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Abstract

Background: SARS-CoV-2, the virus responsible for the current COVID-19
infection pandemic, has caused substantial damage and negative impacts in
the world, including physical sickness, mental illness, death, society lock
down, work interruption, and productivity reduction. From the onset in early
2020, the pandemic has not yet totally subsided as of July 2022. Although
great efforts have been made to understand the nature of this pandemic by
the medical and scientific communities, a comprehensive review of this pan-
demic has not been reported. Purpose: We aimed to perform a thorough re-
view of the subject in order to come to a better understanding of the origin of
the virus, its mutations and their corresponding health effects, its pathophy-
siology, and its responses to therapeutic intervention. A more comprehensive
set of data on these subject matters, if available, would give healthcare pro-
viders a valuable tool in formulating the best methods to respond to the cur-
rent disease and prevent the disease from spreading in the future. Method:
An extensive literature search on the subjects of COVID-19 was conducted
regarding the possible origin of the viral pathogen, its evolutionary changes
and health impacts, the world’s responses to COVID-19 and outcomes of
their responses, and healthcare professional’s actions to understand and man-
age the disease and the results of their actions. To gather these data, websites
of PubMed and Google Scholar were utilized for the search with the following
keywords: Pandemic, COVID-19, coronavirus, SARS, SARS-CoV, SARS-CoV-2,
origin, pathogenesis, and treatment. Results: Our review revealed data that
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points to an interesting autoimmune phenomenon where most seriously sick
patients affected by COVID-19 were documented by an IgA-dominant im-
mune response to the pathogen, along with a neutrophil-directed infiltration
to the vital organ in the lung aveola, resulting in critical lung injury, leading
to respiratory failure, multi-organ failure, and death. Surprisingly, this
IgA-mediated and neutrophil-directed disease pattern is nearly identical to a
group of IgA-mediated autoimmune skin diseases, such as dermatitis herpe-
tiformis, IgA bullous dermatosis, and IgA pemphigus, which respond well to
treatment by dapsone, a sulfone class of antibiotic/anti-inflammatory drug.
Moreover, the usefulness of dapsone was supported by a small clinical study.
In addition, systemic corticosteroid, a trusted anti-inflammatory medication,
has been used in this pandemic with variable degrees of success. Conclusion:
The data collected from our review of the subject, together with our prior
search knowledge, compel us to conclude that the underlying pathophysiolo-
gy that causes serious respiratory distress and multi-organ failure is most
likely to be autoimmune in nature and that strategies to counter these multi-
facet autoimmune disorders would be the most valuable in life-saving. Spe-
cifically, we identified clinical and laboratory evidence pointing to IgA au-
toimmune reaction as a key factor that causes significant mortality in many
patients. Accordingly, we proposed the utilization of a combination of dap-
sone, corticosteroid, and anti-thrombotic drugs in severely ill patients at the
earliest point of the disease process. The autoimmune multi-organ syndrome
may explain the pathogenesis of COVID-19 as well as Post-COVID condi-
tions and may guide healthcare professionals in a better direction to manage
the disease. The possible origin of the viral pathogen may shed light on a bet-
ter understanding of the pathogenesis of the disease.
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1. The Origin of COVID-19 Virus

COVID-19 is caused by SARS-CoV-2 [1]. It erupted in Wuhan, China, in early No-
vember 2019 [2] and became epidermic in early December 2019, then pandemic
in January 2020 [3]. The WHO declared the COVID-19 pandemic in March 2020.
Since 2002, SARS-CoV-2 has been the fourth coronavirus that is known to
cause severe acute respiratory distress syndrome (SARS). Previous to the emer-
gence of SARS-CoV in 2002, there were two prototype human coronaviruses,
OC43 and 229E, etiologic agents of the common cold [4]. SARS-CoV was the
first coronavirus that cause SARS in humans. In the SARS pandemic in 2003, the
virus killed about 10% of about 8000 infected patients [5] [6]. The other two
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SARS-causing coronaviruses are MERS-CoV, which first occurred in April 2012
that killed about 35% of about 3500 infected patients [7] [8] [9], and SARS-CoV-like
virus that killed 3 of 6 mine workers in Mojang, Yunnan, China after they were
infected in April 2012 at a bat-harboring mineshaft carrying SARS-CoV-like vi-
ruses and received treatments from 12 to 108 days from April to July 2012 at the
First Affiliated Hospital of Kunming Medical University in Kunming, Yunnan,
China [10]. Because the symptoms of these patients were similar to SARS, swab
and serum samples of these patients were first sent to Chengdu Army Reserved
Center for Disease Prevention and Control, Chengdu, China, to test for the
presence of SARS-CoV and antibodies against the virus, and this institution re-
ported a negative result. However, with the consultation of Dr. Zhong Nanshan,
the leading SARS expert in China, patients’ serum samples were sent to Wuhan
Institute for Virology (WIV) in Wuhan, China, to test for IgM antibodies against
SARS-CoV antigens using a very specific SARS-CoV ELISA developed by this
institute, and the result was reported to be positive, which proved that these pa-
tients were actually acutely infected with a SARS-CoV-like virus [10] [11].

The Mojiang SARS-CoV-like virus may not be identical to SARS-CoV-2 be-
cause the old sera (2012) from these patients were stated to be tested again in
2020 and were claimed to be negative for a new SARS-CoV-2 specific ELISA, as
shown in the addendum for the first publication for SARS-CoV-2, although
there was no data shown in the addendum [12]. However, a thorough 60 pages
of clinical and laboratory study presented in the master thesis of Dr. Li Xu, a
physician in the team of doctors who directly took care of the six SARS patients
from Mojiang mineshaft showed that these patients had very similar clinical
presentation as patients with COVID-19 [10] [13] [14]. Still, the major difference
is that SARS-CoV-2 only killed about 2% of infected patients in contrast to the
Mojiang SARS-CoV-like virus that killed 3/6 infected patients, unless SARS-CoV-2
was the attenuated Mojiang SARS-CoV-like virus, that explains the negative test
result reported in the addendum. Nevertheless, discoveries of SARS-CoV-like
viruses in the same Mojiang mineshaft and the regions southern to Mojiang in-
dicate that these coronaviruses and SARS-CoV-2 are closely related and may
come from the same ancestors since their nucleic acid sequences share more
than 95% identity [12] [15] [16] [17].

Similar to the first three SARS causing coronaviruses, SARS-CoV-2 is believed
to originate from the tiny rufous horseshoe bat [1] [10] [18]. These viruses infect
human cells via angiotensin-converting enzyme 2 (ACE-2), which is broadly ex-
pressed in vascular endothelium, respiratory epithelium, alveolar monocytes,
and macrophages. Unlike SARS-CoV and MERS-CoV that the intermediate
hosts were identified within a few months after the outbreak began [19] [20]
[21]; there has been no identified intermediate host for COVID-19, despite an
extensive testing effort of researchers in China with over 50,000 animal samples
for more than two years from SARS-CoV-2 outbreak in Wuhan [2]. The failure
to find any evidence of an intermediate host for SARS-CoV-2 has brought the

attention of the scientific community back to the SARS-CoV-like virus men-
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tioned in Dr. Li Xu’s theses on the six patients with SARS from Mojiang mine-
shaft. Furthermore, after this incident in which the virus from bats infected di-
rectly to the mine workers, the research team led by Dr. Zhengli Shi at WIV
found two more SARS-CoV-like viruses that could directly infect human cells
via ACE-2 receptor [22] [23].

There is only one study that contradicts data from Dr. Li Xu’s thesis on the 6
patients from the Mojiang mineshaft indicating the patients were infected with
coronavirus similar to SARS-CoV. A publication by Wu et al in 2014 reported
that in June 2012, in the same mineshaft in Mojiang at the same time described
in Dr. Xu’s thesis, 3 persons got infected with the virus and all 3 patients died.
Half a year later, they investigated the presence of novel zoonotic pathogens in
natural hosts in this cave. For the investigation, they went to the same aban-
doned mineshaft and collected anal swab samples from 20 bats (Rhinolophus
ferrumequinum), 9 rats (R. flavipectus), and 5 musk shrews (Crocidura dracula)
from the mine for virome analysis. They found that 3 rats carried a novel heni-
pa-like virus, MojV, belonging to the genus Henipavirus (family Paramyxoviri-
dae) that have been associated with lethal neurologic and respiratory diseases in
humans. They suggested that the viruses might infect more mammalian hosts
[24]. The whole context of their report led readers to think that infection of
MojV might be the cause of death of pneumonia patients from Mojiang.

The report by Wu et al. by itself contains a few fundamental loopholes. The
authors claimed that they went to Mojiang mineshaft to obtain the samples in
December 2012, which was the winter in Mojang Mountain and the freezing
weather was not the time for a zoology field trip. They claimed that they collected
anal swab samples from 20 bats belonging to the species Rhinolophus ferrume-
quinum in the mineshaft. Their claim contradicted data from a study by Ge et al
that the dominating bat species in the mineshaft they found during their visit in
Fall 2012 were Rhinolophus sinicus, Rhinolophus affinis, Hipposideros Pomona,
Miniopterus schreibersii, Miniopterus fuliginosus, and Miniopterus fuscus [15].
Thus, statistically it was unrealistic that Wu et al could go to the same mineshaft
and catch 20 bats belonging to only the species Rhinolophus ferrumequinum.

Wu et al claimed that they caught 5 musk shrews belonging to the species
Crocidura dracula from the mine on that winter field trip. According to a study
by Chen et al, Crocidura Dracula is the rarest and most speciose mammalian
genus and in their 20 years of study, they could collect only 10 samples of this
species and the nearest location of the sample to the Mojang mineshaft is more
than 400 miles away [25]. Thus, it was extremely unlikely that Wu et al could
catch 5 Crocidura Dracula in their trip to the Mojiang mineshaft in winter 2012.

Wu et al. claimed that they caught 9 rats belonging to the species R. favipec-
tus in the same abandoned mineshaft in the Mojiang mountain area. A search by
Google map shows that this abandoned mineshaft was far away from any civilian
villages in Mojiang Autonomy of Yunnan. In a study by Yin et a/ in Yunnan prov-
ince, R. flavipectus is a house rat that normally lives in the village and depends on

human food [26]. Thus, it was unusual that Wu et al could catch R. flavipectus in
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the abandoned mineshaft in the Mojiang mountain area that had no human food.

Since the publication by Wu et a/ in 2014, a study by Rissanen et al in 2016
using the nucleic sequence of MojV deposit on Genbank to reconstruct the
MojV attachment glycoprotein (MojV-G) and confirm the inability of MojV-G
to interact with known paramyxoviral receptors. MojV-G does not bind human
CD150, the morbillivirus-specific cell surface receptor [27]. Thus, it was unclear
if MojV could infect a human cell, what the entry receptor for MojV is, or even
the true identity of the virus. Note that the Mojiang virus (MojV) is the first he-
nipavirus identified in rodent and known only by sequence data. Another study
by Cheliout ef al in 2021 utilized recombinant full-length and soluble forms of
the MojV fusion (F) and attachment (G) glycoproteins in membrane fusion and
receptor tropism studies. They found that MojV F and G were functionally
competent and mediated cell-cell fusion in primate and rattine cells but only
with low levels and slow fusion kinetics. Syncytia in cells co-expressing MojV F
and G were much less extensive and were only observed 5 days post-transfection
compared to control. Their exhaustive investigation of A- and B-class ephrin re-
ceptors indicated that none serve as a primary receptor for MojV [28]. There-
fore, MojV cannot explain the rapid viral transmission among the 6 coworkers
in the Mojiang mineshaft in 2012 that was described in Dr. Li Xu’s thesis. While
sera from the 6 Mojiang patients are available [12], until today, there is no evi-
dence that sera from these patients contain antibodies to recombinant MojV
proteins. In summary, MojV, if it truly exists, is very unlikely the pathogen
causing death in 3 of 6 Mojiang patients.

Thus, the more critical question is how the virus is transmitted directly from a
bat to a human causing severe pneumonia [10], leading to an outbreak and then

a worldwide pandemic.

2. The Emergence of Delta Variant: An Evolutionally
Unexpected Strain with Enhanced Virulence

When the COVID-19 pandemic began, scientists hoped and monitored with
great interest that like other pandemics caused by a viral pathogen, SARS-CoV-2
would mutate and naturally attenuate over time [29]. Evolutionarily, while mu-
tations in viruses occur randomly on errors, the selection of the surviving va-
riants follows the rule of symbiosis, Ze., the virus would become less deadly to
the host in order to survive in the host. This rule was, in fact, followed in the
1918 influenza pandemic that carried on for over 2 years from February 1918 to
April 1920, in which most of the mortality occurred in the first year (February
1918-April 1919). The total world mortality was estimated at over 50 million (of
a total population of about 1.8 billion); with which the highest mortality oc-
curred in India with over 17 million deaths [30]. The 1918 influenza virus, stu-
died by reconstruction of the virus in 2000, was very virulent. Mouse infected
with the laboratory reconstructed 1918 influenza virus showed destruction of

lung alveola with neutrophils infiltrated [31]. The neutrophil lung infiltrates in-
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duced by laboratory reconstructed virus without bacteria or fungal superinfec-
tion is unique because it is only seen in severe COVID-19, but not in SARS-CoV
infection cases [32], in influenza pneumonia or other viral pneumonia [33] [34],
or in the early phase of SARS-CoV-2 infection [35] [36].

In the 1918 influenza pandemic the total mortality was highest in the second
wave during winter 1918 due to the wide spread of the virus. The mortality de-
creased in the third wave in spring 1919 and became very small in the fourth
wave in Spring 1920, probably due to the emergence of new and less virulent va-
riants and the formation of herd immunity [30] [31] [32].

