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ABSTRACT

A vast proportion of coronavirus disease 2019 (COVID-19) individuals remain asymptomatic and can shed severe acute
respiratory syndrome (SARS-CoV) type 2 virus to transmit the infection, which also explains the exponential increase in the
number of COVID-19 cases globally. Furthermore, the rate of recovery from clinical COVID-19 in certain pockets of the globe
is surprisingly high. Based on published reports and available literature, here, we speculated a few immunovirological
mechanisms as to why a vast majority of individuals remain asymptomatic similar to exotic animal (bats and pangolins)
reservoirs that remain refractile to disease development despite carrying a huge load of diverse insidious viral species, and
whether such evolutionary advantage would unveil therapeutic strategies against COVID-19 infection in humans.
Understanding the unique mechanisms that exotic animal species employ to achieve viral control, as well as inflammatory
regulation, appears to hold key clues to the development of therapeutic versatility against COVID-19.
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BACKGROUND

In December 2019, China reported an outbreak of acute respi-
ratory distress syndrome (ARDS) due to an unknown etiology,
which was epidemiologically linked to a wet market located in
Wuhan of Hubei Province (Bar-On et al. 2020; Zhu et al. 2020). The
causative agent was initially named as a Chinese novel coro-
navirus (2019-nCoV), and later named as SARS-CoV-2, which
is responsible for the ongoing global coronavirus disease-2019
(COVID-19) epidemic (Zheng 2020). Until 15th December 2020,
~72.7 million people were confirmed infected with SARS-CoV-
2 with over ~1.62 million confirmed deaths and recovery of
47 .4 million individuals (Our World in Data Report—India 2020).
In India, active infection has been reported in ~9.88 million
individuals and ~0.143 million deaths, with only 99 deaths per
million population (WHO Coronavirus Dashboard 2020, World
Health Organization (WHO)) and is steadily increasing even at
this time of editing the proof pages. It has also become appar-
ent that the number of individuals recovering from COVID-19
is high, with India reporting a whopping total of ~9.39 million
individuals (~95%) having successfully overcome the disease.
Interestingly, there are dramatically high rates of asymptomatic
human infections, and the scientific mechanisms underlying
such conditions largely remain unexplored (Day 2020; He et al.
2020; Mizumoto et al. 2020; Rivet et al. 2020).

The incubation period (or pre-symptomatic period) for
COVID-19 is reported to be between five and six days, although
this can be up to 14 days or even higher. According to WHO
definition, asymptomatic COVID-19 case refers to an individual
who displays signs and symptoms compatible with SARS-CoV-2
infection, and symptomatic transmission refers to dissemina-
tion of the virus from a person who suffers symptoms. On the
other hand, an asymptomatic laboratory-confirmed case refers
to a person infected with SARS-CoV-2 who does not develop
symptoms. Asymptomatic transmission refers to viral transmis-
sion from an asymptomatic individual (WHO COVID-19 Situa-
tion Report-73 2020). Interestingly, it has become apparent that
pre-symptomatic individuals with SARS-CoV-2 infection could
transmit the virus via infectious droplets or contact with fomite
surfaces before development of symptoms, prior to testing pos-
itive for COVID-19 (Wei et al. 2020).

Observational investigations suggest that viral shedding is
highest in the upper respiratory tract during the first 3 days of
onset of symptoms (Lauer et al. 2020; Wang et al. 2020). Prelimi-
nary data suggested that infected individuals remain contagious
around this time of symptom onset. Although the proportion of
asymptomatic infections still need a thorough global population
screening, some studies have estimated that up to 80% of indi-
viduals, diagnosed with the SARS-CoV-2 remain asymptomatic
(Day 2020). Notably, these asymptomatic cases may even be
higher considering that some of the cases might likely be missed
by the recommended gRT-PCR testing (Long et al. 2020). In this
study, 37 asymptomatic individuals in the Wanzhou District of
China were investigated wherein the authors found that asymp-
tomatic individuals had an extended median duration time of
19 days of viral shedding compared to the symptomatic individ-
uals (Long et al. 2020). This emphasizes the seriousness of the
role of asymptomatic individuals in the exponential increase in
the number of COVID-19 cases globally (He et al. 2020; Mizumoto
et al. 2020; Tindale et al. 2020). Furthermore, the virus-specific
IgG and neutralizing antibody levels were significantly lower
in the asymptomatic individuals as compared to symptomatic
individuals during the acute phase of SARS-CoV-2 infection. The
reduction in IgG and neutralizing antibody levels in the early

convalescent phase of COVID-19 infection likely appears to have
implications on immunity strategy and serological surveys.

Exotic animal species: The pandora’s box of insidious
viruses?

