
REVIEW ARTICLE

Severe COVID-19 and aging: are monocytes the key?
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Abstract The ongoing pandemic severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) causes a
disproportionate number of severe cases and deaths in
older adults. Severe SARS-CoV-2-associated disease
(coronavirus disease 2019 (COVID-19)) was declared
a pandemic by the World Health Organization in
March 2020 and is characterized by cytokine storm,
acute respiratory distress syndrome, and in some cases
by systemic inflammation–related pathology. Currently,
our knowledge of the determinants of severe COVID-19
is primarily observational. Here, I review emerging
evidence to argue that monocytes, a circulating innate
immune cell, are principal players in cytokine storm and
associated pathologies in COVID-19. I also describe
changes in monocyte function and phenotype that are
characteristic of both aging and severe COVID-19,
which suggests a potential mechanism underlying in-
creased morbidity and mortality due to SARS-CoV-2
infection in older adults. The innate immune system is
therefore a potentially important target for therapeutic
treatment of COVID-19, but experimental studies are

needed, and SARS-CoV-2 presents unique challenges
for pre-clinical and mechanistic studies in vivo. The
immediate establishment of colonies of SARS-CoV-2-
susceptible animal models for aging studies, as well as
strong collaborative efforts in the geroscience commu-
nity, will be required in order to develop the therapies
needed to combat severe COVID-19 in older adult
populations.
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Introduction

In late 2019, a viral pneumonia of unknown etiology
caused an epidemic in Hubei Province, China (Huang
et al. 2020; Zhou et al. 2020b). Early cases were linked
to a seafood market in Wuhan, and as the location and
time of year in which the virus emerged were similar to
the 2002–2003 severe acute respiratory syndrome coro-
navirus (SARS-CoV-1) epidemic, samples from several
patients were tested for coronavirus infections. Analysis
of the viral genome identified a coronavirus with ap-
proximately 80% sequence identity with SARS-CoV-1
and which closely matched a previously identified bat
coronavirus (Zhou et al. 2020b). The virus, initially
named novel coronavirus 2019 (2019-nCoV) and sub-
sequently reclassified as SARS-CoV-2 (Gorbalenya
et al. 2020), quickly spread beyond the borders of China
and was declared pandemic by the World Health Orga-
nization on 11 March 2020 (Ghebreyesus 2020). As of
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21 May 2020, the virus-associated disease now called
coronavirus disease 2019 (COVID-19) has resulted in
over 5 million confirmed cases and over 330,000 deaths
worldwide (Worldometer 2020).

Severe COVID-19 and pathogenesis of SARS-CoV-2

SARS-CoV-2 is capable of person-to-person transmis-
sion (Phan et al. 2020; Chan et al. 2020b) and can persist
in aerosols and on surfaces for periods of at least several
hours (van Doremalen et al. 2020). Transmission is
thought to occur primarily through respiratory droplets
and direct contact with contaminated surfaces (Desai
and Patel 2020), although fecal-oral routes of spread
are also suspected (Xiao et al. 2020). COVID-19 pre-
sents with typical symptoms of fever, dry cough, myal-
gia, shortness of breath, and pneumonia (Huang et al.
2020; Chen et al. 2020b), and patients with severe
COVID-19 often develop acute respiratory distress syn-
drome (ARDS). Systemic complications are less com-
mon but can include pathology in the cardiovascular
(Zheng et al. 2020), renal (Ronco and Reis 2020),
hepatic (Zhang et al. 2020a), gastrointestinal (Yeo
et al. 2020), and central nervous (Baig et al. 2020)
systems. Recent evidence suggests that asymptomatic
and pre-symptomatic individuals are capable of infect-
ing others (He et al. 2020), possibly due to viral shed-
ding from the upper respiratory tract during the pre-
symptomatic period (Wölfel et al. 2020). The evolving
nature of our understanding of viral dynamics and
COVID-19 symptom presentation has caused substan-
tial variability in estimations of infection-fatality rates,
percentage of individuals who develop severe disease,
and other population-level metrics, and attempts to cal-
culate these are often outdated or superseded within
days. However, SARS-CoV-2 is estimated to be at least
an order of magnitude more deadly than seasonal influ-
enza virus (Faust and del Rio 2020).

A principal determinant of severe COVID-19 ap-
pears to be a pronounced increase in systemic pro-
inflammatory cytokines and other inflammatory
markers (Chen et al. 2020a; Huang et al. 2020; Qin
et al. 2020), indicative of a cytokine storm correspond-
ing to that seen in other viral infections and bacterial
sepsis (Chousterman et al. 2017; Teijaro 2017). Clinical
markers characteristic of cytokine storm include in-
creased circulating C-reactive protein and erythrocyte
sedimentation rate (Zhang et al. 2020d), and

observational studies have noted upregulation of a vari-
ety of circulating cytokines in COVID-19 (Schett et al.
2020; Zhou et al. 2020d). Among these, interleukin
(IL)-6 has received particular attention, and clinical
trials on IL-6 receptor antagonists and other biologics
are underway (Mahase 2020; Schett et al. 2020). It is
thought that cytokine storm mediates many of the sys-
temic effects in severe COVID-19, although viremia
may also play a role, as viral RNA has been found in
fecal samples and blood (Young et al. 2020; Guo et al.
2020b), and a variety of tissues express high levels of
the principal viral receptor, angiotensin-converting en-
zyme-2 (ACE2) (Qi et al. 2020) and thus may be per-
missive to viral infection and replication. Indeed, a
recent study of autopsy samples from 27 patients with
fatal COVID-19 reports widely disseminated virus de-
tectable in the brain, heart, kidneys, and other organs
(Puelles et al. 2020), demonstrating the potential for
SARS-CoV-2 to directly cause pathogenesis outside
the pulmonary system.

