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due to deficiency in melatonin 
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A B S T R A C T   

Patients with Autism Spectrum Disorder (ASD) may be particularly prone to develop COVID-19. An unusual 
extended course of COVID-19 disease illness has been reported in one ASD patient and a group of patients have 
COVID-19 disease in a neurodevelopmental facility. It has been widely reported that many of those with ASD 
have substantial sleep disorders with low levels of melatonin and various genetic alterations related to melatonin 
production have been found. Several lines of evidence point to a substantial role of melatonin in the body’s 
innate defense system including acting as a scavenger, an antioxidant and modulating the immune system. We 
therefore hypothesize that melatonin deficiency may predispose those ASD patients who have low melatonin 
output to COVID-19 disease. Potential implications for treatment are discussed.   

Autism Spectrum Disorder (ASD) 

The prevalence of Autism Spectrum Disorder (ASD) has been re-
ported as 1 in 132 [1]. It is a devastating illness, first appearing in 
childhood, with symptoms that include difficulties with social commu-
nication and social interaction, often with cognitive deficits and unusual 
behavior that includes restricted, repetitive activities and interests [2]. 
Sleep patterns are often disrupted which can lead to major difficulties 
for families and caregivers as the patients waking during sleep inevitably 
wakes those caregivers. The severity of sleep problems parallels that of 
other symptoms and may aggravate those symptoms [3]. 

COViD-19 disease and ASD 

COViD-19 disease is a multiorgan disease due to SARS-CoV-2 viral 
infection, that become pandemic in early 2020 [4]. It has been hy-
pothesized that those with ASD may be predisposed to COVID-19 disease 
because of modifications at the immune and genetic levels [5,6]. 
Recently, a case series of 16 ASD patients admitted to a neuro-
developmental unit with COVID-19 like symptoms was reported [7]. 
Eleven of these patients were shown to have COVID-19 disease by 

reverse transcriptase polymerase chain reaction (RT-PCR) or by serology 
at follow-up, of these patients only one required oxygen therapy. A 
recent case report describes a nine-year-old Italian child in a nursing 
home with exceptionally high viral load and an extended duration of 
viral shedding Grossi and Teruzzi, [8]. Initial symptoms of cough and 
nasal discharge disappeared within two days and no clinical signs of 
lung involvement could be detected. However, quantitative RT-PCR 
indicated an extremely high viral load. A gradually decreasing load 
was seen over the following twelve weeks until negative tests were 
found, but only after 82 days. ASD patients with COVID-19 disease may 
be a major problem to the health care system; those who are severely 
intellectually disabled may be unable to communicate symptoms 
effectively thus monitoring, prevention and testing are doubly impor-
tant [9]. 

Melatonin and ASD 

A potentially significant factor in ASD is the finding of low urinary 
levels of the melatonin metabolite 6-sulphatoxymelatonin (aMT6s). In 
23 ASD patients aged 4–10 years overall nocturnal aMT6s levels were 
reduced [10] together with increased N3 sleep, decreased N2 sleep and 
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increased daytime sleepiness [10]. In another study 43 patients with 
ASD showed lower urinary aMT6s levels (8.26 µg per 24 h vs 18.00 µg 
per 24 h) both during nighttime and daytime in comparison to 26 con-
trols matched for age, sex and pubertal status [11]. In that study the 
amount of aMT6s decrease correlated with the severity of illness. Most 
ASD studies looking for melatonin excretion, except for one [12] re-
ported decreased melatonin output. Another controlled study of 77 
children with ASD and 84 controls aged 2.5 to 15.5 years reported that 
those with ASD had lower nighttime aMT6s than the controls with no 
difference in the daytime levels [13]. 

aMT6s levels in the ASD group were associated with sleep distur-
bance but not with ASD severity. In a study of 83 children with ASD aged 
5 to 10, it was reported that aMT6s levels were increased in families with 
higher income but decreased with increased neurological problems 
[14]. Manuani and coworkers examined the relationship between the 
pineal gland volume (PGV) estimated by MRI and early morning mela-
tonin levels in 215 participants, 78 with ASD, 90 unaffected relatives 
and 47 controls. Although both melatonin and PGV were lower in pa-
tients than controls, the melatonin deficit appeared to be more related to 
group than to PCV. The authors stated that the findings support a deficit 
in the melatonin synthetic pathway as a possible main cause [15]. 

