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Abstract.
Background: COVID-19 can be related to any diseases caused by microbial infection(s) because 1) co-infection with COVID-
19-related virus and other microorganism(s) and 2) because metabolites produced by microorganisms such as bacteria, fungi,
and protozoan can be involved in necrotizing pneumonia and other necrotizing medical conditions observed in COVID-19.
Objective: By way of illustration, the microbial metabolite of aromatic amino acid tryptophan, a biogenic amine tryptamine
inducing neurodegeneration in cell and animal models, also induces necrosis.
Methods: This report includes analysis of COVID-19 positivity by zip codes in Florida and relation of the positivity to
population density, possible effect of ecological and social factors on spread of COVID-19, autopsy analysis of COVID-19
cases from around the world, serum metabolomics analysis, and evaluation of autoantigenome related to COVID-19.
Results: In the present estimations, COVID-19 positivity percent per zip code population varied in Florida from 4.65%
to 44.3% (February 2021 data). COVID-19 analysis is partially included in my book Microbial Metabolism and Disease
(2021). The autoantigenome related to COVID-19 is characterized by alterations in protein biosynthesis proteins including
aminoacyl-tRNA synthetases. Protein biosynthesis alteration is a feature of Alzheimer’s disease. Serum metabolomics of
COVID-19 positive patients show alteration in shikimate pathway metabolism, which is associated with the presence of
Alzheimer’s disease-associated human gut bacteria.
Conclusion: Such alterations in microbial metabolism and protein biosynthesis can lead to toxicity and neurodegeneration
as described earlier in my book Protein Biosynthesis Interference in Disease (2020).

Keywords: Aminoacyl-tRNA synthetases, biogenic amines, co-infections, COVID-19, microbial metabolism, necrotizing
factor, protein biosynthesis, shikimate pathway, tryptamine, tryptophan metabolism

INTRODUCTION

Alzheimer’s disease (AD) and COVID-19 patients
have a number of associated diseases including dia-
betes [1, 2]. Furthermore, pneumonia is a frequent
cause of death in both AD and COVID-19 patients
[1, 2].

∗Correspondence to: Elena L. Paley, Expert BioMed, Inc. and
Nonprofit Public Charity Stop Alzheimers Corp., Miami-Dade, FL
33032, USA. E-mail: elena paley@bellsouth.net.

My first intent was to figure out how many
COVID-19 positive individuals live in the particu-
lar zip code where I live in Miami-Dade, Florida.
However, I found no publicly available data on
COVID-19 positivity per zip code population den-
sity for Florida. Therefore, I collected Internet data
on land areas, population, and COVID-19 positiv-
ity per zip code, made my own calculations and
analysis, and provide the results in the Table 1.
Second, we earlier developed the cell and animal
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Table 1
Coronavirus (COVID-19) related positivity in Miami-Dade County and some other Florida Counties (by zip codes) in the period January
29-February 4, 2021. Case data are from Florida’s COVID-19 Data and Surveillance Dashboard. Florida Department of Health, Division of
Disease Control and Health Protection (https://experience.arcgis.com/experience/96dd742462124fa0b38ddedb9b25e429). Current popula-
tion is estimated household population for July 2020-February 2021. The estimate is derived from known delivery information, household
occupancy rates, household size, and more; based on US Postal Service delivery information (https://www.zip-codes.com). Important: these

data do not include population counts for persons in nursing homes, correctional facilities, or other institutions

Zip code City Current Land area Number of % Positive Population
Population sq. miles positive per zip code Densitya

population

33154 Surfside, Bal Harbor, Indian Creek 19,883 1.765 1522 7.65 11,265
33143 Kendal 35,771 7.896 4829 13.5 4,530
33031 Homestead 6,603 21.35 649 9.83 309.27
33032 Homestead 61,320 18.828 6758 11.02 3,262
33156 Pinecrest, Kendall 36,242 13.579 3931 10.85 2,669
33033 Homestead 68,700 16.832 7557 11 4,082
32254 Jacksonville, Duval 15,943 12.402 1074 6.74 1,286
33034 Homestead, Florida City 20,442 279.747 2568 12.56 73
33035 Homestead 16,695 20.778 1589 9.51 803.8
32303 Tallahassee, Leon 50,400 35.517 3783 7.51 1,420
32304 Tallahassee, Leon 33,643 15.664 5768 17.14 2,156
33157 Cutler Bay 70,114 14.812 8373 11.94 4,734
34142 Immokalee, Collier 31,734 589.251 3227 10.17 53.87
33139 Miami Beach Lincoln Road 43,540 2.695 5061 11.6 16,155
32607 Gainesville, Alachua 30,518 11.839 2487 8.1 2,586
33140 Miami Beach, flooding zone 27,603 3.051 3059 11.08 9,050
33141 Miami Beach, North Bay Village 42,448 2.323 3752 8.84 18,455
33179 North Miami Beach, Miami Gardens 45,800 5.075 4715 10.29 9,034
33125 Little Havana 54,241 3.905 10351 19.08 13,854
32806 Orlando, Orange 26,754 6.651 1781 6.66 4,504
33142 Liberty City 55,393 7.077 8130 14.68 7,916
33012 Hialeah 72,029 5.859 11417 15.85 12,291
33015 Hialeah 66,159 5.841 9427 14.25 11,328
33178 Francis S. Taylor nature preserve 66,670 56.334 12936 19.4 1,184
33194 Francis S. Taylor wildlife nature preserve 5,662 88.815 1522 26.88 63.76
33605 Tampa, Hillsborough 19,452 7.824 1340 6.88 2,494
33458 Jupiter, Palm Beach 56,115 21.616 3478 6.2 2,598
33401 West Palm Beach, Palm Beach County 32,308 5.202 2945 9.16 6,213
33009 Hallandale, Broward 50,413 5.094 3591 7.1 9,885
33180 Aventura 40,327 3.403 3704 9.18 11,861
33909 Cape Coral, Lee 37,135 17.997 2337 6.29 2,074
34104 Naples, Collier 30,944 9.952 1909 6.17 3,110
34972 Okeechobee 18,439 909.861 1815 9.84 20.26
33496 Boca Raton, Palm Beach 25,685 9.308 1425 5.55 2,762
33498 Boca Raton 15,646 7.426 847 5.41 2,114
33149 Key Biscayne 17,639 4.709 1962 11.1 3,745
33139 Fisher Island 43,593 2.695 5162 11.84 16,175
33136 Overtown, Bayside Marketplace, Jackson

Memorial Hospital
16,500 1.427 4132 25.04 11,562

33010 Hialeah 44,499 4.316 7244 16.28 10,324
33134 Coral Gables 40,230 5.216 4234 10.52 7,712
33132 Seybold, Downtown 19,435 1.742 2758 14.2 11,156
33126 Miami 47,985 5.021 7833 16.32 9,559
33130 Downtown, Little Havana 38,950 1.103 5224 13.41 35,409
33128 East Little Havana 8,105 0.397 3597 44.38 20,415
33131 Downtown 28,658 0.407 3059 10.67 63,041
33129 Downtown 16,273 1.351 1640 10.08 12,045
33135 West Flagler 36,278 2.156 4975 13.71 16,826
33139 Miami Beach 43,593 2.695 5171 11.86 16,175
33166 Miami Springs, Doral 26,201 9.548 4358 16.63 2,744
33178 Doral 66,670 56.334 12899 19.35 1,184
33182 Doral, Tamiami 14,321 15.404 2216 15.47 929.9
33122 Miami International Airport 1,152 5.937 452 39.23 194.26

(Continued)
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Table 1
(Continued)

Zip code City Current Land area Number of % Positive Population
Population sq. miles positive per zip code Densitya

population

33165 University Park 56,017 7.629 9393 16.77 7,342
33054 Opa-locka 30,089 8.769 3672 12.2 3,419
33056 Carol City 37,280 6.079 4227 11.3 6,131
33020 Hollywood, Broward 43,340 6.052 3922 9.05 7,163
33160 Sunny Isles Beach, Golden Beach 62,000 4.246 4433 7.15 14,588
33180 North Miami Beach 40,327 3.403 3754 9.3 11,860
33314 Davie, Broward 28,371 8.373 2844 10.2 3,378
33328 Cooper City, Broward 28,240 9.4 2362 8,36 3,004
33330 Cooper City, Broward 14,896 10.263 1223 8.2 1,446
33029 Pembroke Pines, Broward 47,803 17.348 4427 9.26 2,755
33025 Miramar, Broward 76,495 10.61 7605 9.94 7,216
33024 Hollywood, Broward 73,296 10.727 7784 10.6 6,850
33173 Sunset 34,028 5.07 4188 12.3 6,711
33183 Kendal Lakes 37,620 5.77 5178 13.76 6,520
33193 Kendal West 50,256 7.534 6754 13.4 6,674
33040 Key West, Monroe 35,702 18.5 2714 7.6 1930
33037 Key Largo, Monroe 16,696 33.8 778 4.659 493.6
33323 Sunrise, Broward 24,554 5.994 2028 8.26 4.099
33317 Plantation, Broward 37,455 9.598 3246 8.66 3.901
34236 Sarasota, Manatee 16,284 3.527 758 4.65 4,626
34234 North Sarasota, Manatee 21,254 6.64 1825 8.58 3,200
32967 Winter Beach, Indian River 28,779 41.6 1682 5.84 692
33127 Miami-Dade 29,296 3.302 3165 10.8 8,877
33137 Miami-Dade 30,203 2.023 3659 12.1 14,951
33138 Miami-Dade 29,968 4.218 2381 7.94 7,118
33147 Miami-Dade 49,199 7.255 6101 12.4 6,786
33150 Miami-Dade 30,027 3.494 2704 9.005 8,593
33161 Miami-Dade 52,899 5.467 4661 8.81 9,676
22162 Miami-Dade 46,069 5.191 4346 9.43 8,874
33167 Miami-Dade 19,706 4.143 2044 10.37 4,760
33168 Miami-Dade 25,566 3.683 2378 9.3 6,947
33030 Miami-Dade 36,153 18.371 4927 13.6 1,968
aDensity of population per sq. miles of the land area. The estimations from July, 2020 to January 2021 based on the Census 2010 population
present in the previous publication by Paley [2]. Zip-Codes.com is a non-exclusive licensee (the holder of a license) of the US Postal Service.
Miami-Dade County and some other Counties of Florida presented.

models of AD-like neurodegeneration induced by
cytotoxic biogenic amine tryptamine produced by
human microbiome [3, 4], whereas COVID-19 is
known as an aging disease [5]. Thereby my intent
was to look for a possible link between our model
of neurodegeneration and COVID-19 manifestations.
Third, using targeted polymerase chain reaction
(PCR) analysis, we demonstrated earlier that AD is
associated with specific changes in bacterial profile
of human gut microbiome [6]. These changes are
associated with alterations in metabolomics [7, 8].
Forth, we immunostained plaques in AD brain with
our monoclonal antibodies to human autoantigen
tryptophanyl-tRNA synthetase (TrpRS), an enzyme
of protein biosynthesis [9, 10]. Moreover, TrpRS
is altered in tryptamine-treated cells [11, 12] and
induced by interferons [13, 14], whereas tryptamine
is an inhibitor of TrpRS and protein biosynthesis.

Fifth, both AD and COVID-19 patients have a num-
ber of associated diseases including diabetes [1, 2]. A
recent review discusses the potential involvement of
microbes residing in the gut and in other body sites in
the pathogenesis of eight neuropsychiatric disorders
[15].

Sixth, pneumonia is a frequent cause of death in
both AD and COVID-19 patients [1, 2]. In this report,
the author hypothesizes that deadly pneumonia in
both diseases could be a severe necrotizing pneumo-
nia. The hypothetical necrotizing factor might be a
cytotoxic tryptamine, a biogenic amine that is able
to induce cell death via necrosis and apoptosis at the
concentrations that have been found in foods [16] and
in some bacteria of human gut [17, 18].

In addition, occurrence of hyperammonemia was
reported in COVID-19 patients [19] and in patients
with AD [20], while ammonia (NH3) and hydrogen
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peroxide (H2O2) are the products of monoamine
amine oxidase (MAO) enzymatic degradation of bio-
genic amines that present in food and produced
by human microbiome. The byproducts of MAO-
mediated reactions include several chemical species
with neurotoxic potential, such as H2O2, NH3, and
aldehydes [21]. Intestinal bacteria produce NH3. The
largest amounts of NH3 were generated by gram-
negative anaerobes, clostridia, enterobacteria, and
Bacillus spp [22].

Thus, it is worth analyzing the COVID-19 fea-
tures derived from: autopsy examination of patients
with COVID-19, data on disorders associated
with COVID-19, co-infections, metabolomics, and
autoantigenome in COVID-19.

The present study is intended to bring attention to
different features that may be occurring at the same
time as COVID-19 infections. If we know the cause
of the COVID-19 related problems, we might be able
to figure out how to prevent it happening again.

MATERIALS AND METHODS

COVID-19 data positivity in Florida

Case data are from Florida’s COVID-19 Data
and Surveillance Dashboard of Florida Depart-
ment of Health, Division of Disease Control and
Health Protection (https://experience.arcgis.com/
experience/96dd742462124fa0b38ddedb9b25e429).
Current population is estimated household popula-
tion for July 2020-February 2021. The estimate is
derived from known delivery information, household
occupancy rates, household size, and more; based
on US Postal Service delivery information (https://
www.zip-codes.com). Importantly, these data do not
include population counts for persons in nursing
homes, correctional facilities, or other institutions.

The website Zip-Codes.com includes both the data
on population and land area of zip codes. The data
included in Table 1 of this article are from at least
two Government sources: the Florida Department of
Health, Division of Disease Control and Health Pro-
tection and the US Postal Service. The estimations
from July 2020 to January 2021 are based on the
Census 2010 population.

Portions of the data is provided by the US Postal
Service from 2021. Zip-Codes.com is a non-exclusive
licensee (the holder of a license) of the US Postal
Service, a licensed distributor of the US Postal
Service ZIP code data (https://www.zip-codes.com/

zip-code-database-technical.asp and https://www.
zip-codes.com/zip-code-database-testimonials.asp).

There are US Government Organizations among
the customers of Zip-Codes.com (https://www.
zip-codes.com/zip-code-database-testimonials.asp):
Social Security Administration, US Army, US
Department of Energy, US Marines, US Navy;
Universities: Colorado State University, Columbia
University, Cornell University, Dartmouth Univer-
sity, Emory University, Harvard Medical School,
MIT, Ohio State University, Stanford University,
SUNY University, UC Berkeley, UMass Boston;
and other organizations listed by Zip-Codes.com
(Datasheer, L.L.C., NY).

