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Why Do Some People Develop Serious COVID-19 ®
Disease After Infection, While Others Only Exhibit

Mild Symptoms?

Mark Ballow, MD?, and Christopher L. Haga, PhD®  St. Petersburg and Jupiter, Fla

ABSTRACT: The year 2020 was a landmark year of a once-in-a-
century pandemic of a novel coronavirus, SARS-CoV-2 virus,
that led to a rapidly spreading coronavirus disease (COVID-19).
The spectrum of disease with SARS-CoV-2 ranges from
asymptomatic to mild upper respiratory illness, to moderate to
severe disease with respiratory compromise to acute respiratory
distress syndrome, multiorgan failure, and death. Early in the
pandemig, risk factors were recognized that contributed to more
severe disease, but it became evident that individuals and even
young people could have severe COVID-19. As we started to
understand the immunobiology of COVID-19, it became clearer
that the immune responses to SARS-CoV-2 were variable, and in
some cases, the excessive inflammatory response contributed to
greater morbidity and mortality. In this review, we will explore
some of the additional risk factors that appear to contribute to
disease severity and enhance our understanding of why some
individuals experience more severe COVID-19. Recent advances
in genome-wide associations have identified potential candidate
genes in certain populations that may modify the host immune
responses leading to dysregulated host immunity. Genetic
defects of the type I interferon pathway are also linked to a more
clinically severe phenotype of COVID-19. Finally, dysregulation
of the adaptive immune system may also play a role in the
severity and complex clinical course of patients with COVID-19.
A better understanding of the host immune responses to SARS-
CoV-2 will hopefully lead to new treatment modalities to
prevent the poor outcomes of COVID-19 in those individuals
with pre-existing risk factors or genetic variants that contribute

to the dysregulated host inmune responses. © 2021 American
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In the city of Wuhan in the Chinese province of Hubei at the end
0f 2019, clusters of patients with pneumonia of an unknown etiology
were seen. In early January 2020, the cause of this unknown pneu-
monia was determined to be a novel coronavirus, later named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus
responsible for causing coronavirus disease 2019 (COVID-19).!
Since early January and the identification of the first case of
COVID-19 in the United States, the virus has rapidly spread
throughout the world bringing about a global pandemic.” There are
more than 107 million confirmed cases in the world as of early
February 2021 with more than 27 million confirmed cases in the
United States and more than 472,000 deaths. The case fatality rate
from this virus has been estimated to be approximately 2% to 3%, but
is higher in certain ethnic groups, individuals older than 60, and in
people with underlying risk factors.”* However, the transmissibility
of this virus is high with an estimated basic reproduction number (Ro)
0f 2.87 with increases up to 5 to 6 seen in densely populated areas, and
the infectivity of asymptomatic individuals is thought to be respon-
sible for the widespread COVID-19 disease.” More complete details
of the epidemiology and clinical aspects of COVID-19 disease can be
found elsewhere.” Although clinical disease is usually mild or even
asymptomatic in children, a small percentage have serious inflam-
matory multiorgan disease process, multisystem inflammatory syn-
drome in children (MIS-C).”* Most adults also present with
asymptomatic or mild-to-moderate symptoms (reviewed in the paper
by Fang et al”). Recent dara suggest that approximately 20% have a
more progressive disease course with the development of pneumonia
and respiratory failure progressing over days to weeks leading to
intensive care admission. Approximately 10% of these individuals
progress into a hyperinflammatory state, for example, acute respira-
tory distress syndrome (ARDS) with respiratory failure and death."”
In a CDC summary of the New York COVID-19 outbreak, the
fatality rate among confirmed cases was 9.2% and 32.1% among
hospitalized patients. Hospitalization and mortality were elevated
among black and Hispanic persons and among residents of high-
poverty neighborhoods."" In  this review, we will explore the
possible explanations why some individuals have life-threatening
COVID-19 disease whereas others have no or mild symptoms.

