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Abstract: Suppressive therapy of recurrent genital herpes is a challenge, and melatonin may be an
alternative. Objective: To evaluate the action of melatonin, acyclovir, or the association of melatonin
with acyclovir as a suppressive treatment in women with recurrent genital herpes. Design: The study
was prospective, double-blind, and randomized, including 56 patients as follows: (a) The melatonin
group received 180 placebo capsules in the ‘day’ container and 180 melatonin 3 mg capsules in the
‘night’ container (n = 19); (b) The acyclovir group received 360 capsules of 400 mg acyclovir twice
a day (one capsule during the day and another during the night) (n = 15); (c) the melatonin group
received 180 placebo capsules in the ‘day’ container and 180 melatonin 3 mg capsules in the ‘night’
container (n = 22). The length of treatment was six months. The follow-up after treatment was six
months. Patients were evaluated before, during, and after treatment through clinical visits, laboratory
tests, and the application of four questionnaires (QSF-36, Beck, Epworth, VAS, and LANNS). Results:
No statistically significant difference was observed for the depression and sleepiness questionnaires.
However, in the Lanns scale for pain, all groups decreased the mean and median values in time
(p = 0.001), without differentiation among the groups (p = 0.188). The recurrence rates of genital
herpes within 60 days after treatment were 15.8%, 33.3%, and 36.4% in the melatonin, acyclovir, and
association of melatonin with acyclovir groups, respectively. Conclusion: Our data suggest that
melatonin may be an option for the suppressive treatment of recurrent genital herpes.

Keywords: women; genital herpes; viruses; melatonin; acyclovir; questionnaires; quality of life; recurrence

1. Introduction

Genital herpes is an infectious disease caused by the herpes simplex virus (HSV),
especially type II, with a recurrent character and increasing worldwide prevalence [1].
HSV remains latent in the sensory ganglia and establishes latency in neurons, evading
identification by the immune system. In fact, HSV establishes latency in neurons, creating a
reservoir with the potential to reactivate over the lifetime of the host [2]. Clinically, genital
herpes may occur as a primary infection and as a recurrent infection. The recurrent form
is characterized by mild pain, fewer lesions, and no exuberant systemic manifestations
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when compared with the primary infection [3]. Even so, the recurrence impairs women’s
daily professional activities and relationships with their partners [4]. Therefore, clinical
treatment to decrease recurrences is essential and should be performed in the long run. In
this context, the first line of treatment is the antiviral acyclovir as a suppressive treatment
for at least six months [5]. However, data show that viral resistance and/or therapeutic
failure with this drug may occur [6]. For this reason, other drugs, such as melatonin, have
been tested as a recurrent inhibitor and not as suppressive episode treatment [7].

Melatonin, produced by the pineal gland, influences several physiological processes [8]
acting through G protein-coupled receptors [9], found in several central and peripheral
tissues. In the immune system, the expression of melatonin receptors in the cell membrane
favors the modulation of oxidative stress and the release of proinflammatory cytokines.
In conjunction with cytokines, melatonin activates genital tract cell immunity, mediated
by CD8 lymphocytes and natural killer cells (NK), promoting the destruction of HSV-
infected cells [10]. Therefore, melatonin is an active member of the network that positively
influences the innate and adaptive immune system [11,12].

Recently, a combination of melatonin, magnesium, phosphorus, and acids extracted
from Aspergillus sp., given once a day for seven days, was compared with acyclovir 200 mg,
five times a day, for five days. The study found a significant benefit with the combination
containing melatonin [7]. It was also previously reported that the association of melatonin
with acyclovir may present a greater benefit than the isolated use of each medication, despite
their different mechanisms of action [5]. As the activity of melatonin on the recurrence of
genital herpes is still unclear, the present study aimed primarily to compare the action of
melatonin alone or associated with acyclovir in the suppression of recurrent genital herpes
within 60 days after the end of the treatment. Secondarily, the study proposed to evaluate
pain severity and quality of life of women in the three groups.

2. Materials and Methods
2.1. Design and Setting

A prospective, double-blind, randomized study was conducted at the Lower Genital
Tract Pathology (PTGI) Outpatient Clinic of the Gynecology Division of the Hospital das
Clínicas da Faculdade de Medicina da Universidade de São Paulo (HCFMUSP). The study
protocol was registered in https://clinicaltrials.gov/ (accessed on 5 February 2019), under
number NCT03831165, in February 2019. The study was approved by the Ethics Committee
of HCFMUSP (CAAE: 40862215.0.0000.0068, opinion: 1.215.208). The study followed the
statement of ethical principles for medical research involving human subjects from the
Declaration of Helsinki.

2.2. Study Population

Initially, volunteers from the PTGI Outpatient Clinic, Collaborator Specialties Center,
Basic Health Units, and women invited by the media (social network and newspapers)
were referred for screening and selection. All participants were informed about the nature
of the study and signed an informed consent form. Of these women, 90 were eligible and
randomized. Because there were follow-up losses and dropouts, fifty-six women completed
the study. Nineteen (33.9%) were randomized in the melatonin group; 15 (26.8%) were
randomized in the acyclovir group, and 22 (39.3%) were randomized in the acyclovir with
melatonin group (Figure 1).

https://clinicaltrials.gov/
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Figure 1. CONSORT Flow Diagram.

Recruitment began on August 2018, and follow-up finished on August 2019. No
interim analysis was performed, and the trial ended when all patients completed the follow-
up period. Only women between 15 and 49 years with a clinical diagnosis of recurrent
genital herpes were included. Pregnant or postpartum women (up to 3 months), use of
oral acyclovir in the last 60 days, autoimmune diseases, immunosuppression (congenital
or acquired), active liver disease, undiagnosed vulvar ulcers, severe depression (Beck
inventory ≥ 30), use of antiviral drugs, immunosuppressants, antidepressants, imiquimod,
allergy to melatonin or acyclovir, and women with gynecological cancer were excluded.
Other eligibility criteria were the ability and willingness to provide written informed
consent for the study.

2.3. Randomization and Masking

Simple randomization was performed through the Randomizer iOS application. Eligi-
ble women were randomized to receive acyclovir (n = 30), melatonin (n = 30), or acyclovir
with melatonin (n = 30). The drug of each group was not known either by the patient or
by the researcher until the end of the study. The allocation number of each participant
was placed in a well-sealed, opaque envelope. A nurse outside the research team was
responsible for distributing the medication to the participants. Names of patients and
hospital were recorded in the envelopes. The envelopes were stored in an appropriate place
within the institution.

2.4. Interventions

Melatonin and acyclovir pills were supplied by a compounding pharmacy (Essentia
Pharma, São Paulo, SP, Brazil), in which acyclovir and melatonin were previously analyzed
and approved according to their pharmaceutical specifications. The drugs were inserted
into capsules that were not different in odor, shape, color, and size. Capsules were stored
in bottles that were delivered to the participants by nurses of the Gynecology Outpatient
Clinic. All women received two containers, labeled ‘day’ and ‘night’, and were instructed
to take one capsule, orally, from the ‘day’ container at 10 AM and one capsule, orally, from
the ‘night’ container at 10 PM for six months. The acyclovir group received 360 capsules
of 400 mg acyclovir twice a day (1 capsule in the ‘day’container and another in the ‘night’
container. The melatonin group received 180 placebo capsules in the ‘day’ container and
180 melatonin 3 mg capsules in the ‘night’ container. Acyclovir with melatonin group
received 180 capsules of 400 mg acyclovir in the ‘day’ container and 180 melatonin 3 mg
capsules in the ‘night’ container.

