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Abstract
The Corona Virus Disease 2019 (COVID-19) pandemic reached more than 150 countries in all continent in two
months, after triggering in Wuhan, China in late December 2019. One of the main features of this pandemic is
the increased severity of the disease with age and the highest proportion of serious cases among males. Most
severe cases were caused by an intensive immune response with massive release of cytokines which induces
acute respiratory distress syndrome and multi-visceral failure. Melatonin is the major neuro-hormone secreted
by the pineal gland. The synthesis of this hormone shows a circadian pattern. Melatonin secretion gradually
decreases with age and becomes clear in people over the age of 60. This deprivation is inversely proportional
to the increase in mortality due to COVID-19 with age. Also the level of this hormone seems to be higher in
women. It is assumed that melatonin with its immunomodulatory and antiviral actions plays a protective role
against the severity of SARS-CoV-2 infection. Following our review, we concluded that this hypothesis was highly
plausible and we proposed a prophylactic treatment protocol against the severity of COVID-19 using a melatonin
supplementation.

Keywords
COVID-19 — SARS-CoV-2 — Coronavirus — Melatonin — Prophylaxis — Treatment

1Preventive Health Director. Regional Health Directorate of Kebili, Tunisia
2Department of Epidemiology and Public Health, Faculty of Medicine of Tunis, Tunis-El Manar University, Tunis, Tunisia
3Head of Pulmonary Diseases Dpt I - A. Mami Chest Diseases Hospital, Ariana 2080, Tunisia
4National Center of Pharmacovigilance General Director. University of Tunis El Manar Department of Basic Sciences B, Tunisia.
*Corresponding author: n.charaa@gmail.com

Contents

Introduction 1

1 COVID-19 2
1.1 Pathophysiology and symptoms . . . . . . . . . . . . 2
1.2 Severity of COVID-19 increases with age . . . . . 2
1.3 COVID-19 is more severe in males . . . . . . . . . . 2

2 Melatonin 3
2.1 Melatonin secretion . . . . . . . . . . . . . . . . . . . . . 3
2.2 Melatonin decreases with age and is lower in men 3
2.3 Melatonin an immunomodulator . . . . . . . . . . . . 4
2.4 Therapeutic potential of melatonin in COVID-19 . 4

3 Proposed prophylactic protocol 5

4 Conclusion 5

References 6

Introduction
On 31 December 2019, the World Health Organization (WHO)
was informed of a cluster of pneumonia cases of unknown
cause detected in Wuhan City, Hubei Province, China, with a
reported link to Wuhan’s Huanan Seafood Market, a wholesale

fish and live animal market [1]. A new type of coronavirus
which has a phylogenetic similarity to SARS-CoV was identi-
fied by the Chinese authorities [2]. The genetic sequence of
this virus was shared publicly on 12 January 2020 [3]. This
virus was officially identified by the coronavirus study group
of the International Committee on Taxonomy of Viruses as se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
The syndrome caused by SARS-CoV-2 was named COVID-
19 (Coronavirus Disease 2019) [4].
On March 11, 2020 more than 118,000 cases in 114 countries
were infected by SARS-CoV-2, and 4,291 people have lost
their lives. WHO has therefore estimated that COVID-19
can be qualified as a pandemic [4]. Two major facts in the
COVID-19 epidemic draw attention: the increasing severity
of the disease with age regardless of other risk factors and the
higher number of severe cases in men regardless of smoking.
It is very likely that an endogenous factor which varies accord-
ing to age and sex plays a protective role against SARS-CoV-2
infection.
The production of melatonin, the main hormone secreted by
the pineal gland, gradually decreases with age and becomes
clear in people over the age of 60. This deprivation is inversely
proportional to the increase in mortality due to COVID-19
with age. Also the level of this hormone seems to be higher in
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women. It is assumed that melatonin with its immunomodu-
latory and antiviral actions plays a protective role against the
severity of SARS-CoV-2 infection and then it can be used as
a prophylactic treatment. The aim of this paper is to make
a review to gather arguments that reinforce the plausibility
of this hypothesis and to propose a prophylactic treatment
protocol.