Aging and COVID-19

Early in the SARS-CoV-2 outbreak, it was noted that
older adults accounted for a disproportionate number of
severe cases and deaths due to COVID-19 (Wang et al.
2020b), and this has been corroborated by a number of
epidemiological and observational studies (Nikolich-
Žugich et al. 2020; Onder et al. 2020; Ruan et al.
2020; Shahid et al. 2020; Wu et al. 2020; Zhou et al.
2020a; Wang et al. 2020c). Advanced age is now con-
sidered the principal risk factor for COVID-19 compli-
cations. As dysregulations of immune function, vaccine
responses, and inflammation in older adults are well-
known and have been extensively reviewed (Pinti et al.
2016; Ciabattini et al. 2018; Nikolich-Žugich 2018), it
has been speculated that immunosenescence is a key
determinant of outcomes in SARS-CoV-2 infections
(Nikolich-Žugich et al. 2020). However, the relative
impact of immune system dysregulation on pathogenic-
ity during COVID-19 in older adults (or indeed in
anyone) is not yet well-understood. In the remainder of
this review, I compare emerging knowledge on innate
immune responses in severe COVID-19 to known as-
pects of age-related immune dysregulation, in order to
argue for a principal contribution of circulating mono-
cytes to COVID-19 severity in older adults.
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To date, a small number of studies have examined
immune system function as regulated by SARS-CoV-2.
Because of the often-substantial publication delay due to
peer review of manuscripts, many of the studies covered
here are still in preprint stage. As this is an emergent
situation with substantial public health implications, I
have included these in the interest of providing the
fullest and most up-to-date information possible. How-
ever, the reader should note that some conclusions here-
in are based on papers which have not yet been certified
by peer review and formal publication.

Contributions of monocytes and macrophages
to severe COVID-19

Monocytes are cells of the innate immune system
(Jakubzick et al. 2017) that participate in inflammatory
responses, phagocytosis, antigen presentation, and a
variety of other immune function processes. Circulating
monocytes also extravasate into peripheral tissues to
differentiate into macrophages or dendritic cells during
sterile and non-sterile inflammation. In humans, mono-
cytes are generally described as consisting of three
subsets based on their relative expression of CD14 and
CD16; these are commonly identified as classical
(CD14+CD16−), intermediate (CD14+CD16+), and
non-classical (CD14dimCD16+) subtypes (Ziegler-
Heitbrock et al. 2010). However, recent efforts using
single-cell technologies have characterized additional
phenotypes based on gene and protein expression pat-
terns (Villani et al. 2017; Hamers et al. 2019; Wolf et al.
2019). The relative proportions of these subtypes are
associated with a variety of diseases, with increasing
severity generally linked to increased prevalence of the
CD16+ intermediate and non-classical subsets (Kapellos
et al. 2019; Narasimhan et al. 2019).

Several observational studies have characterized
monocytes during SARS-CoV-2 infection. Zhou et al.
(Zhou et al. 2020c) found significantly increased circu-
lating proportions of CD14+CD16+ monocytes in pe-
ripheral blood from 33 hospitalized patients with diag-
nosed COVID-19, and this percentage was substantially
increased in COVID-19 patients with ARDS. These
monocytes appeared (by CD14 and CD16 staining) to
be primarily of the intermediate subtype. Intermediate
monocytes make up approximately 5% of the total
monocyte population in healthy individuals, but in pa-
tients with severe COVID-19, this proportion increased

to over 45%. Additionally, a significant increase in
monocytes producing IL-6 was noted in mild COVID-
19 patients (N = 21), and this was increased further in
patients with severe disease (N = 12), suggesting that
monocytes are key contributors to cytokine storm in
COVID-19.

Likewise, a population of vacuolatedmonocytes with
unusual forward scatter characteristics has been identi-
fied by flow cytometric analysis of blood collected from
28 COVID-19 patients (Zhang et al. 2020b). These cells
were CD14+CD16+ and expressed a variety of macro-
phage markers, suggesting some degree of differentia-
tion of monocytes to macrophages in the circulation
during SARS-CoV-2 infection. This population of cir-
culating monocytes/macrophages also expressed high
levels of cytokines such as IL-6, TNFα, and IL-10,
suggesting a contribution of these cells to cytokine
storm, and increased proportions of these cells were
associated with increased ICU admissions and
prolonged time to hospital discharge. The total mono-
cyte population was highly enriched for intermediate
and non-classical subtypes in COVID-19 patients in
the same study (Zhang et al. 2020b). However, as these
findings were not compared with a healthy control
group, some caution is necessary in interpreting the
results from this study. Based on our existing knowl-
edge of monocyte biology, it is likely that these patterns
of monocyte activation are abnormal and associated
with disease, but this was not confirmed experimentally
in the referenced study.