Quantification and statistical analysis (Table 2)

Statistical analysis and machine learning
The data included in the Table 2 and in part of

the Table 3 were statistically analyzed as described
[23]. Specifically, metabolites and therapeutic com-
pounds with over 80% missing ratios in a particular
patient group were removed for the metabolomics
dataset containing endogenous metabolites while full
proteomics features were used for the subsequent sta-
tistical analysis. Missing values were imputed with
the minimal value and zero in metabolomics and
proteomics dataset respectively. Log2 fold-change
(log2 FC) was calculated on the mean of the same
patient group for each pair of comparing groups.
Two-sided unpaired Welch’s t test was performed
for each pair of comparing groups and adjusted p
values were calculated using Benjamini & Hochberg
correction. The statistical significantly changed pro-
teins or metabolites were selected using the criteria
of adjust p value less than 0.05 indicated and absolute
log2 FC larger than 0.25. From the training cohort,
authors selected important protein and metabolite
features with mean decrease accuracy larger than 3
using random forest. In the random forest analysis, a
thousand trees were built using R package random-
Forest (version 4.6.14) with 10-fold cross validation,
and this was repeated for 100 times. The normalized
additive predicting probability was computed as the
final predicting probability. The larger probability for
the binary classification was adopted as the predic-
tive label. For validation in the test cohort 2 (C3)
generated by targeted proteomics and metabolomics,
z-score normalization was applied before running
the model validation. Those selected important fea-
tures were used for the random forest analysis on
the independent test cohort. The authors also ran

https://experience.arcgis.com/experience/96dd742462124fa0b38ddedb9b25e429
https://www.zip-codes.com
https://www.zip-codes.com/zip-code-database-technical.asp
https://www.zip-codes.com/zip-code-database-testimonials.asp
https://www.zip-codes.com/zip-code-database-testimonials.asp
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Table 2
Metabolites related to shikimate pathway in human sera of severe-COVID-19, non-severe COVID-19 and non-COVID-19 patients in
comparison with healthy individuals and severe versus non-severe COVID-19 (fold change, FC, statistically significant). The data on

metabolites are from the article by Shen et al., 2020 [23]

Metabolites Severe-COVID-19 Non-COVID-19 Non-severe COVID-19 Severe/nonsevere
versus healthy versus healthy versus healthy COVID-19

FC FC FC FC

Benzoate 6.31 6.245 6.31
5-Hydroxyindoleacetate –1.1246
Genistein sulfatea –1.896
Hippurate –1.466 –1.034
Histidine –0.5148
Indoleacetate –0.39
Methyl–4-hydroxybenzoate sulfate –4.483
N-Acetyltryptophan –0.5 –0.492
Quinate (quinic acid) –0.49 –0.973 –2.49
Serotonin –1.725 –0.542 –1.046
Tryptophan –0.567 –0.6395
Tryptophan betaine –3.3 –2.696
Tyramine O-sulfate –3.446 –3.213
Tyrosine –0.32
Kynurenate 1.1868 3.726 1.37
Kynurenine 1.23 1.295 1.197
Quinolinate (quinolinic acid)b 1.64 2.9 1.488
Phenylalanine 0.397
Indolepropionate –1.00158 –2.82

aGenistein is monoamine oxidase (MAO) inhibitor [118]. bIncreased proinflammatory cytokine levels have been shown to activate the
kynurenine pathway, which causes increased production of quinolinic acid (QA, an N-Methyl-D-aspartate agonist) and decreases in the
synthesis of serotonin. QA exerts many deleterious effects on the brain via mechanisms including N-methyl-D-aspartate excitotoxicity,
increased oxidative stress, astrocyte degeneration, and neuronal apoptosis [119].

the randomForest analysis with omics features after
z-score normalization and got same classification
results [23].

Statistical tests, p values
In the reported studies discussed here, a significant

test result means p < 0.05 [24].

RESULTS AND DISCUSSION

Analysis of COVID-19 positivity percentage by
zip code’s population in Florida, USA

The characteristics such as percentage of COVID-
19 positivity per population of zip codes and
dependence of COVID-19 positivity on population
density by zip codes in Florida are not publicly avail-
able. Thus, the Florida residents, visitors, and public
are not aware of the percentage of COVID-19 positive
residents living in particular neighborhood. Mean-
while, knowledge of percentage of COVID-19 virus
positivity per zip code population could give a clue
in understanding the virus origin and dispersion and
thus may help to prevent the virus dispersion.

For February 4, 2021: Total FL Residents Tes-
ted: 188,595, FL Residents Positive: 10,946, FL

Residents Negative: 177,649; Percent Positive:
5.80%; Total cases: 1,731,931; Total Population:
20,598,139; Positive: 8.408%. Cumulative Data for
Florida Residents: Positive Residents: 1,739,276.
Cumulative data for resident hospitalizations: 74,267
or 0.36% per total Florida population; cumulative
Florida resident deaths: 27,599 (data posted on Febru-
ary 6, 2021) (https://experience.arcgis.com/experien
ce/96dd742462124fa0b38ddedb9b25e429). Of note,
the percentage of Florida population in 2018 over
the age of 65 was 20.5% (https://www.prb.org/
which-us-states-are-the-oldest/). California state’s
total population that was age 65 or older in 2018 was
only 14.3%. In contrast, 20.6% of Maine’s population
was age 65 or older, the highest share of any state,
followed closely by Florida with 20.5%. Although
COVID-19 is considered as age-related disease, the
percentage of hospitalized COVID-related Florida
residents is much less (0.36%) than the percentage of
aging population ≥ 65 (20.5%). Up to 80% of those
dying of COVID are in long-term care, translating to
the possibility that over a third of mortality are those
afflicted with AD, since approximately half of those
in long-term care have AD [5]. The comorbidities
of aD further align with COVID’s risk factors: dia-
betes, heart disease, and minority status. Importantly,

https://experience.arcgis.com/experience/96dd742462124fa0b38ddedb9b25e429
https://www.prb.org/which-us-states-are-the-oldest/
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Table 3
Levels and effects of benzoate and its metabolite hippurate in human diseases and medical conditions

N Medical Conditions/Diseases Benzoate Hippurate References

1 COVID-19 severe/healthy ↑ 6.3-fold, sera [23]
COVID-19 severe/healthy ↓ –1.4667-fold, sera [23]

2 COVID-19 non-severe/healthy ↑ 6.3-fold, sera [23]
3 COVID-19 non-severe/healthy ↓ –1.0344-fold, sera [23]
4 COVID-19 non-severe/healthy ↓ 4-hydroxyhippurate –1.1247-fold,

sera
[23]

5 Non-COVID-19/healthya ↑ 6.245-fold, sera [23]
6 Alzheimer’s disease ↑ 3.8-fold, plasma [121]
7 Mild cognitive impairment ↑ 2.0-fold PABA, CSF ↑ 4.55-fold, plasma [121]
8 Fetal growth restriction ↑ 3.1-fold, urine [122]
9 Challenges in children with

severe atopic dermatitis
100 mg/reactions, 3/6 [123]

10 Overweight subjects Benzoate → anthranilic acid
ortho-aminobenzoic acid, blood

[124]

11 Crohn’s disease ↓ 2.73, urine [125, 126]
12 Crohn’s disease 5 mg/ml benzoate → hippurate, urine ↑ ∼4.6-fold, percentage change, 1h

post-dose, urine
[126]

13 Colorectal cancer ↓ 1.71 para-aminobenzoate PABA,
feces

↑ 1.24-fold, % prevalence, feces [127]

14 Bacterial vaginosis ↓ 0.08-fold, cervicovaginal lavage
fluid

[128]

15 Cigarette smoking ↓ 4-fold, vaginal [129]
16 Urea cycle disorders, acute

episodes of hyperammonemia,
infection

Intravenous median 250 mg/kg, over
2 h ammonium decrease

[130]

17 Fatigue ↑ plasma [131]
aNon-COVID-19 patients had overlapping symptoms with COVID-19 patients, such as fever, cough, headache, fatigue, expectoration, chest
tightness and some common comorbidity including hypertension, respiratory system and digestive system [23].

respiratory issues are common among most late-
stage AD patients [5]. Patient Auguste described by
Alzheimer had four vascular disorders: diabetes mel-
litus, decubitus angina, arteriosclerosis, and stupor,
which altogether caused widespread atrophy of her
brain resulting in severe dementia with pronounced
language disorders [25].

Even more intriguingly, recent reports show that
newly diagnosed diabetes is commonly observed in
COVID-19 patients [26].

Some states, including Colorado, Illinois, Mary-
land, Nevada, New Jersey, and South Carolina,
regularly release cumulative data on cases and deaths
at specific facilities. California, Massachusetts,
Michigan, and Ohio, among others, provide some
details on the number of cases—but not on deaths.
Others report aggregate totals for their state but pro-
vide no information on where the infections or deaths
have occurred [27]. Wang et al. retrospectively eval-
uated all patients with a confirmed diagnosis of
bacterial infection at a tertiary general hospital in
Jining, China for the period between January 2012
and December 2014 [28]. Bacterial identification and
susceptibility testing were performed. The authors
screened a total of 15,588 patients, out of which

7,579 (48.6%) had a hospital-acquired infections
(HAIs) [28]. HAIs, also called nosocomial infec-
tions, affect the clinical outcomes in hospitalized
patients and represent a serious concern worldwide
[29]. Tsalik et al. reported in 2016 [29] that infec-
tion poses a substantial risk to hospitalized patients,
particularly those in intensive care units (ICUs).
Recent estimates indicate that 1.7 million HAIs
occur annually in US hospitals, costing $9.8 billion
and causing approximately 100,000 deaths. Hospital-
acquired pneumonia, including ventilator-associated
pneumonia, accounts for approximately 20% of all
HAIs; however, the high mortality rate of 10 to
50% results in the greatest relative number of HAI
deaths (∼36,000 annually) [29]. The base-case anal-
ysis assumed 17.6% of ventilated patients and 11.2%
of nonventilated patients develop hospital-acquired
infection and that 28.7% of patients with hospital-
acquired infection experience delays in appropriate
antibiotic therapy with standard care [29].

Case data used here for analysis of percentage of
COVID-19 positivity and corresponding population
density by zip codes are from Florida’s COVID-19
Data and Surveillance Dashboard, Florida Depart-
ment of Health, Division of Disease Control and
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Health Protection. Data are updated daily. Com-
parison of counties is not possible because case
data are not adjusted by population. Therefore, here
COVID-positivity data are adjusted by population.
The percentage of COVID-positivity and current pop-
ulation density are presented in Table 1 for 82 zip
codes of Florida. The lowest percent of COVID-19
positivity was seen in Boca Raton, known as one of
the wealthiest cities in South Florida with 5.4% pos-
itivity, in Jupiter with 6.2% positivity of population,
the home of Scripps Research Institute (https://www.
scripps.edu/campuses/florida/), and in Key Largo
with 4.659%. Key Largo of Monroe County is
the island in the upper Florida Keys. The ∼3-fold
higher percent (14.68%) of population was estimated
for Liberty City (zip code 33142) of Miami-Dade
County. Increasing numbers of lower-income elderly
and welfare-dependent families migrated to Liberty
City after their displacement primarily from inner
city Overtown, turning the area into a dangerous,
low-income ghetto (https://en.wikipedia.org/wiki/
Liberty City (Miami)). In Overtown, 25% of popu-
lation was COVID-positive. In Surfside, there was
7.65% COVID-19 positivity and population density
of 11,265, while in Kendal, a 13.5% COVID-
positivity and population density of 4,530 were
estimated. Both cities were located in Miami-Dade
County, FL. This exemplify that COVID-19 positivity
is not directly correlated with the population density.
The cities located in the north part of Florida, includ-
ing Gainesville, Tallahassee, Jacksonville, Orlando,
and Tampa, had a low positivity from 6.6 to 8.1%. The
highest percent, 44.38%, was estimated for a popula-
tion of 8,105 in zip code 33128 that includes East
Little Havana, the Cuban neighborhood in Miami
Dade, FL. East Little Havana is a neighborhood where
high crime rates and gang activity is still a concern.
The distance between Miami International Airport
(MIA) and Little Havana is 3 miles. A 39.23% posi-
tivity was estimated in the small population of MIA
(zip code 33122). Little Havana located just west of
downtown Miami. Little Havana (zip code 33125)
showed 19.08% COVID-positivity. Zip codes 33194
with 26.88% and 33178 with 19.4% positivity include
residential areas in close proximity to Francis S. Tay-
lor wildlife nature preserve.

Therefore, one can suggest that some factor/s
other than COVID-positive humans might be a
source of the virus spread. Moreover, in a com-
parative analysis (Table 1), a high percentage of
COVID-19 positivity (44.3% at west of downtown
Miami, 25% in Overtown, 19% in Little Havana,

19.35% in Doral, and 16.28% in Hialeah) may
indicate that ecological and social factors affect-
ing COVID-19 positivity of particular populations
should be taken into the account. Positivity per-
centage in cities located at north of Florida with
6.6 to 8.1%, at west (Naples, Collier-6.17%, Sara-
sota, Manatee-4.65%, and Cape Coral-6.29%), at east
(Surfside-7.65%, Sunny Isles Beach, Golden Beach-
7.1%), and at south of Florida (Key Largo with
4.659%) may indicate that COVID-related virus did
not travel from North, West, East, and South borders
to reach inland areas with a highest positivity up to
44.38% in zip code 22128. Key Biscayne and Fisher
Island with 11.1% and 11.84% COVID-positivity,
respectively, locate close to the neighborhood with
a high positivity. The distance between East Little
Havana and Fisher Island, the richest zip code in
the US, is 7 miles via MacArthur Causeway. Dis-
tance between zip code 33136 including Overtown
and zip code 33128 including East Little Havana is
1.1 mile.

Thus, East Little Havana is at the epicenter of
COVID-19 concern in Florida.

Miami-Dade administration informs that eligible
residents (18+, No Symptoms Required) living in
target zip codes may call to request a COVID-19
test (PCR Test At-Home Testing) to be performed at
their home: North Miami, Little Haiti, Upper East
Side, Little River, Liberty City, Little Havana, Alla-
pattah, Homestead/Florida City. Eligible zip codes
include 33127, 33137, 33138, 33147, 33150, 33161,
33162, 33167, 33168, 33125, 33128, 33130, 33135,
33142, 33030, 33033, and 33034 (https://www.
miamidade.gov/global/initiatives/coronavirus/covid
19-location.page?Mduid covid19-location=cov160
6766547000993). Of this list of target zip codes, zip
codes 33125 and 22128 that include Little Havana
show highest positivity percent in my estimations
(Table 1). All the Miami Dade Government target
zip codes are included in the Table 1.

After the nearly 800 families in what Bloomberg
calls the richest ZIP code in America became con-
cerned about COVID-19, they did not wait in long
lines for a test.

Fisher Island has its own health clinic, operated by
the University of Miami Health System. The wealthy
community is paying for newly available antibody
testing for all of its residents—half of whom are older
than 60—and its staff, from housekeepers to marina
workers. Some 1,250 employees and residents have
been tested thus far, according to a spokeswoman for
the community (https://www.cnn.com/2020/04/16/

https://www.scripps.edu/campuses/florida/
https://en.wikipedia.org/wiki/Liberty_City_(Miami)
https://www.miamidade.gov/global/initiatives/coronavirus/covid19-location.page?Mduid_covid19-location=cov1606766547000993
https://www.cnn.com/2020/04/16/us/fisher-island-miami-coronavirus-antibody-testing/index.html
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us/fisher-island-miami-coronavirus-antibody-testing
/index.html). Zip code 33139 that includes Fisher
Island showed 11.84% of COVID-19 positivity
(Table 1). Fisher Island is about seven minutes by
boat from Miami Beach and 7 miles from Little
Havana via MacArthur Causeway.

Both AD and COVID-19 are age-dependent dis-
eases with a high prevalence of obesity and diabetes
[1, 23]. Moreover, the recent meta-analysis of eight
studies with more than 3,700 patients shows a pooled
proportion of 14.4% for newly diagnosed diabetes in
hospitalized COVID-19 patients [26].

The cumulative data until February 6, 2021 show
that 0.36% of the total Florida population was hospi-
talized with a diagnosis of COVID-19.