The experience of COVID-19 is similar, with a number of new variants emerg-
ing over time. One year from the beginning of the pandemic and after the second
wave, it was thought that the pandemic had gone to its peak and the viral patho-
gen might begin its attenuated phase. Some countries like Vietnam and India
thought that they had controlled the pandemic successfully [37] [38] [39] [40].
By July 1, 2021, there were only 18,830 confirmed COVID-19 cases in Vietnam. That
data was likely far lower than the actual number of SARS-CoV-2 infected cases (due
to untested asymptomatic and mild cases), producing the population infection rate
(PIR) of less than 0.019%. There were only 81 COVID-19-related deaths recorded
during that period of time, rounding up the infection mortality rate (IMR) of
less than 0.43% (Figure 1) [41]. One additional significant factor that might help
Vietnam achieve a very low COVID-19 PIR in its first three waves of the pandemic
may be the routine yearly BCG vaccine that was believed to help the immune sys-
tem be better trained against the original SARS-COV-2. Although BCG vaccine
does not prevent SARS-CoV-2 infection per se [42], it may give some protection
from severe COVID-19 infected with the original SARS-CoV-2 and reduce mor-
tality [43] [44], thus may explain the extremely low PIR and IMR in Vietnam be-
fore 7/1/2021.

However, the rise of the unexpectedly more virulent Delta variant of SARS-CoV-2
has shocked the medical community (Figure 1 and Figure 2). It was first recog-
nized in India in December 2020 and this variant initiated the second wave of
infection in India from March to August 2021 that killed many more victims
[45] [46] [47] [48] (Figure 2). From May 2021 on, it became the world’s domi-
nant strain until it was replaced by the attenuated Omicron variant of the virus
in early 2022. Delta variant of SARS-CoV-2 has been responsible for the world’s
second-year terror of COVID-19 (Figure 3(a)).

Vietnam is no exception. From July to October 16, 2021, despite the same an-
ti-pandemic effort, the more virulent Delta SARS-CoV-2 took over 21,000 lives
among 913,400 infected patients in the country’s fourth wave of COVID-19 with
an IMR of about 2.32%, compared to about and less than 0.43% in the first three
waves [41] [49] [50] [51]. The fifth wave, still with Delta variant (second Delta
variant infection wave), from October 2021 to the end of January 2022, when
Vietnam reopened with the idea “to live with COVID”, saw a larger amount of

infection likely due to low number of vaccinations (Figure 1). The IMR, however,
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reduced from 2.48% to 1.2%, likely due to the available and flexible treatment
modalities starting October 2021. There were only 16,826 actual deaths of over
1,400,000 infections instead of the expected 32,480 deaths (if IMR was 2.32% as

seen in the first Delta wave) [52].
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By the rule of symbiosis, the selection of the surviving variants favors the ones

that could more easily infect the host cells and evade the host immune system

but keeps the host surviving by mutating to be less virulent. The virus could be-

come less virulent to the host by replicating more slowly, by increasing binding

to less vital cell types, ie., epithelial cells of skin or oral mucosa or upper respi-

ratory tracts, or by decreasing binding to more vital cell types such as lower res-

piratory tract epithelial cells.

It is not surprising that the surviving Delta SARS-CoV-2 could become more

infectious through mutations in the epitopes recognized by antibodies formed
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Figure 3. Overview of COVID-19 pandemic with original SARS-COV-2, Delta variant, and Omicron variant of SARS-CoV-2. The
data were downloaded from Johns Hopkins University, Coronavirus Resource Center [49]. The infection mortality rate (IMR) of
the whole world (a), USA (b), and Australia (c) before and after emergence of Omicron variant was compared.IMR of mixed va-
riants including delta before 9/4/2021 was 2.07% (whole world), and 1.62% (USA) and 0.30% for Australia before 1/7/2022.IMR.
IMR of mixed variants with Omicrondominant by 2/23/2022 was 1.38% (whole world),1.19% (USA), and 0.16% (Australia). IMR
in the 28 days period before 2/23/2022 (mainly Omicron) was 0.41%(whole world),1.01% (USA), and 0.21% (Australia). The
graphs of the whole world and the US show weekly cases in millions, weekly deaths in thousands, while that of Australia in scale of
thousands and hundreds, respectively. Weekly vaccine doses administered was in millions.

from the previous infection or by vaccination, by obtaining higher avidity to
ACE-2 receptor, by increasing the ability to fuse to host cell [53] [54] [55] [56],
or by evading the host innate immune system [57]. These characteristics partly
explain its heightened transmissibility. What is surprising, however, is the
emergence of more virulent Delta SARS-CoV -2, which did not follow the rule of
symbiosis and became more virulent. Overall, patients infected with Delta va-
riant were younger, had lower rates of comorbidities, but with a higher risk for
hospitalization, exhibited more severe symptoms, i.e., needed more oxygen sup-
plements and higher ICU admission, and suffered a higher mortality rate [58]
[59] [60] [61] [62].

Unlike ordinary natural viral attenuation in the pandemic, Delta SARS-CoV-2
has increased virulence by increasing its replicability. Li et a/ studied 167 delta

SARS-CoV-2 infected patients in China. The average viral load in delta infection
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is about 1000 times higher than the viral load in original SARS-CoV-2 infection
in patients in China during the pandemic, pointing to faster viral replication
[63]. A similar finding about the higher viral load in patients infected with Delta
variant compared to other variants was documented by Teyssou et al. [64]. By in
vitro experiments, Mlcochova et al. showed a higher replication rate of Delta va-
riant in lung epithelial cells [65]. The very high viral load in delta SARS-CoV-2
infected patients is responsible for the rapid transmission of the variant in the
community. The increased replicability while maintaining infectious preference
for lung epithelial cells could be responsible for the increase of virulence of Delta
SARS-CoV-2.

The paradoxical increase in virulence of Delta SARS-CoV-2 resembles an
immune phenomenon termed “reversion to virulence”. Many live-attenuated
vaccines were created by passing the disease-causing virus through a series of
cell cultures or animal embryos (typically chick embryos) in the laboratory
without any genetic engineering manipulation. The virus would lose its patho-
genicity by losing its ability to replicate in human cells [66]. Unfortunately, some
live-attenuated vaccines exhibit reversion to virulence through back-mutation of
attenuating mutations, compensatory mutations elsewhere in the genome, re-
combination or reassortment, or changes in quasi-species diversity [67]. For
example, attenuated oral poliovirus vaccine (OPV) has been shown to replicate
to high titers over long periods of time in some immunodeficient vaccinees, re-
sulting in reversion to virulence. These immunodeficient vaccinated individuals
also excrete polioviruses over long periods of time, increasing the likelihood of

transmission to unvaccinated individuals in the community [68] [69].

3. The Emergence of Omicron Variant: An Evolutionarily
Expected Strain with Attenuated Virulence

Since November 2021, Omicron SARS-Co-V2 has rapidly spread all over the
world and has become the dominant strain. Omicron variant of SARS-CoV-2
was first recognized in South Africa and its neighbor India in mid-November
2021. The wave of Omicron infection in the US peaked in mid-December with
about 145,500 new cases/week and gradually declined. The transmission rate of
Omicron variant was about three times faster than Delta [70] [71], but there was
a significant decrease in severity of COVID-19 disease in infected patients. The
severe COVID-19 outcomes were reduced mostly due to protection conferred by
prior infection and/or vaccination, but intrinsically reduced virulence in the vi-
rus may account for an approximately 25% reduced risk of severe hospitalization
or death compared to Delta variant [72] [73] [74] [75]. In other countries during
a period with both Delta and Omicron variants in circulation, SARS-CoV-2 in-
fections with presumed Omicron variant being dominant were also associated
with substantially reduced risk of severe clinical endpoints and shorter durations
of hospital stay [76] [77].

The IMR during the time period with mixed Delta and Omicron variants in
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circulation therefore also significantly reduced, ie, 1/10 (or 10% of the rate
during Delta wave) in South Africa [75] [76] [77]. With the emergence of omi-
cron variant, the overall IMR of the whole world was reduced (Figure 3). In the
US, the first Omicron infection was reported on December 1, 2021, and it spread
quickly. Lambrou et al graphed the SARS-CoV-2 variants’ share of US
COVID-19 cases between 2/2/2021-1/22/2022 and it showed Delta variant was
the main infection between 5/15/2021-12/15/2021 and Omicron variant took over
since mid-December 2021 [78]. Based on the data from the Worldometer updated
on 2/26/2022, Delta variant infected about 17.6 million American (PIR~5.35%)
with IMR of about 1.27% and Omicron variant infected about 290 million
Americans (PIR~8.83%) with IMR dropped to about 0.49% [79] (Figure 4).
From the beginning of the pandemic to 2/23/2022, the US had a total of about
973,000 deaths or population mortality rate (PMR) of 0.26%. Australia, on the other
hand, with much more strict restrictions in traveling and handling COVID-19 and
has no land border with other countries, has a very low total of about 4988
deaths or PMR of 0.019% from the beginning of the pandemic to 2/23/2022. The
country kept its border tightly locked until the Omicron variant arrived. By
12/03/2021, there were only 2032 deaths (PMR~0.00063%) among 214,885 infec-
tions (PIR~1.73%), or IMR of 0.94%. Since then, the Omicron arrived and infected
about 2,977,079 Australians (PIR~10.27%), with IMR dropping to 0.11% (Figure 5).
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Figure 5. Overview of COVID-19 pandemic in Australia with three major variants of SARS-COV-2, 1) The SARS-COV-2 and
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India as a country has the hardest hit by Delta variant and has distinct periods

of Delta and Omicron waves, as there was a gap between Delta wave bottom by

early November 2021 and Omicron wave start by late December 2021. Delta va-
riant infected about 23.8 million Indians (PIR~1.73%) with IMR of about 1.34%
and Omicron variant infected about 8.18 million Indians (PIR~0.95%) with IMR
dropped to about 0.46% (Figure 2). The Omicron arrived in Vietnam on 1/20/2022
when its second Delta wave dropped near the bottom. Omicron variant quickly
spread and by 3/1/2022, it reached its peak at about 194,900 cases/day on
3/9/2022. So far by 4/8/2022, Omicron variant infected 7,803,239 Vietnamese
with IMR dropped to 0.060% compared to 1.20% during its second Delta wave

or 0.43% before Delta, clearly confirming attenuation of Omicron variants com-

pared to the original SARS-CoV-2 (Figure 1). Note that the vaccination factor is
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not in consideration for IMR because breakthrough infections only occurred in
only less than 3% of vaccinated people [80] [81] [82].

Generally speaking, Omicron is the dominating SARS-CoV-2 strain causing
infection in the world until July 2022. The data from Johns Hopkins Universi-
ty-COVID resource center, in the last 28 days of June 2022 there were over
17,000,000 COVID-19 infections with 40,700 deaths worldwide (IMR~ 0.24%).
The IMR continue to drop from 0.27% in the last 28 days of January 2022, over
87,022,000 COVID-19 infections with 232,000 deaths worldwide, and a signifi-
cant reduced number of infections pointing to the end of the pandemic.

Omicron itself has a total of 51 mutations across the entire genome including
37 mutations on its spike protein compared to the original SARS-CoV-2. Delta
and Omicron variants have evolutionary diverged into distinct phylogroups and
do not seem to share a common ancestry. Omicron shares common ancestry
with variant of interest Lambda and its evolution is mainly derived from the
non-synonymous mutations. Not evolving from Delta variant and with its se-
quence resembling that of SARS-CoV-2 during the early months of the pan-
demic, Omicron variant probably has been in circulation for some time. This
supports a “long-term infection hypothesis” of Omicron SARS-CoV-2 origin.
[83] [84].

The selective surviving Omicron variant of SARS-CoV-2 could evade the host
immune system by having changes in the epitopes recognized by antibodies
formed from the previous infection or by vaccination [85] [86] [87] [88] [89]. It
was first thought that Omicron’s ability to replicate faster; therefore increasing
the viral loads as measured by PCR was responsible for the highly infectious and
spreading ability. However, there was no significant difference in the infectious
viral titer in Omicron compared to other variants, suggesting a different me-
chanism was involved [90]. The variant indeed has an increasing infectious abil-
ity and a lower ability to cause disease through its enhanced ability to interact
with its S-protein to host ACE-2 receptor of host cells [91] [92], and the variant
preferentially bond to epithelial cells of the upper respiratory tract instead of
those alveola epithelial cells of the lower respiratory tract, and thereby resulting
in decreased syncytia formation and less life-threatening. Omicron outcompeted
Delta variant in nasal epithelial cells [93] [94] [95].

In harmony with evolutionary expectation, Omicron attenuated replication in
alveola epithelial cells, in addition to attenuated pathogenicity. Shuai et al
showed that replication of the Omicron variant is dramatically attenuated in
Calu3 lung cancer cells line, which are most closely related to alveola type II
cells. They also showed that Omicron replication is markedly attenuated in both
the upper and lower respiratory tract of infected K18-hACE2 transgenic mice
expressing human ACE2 in comparison to that of the original SARS-CoV-2 and
Delta variant, resulting in its dramatically ameliorated lung pathology that
shown by histopathology of lung tissue. Omicron variant causes the least body
weight loss and mortality rate when compared with original SARS-CoV-2 and

other variants [96]. Similarly, independent studies by other investigators also
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showed attenuated pathogenicity of Omicron variant using hamster animal
model [97] [98] [99] [100]. Although Delta and the first Omicron variant have
so far been identified as the major variants of COVID-19, other lesser virulent
Omicron variants may surface in the future and become the dominant variant.
While less virulent, Omicron still cause many devastating symptoms to some
patients. Some infected patients still end up in ICU, although mechanical venti-
lation is rarely needed [101]. The emergence of Omicron and its attenuated pa-
thogenicity promotes a formation of herd immunity evidenced by the fact that Omi-
cron infection enhances neutralizing immunity against the original SARS-CoV-2,
Delta and other variants [102]. Together, the emergence of the less virulent and
rapidly spreading Omicron variants, the availability of multiple vaccines, and the
“to live with virus” policy enacted in many countries will hopefully establish

herd immunity leading to an end of the pandemic.