2.5. Follow-Up and Outcomes

Eight outpatient visits were made for the study participants (Supplementary Tables S1
and S2). In the first visit (screening), clinical history, possible morbidities, and variables of
interest were collected as follows: age, marital status, education, profession, race, family
income, religion, place of residence, sexual activity, weight, height, medical and surgical
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history, family history, menstrual history, sexual history, obstetric history, medications in
use, health habits, and allergies. During the interview, each participant was asked about
the time interval between recurrences of herpetic disease, previous treatments, and sleep
quality. Physical examination of the genitalia was performed in lithotomy position, under
adequate illumination, and the vulvar regions (pubic mound, labia majora and minora,
vaginal introitus, and perineum) and inguinal grooves were evaluated. Vulvar lesions
(vesicles, blisters, pustules, ulcers, erythema, abrasions, and scars) were identified, and
cervicovaginal cytology samples were collected.

Before initiating the treatment, eligible patients received the medications and appro-
priate dosing guidelines. They were instructed to immediately notify the lead researcher
in case of any side effects. The third, fourth, and fifth visits occurred at 30, 60, and
90 days, respectively, after the beginning of the medication, when patients were evalu-
ated for correct use of medication, improvement or worsening of vulvar lesions (if still
present in this period), adverse effects (nausea, vomiting, headache, diarrhea, drowsiness,
fever, itching in the body, and spots on the body), and other possible occurrences, such as
feelings of happiness or sadness, better or worse physical and psychological disposition,
improvement or worsening of sexual performance, and mood change. In addition, the
patients were submitted to general and gynecological physical examinations. On the sixth
visit, 180 days after the beginning of the medication, possible side effects were verified and
cured, and permanence or appearance of vulvar lesions were evaluated through physical
examinations. Post-treatment follow-up was performed on the seventh and eighth visits,
scheduled for 30 and 60 days, respectively, after the end of the medication. At this time, the
results of laboratory tests, possible side effects, and disclosure of the medication used for
each participant were revealed.

2.6. Biochemical Analysis

Blood samples were collected to perform complete blood count (evaluated in auto-
mated equipment using the panoptic staining method), blood glucose (hexokinase method),
HIV serology (electrochemiluminescence method), VDRL (flocculation method), and HSV
(PCR and/or chemiluminescence method, Liaison apparatus). Immunophenotyping of T
lymphocytes (CD4/CD8 ratio) was performed using flow cytometry (BD FacsCalibur, BD
FacsCantoII and Backman Coulter) in the Flow Cytometry Laboratory, Instituto do Câncer
do Estado de São Paulo (ICESP).

2.7. Questionnaire Application

The investigators used patients’ responses to fill out the following questionnaires:
(a) Beck’s Depression Inventory, composed of 21 categories of symptoms and attitudes that
reveal cognitive and affective behaviors related to depression [13,14]; (b) Visual Analog
Scale (VAS), to assess pain intensity [15]; and LANNS pain scale, to assess how innervation
transmitting pain is working [16]; (c) Epworth Sleepiness Scale, to assess drowsiness (prob-
ability of napping) through eight questions [17,18]; and (d) QSF-36 (36-Item Short-Form
Health Survey), consisting of a multidimensional questionnaire with 36 items, encompass-
ing eight domains: functional capacity, physical aspects, pain, general health status, vitality,
social aspects, emotional aspects, and mental health [19]. These instruments aimed to evalu-
ate possible changes related to quality of life, quality of sleep, pain intensity, and depression
in the pre- and post-treatment. Noteworthy, the Beck’s depression inventory was also used
to exclude women with severe depression, which could interfere with the final results of
the study.

2.8. Criteria for Treatment Failure and Follow-Up Failure after the Beginning of the Study

Participants who missed the outpatient scheduled visits were called by telephone or
message through the WhatsApp application for new scheduling. When women did not
attend the rescheduled appointment, or in the event of a change of address or telephone
number without notification to the researcher or institution, she was considered as follow-
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up failure. Patients who became pregnant during the study, who used less than 80% of the
capsules, or lost their medication, were also considered follow-up failures (Table 1).

Table 1. Sociodemographic characteristics of women evaluated according to study groups.

Melatonin Acyclovir Acyclovir +
Melatonin p-Value *

Median; IQR Median; IQR Median; IQR

Age (years) 41; 32–42 42; 33–48 42; 30–50 0.884
BMI (kg/m2) 24.6; 22.0–27.2 24.5; 22.8–32,2 25.8; 22.5–28.0 0.736

Age in menarche (years) 12; 13–11 13; 12–14 13; 12–14 0.950
Age first relationship (years) 3; 17–16 18; 16–19 17; 15–20 0.934
Number of sexual partners 3; 3–1 5; 2–10 4; 3–5 0.850

Gestation 1; 1–0 1; 0–2 0; 0–2 0.943
Number of deliveries 1; 1–0 1; 0–2 0; 0–2 0.367
Number of abortions 1; 0–0 0; 0–0 0; 0–0 0.628

* Kruskal–Wallis test; BMI = Body mass index; IQR = Interquartile range.

2.9. Statistical Analysis

Shapiro–Wilk and Kolmogorov–Smirnov tests were used to access data distribution
previously to the statistical analysis. For variables with parametric distribution, data
were expressed as mean, standard deviation, median, and interquartile range (IQR) for
data with nonparametric distribution. Categorical data were expressed as total numbers
and proportions.

To test the hypothesis of nonmodification in the measurements among the differ-
ent group interventions in time, ANOVA model was used, and the Tukey post hoc test,
when applicable [20]. Wilcoxon–Mann–Whitney and Kruskal–Wallis tests were used for
continuous but not normally distributed variables. Differences in the frequency distri-
bution of categorical variables were evaluated using Chi-Square or Fisher’s exact test
when appropriate.

The Relative Treatment Effects (RTEs) were calculated by ∆ treatment\∆ time. The
paired t-test was applied to compare the recurrence of herpes between 30 and 60 days in the
same group. All tests considered a bidirectional alpha of 0.05 and were performed using
the R software (https://www.r-project.org (accessed on 22 September 2021), LD package
for nonparametric analysis, IBM SPSS 25 (Statistical Package for the Social Sciences), and
Excel 2016 ® (Microsoft Office).

2.10. Sample Number and Power Calculation

The data on the prevalence of herpes in the the Brazilian population of women were
accessed to calculate the apropriate sample number of patients to be included in this study.
Based on two studies [21,22], and considering the margin level of missing patients of 20%,
the calculated number of patients for this study was 28 with power of 80% and 38 with
power of 90%.