1.722% (5.7 million people in the US population
of 331 million people) have been diagnosed with
AD. Thus, the rate of AD is 4.79-fold higher than
the rate of COVID-19-positive disease. Median time
from AD dementia diagnosis to death was 3.8 years
[30]. Therefore, the prevalence of COVID-19 severe
disease in Florida, USA is essentially lower than
prevalence of another age-dependent disease AD that
considered by National Institute on Aging to be non-
infectious.

On August 3, 2020, total positive cases in Florida
were 491,884; negative 3,260,914; death 7,157. Pos-
itive cases by exposure source on August 3, 2020
indicated as traveled 3,737; contact with confirmed
case 133,732; travel & contact with confirmed case
3,756; under investigation 323,681; Total 491,884.
Thus, the source/s for majority of positivity was not
known.

Possible sources of COVID-19 virus

The recent CDC data indicate the virus linked
to COVID-19 has been found in untreated waste-
water (https://www.cdc.gov/coronavirus/2019-nc
ov/community/sanitation-wastewater-workers.html).
The leakage of untreated wastewater happened pre-
viously during some storms, hurricanes, and con-
sequent flooding in Miami, Florida and New York
City, NY.

Fecal microorganisms including viruses can be dis-
persed due to the sewage spills. Particularly, Fort
Lauderdale, Florida leaked 232 million gallons of
sewage from its failing pipes over a three-month
period earlier in 2020. In addition, accidental rup-
turing of three sewer lines in Miami Beach, Florida
between July 2019 and March 2020 dumped about

1.7 million gallons of wastewater into Biscayne Bay
(reported by Martin Vassolo, The Miami Herald,
November 10, 2020). A spokesperson for the Depart-
ment of Environmental Protection (DEP) could not
answer questions about how often the agency sues
municipalities for sewer spills because enforcement
statistics were not readily accessible.

The medical procedure of fecal microbiota trans-
plantation (FMT) can also spread microorganisms
causing diseases. FMT, also known as a stool trans-
plant, is the process of transferring fecal bacteria
and other microbes from one organism into the gas-
trointestinal tract of another. Changes observed in the
recipient’s biology are routinely attributed to bacte-
rial cells in the donor feces (∼1011 per gram of human
wet stool). Bojanova and Bordenstein (2016) [31]
examined the literature and summarized findings on
the composition of fecal matter in order to raise cau-
tiously the profile of its multipart nature. In addition to
viable bacteria, which may make up a small fraction
of total fecal matter, other components in unprocessed
human feces include colonocytes (∼107 per gram of
wet stool), archaea (∼108 per gram of wet stool),
viruses (∼108 per gram of wet stool), fungi (∼106

per gram of wet stool), protists, and metabolites [31].
Despite the promising results of FMT in treatment
of recurrent Clostridium difficile infections, several
barriers remain, including determining the character-
istics of a healthy microbiome [32]. Since the first
modern descriptions of its use in 1958 [33], FMT has
increasingly gained interest and rapid acceptance dur-
ing the last 10 years [34]. However some infections
acquired during FMT become life-threatening [35].
In three healthy volunteers, FMT caused long-term
(∼1 year of observation) changes of the gut micro-
biota with the shift toward donor microbiota compo-
sition. One of three volunteers developed a systemic
inflammatory response syndrome after FMT [36].

The Food and Drug Administration (FDA) pub-
lished on March 1, 2016 the Enforcement Policy
Regarding Investigational New Drug Requirements
for Use of Fecal Microbiota for Transplantation to
Treat Clostridium difficile Infection Not Responsive
to Standard Therapies (https://www.federalregister.
gov/documents/2016/03/01/2016-04372/enforceme
nt-policy-regarding-investigational-new-drug-requir
ements-for-use-of-fecal-microbiota-for; Document
Citation: 81 FR 10632, Agency/Docket Number:
Docket No. FDA-2013-D-0811, Document Number:
2016-04372).

Lawrence J. Brandt, MD, Professor of Medicine
and Surgery of Albert Einstein College of Medicine,

https://www.cdc.gov/coronavirus/2019-ncov/community/sanitation-wastewater-workers.html
https://www.federalregister.gov/documents/2016/03/01/2016-04372/enforcement-policy-regarding-investigational-new-drug-requirements-for-use-of-fecal-microbiota-for
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Bronx, New York reported in 2012 [37] that
worldwide, approximately 450 cases of fecal trans-
plantation for treatment of C. difficile have been
reported. Dr. Brandt performed his first fecal trans-
plantation in 1999 [37].

It was reported in 2019 that fecal microbiota trans-
plantation is a promising way to treat colorectal
cancer [38]. In EBioMedicine, Li and colleagues
showed that FMT with feces of patients with colorec-
tal cancer accelerating the progression of adenoma
to adenocarcinoma could cause chronic inflamma-
tion and disturb the ecological balance of the mice’s
gut microbiota [39]. The gavage of fecal samples
from patients with colorectal cancer promoted the
intestinal carcinogenesis in both germ-free and con-
trol conventional mice [40].

Infectious diseases commonly spread through the
direct transfer of bacteria, viruses, or other germs
from one person to another. Thereby, despite the
promising results, FMT procedure can have negative
effects on human health through spreading untested,
unknown, and uncultivable microorganisms related to
illnesses of unknown etiology. Fecal tests that were
positive for SARS-CoV-2 were reported in 8 studies
[41, 42]. Severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) causes coronavirus disease
2019 (COVID-19) [42].

Chang et al. found recently large variation in pre-
dicted reopening risks based on mobility network
models of COVID-19: on average across metro areas,
full-service restaurants, gyms, hotels, cafes, religious
organizations, and limited-service restaurants pro-
duced the largest predicted increases in infections
when reopened. Reopening full-service restaurants
was particularly risky [43].

SARS-Cov 2 was present in some air samples that
were collected from patients’ rooms in hospitals [44].

Pneumonia, necrotizing infections, COVID-19
case reports at autopsy and co-infections

Those dying with, but not of, COVID-19 may still
be infectious

Accumulating evidence shows that microbial co-
infection increases the risk of disease severity in
humans. There have been few studies about SARS-
CoV-2 co-infection with other pathogens. In the
retrospective study by Zhu et al., 257 laboratory-
confirmed COVID-19 patients in Jiangsu Province,
China were enrolled from January 22 to February
2, 2020 [45]. They were re-confirmed by real-time
RT-PCR and tested for 39 respiratory pathogens. In

total, 24 respiratory pathogens were found among the
patients, and 242 (94.2%) patients were co-infected
with one or more pathogens. Bacterial co-infections
were dominant in all COVID-19 patients, Strepto-
coccus pneumonia was the most common, followed
by Klebsiella pneumonia and Haemophilus influen-
zae. Most co-infections occurred within 1–4 days of
onset of COVID-19 disease. In addition, the pro-
portion of viral co-infections, fungal co-infections
and bacterial-fungal co-infections were the high-
est in severe COVID-19 cases. There were 10, 22,
20, and 13 pathogens found in symptomatic, mild,
moderate, and severe/critical cases, respectively. S.
pneumoniae, K. pneumoniae, H. influenzae, fungi
Aspergillus, EB virus, Escherichia coli, and Staphy-
lococcus aureus were simultaneously found in four
clinical groups. Moraxella catarrhalis and Acine-
tobacter baumannii were found in asymptomatic
category, mild category and moderate category [45].
The 81 patients (31.5 %) had viral co-infection, 236
(91.8 %) had bacterial co-infection, and 60 (23.3 %)
had fungal co-infection [45].

Lacy et al. (2020) [46] presented a case (Sno-
homish County Medical Examiner’s Office, Everett,
WA, USA) of sudden unexpected death due to
COVID-19 as a means of illustrating common
autopsy findings, as well as diagnostic and biosafety
considerations. The authors also review and summa-
rize the current COVID-19 literature in an effort to
provide practical evidence-based biosafety guidance
for medical examiner-coroner offices encountering
COVID-19 at autopsy. While in some cases, a his-
tory of fever and/or respiratory distress (e.g., cough
or shortness of breath) may suggest the diagno-
sis, epidemiologic studies indicate that the majority
of individuals infected with COVID-19 develop
mild to no symptoms. Those dying with—but not
of—COVID-19 may still be infectious, however [46].
Swabs of the right and left main bronchi were pro-
cured. The reverse transcriptase–polymerase chain
reaction (RT-PCR) results for SARS-CoV-2 returned
as positive 11.5 hours after submission. Negative
influenza results returned several days later. Bacte-
rial cultures were positive for methicillin-sensitive
Staphylococcus aureus and Streptococcus viridans.
The lack of acute histologic inflammation in the lungs
was observed. Based on the autopsy and investiga-
tive findings, and in accordance with US National
Vital Statistics certification guidelines, the cause of
death was determined to be acute respiratory dis-
tress syndrome (ARDS) due to viral pneumonia due
to COVID-19. Other essential contributory factors
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included type 2 diabetes mellitus, hypertension, and
obesity. In this case [46], the lungs were moderately
heavy and edematous (right: 818 g, left: 705 g). Hilar
and mediastinal lymph nodes appeared enlarged.
The heart exhibited moderate coronary atherosclero-
sis in each of the main coronary distributions, but
there were no occlusions or critical stenoses. The
myocardium was free of obvious infarcts. There was
moderate infrarenal aortic atherosclerosis. The kid-
neys were finely granular and had focal cortical scars.
The brain exhibited hydrocephalus ex vacuo.

Therefore, the co-infections with Staphylococcus
aureus and Streptococcus viridans are not defined as a
cause of death or contributory factors in this case [46].
The authors interpret that “given the lack of acute
histologic inflammation in the lungs, the bacterial
culture results were interpreted as being most likely
contaminants or postmortem artifact” [46]. However,
the review by Bauer et al. (2006) reveal that ARDS is
frequently associated with bacterial infections [47].
Moreover, the Japanese case of 34-year-old woman
with ARDS due to methicillin-resistant Staphylo-
coccus aureus sepsis in hyper-IgE syndrome was
reported by Sato and colleagues [48].

Hereby death cause of COVID-19 virus-positive
cases is uncertain. Thus, the statistics of certifica-
tion defining the cause of death due to COVID-19
is a contentious issue. In other words, COVID-19
death can be due to different causes of related or
unrelated underlying diseases and conditions. Cor-
relation of corona virus positivity and death in a low
percentage of population might have even just been
noise. Of course, correlation is not causation; the shift
toward death with corona virus positivity could have
been due to any number of other issues, such as co-
infections, and/or other overt, covert and inadvertent
conditions.

Goursaud et al. reported COVID-19 necrotizing
pneumonia and extracorporeal membrane oxygena-
tion as a challenge for anticoagulation [49]. High
levels of anticoagulation must be considered with
caution in the most severe patients with SARS-CoV-2
necrotizing pneumonia [49].

COVID-19 and bacterial co-infections: biogenic
amines in Staphylococcus aureus, necrotizing
pneumonia

Necrotizing pneumonia has been described in
COVID-19 fatal case in France [49]. Necrotizing
pneumonia is known to be associated with fungal
or bacterial co-infection, especially Staphylococcus
aureus, which is one of the major causes of death

following virus influenza infection [50]. In the genus
Staphylococcus, certain species are capable of pro-
ducing trace biogenic amines through the activity
of staphylococcal aromatic amino acid decarboxy-
lase (SadA). SadA decarboxylates aromatic amino
acids to produce trace biogenic amines. SadA-
expressing staphylococci were prevalent in the gut
of most probands, where they are part of the human
intestinal microflora. Furthermore, sadA-expressing
staphylococci showed increased adherence to human
colorectal adenocarcinoma HT-29 cells and 2- to
3-fold increased internalization. Internalization and
adherence was also increased in a sadA mutant in the
presence of tryptamine [17, 18]. Of note, tryptamine
can induce necrosis [16]. Therefore, tryptamine and
other trace biogenic amines can play a role in necro-
tizing pneumonia.

Bacterial meningitis is an inflammation of the
meninges which covers and protects the brain and the
spinal cord. Such inflammation is mostly caused by
blood-borne bacteria that cross the blood-brain bar-
rier (BBB) and finally invade the brain parenchyma.
Pathogens such as Streptococcus pneumoniae, Neis-
seria meningitidis, and Haemophilus influenzae are
the main etiological causes of bacterial meningitis.
Furthermore, clinical studies have shown indications
of meningitis-caused dementia [51].

Twelve different biogenic amines formation in
58 isolates of Streptococcus thermophilus from
home-made natural yogurt were investigated in his-
tidine (HDB) and lysine decarboxylase broth (LDB).
Tryptamine produced at mg/L concentrations in both
HDB and LDB [52]. In HDB, tryptamine was pro-
duced at 1–100 mg/L in 47 S. thermophilus isolates
while in LDB, 7 isolates produced 101–500 mg/L
tryptamine [52]. HDB and LDB contained 1 g pep-
tone, 0.5 g Lab-Lemco powder, 2.5 mg NaCl, 4.01 g
L-histidine monohydrochloride monohydrate or L-
lysine monohydrochloride, and 2.5 mg pyridoxal HCl
in 500 mL distilled water; the pH was adjusted to 5.5
with 1 M KOH or 6% trichloroacetic acid.

These data suggest that S. thermophilus strains
can use histidine and lysine decarboxylases for pro-
duction of tryptamine, phenylethylamine, tyramine,
serotonin, and dopamine or HDB and LDB that
included peptone and Lab-Lemco powder contained
sufficient amount of tryptophan (16 mg/L), to be
decarboxylated by tryptophan decarboxylase. The
authors concluded that the other biogenic amines are
likely to have been produced from the amino acids in
peptone and beef extract [52]. Two isolates of S. ther-
mophilus produced significant amounts of tyramine,
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504 and 539 mg/L while tyrosine was calculated at
14 mg/L. The formation of dopamine by S. ther-
mophilus ranged from 1.17 to 2160 mg/L. Tryptamine
was not determined in 10 HDB and 14 LDB cultivated
S. thermophiles isolates.

Therefore, tryptamine unlikely derived from HDB
or LDB alone. However, some strains could metabo-
lize tryptamine and other biogenic amines. Thus, the
biogenic amines content in HDB and LDB should be
estimated and controlled.

Tryptamine was produced by Klebsiella pneumo-
niae in HDB and by K. pneumoniae and Pseudo-
monas putida in LDB [53].

Food industries consider S. thermophilus as non-
pathogenic.

In 2018, tryptamine (0 to 120.18 ± 4.29 mg/kg)
and other biogenic amines were reported to be pro-
duced by bacterial strains isolated from the popular
fermented soybean product from 15 different regions
in China [54]. Some of these strains were able to
degrade biogenic amines [54].

Of note, in this study published by the journal
Scientific Reports (Nature Publishing Group) [54],
the data on content of biogenic amines in soybean
extracts are provided, but no data available on a con-
tent of biogenic amines in the media for cultivation of
bacterial isolates for the detection of biogenic amines.
Meanwhile, LB medium composed of NaCl, 10 g/L
Tryptone, 10 g/L, and Yeast Extract, 5 g/L and used
for bacteria cultivation may contain biogenic amines
that can be degraded by some bacterial strains thus
effecting results on biogenic amines analysis.

The seven tryptamine-producing bacteria were
isolated in South Korea from commercial salted
and fermented sand lance (Ammodytes personatus)
fish sauces using an L-tryptophan decarboxylating
medium. These tryptamine-producing bacteria, iden-
tified using an API kit and 16S rRNA analysis,
included Lysinibacillus xylanilyticus (one strain),
Lysinibacillus fusiformis (four strains), and Staphy-
lococcus epidermidis (two strains). Lysinibacillus
spp. produced the highest levels of tryptamine in
culture broth containing 0.5% L-tryptophan, com-
pared with 1.0% and 2.0% preparations. After 72
h of incubation, Staphylococcus epidermidis pro-
duced the highest levels of tryptamine (60.50 �g/mL
and 664.86 �g/mL) in culture broth containing 2.0%
L-tryptophan [55]. Thus, Staphylococcus strains pro-
ducing high amount of tryptamine can originate from
food including Korean fish sauces.