1. COVID-19
1.1 Pathophysiology and symptoms
SARS-CoV-2 uses the angiotensin-converting enzyme–related
carboxypeptidase (ACE2) receptor to gain entry to cells. Enve-
lope spike glycoprotein (S) binds to its ACE2 cellular receptor,
then the virus enters into the cell by direct fusion with the
plasma membrane and begins to replicate [5, 6]. The antigen
virus will be presented to the antigen presenting cells (APC),
subsequently humoral and cellular immunity will be stimu-
lated, which is mediated by virus-specific B and T cells [5].
This viral infection seem to be able to leads to an excessive im-
mune reaction [7]. Release of large amounts of cytokines and
pro-inflammatory chemokines will occur in some cases, with
manifestations very similar to that of secondary hemophago-
cytic lymphohistiocytosis (sHLH) that accompany the onset
of Acute respiratory distress syndrome (ARDS), sHLH which
is an hyperinflammatory syndrome characterized by massive
and fatal hypercytokinemia [8]. Virus-activated Cytokines
Release Syndrome (CRS) will cause ARDS and multiple or-
gan failure, and ultimately lead to death in severe cases of
COVID-19, just like what happens in SARS-CoV and MERS-
CoV infections [9, 10]. The principal factor implicated into
the pathogenesis of this storm of cytokines is interleukin 6
(IL-6). IL-6 is produced by activated leukocytes and acts on a
large number of cells and tissues [7].

ARDS is the main death cause of COVID-19 [5, 8]. Pa-
tients infected with SARS-CoV-2 showed higher levels of
plasma pro-inflammatory cytokines [11, 12]. Patients with
fulminant COVID-19 have classical serum biomarkers of CRS
including elevated CRP, LDH, IL-6, and ferritin [13]. Symp-
toms of COVID-19 are non-specific and the disease presenta-
tion can range from asymptomatic to severe pneumonia and
death [14]. The majority of people infected with SARS-CoV-
2 have mild to moderate illness. Only 13.8% have severe
disease with dyspnea, respiratory frequency > 30/minute,
blood oxygen saturation 6 93%, PaO2/FiO2 ratio <300, and
lung infiltrates >50% of the lung. Critical cases (6.1%) will
present respiratory failure, septic shock, and multiple organ
failure [15]. Typical signs and symptoms of COVID-19 in-
clude fever, dry cough, fatigue, sputum production, shortness
of breath, sore throat, headache, myalgia or arthralgia, chills,
nausea or vomiting, nasal congestion, diarrhea, and hemopt-
ysis, and conjunctival congestion [15, 14]. Specific signs of
CRS varies greatly. Clinical symptoms of mild cases include
fever, fatigue, headache, rash, arthralgia, and myalgia. Severe
cases are characterized by high fever, hypotension as well

as respiratory distress and hypoxia, and can progress to an
uncontrolled systemic inflammatory response with circulatory
shock, vascular leakage, disseminated intravascular coagula-
tion, and multi-organ failure [16, 17, 18]. The median time
from first symptoms to onset of dyspnea was 5 days and to
hospitalization 7-8 days [19, 12, 20].

1.2 Severity of COVID-19 increases with age
Based on the data collected so far, anyone can have the
COVID-19 disease as SARS-CoV-2 virus is a new pathogen,
despite the existence of risk factors that can increase the sever-
ity of the infection [15]. People over the age of 60 and peo-
ple with co-morbidities such as diabetes, hypertension, car-
diovascular disease, chronic respiratory disease and cancer
are most at risk for having severe forms of COVID-19 [15].
Age-specific hospitalization rates showed elevated risk among
those aged 60 years and above, the risk of death in patients
with COVID-19 becomes more pronounced with age [21, 22]
(Figure1). The average case-fatality rate is estimated at less
than 0.2% for adults under the age of 60, compared to 9.3%
for those over the age of 80 according to the data analyzed
by Jordan et al. [23]. The same finding was reported by
Porcheddu et al. in Italy [24]. This rate remains lower for
young people than for older adults, even though comorbidities
increased the risk of mortality by five times [23]. Children at
all ages were sensitive to COVID-19 but they are less likely
to be diagnosed as cases [25]. According to current data,
they represent only about 1% to 5% of the cases of COVID-
19 diagnosed [26]. In general, the clinical manifestations of
COVID-19 in children were less severe than in adults [15].
Children are asymptomatic or may present with mild or mod-
erate illness in over 90% of cases [27]. Only 0.2% of patients
aged less than 19 years have developed a critical disease and
2.5% a severe disease [15]. Severe forms are generally seen
only in patients under the age of one year and in patients with
underlying disorders [26]. Sun et al. in their early epidemi-
ological analysis of the coronavirus disease 2019 outbreak
based on crowdsourced data and after adjustment for the age
demographics of China, they registered that the Relative Risk
(RR) of reported COVID-19 indicated a sharp increase among
people aged 30 years and older [28].