4. The Immune Defense and the Multiorgan Autoimmune
Reactions

When humans are infected with microorganisms, the human immune defense
mechanism will initiate defense against the invading pathogens. Sometimes,
these naturally defensive mechanisms will unfortunately result in autoimmune
reactions against the infected hosts. Such is in the case of COVID-19 infection,
which in some patients manifests with multiorgan autoimmune reactions. In the
worst-case scenario, these severe autoimmune reactions against the human

hosts, rather than the infection itself, became the leading cause of disease fatality.

4.1. Defining Autoimmune Reaction

The simplest definition of autoimmune disease is a dysfunctional immunological
condition in which the patients’ immune system mistakenly attacks their own
bodies. Finding pathogenic autoantibodies to specific autoantigens is the hall-
mark of autoimmune diseases. Using in vitro assay such as cell culture and organ
culture, or in vivo animal models to test the pathogenicity of autoantibodies pro-
vides more solid and functional evidence of autoimmune diseases [103]-[110]. In
many life-threatening autoimmune diseases such as pemphigus vulgaris and pa-
raneoplastic autoimmune multiorgan syndrome (PAMS) that we first described
in 2001 [110], autoantibodies to many different antigens may act in constellation
with or without the involvement of cell mediated immunity to cause these dis-
eases, as we postulated in our “Multiple Hit theory” for the pathogenesis of
pemphigus [106].

The presence of proven pathogenic autoantibodies to specific autoantigens,
however, may not be found in some autoimmune diseases. For example, the spe-
cific autoantigens that form immune complexes as the granular deposition in
dermal papillae in dermatitis herpetiformis (DH), a chronic, intensively itching
and blistering skin disease related to gluten-sensitive enteropathy celiac disease,

is not known [111] [112]. Similarly, membranous deposition of IgG immune
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complex in the kidney glomerulus in systemic lupus erythematosus (SLE), ob-
served by direct immunofluorescence of skin or kidney biopsy sections, is still
unknown [113]. However, circulatory autoantibodies to many self-tissues and
antigens are recognized by enzyme-linked immunosorbent assay (ELISA) or by
indirect immunofluorescence [114] [115] [116]. Antinuclear, Anti-double stranded
DNA, and anti-Smith (Sm) autoantibodies, etc., are commonly found in SLE with
infiltration of monocytes. Anti-endomysium and anti-transglutaminase are com-

monly found with neutrophils infiltration in DH.

4.2. An Example of Factors That Can Trigger Autoimmune
Diseases: Neoplasm

There are numbers of factors that can trigger autoimmune diseases. Neoplasm
can trigger formation of autoantibodies to target many different autoantigens
(self-antigens). For example, in PAMS, patients who have neoplasm-triggered
autoimmunity develop autoantibodies to a whole host of keratinocyte proteins
with different molecular weights, 250, 230, 210, 190, 170, 150, 130, 105, 95, 82,
75, 53, 47, 42 and 40 kDa. Some of these autoantigens are identified as envopla-
kin (210 kDa), periplakin (190 kDa), desmoplakin (250 kDa), Bullous Pemphi-
goid Antigen (dystonin, 230 kDa), desmoglein 4 (130 kDa), desmoglein 3 (130
kDa), and desmoglein 1 (150 kDa), and the 105 kDa tumor associate autoanti-
gen. The identification of other smaller proteins targeted by PAMPS may be
important signaling proteins that are yet to be determined [110]. Patients with
small subsets of autoantibodies may cause a humoral effect with specific skin le-
sions, Ie., pemphigus-like lesion in paraneoplastic pemphigus [117], pemphigo-
id-like lesion in paraneoplastic bullous pemphigoid [118], or overlapping sub-
epidermal and intraepidermal vesicles in paraneoplastic lichen ruber pemphi-
goides [119], etc. Patients may also have full spectrum of autoantibodies that
trigger both humoral and cellular responses. Autoantibodies can deposit in
many organs such as skin and the epithelium lining of upper digestive and res-
piratory tract mucosae, kidney, urinary bladder, and smooth as well as striated
muscle. In addition to autoantibodies, autoreactive cellular cytotoxicity me-
diated by skin and lung infiltration of CD8+ cytotoxic T lymphocytes, CD56+
natural killer cells, and CD68+ monocytes/macrophages are known in PAMS.
Destructive cellular immune processes involve multiple organs, with the most
devastating pulmonary involvement that leads to severe respiratory distress and
death, occurring in nearly all patients with PAMS [110]. As we will discuss be-
low, this autoantibody/inflammatory cell-mediated destructive pulmonary process
documented in PAMS also occurred in severe COVID-19.

4.3. Infection as a Trigger for Autoimmune Reactions

Viral infections are another major factor that can trigger the development of
autoimmune diseases. For example, Epstein-Barr virus (EBV), Cytomegalovirus,
Rotavirus, Enterovirus, Coxsackievirus, and Parvovirus B19, etc., have been post-

ulated to trigger autoimmunity in genetically predisposed individuals [120]. There
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is an increased risk of celiac disease autoimmunity after a gastrointestinal Rota-
virus infection in early life [121]. Under some circumstances, infections of Rota-
virus, Cytomegalovirus, and Coxsackievirus can lead to autoimmune type 1 di-
abetes [122] [123] [124] [125]. EBV, also known as human herpesvirus 4
(HHV-4), a highly B cell-tropic virus and one of the most common DNA viruses
found in humans, has been shown to associate with many autoimmune diseases
including systemic lupus erythematosus (SLE), and autoimmune multiple scle-
rosis (MS) [126] [127] [128] [129]. MS is a chronic autoimmune-mediated dis-
ease with a complex etiology, involving a dysregulated immune system with in-
termittent peripheral inflammation as well as ongoing central nervous system
compartmentalized inflammation, leading to loss of neural tissue and disability.
SLE is a prototypic autoimmune disease characterized by the production of an-
tibodies to components of the cell nucleus in association with a diverse array of
clinical manifestations. The primary pathological findings in patients with SLE
are those of inflammation, vasculitis, vasculopathy, and immune complex depo-
sition to many organs including skin and kidney. As we will discuss below,
COVID-19 is similarly associated with vascular and kidney immune deposition
and inflammation.

Antibodies against EBV nuclear antigen-1 cross-react with the SLE associated
antigens Sm, Ro, and EBV-EA/D antigens (molecular mimicry) [127] [128]
[129]. Elevation of IgA autoantibody against Epstein-Barr virus early antigen
diffuse (EBV-EA/D) was found in SLE patients [127]. Using protein microarray
assays, several autoantibodies including those against nucleus (ANA), cytokine
(ACA), chemokines, and growth factors, etc., have been described in SLE, pul-
monary alveolar proteinosis, chronic mycobacterial infection, autoimmune po-
lyendocrine syndrome type 1 (APS-1), and other immune disorders [130]. Vi-
ruses that trigger autoimmunity exhibit several characteristic features including
a tendency to cause ubiquitous and/or persistent infection, as well as an ability to
tip the host immune response toward loss of tolerance via production of auto-
reactive lymphocytes. Viruses may contribute to autoimmunity-prone immune
responses in various ways. Examples include molecular and functional mimicry,
superantigen activity, and stimulation of inflammatory signaling, including
production of type I IFNs. Another example of molecular mimicry is myosi-
tis-specific autoantibodies in autoimmune inflammatory myopathies including
dermatomyositis, polymyositis, and immune-mediated necrotizing myopathies,
that manifest with muscle, skin or lung damage [131]. As we will discuss below,
COVID-19 infection is similarly associated with autoantibodies to cytokines and
other soluble proteins.

Similarly, bacterial and parasitic infections can trigger autoimmune diseases
as seen in reactive arthritis (ReA), rheumatic fever (RF) and Lyme disease (LD)
[132] [133] [134]. For example, there were cases of LD patients who developed
SLE a couple of months after they were treated for the bacteria Borrelia Burg-
dorferi infection. These patients presented with episodes of fever, butterfly-like
bilateral erythema on the cheek, diffuse alopecia, pain, and morning stiffness in
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the metacarpophalangeal, interphalangeal and wrist joints, weight loss, pro-
nounced chilliness of the fingers. Direct immunofluorescence shows deposition
of a large globular immune complex along the basement membrane. Microscop-
ic skin lesions were shown without pronounced lymphocytic infiltrates. Indirect
immunoassays showed antinuclear antibodies (ANA), anti-nRNP, compliment
C3 and C4, and lupus anticoagulant [134].

5. The Immune Defense and the Multiorgan Autoimmune
Reactions in COVID-19

5.1. Patients with COVID-19 with History of Autoimmune Diseases
Had More Severe COVID-19 with More Complications and
Higher Mortality

Tan et al conducted a multinational network cohort study by analyzing elec-
tronic health records data collected by Columbia University Irving Medical
Center in the USA, Department of Veterans Affairs in the USA, and other inter-
national institutions on all patients with pre-existing autoimmune diseases, di-
agnosed and/or hospitalized for COVID-19 between January and June 2020, and
compared with patients hospitalized with influenza in 2017-2018. The study
outcomes were aimed at death and complications within 30 days of hospitaliza-
tion. They found that patients with COVID-19 with a history of autoimmune
diseases, different from flu patients with a history of autoimmune diseases, had
more severe COVID-19, leading to more complications and higher mortality
[135]. Similarly, in a community-based online survey collecting weekly data on
1518 COVID-19-positive participants, Dreyer et al found that individuals with
underlying autoimmune conditions appear to be particularly vulnerable to
post-acute sequelae from COVID-19 [136]. Akiyama et al., in a systematic re-
view and meta-analysis of 62 observational studies including a total of 319,025
patients with autoimmune diseases, found that the prevalence of COVID-19 was
0.011. The severity of COVID-19 in patients with existing autoimmune diseases
was significantly higher than in control patients. In studies with 2766 patients
with pre-existing autoimmune diseases infected with SARS-CoV-2. The rates of
hospitalization and mortality were 0.35 and 0.066 respectively. In this group,
previous use of glucocorticoids and combination (immunosuppressive) therapy
is associated with higher COVID-19 adverse outcomes [137]. This observation
does not contradict the fact that glucocorticoids such as methylprednisolone
(MP) are the mainstay of treatment for COVID-19, as it will be discussed below.
The use of glucocorticoids and a combination of drugs is common in severe au-
toimmune diseases. Thus, patients with more severe autoimmune diseases had a
higher risk of COVID-19-related morbidity and mortality. Specifically, rather
than exacerbating the existing autoimmune diseases, these COVID-19 patients
developed a new kind of autoimmune disease that involved IgA and neutrophils
typical of severe COVID-19. Consistent with this relationship, Chatterjee et al
found that demographically, countries with a higher incidence of autoimmune

disorders correlated positively with COVID-19 mortality [138]. The prevalence
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of autoimmune diseases is high in the US and northern European countries and
the US had the highest prevalence of autoimmune diseases in 2019. This may
partially explain the very high COVID-19 mortality rate in these countries.

5.2. SARS-CoV-2 Infection Caused New Onset Autoimmune
Diseases

De novo autoimmune reactions in COVID-19 have been recognized since the
early months of the pandemic. A search on PubMed on 2/8/2022 with two key
words “COVID-19” and “autoimmune” provided 2430 publications within 2
years. The same search through Google Scholar resulted in a much larger num-
ber of publications. There were many cases of newly developed autoimmune
diseases following SARS-CoV-2 infection such as antiphospholipid autoantibo-
dies and thrombosis, Kawasaki-like disease, immune thrombocytopenic purpu-
ra, Guillian-Barré syndrome, and Miller Fisher syndrome [139]. Guillain-Barre
syndrome (GBS) is a group of autoimmune syndromes consisting of demyeli-
nating and acute axonal degenerating forms of the disease. Patients exhibit pro-
gressive paralysis that reaches a plateau phase. In most patients, resolutions were
complete or near complete when patients recovered from COVID-19 [139]
[140]. The earliest cases were 5 patients of Guillain-Barr syndrome associated
with SARS-CoV-2 infection, out of 1000 - 1200 COVID-19 patients admitted to
three hospitals in northern Italy from February 28 through March 21, 2020, re-
ported by Toscano ef al. The new onset Guillain-Barr syndrome in these pa-
tients was abated with intravenous IgG immunoglobulin (IVIG) treatment [141].

Kawasaki disease (KD) is a very rare acute febrile childhood inflammatory
disease, associated with coronary artery abnormalities. Recent studies on KD re-
vealed endothelial damage and resultant thrombin generation, as well as B-cell
activation during the acute phase. It affects medium-sized vessels and is charac-
terized by hypercytokinemia. The disease is believed to result from an aberrant
inflammatory response to an infectious trigger in genetically predisposed indi-
viduals. It was also thought that endothelial cell injury in KD was a consequence
of T cell activation and cytotoxic effects of various proinflammatory cytokines.
Several anti-endothelial cell autoantibodies have also been identified in KD pa-
tients that raised the concept of immunothrombosis as a potential pathogenic
mechanism for KD. Intravenous immunoglobulin (IVIG) infusion and aspirin
are the standard treatment of acute KD [142] [143] [144].