RISKS FACTORS PREDISPOSING TO MORE
SEVERE COVID-19 INFECTION

A number of sources have identified patient risk factors
including race/ethnicity, cigarette smoking, age over 60, and the
presence of other organ system diseases, for example, diabetes,
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Abbreviations used
ACE2- Angiotensin-converting enzyme 2
ARDS- Acute respiratory distress syndrome
CI- Confidence interval
COVID-19- Coronavirus disease 2019
CVID- Common variable immune deficiency
GC- Germinal center
ICU- Intensive care unit
IFNARI- IFN-0/ receptor 1
MIS-C- Multisystem inflammatory syndrome in children
N- Nucleocapsid protein
S- Spike protein
SARS-CoV-2- Severe acute respiratory syndrome coronavirus 2
T)- T helper
TMPRSS2- Transmembrane serine protease 2

obesity, hypertension, cardiovascular disease, chronic lung dis-
ease, and chronic renal disease.”>*'> Surveillance studies also
indicate that the black population and possibly the Hispanic
population are disproportionally affected by COVID-19."”
Another factor that may play a role particularly in patients
with darker skin is vitamin D. A number of studies have sug-
gested that vitamin D has immune-modulating properties
including viral replication.'™'* Vitamin D deficiency has been
associated with an increased risk of respiratory infections such as
respiratory syncytial virus infection and influenza.'” Szentpetery
et al'® studied severe asthma exacerbations in 578 Puerto Rican
children aged 6 to 14 years. Vitamin D insufficiency (plasma
25(0OH)D <30 ng/mL) was consistently associated with a 5-fold
increase in risk in those children without allergen sensitization
for both severe exacerbations requiring systemic corticosteroids
and 1 or more asthma hospitalizations. Meltzer et al'” reported
that patients who were vitamin D deficient (<20 ng/mL) had an
increased risk of COVID-19. COVID-19 rates in the deficient
group were 21.6% (95% confidence interval [CI], 14.0%-
29.2%) versus 12.2% (95% CI, 8.9%-15.4%) in the sufficient
group. Similarly, Maghbooli et al'® reported that vitamin D
levels >30 ng/mL reduced the risk of adverse clinical outcomes
in patients with COVID-19 infection. Castillo et al'” evaluated
the effects of calcifediol treatment on hospitalized Spanish pa-
tients on intensive care unit (ICU) admission and mortality from
COVID-19. Of the 50 patients treated with calcifediol, 1
required admission to the ICU (2%), whereas 13 of the 26
untreated patients required admission to the ICU (50%;
P < .001). African American and Hispanic populations that have
high rates of vitamin D deficiency or insufficiency and bear
a disproportionate burden of morbidity and mortality from
SARS-CoV-2 are important populations to study to determine
whether vitamin D supplementation can reduce the risk of severe
COVID-19. Finally, in an interesting paper on the influence of
temperature, humidity, and latitude on COVID-19 disease of 50
cities throughout the world, substantial community outbreaks of
SARS-CoV-2 occurred along a narrow band between 30° N and
50° N, latitudes where vitamin D deficiency and insufficiency
would be more common.*’

GENETIC RISK OF SEVERE LIFE-THREATENING
COVID-19 DISEASE

The severe COVID-19 GWAS Group performed genotyp-
ing of patients with confirmed infection and receiving
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supplemental oxygen at Italian and Spanish epicenters.”’ They
identified a multigene locus at 3p21.31 and the ABO blood
group locus at 9q34.2, which were associated with severe
SARS-CoV-2 infection. Patients with blood type A had an
increased risk for severe COVID-19, whereas those with blood
group O had a decreased risk. Other groups have also impli-
cated the ABO blood groups in the susceptibility to SARS-
CoV-2.*” Six candidate genes in the 3p21.31 locus were
associated with an increased risk of severe COVID-19. A highly
significant variant (rs11385942) in the 3p21.31 locus was
associated with respiratory failure and is associated with
reduced expression of CXCRG6 and increased expression of
SLC6A20 and LZTFL1, both of which are strongly expressed
in the lung. These gene loci may play an important role in host
responses to the virus. SLC6A20 encodes a transporter protein
that interacts with the angiotensin-converting enzyme 2
(ACE2) receptor, and the LZTFLI gene is involved with T-cell
activation. CXCRG regulates lung resident memory CD8 T cells
important in viral infections.”