Staphylococcus aureus strain HZW450 isolated
(China: Hangzhou, Submitted 11-APR-2017, State

Key Laboratory for Diagnosis and Treatment of
Infectious Diseases, The First Affiliated Hospital
College of Medicine Zhejiang University, China)
from pus of a patient with impetigo (highly con-
tagious skin infection) possess pyridoxal-depen-
dent decarboxylase (GenBank: ATH56183.1; 472
amino acids; pyridoxal-deC, DOPA decarboxylase
family). High amino acid sequence identity to
pyridoxal-deC (3e-157, 99.08%) presents in the
nasal sample (anterior nares) of a male participant
(emb|ODTW01004449.1; Submitted 01-SEP-2017)
from the dbGaP study “HMP Core Microbiome
Sampling Protocol (USA control set). Hangzhou,
the capital of Zhejiang province in China, was
confronted with the pandemic of a novel coron-
avirus (COVID-19) that originated in Wuhan, Hubei
province. According to the Health Commission of
Zhejiang Province, the 6 cases were first reported
on January 19, 2020, and the cumulative cases
reached 169 as of February 20, 2020. The situation
in Hangzhou was once rather severe—it was the top-
ranking city with respect to the number of confirmed
cases in Zhejiang province at the beginning of the epi-
demic [56]. Therefore, the bacterial Staphylococcus
aureus strain possessing gene for DOPA decarboxy-
lase was isolated from human sample in China before
the first cases of COVID-19 reported. Similar gene
presents in the human sample in the US.

McDanel and colleagues reported in 2016 that
Staphylococcus aureus is a common cause of res-
piratory infections, including pneumonia, and can
lead to necrotizing pneumonia and death. Influenza
complicated by S. aureus co-infection can progress
rapidly to death within a week of symptom onset [57].
Increased mortality rates associated with Staphy-
lococcus aureus and influenza co-infection was
investigated in Maryland and Iowa in the US [57].
In this study, the researchers retrospectively ana-
lyzed data for 195 respiratory infection patients
who had positive Staphyloccocus aureus cultures
and who were hospitalized in two hospitals in Iowa
and Maryland during 2003–2009. Odds for death
for patients who also had influenza-positive test
results were > 4 times higher than for those who
had negative influenza test results [57]. This dataset
did not include information about variables such
as influenza vaccination status, mechanical ventila-
tion, co-infection with organisms other than influenza
and S. aureus, and whether the pneumonia was
necrotizing [57]. The characterization of biogenic
amine production by S. aureus clinical isolates is not
available.
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Up to 75% of those infected with influenza that
go on to acquire pneumonia, are confirmed to have
bacterial co-infection [50].

The mouse model used by Jia et al. (2018) to
explore coinfection-induced death [58]. To mini-
mize the impact of the pathogens themselves on
coinfection-related mortality, various coinfection
sequences and time points were planned using non-
lethal doses of influenza virus (PR8) and S. aureus
(MRSA). The results indicated that mortality is
related to the sequence and timing of infection with
both pathogens. Specifically, mortality was highest
(> 80%) in mice infected with MRSA [d, d-1, d-2,
and d-3 groups from day 0 to day 3 post-infection
with influenza virus, which was higher than that in
other co-infected groups [58].

Despite invasive aspergillosis being reported in
immunocompetent severe COVID-19 patients [59,
60], other pathogen profiles are not yet esta-
blished, and descriptive clinico-microbiological stud-
ies are still warranted [49]. Fungi Aspergillus
niger transformed tryptamine into 5-hydroxyindole-
3-acetamide [61].

Sharifipour and colleagues [62] reported (Septem-
ber 2020) the study of nineteen critically ill patients
admitted to ICU wards in two referral hospitals
for coronavirus in Qom, Iran. These patients were
enrolled in the study of bacterial infections in
COVID-19 patients [62]. Patients were given antibi-
otics such as ceftriaxone and azithromycin before
admission to the ICUs. Inclusion criteria were being
infected by COVID-19, hospitalized, intubated, and
mechanically ventilated > 48 h in ICUs [62]. Of nine-
teen COVID-19 patients, 11 (58%) patients were
male and 8 (42%) were female, with a mean age of
∼67 years old. The 16 of 19 patients had diabetes.
The average ICU length of stay was ∼15 days and
at the end of the study, 18 cases (95%) expired and
only was 1 case (5%) discharged. In total, all patients
were found positive for bacterial infections, includ-
ing seventeen Acinetobacter baumannii (90%) and
two Staphylococcus aureus (10%) strains. There was
no difference in the bacteria species detected in any
of the sampling points. Seventeen of 17 strains of
Acinetobacter baumannii were resistant to the evalu-
ated antibiotics [62]. Overall, it is important to limit
the risk of infection and the spread of these resis-
tant strains through controlling nosocomial infections
accurately and bringing secondary infections caused
by resistant bacteria that can increase the mortal-
ity rate in COVID-19 critical patients into attention
[62].

Taking into account that high proportion of
COVID-positive patients had preexisting diabetes (16
of 19 COVID-positive patients had diabetes in Iran
[62]), it is worth to look into possibility that diabetic
patients could be infected during insulin administra-
tion. Grissinger reported in 2017 that “wrong patient”
insulin pen injections are alarmingly frequent in
the US [63]. The insulin pen sharing could lead
to pathogen transmission. The large-scale potential
exposures to blood-borne pathogens caused by using
insulin pens for multiple patients after changing the
needle include: 2,114 patients at a Texas Army med-
ical center in 2009; 2,345 patients at a Wisconsin
clinic in 2011; 716 patients at a New York Veterans
Affairs medical center in 2013; 1,915 patients at a
New York general hospital in 2013; 3,149 patients at
a Connecticut hospital in 2014 [63].

During the 1918–1919 pandemic, the bacteria most
often recovered from the sputum, lungs, and blood
of pneumonia patients, alive or dead, were common
colonizers of the upper respiratory tracts of healthy
persons, i.e., Hemophilus influenzae, Streptococcus
pneumoniae, S. pyogenes, and/or Staphylococcus
aureus [64]. Brundage and Shanks (2008) hypothe-
size that infections with the pandemic influenza strain
generally caused self-limited (rarely fatal) illnesses
that enabled colonizing strains of bacteria to pro-
duce highly lethal pneumonias [64]. They suggest
opportunities for prevention and treatment during the
next pandemic with bacterial vaccines and antimicro-
bial drugs, particularly if a pandemic strain-specific
vaccine is unavailable or inaccessible to isolated,
crowded, or medically underserved populations [64].

Morens, Taubenberger, and Fauci of the National
Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, MD reported in
2008 that the majority of deaths in the 1918–1919
influenza pandemic likely resulted directly from
secondary bacterial pneumonia caused by common
upper respiratory–tract bacteria. Less substantial data
from the subsequent 1957 and 1968 pandemics are
consistent with these findings [65]. In this study of
the postmortem samples from people who died of
influenza during 1918–1919, the authors revealed the
uniformly exhibited severe changes indicative of bac-
terial pneumonia. Bacteriologic and histopathologic
results from published autopsy series clearly and con-
sistently implicated secondary bacterial pneumonia
caused by common upper respiratory–tract bacteria
in most influenza fatalities [65].

Wunderink and Waterer [66] reported in 2014
that pneumonia is sometimes referred to as the
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forgotten killer. The World Health Organization esti-
mates that lower respiratory tract infection is the
most common infectious cause of death in the
world (the third most common cause overall), with
almost 3.5 million deaths yearly. Together, pneu-
monia and influenza constitute the ninth leading
cause of death in the US, resulting in 50,000 esti-
mated deaths in 2010. This number is probably
underestimated, since deaths from sepsis (for which
pneumonia is the most common source) and deaths
attributed to other conditions (e.g., cancer and AD)
for which pneumonia is the terminal event are
coded separately [66]. Clinical features suggesting
community-acquired methicillin-resistant Staphylo-
coccus aureus (MRSA) pneumonia are: cavitary
infiltrate or necrosis; rapidly increasing pleural effu-
sion; gross hemoptysis (not just blood-streaked);
concurrent influenza; neutropenia; erythematous
rash; skin pustules; young, previously healthy patient;
severe pneumonia during summer months [66].
According to European Centre for Disease Preven-
tion and Control since 31 December 2019 and as of
02 November 2020, 46 597 299 cases of COVID-
19 (in accordance with the applied case definitions
and testing strategies in the affected countries) have
been reported, including 1,201,162 deaths (COVID-
19 situation update worldwide, as of November 2,
2020 https://www.ecdc.europa.eu/en/geographical-
distribution-2019-ncov-cases).

The first New York case was reported in early
March 2020 and by the first week in April, the
New York Presbyterian Hospital system, including
Columbia and Weill Cornell, had close to 2,500 in-
patients with over 700 patients on ventilators [67].
The standard of care for COVID-19 was support-
ive care only with essential morbidity and mortality
recognized. An emerging crisis without proven treat-
ments COVID-19 is a mild illness in more than 80%
of people infected, but about 15% will require hospi-
talization and about 5% intensive care unit support.

Epidemiology, clinical course, and outcomes of
critically ill adults with COVID-19 in New York City
were reported by Cummings et al. [68] and by Goyal
et al. [69]. The authors concluded that critical ill-
ness among patients hospitalized with COVID-19 in
New York City is common and associated with a
high frequency of invasive mechanical ventilation,
extrapulmonary organ dysfunction, and substantial
in-hospital mortality [68]. The incidence of bacte-
rial superinfection in the setting was unknown early
in the outbreak in the study reported by Cummings et
al. [68]. In the study by Goyal et al., bacteremia (the

presence of bacteria in the bloodstream) was revealed
in 19/338, 4.8% (all), 15 (11.9%) of invasive mechan-
ical ventilation (N = 130); 4 (1.8%) of no invasive
mechanical ventilation (N = 263). The viral co-
infection was revealed in 4/393, 1.0% (all), 2 (1.5%)
in invasive mechanical ventilation and 2 (0.8%) in
no invasive mechanical ventilation [69]. In-hospital
treatment included hydroxychloroquine, remdesivir,
and oral corticosteroids [69]. This report character-
izes the first 393 consecutive patients with COVID-19
who were admitted to two hospitals in New York
City [69]. Of note, no treatment with antibiotics
indicated for the COVID-positive patients. Among
these patients, obesity reported for 35.8%, diabetes
- 25.2%, hypertension-50.1%, chronic obstructive
pulmonary disease (COPD)-5.1%, asthma-12.5%,
coronary artery disease-13.7%, death-10.2%. Infil-
trates on initial chest radiograph (during hospital
stay) were revealed in 75.3% of the COVID-19
patients, and no data provided on the infectious
agents in the infiltrates. All these diseases including
COPD [70] and asthma [71] was found to be asso-
ciated with increased risk of dementia [1], whereas
nursing home patients have been disproportionately
affected by COVID-19. It has been reported that one-
fourth of all COVID-19 deaths nationwide occurred
in nursing homes and other long-term care facilities
[72]. Analyses of Connecticut, New Jersey, and New
York indicate that nursing homes with higher per-
centages of Medicaid patients were more likely to
have COVID-19 deaths [72]. Among the 1,162 nurs-
ing homes in this study, 184 (15.8%) had 6 or more
COVID-19 associated deaths [72].

Therefore based on this study [69] bacteremia and
to a lesser extent viral co-infection in COVID-19
patients are related to Invasive Mechanical Ventila-
tion in New York City Hospitals.

Sen-Crowe et al. reported (2020) that in Florida,
the overall and July, 2020 case-fatality ratios (CFRs)
remain low at 1.4% and 0.90%, respectively [73].
California reports a CFR of 1.8% since the onset of
the pandemic and 1.1% in July 2020. The state of
Texas reports an CFR of 1.4% overall and in the past
month (July 2020) [73].

Postmortem studies of COVID-19 patients all
over the world

Pomara, Li Volti, and Cappello published the arti-
cle in 2020 [74]: COVID-19 Deaths: Are We Sure It
Is Pneumonia? Please, Autopsy, Autopsy, Autopsy!

Salerno and collogues from Italy published the
review article in 2020 “No Autopsies on COVID-19

https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases
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Deaths: A Missed Opportunity and the Lockdown of
Science” [75]. The authors of this review state that
despite the increasing number of published studies
on COVID-19, in all the examined studies the lack
of a well-defined pathophysiology of death among
patients who died following COVID-19 infection is
evident. Autopsy should be considered mandatory to
define the exact cause of death, thus providing use-
ful clinical and epidemiologic information as well as
pathophysiological insights to further provide thera-
peutic tools. A total of 50 articles met the inclusion
criteria. However, only 7 of these studies reported
autopsy-based data. The analysis of the main data
from the selected studies concerns the complete anal-
ysis of 12,954 patients, of whom 2,269 died (with
a mortality rate of 17.52%). Laboratory confirma-
tion of COVID-19 infection was obtained in all cases
and comorbidities were fully reported in 46 studies.
The most common comorbidities were: cardiovas-
cular diseases (hypertension and coronary artery
disease), metabolic disorders (diabetes, overweight,
or obesity), respiratory disorders (chronic obstructive
pulmonary disease), and cancer. The most common
reported complications were: ARDS, acute kidney
injury, cardiac injury, liver insufficiency, and septic
shock. Only 7 papers reported histological investi-
gations. Nevertheless, only two complete autopsies
are described, and the cause of death was listed as
COVID-19 in only one of them. The lack of post-
mortem investigation did not allow a definition of the
exact cause of death to determine the pathways of this
infection. Based on the few histopathological find-
ings reported in the analyzed studies, it seems to be a
clear alteration of the coagulation system: frequently
prothrombotic activity with consequent thromboem-
bolism was described in COVID-19 patients.

The article published by Sperhake [76] provides an
overview of the status of the autopsy series published
worldwide and shows the path taken by the city of
Hamburg in Germany, where autopsies are ordered
by the health authorities in the interests of disease
control. The risk of infection posed by SARS-CoV-
2-positive deceased persons may be overestimated
[76].

Most patients with COVID-19 are asymptomatic or
experience only mild symptoms, including fever, dry
cough, and shortness of breath. However, some indi-
viduals deteriorate rapidly and develop ARDS. The
most common histopathologic correlate of ARDS
is diffuse alveolar damage (DAD), characterized by
hyaline membrane formation in the alveoli in the
acute stage, and interstitial widening by edema and

fibroblast proliferation in the organizing stage. Bar-
ton and colleagues reported that DAD has a long list
of potential etiologies, including infection, vaping-
associated pulmonary injury, oxygen toxicity, drug
toxicity, toxic inhalants or ingestants, shock, severe
trauma, sepsis, irradiation, and acute exacerbations
of usual interstitial pneumonia [77].