1.3 COVID-19 is more severe in males
In addition to advanced age, male sex is a risk factor in pa-
tients with COVID-19. While men and women have the same
sensitivity to SARS-CoV-2, men may be more likely to have
higher severity and mortality regardless of age [29, 30]. Al-
though gender-disaggregated data for COVID-19 shows an
equal number of cases between men and women, there appear
to be gender differences in lethality and vulnerability to the
disease. Some researchers explain that these differences are
due to immunological differences and habits between the two
sexes, such as the prevalence of smoking. [31]. However, the
results of the preliminary meta-analysis made by Lipi [32]
based on Chinese patients suggest that active smoking does
not seem to be significantly associated with an increased risk
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of progression to a serious disease in COVID-19. Andrea
Borghesi et al. have introduced an experimental chest radiog-
raphy (CXR) scoring system to quantify lung abnormalities in
Italian patients infected with SARS-CoV-2. They found that
men aged 50 or older and women aged 80 or older had the
highest risk of developing severe lung disease [33] . (Figure
2)

Figure 1. Age-specific hospitalisation rates among all cases,
data from 14 countries in TESSy with > 50% completeness
for hospitalisation and > 50 cases, 24 March 2020 [34]

Figure 2. Scatter diagram showing the relationship between
chest x-ray (CXR) scores and age. [33]

2. Melatonin
2.1 Melatonin secretion
Melatonin (N-acetyl-5-methoxytryptamine) is an ubiquitous
molecule in nature, is an hormone produced in several organs
like retina, gastrointestinal tract, bone marrow, thymus, skin,
platelets and lymphocytes [35], but secreted mainly by the
pineal gland mostly at night [36]. Melatonin is synthesized

from tryptophan witch is an essential dietary amino acid [37].
The light-dark circadian cycle is the main synchronizer of the
hormone in the body, it acts on the suprachiasmatic nuclei
and consequently a number of circadian rhythms, including
those of melatonin and body temperature [38]. Light is able
to synchronize or suppress melatonin secretion according to
the light schedule [39]. The melatonin level begins to increase
regularly at the start of the night to reach the maximum values
between two and four in the morning [40]. It reaches levels
ten times higher than those present in the daytime [41]. The
secretion of melatonin is disturbed in all cases where the light-
dark cycle is modified, such as during transmeridian flights
involving more than three time zones, during night shift work
or in case of blindness [42]. Light has a different effect on
the secretion of melatonin depending on the time of exposure
during the day, in addition to its intensity, duration, and spec-
tral properties [43]. Melatonin secretion by the pineal gland is
completely inhibited in nocturnal illumination and throughout
the duration of exposure [44, 45]. If exposure to light is in
the morning, the peak of the circadian rhythm of melatonin
is advanced in time. When the exhibition was held in the late
afternoon, the peak is delayed from its usual schedule [43]. In
the complete absence of light, the circadian rhythm of mela-
tonin is no longer synchronized with the environment and is
out of phase with the external light-dark cycle [42]. Particu-
larly blue light is highly effective in suppressing melatonin
[46]. Nowadays, nights are excessively illuminated, while the
day is spent most of the time inside buildings, and thus people
are exposed to much lower light intensities than under natural
conditions. Which causes disorganization of our circadian
system and perturbations in melatonin rhythm [47]. Currently,
exposure to blue light at night is very common due to the in-
creased use of electronic devices and LED type lighting [47].
In addition to its role in sleep and regulating the circadian
rhythm, melatonin plays an important role in various other
body functions such as the immunoregulatory mechanism,
the free radical scavenger, antioxidant functions, oncostatic
actions, control reproductive functions, mood regulation, etc.
[35, 39].

2.2 Melatonin decreases with age and is lower in
men

The secretion of melatonin is minimal before the age of 3
months, its rhythmic production begins to increase gradually
at the age of one year to reach its maximum between 3 and 6
years. Then the night peak gradually decreases by 80% until
adult levels are reached. These levels show a further decline
as aging progresses. This decline increases between 45 and 60
years, and the stabilization at the lowest level is recorded after
the age of 60 years [48] (Figure 1). The rate of the nocturnal
decrease of melatonin in the elderly is, on the mean, 40-50%,
with an overall range from 20 to 80% [36]. This alteration
is temporally linked with the appearance of sexual maturity
and is not simply the consequence of both increasing body
size and constant melatonin production due to lack of pineal
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growth during childhood [49].

In addition to the decrease in melatonin with age, studies
in young and middle-aged subjects have shown that mela-
tonin secretion is lower in men than in women, the gender
differences in levels melatonin in the elderly remain unclear
[50, 51].

