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Hypothesis
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Abstract. The author discussed recently the possible molecular mechanisms that cause the COVID-19 disease symptoms.
Here the analysis of the recent experimental data supports the hypothesis that production of the gut microbial tryptamine
can be induced by the SARS-CoV-2 fecal viral activity due to the selective pressure or positive selection of tryptamine-
producing microorganisms. In this report, the author suggests that the mechanism of microbial selection bases on the abilities
of tryptamine to affect the viral nucleic acid. In other words, the gut microorganisms producing tryptamine are more resistant
to SARS-CoV-2 fecal viral activity than microorganisms producing no tryptamine. Earlier we demonstrated the induction
of neurodegeneration by tryptamine in human cells and mouse brain. Furthermore, we were able to uncover the human
gut bacteria associated with Alzheimer’s disease (AD) using PCR testing of human fecal samples with the new-designed
primers targeting the tryptophan-tryptamine pathway. Likely, SARS-CoV-2 is one of the selective pressure factors in the
cascade accelerating the neurodegenerative process in AD. This suggestion is consistent with a higher proportion of AD
patients among COVID-19 related victims. Gut microbial tryptamine increase due to the viral infection-induced dysbiosis
can synergize and potentiate the tryptamine cytotoxicity, necrotizing ability and other properties as a virulence factor.

Keywords: Alzheimer’s disease, COVID-19, dysbiosis, human gut microbiome biogenic amines, necrotizing ability, PCR
testing, SARS-CoV-2, tryptamine-induced model of neurodegeneration, tryptophanyl-tRNA synthetase

INTRODUCTION

The health authorities reported that 3,019 Chinese
health workers were infected with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
of whom, ten died [1] or 0.33%. No data on preexist-
ing medical conditions in the health workers were
provided in this article. However, in recent years,
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Chinese health workers are often confronted with
frustrating situations in the health care system includ-
ing serious workplace violence against clinicians.
A meta-analysis found that the overall prevalence
of workplace violence was 62.4% among Chinese
health workers [1, 2]. The frequency and mortality
of COVID-19 in patients with Alzheimer’s disease
(AD) and frontotemporal dementia (FTD) were eval-
uated in Spain [3]. An observational case series
was analyzed. 204 patients were enrolled, 15.2% of
whom were diagnosed with COVID-19, and 41.9% of
patients with the infection died. COVID-19 occurred
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in 7.3% of patients living at home, but 72.0% of those
living at care homes. Living in care facilities and diag-
nosis of AD were independently associated with a
higher probability of death. The authors found that
living in care homes is the most relevant factor for
an increased risk of COVID-19 infection and death,
with AD patients exhibiting a higher risk than those
with FTD [3].

Recently I discussed the possible molecular mech-
anisms underlying the COVID-19 disease symptoms
[4, 5]. We demonstrated the induction of neurode-
generation by biogenic amine tryptamine in human
cells and mouse brain [6]. Furthermore, we were
able to discover the human gut bacteria associated
with Alzheimer’s disease (AD) using PCR testing of
human fecal samples with the new-designed primers
targeting the tryptophan-tryptamine pathway [7]. The
underlying mechanisms of neurotoxic activity of
tryptamine are the inhibition of protein biosynthe-
sis enzyme tryptophany-tRNA synthetase (TrpRS)
and cholinesterases [4, 8]. The role of TrpRS in neu-
rodegeneration is corroborated by the data on TrpRS
mutations in humans. Tryptophanyl tRNA synthetase
gene mutations have been associated with multi-
ple neurological phenotypes as reviewed previously
[8]. A new case of a severe form of infantile-onset
Parkinsonism was recently characterized function-
ally with biallelic variants in WARS2, encoding the
mitochondrial tryptophanyl tRNA synthetase (mtTr-
pRS) [9]. A substantial reduction of mtTrpRS levels
in mitochondria and reduced OXPHOS function was
demonstrated, supporting their pathogenicity [9].
Both TrpRS gene mutations and TrpRS inhibition
by tryptamine diminish the TrpRS enzymatic activity
thus interfering with tRNA aminoacylation, the first
vital step of protein biosynthesis [4, 8].