3. Results

The median and IQR (interquartile range) age was similar among the melatonin,
acyclovir, and acyclovir plus melatonin groups: 41; 32–42 years, 42; 33–48 years, and 42;
30–50 years, respectively. No significant differences were observed for age of menarche,
age of first sexual intercourse, number of sexual partners, number of pregnancies, parity,
abortion, or body mass index (Table 1). The sociodemographic characteristics of marital
status, education, ethnicity, habits, gynecological routine, and family income did not present
significant statistical differences among the groups. However, the contraceptive method
was heterogeneous. While in the melatonin group all women (100%) used at least one type
of contraception, in the acyclovir group, this number was six women (40%), with statistical
significance (p = 0.010).

https://www.r-project.org
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Figure 2 indicates that the recurrences of genital herpes at 30 days were 10.5% in the
melatonin group, 13.3% in the acyclovir group, and 31.8% in the acyclovir with melatonin
group. Recurrence within 60 days occurred in 15.8% of women in the melatonin group,
33.3% in the acyclovir group, and 36.4% in the acyclovir with melatonin group. Although
all groups presented a similar performance in recurrence at 30 days (p = 0.228) and at
60 days (p = 0.369), a lower percentage of recurrence after 60 days was observed in the
melatonin group compared to the others, although not statistically different.
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Figure 2. Recurrence of genital herpes at 30 and 60 days after the end of treatment among the study
groups *. R30 = Recurrence at 30 days; R60 = Recurrence at 60 days; p-value (Fisher’s exact test):
0.228 relapses in 30-day comparison among groups; p-value (Fisher’s exact test): 0.369 relapses in
60-day comparison among groups. * p-value (Fisher’s exact test) comparison between R30 and R60 in
each group.

Table 2 presents the evolution of some hematological parameters and fasting glycemia
before and after treatment. None of the parameters showed any group versus time inter-
action with statistical significance. The CD4/CD8 lymphocyte ratio had little variability
compared to the pretreatment moment. In the melatonin group, this ratio rose from
1.79 ± 0.71 to 1.82 ± 0.73, while in the acyclovir group, it rose from 2.10 ± 0.75 to
2.12 ± 0.88. In the acyclovir group with melatonin, although the increase was more
pronounced compared to the previous ones, it ranged from 1.90 ± 0.72 to 2.02 ± 0.73,
without reaching statistical significance (p = 0.451). Although the melatonin group recorded
a higher mean evolution (2.16 ± 0.69 to 2.46 ± 0.47), no significant difference was observed
among the groups.
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Table 2. Evolution of hematological parameters and fasting glycemia before and after treatment
according to the research groups.

Melatonin Acyclovir Acyclovir +
Melatonin p-Value

Mean ± SD Mean ± SD Mean ± SD Group Time

Fasting glucose Pre 85.68 ± 8.35 90.07 ± 6.52 92.32 ± 20.41
0.405 0.400Fasting glucose Post 86.89 ± 9.48 90.93 ± 8.56 92.55 ± 22.5

Hb Pre 13.1 ± 1.0 13.3 ± 0.8 12.9 ± 0.8
0.127 0.165Hb Post 13.0 ± 0.8 13.6 ± 0.7 13.1 ± 0.7

Ht Pre 38.95 ± 2.6 40.33 ± 2.6 38.56 ± 2.6
0.041 * 0.756Ht Post 37.33 ± 6.4 40.81 ± 2.3 39.17 ± 1.9

Platelets Pre 291 ± 67 253 ± 42 273 ± 57
0.155 0.428Platelets Post 287 ± 53 253 ± 48 266 ± 57

Pre = baseline (pretreatment) and Post = after six months of treatment. Platelets × 1.000; Hb = hemoglobin;
Ht = hematocrit. * p-values based on the repeated measures ANOVA model followed by Tukey post hoc.

No statistically significant difference was observed for the depression and sleepi-
ness questionnaires. However, in the Lanns scale, for pain, all groups decreased the
mean and median values in time (p = 0.001), without differentiation among the groups
(p = 0.188). The VAS also presents variability in time (p < 0.001) and among groups
(p = 0.002); however, none of the findings displayed any significant interaction among the
groups and times (Table 3). In the quality of life evaluation before and after treatment (Su-
plementary Table S3), except for the domain Limitation by Emotional Aspects, none of the
others presented statistical significance. In the domain that showed statistical significance,
the melatonin group decreased the relative treatment effect (RTE) from 0.604 to 0.394, while
in the acyclovir group, there was an increase in the RTE from 0.520 to 0.565, and in the
combination group, the RTE remained unchanged.

Table 3. Evolution of Beck, Lanns, VAS, and Epworth scales before and after treatment according to
study groups.

Group Time *
Mean
± SD RTE

RTE 95%CI p-Value

Lower Upper Group Time Group*
Time

Beck for Depression

Acyclovir +
Melatonin 1 11 ± 8 0.495 0.396 0.595

0.967 0.700 0.817
Acyclovir +
Melatonin 2 12 ± 10 0.496 0.390 0.602

Melatonin 1 10 ± 7 0.497 0.395 0.600
Melatonin 2 11 ± 7 0.491 0.378 0.605
Acyclovir 1 12 ± 9 0.527 0.401 0.650
Acyclovir 2 11 ± 8 0.502 0.378 0.626

Lanns for pain

Acyclovir +
Melatonin 1 11 ± 7 0.617 0.512 0.708

0.188 0.001 0.390
Acyclovir +
Melatonin 2 8 ± 6 0.500 0.407 0.592

Melatonin 1 10 ± 7 0.602 0.490 0.700
Melatonin 2 6 ± 5 0.430 0.331 0.537
Acyclovir 1 6 ± 8 0.419 0.294 0.559
Acyclovir 2 5 ± 8 0.369 0.252 0.513
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Table 3. Cont.

Group Time *
Mean
± SD RTE

RTE 95%CI p-Value

Lower Upper Group Time Group*
Time

VAS for pain

Acyclovir +
Melatonin 1 6 ± 3 0.708 0.607 0.786

0.002 <0.001 0.578
Acyclovir +
Melatonin 2 3 ± 3 0.502 0.380 0.624

Melatonin 1 5 ± 3 0.564 0.472 0.649
Melatonin 2 2 ± 3 0.282 0.208 0.380
Acyclovir 1 7 ± 2 0.647 0.551 0.727
Acyclovir 2 5 ± 4 0.344 0.251 0.461

Epworth for sleepiness

Acyclovir +
Melatonin 1 10 ± 4 0.590 0.492 0.678

0.170 0.448 0.880
Acyclovir +
Melatonin 2 9 ± 4 0.571 0.478 0.656

Melatonin 1 9 ± 6 0.487 0.372 0.605
Melatonin 2 9 ± 6 0.481 0.365 0.599
Acyclovir 1 8 ± 4 0.405 0.298 0.526
Acyclovir 2 8 ± 4 0.400 0.285 0.533

p-values based on nonparametric repeated measures ANOVA model; RTE = Relative treatment effect.
* Time: 1—baseline; 2—after treatment.

4. Discussion

Systemic antiviral drugs can partially control the signs and symptoms of genital
herpes when used to treat the first clinical and recurrent episodes or when used as daily
suppressive therapy [23–25]. Nevertheless, these drugs do not eradicate the latent virus
or affect the risk, frequency, or severity of recurrences after discontinuation of the drug,
which is of concern to the clinician. Because HSV hides from the host’s immune system,
it replicates in the nerves (sensory neurons and peripheral ganglia), resulting in a latent
period with low replication, precluding HSV from being exposed to a specific cell type
of immune response [26–39]. Therefore, despite the good results of antiviral drugs, the
greatest challenge in the treatment of genital HSV is still recurrences.