Figure 3. Decline of melatonin with age. [Journal of
anti-aging medicine; Pierpaoli W; 2(4):343-348 (1999)]

2.3 Melatonin an immunomodulator
In addition to being an important regulator of circadian and
seasonal rhythms, melatonin plays an important role in the im-
mune system [52]. An interaction between melatonin and the
immune system was confirmed, it has significant immunomod-
ulatory roles in immunocompromised states [53]. Melatonin
influences cells of the immune system via melatonin receptors
[54]. These receptors were found mostly on the membrane of
CD4 T cells, CD8 T cells, and B cells [55]. Melatonin enhance
the production and release of various cytokines from T helper
lymphocytes and natural killer cells [53, 56]. Melatonin is
able to regulate the function of leukocytes and it influences
them in a circadian way. Leukocytes are able to synthesize
melatonin by themselves [57, 58]. Many studies support the
idea that melatonin is an immunomodulator who buffers the
immunity reaction, acting as an activator in basal or immuno-
suppressive conditions or as an anti-inflammatory compound
in the presence of an acute inflammation [59, 55, 58]. Mela-
tonin is able to modulate pro-inflammatory (IL-1β , IL-2, IL-6,
IL-8, IL-12, IFNγ , and TNFα) and anti-inflammatory cy-
tokines (IL-4, IL-10) production in different pathophysiolog-
ical conditions [60, 61, 62]. Geng-Chin et al. found that a
melatonin receptor agonist has a protective effect against acute
lung injury induced by ventilator and its protective mecha-
nism is based on the upregulation of IL-10 production [63].
Shyi-Jou Chen et al. have investigate the therapeutic effect
of melatonin in experimental autoimmune encephalomyeli-
tis, they have demonstrate that melatonin upregulates the ex-
pression of IL-10 and reduce expressions of inflammatory
chemokines and IL-6 in the spinal cord [64]. Wen-shiann et al.
found that melatonin may improve the outcome of heatstroke
in rats by attenuating acute lung inflammation and injury [65].

Pro-inflammatory cytokines production follows a circadian
rhythmicity, with peak levels during the night and early morn-
ing [66, 61].

Age-related immune system breakdown begins to appear
around age 60, in parallel with the decrease in plasma mela-
tonin concentration [53]. It’s known that aging induces in-
crease in expression levels of pro-inflammatory cytokines.
Melatonin has the potential therapeutic value to enhance im-
mune function in aged individuals and to attenuat increases in
expression levels of pro-inflammatory cytokines [67, 53].

2.4 Therapeutic potential of melatonin in COVID-19
Besides its important role in regulating the circadian rhythm,
immunoregulatory functions, scavengers for free radicals and
antioxidants, melatonin has also proven effective in fighting
viral infections in a variety of studies [57]. Ben-Nathan et
al. examined the effect of melatonin on protection from vi-
ral encephalitis in mice inoculated with Semliki Forest virus
(SFV) and West Nile virus. They found that subcutaneous
administration of melatonin daily from 3 days before through
10 days after virus inoculation reduced viremia significantly.
Moreover, melatonin reduced the mortality of SFV inoculated
mice from 100% to 44% [68]. Bonilla et al. in their review
found that melatonin seems to have an immune effect in the
Venezuelan equine encephalomyelitis (VEE) viral infection
and concluded that immunomodulatory properties of mela-
tonin are evident and suggest this indoleamine as a therapeutic
alternative to resist VEE and other viral diseases, including
SARS [69]. Shiu et al. in 2003 suggested the use of melatonin,
in conjunction with current therapies, to treat patients with
SARS with the aim of increasing the effectiveness of conven-
tional drugs and lowering the mortality rate [70]. Huang et
al. were investigated the protective effect of administration
of melatonin in mice with respiratory syncytial virus (RSV)
induced oxidative pulmonary injury. Their results suggest that
melatonin prevent the induced lung inflammatory injury in
mice through the inhibition of oxidative stress and the release
of proinflammatory cytokines and concluded that it may be
used as a therapeutic agent in virus-induced pulmonary in-
fection [71]. Perras et al. conducted a study on 302 patients
admitted in medical Intensive Care Unit of the University Hos-
pital in Luback, Germany to evaluate correlations between
illness severity and serum melatonin concentrations. In pa-
tients suffering from severe sepsis, a clear negative correlation
between disease severity and melatonin levels was detected.
The authors suggested that their result is one more evidence
“that melatonin supports the body’s defense against septic
disease” [72]. In his review, George Anderson concluded that
melatonin may be helpful in limiting the symptomatology and
mortality associated with a viral infection, including the flu
and COVID-19 [73].