Furthermore, tryptamine is an inhibitor of
cholinesterases. Tryptamine is more potent inhibitor
of the cholinesterases in histopathologic structures
plaques and tangles of AD patients than of those in
normal axons and cell bodies [10].

The biogenic amines polyamines produced by gut
microbiome alter DNA structure by facilitating the
conformational transition from the B form to the Z
form or by bending DNA. Furthermore, up to 80%
of polyamines in the cell are directly associated with
RNA, and spermine has also been implicated in the
stabilization of tRNA structure [11]. Polyamines have
now been suggested to have a role in the replication
of viruses across all known viral replication strate-
gies and most viral families [11]. Brain polyamine
levels are altered in AD. As compared with the con-

trols, mean levels of spermidine were markedly and
significantly increased (70%) whereas putrescine lev-
els were decreased (28%) in temporal cortex of the
AD patients [12]. Tryptamine was shown to be a
good competitive inhibitor of diamine oxidase [13],
an enzyme catalyzing degradation of diamines and
polyamines including histamine, putrescine and sper-
midine. Therefore, the role of tryptamine in the virus
infection is suggested here.

GUT MICROBIOTA, COVID-19,
DEMENTIA, AND BIOGENIC AMINES

Zuo et al. reported in 2021 the SARS-CoV-2
fecal viral activity in association with gut micro-
biota composition in patients with COVID-19 [14].
All patients with COVID-19 were admitted to the
Prince of Wales Hospital or the United Christian Hos-
pital, Hong Kong. Fecal viral metagenome of three
patients continued to display active viral infection
signature up to 6 days after clearance of SARS-CoV-2
from respiratory samples. Faecal samples with sig-
nature of high SARS-CoV-2 infectivity had higher
abundances of bacterial species Collinsella aerofa-
ciens, Collinsella tanakaei, Streptococcus infantis,
and Morganella morganii [14]. Authors of this study
suggest the passage or transmission of the extrain-
testinal microbes into the gut in COVID-19 setting
[14].

Elevated levels of histamine, tyramine, cadaverine,
and tryptamine in tuna inoculated with M. morganii
or Proteus mirabilis were reported by Ahmed in 2019
[15]. Tryptamine formation in canned tuna fish was
stimulated (up to 5.4-fold) by inoculation with M.
morganii or Proteus mirabilis [15].

Morganella morganii (in the Proteobacteria phy-
lum) has been identified as a causative agent of
opportunistic infections and histamine poisoning
[16]. M. morganii, a motile gram-negative rod
belonging to the family Enterobacteriaceae, has low
pathogenicity, but compromised patients can develop
diarrhea, wound infections, urinary tract infections,
bacteremia, and sepsis due to M. morganii. In addi-
tion, M. morganii is known as a major histamine
producer due to its powerful histidine decarboxylase.
M. morganii is responsible for histamine accumula-
tion in food, which often causes histamine poisoning
(scombroid poisoning) in decomposed fishery prod-
ucts. M. morganii was detected in the gill and skin
of mackerel, sardine, and albacore. Although many
cases present with mild symptoms, rare cases present
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with severe symptoms that can be potentially life-
threatening [16].

Accumulated data have demonstrated that M.
morganii can cause various infections, such as sep-
sis, abscess, purple urine bag syndrome (PUBS),
chorioamnionitis, and cellulitis. This bacterium often
results in a high mortality rate in patients with some
infections [17].

Biochemical and bacteriological investigation of
six cases of PUBS was conducted in a geriatric ward
for dementia [18]. Muneoka et al. investigated 6 cases
exhibiting PUBS (3 males and 3 females). All cases
had chronic constipation. Oral ingestion was impos-
sible in one case. PUBS disappeared after antibiotic
treatment (3 cases) or spontaneously (one case). In
bacterial culture of urine during the exhibition of
PUBS, Enterococcus faecalis was isolated together
with M. morganii (3 cases) and Pseudomonas aerug-
inosa (one case). Single infections by Klebsiella
pneumoniae or Citrobacter species were also found
[18].