In Italy, between February 18, 2020, when the pandemic began to hit the
country, through April 20, 2020, Verdoni et al reported an outbreak of 10 pa-
tients with KD with SARS-CoV-2 infection. The incidence of the disease in-
creased by 30-fold during that period of time, compared to pre-pandemic time
with only 19 KD cases diagnosed between Jan 1, 2015, and Feb 17, 2020. Child-
ren diagnosed with KD after the SARS-CoV-2 epidemic began showed evidence
of immune response to the virus, were older, had a higher rate of cardiac in-
volvement, and features of macrophage activation syndrome. All patients were

administered IVIG at 2 g/kg. Patients were also treated with aspirin at 50 - 80
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mg/kg per day for 5 days or aspirin at 30 mg/kg per day plus MP at 2 mg/kg per
day for 5 days, followed by a tapering of MP over 2 weeks [145]. Outbreaks of
Kawasaki disease were also reported in other countries. For example, Toubiana
et al. reported 21 cases were admitted with features of Kawasaki disease over a 15
days period between April 27 to May 11, 2020 in general pediatric department of
Necker Hospital for Sick Children in Paris. Of these 21 patients, 12 presented
with Kawasaki disease shock syndrome and 16 had myocarditis, 17 required in-
tensive care support, 19 had evidence of recent SARS-CoV-2 infection. All 21
patients received IVIG and 10 also received corticosteroids. The clinical outcome
was favorable in all patients [146].

Because in many cases, the disease appears in a wider spectrum that involves
inflammation of multiple organs besides the heart, the term Multisystem In-
flammatory Syndrome in Children (MIS-C) has been described by many groups
and standardized by the US Center of Disease Control (CDC) [147]. An Interna-
tional Survey was conducted by Bautista-Rodriguez et al. through retrospective
data review of a case series of children who met the published definition for
MIS-C and were discharged or died between March 1, 2020, and June 15, 2020.
Through data collected from 33 participating European, Asian, and American
hospitals that included 183 patients with MIS-C who had SARS-CoV-2 infection,
they showed that these patients presented with fever, 117 patients (63.9%) had
gastrointestinal symptoms, and 79 patients (43.2%) had shock, but only 27 pa-
tients (14.7%) fulfilled criteria for Kawasaki disease, suggesting the development
of new onset of other new autoimmune reaction in most infected patients [148].

The development of new onset of autoimmune reaction increased several
folds in the areas of active COVID-19 pandemic. Belhadjer and Bonnet de-
scribed 35 children ages 2 - 16 years admitted to 12 hospitals for MIS-C with
acute heart failure, located within the most active COVID-19 pandemic areas in
France and 1 hospital in Switzerland from March 22, 2020 to April 30, 2020. The
inclusion criteria were the presence of fever, cardiogenic shock, or acute left ven-
tricular dysfunction with inflammatory state (C-reactive protein > 100 mg/mL).
Gastrointestinal symptoms were prominent. Left ventricular ejection fraction
was <30% in one-third of patients, and 80% of patients required inotropic sup-
port with 28% treated with extracorporeal membrane oxygenation. Inflamma-
tion markers were suggestive of cytokine storm. All patients received intraven-
ous immunoglobulin, with adjunctive steroid therapy used in one-third. Left
ventricular functions were restored in 25 of 35 of those discharged from the in-
tensive care units with no mortality [149]. Similarly, Whittaker et al described a
case series of 58 children from 8 hospitals in England admitted between March
23 and May 16, 2020 [150]. Tolumay et al reported 52 children with MIS-C ad-
mitted to the University of Health Sciences Adana City in Turkey from Septem-
ber 2020 to April 2021 [151]. Dufort ef al described 95 patients with confirmed
and 4 with suspected MIS-C in New York up to May 10, 2020 [152]. Feldstein et
al. reported case series of 186 patients with MIS-C in 26 states in the US between
March 23 and May 16, 2020 [147].
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COVID-19-associated MIS-C can be successfully treated in a similar way to
the treatment of autoimmune diseases, Ze., with glucocorticoids and/or IVIG.
McArdle et al. performed an international observational cohort study of clinical
and outcome data regarding suspected MIS-C that had been uploaded by physi-
cians onto a Web-based database and found no difference in recovery in general
from MIS-C after primary treatment with IVIG alone, IVIG plus glucocortico-
ids, or glucocorticoids alone suggesting that glucocorticoids alone could be ade-
quate for treatment of MIS-C [153]. Because IVIG is also a treatment of au-
toimmune disease in which passive transfer of IgG from healthy donors can
suppress the production of autoantibodies in patients with severe autoimmune
diseases of skin characterized with pathogenic IgG autoantibodies [154], suc-
cessful treatment of COVID-19 associated MIS-C by IVIG supported a notion of
autoimmune reaction in MIS-C. In concert, Consiglio et al. applied systems-level
analyses of blood immune cells, cytokines, and autoantibodies in healthy child-
ren, children with Kawasaki disease enrolled prior to COVID-19, children in-
fected with SARS-CoV-2, and children presenting with MIS-C and found that
the inflammatory response in MIS-C shares several features with Kawasaki dis-
ease, but differs from the cytokine storm of severe acute COVID-19 with respect
to T cell subsets, interleukin (IL)-17A, and biomarkers associated with arterial
damage suggesting that autoimmune reaction in COVID-19 associated MIS-C is
distinct from that of severe COVID-19. Autoantibody profiling suggests multiple
autoantibodies that could be involved in the pathogenesis of MIS-C [155].

5.3. COVID-19-Mediated Autoimmune Reactions against Tissue
Antigens

The earliest report of new onset autoantibodies detected in hospitalized COVID-19
patients by Zhou et al in 4/2020 showed autoantibodies to 52 kDa SSA/Ro au-
toantigens, 60 kDa SSA/Ro autoantigens, and ANA in 20%, 25%, and 50% of
hospitalized patients, respectively [156]. Another study by Gagiannis ef al. post-
ed on medRxiv in May 2020 showed common autoantibodies including ANA,
anti-SS-B/La, anti-Scl-70, anti-CENP-B, anti-PM-Scl present in about 92% pa-
tients in ICU and about 36% of patients with milder clinical courses. These au-
thors also showed that patients in ICU who had autoantibodies tend to have
more severe diseases and the worst prognosis. In their settings, the mortality rate
was about 18% of hospitalized patients [157]. In a different cohort however,
Lerma et al tested for the presence of autoantibodies against nuclear, vasculi-
tis-associated, and phospholipid antigens and found the autoantibodies present
in about 30% of the patients and ANA was only weakly reactive, the prevalence
of antiphospholipid antibodies was low, and vasculitis-associated autoantibodies
were not detected [158]. Although the autoantibodies against nucleus antigens
tested in these studies were commonly found in patients with some autoimmune
diseases and occasionally in healthy people, none of them has been proven to be
pathogenic by passive transfer in animal models. Elevation of the level of these

common autoimmune autoantibodies in patients, however, suggests certain on-
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going dysfunctional immune activities.

5.4. COVID-19-Mediated Autoimmune Reactions against
Functional Proteins of Inmune System

To screen for autoantibodies against a wider spectrum of proteins, Wang et al.
used rapid extracellular antigen profiling to screen a cohort of 194 individuals
infected with SARS-CoV-2 for autoantibodies against 2770 extracellular and se-
creted proteins and found that patients with COVID-19 exhibit marked increas-
es in autoantibody reactivities as compared to uninfected individuals and show a
high prevalence of autoantibodies against immunomodulatory proteins includ-
ing cytokines, chemokines, complement components and cell-surface proteins
[159]. These authors also showed that these autoantibodies disturb immune
function and impair virological control by inhibiting immunoreceptor signaling
and by altering peripheral immune cell composition. They further used trans-
genic mice expressing human ACE2 to test for the effect of these autoantibodies.
Mice pretreated with autoantibodies targeting type I IFNs presented in patients
with severe COVID-19 were more susceptible to SARS-CoV-2 infection. These
autoantibodies block of type I IFN signaling by impairing monocyte recruit-
ment, maturation and proinflammatory macrophage differentiation in the lungs,
and decreasing the relative frequency and an absolute number of activated
(CD44+CD69+) natural killer cells and CD4+, CD8+ and yd T cells. Overall,
these autoantibodies increased weight loss and reduced survival in mouse model
infected with SARS-CoV-2. The finding by Wang et al. may explain the role of
autoantibodies targeting IFNs, which were found in about 10% of patients with
severe COVID-19 that was reported by others [160] [161] [162]. These authors
also found that these experimental mice infected with SARS-CoV-2 immediately
after passive transfer of anti-IL-18, anti-IL-14, anti-IL-21R or anti-GM-CSF au-
toantibodies resulted in a significantly higher viral burden, a decreased frequen-
cy and number of effector natural killer cells with enhanced cytotoxic properties,

more weight loss, and significantly decreased survival rate.

5.5. Documenting COVID-19 as a Trigger for Autoimmune
Reactions in COVID-19 and Post-COVID Conditions

Patients with COVID-19 with no history of autoimmune diseases developed a new
onset of autoantibodies, mostly of autoimmune rheumatologic autoimmune diseases
that may be accountable for the rheumatologic symptoms during infection and
common symptoms of “long haulers” or “long COVID-19” or “post-COVID-19
syndrome (PCS)” that persist for four weeks to six months, are present in about
10% people who have COVID-19 [163] [164] [165] [166]. Among many symp-
toms of multiorgan disorders, the most common lingering symptoms are fati-
gue, muscle pain, joint pain, and fever. These symptoms are usually self-resolved
with supportive care. Acosta-Ampudia ef al have shown that the clinical ma-
nifestations of PCS are associated with the persistence of upregulated IFN-aq,
TNF-a, G-CSF, IL-17A, IL-6, IL-14, and IL-13, whereas IP-10 was decreased. In
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addition, PCS was characterized by increased levels of Th9, CD8+ effector T
cells, naive B cells, and CD4+ effector memory T cells. Total levels of IgG
S1-SARS-CoV-2 antibodies remained elevated over time. This long-term persis-
tent immune activation may contribute to the development of the autoimmune
PCS [167]. New onset autoimmunity in COVID-19 is not limited to common
rheumatic diseases but also rare diseases such as new onset of anti-acetylcholine
receptor and anti-MuSK in a few cases of myasthenia gravis after SARS-CoV-2
infection [168] [169]. We previously found that autoantibodies against a mem-
ber of annexin family, annexin 31 or pemphaxin, a cholinergic receptor and al-
pha 9 acetylcholine receptor can be pathogenic in autoimmune skin disease
[106] [107]. Here in COVID-19, Zuniga et al found that anti-annexin A2 au-
toantibody in hospitalized COVID-19 patients and its level at admission strongly
predicted mortality [170].

Chang et al use bead-based antigen arrays with antigens selected based on li-
terature searches that have implicated specific autoantigens in COVID-19 on
serum from in serum from 147 hospitalized COVID-19 patients. They found
that autoantibodies were identified in approximately 50% of patients compared
to less than 15% of healthy controls. When present, autoantibodies largely target
autoantigens associated with rare disorders such as myositis, systemic sclerosis
and overlap syndromes. They detected the presence of autoantibodies at time
day 0 and time day 7 and found a subset of autoantibodies targeting traditional
autoantigens or cytokines developed de novo following SARS-CoV-2 infection
suggesting that SARS-CoV-2 causes development of new-onset IgG autoantibo-
dies that were positively correlated with immune responses to SARSCoV-2 pro-
teins. RNA or DNA released from dying cells could also form immune complex-
es with viral or self-antigens that can promote autoantibody production [171]. A
thorough review of new-onset rheumatic autoimmune diseases during or after
SARS-CoV-2 infection is detailed elsewhere [139].

Autoantibodies may functionally inhibit or activate the functions of target an-
tigens or simply form immune complexes, which could circulate and deposit to
target organs to prime cellular immune response and take part in the pathogene-
sis of multiorgan syndrome in COVID-19. For example, most individuals with
severe COVID-19 showed signs of myositis, and pathology study of muscle of
COVID-19 autopsies show that about 17% of the cases showed a higher overall
pathology score and higher inflammation score. Relevant expression of MHC
class I antigens on the sarcolemma was present 55% of the cases and upregula-
tion of MHC class II antigens in 17% of the case, compared to zero of the control
samples. In some muscle specimens, SARS-CoV-2 RNA was detected by PCR,
but no evidence for a direct viral infection of myofibers was found by immuno-
histochemistry and electron microscopy, suggesting that SARS-CoV-2-associated
postinfectious, immune-mediated myopathy that maybe autoimmune in nature
[172]. The presence of autoantibodies associated with the new onset of rheu-
matic autoimmune diseases such as myositis and systemic sclerosis may in part

explain those long-term symptoms such as muscle weakness, muscle pain, joint
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pains, etc. of COVID-19 patients persisting weeks to months after the initial on-
set of symptoms and extending beyond the original organ involvement, known as
post-acute sequelae of COVID-19 (PASC) (long COVID). Autoimmunity induced
by SARS-CoV-2 infection may indeed contribute to the multiorgan post-COVID-19
symptoms [173] [174] [175].