Genital herpes infections are common, and the CDC (USA) estimates that there are
572,000 new genital herpes infections in the United States in a single year. Recurrences
can occur even in those who were treated during their initial infection because treatment
does not eradicate the latent virus, which can subsequently reactivate. Over time, the
first recurrence may affect less than 20% of patients, but the number of subjects with a
chronic recurrent form (>10 recurrences) is low (less than 0.1% of type 2 genital herpes).
Those patients need chronic suppressive therapy with acyclovir for a long time, and the
asymptotic period is short. Therefore, new treatments, such as melatonin, may be an
option for those women [40]. Considering this possibility, the present study compared
the recurrence rates of HSV after treatment with melatonin, acyclovir, or a combination
of melatonin and acyclovir for six months. It was also demonstrated that the effect of
melatonin is similar to that of acyclovir on the suppression of genital herpes recurrence. In
addition, there was no advantage to the association between melatonin and acyclovir. In
addition to that, the quality of life during the treatment period was not different among
women with a different therapy. The suppressive therapy with low-dose acyclovir for
a long period, commonly 400 mg twice a day, orally for six months, is well established.
However, even this regimen decreases the genital transmission of HSV-2 to susceptible
parties [1,34,35], and it may facilitate resistance and recurrence and is not well accepted
by patients [41,42]. Furthermore, the use of acyclovir for seven days assures symptom
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regression in 85% of women [7]. Cases of acyclovir resistance are related to the reduction of
the thymidine kinase activity [5].

In previous studies, a combination of melatonin with magnesium, phosphorus, and
fatty acids extracted from Aspergillus sp for seven days has shown to improve HSV symp-
toms in more than 95% of patients [7], suggesting that this mixture could be superior to
acyclovir. In general, no intense or severe side effects are found in women who have used
melatonin. Melatonin can act on the enzyme thymidine kinase by membrane receptors
or other receptors, such as two retinoid Z receptor subtypes (RZR α and β) and the three
variants of other retinoid-related receptors (ROR α1, α2, and α3), which are related to
the inflammatory response [43–46]. Accordingly, RZRα acts on 5-lipoxygenase, a key
enzyme in the biosynthesis of leukotrienes, known to be allergic and inflammatory media-
tors [47–49] and an inhibitor of thymidine kinase expression. Aspergillus sp has shown an
inhibitory effect of tobacco mosaic virus (TMV) [12]. So, it can induce cellular and humoral
immunomodulation, which can influence the inflammatory process [43,44]. For this reason,
the current study compared a group with melatonin alone.

Regardless of the type of treatment used in this study, there was an increase in the
total number of leukocytes and lymphocytes at the end of the study. These cells are
responsible for combating the virus [50]. CD4 T lymphocytes help B lymphocytes eliminate
infections, being the first warning of the immune system. CD8 T lymphocytes, also known
as suppressants or cytotoxic agents, decrease the activity of other types of lymphocytes
and are therefore increased in cases of HIV infection [51,52]. Tryptophan precursor to
melatonin plays an important role in maintaining T lymphocyte homeostasis [11], but in the
current study, no significant differences among the groups of treatment, nor in relation to
the baseline results of our study on genital herpes, were seen. However, it was noticed that
the CD4/CD8 ratio tended to rise in the melatonin/acyclovir group, attenuating relapse
crises. We did not access antigen-specific T cell responses and did not measure immune
responses at shorter times during therapy. Therefore, further investigation of lymphocyte
activity regarding the studied treatments will be necessary.

Regarding the questionnaires applied, the VAS and Lanns scales were used to evaluate
the variable pain differences demonstrated among the groups. Because this scale may
have a few limitations and be biased by depressive symptoms, the Beck scale was also
applied [13,14]. In the Beck scale, the results did not show significant differences at
the beginning or at the end of treatment among the participants. Regarding depressive
symptoms, a few studies have shown an indirect action of melatonin, that indicated
moderately lower levels in patients with anxiety disorders [53–59], but in women with
recurrent HSV with depression and anxiety, melatonin would not be relevant, even in cases
of more pronounced depression [60,61]. Therefore, increased melatonin levels can influence
the results of depressive mood in women, and this can have repercussions on the immune
system [62]. This may justify the significant improvement in the melatonin group in the
limitations of emotional aspects of the quality-of-life questionnaire applied in this study.
However, no significant differences were found in the total score of this questionnaire
among the groups.

It should be considered that the recurrences themselves can cause high levels of
emotional stress, emphasizing that one third of patients have more than six recurrences per
year that impact on the quality of life [4]. Another aspect is that the affected women also
have relationship problems with their sexual partners, which further aggravates emotional
aspects [63–71]. All these aspects can lead to the reclusion of women who have difficulty
in resuming their routine and professional and social activities. Therefore, a longer-term
follow-up of these women may be necessary to assess the impact of treatments on quality
of life [72]. The domain related to the limitation of emotional aspects was the one that
showed an earlier improvement, especially in the melatonin group.

The SF-36 questionnaire (Short-Form Health Survey), a multidimensional instru-
ment [63], was used to assess quality of life. In the current study, each dimension was
analyzed separately, and no differences were observed among the groups, except for the
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domain related to depressive disorder. The use of this scale presents difficulties to access
the improvement, mainly because women exposed to severe psychosocial stresses at work
and in the family are the most affected by recurrent genital HSV [65]. In addition, there are
chronic changes in relation to the items of the questionnaire, which are difficult to solve
in the short term. A previous study showed significant improvement after five years of
suppressive therapy [4].

The present study has some limitations: (a) loss of patients during the study; 16
participants did not attend the scheduled visits; 2 gave up because they were pregnant;
1 presented excessive sleepiness; 3 lost medications; 10 did not take the control tests in
the correct period, and 2 did not deliver the final questionnaires. Given that all types
of treatment employed are in the long term, this naturally decreases the patient’s adher-
ence [73]; (b) some questionnaires may have subjective interpretation, which may affect the
understanding of the participant; (c) possible influence of psychosocial disorders, due to
the recurrent of HSV infection, may have influenced the clinical response during treatment;
(d) the percentage of melatonin with recurrence during the R60 period was statistically
similar to the other groups due to the low number of patients in this group with recurrence
(n = 5). HSV disease causes significant harm to the patient‘s quality of life, while a full
cure does not occur due to the viral persistence inside of the organism. Our manuscript
evaluated the use of melatonin versus acyclovir both in monotherapy and in combination.
It should be noted, however, that the strength of this study is that the effect of melatonin
alone on genital HSV was evaluated, while another study evaluated a compound [7].
Additionally, the results show the efficacy of melatonin in reducing recurrence episodes.

In short, melatonin may be considered a therapeutic option in the treatment of re-
current genital herpes, especially in women with resistance to antiviral drugs, such as
acyclovir. However, the study demonstrated that its association with acyclovir would not
add any advantage. On the contrary, it could increase recurrence. Some of the factors that
may have influenced the results of the present study include the inhibitory action of mela-
tonin on thymidine kinase, which is an important enzyme for the activity of acyclovir on
herpetic infection.

Finally, melatonin contributes to protecting the oral cavity from tissue damage due to
the action of its receptors. The experimental evidence suggests that melatonin can be useful
in treating several common diseases of the oral cavity, such as HSV disease [73]. In our trial,
we reported evidence of melatonin action on HSV disease in the female lower genital tract.
In fact, melatonin was similar to acyclovir in the suppression of recurrent genital herpes.
Both drugs are well tolerated. When associated with acyclovir, melatonin does not seem to
be more efficient than acyclovir alone. This pilot study provides results that can support
larger clinical trials to validate melatonin as a new treatment regimen for patients with
genital herpes, including those suffering from acyclovir-resistant strains. Further studies
with larger sample sizes are needed to better understand the effects of melatonin, mainly in
association with acyclovir as a suppressive treatment of recurrent genital herpes.