Schaller et al., 2020 recent report of examina-
tions conducted in Germany states that “because
there are still insufficient data on cause of death, we
describe postmortem examinations in a case series of
patients with COVID-19” [78]. Between April 4 and
April 19, 2020, the serial postmortem examinations
were conducted in patients with proven severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection who died at the University Medical Cen-
ter Augsburg (Germany). Autopsies were conducted
according to published best practice. Specimens from
lung, heart, liver, spleen, kidney, brain, pleural effu-
sion, and cerebrospinal fluid (CSF) were assessed.
Postmortem nasopharyngeal, tracheal, bronchial
swabs, pleural effusion, and CSF were tested for
SARS-CoV-2 by reverse transcriptase–polymerase
chain reaction. In this postmortem evaluation of
10 patients with COVID-19, acute and organizing
diffuse alveolar damage and SARS-CoV-2 persis-
tence in the respiratory tract were the predominant
histopathologic findings and constituted the lead-
ing cause of death in patients with and without
invasive ventilation. Periportal liver lymphocyte
infiltration was considered unspecific inflammation.
Whether myoepicardial alterations represented sys-
temic inflammation or early myocarditis is unclear;
criteria for true myocarditis were not met. Central
nervous system involvement by COVID-19 could
not be detected. This study has limitations, includ-
ing the small number of cases from a single center
and missing proof of direct viral organ infection
[78].

Pulmonary postmortem findings in a series of
COVID-19 cases were revealed in northern Italy
two-center descriptive study [79]. The predominant
pattern of lung lesions in patients with COVID-
19 patients is diffuse alveolar damage, as described
in patients infected with severe acute respiratory
syndrome and Middle East respiratory syndrome
coronaviruses. Hyaline membrane formation and
pneumocyte atypical hyperplasia are frequent. Impor-
tantly, the presence of platelet–fibrin thrombi in
small arterial vessels is consistent with coagulopa-
thy, which appears to be common in patients with
COVID-19 [79].



E.L. Paley / Towards Understanding COVID-19 585

Tyramine infusion in twelve healthy active males
causes a local noradrenaline release in the leg. The
increase in noradrenaline was associated with an
increase in clot microstructure formation [80]. Bio-
genic amines tyramine, tryptamine and �-phenyl-
etylamine are secondary metabolites of microbial
shikimate pathway produced by human microbiome
[1, 2].

In China reports, COVID-19, caused by severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, is associated with coagulopathy
causing venous and arterial thrombosis [81, 82].
Recent data from the pandemic epicenter in Wuhan,
China, reported neurological complications in 36% of
214 patients with COVID-19; acute cerebrovascular
disease (mainly ischemic stroke) was more common
among 88 patients with severe COVID-19 than those
with non-severe disease (5.7% versus 0.8%) [83].

However, the mechanisms, phenotype, and opti-
mal management of ischemic stroke associated with
COVID-19 remain uncertain [84]. Beyrouti and
other researchers in London, UK described the
demographic, clinical, radiological, and laboratory
characteristics of six consecutive patients assessed
April 1–16, 2020 at the National Hospital for Neu-
rology and Neurosurgery, Queen Square, London,
UK, with acute ischemic stroke and COVID-19
(confirmed by reverse-transcriptase PCR (RT-PCR)).
All six patients had large vessel occlusion with
markedly elevated D-dimer levels ( ≥ 1000 �g/L).
Three patients had multiterritory infarcts, two had
concurrent venous thrombosis, and, in two, ischemic
strokes occurred despite therapeutic anticoagulation
[84].

In New Orleans, autopsies were performed on ten
African American decedents aged 44–78 years with
cause of death attributed to COVID-19, reflective
of the dominant demographic of deaths follow-
ing COVID-19 diagnosis [85]. Important findings
include the presence of thrombosis and microan-
giopathy in the small vessels and capillaries of
the lungs, with associated hemorrhage, that con-
tributed to death. Features of diffuse alveolar damage,
including hyaline membranes, were present, even
in patients who had not been ventilated. Cardiac
findings included individual cell necrosis without
lymphocytic myocarditis. There was no evidence of
secondary pulmonary infection by microorganisms
[85].

Solomon et al. [86] reported that neurologic
symptoms, including headache, altered mental sta-
tus, and anosmia, occur in many patients with

COVID-19. The neuropathological findings were
from autopsies of 18 consecutive patients with
SARS-CoV-2 infection who died in a single teach-
ing hospital between April 14 and April 29, 2020
in Massachusetts, USA [86]. All the patients had
nasopharyngeal swab samples that were positive for
SARS-CoV-2 on qualitative reverse-transcriptase–
polymerase-chain-reaction (RT-PCR) assays. Histo-
pathological examination of brain specimens ob-
tained from 18 patients who died 0 to 32 days after
the onset of symptoms of COVID-19 showed only
hypoxic changes and did not show encephalitis or
other specific brain changes referable to the virus.
The virus was detected at low levels in six brain sec-
tions obtained from 5 patients; these levels were not
consistently related to the interval from the onset of
symptoms to death. Positive tests may have been due
to in situ virions or viral RNA from blood [86].

The autopsy findings of 21 COVID-19 patients
hospitalized at the University Hospital Basel and
at the Cantonal Hospital Baselland, Switzerland
were reported by Menter et al. [87]. The primary
cause of death was respiratory failure with exuda-
tive diffuse alveolar damage and massive capillary
congestion, often accompanied by microthrombi
despite anticoagulation. Ten cases showed superim-
posed bronchopneumonia. Further findings included
pulmonary embolism (n = 4), alveolar hemorrhage
(n = 3), and vasculitis (n = 1). Pathologies in other
organ systems were predominantly attributable to
shock; three patients showed signs of generalized
and five of pulmonary thrombotic microangiopathy.
Six patients were diagnosed with senile cardiac amy-
loidosis upon autopsy. Most patients suffered from
one or more comorbidities (hypertension, obesity,
cardiovascular diseases, and diabetes mellitus). Addi-
tionally, there was an overall predominance of males
and individuals with blood group A (81% and 65%,
respectively) [87]. Myocardial hypertrophy observed
in 71% COVID-19 cases Liver pathologies such as
liver steatosis was observed in 41% and liver shock
necrosis in 29% of COVID-19 cases. The cytoplasm
of kidney podocytes, endothelial cells and proximal
tubular epithelial cells contained multiple vesicles
revealed by electron microscopy [87]. At higher mag-
nification, the vesicles contain double membranes.
Similar multiple vesicles were earlier observed in
AD brain and in tryptamine-treated human neuronal
cells by Paley [4]. In summary, the findings provide
an insight into the complexity of COVID-19 patho-
physiology. SARS-CoV-2 substantially contributed
to fatality in all cases, but the authors postulate a
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multifactorial cause of death, with COVID-19 as
a contributory factor in multimorbid patients [87].
Major findings that imply an impaired microcir-
culation include pulmonary capillarostasis and the
presence of microthrombi in the lungs and kidneys
despite anticoagulation. The findings corroborate
clinical and epidemiological data on cardiovascu-
lar morbidity and disease outcome and add amyloid
transthyretin (ATTR) amyloidosis as a risk factor. Of
note, ATTR is thyroxine-binding prealbumin while
serum thyroxine was lower in severe COVID-19 com-
pared to nonsevere cases and healthy individuals [23].

Barton et al. (2020) report the findings of two com-
plete autopsies of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) positive individuals
who died in Oklahoma in March 2020 [77]. A 77-
year-old obese man with a history of hypertension,
splenectomy, and 6 days of fever and chills died while
being transported for medical care. He tested positive
for SARS-CoV-2 on postmortem nasopharyngeal and
lung parenchymal swabs. Autopsy revealed diffuse
alveolar damage, chronic inflammation, and edema in
the bronchial mucosa. A 42-year-old obese man with
a history of myotonic dystrophy developed abdom-
inal pain followed by fever, shortness of breath,
and cough. Postmortem nasopharyngeal swab was
positive for SARS-CoV-2; lung parenchymal swabs
were negative. Autopsy showed acute bronchopneu-
monia with evidence of aspiration. Neither autopsy
revealed viral inclusions, mucus plugging in airways,
eosinophils, or myocarditis [77]. Bacterial cultures
(aerobic/anaerobic) of the lung tissue from the 42-
year-old patient grew nontoxigenic Escherichia coli,
Candida tropicalis, and Proteus mirabilis. In com-
plete autopsy of the 77-year-old patient, the hepatic
centrilobular steatosis and remote cholecystectomy
and in the 42-year-old, hepatic cirrhosis and advanced
remote cholecystectomy were revealed. Coronary
artery disease was found in both patients.

Ackermann et al. reported in 2020 that the lungs
from patients with COVID-19 showed distinctive
vascular features, consisting of severe endothelial
injury associated with the presence of intracellular
virus and disrupted cell membranes. Histologic anal-
ysis of pulmonary vessels in patients with COVID-19
showed widespread thrombosis with microangiopa-
thy. Alveolar capillary microthrombi were 9 times
as prevalent in patients with COVID-19 as in patients
with influenza (p < 0.001). In lungs from patients with
COVID-19, the amount of new vessel growth— pre-
dominantly through a mechanism of intussusceptive
angiogenesis—was 2.7 times as high as that in the

lungs from patients with influenza (p < 0.001) [88]. In
this study, pulmonary autopsy specimens from seven
patients who died from respiratory failure caused by
SARS-CoV-2 infection were compared with lungs
from seven patients who died from pneumonia caused
by influenza A virus subtype H1N1—a strain asso-
ciated with the 1918 and 2009 influenza pandemics
[88].

Archer et al. described in 2020 the differences
between COVID-19 pneumonia, acute respiratory
distress syndrome, and high altitude pulmonary
edema (HAPE) [89]. Although 80% of people with
COVID-19 have a minor, acute respiratory infection,
the mortality ranges from 2% to 7%. Patients with
COVID-19 pneumonia may decompensate because
of hypoxemic respiratory failure. Autopsy data show
inflammation, diffuse alveolar damage, alveolar fluid
accumulation, and occasional hyaline membranes,
consistent ARDS [89]. Recently, HAPE physiology
was proposed to explain the edema and hypoxemia
in COVID-19 pneumonia.

Fried et al reported 4 cases (positive SARS-CoV-
2 testing) that illustrate a variety of cardiovascular
presentations of COVID-19 infection [90]. Case 1:
A 64-year-old woman is presented with COVID-
19 pneumonia and differential diagnosis included
myopericarditis and cardiac amyloidosis. Case 2: A
38-year-old man with a history of type 2 diabetes mel-
litus presented with 1 week of cough, pleuritic chest
pain, and progressive shortness of breath to an out-
side hospital. The patient had a bradycardic arrest
lasting 6 minutes. Case 3: A 64-year-old woman
with a nonischemic cardiomyopathy, atrial fibrilla-
tion, hypertension, and diabetes mellitus presented
with a nonproductive cough and shortness of breath
for 2 days. On arrival, she was afebrile, with blood
pressure 153/120 mm Hg, heart rate 100 bpm, and
oxygen saturation 88%. Case 4: A 51-year-old man
with a history of heart transplantation in 2007 and
renal transplantation in 2010 presented with inter-
mittent fever, dry cough, and shortness of breath for
9 days. He denied any recent travel or sick con-
tacts. His outpatient immunosuppression included
tacrolimus 5 mg twice daily, mycophenolate mofetil
250 mg twice daily, and prednisone 5 mg daily
[90].

In our study, the congophilic cerebral angiopathy
associated with angiogenesis was revealed in blood
vessels of tryptamine-treated mouse [91]. Thus two
biogenic amines produced by human gut microbiome
tryptamine [91] and tyramine [80] can induce throm-
bosis, microangiopathy and angiogenesis similar to
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those revealed in COVID-19 patients [77, 79, 84,
85, 88].

Pneumonia in elderly before COVID-19 era
Cacciatore et al. (2017) presented analysis of Ital-

ian cases of pneumonia observed in elderly [92]
before COVID-19 was discovered. The data of this
study are suitable for comparison with pneumonia
associated with COVID-19 positivity. The authors
discuss several important aspects of pneumonia in
the elderly, which is a common and severe problem.
In this review, the authors analyze the state of the
art for pneumonia in the elderly. Several aspects are
discussed: 1) how common is the disease; signs and
symptoms in the elderly; 2) the elderly must always
be hospitalized and which is the best place - ICU or
medical ward?; 3) the role of comorbidities; 4) etiol-
ogy and pathogenesis; medical treatment - when and
how to start; 5) antibiotic resistance; 6) antibiotics in
hospital-acquired and ventilator-related pneumonia;
7) assisted non-invasive ventilation; 8) the treatment
in the terminally ill elderly patient [92]. Pneumonia is
a frequent illness highly conditioning morbidity and
mortality in the elderly population. In this age group,
similarly, in all racial groups, it is the fourth leading
cause of death and the leading cause of death from
infectious disease. Pneumonia often is the terminal
event that complicates a long-term illness (demen-
tia, cancer, as prolonged immobilization syndrome).
Authors distinguish different types of pneumonia
depending on the environment in which they develop:
community acquired pneumonia (CAP) or pneumo-
nia community, nursing home acquired pneumonia or
hospital acquired pneumonia or in hospital develop-
ment and ventilator-associated pneumonia [92]. Data
derived from an observational study conducted by
the authors in the Emergency Department of Car-
darelli Hospital in Naples, between January 1, 2015
and October 15, 2015, identified 3,255 patients with
respiratory infection diagnosis on 72,134 accesses
to the Emergency Department. The incident rate of
respiratory infection is 45/1,000 patients of which
1,559/72,134 corresponding to an incidence rate of
22/1,000 with a diagnosis of pneumonia, increasing
to 77.4/1,000 for patients with 65 years and over.
In elderly patients hospitalized for pneumonia, the
mortality rate is about 20%. If pneumonia develops
in patients already hospitalized for other conditions,
mortality increase to 50–70%, and is higher in women
than in men. Pneumonia is the most common form
of hospital-acquired infection. Data from European
Center Disease Control (ECDC), published in 2015,

related to a survey conducted on 231,459 patients hos-
pitalized between 2011 and 2012, identified 13829
patients (6.0%) with hospital infection [92]. For
comparison, the estimated COVID-19 positive is
8.408% in Florida currently and 0.36% COVID-19
positive were hospitalized residents of total Florida
population.

Therefore, the incidence of COVID-19-related
pneumonia from March 2020 to February 2021 in
Florida is essentially lower than the incidence of
pneumonia in Europe in the period before COVID-19.

Jackson et al. reported in 2004 [93] that the overall
rate of community-acquired pneumonia ranged from
18.2 cases per 1,000 person-years among persons
aged 65–69 years to 52.3 cases per 1,000 person-years
among those aged ≥85 years. In this US popula-
tion, 59.3% of all pneumonia episodes were treated
on an outpatient basis. In multivariate analysis, risk
factors for community-acquired pneumonia included
age, male sex, chronic obstructive pulmonary disease,
asthma, diabetes mellitus, congestive heart failure,
and smoking. On the basis of these data, the authors
estimate that roughly 915,900 cases of community-
acquired pneumonia occur annually among seniors
in the US and that approximately 1 of every 20 per-
sons aged > or = 85 years will have a new episode of
community-acquired pneumonia each year [93].

CDC estimates that influenza was associated with
more than 35.5 million illnesses, more than 16.5
million medical visits, 490,600 hospitalizations, and
34,200 deaths during the 2018–2019 influenza sea-
son. This burden was similar to estimated burden
during the 2012–2013 influenza season (Centers for
Disease C, Prevention. Estimated influenza illnesses
and hospitalizations averted by influenza vaccination
– United States, 2012–13 influenza season. MMWR
Morb Mortal Wkly Rep 2013; 62(49): 997–1000).