6. Severe COVID-19 Is IgA-Mediated and
Neutrophil-Directed Disease

6.1. Severe COVID-19 Cases Are Characterized by Dysfunctional
Immune Defense and Persisted Viral Load

Because over 80% of SARS-CoV-2 infected, people are either asymptomatic or
only have mild symptoms since the outbreak in Wuhan; the virus spread quickly
unnoticeable in this major crowded metropolitan city that has a population of
more than 11 million people and connection to many major cities in the world,
making it the second largest pandemic, one century from the flu pandemic be-
tween 1918-1920. The major virus spreaders are people aged from 20 - 45 [176]
[177]. Unlike the first three SARS coronavirus that causes severe diseases in hu-
mans with very high IMR, SARS-COV-2 killed less than 2% of infected people.
Only less than 20% of infected patients had severe symptoms, about 15% were
hospitalized and about 5% ended up in intensive care units (ICU), in which
about 30% died [49] [178] [179] [180] [181]. Nevertheless, COVID-19-related
death is the leading cause of death in the United States in 2020 [182].

Unlike the 80% of infected people having no or mild symptoms that recov-
ered, in whom the virus would be cleared by the immune system in about 10
days, in infected patients with the dysfunction immune response to the viruses,
viruses in the respiratory tract continue to be viable and infectious up to 32 days.
Folgueira et al used cell culture experiments documenting viable SARS-CoV-2
in respiratory samples of severe COVID-19 patients [183].

In hospitalized patients, initial plasma SARS-CoV-2 RNA level is associated
with increased disease severity and mortality [184] [185] [186]. Fajnzylber et al
measured the SARS-CoV-2 RNA level of samples from 88 hospitalized partici-
pants, 94 symptomatic individuals who were evaluated in a respiratory infection
clinic, and 53 participants diagnosed with COVID-19 who had symptomatically
recovered. They found that SARS-CoV-2 RNA level is associated with disease
severity and laboratory abnormalities. The level of SARS-CoV-2 RNA detected
in plasma, in general, is very small compared to those in respiratory tract, and
generally associated with increased disease severity among hospitalized partici-
pants. Negative PCR testing for COVID-19 from upper respiratory samples was
not uncommon in patients with severe COVID-19. Although their results also
show a relatively high prevalence of plasma SARS-CoV-2 RNA in hospitalized
individuals with severe disease, plasma SARS-CoV-2 RNA was also detected in
symptomatic non-hospitalized participants. Higher levels of plasma SARS-CoV-2

RNA were also associated with markers of inflammation and disease severity,
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including low lymphocyte counts, and elevated CRP and IL-6 levels [186]. The
key to understand the relationship between plasma viremia and infection, how-
ever, lies in the infectious ability of these plasma viral RNAs as we will discuss
below. This relationship, in turn, has major significance in our understanding of
COVID-19-mediated autoimmunity.

6.2. SARS-CoV-2 RNAs in Patients’ Plasma Represent
Non-Viable and Non-Infectious Virus

Since severe pulmonary endotheliitis and multi-organ involvement correlated
significantly with COVID-19-associated death [187] [188], one may speculate
that the severity of the disease relates to the degree of plasma viremia from which
the viruses may travel and infect other organs through circulation. Therefore,
the critical question is whether inflammation of other organs is mediated by the
circulating SARS-CoV-2 on the blood vessel with subsequent reach to these or-
gans, since vascular endothelial cells also express ACE2 receptor. An alternative
explanation is that multi-organ failure in severe COVID-19 resembles autoim-
mune disease such as PAMS. In this case, the organ-deposited antibody-antigen
immune complexes were formed by COVID-induced autoantibodies and de-
structed lung tissue antigens and subsequently traveled via the circulation and
deposited in other organs [110].

It is important to note, that the so called “plasma viremia” is measured by
PCR for the level of SARS-CoV-2 RNA and not the actual virion or viable virion,
and that the plasma viral RNA load in these patients is very small compared to
the viral RNA load in their respiratory tract samples. SARS-CoV RNA has also
been reported previously in SARS pandemic in 2003 and MERS pandemic in
2012. However there has not been any evidence that the virus RNAs detected in
patients’ plasma is infectious or disease-transmissible [189]. Study by Andersson
et al. demonstrated that SARS-CoV-2 RNA detected in blood products from pa-
tients with COVID-19 is in fact non-infectious. These authors inoculated into
cell culture the viral RNAs isolation from a subset of RNA-positive COVID-19
patient’s sera samples. PCR-positive sera did not produce any cytopathic effect
or yield an increase in detectable SARS-CoV-2 RNA [190].

Studies by many groups show no evidence that endothelial cells or muscle
cells of organs infected with SARS-CoV-2 despite these cells express ACE-2.
Study on postmortem biopsies of the COVID-19 autopsies by Diao et al showed
that SARS-CoV-2 infected kidney ACE2+ kidney tubules epithelium, but not
glomerulus endothelium, suggesting SARS-CoV-2 RNA in plasma only represent
viral RNA fragment, not viable virus that could have infected endothelial cells,
while renal epithelial cell infection is most likely through urethral tract [191].
Thus, plasma SARS-CoV-2 RNA load (“viremia”) does not represent viable virus
or infectious capability. More likely, the plasma SARS-CoV-2 RNA represents
the released product of protease-induced damage by over-reacting neutrophils
that destroy infected lung epithelial cells and epithelial-endothelial barrier of the

lower respiratory tract caused, as we will discuss below. Multi-organ involve-
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ment that causes death in COVID-19 is, therefore, most likely caused by in-
flammation of multiple organs induced by the inflammatory products originat-
ing from the lung where dysfunctional reaction of cell-mediated immune system
against SARS-CoV-2 invasion occurred. The multi-organ involvement that
causes death in Covid-19 patients thus resembles the multi-organ involvement
that causes death in autoimmune PAMS. This delineation would help medical
community in formulating targeted treatments as we will discuss in the sessions

below.

6.3. Paradoxical Lower Respiratory-Tract Viral Load in Severe
COVID-19 Patients than in Mild COVID-19 Patients

The speed of viral replication in the respiratory tract epithelial cells determines
the viral load. If the destruction of respiratory epithelial cell is directly caused by
SARS-CoV-2 infection and replication in the cells, the respiratory tract viral load
should be the indicator of severity leading to death of the disease. If this was the
case, treatment by antiviral drugs that inhibit viral replication should be able to
abate mortality. Paradoxically it is not the case of severe SARS-CoV-2 infection.
In a study on the respiratory tract samples of 205 COVID-19 patients in New
York, Argyropoulos ef al. found that respiratory tract viral load was significantly
lower in hospitalized patients than in patients not hospitalized [192]. Their re-
sults suggest that the mechanism for the destruction of respiratory epithelial cells
in severe COVID-19 may relate to an abnormal immune response rather than
the direct destruction caused by infected viruses. The unique potential lethal
abnormal immune response occurs in severe cases that make up only a small
portion of total people infected with SARS-CoV-2 [193]. This observation ex-
plains the limited efficacy of antiviral drugs in the effort to stop COVID-19
mortality in ICU.

6.4. The Pulmonary Pathophysiology in Severe COVID-19
Represents Neutrophil-Directed Destruction of Alveolar
Tissue without Bacterial Infection

Acute respiratory distress syndrome (ARDS) is the most common cause of death
in COVID-19 patients, but coagulation induced by excessive inflammation,
thrombosis, and disseminated intravascular coagulation (DIC) also induces
death by multiple-organ dysfunction syndrome. Postmortem autopsy pathology
study by Elezkurtaj et al on 26 SARS-CoV-2-associated deaths in early pandem-
ic, between March and June 2020 showed septic shock (16/26) and multi-organ
failure (4/26) were the most common immediate cause of death. However, their
data showed none was described as fungal superinfection and only two cases
(2/26) were specifically defined as bacterial super infection, which may actually
be secondary infection. Respiratory failure due to diffuse alveolar damage pre-
sented as immediate cause of death in fewer cases. Several comorbidities, such as
hypertension, ischemic heart disease, and obesity were present in vast majority
of patients who died [194].
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Witchmann et a/ found deep venous thrombosis in 7 of 12 autopsies (58%) in
whom venous thromboembolism was not suspected before death; pulmonary
embolism was the direct cause of death in 4 patients [195]. Findings by Wit-
chmann et al raised a question of thromboembolism events in fact following the
destruction of endothelial-epithelial barrier at the alveola. In another study on 6
SARS-CoV-2-associated deaths, Fox et al found the presence of thrombosis and
microangiopathy in the small vessels and capillaries of the lungs, with associated
hemorrhage, significantly contributed 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. Also, there was no evidence of secondary pulmonary
infection by microorganisms [196]. The findings by Fox et al suggest that pul-
monary superinfection is not the initial reason for neutrophils infiltration in al-
veola that is found by others. Haberecker et al studied 15 SARS-CoV-2 positive
autopsies with focus on vascular, thromboembolic, and ischemic changes in
pulmonary and in extrapulmonary sites. They found that extensive pulmonary
endotheliitis and multi-organ involvement are characteristic autopsy features in
fatal COVID-19-associated deaths [197]. In a larger study on 735 SARS-CoV-2-
associated deaths in Germany, Fitzek et a/ found the majority died of pneumo-
nia and/or diffuse alveolar damage (73.6%). Thromboses in lower extremities
and pulmonary embolism were found in 39.2% and 22.1% patients, respectively
in one study [198].

In a more detailed study, Borczuk et al. systematically evaluated lungs of 68
autopsies from 2 institutions in USA and 1 institution in Italy in March and
April 2020, when the two countries were heavily hit by the pandemic. The most
common symptoms at onset were shortness of breath (80%), fever (65%), and
cough (47%). Premortem laboratory results showed elevated levels of D-dimer in
92% of patients with testing, mild thrombocytopenia in 31%, and lymphopenia
in 79%. IL-6 level was increased 94%, and C-Reactive Protein was elevated in
98% of patients. The authors used pathology sections stained for light micro-
scopy and prepared for electron microscopy. Immunohistochemistry was carried
out to detect the platelet component of microthrombi and SARS-CoV-2.
SARS-CoV-2 RNA was detected in trachea and lung by RNAscope technology.
Virus was seen in airway epithelium and type 2 pneumocytes in alveola. Micro-
scopic evaluation of different anatomic lung areas (airways, alveoli, and vascular
bed) for patterns of injury showing frequent presence of airways inflammation
and alveolar zones with hyaline membranes and type 2 pneumocyte (AT2 cell)
hyperplasia. Pneumocytes frequently appeared atypical, enlarged, and some-
times multinucleated with syncytial features [199].

Histologically showed mucosal ulceration with mixed inflammatory cell infil-
tration including neutrophils and fibrin. Large airway inflammation was seen in
92% of patients who were never intubated, including acute inflammation in 45%
and chronic inflammation in 47% of patients. The presence of an associated or

superimposed bacterial or fungal pneumonia by antemortem or postmortem
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culture with consistent histological examination, or by special stains for micro-
organisms was seen in only 26.5% of patients. While neutrophils may reflect su-
perinfection and ventilator associated pneumonia, a subset of cases had rapid
progression to severe respiratory failure without evidence of superinfection and
without mechanical ventilation. In these cases, neutrophils were seen in associa-
tion with capillary proliferation with alveolar wall injury, necrosis, and micro-
thrombi, suggesting an endotheliitis was not directly mediated by infection per
se [199]. The aseptic neutrophil infiltration and activation causing destruction of
epithelia-endothelial barrier may represent a common early stage of alveolitis
and endotheliitis in all cases, eventually obscured by diffuse acute lung injury. If
this neutrophil-mediated endotheliitis is not directly driven by infection, we
then need to provide a more valid explanation as we will discuss below.

6.5. Severe COVID-19 Is Mediated by Dysfunctional and
Dysregulated Neutrophils

In a normal immune response to virus infection of the lung, the first line of de-
fense system (innate immunity, cell mediated) attacks the viruses, Ze., neutro-
phils destroy the virus intracellularly within phagolysosomes to digest phagocy-
tized microorganisms, ie., complex of neutralized viruses by IgM, in combina-
tion with microbicidal peptides and the membrane-associated NADPH oxidase
system, which produces reactive oxygen metabolites. Viruses that escape the first
line of defense could infect the epithelial cells and replicate. Replication of virus
in epithelial cell induces the cells to release cytokines and chemotaxis factor to
recruit additional neutrophils from circulation. The increase of neutrophils
normally parallels the increase of regulatory lymphocytes; therefore, the ratio is
unchanged.

During this initial period, the adaptive immune system exposes to the patho-
gen and begins to learn the virus so that it quickly forms the low avidity anti
SARS-CoV-2 IgM; then in about a week, patients begin to produce IgA, then
IgG. The later response to the rapidly replicating virus could be mediated by
neutrophils, which adhere to IgAs that bind to the virus expressed on the in-
fected epithelial cell membrane. The neutrophils are recruited to the site of ac-
tion by chemotactic factors, cytokines, released from epithelial cells or by other
immune cells such as T helper cells, other mononucleated cells, and/or macro-
phages, etc. While other cytokines recruit neutrophils to the site of action, GCSF
and GMCSEF stimulate neutrophils to adhere to antibody that already bind to the
viral antigen expressed on the surface of infected epithelial cells. Activated neu-
trophils then secrete proteases to destroy the infected cells containing newly rep-
licated viruses, the reservoir of viral pathogen that otherwise could further infect
other lung cells, by neutrophil extracellular traps (NET) mechanism. NET is
made of a web-like structure of DNA meshwork of chromatin fibers decorated
with granule-derived antimicrobial peptides and enzymes such as neutrophil
elastase and neutrophil serine proteases secreted by activated neutrophils. The

chromatin fibers bound to positively charged molecules, such as histones and
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NSPs, and serve as physical barriers that trap and kill extracellular pathogens,
thus preventing further spreading [200].