While the origin of SARS-CoV-2 largely remains elusive, avail-
able evidence points to the likely involvement of two exotic
mammalian species: Malayan pangolins and bats (Du et al. 2008;
Andersen et al. 2020; Fischer, Tschachler and Eckhart 2020b; Wu
et al. 2020; Zhang, Wu and Zhang 2020; Zhou et al. 2020). It is
widely believed that both the animal species could serve as the
reservoirs of the g-coronavirus (8-CoV) from where the virus
would have ‘jumped’ into the human compartment, and after
adapting to the human system might have led to the COVID-19
outbreak to exponentially expand the ongoing pandemic man-
ifold (Fischer, Tschachler and Eckhart 2020a; Zhang, Wu and
Zhang 2020; Fig. 1). Whole genome sequencing suggests that
pangolin-CoV and BatCoV RaTG13 are 91.02% and 90.55% identi-
cal to SARS-CoV-2, respectively (Zhang, Wu and Zhang 2020). Itis
presumed that the BatCoV upon entry into the pangolin system
underwent homologous recombination (to become pangolin-
CoV) before evolving into a human transmissible variant CoV
in the scaly mammals (Ji et al. 2020). It is a classical fact that
bats have been known to harbor some of the deadliest viruses
on earth, for instance, SARS-CoV, MERS-CoV, Ebola, Marburg
(filoviruses) etc (Zhang et al. 2013; Antonioli et al. 2020). Besides,
bats are also predators of several mosquito species that trans-
mit human infections. But how do these exotic animals remain
‘tolerant’ or asymptomatic despite the presence of insidious
viruses, especially CoVs in them? Why do their cytotoxic cells
(for instance, natural killer (NK) cells and CD8+ T cells) that are
classically anti-viral remain mute spectators?

One mechanism postulated that bats have evolved to bypass
exaggerated inflammation by limiting the assembly of the NLR
family pyrin domain containing three (NLRP3) in monocytes
(Papenfuss et al. 2012, Ahn et al. 2019). It also appears that
bats enjoy the privilege of owning several key evolutionary
adaptations (Shaw et al. 2012) having occurred in them over
the last several thousand years whereby they seem to have
lost the ability to effectively sense cytoplasmic DNA via loss
of PYHIN genes and a regulatory site mutation in STING (Fis-
cher, Tschachler and Eckhart 2020a), which remain otherwise
in human (Fig. 2), which remain the underlying mechanism
behind decreased levels of TNF-« and a plethora of other pro-
inflammatory cytokines, especially IL-18, IL-6, CXCL-8 and IL-18.
It has also become clear that bats secrete excessively high levels
of the anti-inflammatory cytokine IL-10 that has been known
to ‘silence’ inflammation in bats (Kacprzyk et al. 2017). Evi-
dence also suggests that bats being active animals of flight dis-
play enhanced autophagy that classically augments protection
attributes against viruses (especially against bat lyssaviruses)
in the mammals (Laing et al. 2019). Another mechanism points
to the lack of functional killer cell Ig-like (KIR), and killer cell
lectin-like (KLR) receptor loci used by classical NK cells (Wu et al.
2020). If so, do bat NK cells use alternate receptors to recog-
nize MHC class I for activation and inhibition? If bats do pos-
sess granzyme-mediated cytolysins (Masselli et al. 2020) and
antibody-dependent cellular cytotoxicity (ADCC; Mizumoto et al.
2020), why do the animals remain quiescent towards insidious
viruses?

Interesting recent research suggests that pangolins have
developed an evolutionary advantage as they appear to have
lost an interferon-induced with helicase C domain 1 (IFIH1),
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Figure 1. Proposed mechanism of existence of g-coronaviruses (8-CoV) in exotic mammalian animal reservoirs. Exotic bats serve as primary reservoirs of g-
coronaviruses (8-CoV) from where the later appears to have ‘landed’ into pangolins (not shown) where the virus seems to have undergone a homologous recom-
bination of nucleotide base pairs with insidious pangolin-CoV before getting into the human system (upon consumption or inhalation of virus present in body fluids),
potentially initiating an outbreak. It also appears that bats bypass exaggerated inflammation by limiting the assembly of the NLR family pyrin domain containing
three (NLRP3) in monocytes, and besides the paucity of functional killer cell Ig-like (KIR), and killer cell lectin-like (KLR) receptor loci expressed classically by NK cells.

also known as IFIH1/MDAS, and another protein, the Z-DNA-
binding protein (ZBP1) that detects both Z-DNA and Z-RNA,
which bypasses inflammation-induced damage of tissues dur-
ing the presence of insidious viruses (Du et al. 2008). Interest-
ingly, it has also been demonstrated that TLR5, an innate sen-
sor of bacterial flagellin (Sharma et al. 2020; Qiu, 2020) and
interferon-¢ expressed in the epithelia of certain mammalian
species, have been reported to have disappeared in pangolins,
possibly during the course of evolution (Choo et al. 2016; Brook
et al. 2020).