5. Conclusions

Our data suggest that melatonin may be used as an option for suppressive treatment
of recurrent genital herpes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines11041088/s1, Table: Outpatient visits during the
study. Table S1: Outpatient visits; Table S2: Exclusion criteria (treatment and follow-up failures);
Table S3: Evolution of quality of life before and after treatment using the QSF 36 questionnaire
according to study groups.

https://www.mdpi.com/article/10.3390/biomedicines11041088/s1
https://www.mdpi.com/article/10.3390/biomedicines11041088/s1


Biomedicines 2023, 11, 1088 11 of 14

Author Contributions: C.L.R. participated in the study design, sample collection, data analysis, and
writing of the manuscript; J.C.-N. and R.J.R. participated in the study design and revising of the
manuscript; I.M.L., A.P.L. and L.M.d.A. participated in the revising of the manuscript, data analysis,
and discussion of the data; I.B.S. and E.S.F.-F. participated in the sample collection and data analysis;
S.F.d.M. and E.C.B. participated in the writing of the manuscript; and J.M.S.-J. participated in the
study design, sample collection, data analysis, and writing of the manuscript. All authors have read
and agreed to the published version of the manuscript.

Funding: CNPq (#304264/2021-0) and FAPESP (#2014/50457-0 and #2018/24224-9).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Faculdade de Medicina da Universidade de
São Paulo for studies involving humans (CAAE 40862215.0.0000.0068).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study, and written informed consent was obtained from the patients for the publication of this paper.

Data Availability Statement: Data available in a publicly accessible repository that does not
issue DOIs.

Acknowledgments: Thanks to Maria Lúcia Flinn for first English review.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Parra-Sánchez, M. Genital ulcers caused by herpes simplex virus. Enferm. Infecc. Microbiol. Clin. 2019, 37, 260–264. [CrossRef] [PubMed]
2. Geller, M.; Neto, M.S.; Ribeiro, M.; Oliveira, L.; Naliato, E.; Abreu, C.; Schechtman, R. Herpes Simples: Atualização Clínica,

Epidemiológica e Terapêutica. J. Bras. Doenças Sex. Transm. 2012, 24, 260–266. [CrossRef]
3. Gupta, R.; Warren, T.; Wald, A. Genital herpes. Lancet 2007, 370, 2127–2137. [CrossRef] [PubMed]
4. Goldberg, L.H.; Kaufman, R.; Kurtz, T.O.; Conant, M.A.; Eron, L.J.; Batenhorst, R.L.; Boone, G.S. Long-term suppression

of recurrent genital herpes with acyclovir. A 5-year benchmark. Acyclovir Study Group. Arch. Dermatol. 1993, 129,
582–587. [CrossRef]

5. Pan, D.; Coen, D.M. Quantification and analysis of thymidine kinase expression from acyclovir-resistant G-string insertion and
deletion mutants in herpes simplex virus-infected cells. J. Virol. 2012, 86, 4518–4526. [CrossRef]

6. Krawczyk, A.; Arndt, M.A.E.; Grosse-Hovest, L.; Weichert, W.; Giebel, B.; Dittmer, U.; Hengel, H.; Jäger, D.; Schneweis, K.E.;
Eis-Hübinger, A.M.; et al. Overcoming drug-resistant herpes simplex virus (HSV) infection by a humanized antibody. Proc. Natl.
Acad. Sci. USA 2013, 110, 6760–6765. [CrossRef] [PubMed]

7. Da Silva Nunes, O.; de Souza Pereira, R. Regression of herpes viral infection symptoms using melatonin and SB-73: Comparison
with Acyclovir. J. Pineal Res. 2008, 44, 373–378. [CrossRef]

8. Maganhin, C.C.; Carbonel, A.A.F.; Hatty, J.H.; Fuchs, L.; de Oliveira-Júnior, I.S.; Simões, M.D.J.; Simões, R.S.; Baracat, E.C.; Soares,
J.M., Jr. Melatonin effects on the female genital system: A brief review. Rev. Da Assoc. Med. Bras. 2008, 54, 267–271. [CrossRef]

9. Tordjman, S.; Chokron, S.; Delorme, R.; Charrier, A.; Bellissant, E.; Jaafari, N.; Fougerou, C. Melatonin: Pharmacology, Functions
and Therapeutic Benefits. Curr. Neuropharmacol. 2017, 15, 434–443. [CrossRef]

10. Carrillo-Vico, A.; Guerrero, J.M.; Lardone, P.J.; Reiter, R.J. A review of the multiple actions of melatonin on the immune system.
Endocrine 2005, 27, 189–200. [CrossRef]

11. Da Cunha Pedrosa, A.M. Triptofano, Melatonina e Seus Produtos de Oxidação: Ações Sobre os Linfócitos T. Ph.D. Thesis,
Faculdade de Ciências Farmacêuticas, Sao Paolo, SP, Brazil, 12 February 2007. [CrossRef]

12. Wu, Z.-J.; Ouyang, M.-A.; Tan, Q.-W. New asperxanthone and asperbiphenyl from the marine fungus Aspergillus sp. Pest Manag.
Sci. 2009, 65, 60–65. [CrossRef]

13. Beck, A.T.; Ward, C.H.; Mendelson, M.; Mock, J.; Erbaugh, J. An inventory for measuring depression. Arch. Gen. Psychiatry 1961,
4, 561–571. [CrossRef] [PubMed]

14. Gorenstein, C.; Andrade, L.H. Validation of a Portuguese version of the Beck Depression Inventory and the State-Trait Anxiety
Inventory in Brazilian subjects. Braz. J. Med. Biol. Res. 1996, 29, 453–457. [PubMed]

15. Price, D.; McGrath, P.A.; Rafii, A.; Buckingham, B. The validation of visual analogue scales as ratio scale measures for chronic and
experimental pain. Pain 1983, 17, 45–56. [CrossRef] [PubMed]

16. Bennett, M. The LANSS Pain Scale: The Leeds assessment of neuropathic symptoms and signs. Pain 2001, 92, 147–157. [CrossRef]
[PubMed]

17. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991, 14, 540–545. [CrossRef]
18. Bertolazi, A.N.; Fagondes, S.C.; Hoff, L.S.; Pedro, V.D.; Barreto, S.S.M.; Johns, M.W. Portuguese-language version of the Epworth

sleepiness scale: Validation for use in Brazil. J. Bras. Pneumol. 2009, 35, 877–883. [CrossRef]
19. Ciconelli, R.M.; Ferraz, M.B.; Santos, W.; Meinão, I.; Quaresma, M.R. Tradução para a língua portuguesa e validação do

questionário genérico de avaliação de qualidade de vida SF-36 (Brasil SF-36). Rev. Bras. De Reumatol. 1999, 39, 143–150.