Also present in a normal response process, serine proteases neutrophil elas-
tase, proteinase 3, and cathepsin G, three major components of neutrophil azu-
rophilic granules participate in the nonoxidative pathway of intracellular and
extracellular pathogen destruction. The key modulator of the acute phase im-
mune response in humans to control the extracellular action of neutrophil is
protein a — 1 antitrypsin (AAT), a 52 kD glycoprotein that is synthesized pri-
marily in the liver, would act as a serine protease inhibitor and a potent an-
ti-inflammatory [200] [201] [202] [203] [204]. AAT also regulates neutrophil
degranulation and autoimmunity [205] [206]. Thus, under the normal condition
that happens to more than 80% of infected people, their immune response to
SARS-CoV-2 can clear the viruses in about 10 days. Infected people are usually
asymptomatic or only have mild symptoms.

In contrast, in severe COVID-19 cases, the neutrophils response to SARS-CoV-2
bizarrely abnormal. The finding of neutrophils infiltration and alveolar wall
damage in COVID-19 autopsy pathology is parallel with the finding of dysfunc-
tional and dysregulated neutrophils activity. Dysfunctional and dysregulated
neutrophils in the pathophysiology of inflammation are well documented in-
cluding the followings: coagulopathy, organ damage, and immunothrombosis
that characterize severe cases of COVID-19 are marked by the high blood level
of neutrophils/lymphocyte ratio and more prominent in ICU patients, high mor-
tality [207] [208] [209] [210] [211], neutrophil over-activation, arginine deple-
tion, tryptophan metabolites accumulation correlated with T cell dysfunction in
critical patients [212], and imbalance between NET formation/ degradation
marked by elevation of plasma free DNA level [213] [214]. In addition, McElva-
ney et al. measured the level of serum immunometabolic markers of neutrophils,
PKM2, phosphorylated PKM2, and HIF-1a, and showed that neutrophils un-
dergo metabolic reprogramming in severe COVID-19 patients and that the AAT
level in severe COVID-19 patients remained unchanged despite the highly ele-
vated level of cytokine IL-6 [215]. Thus, the overreacted neutrophils allow their
overdriven NET mechanism unchecked, leading to massive destruction of in-
fected epithelial cells as well as the epithelial-endothelial barrier. The result is the
leaking of cell-free DNA into the circulation, which explains finding by Ham-
mad et al documenting circulating cell-free DNA associated with severity of
COVID-19 [214].

While T lymphocytes and NK cells are the key cells causing epithelial damage
in PAMS, neutrophils play the key role in causing damage to alveola in severe
COVID-19. Chen et al., by measuring the level of inflammatory cells infiltrate in
bronchoalveolar lavage fluid of hospitalized COVID-19 patients, found that sig-
nificantly higher neutrophil, but lower macrophage in lung was observed along
with markedly increased cytokines expression in severe COVID-19 patients,
compared with healthy controls and patients with mild COVID-19. By contrast,
neutrophil and macrophage returned to normal level whilst more T and NK cells
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accumulation were observed in patients with mild COVID-19 [216]. The data
from the study by Chen et a/ also suggest that in COVID-19, the release of cyto-
kines from epithelial cells rather than macrophages could be the key mechanism
for the cytokine storm (down regulation of macrophages due to too high level of
cytokines in severe cases, return to normal level in mild cases) and that neutro-
phils rather than T cells or NK cells play a critical role in causing alveolar epi-

thelial cell and tissue damage.

6.6. Severe COVID-19 Associates with Dysfunctional and
Dysregulated NET

Since the beginning of the pandemic, dysregulation of neutrophil and NET for-
mation has been recognized as the key factor that causes the damage of alveola
epithelial-endothelial barriers and disseminate thrombosis [217]-[222]. Elevated
levels of serum NETs in many hospitalized patients with COVID-19 were as-
sessed for cell-free DNA, myeloperoxidase-DNA (MPO-DNA) complexes, or ci-
trullinated histone H3 (Cit-H3) [218] [223] [224]. Since the occurrence of
ST-elevated myocardial infarction (STEMI) is a serious cardiac manifestation of
COVID-19, Blasco et al. studied the coronary thrombus samples that were aspi-
rated during the primary coronary intervention of 5 patients with STEMI and
COVID-19 and found that NET was detected in the thrombi of all 5 patients.
NET was found in thrombi of about 68% of STEMI in the pre-COVID-19 era,
Le., in 2015 [224]. SARS-CoV-2 infection, as well as down regulation of ACE2
upon the cell entry of SARS-CoV-2 triggers neutrophil infiltration in the lungs.
Veras et al have further shown by in vitro experiments, that SARS-CoV-2 can
directly infect and induce neutrophils to form NET and that neutrophils isolated
from COVID-19 patients produced more NET than those isolated from healthy
individuals [225].

Because NET dysregulation has been shown to associate with many diseases
especially acute respiratory distress syndrome, NET has been proposed to be the
primary driving force of COVID-19 and targeting NET's directly and/or indi-
rectly with existing drugs may reduce the clinical severity of COVID-19 [226].
Before COVID-19, some NET inhibitors such as Sivelestat were approved to
treat ARDS in Japan and South Korea, but they did not increase survival when
used for ARDS [227]. Since April 2020, publication by Barnes et al has proposed
numbers of modalities for NET therapeutic for COVID-19 such as inhibitors of
NETs synthesis or promoters of NETs fragmentation, targeting key enzymes in
the formation of NET's such as neutrophil elastase (NE) (which degrades intra-
cellular proteins and triggers nuclear disintegration), and peptidyl arginine dei-
minase type 4 (PAD4) (which citrullinates histones to facilitate the decondensa-
tion and release of the chromosomal DNA) [228]. A review of potential
NET-targeted therapy can be found in Al-Kuraishy et a/ [229]. Some NET inhi-
bitors such as R406, a potent SYK inhibitor and the metabolically active compo-
nent of fostamatinib, a drug for adults with immune thrombocytopenia, can in-

hibit NET formation in vitro by neutrophils isolated from healthy people in-

DOI: 10.4236/aid.2022.123042

596 Advances in Infectious Diseases


https://doi.org/10.4236/aid.2022.123042

V. T. Nguyen, L. S. Chan

duced by plasma from COVID-19 patients [230]. However, until today there is
no report of NET therapy that shows reduced COVID-19 mortality. Thus, there
is still another key factor besides NET that is critical in causing death in the dis-

e€ase.

6.7.Severe COVID-19 Associates with Cytokine Storm

Cytokine storm is an umbrella term encompassing several disorders of immune
dysregulation characterized by constitutional symptoms, systemic inflammation,
and multiorgan dysfunction that can lead to multiorgan failure if unchecked or
inadequately treated. In cytokine storm, immune response to the injuries in-
duced by pathogen, but not the pathogen itself, can contribute to multiorgan
dysfunction [231]. Similar to SARS and MERS, and probably the 1918-1919 in-
fluenza pandemic, an exaggerated immune response cytokine storm was suspected
of contributing to the lethality of COVID-19. The reason why only a small portion
of SARS-CoV-2 infections developed Cytokine storm is still needs to be elucidated.
But very likely cytokine storm links to the viscous cycle of SARS-CoV-2/Epithelial
cells/IgA/Neutrophil epithelial-endothelial barrier destruction.

The earliest publication in January 2020 by Huang et al reported the typical
development of severe symptoms of COVID-19 patients in hospital in Wuhan.
The most common symptoms at the onset of illness were fever, cough, and
myalgia or fatigue. More than half of patients developed dyspnea. The median
time from onset of symptoms to first hospital admission was 7 days, to shortness
of breath was 8 days, to acute respiratory distress syndrome (ARDS) was 9 days,
to mechanical ventilation was 10 days, and to ICU admission was 10.5 days. At
the time of hospital admission, plasma IL1-4, IL1RA, IL6, IL7, IL8, IL9, IL10, ba-
sic FGF, GCSF, GMCSF, IFNy, IP10, MCP1, MIP1a, MIP1S, TNFa, PDGF,
TNFa, IL2, IFNy and VEGF levels were higher in both ICU and non-ICU pa-
tients than in healthy adults. Moreover, plasma IL2, IL6, IL7, IL10, GCSF, IP10,
MCP1, MIP1A, and TNFa were higher in ICU patients than non-ICU patients
[232]. Subsequently, the similar findings of cytokine storm with more cytokines
in severe COVID-19 patients were reported by several other groups in other
countries such as one by Notz et a/ in Germany [233]. Analysis of cytokine
storm in COVID-19 compared to SARS and MERS shows that immunological
and pathologic features of COVID-19 have something in common with SARS
and MERS. For example, all of these viruses can cause lymphopenia and in-
fluenza-like symptoms in the early stage. SARS and COVID-19 do not lead to
the upregulation of TNF-a, but the increase of IL-6 and IL-10 is more prevalent
in COVID-19. Thus, IL-6 may play a crucial role in the pathologic of COVID-19,
including the chemotaxis of neutrophils and lymphocyte necrosis.

Due to the recognized important role of cytokine storm in the pathophysiolo-
gy of the disease, number of treatment strategies have been brought out targeting
its key mechanism [234] [235]. Similar to other coronavirus infections, SARS
[236], MERS [237], and Mojiang SARS-CoV-like coronavirus [10], glucocorti-
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coid therapy such as MP is used widely among critically ill patients infected with
SARS-CoV-2. Besides immunosuppression effect, glucocorticoids strongly dimi-
nish the production of the “initial phase” cytokines IL-1 beta and TNF-alpha and
the “immunomodulatory” cytokines IL-2, IL-3, IL-4, IL-5, IL-10, IL-12 and
IFN-gamma, as well as of IL-6, IL-8 and the growth factor GM-CSF [238]. Glu-
cocorticoids can act directly on the cell to change its gene expression, thus pre-
venting unwanted effects [239].

There is the number of anti-cytokine drugs have been considered. The most
effective anti-cytokine drugs used in COVID-19 is IL-6 antagonists such as toci-
lizumab and sarilumab that could lower 28-day all-cause mortality, as shown in
the study by the WHO Rapid Evidence Appraisal for COVID-19 Therapies
(REACT) Working Group on 10,930 patients in 27 clinical trials [240]. However,
with all available drugs that showed benefits for hospitalized COVID-19 pa-
tients, even used in combination, the overall mortality of severe COVID-19 pa-
tients is still very high. For example, the daily new SARS-CoV-2 infected cases in
the US as of October 1, 2021, is 121,049 with 1821 deaths or about 1.5%, about
the same compared to those of 2020 [49]. The unchanged mortality per infec-
tions ratio in the US may simply be due to the same treatments that have been
used since the beginning of the pandemic. In 28 days prior to February 23, 2022,
there were 286,464 COVID-19 deaths in the world, which included 67,410 in the
US [49]. A surprise statistic was IMR of the whole world in this period was
0.41% but that of the US, which having the best medical care in the world, was
1.01% (Figure 3). Thus, there is still another key factor beside NET and cytokine

storm that is critical in causing death in the disease.

6.8. Severe COVID-19 Is an IgA-Mediated Immune Reaction

Unlike SARS-CoV, MERS-CoV, influenza virus infection or in asymptomatic
SARS-CoV-2 infection, in which IgA class antibodies do not appear significantly
earlier or in higher quantity than IgG [241] [242] [243] [244], in symptomatic
SARS-CoV-2 infection, the first seroconversion of IgA against the virus occurred
in 1-2 days after onset of the initial symptoms (fever), much earlier than sero-
conversion of IgM and IgG that occurred in 5 days after onset. The relative levels
of IgA and IgG were markedly higher in severe patients compared with non-severe
patients [245] [246] [247] [248] [249].

Since the beginning of the pandemic, Padoan et a/ in Italy studied the kinetics
of IgA and IgM of 19 hospitalized patients monitored from the onset of symp-
toms (fever). The serum sample was taken every 2 days in 42 days. They found
that the average levels of IgM and IgA antibodies increased since 6 - 8 days from
the onset of COVID-19. Compared to IgM, IgA showed persistently higher levels
for the whole observation period, with a peak level at 20 - 22 days. IgM levels
peaked at 10 - 12 days and significantly declined after 18 days [245]. This IgA
kinetic is unique to COVID-19 compared to that in SARS study by Woo et al.
[241] and Hsueh et al. [242] in China in 2004.

In another study, Yu ef al in China compared the kinetics of IgA, IgM and
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IgG between severe and non-severe COVID-19 patients and found that the first
seroconversion day of IgA was 2 days after the onset of the initial symptoms, and
the first seroconversion day of IgM and IgG was 5 days after onset. The positive
rate of antibodies in the 183 samples was 98.9%, 93.4% and 95.1%, for IgA, IgM
and IgG classes, respectively. The levels of both Ag-specific IgA and IgG mar-
kedly increased about 2 weeks after symptom onset and remained continuously
elevated for the following 2 weeks. In contrast, the levels and time-dependent
changes of IgM were minimal. The relative levels of IgA and IgG were markedly
higher in severe patients compared with non-severe patients. There were also
significant differences in the relative levels of IgA and IgG between the severe
and non-severe patient groups. Moreover, there is a significantly positive associ-
ation between the level of SARS-CoV-2-specific IgA and the Acute Physiology
and Chronic Health Evaluation (APACHE)-II score in critically ill patients with
COVID-19, while the level of SARS-CoV-2-specific IgG and IgM did not show
correlations with disease severity [246]. In a study on 87 COVID-19 patients in
China, Ma et al also found that IgA levels in severe cases were significantly
higher than those in mild or moderate cases [247]. Similar result was obtained
by Barzegar Amini et a/. in Iran [248], and Zervou et al. in New York [249].