Asymptomatic COVID-19 and possible mechanisms

Emerging findings suggest that vast proportions of individ-
uals with COVID-19 remain asymptomatic and can shed
viruses to transmit infection (Day 2020; He et al. 2020; Mas-
selli et al. 2020; Rivett et al. 2020) likely accounting for the
exponential increase in the number of COVID-19 cases glob-
ally (Guan et al. 2020). Of the several pathogenesis mecha-
nisms attributed to the onset of COVID-19, cytokine storm syn-
drome or hypercytokinema has taken center-stage owing to its
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Figure 2. Mechanistic basis of proposed COVID-19 immunopathogenesis in humans. Notwithstanding the proportion of asymptomatic COVID-19 disease warrants an
extensive global population screening, some studies have estimated that ~80% of individuals, diagnosed with the SARS-CoV-2 remain sub-clinical. Despite being an
RNA virus, SARS-CoV-2 can activate the STING pathway (Fischer, Tschachler and Eckhart 2020a) to induce cytokine storm syndrome, also fueled by NLRP3 inflam-
masome activation and production of IL-18, and IL-18, besides TNF-«, IFN-y and IL-6 to deteriorate disease severity. A Chinese study has shown that asymptomatic
individuals displayed an extended median duration of 19 days of viral shedding compared to symptomatic patients portraying the role of asymptomatic/subclinical
disease status with the exponential upsurge in global COVID-19 cases (Long et al. 2020).

association with the onset of fatal pneumonitis and clinical
deterioration (Giamarellos-Bourboulis et al. 2020; Girija, Shankar
and Larsson 2020). Similar to monocytes that are believed to be
responsible for the abrupt onset of cytokine storm syndrome,
it has also been reported that the NK cell population become
exhausted (Zheng et al. 2020). Lack of functional NK cells may
likely allow viruses to proliferate intracellularly to trigger the

NLRP3 activation. Further, evidence available thus far is also
suggestive of NK cell cytopenia in patients with severe SARS-
CoV-2infection (Diao et al. 2020; Zheng et al. 2020). Also, as stated
earlier, the function of NK cells has been correlated with the
expression of NKG2A (CD159a), a well-described NK cell exhaus-
tion checkpoint in individuals with severe COVID-19 infection
(Antonioli et al. 2020). Further, NK cell frequencies are restored



together with significant reduction in NKG2A in convalescing
individuals suggesting that functional compromise of NK cells
do occur in severe SARS-CoV-2 infection.

It is intriguing that a sizeable majority of COVID-19 patients
(both) globally are believed to remain asymptomatic (Day 2020;
He et al. 2020; Qiu 2020). A study by Long and colleagues also
found that asymptomatic individuals displayed poor immune
response to SARS-CoV-2 infections compared to symptomatic
individuals. Here, these individuals exhibited lower levels of
18 pro- and anti-inflammatory cytokines or mediators arguing
for implications on immunity strategy and serological surveys
in the general responses to COVID-19 infections (Long et al.
2020). Therefore, mild immune responses to SARS-CoV-2 may
be beneficial to the host as this will not result in cytokine storm
syndrome that culminates in exaggerated immune destruction
of the airway parenchyma and stromal cells of the lungs. There
also exists a possibility of at least a limited degree of protec-
tion from development of severe clinical COVID-19 resulting
from antibody cross-reactivity and development of partial
neutralizing IgG responses from past interaction of the host
with other classical seasonal cold-causing coronaviruses 229E,
HKU1, OC43 and NL63 likely attributing to sub-clinical and/or
asymptomatic COVID-19 and it remains to be seen if antibody-
dependent enhancement (ADE) contributes to COVID-19
severity.

CONCLUSIONS AND PROSPECTS

To conclude, mechanisms uncovered in exotic mammals likely
hint the development of therapeutic strategies against COVID-19
in humans. Given that asymptomatic transmission is increas-
ingly becoming common in the current COVID-19 outbreak,
this could also emerge as a significant public health challenge.
Understanding the mechanisms associated with asymptomatic
carriage of SARS-CoV-2 or existing defective innate viral sens-
ing systems needs to be identified to predict asymptomatic car-
riage of the virus. Given that asymptomatic individuals con-
tinue to remain as ‘ambassadors’ of ‘viral shedding’ into the
environment attributing to increased rates of viral transmis-
sion, it is imperative to urgently adopt out-of-the-box think-
ing strategies to curtail the rapid spread of COVID-19 in the
community.
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