http://doi.org/10.1016/j.eimc.2018.10.020
http://www.ncbi.nlm.nih.gov/pubmed/30580877
http://doi.org/10.5533/DST-2177-8264-201224408
http://doi.org/10.1016/S0140-6736(07)61908-4
http://www.ncbi.nlm.nih.gov/pubmed/18156035
http://doi.org/10.1001/archderm.1993.01680260052005
http://doi.org/10.1128/JVI.06995-11
http://doi.org/10.1073/pnas.1220019110
http://www.ncbi.nlm.nih.gov/pubmed/23569258
http://doi.org/10.1111/j.1600-079X.2007.00538.x
http://doi.org/10.1590/S0104-42302008000300022
http://doi.org/10.2174/1570159X14666161228122115
http://doi.org/10.1385/ENDO:27:2:189
http://doi.org/10.11606/T.9.2007.tde-26032007-140112
http://doi.org/10.1002/ps.1645
http://doi.org/10.1001/archpsyc.1961.01710120031004
http://www.ncbi.nlm.nih.gov/pubmed/13688369
http://www.ncbi.nlm.nih.gov/pubmed/8736107
http://doi.org/10.1016/0304-3959(83)90126-4
http://www.ncbi.nlm.nih.gov/pubmed/6226917
http://doi.org/10.1016/S0304-3959(00)00482-6
http://www.ncbi.nlm.nih.gov/pubmed/11323136
http://doi.org/10.1093/sleep/14.6.540
http://doi.org/10.1590/S1806-37132009000900009


Biomedicines 2023, 11, 1088 12 of 14

20. Singh, V.; Rana, R.K.; Singhal, R. Analysis of repeated measurement data in the clinical trials. J. Ayurveda Integr. Med. 2013, 4,
77–81. [CrossRef]

21. Weinberg, A.; Canto, C.L.; Pannuti, C.S.; Kwang, W.N.; Garcia, S.A.; Zugaib, M. Herpes simplex virus type 2 infection in pregnancy:
Asymptomatic viral excretion at delivery and seroepidemiologic survey of two socioeconomically distinct populations in São
Paulo, Brazil. Comp. Study Rev. Inst. Med. Trop. Sao Paulo 1993, 35, 285–290. [CrossRef]

22. Smith, J.S.; Herrero, R.; Muñoz, N.; Eluf-Neto, J.; Ngelangel, C.; Bosch, F.X.; Ashley, R.L. Prevalence and risk factors for
herpes simplex virus type 2 infection among middle-age women in Brazil and the Philippines. Sex Transm. Dis. 2001, 28,
187–194. [CrossRef] [PubMed]

23. Lima, G.N.; Maganhin, C.C.; Simões, R.S.; Baracat, M.C.; Sasso, G.R.; Fuchs, L.F.; Simões Mde, J.; Baracat, E.C.; Soares
Júnior, J.M. Steroidogenesis-related gene expression in the rat ovary exposed to melatonin supplementation. Clinics 2015, 70,
144–151. [CrossRef] [PubMed]

24. Ferreira, C.D.S.; Maganhin, C.C.; Simões, R.D.S.; Girão, M.J.B.C.; Baracat, E.C.; Soares, J.M., Jr. Melatonina: Modulador de morte
celular. Rev. Assoc. Médica Bras. 2010, 56, 715–718. [CrossRef]

25. Kłysik, K.; Pietraszek, A.; Karewicz, A.; Nowakowska, M. Acyclovir in the Treatment of Herpes Viruses—A Review. Curr. Med.
Chem. 2020, 27, 4118–4137. [CrossRef]

26. Fyfe, J.; Keller, P.; Furman, P.; Miller, R.; Elion, G. Thymidine kinase from herpes simplex virus phosphorylates the new antiviral
compound, 9-(2-hydroxyethoxymethyl)guanine. J. Biol. Chem. 1978, 253, 8721–8727. [CrossRef] [PubMed]

27. Bodsworth, N.; Crooks, R.; Borelli, S.; Vejlsgaard, G.; Paavonen, J.; Worm, A.; Von Uexkull, N.; Esmann, J.; Strand, A.; Ingamells,
A.; et al. Valaciclovir versus aciclovir in patient initiated treatment of recurrent genital herpes: A randomised, double blind
clinical trial. International Valaciclovir HSV Study Group. Genitourin. Med. 1997, 73, 110–116. [CrossRef] [PubMed]

28. Fife, K.H.; Crumpacker, C.S.; Mertz, G.J.; Hill, E.L.; Boone, G.S. Recurrence and resistance patterns of herpes simplex virus
following cessation of > or = 6 years of chronic suppression with acyclovir. Acyclovir Study Group. J. Infect. Dis. 1994, 169,
1338–1341. [CrossRef] [PubMed]

29. Mertz, G.J.; Loveless, M.O.; Levin, M.J.; Kraus, S.J.; Fowler, S.L.; Goade, D.; Tyring, S.K. Oral famciclovir for suppression of
recurrent genital herpes simplex virus infection in women. A multicenter, double-blind, placebo-controlled trial. Collaborative
Famciclovir Genital Herpes Research Group. Arch. Intern. Med. 1997, 157, 343–349. [CrossRef]

30. Diaz-Mitoma, F.; Sibbald, R.G.; Shafran, S.D.; Boon, R.; Saltzman, R.L.; Collaborative Famciclovir Genital Herpes Research
Group. Oral famciclovir for the suppression of recurrent genital herpes: A randomized controlled trial. JAMA 1998, 280,
887–892. [CrossRef]

31. Reitano, M.; Tyring, S.; Lang, W.; Thoming, C.; Worm, A.; Borelli, S.; Chambers, L.O.; Robinson, J.M.; Corey, L.; International
Valaciclovir HSV Study Group. Valaciclovir for the suppression of recurrent genital herpes simplex virus infection: A large-scale
dose range-finding study. J. Infect. Dis. 1998, 178, 603–610. [CrossRef]

32. Chosidow, O.; Drouault, Y.; Leconte-Veyriac, F.; Aymard, M.; Ortonne, J.; Pouget, F.; Revuz, J.; Decazes, J.; Malkin, J. Famciclovir
vs. aciclovir in immunocompetent patients with recurrent genital herpes infections: A parallel-groups, randomized, double-blind
clinical trial. Br. J. Dermatol. 2001, 144, 818–824. [CrossRef] [PubMed]

33. Leone, P.A.; Trottier, S.; Miller, J.M. Valacyclovir for episodic treatment of genital herpes: A shorter 3-day treatment course
compared with 5-day treatment. Clin. Infect. Dis. 2002, 34, 958–962. [CrossRef] [PubMed]

34. Romanowski, B.; Marina, R.B.; Roberts, J.N. Patients’ preference of valacyclovir once-daily suppressive therapy versus twice-daily
episodic therapy for recurrent genital herpes: A randomized study. Sex. Transm. Dis. 2003, 30, 226–231. [CrossRef] [PubMed]

35. Corey, L.; Wald, A.; Patel, R.; Sacks, S.L.; Tyring, S.K.; Warren, T.; Douglas, J.M.; Paavonen, J.; Morrow, R.A.; Beutner, K.R.; et al.
Once-daily valacyclovir to reduce the risk of transmission of genital herpes. N. Engl. J. Med. 2004, 350, 11–20. [CrossRef]

36. Aoki, F.Y.; Tyring, S.; Diaz-Mitoma, F.; Gross, G.; Gao, J.; Hamed, K. Single-day, patient-initiated famciclovir therapy for recurrent
genital herpes: A randomized, double-blind, placebo-controlled trial. Clin. Infect. Dis. 2006, 42, 8–13. [CrossRef]

37. Wald, A.; Selke, S.; Warren, T.; Aoki, F.Y.; Sacks, S.; Diaz-Mitoma, F.; Corey, L. Comparative efficacy of famciclovir and valacyclovir
for suppression of recurrent genital herpes and viral shedding. Sex. Transm. Dis. 2006, 33, 529–533. [CrossRef]

38. Wald, A.; Selke, S.; Warren, T.; Aoki, F.Y.; Sacks, S.; Diaz-Mitoma, F.; Corey, L. Famciclovir treatment options for patients with
frequent outbreaks of recurrent genital herpes: The RELIEF trial. J. Clin. Virol. 2008, 43, 190–195. [CrossRef]

39. Whitley, R.J.; Roizman, B. Herpes simplex virus infections. Lancet 2001, 357, 1513–1518. [CrossRef]
40. Groves, M.J. Genital Herpes: A Review. Am. Fam. Physician 2016, 93, 928–934.
41. Romanowski, B.; Zdanowicz, Y.M.; Owens, S.T. In search of optimal genital herpes management and standard of care (INSIGHTS):

Doctors’ and patients’ perceptions of genital herpes. Sex. Transm. Infect. 2008, 84, 51–56. [CrossRef]
42. Bonnar, P.E. Suppressive valacyclovir therapy to reduce genital herpes transmission: Good public health policy? McGill J. Med.