Melatonin synthesis in ASD 

Genetic variation in synthesis of melatonin has been reported in ASD. 
In a unique subgroup of ASD children selected for having sleep onset 
delay, higher frequencies were reported of variants that decrease ace-
tylserotonin O-methyltransferase (ASMT, the enzyme that determines 
the quantity of melatonin synthesized), as well as of those that decrease 
cytochrome P450 1A2 (CYP1A2, the enzyme that metabolizes mela-
tonin) [16]. Two different polymorphisms in the promoter have been 
reported for ASMT, moreover a splicing mutation was reported in two 
families [17–19] In 2065 children, ages 4–18, from the Simons Simplex 
Collection (SSC) no relationship was found between any gene variants 
and sleep problems [20]. The authors suggest that sleep problems may 
be related to translational or posttranslational effects of these genes or to 

additional ones modifying the sleep system. 

Melatonin and COVID-19 

Melatonin is a multipotential body substance: it is not just a pineal 
hormone but is synthesized widely in the body and acts as a potent 
antioxidant, scavenger, modulates the immune system and modulates 
macrophage function [21]. It is synthesized in cerebral mitochondria, 
where it can counteract overproduction of radical oxygen species at the 
site of their generation during electron transport [22]. In the immune 
system it supresses innate immunity while facilitating antibody pro-
duction. Melatonin suppresses NLRP3 inflammasomes, proinflammatory 
cytokine activation and facilitates switching of highly inflammatory M1 
macrophages to anti-inflammatory M2 macrophages [23–25] In 
numerous animal viral diseases it has been shown to greatly enhance 
survival. Moreover, in several instances of human sepsis adjunctive 
treatment with melatonin has improved patient outcome [26]. The 
structure and physico-chemical properties of melatonin have been 
examined using electronic structure methods and molecular-mechanics 
tools as a predictor of melatonin’s bioactivity against the coronavirus 2 
proteins. Based on the docking scores obtained, the authors proposed 
that melatonin could be effective to defend against the viral load in 
vulnerable populations [27]. Recently it was reported in a case series 
that 36 to 72 mg of melatonin daily po is a helpful adjuvant in patients 
with severe pneumonic COVID-19 disease [28]. The analysis of 26,779 
records of patients in a COVID-19 database revealed melatonin was 
associated with an improved outcome [29]. A prospective study of 791 
intubated COVID-19 patients showed that melatonin was associated 
with survival [30]. In the first reported randomly controlled trial of 
melatonin in COVID-19 patients, 3 mg was administered three times 
daily to hospitalized patients (24 given melatonin vs 20 none), the 
melatonin treatment group had significantly less symptoms and were 
discharged earlier from hospital [31]. 

Fig. 1. It is hypothesized that melatonin, well documented for its protective effects in various human and animal studies will protect ASD patients who have are 
known to have low melatonin levels and may be susceptible to COVID-19 disease. Furthermore, restoration of melatonin levels will be protective against the SARS- 
CoV-2 viral infection. Melatonin’s protective actions in the left box are conducive to health. SARS-CoV-2 virus with low melatonin levels result in a cytokine storm 
that causes COVID-19 disease. Raising melatonin levels may help prevent illness due to SARS-CoV-2. SARS-CoV-2 figure is from Pixaby. 
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Treatment implications 

Based on the hypothesis that low melatonin can be a reason for 
susceptibility to the SARS-CoV-2 virus we postulate that adequate 
melatonin levels will be preventative. It is known that there is genetic 
variation in the melatonin synthesis pathway in some ASD patients. In 
others the sleep irregularity that frequently is seen in ASD may result in a 
decrease in circulating melatonin because of waking during the night 
and exposure to light. Light and especially blue light will supress 
melatonin production by the pineal gland, so it is important to regulate 
sleeping if it is possible [32]. Two treatments described recently can be 
of assistance [3]. A comprehensive program of sleep hygiene that im-
proves sleep can be effective in reducing exposure to light at times that 
would impair melatonin secretion. Another possible treatment is the 
administration of melatonin. It has often been used to help with sleep 
disorder [3]. In treatment with melatonin, it should be noted that a 
minority of individuals develop resistance to its sleep inducing effects 
after a few days. These people have been shown to be slow metabolizers 
due to a genetic variation in CYP1A2, the gene that metabolizes mela-
tonin [33] (Fig. 1). 

Conclusion 

We hypothesize that a low melatonin output, found in those with 
ASD due either to genetic variation in the synthetic enzyme pathway or 
to frequent nighttims with exposure to light that suppresses melatonin 
synthesis by the pineal gland, may lead to susceptibility to COVID-19 
disease. Further we propose that treatment with sleep hygiene to cor-
rect nighttime waking and treatment with melatonin are both treat-
ments that may prevent COVID-19 disease or reduce its severity in ASD 
patients. 
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