Primary immune deficiencies have been an important model
for characterizing the relationship between increased suscepti-
bility to certain pathogens and monogenic inborn errors of im-
munity (reviewed in the paper by Notarangelo et al**). Perhaps
the strongest data for the importance of the IFN pathway are the
recent studies by the COVID Human Genetic Effort (www.
covidhge.com) group. They sequenced the exome or genome
of patients with life-threatening SARS-CoV-2 pneumonia and
subjects with asymptomatic or mild infection, and identified an
increase of loss-of-function variants in 13 candidate loci in in-
dividuals with severe COVID-19.”” Twenty-three patients
(3.5%) carried 24 deleterious variants of 8 genes in the type I
IFN pathway: autosomal-recessive deficiencies (/RF7 and
IFNARI) and autosomal dominant deficiencies (7LR3,
UNC93B1, TICAMI1, TBKl, IRF3, IRF7, IFNARI, and
IFNAR?2). Liu et al”® applied a Mendelian randomization analysis
and identified that the /FNAR2 gene (encoding the IFN-0/f3
receptor P chain) was associated with an increased risk and
prognosis of COVID-19. The products of some of these genes
are important as double-stranded RNA sensor products, whereas
the other gene variants are important in the type I IFN pathway
(Figure 1). In a related paper, Bastard et al’” identified neutral-
izing IgG autoantibodies against type I IFNs in 13.7% of pa-
tients with severe SARS-CoV-2 infection, whereas none of the
individuals with asymptomatic or mild disease, and only 0.3% of
healthy controls had these autoantibodies. Two of their patients
with severe COVID-19 disease in this cohort had autoimmune
polyendocrinopathy syndrome type I, a primary immune defi-
ciency known to have autoantibodies to type I IFNs and other
autoantibodies.”® Males accounted for 94% of the patients who
had these autoantibodies and they tended to be older (49.5%
were over age 65). IFN dysregulation represents a key part of
SARS-CoV-2 susceptibility and may lead to new therapeutic
modalities.”

An international collaborative group of clinical immunolo-
gists reported on COVID-19 disease in 94 patients with inborn
errors of immunity.”’ Fifty-three patients (56%) had primary
antibody deficiency, 9 (9.6%) had immune dysregulation
syndrome, 6 (6.4%) a phagocyte defect, 7 (7.4%) an auto-
inflammatory disorder, 14 (15%) a combined immunodefi-
ciency, 3 (3%) an innate immune defect, and 2 (2%) bone
marrow failure. Ten had asymptomatic COVID-19 disease, 25
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FIGURE 1. Factors contributing to the hyperinflammatory immune response in severe SARS-CoV-2 infection. SARS-CoV-2 infects
alveolar epithelial cells by binding to the angiotensin converting enzyme-2 (ACE2) receptor with the help of serine protease trans-
membrane serine protease 2 (TMPRSS2). The virus components (nsp6, ORF6) repress type | IFN responses by inhibiting the interferon
regulatory factor 3 (IRF3) translocation to the nucleus. Repression of type | IFN responses may also be the result of pre-existing type | IFN
monogenic variants, immunosenescence, or autoantibodies targeting type | IFN products (IFN a2, B, w) preventing signaling through the
IFNAR1/2 receptor complex. Delayed type | IFN responses result in the release of proinflammatory cytokines and chemokines, leading to
the recruitment of monocyte-derived macrophages and T cells into the lungs. Proinflammatory signaling by activated, inflammatory
macrophages leads to the recruitment of neutrophils into the lungs that undergo NETosis promoting further tissue damage. T cells
recruited into the lungs appear to be of the CD4+ T4 phenotype that promotes an inflammatory macrophage phenotype via IFN-y
signaling. In severe cases of COVID-19, humoral responses are derived from extrafollicular B cells that produce ineffective antibody
responses coupled with the production of autoantibodies. This dysregulation and imbalance of the immune response leads to a hyper-

inflammatory state resulting in a “cytokine storm,”
Biorender.)

were treated as outpatients, 28 required admission, 13 required
oxygen administration without invasive ventilation, whereas 23
patients required more intensive support in the ICU and 9
died. This latter group had predisposing risk factors similar to
the general population for greater severity and mortality for
COVID-19 disease. Patients with humoral immune deficiency,
for example, x-linked agammaglobulinemia, hypogammaglob-
ulinemia, and common variable immune deficiency (CVID),
appeared to do better with asymptomatic or mild disease,
perhaps by reducing the immune-mediated inflammatory
response seen in severe COVID-19 disease.”” Cohen et al’'
conducted a retrospective study of 135 patients with CVID,
of whom 10 had COVID-19 infection. There was no mortality
and low morbidity, reflecting a similar experience of Meyts
et al.”’ However, other groups have reported greater morbidity
in patients with primary immune deficiency perhaps due to
more severe risk factors and the types of immune deficiency in
their patient population.””"

acute respiratory distress syndrome, and, in many cases, death. (Figure created with