All of these findings suggest that the protective mecha-
nisms of melatonin against viral infections are likely due to
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its antioxidant activity and its immunoregulatory proprieties
by buffering an excessive inflammatory response. Therefore
melatonin can be considered as a potential therapeutic to fight
viral diseases. Melatonin may be used to enhance the immune
response during viral and bacterial infections as a prophylactic
procedure [74].

The immune system declines with age (immunosenes-
cence) and it is proportionally with the decrease in circulating
melatonin. Innate, cellular and humoral immunity all exhibit
increased deterioration, which leads to increased incidence of
cancer as well as infectious and degenerative diseases [53, 56].
Several recent studies have focused on the immunomodulatory
effect of melatonin and have emphasized its potential thera-
peutic value for improving immune function in the elderly
[53, 56]. Some of the disorders seen during aging, such as
sleep and circadian disorders, insulin resistance, hypertension,
obesity, immunodeficiency and a higher incidence of tumors
could be obviated by melatonin therapy, indicating the patho-
physiological role played by the decline in the production of
this neurohormone in aging [43].

Melatonin has few side effects and is generally considered
as safe at the recommended doses [75, 57] even during the
neonatal period [57]. Only mild adverse effects, such as dizzi-
ness, headache, nausea and sleepiness have been reported in
short-term use of melatonin [75]. Even in long-term treat-
ment, randomized clinical studies indicate that this product
causes only mild adverse effects comparable to placebo [76].
In addition, it has none of the untoward effects of hypnotics
on cognition, memory, postural stability and sleep patterns
[49]. An oral administration of 2 mg of melatonin once a day
for 3 months is generally well tolerated with no rebound, with-
drawal or ‘hangover’ effects and without risk when combined
with antihypertensive, anti-diabetic treatment, lipid-lowering
or anti-inflammatory drugs [41]. The administration of mela-
tonin must always be carried out in the evening or at the
beginning of the night, imitating physiological production
[41].

3. Proposed prophylactic protocol

All those at risk of having a melatonin deficiency must take
melatonin in pharmacological doses (generally 2 mg per day
for adult) at the beginning of the night, immediately after an
infectious contact and for two or three weeks. If the infectious
contact has gone unnoticed, melatonin must be started as soon
as possible just at the time of suspicion and without waiting
for the result of RT-PCR. These people must take melatonin at
the same dosage and throughout the duration of the epidemic
if they are very exposed to SARS-CoV-2 infection because
of their work (health workers for example) or at the lifting
of containment. People at risk of having a melatonin defi-
ciency and who need to take melatonin supplementation to be
protected from the severity of COVID-19 are:

• All people over 45 of both sexes

• People between 20 and 45 years old who have a score
greater than or equal to 10 on the Dr Hertoghe test
which subjectively assesses the existence of a melatonin
deficiency by a standardized questionnaire [77] (Table
1).

• People exposed to light pollution regardless of age and
gender : working at night for example

The general population must be educated to avoid any
risky behavior which causes a deregulation or an inhibition
of the melatonin secretion. They should avoid exposing them-
selves to a lot of light at night and especially the light of
electronic devices such as televisions, PCs and smartphones.
Respect circadian rhythm should be encouraged by rising
early, exposing to daylight and sleeping early in the dark.

 

MELATONIN DEFICENCY - TEST 
  
  

 

Table 1. Dr Hertoghe melatonin deficenty test [77]

4. Conclusion
Following our review, we can conclude that melatonin with its
immunomodulatory properties could be the endogenous factor
that protects children, young people and adult women against
the severity of COVID-19. In other words, low melatonin is
a risk factor for severe forms of the disease. Low melatonin
levels are found in the elderly and in light pollution situations
that cause disturbances in the circadian light-dark cycle such
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as night work and social jet lag (misalignment of biological
and social time). This may explain the excessive severity of
COVID-19 in the elderly, in men and may also clarify the
differences observed in the severity rates of the disease be-
tween people, geographic regions of the world and different
cultures. The full severity of COVID-19 lies in the violent
immune response. Supplementation with melatonin can buffer
the immune rection and therefore prevent or reduce complica-
tions linked to the massive release of cytokines. It is believed
that this supplementation to be effective must anticipate the
immune reaction and therefore be given prophylactically. The
benefit of the urgent application of the protocol that we have
proposed is much greater than the supposed side effects of the
use of melatonin and it is estimated that it can significantly
reduce the lethality of COVID-19. It is highly desirable that
this protocol be rapidly evaluated by clinical studies in order
to be able to apply it as soon as possible.
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