2009, 12, 39–46. [CrossRef] [PubMed]
43. Shahan, T.A.; Sorenson, W.G.; Paulauskis, J.D.; Morey, R.; Lewis, D.M. Concentration- and time-dependent upregulation and

release of the cytokines MIP-2, KC, TNF, and MIP-1alpha in rat alveolar macrophages by fungal spores implicated in airway
inflammation. Am. J. Respir. Cell Mol. Biol. 1998, 18, 435–440. [CrossRef]

44. Krysinska-Traczyk, E.; Dutkiewicz, J. Aspergillus candidus: A respiratory hazard associated with grain dust. Ann. Agric. Environ.
Med. 2000, 7, 101–109. [PubMed]

http://doi.org/10.4103/0975-9476.113872
http://doi.org/10.1590/S0036-46651993000300011
http://doi.org/10.1097/00007435-200104000-00001
http://www.ncbi.nlm.nih.gov/pubmed/11318248
http://doi.org/10.6061/clinics/2015(02)12
http://www.ncbi.nlm.nih.gov/pubmed/25789524
http://doi.org/10.1590/S0104-42302010000600024
http://doi.org/10.2174/0929867325666180309105519
http://doi.org/10.1016/S0021-9258(17)34236-9
http://www.ncbi.nlm.nih.gov/pubmed/214430
http://doi.org/10.1136/sti.73.2.110
http://www.ncbi.nlm.nih.gov/pubmed/9215092
http://doi.org/10.1093/infdis/169.6.1338
http://www.ncbi.nlm.nih.gov/pubmed/8195614
http://doi.org/10.1001/archinte.1997.00440240109016
http://doi.org/10.1001/jama.280.10.887
http://doi.org/10.1086/515385
http://doi.org/10.1046/j.1365-2133.2001.04139.x
http://www.ncbi.nlm.nih.gov/pubmed/11298543
http://doi.org/10.1086/339326
http://www.ncbi.nlm.nih.gov/pubmed/11880962
http://doi.org/10.1097/00007435-200303000-00010
http://www.ncbi.nlm.nih.gov/pubmed/12616141
http://doi.org/10.1056/NEJMoa035144
http://doi.org/10.1086/498521
http://doi.org/10.1097/01.olq.0000204723.15765.91
http://doi.org/10.1016/j.jcv.2008.06.004
http://doi.org/10.1016/S0140-6736(00)04638-9
http://doi.org/10.1136/sti.2007.027631
http://doi.org/10.26443/mjm.v12i1.732
http://www.ncbi.nlm.nih.gov/pubmed/19753286
http://doi.org/10.1165/ajrcmb.18.3.2856
http://www.ncbi.nlm.nih.gov/pubmed/11153039


Biomedicines 2023, 11, 1088 13 of 14

45. de Clercq, E. Antivirals: Past, present and future. Biochem. Pharmacol. 2013, 85, 727–744. [CrossRef] [PubMed]
46. Bonilla, E.; Valero, N.; Chacin-Bonilla, L.; Medina-Leendertz, S. Melatonin and viral infections. J. Pineal Res. 2004, 36,

73–79. [CrossRef] [PubMed]
47. Steinhilber, D.; Brungs, M.; Werz, O.; Wiesenberg, I.; Danielsson, C.; Kahlen, J.-P.; Nayeri, S.; Schräder, M.; Carlberg, C. The

nuclear receptor for melatonin represses 5-lipoxygenase gene expression in human B lymphocytes. J. Biol. Chem. 1995, 270,
7037–7040. [CrossRef]

48. Glebezdina, N.S.; Olina, A.A.; Nekrasova, I.V.; Kuklina, E.M. Role of Endogenous Melatonin in the Regulation of Th17/Treg
Balance during Pregnancy. Bull. Exp. Biol. Med. 2018, 164, 462–465. [CrossRef] [PubMed]

49. Kim, H.A.; Lee, K.H.; Lee, B.H. Neuroprotective effect of melatonin against kainic acid-induced oxidative injury in hippocampal
slice culture of rats. Int. J. Mol. Sci. 2014, 15, 5940–5951. [CrossRef]

50. Zhang, J.; Liu, H.; Bin Wei, B. Immune response of T cells during herpes simplex virus type 1 (HSV-1) infection. J. Zhejiang Univ.
Sci. B 2017, 18, 277–288. [CrossRef]

51. Buggert, M.; Nguyen, S.; de Oca, G.S.-M.; Bengsch, B.; Darko, S.; Ransier, A.; Roberts, E.R.; del Alcazar, D.; Brody, I.B.; Vella, L.A.;
et al. Identification and characterization of HIV-specific resident memory CD8(+) T cells in human lymphoid tissue. Sci. Immunol.
2018, 3, eaar4526. [CrossRef]

52. Gulzar, N.; Copeland, K.F.T. CD8+ T-cells: Function and response to HIV infection. Curr. HIV Res. 2004, 2, 23–37. [CrossRef]
[PubMed]

53. Serrano-Villar, S.; Sainz, T.; Lee, S.A.; Hunt, P.W.; Sinclair, E.; Shacklett, B.L.; Ferre, A.L.; Hayes, T.L.; Somsouk, M.; Hsue,
P.Y.; et al. HIV-infected individuals with low CD4/CD8 ratio despite effective antiretroviral therapy exhibit altered T cell
subsets, heightened CD8+ T cell activation, and increased risk of non-AIDS morbidity and mortality. PLoS Pathog. 2014, 10,
e1004078. [CrossRef] [PubMed]

54. Li, D.; Yang, X.; Zhang, Z.; Wang, Z.; Qi, X.; Ruan, Y.; Zhou, Y.; Li, C.; Luo, F.; Lau, J.T.F. Incidence of Co-Infections of HIV, Herpes
Simplex Virus Type 2 and Syphilis in a Large Cohort of Men Who Have Sex with Men in Beijing, China. PLoS ONE 2016, 11,
e0147422. [CrossRef]

55. Sainz, T.; Serrano-Villar, S.; Díaz, L.; Tomé, M.I.G.; Gurbindo, M.D.; de José, M.I.; Mellado, M.J.; Ramos, J.T.; Zamora, J.; Moreno,
S.; et al. The CD4/CD8 ratio as a marker T-cell activation, senescence and activation/exhaustion in treated HIV-infected children
and young adults. AIDS 2013, 27, 1513–1516. [CrossRef]