IMMUNE RESPONSES CONTRIBUTING TO SEVERE
COVID-19 INFECTION

Although the immune system response against SARS-CoV-2
for most patients is well regulated and functions similarly to
infection with common seasonal coronaviruses, emerging evi-
dence suggests that immune imbalance and dysregulation of
innate and adaptive immune response results in severe
COVID-19. As information on severe versus mild/asymptomatic
patients is gathered, this imbalance becomes apparent at the
carliest stages of infection leading to a signaling cascade triggering
severe disease pathogenesis and ultimately resulting in immune
failure. During initial stages of infection, SARS-CoV-2 Spike (S)
protein binds to the ACE2 receptor expressed on human airway
epithelial cells and, in concert with transmembrane serine pro-
tease 2 (TMPRSS2), enters these cells.”**> Several studies have
suggested the importance of the type I IFN-I pathway in
mediating the innate immune responses in viral infections and

influencing the development of adaptive immune responses.’
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The IEN-I family consists of 13 IFN-a subtypes, IFN-B, IFN-w,
IFN-K, and IFN-g, that all signal through the heterodimeric
IFN-I receptor, comprising IFN-a./ B receptor 1 (IFNAR1) and
IFNAR2. Type I IFNs are protective in acute viral infections but
can have either protective or deleterious roles in bacterial in-
fections and autoimmune diseases. Interestingly, Ziegler et al’’
reported that the surface expression of ACE2 is regulated by
IFN-I whereby an increase in IFN production induces surface
expression of ACE2 that intuitively could facilitate cellular entry
of SARS-CoV-2. However, this positive feedback loop contra-
dicts evidence collected from plasma samples of patients with
severe COVID-19 that are characterized by an initial, weak
IFN-I response accompanied by an increase in proinflammatory
cytokines such as tumor necrosis factor, IL-6, and CXCL10.%%%°
Trouillet-Assant et al*’ assessed the kinetics of plasma IFN-I
production in patients with COVID-19 and found an
impaired IFN-I response in approximately 1 in 5 COVID crit-
ically ill patients. Hadjadj et al'' studied 50 patients with
COVID-19 with different disease severity and observed a distinct
impaired IFN-I response phenotype in patients with severe
COVID-19 characterized by no IFN-B and low IFN-0. pro-
duction. Furthermore, SARS-CoV-2 proteins nsp13, nsp6, and
ORF6 have all been shown to contribute to decreased IFN-I
production by antagonizing IFN regulatory factor 3 signaling
and translocation to the nucleus in infected individuals
(Figure 1).”

Severe COVID-19 disease is often found in the aging
population, which indicates that immunosenescence, the
generalized decline and remodeling of the immune system as a
result of the aging process, may play a significant role in the
early response to SARS-CoV-2 infection as seen in other upper
respiratory infections.”” For instance, Kim et al*> showed that
the aging population had attenuated IFN-I responses on
influenza infection leading to an increased viral load. Similar
IFN-I response impairment has been noted in obesity”* but not
in diabetic individuals”” or recent kidney transplant patients on
calcineurin inhibitors,*® both of which have increased levels of
IFN-I, yet increased risk of severe COVID-19. However, there
appears to be a temporal aspect to IFN-I responses in SARS-
CoV-2 infection as Nienhold et al'” found increased TFN-I
levels and enhanced IFN-stimulated gene products in post-
mortem analyses of lung tissue taken from COVID-19 victims
and enhanced interferon-stimulated gene products. Thus,
although the initial IFN-I response in those progressing to
severe COVID-19 disease appears weak, this imbalance may
only be temporary, possibly during rapid seeding of the viral
reservoir in alveolar epithelial cells.”® The delayed or reduced
production of type I IFNs may prolong the virus incubation
time and persistence in the respiratory tract, and contribute to
the increased production of proinflammatory cytokines result-
ing in a hyperinflammartory state. Because most of these studies
have concentrated on hospitalized or convalescent patients, it is
unclear if this impairment in the production of the type I IFNs
is responsible for the susceptibility of individuals to severe
disease.