The deposition of IgA immune complexes in many organs causing multiorgan
syndrome in COVID-19 has been described. There have been several reports of
newly onset autoimmune IgA vasculitis and nephritis cases in COVID-19 pa-
tients. In these cases, the nephritis or vasculitis can occur during or post
SARS-CoV-2 infection [250]-[260]. Despite endothelial cells have been known to
express ACE-2 [261], vasculitis and nephritis, particularly glomerulitis in COVID-19
are not caused by direct infection of SARS-CoV-2 because SARS-CoV-2 RNA
found in COVID-19 “viremia” does not represent viable and infectious virus as
mentioned previously, and there has been no report that shows SARS-CoV-2 in-
fected vascular endothelial cells. Instead, the deposition of IgA immune com-
plexes or a part of thrombosis is more likely the cause, in which it resembles
IgA-mediated autoimmunity in which the patients also develop some common
IgA autoantibodies such as anti-phospholipid. Zuo et al reported that up to 52%
of hospitalized COVID-19 patients have anti-phospholipid antibodies. They
further showed that these autoantibodies have the capacity to cause clots in
mouse models [262]. Hasan Ali reported that severe COVID-19 is associated
with elevated serum IgA and IgA class anti-phospholipid antibodies [263]. Thus,
it is possible that the IgA immune complex formed by SARS-CoV-2 proteins or
DNA, bound by IgA autoantibodies including to those against component of
NET fragments, play a major role in the pathophysiology of vasculitis and mul-
tiorgan inflammation. The pathogenesis of IgA vasculitis may involve generating
IgA immunocomplexes and deposition on small vessels, followed by IgA-directed
activation of mannan-binding lectin and alternative complement pathways.
More details of the mechanisms for autoimmune IgA mediated vasculitis and

potential treatment can be found elsewhere [250].
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6.9. The DH-Like IgA-Directed Neutrophil-Mediated Autoimmune
Reaction in Severe COVID-19

The mechanism of lung injury in severe COVID-19 by SARS-CoV-2 infection is
far more severe than that observed in vasculitis and it involves destruction of the
alveola tissue and even the epithelial-endothelial barrier by IgA-mediated neu-
trophil-directed mechanism. Using immunostaining of biopsies from lung of
COVID-19 autopsies, Hou Y] et al found SARS-CoV-2 infected both alveolar
cells type 2 (AT2) and alveolar cells type 1 (AT2) and there is hyperplasia of AT2
[264]. Correspondingly, high levels of IgG and both dimeric and monomeric IgA
against SARS-CoV-2 have been found in alveola in samples of bronchoalveolar
lavage fluid from COVID-19 patients by Sterlin et a/ [265]. Histopathology sec-
tions of lung tissue from autopsies of COVID-19 show alveolar tissue destruc-
tion with neutrophil infiltrate [194]-[199]. Evidence of Polymorphonuclear neu-
trophils adhered to syncytial alveola cells can be seen in the photo of histopa-
thology section by Borczuk et al [199].

The mechanism of lung injury in severe COVID-19 by SARS-CoV-2 infection,
however, is quite similar to that of skin disease DH and IgA bullous dermatoses
where IgA deposits in skin function as ligands to mediate adherence of activated
neutrophils and trigger neutrophil to release proteases that destroy the tissue
[111] [112] [266] [267] [268] [269]. Specifically, severe COVID-19 is signifi-
cantly similar to DH in that both diseases are characterized by critically in-
creased levels of autoantibodies against tissue transglutaminase (tTG), an en-
domysial autoantigen and a specific predictor for celiac disease and DH [270]
[271]. Lingel et al conducted a prospective study of 80 acute and former
SARS-CoV-2 infected individuals and 39 unexposed donors to evaluate autoan-
tibody responses and immune composition. They found that autoantibody levels
against cyclic citrullinated peptide (CCP), a specific predictor for rheumatoid
arthritis (RA), were significantly elevated in convalescents only. However, both
acute COVID-19 patients and long-term convalescents showed critically in-
creased levels of anti-tissue transglutaminase (tTG). Both anti-CCP and an-
ti-tTG antibody levels were still detectable after 4 - 8 months post-infection. An-
ti-tTG antibodies occurred predominantly in aged patients in a context of a
post-SARS-CoV-2-specific immune composition. They also showed that in-
creased anti-CCP and anti-tTG autoantibody levels could remain long-term after
recovering even from mildly experienced COVID-19. Thus, they suggest that the
inter-relationship between the lung (portal of viral entry) and autoimmunity in-
dicates that a SARS-CoV-2-infection could be a relevant environmental factor in
autoimmune disease pathogenesis [271].

Autoantibodies to endomysium may indirectly involve in the pathogenesis of
DH. However, the existence of IgA anti-tTG antibodies in DH does not neces-
sarily mean that the granular IgA deposits in skin, which represent immune
complexes, are due to excess antibodies reacting with tTG or tTG-containing

complexes. tTG has been shown to be involved in the intermolecular cross-linking
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activities, for example, epidermal transglutaminase. tTG also expresses in
another organ such as lung and heart [272]. In COVID-19, cross linking activi-
ties of lung epithelial cell transglutaminase may involve in the generation of IgA
anti-SARS-CoV-2 complexes. In DH, the complex of IgA and unknown antigen
deposit to the dermal papillae, may activate complement system, that in turn at-
tracts neutrophils to the site of action. Neutrophils are stimulated by cytokines
such as GMSF or GMCSF to adhere to the Fc portion of fixed IgA, which acti-
vates neutrophils to release protease to destroy the tissue and cause skin blisters
[269]. Treated with dapsone, the DH lesions resolve and patients have clear skin.
Since the similar IgA-mediated neutrophil-directed mechanism occurs in the
COVID-19-affected lung alveola and destroy this vital organ for oxygenation
and cause fatality, same medication, like dapsone, may help to reverse that.

In COVID-19, hyperplasia of AT2 cells increases the number of SARS-CoV-2
highly infectable cells in alveola therefore increasing targets for neutrophils ad-
here to SARS-CoV-2 antibody that binds to the virus expressed on alveolar cells.
The replication of the virus induces epithelial cells to release cytokines and che-
motactic factors, further attracting neutrophils to the site of action to destroy
infected cells (and cause lung tissue damage). In severe COVID-19, necrotic cell
death of lower respiratory tract epithelial cells, as well as NET formation, further
releases damage-associated molecular patterns and alarmins in the surrounding
extracellular space then into the circulation due to destruction of epitheli-
al-endothelial barrier. Together, these immune events induce a cascade of pro-
duction of a pro-inflammatory cytokines-driven vicious cycle, setting up a loop
of necroinflammation that is responsible for a larger cytokine storm that cause
further endothelial injury and necroinflammation via complement activation,
recruiting platelet deposition at the damaged vasculature as well as promote the
venous thrombus formation. As such, many medical literatures reported that
COVID-19-infected patients developed multiorgan failure [197] [273].

Thus, in severe COVID-19, the initial event leading to tissue destruction in
alveola is the adherence of neutrophil to Fc portion of the immunoglobulin in
IgA complexes that activate neutrophil destructive activity in alveola. A dysfunc-
tional over-reaction of neutrophils can severely damage the epithelial liner in the
lung and consequently impair the ability to exchange O,/CO, of the lung epithe-
lium, while release the immune complex (IgA-SARS-CoV-2 proteins and IgG-
SARS-CoV-2 proteins), viral proteins and RNA, and NET materials to the circu-
lation through the damaged epithelial-endothelial barrier, triggers further mi-
crothrombi formation, together with neutrophil/IgA and neutrophil/IgG vascu-
litis and vasculitis by other inflammatory mechanisms lead to multiorgan syn-
drome in COVID-19, and ultimately death.

Therefore, the most specific therapy to save lives in severe Covid-19 cases
should be stopping the initial event causing damage to the respiratory tract epi-
thelial cells and epithelial-endothelial barrier, which is the adherence of neutro-

phil to IgA or IgG at the site of action (bronchioles and alveoli). This adhesion
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will follow by activation that initiates the destruction of tissue by neutrophils

(Figure 2). Thus, timely treatment is critical.

7. Treatment Strategies for Severe COVID-19

7.1. Glucocorticoids as a Mainstay Therapy for Autoimmune
Diseases and Autoimmune Reactions in COVID-19

Glucocorticoids such as methylprednisolone (MP) are the mainstay of treatment
for several autoimmune diseases [274] [275]. In addition to immunosuppres-
sion, we have previously showed that MP exhibits its direct effects on target or-
gan such as the epidermis in pemphigus vulgaris by altering expression of sever-
al genes in keratinocytes targeted by pathogenic autoantibodies [239]. MP can
induce reciprocal effects on the targeted cells against the effect of pathogenic
autoantibody. For example, in pemphigus vulgaris (PV), a potential lethal au-
toimmune disease in which patients develop autoantibodies against the mem-
brane proteins of their keratinocytes that make these cells detach from one
another (acantholysis), inflammation and skin blisters. In this disease autoanti-
bodies alone on keratinocytes could induce acantholysis (break down of cell-cell
adhesion) [105] [106] [107] [108] [109]. High dose systemic corticosteroids,
such as MP, are life-saving for these patients, before the availability of other
immunosuppressive medications. MP reverses acantholysis while both antibo-
dies and inflammatory cells still exist at the site of action suggesting that MP
could assert its anti-acantholytic effect directly on epithelial cells. In 2002 we
used DNA array assay with a set gene chips of 15,000 genes to test the effect of
MP on the cells in the presence or absence of pathogenic antibodies, we con-
cluded that the drug asserts its therapeutic effect directly on epithelial cells (ke-
ratinocytes in our study) by altering the cell expression of several genes includ-
ing cell adhesion, signaling, cytokines and pro-inflammatory factors. Its effects
are directly countering to those actions caused by pathogenic autoantibody on
the cells [239].

Unlike the experience with SARS and MERS [236] [237] and meta-analyses
from influenza pneumonia studies [276] [277] that discourage their widespread
empirical use, glucocorticoids have been commonly used as treatment in
COVID-19. In COVID-19 pneumonia, low-dose dexamethasone reduced mor-
tality among ventilated patients [278] [279]. Wang et al studied 46 severe pa-
tients with COVID-19 pneumonia at the isolation ward of Union Hospital in
Wuhan, China, from January 20 to February 25, 2020. Three patients died dur-
ing the hospitalization, and the other 43 patients were successfully discharged.
Oxygen therapy, antiviral therapy, immunoenhancement therapy, prevention of
bacterial infection, relieving cough eliminating phlegm (respiratory mucus dur-
ing disease and inflammation), and nutritional support were commonly used for
all 46 patients. While 26 of them received extra low-dose MP treatment with the
dosage of 1 - 2 mg/kg/day for 5 - 7 days via intravenous corticosteroid adminis-

tration. The authors showed that early, low-dose and short-term application of
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MP was associated with better clinical outcomes in severe patients with COVID-19
pneumonia, and they suggest that corticosteroid should be considered before the
onset of ARDS [280].

From a retrospective cohort study on 447 severe COVID-19 patients from the
record of 1019 COVID-19 patients who were admitted to Stony Brook Universi-
ty Hospital (Stony Brook, NY, USA) from March 1st to April 15" 2020, Papa-
manoli et al showed that MP does not reduced mortality, but it significantly re-
duced needs for mechanical ventilation and intensive care in patients with severe
COVID-19 pneumonia [281]. Edalatifard et al conducted a single-blind, ran-
domized controlled clinical trial involving 68 severe hospitalized patients in Iran
with confirmed COVID-19 at the early pulmonary phase of the illness, on the
other hand, it showed that intravenous administration, 250 mg MP a dayfor 3
days significantly lower the mortality [282]. In another study, Salton et al con-
ducted a multicenter observational study to explore the association between ex-
posure to prolonged, low-dose MP treatment and need for ICU referral, intuba-
tion, or death within 28 days (composite primary end point) in patients with se-
vere COVID-19 pneumonia admitted to Italian respiratory high-dependency
units between February 27 and April 24, 2020. Their study’s secondary outcomes
were invasive mechanical ventilation-free days and changes in C-reactive protein
levels. The authors used a loading dose of 80 mg intravenously at study entry,
followed by an infusion of 80 mg/d in 240 mL of normal saline at 10 mL/h for at
least 8 days, until achieving either a PaO,:FiO, > 350 mmHg or a CRP < 20
mg/L. Following that, oral administration at 16 mg or 20 mg twice daily until
CRP reached < 20% of the normal range or a PaO,:FiO, > 400 (alternative
SatHbO, = 95% on room air). The data from 80 patients with MP and 90 pa-
tients without MP show that early administration of prolonged MP treatment
was associated with a significantly lower hazard of death and decreased ventila-
tor dependence [283].

Fernandez-Cruz et al performed a single-center retrospective cohort study in
a university hospital in Madrid, Spain, during March of 2020. The authors re-
ported their study on 463 hospitalized patients, of whom 396 and 67 patients
were treated and untreated with steroids respectively and showed that
in-hospital mortality was lower in patients treated with steroids than in controls
[284]. In a multi-center study by Chaudhuri et al including 2826 patients from
19 clinical trials in Canada, USA, Denmark, China, France, the authors showed
that corticosteroids reduce mortality in ARDS patients. This effect was consis-
tent between patients with COVID-19 and non-COVID-19 ARDS, corticostero-
id types, and dosages [285]. In a prospective triple-blinded randomized con-
trolled trial, Ranjbar K et al enrolled 86 hospitalized COVID-19 patients from
August to November 2020, in Shiraz, Iran to compare the effectiveness of MP
and dexamethasone and found that in hospitalized hypoxic COVID-19 patients,
MP demonstrated better results compared to dexamethasone [286]. In Vietnam,
during the first Delta wave, inexpensive MP/Aspirin combination was widely

used by local doctors for SARS-CoV-2 infection in out-patient settings and
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seemed to help reduce hospitalization.