56. Huskisson, E.C. Measurement of pain. Lancet 1974, 2, 1127–1131. [CrossRef]
57. Gift, A.G. Visual analogue scales: Measurement of subjective phenomena. Nurs. Res. 1989, 38, 286–288. [CrossRef]
58. Jensen, M.P.; Karoly, P.; Braver, S. The measurement of clinical pain intensity: A comparison of six methods. Pain 1986, 27,

117–126. [CrossRef]
59. Ito, Y.; Iida, T.; Yamamura, Y.; Teramura, M.; Nakagami, Y.; Kawai, K.; Nagamura, Y.; Teradaira, R. Relationships between

Salivary Melatonin Levels, Quality of Sleep, and Stress in Young Japanese Females. Int. J. Tryptophan Res. 2013, 6 (Suppl. S1),
75–85. [CrossRef] [PubMed]

60. Stumpf, B.; Rocha, F.; Proietti, A.B. Viral infections and depression. J. Bras. De Psiquiatr. 2006, 55, 132–141. [CrossRef]
61. Paul, M.A.; Love, R.J.; Jetly, R.; Richardson, J.D.; Lanius, R.A.; Miller, J.C.; Macdonald, M.; Rhind, S.G. Blunted Nocturnal Salivary

Melatonin Secretion Profiles in Military-Related Posttraumatic Stress Disorder. Front. Psychiatry 2019, 10, 882. [CrossRef]
62. Cardinali, D.P.; Esquifino, A.I.; Srinivasan, V.; Pandi-Perumal, S.R. Melatonin and the immune system in aging. Neuroimmunomod-

ulation 2008, 15, 272–278. [CrossRef] [PubMed]
63. Cardinali, D.P.; Esquifino, A.I.; Srinivasan, V.; Pandi-Perumal, S.R. The MOS 36-item short-form health survey (SF-36). I.

Conceptual framework and item selection. Med. Care 1992, 30, 473–483.
64. Vieira, L.H.L.; Júnior, J.M.S.; Nunes, M.G.; Simões, R.S.; Kaari, C.; Haidar, M.A.; Baracat, E.C. Efeitos da isoflavona e

dos estrogênios conjugados eqüinos sobre a qualidade de vida na pós-menopausa. Rev. Bras. Ginecol. E Obs. 2007, 29,
248–252. [CrossRef]

65. Brentjens, M.H.; Yeung-Yue, K.A.; Lee, P.C.; Tyring, S.K. Recurrent genital herpes treatments and their impact on quality of life.
PharmacoEconomics 2003, 21, 853–863. [CrossRef] [PubMed]

66. Mahmood, D.; Muhammad, B.Y.; Alghani, M.; Anwar, J.; El-Lebban, N.; Haider, M. Advancing role of melatonin in the treatment
of neuropsychiatric disorders. Egypt. J. Basic Appl. Sci. 2016, 3, 203–218. [CrossRef]

67. Cipolla-Neto, J.; Amaral, F.G.D. Melatonin as a Hormone: New Physiological and Clinical Insights. Endocr. Rev. 2018, 39,
990–1028. [CrossRef]

68. Cipolla-Neto, J.; Amaral, F.G.; Soares, J.M., Jr.; Gallo, C.C.; Furtado, A.; Cavaco, J.E.; Gonçalves, I.; Santos, C.R.A.; Quintela, T. The
Crosstalk between Melatonin and Sex Steroid Hormones. Neuroendocrinology 2022, 112, 115–129. [CrossRef]

69. Satyanarayanan, S.K.; Su, H.; Lin, Y.-W.; Su, K.-P. Circadian Rhythm and Melatonin in the Treatment of Depression. Curr. Pharm.
Des. 2018, 24, 2549–2555. [CrossRef]

70. Carrascal, L.; Abades, P.A.N.; Ayala, A.; Cano, M. Role of Melatonin in the Inflammatory Process and its Therapeutic Potential.
Curr. Pharm. Des. 2018, 24, 1563–1588. [CrossRef]

71. Mahmood, D. Pleiotropic Effects of Melatonin. Drug Res. 2019, 69, 65–74. [CrossRef]

http://doi.org/10.1016/j.bcp.2012.12.011
http://www.ncbi.nlm.nih.gov/pubmed/23270991
http://doi.org/10.1046/j.1600-079X.2003.00105.x
http://www.ncbi.nlm.nih.gov/pubmed/14962057
http://doi.org/10.1074/jbc.270.13.7037
http://doi.org/10.1007/s10517-018-4013-1
http://www.ncbi.nlm.nih.gov/pubmed/29504099
http://doi.org/10.3390/ijms15045940
http://doi.org/10.1631/jzus.B1600460
http://doi.org/10.1126/sciimmunol.aar4526
http://doi.org/10.2174/1570162043485077
http://www.ncbi.nlm.nih.gov/pubmed/15053338
http://doi.org/10.1371/journal.ppat.1004078
http://www.ncbi.nlm.nih.gov/pubmed/24831517
http://doi.org/10.1371/journal.pone.0147422
http://doi.org/10.1097/QAD.0b013e32835faa72
http://doi.org/10.1016/S0140-6736(74)90884-8
http://doi.org/10.1097/00006199-198909000-00006
http://doi.org/10.1016/0304-3959(86)90228-9
http://doi.org/10.4137/IJTR.S11760
http://www.ncbi.nlm.nih.gov/pubmed/24174879
http://doi.org/10.1590/S0047-20852006000200007
http://doi.org/10.3389/fpsyt.2019.00882
http://doi.org/10.1159/000156470
http://www.ncbi.nlm.nih.gov/pubmed/19047804
http://doi.org/10.1590/S0100-72032007000500005
http://doi.org/10.2165/00019053-200321120-00002
http://www.ncbi.nlm.nih.gov/pubmed/12908841
http://doi.org/10.1016/j.ejbas.2016.07.001
http://doi.org/10.1210/er.2018-00084
http://doi.org/10.1159/000516148
http://doi.org/10.2174/1381612824666180803112304
http://doi.org/10.2174/1381612824666180426112832
http://doi.org/10.1055/a-0656-6643


Biomedicines 2023, 11, 1088 14 of 14

72. Martins, L.M.; França, A.P.D.; Kimura, M. Qualidade de vida de pessoas com doença crônica. Rev. Lat. Am. Enferm. 1996, 4,
5–18. [CrossRef] [PubMed]

73. Tavares, N.U.L.; Bertoldi, A.D.; Mengue, S.S.; Arrais, P.S.D.; Luiza, V.L.; Oliveira, M.A.; Ramos, L.R.; Farias, M.R.; Pizzol, T.D.S.D.
Factors associated with low adherence to medicine treatment for chronic diseases in Brazil. Rev. Saude Publica 2016, 50 (Suppl. S2),
10s. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1590/S0104-11691996000300002
http://www.ncbi.nlm.nih.gov/pubmed/9070790
http://doi.org/10.1590/s1518-8787.2016050006150
http://www.ncbi.nlm.nih.gov/pubmed/27982378

	Introduction 
	Materials and Methods 
	Design and Setting 
	Study Population 
	Randomization and Masking 
	Interventions 
	Follow-Up and Outcomes 
	Biochemical Analysis 
	Questionnaire Application 
	Criteria for Treatment Failure and Follow-Up Failure after the Beginning of the Study 
	Statistical Analysis 
	Sample Number and Power Calculation 

	Results 
	Discussion 
	Conclusions 
	References