The innate response to SARS-CoV-2 infection is largely
regulated by macrophages and neutrophils. Similar to type 1 and
2 pneumocytes, alveolar tissue resident macrophages express
ACE2 and can potentially be directly infected by SARS-CoV-2
but may also take up virus through phagocytic consumption of
epithelial cell debris.”” In mild and asymptomatic COVID-19
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cases, these alveolar macrophages predominate and act as
effector cells to rapidly clear virally infected epithelial cells.
However, age and accompanying immunosenescence shifts
innate immune defenses toward a proinflammatory response
driven by increased levels of inflammatory modulators such as
IFN-y as alveolar macrophages lose plasticity.”” Tt should be
noted that these same shifts toward a more proinflammatory state
of the innate immune response have not only been seen in older
individuals, but also in individuals with hypertension, diabetes,
and obesity, all of which are comorbidities in severe COVID-19
pathogenesis.”' > Because of slowed immunoregulatory re-
sponses to control the inflammatory response in severe cases of
COVID-19, infiltration of highly inflammatory, monocyte-
derived macrophages inundates alveolar tissue as a consequence
of an increase in the release of proinflammatory cytokines
resulting in lung damage and subsequent ARDS.”* These in-
flammatory macrophages may polarize alveolar macrophages
away from the M2 wound healing macrophage phenotype to-
ward the highly proinflammatory M1 macrophage phenotype
induced by the release of TFN-y and IL-6.”” Infiltrating mac-
rophages also release cytokines and chemoattractants, including
IL-8, CXCL2, and CXCLS, that induce chemotaxis of neutro-
phils into the respiratory tract in severe cases of COVID-19. The
resulting neutrophilia promotes the formation of neutrophil
extracellular traps, exacerbating hyperinflammatory responses by
facilitating further recruitment of neutrophils and other immune
cells including T cells and monocytes to inflammatory sites.”
The influx of proinflammatory macrophages, neutrophils, and
other immune cells into the respiratory tract invokes a powerful,
uncontrollable  proinflammatory ~ response,  driven by
macrophage-activation syndrome presenting as a “cytokine
storm” and culminating in often insurmountable lung injury and
patient death (Figure 1).*>°7°° The implications of early
signaling events in SARS-CoV-2 infection and the uncoordi-
nated innate immune response to these events paint a grim
picture in severe COVID-19 pathogenesis wherein a patient’s
fate may be determined from the very outset of infection
(Figure 1).

Whereas imbalance and dysfunction in the innate immune
system are involved in inducing disease pathogenicity in patients
with severe COVID-19, the adaptive immune system fairs no
better in its response to SARS-CoV-2 infection. Although most
patients with COVID-19 experiencing mild or asymptomatic
disease generate what would be deemed a “normal” T-cell
response, characterized by adequate CD4 and CD8 T-cell acti-
vation working in concert with the humoral immune system
against a pathogen, patients with severe COVID-19 suffer from
suboptimal CD8 T-cell responses coupled with pronounced,
near universal lymphopenia.®"*** In older individuals, as well as
individuals with obesity, lymphopenia may be a result of thymic
involution, a process by which the thymic epithelial architecture
is slowly replaced by adipose tissue deposits, leading to increased
susceptibility to infection.®”* Severe patients generally present
with robust CD4 T-cell responses but suboptimal CD8 T-cell
responses characterized by overactivation, impairment, or
exhaustion. Studies by Habel et al®” indicate that the CD8 T-cell
response may be limited to 2 HLA-A*02:01-restricted SARS-
CoV-2-specific CD8" T-cell epitopes, A2/Sys9277 and A2/
Orflabsig3.3191, which are biased toward naive, stem cell
memory rather than an effector phenotype and quickly undergo
exhaustion. Schulien et al°® suggested that pre-existing CD8 T
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cells that cross-react with common cold coronaviruses may play a
protective role in mild SARS-CoV-2 infection. Without such
pre-existing cellular immunity, however, CD8 cytotoxic T-cell
activity is impeded, greatly hindering SARS-CoV-2-infected cell
clearance leading to sustained infection.

Whereas pre-existing CD8 T-cell immunity may lead to less
severe disease, pre-existing CD4 memory T cells may play a
detrimental role in severe SARS-CoV-2 infection.”” Although
there are discrepancies as to the dynamics and imbalance of
specific populations of CD4 T helper (T},) cells in severe versus
mild/asymptomatic SARS-CoV-2 infection, the pragmatic view
is that severe COVID-19 is driven by an increase in the T,1/T},;
ratio, which conforms to observed increases in levels of IFN-v,
contributing to macrophage M1 polarization and a further shift
of naive CD4 T cells toward the Ty, phenotype.®® These CD4
T-cell responses may derive from pre-existing memory T cells
that are expanded in the elderly population, but bear low T-cell
receptor avidity and impaired function.”” Contrary to older
populations, observations of COVID-19 infection in children
indicate a potentially protective effect of increased T}, phenotype
rather than a shift toward Ty, as seen in severe disease.®’
Although  counterintuitively —associated with  eosinophilic
inflammation and increased TMPRSS2 expression, Ty, cytokine
production downregulates ACE2 surface expression in epithelial
cells of the respiratory tract. This downregulation of ACE2
before initial SARS-CoV-2 infection may play a role in greatly
reducing symptoms in children.”” Lending credence to this
theory of pre-emptive COVID-19 Tp-related protection is the
observation that adolescents presenting with MIS-C express
elevated levels of the Ty, cytokine IL-18 and T); chemokines
CXCL10 and CXCL9.” These results indicate that although
patients  with COVID-19 do mount a limited
cellular-mediated immune response against SARS-CoV-2,
dysfunction and imbalance in the helper CD4/CD8 T-cell
response plays a significant role in determining severity and
resolution of disease.