Sokol et al. reported in 2021 [19] the usage
of a nonhuman primate model (the macaque), that
recapitulates mild COVID-19 symptoms, to ana-
lyze the effects of a SARS-CoV-2 infection on
dynamic changes of the gut microbiota. SARS-CoV-
2 infection in a nonhuman primate is associated
with changes in the gut microbiota’s composition
and functional activity [19]. An overall increase in
the amount of indoles was observed, although this
signal was mainly driven by increased amounts of 3-
indole sulfate and tryptamine. The authors found that
the concentrations of metabolites from the serotonin
pathway increased in parallel with that of tryptamine,
and that there was a strong correlation between
the abundances of tryptamine (up to ∼150 nmol/g)
and serotonin (∼4 nmol/g) in the targeted fecal
metabolomics [19]. 16S rRNA gene profiling and
analysis of � diversity indicated significant changes
in the composition of the gut microbiota with a
peak at 10–13 days post-infection (dpi) with SARS-
CoV-2 infection in a nonhuman primate. Analysis of
bacterial abundance correlation networks confirmed
disruption of the bacterial community at 10–13 dpi.
Some alterations in microbiota persisted after the res-
olution of the infection until day 26. Some changes
in the relative bacterial taxon abundance associated
with infectious parameters. Interestingly, the rela-
tive abundance of Acinetobacter (Proteobacteria) and
some genera of the Ruminococcaceae family (Fir-
micutes) was positively correlated with the presence
of SARS-CoV-2 in the upper respiratory tract [19].

Acinetobacter lowffi have been reported as histamine
formers [20].

Amato et al. compared gut microbiome compo-
sition and functional potential in 14 populations of
humans from ten nations and 18 species of wild,
non-human primates [21]. In this study, the human
gut microbiome composition and functional potential
are more similar to those of cercopithecines, a sub-
family of Old World monkey, particularly baboons,
than to those of African apes. Additionally, the data
reveal more inter-individual variation in gut micro-
biome functional potential within the human species
than across other primate species, suggesting that the
human gut microbiome may exhibit more plasticity
in response to environmental variation compared to
that of other primates. Overall, these findings show
that diet, ecology, and physiological adaptations are
more important than host-microbe co-diversification
in shaping the human microbiome [21].

The human gut microbiome is comprised of
densely colonizing microorganisms including bacte-
riophages (phages), the viruses that infect bacteria.
In the study by Hsu et al. (2019), gnotobiotic mice
were colonized with defined bacteria and subjected to
predation by cognate lytic phages [22]. Researchers
found that phage predation not only directly impacts
susceptible bacteria but also leads to cascading effects
on other bacterial species via interbacterial interac-
tions. Metabolomic profiling revealed that shifts in
the microbiome caused by phage predation have a
direct consequence on the gut metabolome. In some
cases, the specificity of phage predation allows for
the targeting of bacterial species and consequently
the knockdown of uniquely associated metabolic
products. Tryptamine is produced via tryptophan
decarboxylation by a small number of commensal
gut bacteria. During treatment with the phages, the
authors detected a 10-, 17-, and 2-fold reduction
in tryptamine (0.3, 2, and 13 days, respectively).
This corresponds with an 840-, 4-, and 4-fold reduc-
tion in Clostridium sporogenes, respectively [22].
Data on protein homologs of tryptophan decar-
boxylases that produce tryptamine in the defined
consortia bacterial strains are provided in this article
[22]: Bacteroides fragilis, Clostridium sporogenes,
Enterococcus faecalis, Escherichia coli, Akkerman-
sia muciniphila, Bacteroides ovatus, Bacteroides
vulgatus, Klebsiella oxytoca, Parabacteroides dis-
tasonis, Proteus mirabilis, Ruminococcus gnavus.
BLAST search of tryptophan decarboxylase amino
acid sequences from R. gnavus (rumgna 01526) and
C. sporogenes (clospo 02083) against the other mem-
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bers of bacterial consortium showed poor protein
homology (top hit of 31% identity) [22], consistent
with my reported data [4, 8].

