed that
this can be explained by the incomplete relaxation of the pel-
vic floor musculature during the introduction of the device
because this complaint is common among women and it is
even the justification for the non-performance of periodical
gynecological exams. The non-use of lubricants and tension
of the pelvic musculature can also explain the discomfort dur-
ing the passage of the speculum reported by the participant
[16, 17].

The mechanism of action of LED involves photo-
biomodulation, that is, the action on local cells exposed to
light to promote activation and regulation of their functions
with the minimal possible adverse effects. Furthermore, light
at appropriate wavelengths and irradiances is considered be-
nign for use in humans. The use of light has already been
approved by the Food and Drug Administration (FDA)

Table 1 Sociodemographic
characteristics and gynecological
data of the study population
(Salvador-BA)

SI Age BMI Use of OC MC Change or
interruption of OC

VV
History

G/C/A

1 22 31.2 No Regular No No 0/0/0

2 31 22.4 Yes Regular No No 0/0/0

3 25 28.7 Yes Absent No Yes 0/0/0

4 25 24.7 Yes Regular No Yes 0/0/0

5 22 23.3 Yes Regular – Yes 0/0/0

6 24 24.0 Yes Absent No No 0/0/0

7 21 22.4 No Irregular No No 0/0/0

8 29 27.3 No Regular No Yes 0/0/0

9 36 22.2 No Regular No Yes 0/0/0

10 35 25.9 No Regular No No 0/0/0

SI = sample identification; BMI = body mass index; OC = oral contraceptive; MC=menstrual cycle; OC = oral
contraceptive; VV = vulvovaginites; GCA= gestation, childbirth, abortion

Table 2 Life habits of the 10
women submitted to the
application of 401 ± 5 nm blue
LED (Salvador-BA)

SI Sexually
active

Male
condom

Use
of
MSP

Sl Place where
underwear is
dried

Use of
PIH

1 No – No No Dry No

2 Yes Yes Yes Yes Wet No

3 No – No No Wet No

4 Yes No No Yes Wet Yes

5 Yes No No Yes Wet Yes

6 Yes No Yes No Dry Yes

7 No – No No Wet No

8 No – No Yes Wet No

9 Yes Yes No No Wet No

10 No – No Yes Dry Yes

IS = identification of the sample; MSP =mini sanitary pads; TP = tampon; PIH = product for intimate hygiene
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[17–19]. These characteristics of LED light can explain why
no pathogenic changes occurred in the vaginal microflora of
the studied women.

Through the universal photoactivation mechanism, LED
light is able to promote cell proliferation, increased ATP pro-
duction, and increased local vascularization [8, 17]. The par-
ticipants in this study had a healthy vaginal mucosa and these
characteristics remained the same in the reassessment. It is
believed that, although local cell activation occurred due to
the action of the light, the balance of the vaginal microbiota
was maintained and there was no appearance of pathological
or atypical changes. Studies involving cytokine analysis and
genetic tests such as polymerase chain reaction (PCR) are
being conducted to better clarify this hypothesis.

A pilot study including eight individuals with healthy skin
found that after use of blue light therapy (380–480 nm) for
five consecutive days with a daily irradiance of 20 J/cm2, there
were no pathological modifications in the analyzed samples.
Transient melanogenesis was observed in one participant and
greater vascularization without consequent apoptosis in all the
involved participants, which allowed suggesting that the use
of blue light in human skin for a short period of time is safe
[20]. Another study performed in symptomatic patients with a
diagnosis of H. pylori in the stomach region used blue light
with an irradiance of 40 J/cm2 and no adverse effects or his-
tological changes were observed after therapy [10].

Although there are no reports in the literature of the use of
vaginal lasers for the treatment of infections, problems such as
genitourinary syndrome or urinary incontinence and for pro-
motion of rejuvenation of the region, some of these studies
report the appearance of secondary effects of the use of light.
LEDwas chosen in the present study because it presents lower
cost, generates less heat, and has more superficial penetration.
Furthermore, light output of a laser is punctual; on the other

hand, in the case of LED, the light propagates in a divergent
way, facilitating the therapy of more extensive areas [21–23].

A study using microablative fractional CO2 laser in the
vaginal region for treatment of genitourinary syndrome
showed that there were some mild adverse effects such as
irritation and burning sensation in the vaginal introitus that
started soon after the therapy and lasted for about 2 h.
Another study that also used fractional CO2 laser in perimen-
opausal women also indicated that there was immediate dis-
comfort in the vaginal region, characterized by burning, pru-
ritus, altered sensitivity, hematoma, and edema, with resolu-
tion of the problem in hours or 1 to 2 days [21, 22]. Such
adverse effects were not found in our study with blue LED
on healthy vaginas.

A case report was developed with a patient diagnosed with
recurrent vulvovaginal candidiasis. The patient was submitted
to three blue LED sessions (401 ± 5 nm) in the vaginal region.
No adverse effects were reported during or after the use of
light and no changes suggestive ofmalignancy appeared when
oncotic cytology exams done before the therapy and 3 months
after therapy were compared. The study also pointed out that
there were no variations in the composition of healthy vaginal
microflora, but the fungus was eliminated. Thus, this light can
be used to eliminate signs and symptoms of the disease [12].