At first glance, the humoral immune response against SARS-
CoV-2 appears to be strong in patients suffering from severe
COVD-19. The antibody response to SAR-CoV-2 is directed
against the viral envelope Spike (S) protein, comprising the S1
subunit that conceals the ACE2 receptor-binding domain and
the S2 subunit, and the nucleocapsid protein (N). Serum IgG
antibody titers directed against S and N correspond with disease
severity with elevated titers seen in severe cases throughout dis-
ease pathogenesis in contrast to the lower levels found in mild
and asymptomatic cases. Early IgM antibody responses against
S1 and N appear to be short lived whether a patient experiences
severe or mild disease progression.”’ Counterintuitively, how-
ever, anti-S1 and anti-N IgG antibodies arise early in severe cases
of COVID-19, and premature seroconversion may serve as a
prognostic indicator of future disease severity.”' Although Imai
et al’” suggest that these early IgG isotype antibodies may arise
from immunological memory to cross-reactive antigens from
previous exposure to other human coronaviruses, they may also
result from the absence of germinal center (GC) formation in
severe COVID-19 cases and reduction of Bcl-6-expressing GC B
cells inducing extrafollicular B-cell activation.”” These extra-
follicular B cells produce nonsomatically hypermutated IgG an-
tibodies that may be of lower quality and of limited duration.
They may also contribute to an autoantibody repertoire similar
to that found in systemic lupus erythematous, acquiring

severe
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prothrombotic antiphospholipid autoantibodies leading to the
development of antiphospholipid syndrome with subsequent
venous and arterial thrombosis.”*”> Furthermore, these extra-
follicular B cells may themselves exhibit antibody-dependent and
-independent pathogenesis through the secretion of inflamma-
tory cytokines, further contributing to the hyperinflammatory
state of severe COVID-19 (Figure 1)./¢ Although the mecha-
nisms driving the loss of GCs is not yet fully understood, pre-
vious characterizations of extrafollicular responses have been
associated with IL-6 and CXCL10, both of which are elevated in
severe COVID-19.”® Chakraborty et al”’ reported that patients
with severe COVID-19 produced IgGl receptor-binding
domain antibodies with significantly reduced Fc fucosylation.
These afucosylated Fc antibodies have enhanced interactions
with the FcyRlIlla, leading to the increased production of in-
flammatory cytokines by monocytes. These observations in se-
vere COVID-19 indicate that it may not simply be the quantity
of the antibody response produced, but rather the quality of both
the antibodies as well as the overall balance and health of the
B-cell compartment.

The encompassing theme of the immune system in SARS-
CoV-2 infection leading to severe COVID-19 is one of asym-
metry and dysregulation eliciting a disproportionate and detri-
mental hyperinflammatory cascade. This immune disarray is
particularly prominent in the elderly population, ascribable to
initial failures in the immune defenses to viral infection brought
about by immunosenescence. Although children and young/
middle-aged adults tend to fair much better in their immune
responses to SARS-CoV-2 infection, severe disease can still occur
in these populations. Although specific mechanisms and/or ge-
netic influences inducing severe COVID-19 in the younger de-
mographic are currently unknown, it should be noted that
hospitalized young adults often present with significant risk
factors and comorbidities for severe COVID-19 such as obesity,
diabetes, and hypertension.”® Although immunosenescence can
explain some severe disease pathogenesis by restricting immune
response and regulation of the hyperinflammartory state in older
persons, it does not delineate why some older individuals may
present as completely asymptomatic. Similarly, although
diminished type I interferon responses are present in a large
number of severe COVID-19 cases, these initial responses
cannot fully explain all cases of severe COVID-19, and it is likely
that a combination of multiple genetic and nongenetic factors
contributes to an individual’s unique immune response and

susceptibility to SARS-CoV-2 infection.
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