Other necrotizing infections
It was discussed here that COVID-19 positiv-

ity can be associated with necrotizing pneumonia
[49]. Moreover, cardiac necrosis [85] and liver shock
necrosis [87] were found in COVID-19 patients.
Thereby, the other necrotizing medical conditions can
be related to necrosis in different organs of COVID-
19 patients.

Erichsen Andersson et al. presented in 2018 the
analysis of necrotizing fasciitis (NF) experienced by
survivors and family in Nordic multi-center study
[94]. Necrotizing soft tissue infection is the most
serious of all soft tissue infections. The patient’s
life is dependent on prompt diagnosis and aggressive
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treatment. Diagnostic delays are related to increased
morbidity and mortality, and the risk of under- or
missed diagnosis is high due to the rarity of the con-
dition [94].

Molecular characterization of methicillin-resistant
Staphylococcus aureus from a fatal case of NF in an
extremely low-birth-weight infant was characterized
by Orii et al. (2010) in Japan [95].

Peker et al reported (2010) a case of invasive and
mortal NF caused by Staphylococcus epidermidis in
an infant with extremely low birthweight in Turkey
[96].

The case of multifocal NF complicating a sin-
gle vaccine injection was reported by Perbet et al.
in France [97]. Injection of hepatitis B vaccine of
a 16-year-old immunocompetent woman developed
into rapidly spreading multifocal NF of the right
arm and the thighs, with septic shock. Treatment
with antimicrobial therapy and surgical debridements
allowed amputation to be avoided with a favourable
outcome. The etiological agent was a methicillin-
sensitive Staphylococcus aureus isolate [97].

The complete genome sequence of a highly vir-
ulent methicillin-sensitive Staphylococcus aureus
strain, MCRF184, belonging to sequence type 45 was
reported by Aswani et al. (2016) [98]. This staphylo-
coccal strain was isolated in Wisconsin, USA from a
surgical biopsy specimen of a patient with necrotizing
fasciitis [98].

One of most recent case of necrotizing enterocoli-
tis, medical condition that lead to premature birth was
recently reported by Kim and Seo (2020) [99].

Challenges in diagnosing necrotizing enterocol-
itis were outlined in another report (2020) [100].
Staphylococcus is related to necrotizing enterocolitis.
Particularly, necrotizing enterocolitis with epidemic
Staphylococcus in a neonatal intensive care unit
was reported in 1984 [101]. In 2012, Lemyre et
al. [102] reported that a decrease in the number of
cases of necrotizing enterocolitis is associated with
the enhancement of infection prevention. This report
describes control measures during a Staphylococ-
cus aureus outbreak in a neonatal intensive care unit
(2012) [102].

The severity of acute necrotizing pancreatitis
ranges from self-limited to rapidly progressive ill-
ness leading to multiple organ failure. Ala-Kokko et
al. of Oulu University Hospital, Finland reported that
Staphylococcus epidermidis in pancreatic necrosis
was associated with increased mortality in the study
of 67 consecutive patients [24]. Mechanical venti-
lation (p = 0.002), surgical management (p = 0.028),

open packing surgical management (p = 0.03), renal
replacement therapy (p < 0.001), use of inotropic
drugs (p = 0.012), and Staphylococcus epidermidis
growth (p = 0.029) in infected pancreatic tissue were
all associated with mortality [24]. While most com-
plicating infections in animal pancreatic studies,
hospitalized patients, and in pancreatic infection are
caused by a few species of bacteria, normal intesti-
nal flora consists of more than 400 species. In the
natural course of severe acute pancreatitis, cultures
of infected pancreatic necroses yield monomicrobial
flora in 60–87% of cases; in these studies, polymicro-
bial flora was confirmed in only 13–40% of cases. A
preponderance of Gram negative aerobic bacteria is
usually present (Escherichia coli, Pseudomonas spp,
Proteus, Klebsiella spp) which suggests an enteric
origin, but Gram positive bacteria (Staphylococcus
aureus, Streptococcus faecalis, Enterococcus), anaer-
obes, and, occasionally, fungi have also been found
[103].

A short temporal history of pancreatitis was highly
associated with pancreatic cancer in analysis of the
data from two pooled case-control studies of pancre-
atic cancer (n = 4,515) in the San Francisco Bay Area
and the M.D. Anderson Cancer Center, suggesting
that pancreatitis may be an early manifestation of
pancreatic cancer in some individuals [104]. Acute
pancreatitis is linked to pancreatic cancer. Sadr-Azodi
et al. (2018) reported a population-based cohort study
including all Swedish residents diagnosed with a first-
time episode of acute pancreatitis between 1997 and
2013 and corresponding matched pancreatitis-free
individuals from the general population [105]. Over-
all, 49,749 individuals with acute pancreatitis and
138,750 matched individuals without acute pancre-
atitis were followed up for 1,192,134 person-years
(median 5.3 years). A total of 769 individuals devel-
oped pancreatic cancer, of whom 536 (69.7%) had
a history of acute pancreatitis. The risk of pan-
creatic cancer was substantially increased during
the first few years after a diagnosis of acute pan-
creatitis but declined gradually over time, reaching
a level comparable to the pancreatitis-free popula-
tion after > 10 years of follow-up. In those with
non-gallstone-related acute pancreatitis, the risk of
pancreatic cancer declined to a level comparable to
the pancreatitis-free population only when follow-
up time was censored for a second episode of acute
pancreatitis or a diagnosis of chronic pancreatitis.
Increasing number of recurrent episodes of acute
pancreatitis was associated with increased risk of pan-
creatic cancer. These findings imply a delay in the
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diagnosis of pre-existing pancreatic cancer, if clini-
cally presented as acute pancreatitis. Any association
between non-gallstone-related acute pancreatitis and
pancreatic cancer in the long-term (> 10 years) could
be mediated through recurrent acute pancreatitis or
chronic pancreatitis [105].

Case of fatal myocardial necrosis caused by
Staphylococcus lugdunensis and Cytomegalovirus in
a patient with scleroderma was reported by Pirilä et
al. in Finland (2006) [106]. At the autopsy exten-
sive necrosis of the myocardium was seen, with
an almost complete absence of inflammatory cells
and the presence of bacterial structures identified as
Staphylococcus lugdunensis by PCR.

Paley (2021) [2] suggests that tryptamine, an
inducer of necrosis and a metabolic product of some
Staphylococcus strains, can be implicated in necro-
tizing diseases such as necrotizing pneumonia. Here I
discuss other necrotizing diseases and medical condi-
tions: necrotizing fasciitis, necrotizing enterocolitis,
necrotizing pancreatitis and myocardial necrosis in
connection with community-acquired or hospital-
acquired (nosocomial) Staphylococcus infections in
different countries. I recommend the measurement
of necrosis-inducing tryptamine and other biogenic
amines for characterization of bacterial clinical iso-
lates especially from cases of necrotizing diseases
and conditions.

Coagulase-negative staphylococci (CNS) are the
predominant bacteria found in fermented foods
worldwide. Because of this, food-derived CNS are
used as starters for cheese and meat fermentation,
and have been investigated for use as starters in
soybean fermentation. Although food-derived CNS
are generally considered non-pathogenic, their safety
remains uncertain following the isolation of CNS
from skin infections in humans and animals, and
because they belong to the same genus as the highly
pathogenic species Staphylococcus aureus. The food-
derived CNS produce tryptamine and other biogenic
amines [107].

Taken together the data support that SARS-CoV-2
can be a contributory factor in all cases with COVID-
19 of a multifactorial cause of death in multimorbid
patients.

Bacteria and virus interactions in influenza

Bacteria and viruses interact in infectious diseases.
The interaction can result from viral activation of
opportunistic bacteria as suggested by studies or bac-
teria can interact with virus upon infection in other

studies. Both COVID-19 virus positivity and asso-
ciated pneumonia resolved following anti-bacterial
treatment with antibiotic in some cases. Accumu-
lating evidence implicates metabolites produced by
gut microbes as crucial mediators of diet-induced
host-microbial cross-talk. Some bacteria produce
tryptamine and other biogenic amines as I described
in a previous review [1]; therefore these are not dis-
cussed in details here. One can assume that biogenic
amines produced by human microbiome can play
a role in viral infections. Here I review the virus-
bacteria interaction and a role of microbial biogenic
amines in this interaction.

Otitis media (OM) is one of the most common
childhood diseases. OM can arise when a viral
infection enables bacteria to disseminate from the
nasopharynx to the middle ear. In the study con-
ducted by Short et al, 2011, mice coinfected with
Streptococcus pneumoniae and influenza virus had
high bacterial load in the middle ear, middle ear
inflammation, and hearing loss. In contrast, mice col-
onized with S. pneumoniae alone had less bacteria in
the ear, minimal hearing loss, and no inflammation.
Of interest, infection with influenza virus alone also
caused some middle ear inflammation and hearing
loss. Influenza virus alone causes middle ear inflam-
mation in infant mice. This inflammation may then
play an important role in the development of bacterial
OM [108].

Epidemiological observations and animal mod-
els have long shown synergy between influenza
virus infections and bacterial infections. Influenza
virus infection leads to an increase in both the
susceptibility to secondary bacterial infections and
the severity of the bacterial infections, primarily
pneumonias caused by Streptococcus pneumoniae or
Staphylococcus aureus. Rowe et al., 2019 showed
that, in addition to the widely described immune
modulation and tissue-remodeling mechanisms of
bacterial–viral synergy, the virus interacts directly
with the bacterial surface. Similar to the recent
observation of direct interactions between enteric
bacteria and enteric viruses, the authors observed
a direct interaction between influenza virus on the
surface of Gram-positive, S. pneumoniae and S.
aureus, and Gram-negative, Moraxella catarrhalis
and non-typeable Haemophilus influenzae, bacte-
rial colonizers and pathogens in the respiratory
tract. Pre-incubation of influenza virus with bac-
teria, followed by the removal of unbound virus,
increased bacterial adherence to respiratory epithe-
lial cells in culture. This result was recapitulated
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in vivo, with higher bacterial burdens in murine tis-
sues when infected with pneumococci pre-incubated
with influenza virus versus control bacteria with-
out virus. These observations support an additional
mechanism of bacteria–influenza virus synergy at the
earliest steps of pathogenesis [109].

The sadA-expressing staphylococci showed
increased adherence to human colorectal adeno-
carcinoma HT-29 cells and 2- to 3-fold increased
internalization. Internalization and adherence was
also increased in a sadA mutant in the presence of
tryptamine [17, 18]. Treating S. aureus USA300 with
biogenic amines serotonin and tryptamine increased
internalization by approximately threefold [18].

It is suggested that tryptamine acts by loosen-
ing the tightly packed DNA in bacteriophage heads,
whereas putrescine stabilizes it [110]. This way bio-
genic amines can affect the bacteria survival. .

Thus the biogenic amine increase adherence of
Staphylococcus to human cells [17, 18] whereas virus
increased bacterial adherence to respiratory epithelial
cells in culture [109].

Taken together these observations support an addi-
tional mechanism of bacteria–virus-biogenic amine
synergy at the earliest steps of pathogenesis.

Autoantigenome

An autoantigenome by dermatan sulfate affinity
from human lung HFL1 cells was reported recently
in 2021 by Wang et al. [111]. The authors suggest
that an autoantigen atlas may explain neurological
and autoimmune manifestations of COVID-19. The
six cytoplasmic aminoacyl-tRNA synthetases (ARS)
including tryptophanyl-tRNA synthetase (TrpRS or
WARS), alanyl-tRNA synthetase (AARS), bifunc-
tional glutamyl-prolyl-tRNA synthetase (EPRS1),
histidyl-tRNA synthetase, lysyl-tRNA synthetase and
glutaminyl-tRNA synthetase (GlnRS) showed affin-
ity to dermatan sulfate (DS) while such DS affinity
is a feature of autoantigens [111]. Earlier we demon-
strated that TrpRS is a human autoantigen detected
in human sera by ELISA and immunoblotting with
prevalence in cancer patients [10]. TrpRS is secreted
from human macrophages, fibroblasts, and endothe-
lial cells in response to the proinflammatory cytokine
interferon gamma (IFNgamma) [112]. Zhou et al.
(2020) review the roles of aminoacyl-tRNA syn-
thetases in cancer [113]. The three ARS (AARS,
EPRS, WARS) autoantigens are altered in COVID-19
[111]. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and Rab GDP dissociation inhibitor alpha

(GDI1), the autoantigens reveled by dermatan sul-
fate affinity are COVID-altered [111]. GAPDH [114],
GDI1 [1] and glutamyl-tRNA synthetase (GluRS)
[9] are TrpRS bound proteins. Analysis of COVID-
altered proteins revealed a strong link to the nervous
system. Of the 352 COVID-altered proteins, at least
150 are related to the nervous system. TrpRS plays a
role in the viral infections [115, 116].

Using dermatan sulfate (DS) affinity enrichment
of autoantigenic proteins extracted from HS-Sultan
lymphoblasts, Wang et al. [117] identified 362
DS-affinity proteins, of which at least 201 (56%)
are confirmed autoantigens including cytoplas-
mic tryptophanyl-tRNA synthetase [10] altered (up
and/or down) in COVID-19 [117].

Metabolomics in COVID-19 and non-COVID-19
patients, and healthy controls

Some shikimate pathway metabolites found to
be altered in sera of non-severe COVID-19,
severe COVID-19 and non-COVID-19 patients with
dysregulation of macrophage, platelet degranula-
tion, complement system pathways, and massive
metabolic suppression in comparison with healthy
individuals. These and other sera metabolites were
recently reported in the study conducted by Shen and
colleagues in China [23]. I selected the metabolites
related to microbial shikimate pathway in human sera
and summarized in Table 2.

This study highlights dysregulation of multiple
immune and metabolic components in clinically
severe patients [23]. Human serum benzoate is sta-
tistically significantly higher in severe-COVID-19,
non-severe COVID-19, and non-COVID-19 patients
in comparison with healthy individuals while no
difference reveled between severe and non-severe
COVID-19 patients (Table 2). Zinc benzoate, a
contaminating environmental compound inhibits
monoamine oxidase type A [120].

Shikimate pathway metabolite benzoate and its
metabolite, hippurate, are altered in a number of med-
ical conditions and diseases (Table 3). Particularly,
hippurate increased in plasma of patients with AD
[121] and decreased in sera of patients with severe
COVID-19 [121].

Alteration of tryptophan metabolism in sera
of COVID-19–positive patients was observed in
metabolomics study conducted by Thomas et al.
[132]. In this study, subjects seen at New York-
Presbyterian/Columbia University Irving Medical
Center included 33 COVID-19–positive patients, as



E.L. Paley / Towards Understanding COVID-19 591

determined by SARS-CoV-2 nucleic acid testing of
nasopharyngeal swabs. The control group included
16 subjects. Tryptophan metabolism was the top path-
way affected by COVID-19 in the analysis of targeted
and untargeted metabolomics data. As such, focused
analysis of this pathway highlighted decreases in
tryptophan, serotonin, and indolepyruvate levels. In
contrast, increases in kynurenine, kynurenic acid,
picolinic acid, and nicotinic acid, but not anthranilate,
suggested hyperactivation of the kynurenine pathway.
Tryptamine pathway was highlighted in untargeted
metabolomics analyses.

Therefore tryptophan metabolism was identified
in targeted and untargeted metabolomics data as the
top pathway affected by COVID-19. In particular,
decreases in tryptophan and increases in kynurenine
were proportional to disease severity [132].

Metabolic pathway analysis of COVID-19-
altered fecal metabolites includes validated data on
aminoacyl-tRNA biosynthesis and biosynthesis of
aromatic amino acids, the products of shikimate path-
way tryptophan, phenylalanine and tyrosine in the
Chinese study by Lv et al. [133].