In this study, the typical vaginal microflora composition
remained the same in all participants, which suggests that
401 ± 5 nm blue LED did not generate risks to healthy vaginal
ecosystem balance. Two participants showed a change in the
composition of the microflora in relation to the types of bacilli
found, but these new findings seen in the reassessment were
typical of a healthy vaginal microbiota.

These differences observed in the two participants can be
explained not specifically as a change in the types of bacilli
found, because they were certainly already present but were

Table 3 Chemical and
cytological data of the study
population (Salvador-BA)

SI pH Microflora BCC Cellular atypia

T 1 T2 T1 T2 T1 T2 T1 T2

1 4.0 4.0 LB LB MI MI Absent Absent

2 4.0 4.0 LB + OB LB + OB MI MI Absent Absent

3 4.0 4.0 LB LB MI MI Absent Absent

4 5.0 5.0 LB + OB LB + OB MI + AT MI + AT Absent Absent

5 4.0 – LB – MI – – –

6 4.0 4.0 LB OB MI MI Absent Absent

7 4.0 4.0 LB LB MI MI Absent Absent

8 4.0 4.0 LB LB Absent Absent Absent Absent

9 5.0 4.0 LB + OB LB Absent Absent Absent Absent

10 4.0 4.0 LB + OB LB + OB MI MI Absent Absent

IA = sample identification; T1 = time 1: before illumination with blue light; T2 = time 2: after illumination with
blue light; pH = hydrogenionic potential; LB = Lactobacillus sp.; OB = other bacilli; BCC = benign cellular
changes; MI =mild inflammation; AT = atrophy
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not seen in the first oncotic cytology as they were not the most
prevalent at that time. Furthermore, these variations are con-
sidered normal because endogenous and exogenous factors
can exert direct influence on the composition of the vaginal
ecosystem and its consequent fluctuation. It is also known that
a healthy vagina can host Lactobacillus sp. and other types of
bacilli [1, 2, 24].

Sexual intercourse is one of the main factors that can cause
physiological fluctuations in the composition of the vaginal
microflora. The friction that occurs in the mucosa during the
sexual act can cause micro traumas and lead to changes in the
local characteristics. The contact of the acidic vaginal mucosa
with the semen that is alkaline, or the contact of the mucosa
with the chemicals present in condoms can also induce oscil-
lations in the composition of the microbiota [1, 2, 25, 26].

One of the participants who presented a change in the vag-
inal microflora mentioned the frequent use of specific intimate
hygiene products and mini sanitary pads, what can also ex-
plain the variations in the composition of the vaginal ecosys-
tem. These products can also in some cases still interfere in the
local health [27]. Non-use of OC and the presence of a regular
menstrual cycle, which was the case of the other participant,
are responsible for promoting hormonal oscillations in the
number of days of the menstrual pariod and may interfere with
the composition of the vaginal microbiota [1, 2, 4]. In all
participants, a discrete inflammation was observed in both
assessments and this finding is considered normal and typical
of healthy vaginal mucosa [24, 26].

The vaginal pH value of most of the study participants
remained the same according to the comparison of the two
assessments. One participant presented a reduction of pH
(from 5.0 to 4.0). This reduction is considered an adjustment
of the vaginal pH, since values lower or equal to 4.5 are con-
sidered physiological and protective for the flora, while acid
environments are unfavorable to infections by pathogens [5,
25, 28, 29]. No correlations were reported between illumina-
tion with 401 ± 5 nm blue LED and pH values, but it is known
that the oscillations in vaginal acidity are physiologically nor-
mal and are connected to maintenance of the balance of the
vaginal flora.

In this study, the reassessment took place after 1 month of
the application of LED therapy. However, it is possible that
light causes changes in longer periods after application. The
time of 1 month was chosen based on studies about LED
phototherapy for human skin, where patients were followed
for 3, 6, or 18 months after completion of therapy and showed
no lesions or changes when reevaluated [12, 30, 31].

Some limitations can be mentioned, namely, (i) the non-
verification of the period of the menstrual cycle of the partic-
ipants in the dates of the assessment, what can be a factor that
explains some oscillations observed in the vaginal microflora,
and (ii) the non-investigation of blood hormone levels and
specific local immunity data of the women, such as

assessment of defense cells present before and after light ther-
apy. These variables are being analyzed in clinical studies with
patients with other infectious etiologies on blue LED response
at 401 ± 5 nm in the female vaginal mucosa.

This study showed that there were no pathogenic changes
in the mucosal tissue that received the blue light emission,
enabling future studies to investigate the effects of the blue
LED of 401 ± 5 nm as a possible alternative for the treatment
of vulvovaginal dysfunctions, such as for example,
vulvovaginal candidiasis, bacterial vaginosis, and
vulvovaginal atrophy since this light has a antimicrobial and
regenerative action. However, there is a need for further in-
vestigations using the blue LED of 401 ± 5 nm in women with
pathologies in the genitourinary tract to verify the effect in
these cases. The Research Group involved in the development
of this study is currently undertaking new phases of clinical
trials to clarify the answer of the female vaginal mucosa to the
blue LED of 401 ± 5 nm.

Conclusion

The present study led to the conclusion that the use of 401 ±
5 nm blue LED in healthy vaginal mucosa of young women
did not cause pathogenic changes in the composition of the
vaginal microflora and pH values. No adverse effects such as
pain, heating, or discomfort were observed during or after the
use of light in the participants.
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