In summary, treatment with corticosteroids such as MP for hospitalized
COVID-19 patients is favorable. However, the overall mortality of severe COVID-19
patients is still very high in hospitalized patients even in case corticosteroid used
in combination with medicine such as IL-6 antagonists. Carbonell et a/ studied
the mortality comparison between the first and second/third waves among 3795
critical COVID-19 patients with pneumonia admitted to the ICU in a mul-
ti-center retrospective cohort study. The authors found that despite substantial
changes in supportive care and management, overall ICU mortality was about
31%, without significant differences between the first wave (31.7%), second and
third waves (28.8%) [287].

A good solution to end this pandemic is to have herd immunity against the
virus. Since February 2022, living with virus policy with the rapid spread of the
less lethal Omicron may be a way to achieve herd immunity. Vaccine is one of
the ways to obtain herd immunity without sacrificing many more lives. But we
still face the challenge that unvaccinated people may get infected and may end
up in ICU. Moreover, vaccine availability is also an issue in some countries. In
addition, currently available vaccines do not provide perfect protection. We need

a specific treatment to stop mortality.

7.2. Dapsone, the Specific Treatment for Autoimmune DH Could
Be Life-Saving for Severe COVID-19

Because the pathomechanism of tissue destruction of alveola in COVID-19 is
significantly similar to that of tissue destruction of skin in DH, dapsone, the spe-
cific drug excellent for treating autoimmune DH that can stop tissue destruction
in skin, can also be used for treating severe COVID-19 to stop tissue destruction
in alveola, thus saving lives.

Dapsone (diaminodiphenyl sulfone, DDS), an FDA-approved medication for
DH and leprosy and a sulfone class of medication developed in 1908, has been
extensively and confidently utilized by dermatology physicians over a century. It
is on the World Health Organization’s list of essential medicine as the safest and
most effective medicines needed in a health system. The oral formulation of
dapsone is available as a generic drug and inexpensive [288] [289]. Initially dap-
sone was used as an antibiotic in 1937 to treat gonococcal and streptococcal in-
fection. Then in 1945, it began to be used for leprosy. In 1950 the drug was first
used to treat DH, then it was subsequently adapted to treat several skin diseases
that are pathologically characterized by tissue deposition of IgA and infiltration
of neutrophils. For DH, dapsone is considered the first-line medication because
it is uniquely effective in treatment of the disease. Dapsone therapy produces re-
lief of pruritus and clearing of skin lesions within 24 to 48 hours. Symptoms re-
cur with equal rapidity when treatment is discontinued [266]. Because the cha-
racteristic of dapsone treatment in DH is the drug reverses the skin blisters while

the IgA complex still present at the site of action.
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To specifically delineated the mechanism, we utilized a modified neutrophil
adherence assay in open chambers which contained an IgA complex model with
IgA binding to skin basement membrane zone (BMZ) antigen, allowing addition
of activators at various times. This IgA complex model system enabled us to
examine the effects of neutrophil chemokine GM-CSF and dapsone on the
binding of neutrophils to the IgA complex. Incubating IgA-BMZ antigen com-
plexes with dapsone prior to exposing them to neutrophils revealed that dapsone
inhibited neutrophil adherence by direct impact on IgA rather than cytotoxic ef-
fect on neutrophils [112]. On the molecular level, dapsone, with its unique
chemical structure diaminodiphenyl sulfone, could bind to the IgA protein and
interfere the IgA’s Fc portion, the binding site for neutrophils, so that IgA could
no longer interact with the Fc receptor (FcaRI) of neutrophils. This could ex-
plain the rapid effect of dapsone in the treatment of IgA-mediated neutro-
phil-directed skin diseases. The molecular mechanism regarding IgA and its in-
teraction with FcaRI on inflammatory cells in diseases has been delineated ex-
tensively [290]. The understanding of interference of dapsone on neutrophil ad-
herence to IgA immune complex, either by inducing some conformational
changes or by steric hindrance on the Fc of IgA, would add a new therapeutic
opportunity for other pathological conditions where IgA immune complex also
plays a critical role.

In severe COVID-19, even being treated with the combination of glucocorti-
coids and anti-cytokine drugs, the IgA complex with SARS-CoV-2 loaded in al-
veola and neutrophils infiltrate remained intact as observed in autopsy tissue of
the lung. Thus, these drugs cannot stop activation of neutrophils that subsequently
destroy alveola tissue. Therefore, it becomes clear that dapsone could be the best
and target-specific candidate drug to stop destruction of this vital organ. Consider
the similarity in pathological mechanism between DH and ARDS of COVID-19
infection with the presence of all critical players, neutrophils, IgA-antigen complex,
and GCSF/GMCSF, dapsone should be tried for severe COVID-19 patients as a
target-specific modality to stop the damage initiated by neutrophils/IgA action.
We previously proposed that since dapsone could inhibit IgA-mediated neutro-
phil-directed skin injury, it should be tried on severe COVID-19 patients to
block lung injury (Figure 6). Dapsone therapy should be used for hospitalized
COVID-19 patients who have elevated serum anti-SARS-CoV-2 IgA and should
be initiated in a timely fashion before lung injury occurs [291]. Additional the-
rapeutic benefits for dapsone therapy have been reviewed by Wozel and Blasum
[288].

In fact, our proposal is supported by the results of a small study. A recent
clinical trial of 44 COVID-19 patients in ICU with similar clinical condition do-
cumented that in the group of dapsone-treated patients, all 22 patients survived,
whereas in the group of who patients did not receive dapsone, 8 of 22 patients
did not survive [292]. The news of successful short course trial in the US has
been followed by two large clinical trials of dapsone for COVID-19 that are currently
undergoing at the Hunt Regional Medical Center in Texas, USA and the McGill
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University Health Centre in Quebec, Canada, with estimated primary comple-
tion dates of December 31, 2021 and March 31, 2022, respectively. The results of
these trials are not yet available as of February 20, 2022 [293] [294]. Interesting-
ly, the observation of COVID-19 in leprosy community also supports the possi-
ble use of dapsone in COVID-19. Cerqueira et al performed a prospective
real-world cohort study of the influence of leprosy-related clinical and epidemi-
ological variables in the occurrence and severity of COVID-19. Among the 406
included patients on dapsone treatment, 69 were infected with SARS-CoV-2
during the course of study, 7 were admitted to ICU, none needed mechanical
ventilation, and no death [295]. Also in this study, these authors noted that
dapsone did not prevent SARS-CoV-2 infection, and this finding is consistent
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with the possible therapeutic effect of dapsone in COVID-19 on inhibition of
neutrophil adherence to IgA, rather than blocking the virus binding to the lung.
Therefore, the essential key is to start the dapsone treatment early enough to
block the neutrophil binding to IgA. Once neutrophils bind to IgA and initiate

the destructive process, dapsone’s effects will be substantially diminished.

7.3. Treatment Proposal for Severe COVID-19

In the last 28 days ending on March 27, 2022 there were over 184,700 people in
the world who died related to COVID-19, significantly reduced from 291,000
COVID-19 deaths in 28 days proceeding February 24, 2022 [1]. While waiting
for the results from the large clinical trial that may give the medical community
more evidence in support for dapsone therapy in the COVID-19 setting, select
use of this medication, guided by clinical condition and IgA data, at this time
may be called for in cases of impending respiratory compromise on an emer-
gency basis. Saving life for patients with severe COVID-19 infection requires our
urgent actions. As we have identified the critical autoimmune features of severe
COVID-19 (Figure 6) and the suitable general and specific drugs that are used
to treat autoimmunity, we propose a combination of dapsone and MP with an-
tithrombotic drugs for treatment of severe COVID-19.

Specifically, we recommend that COVID-19 patients, who have severe disease
and are admitted to the hospital, should be checked for their serum IgA levels. If
their IgA levels are elevated, dapsone at the dose of 200 mg per day should be
administered during the acute disease phase. After the acute phase, a lower dose
of dapsone (50 - 100 mg per day) for two more weeks should be utilized to pre-
vent relapse [291]. This regiment should be used together with the concurrent
uses of glucocorticoids such as MP (1 - 2 mg/kg/day for 5 - 7 days via intraven-
ous injection) [278]-[286], and antithrombotic drugs such as aspirin for out pa-
tients and heparin for hospitalized COVID-19 patients as guided by the Corona-
virus Disease 2019 (COVID-19) Treatment Guidelines, National Institutes of
Health [296].

After a century of usage, dapsone is generally recognized as a safe medication.
Other than the infrequent occurrence of the following side effects (usually after a
long-term usage), blood oxygen level reduction, white blood cells decrease,
hypersensitivity, psychosis, and neuropathy, dapsone has a very good safety pro-
file and is readily available and inexpensive [288] [289]. Careful monitoring
these side effects, especially for usage in a short-term basis, should be sufficient
to ensure no major problem would occur in the patients receiving dapsone.

The treatment regiments of dapsone in combination with MP and antith-
rombotic drugs for severe COVID-19 played a significant role in reducing the
IMR in the second Delta wave in Vietnam, as mentioned, from 2.4% of the first
Delta wave to 1.2% of the second Delta wave. There was no other explanation for
this significant drop of IMR. In this pandemic emergency situation, Dr. Nguyen
began to share his idea of using Dapsone regiment to treat severe COVID-19

with many physicians and hospitals in Vietnam after the first delta variant wave
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hit the country so hard with too many deaths. Since October 2021 he has been
repeatedly sharing his thought on using dapsone in combination with MP and
antithrombotic drugs to physicians and hospitals in Vietnam and over 2000
physicians and scientists around the world who have published their studies on
COVID-19 though email communication. Since these drugs are very inexpensive
and available everywhere, doctors in third-world countries may have tried them
when they encountered dying severe COVID-19 patients [52].

8. Theories for the Pathogenesis of Multi-Organ
Autoimmunity of COVID-19

Similar to other infection induce autoimmune diseases, both molecular mimicry and
bystander activation have been proposed to be occurring in COVID-19-triggered
autoimmune reactions. Manifestation of T cell bystander activation has been
identified in COVID-19 patients [297] [298], but it is still unknown if these acti-
vations could lead to autoimmunity in COVID-19. By bioinformatic approach,
there are many studies assessing the sequence similarity between peptide se-
quence stretching about 5 - 9 amino acids in SARS-CoV-2 and the human
proteome that identified many sequence similarities [299]-[304]. Another ap-
proach is using anti-SARS-CoV-2 monoclonal antibodies to assess their cross
activity with human proteins. Potential molecular mimicry suggested by these ap-
proaches may partially explain the existence of some autoantibodies in COVID-19
but may not be able to explain the broad spectrum of autoantibodies that have
been identified in COVID-19 [305] [306] [307] [308] [309].

The characteristic delay in the onset of respiratory distress caused by SARS-
COV-2, approximately 6 to 12 days after the start of early symptoms, which is
somewhat atypical for other severe viral respiratory infections, and the occur-
rence of the enhanced virulent delta variant in COVID-19 may suggest similarity
to reversion to virulence through back-mutation of attenuating mutations of a
virus. We postulate additional theories of “attenuated viral pathogen” and “an-
ti-evolution”. Mojiang SARS-CoV like virus that killed 3 of 6 infected patients in
2012 has viral relatives with nucleic acid sequences that share more than 96%
identity with that of SARS-CoV-2, the similarity of the clinical presentation, and
the history of the research on the virus, suggests that the origin of SARS-CoV-2
could be the attenuated form of Mojiang SARS-CoV like virus. The existence of
multiple autoantibodies in COVID-19 reminds us of PAMS. Autoimmunity may
be a natural mechanism for the body that aims to eliminate dysregulated tissue
growth like neoplasm. Autoimmunity could normally function at a minuscule
level but when it is activated to an excessive level, it induces tissue damage and
causes disease. This mechanism must be tightly regulated and perfectly main-
tained through evolution. The immune system has evolved through billion years
to deal with natural micro-organisms which also have evolved through over a
billion years. Thus, when it encounters micro-organisms that act against evolu-
tion such as a live-attenuated virus exhibiting reversion to virulence through

back-mutation of attenuating mutations, the immune system may be confused
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and act wildly, leading to a multi-facet autoimmune disease occurs. Vaccination
could be critical to help the immune system to prevent surprises and confusion
when an encounter the COVID-19 pathogen in the pandemic.

9. Summary

The COVID-19 pandemic has brought us many surprises. It now becomes clear
that autoimmunity plays a central role in the pathogenesis of the disease and its
sequelae. The published data that significantly support the role of autoimmune
responses in the pathophysiology of COVID-19 are far more than what we could
cite in this paper. While the central role of neutrophils and IgA is critical in the
pathogenesis of severe COVID-19 that leads to high mortality, dapsone is the
most effective drug that specifically blocks the interaction of neutrophil to IgA
that initiate the process of neutrophil-directed damage to the alveola tissue and
could be a life-saving drug. Other autoimmune facets of COVID-19 may be ac-
countable for many symptoms during and after SARS-CoV -2 infection and post-
COVID-19 conditions; thus, clinicians should consider autoimmune reactions in

their treatment strategies.
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