Recently, with the use of liquid-chromatography/
gas chromatography mass spectrometry metabolo-
mics profiling, Wu et al. [134] identified statistically
significant differences (p < 0.001) between AD and
healthy controls for gut microbial tryptophan metabo-
lites, short-chain fatty acids, and lithocholic acid, the
majority of which correlated with altered microbiota
and cognitive impairment. The fecal indole-3-pyruvic
acid was 21.021-fold higher in AD than in healthy
controls [134]. Tryptophan can be converted to the
plant hormone auxin indole-3-acetic acid (IAA)
via indole-3-pyrivic acid or via tryptamine [135].
Tryptamine, indole-3-pyruvic acid and IAA are all
inhibitors of TrpRS [91] and thus these tryptophan
metabolites can interfere with protein biosynthesis
causing disease [1]. A 2-fold helix is formed between
the molecules of tryptamine and acid through salt
interaction and hydrogen bonding in the lattice.
The torsional ethylamino group of the tryptamine
molecule and the carboxylic acid group play an
important role in producing this helical structure.
Tryptamine form a 2-fold helix with IAA [136, 137].

In 2013, Kaddurah-Daouk et al. reported the tar-
geted metabolomics profiling of CSF)from AD, mild
cognitive impairment (MCI), and control subjects.
The findings indicate that MCI and AD are asso-
ciated with an overlapping pattern of perturbations
in tryptophan, tyrosine, methionine, and purine path-
ways [138]. Tryptamine metabolite IAA was higher

∼1.41-fold (p = 0.02) in MCI (mean 139.11)
versus controls (mean 98.40) [138]. In addi-
tion, IAA/tryptophan ratio was ∼1.35-fold higher
(p = 0.01) in MCI versus controls [138]. Although
Kaddurah-Daouk et al. [138] had not cited our stud-
ies on tryptamine-induced neurodegeneration, the
work of these authors supports our AD-like model
of tryptamine-induced neurodegeneration [3, 4, 91,
139, 140] and a concept of protein biosynthesis inter-
ference in disease based on this model [1].

Thus, both age-dependent diseases AD and
COVID-19 are linked to alterations in tryptophan
metabolism. The tryptophan metabolites can form
helixes [136, 137] while histological manifestations
show helical inclusions in human AD brain [4, 9] and
in tryptamine-treated cell and mouse models [3].

Biogenic amines: How to reduce the
dose-dependent toxicity and anti-cancer effect

By definition, biogenic amines are basic nitroge-
nous compounds formed mainly by decarboxylation
of amino acids. Biogenic amines such as his-
tamine, tyramine, and putrescine play an important
role in many critical functions in man and ani-
mals [141]. Tryptamine (at 500 �M and 1 mM)
and other indoleamines tryptophan and serotonin
bind to main histopathological structures of AD
plaques and tangles in AD human brain autopsy thus
reducing binding of substrates of cholinesterases -
acetylcholine and butyrylcholine to these structures
[142]. Acetylthiocholine was used as the sub-
strate for the acetylcholinesterase (AChE) reaction,
and butyrylthiocholine was used for the butyryl-
cholinesterase (BChE) reaction, each at 366 �M
[142]. Thus, tryptamine is able to compete in situ with
cholinesterases’s substrates at similar concentrations.
Neurofibrillary tangles and amyloid plaques express
acetylcholinesterase and butyrylcholinesterase activ-
ity in AD [142] while tryptamine is inhibitor of
cholinesterases [2]. None of tyrosine, tyramine or
glycine (1 mM each) were able to compete with
AChE and BChE substrates in situ in AD neu-
rofibrillary tangles and plaques [142]. Cholinesterase
activity releases a reaction product choline whereas
serum choline and choline metabolites are statis-
tically significantly reduced in COVID-19 patients
in metabolomics study [23]. Tryptophan and sero-
tonin are also reduced in sera of COVID-19 patients.
Butyrate in the active site of human BChE has
been modeled as bound butyrate in the BChE crys-
tal structure [143] while butyrate metabolites are
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altered in sera of COVID-19 patients [23]. For
instance, the 3-hydroxybutyrate (BHBA) increased
2.2-fold (p = 0.0013) in severe COVID-19 patients
(65 patients who visited Taizhou Hospital, China
from January to March 2020) compared to healthy
controls (28 healthy individuals). 3-hydroxybutyrate
(BHBA) is higher 3.14-fold (p = 9.67–06) in non-
COVID-19 patients (25 non-COVID-19 patients with
similar clinical characteristics including fever and/or
cough as COVID-19 patients however negative in the
nucleic acid test) compared to healthy control [23].
The level of �-hydroxybutyrate (�-hydroxybutyric
acid, also known as 3-hydroxybutyric acid) decreased
in AD patients, and donepezil, a first-line acetyl-
cholinesterase inhibitor used for the treatment of
AD elevated the plasma level of �-hydroxybutyrate.
Donepezil increased the plasma and liver levels of
�-hydroxybutyrate in mice [144].

The 3-hydroxybutyrate (BHBA) is higher in Okla-
homa native American Indian population (C&A) with
a high rate of obesity and diabetes [145]. Particularly,
I estimated that in non-native control population the
high levels of fecal BHBA is in 4.347% of population
and in C&A-17.1% of population. The C&A popu-
lation have a high prevalence of AD associated gut
bacteria [7, 8].

BHBA is an endogenous inhibitor of histone
deacetylases and a ligand for at least two cell
surface receptors. In addition, the downstream prod-
ucts of BHBA metabolism including acetyl-CoA,
succinyl-CoA, and NAD + (nicotinamide adenine
dinucleotide) themselves have signaling activities.
These regulatory functions of BHBA serve to link
the outside environment to cellular function and gene
expression, and have important implications for the
pathogenesis and treatment of metabolic diseases
including type 2 diabetes [146].

Altogether, these data support suggestion that
cholinesterase activity can be inhibited in blood of
both COVID-19 and non-COVID-19 patients of the
same study conducted in China. Pneumonia was
shown to be a risk factor for death in patients (the
medical records of 155 patients) with cholinesterase
inhibitor poisoning in central Taiwan, from January
2002 to December 2004 [147].

The degree of BHBA elevation with hyper-
glycemic emergencies has been well characterized,
with BHBA level > 3 mmol/L in children or
> 3.8 mmol/L in adults being presumptive evi-
dence of diabetic ketoacidosis. Normally, circulating
BHBA levels are below 0.5 mmol/L, but with star-
vation, levels can rise up to 6 mmol/L [148].

Hyperketonemia is defined as BHBA ≥ 1 mmol/L,
in the absence of a diagnosis of diabetic ketoaci-
dosis or/and hyperglycemic hyperosmolar syndrome
[148]. Complications of the brain, kidney, liver, and
microvasculature were found to be elevated in dia-
betic patients who had elevated ketones compared to
those diabetics with normal ketone levels [149].

Therefore, consumption of food containing high
amounts of the biogenic amines and production of
high amounts of biogenic amines by human micro-
biome may have deleterious effect on human health.
The micromolar concentrations of tryptamine were
detected in humans and other mammals [1]. For
instance, concentration of tryptamine in colonic con-
tents (�M) was 33.7 (SEM 8.5) in horses (N = 10)
[150]. Taking into account that biogenic amines
result from enzymatic activity of the food or bac-
teria with active decarboxylase, control or inhibition
of such processes and prevention of bacterial growth
are key factors fundamental for limiting the amine
content in food. It was demonstrated by Takaki
[151] that after superfusion at high concentration,
tryptamine initially acted like serotonin, but then
blocked the action of serotonin on these cells. Mea-
surements of the release of preloaded [3H]serotonin
or [3H]norepinephrine revealed that tryptamine is a
potent releaser of these labeled amines; this release
is Ca2 + independent but temperature dependent.
Moreover, incubation with tryptamine depleted the
myenteric plexus of endogenous serotonin [151].
Tryptamine produced a slow hyperpolarization in a
few neurons other than a slow depolarization in myen-
teric neurons of the isolated guinea-pig ileum [152].
The conformational space of tryptamine has been
thoroughly investigated using rotationally resolved
laser-induced fluorescence spectroscopy.

Six conformers could be identified on the basis
of the inertial parameters of several deuterated iso-
topomers. Upon attaching a single water molecule,
the conformational space collapses into a single con-
former. For the hydrogen-bonded water cluster, this
conformer is identified unambiguously as tryptamine
A. In the complex, the water molecule acts as proton
donor with respect to the amino group. An additional
interaction with one of the aromatic C–H bonds selec-
tively stabilizes the observed conformer more than
all other conformers. Ab initio calculations confirm
much larger energy differences between the conform-
ers of the water complex than between those of the
monomers [153].

Medina et al. (2003) reported that biogenic amines
(arginine/ornithine-derived polyamines might also be
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considered biogenic amines) are ubiquitous in local-
ization (in fact, they are present in almost every kind
of cell) and have pleiotropic effects, with a recognized
major role as essential compounds in maintaining
macromolecular synthesis and cell proliferation rates
[154]. The properties of histamine are discussed in
Hellstrand review (2002) in relation to the current
use of histamine as an adjunct to IL-2 in metastatic
melanoma and other malignant diseases [155]. In
1997, Hellstrand et al. [156] reported that more than
50 patients with neoplastic disease have been treated
with histamine, given in subcutaneous injections,
together with IL-2 or IFN-alpha. The results of two
pilot trials in metastatic melanoma suggest that the
addition of histamine to IL-2 and IFN-alpha prolongs
survival time and induces regression of tumors, such
as liver melanoma, which are otherwise considered
refractory to immunotherapy. The results of a trial
in acute myelogenous leukemia (AML) suggest that
histamine and IL-2 protects AML patients against
relapse of leukemic disease. Histamine is well tol-
erated: for example, AML patients in remission have
treated themselves with histamine at home without
supervision for a total of > 300 weeks with only a
handful of therapy-related hospital contacts [156].

Biogenic amines in the flesh of sailfish (Istiopho-
rus plafypferus) was shown to be responsible for
scornbroid poisoning [157]. An incident of food poi-
soning due to ingesting the flesh of sailfish occurred
in Changhua Prefecture, western Taiwan, in July
1994. The incident caused illness of 12 victims from
five families. Symptoms appeared soon after eating
sailfish fillets and included rashes, urticaria, nau-
sea, vomiting, diarrhea, flushing, tingling and itching
of the skin. The victims recovered within 8 h fish
from victim tryptamine 208 ± 6 mg/100 g frozen fish
fillet, Fried fish fillet-185 ± 11 mg/100 g; histamine
168 ± 8 and 180 ± 9 (normal appearance). Content
of biogenic amines including tryptamine in fresh fish
and fishery products, and emerging control strategies
are discussed in the recent review by Arulkumar et al.
[158].

Fresh broiler chicken cuts did not contain
tryptamine in study conducted in Finland, 2004 [159].
Tryptamine was detected at last day of storage (12
d) (5.3–19 mg/kg). Phenylethylamine was detected
in all samples at the beginning of storage. The level
of concentration (9.0–22 mg/kg) did not change dur-
ing the storage [159]. The formation of tyramine
began immediately after packaging and at end of stor-
age the tyramine concentration was over 200 mg/kg
[159].

Attempts were undertaken to reduce the dose-
dependent toxicity of biogenic amines [1]. Different
approaches were used to manipulate the production
of biogenic amines during manufacture and storage
of food products [1].

Many plants, including strawflower and mistle-
toe, contain antioxidants and antimicrobials, which
can increase the shelf life of seafood. Throughout
history, mistletoe species were used as medicinal
herbs. Phenolics compounds (e.g., flavonoids and
chalcones, phthalides, a-pyron derivatives and ter-
penoids), essential oils, volatiles and fatty acids have
been found in strawflowers. Strawflower suppressed
biogenic amine accumulation in fish fillets [160].
The application of strawflower or mistletoe extract
on trout fillets suppressed tyramine accumulation in
fish meat (p < 0.05), although the fish treated with
mistletoe extract had the highest level of tyramine at
20 days [160].

The effect of a multiple strain starter (KSL:
Kocuria varians, Staphylococcus xylosus and Lacto-
bacillus sakei) on the quality of soppressata molisana,
a typical fermented dry-cured sausage produced in
Southern Italy was investigated during 50 days of
ripening [161]. Tryptamine level (mg/kg) reduced
from 25.38 (standard deviation (SD) 1.85) in con-
trol batches manufactured without starter culture
to 1.10 (SD 0.28) with KSL starter during 50
days of ripening [161]. During the same ripening
period levels of total biogenic amines reduced from
130.6 ± 6.93 to 97.99 ± 2.83 (KSL) and 27.46 ± 3.44
(KSL+KCl). KSL with KCl, is experimental batch
produced as KSL, except that 50 % (w/w) of
NaCl was replaced with KCl in the mixture
preparation.

Glucono-delta-lactone (GDL) was used at 1% to
decrease pH in fresh minced meat samples incu-
bated for 1, 3, and 7 days. The rate and level of pH
decrease clearly affected biogenic amine formation
in meat, indicating that the levels of histamine (up
to 126 mg/ml) and tryptamine (up to 77 mg/kg) pro-
duced in meat could be decreased by optimizing the
pH decrease during fermentation [162]. Addition of
GDL decreased the levels of fecal streptococci, total
aerobic bacteria, and coliforms.

Results showed a considerable antioxidant and
anti-proliferative activity of garlic-supplemented
Doenjang, a traditional Korean fermented soybean
paste [163]. After 2 months of fermentation, the 1%
heat-dried garlic and 3% freeze-dried garlic decrease
(∼2-fold) the tryptamine level (4.58 mg/100 g) in
control Doenjang containing no garlic.
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Fig. 1.

Hyperammonemia

Ammonia increase found in blood of both COVID-
19 [19] and AD patients [20]. The liver plays a
major role in regulating ammonia levels in the blood.
Therefore, in liver disease the loss of hepatic func-
tion leads to hyperammonemia and increased brain
ammonia and consequently hepatic encephalopathy
(HE) [164]. Ammonia-lowering strategies remain
the mainstay therapeutic strategy. Ammonia, both
as an ion (NH4+) and gas (NH3), easily crosses all
plasma membranes, including the BBB; the interface
between the blood and the brain [164]. Glutamine
synthetase (EC 6.3.1.2) found in bacteria catalyzes
the condensation of glutamate and ammonium to
form glutamine at the expense of ATP. L-glutamine
is used in the shikimate pathway producing trypto-
phan in microorganisms. The data suggest that NH3
enhances the transfer of tryptophan across the BBB
[165]. In our study, tryptophan-dependent tRNAtrp

aminoacylation catalyzed by TrpRS can be inhibited
by its substrate tryptophan at physiological concen-
trations [3].

CONCLUSIONS

In this report, the author discusses the important
subjects for understanding COVID-19: percentage

of COVID-19 positivity by zip code’s population in
Florida, COVID-19 related autopsy cases from dif-
ferent countries, co-infections in COVID-19, serum
metabolomics and autoantigenome of COVID-19,
necrotizing pneumonia, and possible etiology of
necrotizing conditions and intoxication in COVID-
19 and other diseases, metabolites of microbial
shikimate pathway in COVID-19 and other medical
conditions and more (Fig. 1). Serum benzoate is more
than 6-fold higher in COVID-19 and non-COVID-
19 Chinese hospitalized patients compared to healthy
control whereas benzoate is potentially toxic inhibitor
of MAO. Sources of benzoate including food and
disinfectants as well as benzoate biosynthesis and
biodegradation are discussed in more details in dif-
ferent chapters of the book by Paley [2]. The data
analysis presented here supports the inhibition of
blood serum cholinesterases in patients with similar
clinical characteristics including fever and/or cough.