Therefore, opportunistic pathogen M. morganii
that can cause various infections was found in asso-
ciation with COVID-19 and dementia in patients. M.
morganii produce biogenic amines and particularly
tryptamine. Furthermore, gut microbial tryptamine
enrichment is associated with SARS-CoV-2 infection
of nonhuman primate [19]. Taken together the data
support the SARS-CoV-2 viral infection-induced gut
dysbiosis. Direct and indirect interactions have been
observed between bacteria and viruses [23, 24].
Effects of viruses on bacterial functions under con-
trasting nutritional conditions were investigated for
four species of bacteria isolated from Hong Kong
waters [25]. In this study, bacterial species belong-
ing to Proteobacteria showed differences in resisting
viral attack, which can influence the dominance and
biodiversity of bacterial species in coastal waters
[25]. The results strongly indicate that the lysed bac-
terial cells were used to support the growth and
respiration of the remaining bacterial cells [25].

It can be hypothesized here that tryptamine may
protect tryptamine-producing bacterial cells against
attack by SARS-CoV-2 and some other viruses due
to 1) the tryptamine ability to inhibit the virus assem-
bly, 2) tryptamine binding to the viral DNA or
RNA, and 3) tryptamine inhibition of biosynthesis
of the viral proteins in the bacterial host cells. It
was demonstrated earlier that the assembly of infec-
tive particles of bacteriophages lambda and phi80
from heads and tails was inhibited by L-tryptophan
and some of its analogues, most notably tryptamine.
[26]. Both the rate of assembly and the final yield
of phage were inhibited. Results suggest that inhi-
bition is due to interaction of inhibitors with the
head substructure [26]. The study by Helene et
al. demonstrated the tryptamine binding to nucleic
acids [27]. The stacking interaction of tryptamine
occurs not only with native DNA but also with
denatured DNA and single stranded polynucleotides
[27]. Furthermore the results suggest the tryptamine
pathway-mediated DNA fragmentation in plant [28],
mammalian and human [4] cells. Tryptamine is a very
strong basic compound based on its pKa value 10.2
(https://foodb.ca/compounds/FDB000917).

Being obligate intracellular parasites, viruses
heavily depend on host cell structures and func-
tions to complete their life cycle, and they also
use the translational apparatus of the infected cell
to express their proteins [29]. Thus, tryptamine, an

inhibitor of bacterial tryptophanyl RNA synthetase
can interfere with the biosynthesis of viral proteins
in the tryptamine-producing bacteria. Furthermore,
tryptamine derivatives demonstrated anti-hepatitis
B virus (HBV) activity and cytotoxicity in the
HepG2.2.15 cell line [30]. Cytotoxicity and antiviral
activity was demonstrated for tryptamine derivative
8 against HIV-1 and its mutants [31].

CONCLUSIONS AND REMARKS

In this report, the author discusses the role of gut
microbiome and biogenic amines in the SARS-CoV-
2 infection and COVID-19 disease. Tryptamine can
affect the viral nucleic acids directly via binding or
indirectly via alterations in the levels of diamines
and polyamines (Fig. 1). Gut microbial tryptamine
increase due to the viral infection-induced dysbiosis
can synergize and potentiate the tryptamine cytotox-
icity and other abilities attributed to tryptamine as a
virulence factor [4].

Price reported in 1978 [32] that the increased
tryptaminuria which follows alcohol ingestion can be
abolished by the concurrent ingestion of alkali even
when the amount of alkali consumed is insufficient to
increase urinary pH to 6.5 (above which pH a fall in
urinary tryptamine may be anticipated, from previous
studies, to occur).

Of note, Gardini et al. reported in 2006 [33] that in
the method for detection of biogenic amines in bacte-
ria proposed by Bover-Cid and Holzapfel (1999) [34],
almost all the controls were positive, probably due to
a too rich medium, specifically due to the presence of
peptone [33].

Fig. 1. SARS-CoV-2 induces dysbiosis in gut microbiome of non-
human primates thus resulting in tryptamine overproduction.

https://foodb.ca/compounds/FDB000917
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