I conclude here that necrotizing pneumonia was
a risk factor for death in COVID-19 patients with
hospital-acquired infection or co-infection with bac-
teria or other microorganisms that produce cytotoxic
biogenic amines including tryptamine, which induce
necrosis especially in the presence of a higher level of
MAO inhibitor such as benzoate, and cholinesterase
inhibitors including tryptamine. COVID-19 char-
acterized with activation of microbial metabolic
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shikimate pathway and of autoantigens’ presentation
especially enzymes of protein biosynthesis machin-
ery. This can interfere with protein biosynthesis. The
data on preexisting diseases and medical conditions
associated with COVID-19 positivity indicate that
those dying with—but not of—COVID-19 may still
be infectious.

Of note, in the metabolomics study conducted at
the Mayo Clinic, the blood plasma 2,4-dinitrophenol
(DNP) is 2.017-fold higher (p = 0.033) and the
CSF phenol is higher 1.48-fold (p = 0.001) in AD
compared to controls [121]. Bacteria can produce
benzoate from phenol [166]. Catechol occurs as an
intermediate in the metabolism of both benzoate and
phenol by strains of Pseudomonas putida [167]. DNP
is a weight loss agent with significant acute toxicity
and risk of death [168]. Ammonia and DNP are
included in DHS (Department of Homeland Security)
Chemicals of Interest (https://www.cisa.gov/sites/
default/files/publications/appendix-a-to-part-27-508.
pdf; Ammonia Security Issue is: Release 20,000
pounds minimum 20% – Toxic. DNP security issues
are: Release - Screening Threshold Quantities in
Pounds: 5,000; Theft in Pounds: 400.)

CONFLICT OF INTEREST

The authors have no conflict of interest to report’.

REFERENCES

[1] Paley EL (2020) Protein biosynthesis interference in dis-
ease. Academic Press Book, Elsevier, pp. 1-296.

[2] Paley EL (2021) Microbial Metabolism and Disease. Else-
vier Science/Academic Press Book.

[3] Paley EL, Denisova G, Sokolova O, Posternak N, Wang
X, Brownell AL (2007) Tryptamine induces tryptophanyl-
tRNA synthetase-mediated neurodegeneration with neu-
rofibrillary tangles in human cell and mouse models.
Neuromolecular Med 9, 55-82.

[4] Paley EL (2011) Tryptamine-induced tryptophanyl-
tRNAtrp deficiency in neurodifferentiation and neurode-
generation interplay: Progenitor activation with neurite
growth terminated in Alzheimer’s disease neuronal vesic-
ularization and fragmentation. J Alzheimers Dis 26,
263-298.

[5] Perry G (2020) Alzheimer’s disease patients in the
crosshairs of COVID-19. J Alzheimers Dis 76, 1.

[6] Paley EL, Merkulova-Rainon T, Faynboym A, Shesto-
palov VI, Aksenoff I (2018) Geographical distribution and
diversity of gut microbial NADH:Ubiquinone oxidore-
ductase sequence associated with Alzheimer’s disease. J
Alzheimers Dis 61, 1531-1540.

[7] Paley EL (2019) Diet-related metabolic perturbations
of gut microbial shikimate pathway-tryptamine-tRNA
aminoacylation-protein synthesis in human health and dis-
ease. Int J Tryptophan Res 12, 1178646919834550.

[8] Paley EL (2019) Discovery of gut bacteria specific to
Alzheimer’s associated diseases is a clue to understand-
ing disease etiology: Meta-analysis of population-based
data on human gut metagenomics and metabolomics. J
Alzheimers Dis 72, 319-355.

[9] Paley EL, Smelyanski L, Malinovskii V, Subbarayan PR,
Berdichevsky Y, Posternak N, Gershoni JM, Sokolova O,
Denisova G (2007) Mapping and molecular characteri-
zation of novel monoclonal antibodies to conformational
epitopes on NH2 and COOH termini of mammalian
tryptophanyl-tRNA synthetase reveal link of the epitopes
to aggregation and Alzheimer’s disease. Mol Immunol 44,
541-557.

[10] Paley EL, Alexandrova N, Smelansky L (1995) Trypto-
phanyl-tRNA synthetase as a human autoantigen. Immunol
Lett 48, 201-207.

[11] Paley EL, Baranov VN, Alexandrova NM, Kisselev
LL (1991) Tryptophanyl-tRNA synthetase in cell lines
resistant to tryptophan analogs. Exp Cell Res 195, 66-
78.

[12] Paley EL (1999) Tryptamine-mediated stabilization of
tryptophanyl-tRNA synthetase in human cervical carci-
noma cell line. Cancer Lett 137, 1-7.

[13] Rubin BY, Anderson SL, Xing L, Powell RJ, Tate WP
(1991) Interferon induces tryptophanyl-tRNA synthetase
expression in human fibroblasts. J Biol Chem 266, 24245-
24248.

[14] Shen T, Anderson SL, Rubin BY (1996) Use of alternative
polyadenylation sites in the synthesis of mRNAs encod-
ing the interferon-induced tryptophanyl tRNA synthetase.
Gene 179, 225-229.

[15] Goswami A, Wendt FR, Pathak GA, Tylee DS, De Ange-
lis F, De Lillo A, Polimanti R (2021) Role of microbes
in the pathogenesis of neuropsychiatric disorders. Front
Neuroendocrinol 62, 100917.

[16] Del Rio B, Redruello B, Fernandez M, Cruz Martin
M, Ladero V, Alvarez MA (2020) The biogenic amine
tryptamine, unlike �-phenylethyamine, shows in vitro
cytotoxicity at concentrations that have been found in
foods. Food Chem 331, 127303.

[17] Luqman A, Nega M, Nguyen MT, Ebner P, Gotz F (2018)
SadA-expressing Staphylococci in the human gut show
increased cell adherence and internalization. Cell Rep 22,
535-545.

[18] Luqman A, Ebner P, Reichert S, Sass P, Kabagema-
Bilan C, Heilmann C, Ruth P, Gotz F (2019) A new
host cell internalisation pathway for SadA-expressing
staphylococci triggered by excreted neurochemicals. Cell
Microbiol 21, e13044.

[19] Bobermin LD, Quincozes-Santos A (2021) COVID-19
and hyperammonemia: Potential interplay between liver
and brain dysfunctions. Brain Behav Immun Health 14,
100257.

[20] Fisman M, Gordon B, Feleki V, Helmes E, Appell J, Rab-
heru K (1985) Hyperammonemia in Alzheimer’s disease.
Am J Psychiatry 142, 71-73.

[21] Bortolato M, Chen K, Shih JC (2008) Monoamine oxidase
inactivation: From pathophysiology to therapeutics. Adv
Drug Deliv Rev 60, 1527-1533.

[22] Vince AJ, Burridge SM (1980) Ammonia production by
intestinal bacteria: The effects of lactose, lactulose and
glucose. J Med Microbiol 13, 177-191.

[23] Shen B, Yi X, Sun Y, Bi X, Du J, Zhang C, Quan S, Zhang
F, Sun R, Qian L, Ge W, Liu W, Liang S, Chen H, Zhang Y,
Li J, Xu J, He Z, Chen B, Wang J, Yan H, Zheng Y, Wang D,

https://www.cisa.gov/sites/default/files/publications/appendix-a-to-part-27-508.pdf


596 E.L. Paley / Towards Understanding COVID-19

Zhu J, Kong Z, Kang Z, Liang X, Ding X, Ruan G, Xiang
N, Cai X, Gao H, Li L, Li S, Xiao Q, Lu T, Zhu Y, Liu
H, Chen H, Guo T (2020) Proteomic and metabolomic
characterization of COVID-19 patient sera. Cell 182,
59-72 e15.

[24] Ala-Kokko TI, Tieranta N, Laurila J, Syrjala H (2001)
Determinants of ICU mortality in necrotizing pancreati-
tis: The influence of Staphylococcus epidermidis. Acta
Anaesthesiol Scand 45, 853-857.

[25] Peng FCC (2016) Is Alzheimer’s disease a fiction? Clin
Res Trials 1, doi: 10.15761/CRT.1000125

[26] Sathish T, Kapoor N, Cao Y, Tapp RJ, Zimmet P (2021)
Proportion of newly diagnosed diabetes in COVID-19
patients: A systematic review and meta-analysis. Diabetes
Obes Metab 23, 870-874.

[27] Yourish K LK, Ivory D, Smith M (2020) Coronavirus
deaths are nursing home residents or workers. New York
Times, May 09, 2020 https://wwwnytimescom/interactive/
2020/05/09/us/coronavirus-cases-nursing-homes-ushtml.

[28] Wang M, Wei H, Zhao Y, Shang L, Di L, Lyu C, Liu J
(2019) Analysis of multidrug-resistant bacteria in 3223
patients with hospital-acquired infections (HAI) from a
tertiary general hospital in China. Bosn J Basic Med Sci
19, 86-93.

[29] Tsalik EL, Li Y, Hudson LL, Chu VH, Himmel T, Limkak-
eng AT, Katz JN, Glickman SW, McClain MT, Welty-Wolf
KE, Fowler VG, Ginsburg GS, Woods CW, Reed SD
(2016) Potential cost-effectiveness of early identification
of hospital-acquired infection in critically ill patients. Ann
Am Thorac Soc 13, 401-413.

[30] James BD, Leurgans SE, Hebert LE, Scherr PA, Yaffe K,
Bennett DA (2014) Contribution of Alzheimer disease to
mortality in the United States. Neurology 82, 1045-1050.

[31] Bojanova DP, Bordenstein SR (2016) Fecal transplants:
What is being transferred? PLoS Biol 14, e1002503.

[32] Kim KO, Gluck M (2019) Fecal microbiota transplan-
tation: An update on clinical practice. Clin Endosc 52,
137-143.

[33] Eiseman B, Silen W, Bascom GS, Kauvar AJ (1958) Fecal
enema as an adjunct in the treatment of pseudomembra-
nous enterocolitis. Surgery 44, 854-859.

[34] Chin SM, Sauk J, Mahabamunuge J, Kaplan JL, Hohmann
EL, Khalili H (2017) Fecal microbiota transplantation for
recurrent Clostridium difficile infection in patients with
inflammatory bowel disease: A single-center experience.
Clin Gastroenterol Hepatol 15, 597-599.

[35] Dailey FE, Turse EP, Daglilar E, Tahan V (2019) The dirty
aspects of fecal microbiota transplantation: A review of its
adverse effects and complications. Curr Opin Pharmacol
49, 29-33.

[36] Goloshchapov OV, Olekhnovich EI, Sidorenko SV, Moi-
seev IS, Kucher MA, Fedorov DE, Pavlenko AV,
Manolov AI, Gostev VV, Veselovsky VA, Klimina KM,
Kostryukova ES, Bakin EA, Shvetcov AN, Gumbat-
ova ED, Klementeva RV, Shcherbakov AA, Gorchakova
MV, Egozcue JJ, Pawlowsky-Glahn V, Suvorova MA,
Chukhlovin AB, Govorun VM, Ilina EN, Afanasyev
BV (2019) Long-term impact of fecal transplantation in
healthy volunteers. BMC Microbiol 19, 312.

[37] Brandt LJ (2012) Fecal transplantation for the treatment
of Clostridium difficile infection. Gastroenterol Hepatol
(N Y) 8, 191-194.

[38] Ma Y, Chen H (2019) Faecal microbiota transplantation,
a promising way to treat colorectal cancer. EBioMedicine
49, 13-14.

[39] Li L, Li X, Zhong W, Yang M, Xu M, Sun Y, Ma J,
Liu T, Song X, Dong W, Liu X, Chen Y, Liu Y, Abla
Z, Liu W, Wang B, Jiang K, Cao H (2019) Gut microbiota
from colorectal cancer patients enhances the progression
of intestinal adenoma in Apc(min/+) mice. EBioMedicine
48, 301-315.

[40] Wong SH, Zhao L, Zhang X, Nakatsu G, Han J, Xu W, Xiao
X, Kwong TNY, Tsoi H, Wu WKK, Zeng B, Chan FKL,
Sung JJY, Wei H, Yu J (2017) Gavage of fecal samples
from patients with colorectal cancer promotes intestinal
carcinogenesis in germ-free and conventional mice. Gas-
troenterology 153, 1621-1633 e1626.

[41] Parasa S, Desai M, Thoguluva Chandrasekar V, Patel
HK, Kennedy KF, Roesch T, Spadaccini M, Colombo M,
Gabbiadini R, Artifon ELA, Repici A, Sharma P (2020)
Prevalence of gastrointestinal symptoms and fecal viral
shedding in patients with coronavirus disease 2019: A
systematic review and meta-analysis. JAMA Netw Open
3, e2011335.

[42] Wang X, Zheng J, Guo L, Yao H, Wang L, Xia X, Zhang W
(2020) Fecal viral shedding in COVID-19 patients: Clini-
cal significance, viral load dynamics and survival analysis.
Virus Res 289, 198147.

[43] Chang S, Pierson E, Koh PW, Gerardin J, Redbird B,
Grusky D, Leskovec J (2021) Mobility network models
of COVID-19 explain inequities and inform reopening.
Nature 589, 82-87.

[44] Rahmani AR, Leili M, Azarian G, Poormohammadi A
(2020) Sampling and detection of corona viruses in air: A
mini review. Sci Total Environ 740, 140207.

[45] Zhu X, Ge Y, Wu T, Zhao K, Chen Y, Wu B, Zhu F, Zhu
B, Cui L (2020) Co-infection with respiratory pathogens
among COVID-2019 cases. Virus Res 285, 198005.

[46] Lacy JM, Brooks EG, Akers J, Armstrong D, Decker L,
Gonzalez A, Humphrey W, Mayer R, Miller M, Perez
C, Arango JAR, Sathyavagiswaran L, Stroh W, Utley S
(2020) COVID-19: Postmortem diagnostic and biosafety
considerations. Am J Forensic Med Pathol 41, 143-151.

[47] Bauer TT, Ewig S, Rodloff AC, Muller EE (2006) Acute
respiratory distress syndrome and pneumonia: A compre-
hensive review of clinical data. Clin Infect Dis 43, 748-756.

[48] Sato E, Yamamoto H, Honda T, Koyama S, Kubo K,
Sediguchi M (1996) Acute respiratory distress syndrome
due to methicillin-resistant Staphylococcus aureus sepsis
in hyper-IgE syndrome. Eur Respir J 9, 386-388.

[49] Goursaud S, Mombrun M, du Cheyron D (2020) COVID-
19 necrotising pneumonia and extracorporeal membrane
oxygenation: A challenge for anticoagulation. ERJ Open
Res 6, 00182-2020.

[50] Morris DE, Cleary DW, Clarke SC (2017) Secondary
bacterial infections associated with influenza pandemics.
Front Microbiol 8, 1041.

[51] Farmen K, Tofiño-Vian M, Iovino F (2021) Neuronal
damage and neuroinflammation, a bridge between bacte-
rial meningitis and neurodegenerative diseases. Front Cell
Neurosci 15, doi: 10.3389/fncel.2021.680858

[52] Gezginc Y, Akyol I, Kuley E, Ozogul F (2013) Bio-
genic amines formation in Streptococcus thermophilus
isolated from home-made natural yogurt. Food Chem 138,
655-662.
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