Likewise, a large cross-sectional study profiled im-
mune cells in the circulation and lungs of patients with
mild (N = 19), severe (N = 21), and critical (N = 24)
COVID-19, as well as healthy donors (N = 22)
(Sanchez-Cerrillo et al. 2020). Supporting the above,
the authors found a substantial decrease in monocytes
in the circulation in COVID-19 patients. This was
coupled with a severity-specific enrichment of interme-
diate and non-classical monocytes in the lungs of pa-
tients with severe and critical disease, suggesting an
association between pro-inflammatory monocyte traf-
ficking to the lungs and pathogenesis of SARS-CoV-2.
An observational study in 54 individuals with COVID-
19 found evidence of profound immune dysregulation
precipitated by monocyte dysfunction in all patients
(Giamarellos-Bourboulis et al. 2020). The authors noted
that a sudden decrease in monocyte expression of the
human leukocyte antigen (HLA)-DR immediately pre-
ceded progression to severe respiratory failure in
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COVID-19 patients and that patients with more mild
COVID-19-associated pneumonia had monocyte HLA-
DR expression closer to that of healthy controls.

Downregulation of monocyte HLA-DR is often used
as a prognostic indicator of systemic inflammatory con-
ditions including sepsis (Kim et al. 2010). HLA-DR is a
major histocompatibility complex class II receptor
which is responsible for antigen presentation to CD4+

T helper cells. Downregulation of HLA-DR on mono-
cytes and other antigen-presenting cells may therefore
suppress the transition to adaptive immune responses
during an acute infection, thereby exacerbating disease.
Indeed, 100% of recovered COVID-19 patients in a
recent study had virus-specific CD4+ T cells (Grifoni
et al. 2020), which is highly suggestive of a critical role
of adaptive immunity in successful clearance of SARS-
CoV-2. Conditions in which adaptive immunity is sup-
pressed, including aging (Nikolich-Žugich 2018), may
therefore dispose individuals to greater severity of
COVID-19, and this may be at least partly predicated
on defective monocyte-T cell crosstalk. Greater frequen-
cies of exhausted T cells were shown to be associated
with severe COVID-19 (Diao et al. 2020), and T cell
exhaustion has been widely described in aging
(Goronzy and Weyand 2017), lending further support
to the potential link between monocyte dysfunction,
adaptive immune system impairments, and severe
COVID-19 in older adults.

Additionally, circulating IL-6 levels are negatively
correlated to monocyte HLA-DR expression, and both
monocytes and CD4+ T cells were found to be circulat-
ing sources of IL-6 in COVID-19 patients (Giamarellos-
Bourboulis et al. 2020). Six of these patients were
treated with tocilizumab (a monoclonal antibody against
the IL-6 receptor) and displayed rapid improvements in
immune function as measured by lymphocyte counts,
and treatment with tocilizumab prevented reductions in
HLA-DR expression inmonocytes cultured in vitro with
plasma isolated from COVID-19 patients. Supporting
this, a small trial in two patients with severe COVID-19
used single-cell RNA sequencing to identify a unique
population of monocytes which highly expressed genes
including those encoding pro-inflammatory cytokines
and chemokines, in addition to proteins involved in
inflammasome and complement pathways (Guo et al.
2020a). Tocilizumab treatment in these patients sup-
pressed the expression of these genes while preserving
circulating levels of T and B cells, suggesting that
biologic treatments aimed at blunting monocyte-

mediated cytokine storm may still allow for an effective
antiviral response by the adaptive immune system.More
recently, tocilizumab treatment was shown to reduce
systemic inflammation (as measured by C-reactive pro-
tein), increase circulating lymphocyte levels, and reduce
oxygen therapy needs in a trial of 20 patients with severe
or critical COVID-19 (Xu et al. 2020). However, this
was an uncontrolled study where all patients were treat-
ed with tocilizumab, which is a limitation.

A substantial increase in lung macrophage preva-
lence has been demonstrated in bronchoalveolar lavage
fluid from nine COVID-19 patients (Liao et al. 2020),
and the proportion of those which were monocyte-
derived Fcn1+ macrophages—rather than tissue-
resident alveolar macrophages—progressively in-
creased from healthy controls (N = 3) to patients with
mild COVID-19 (N = 3) and to patients with severe
disease (N = 6). This suggests that an influx of mono-
cytes to the pulmonary spaces is a potential determinant
of severe COVID-19, and Gene Ontology analysis
found that these monocyte-derived macrophages were
characterized by upregulated gene transcription patterns
consistent with activation of multiple inflammatory
pathways. Likewise, analysis of two fatal cases of
COVID-19 demonstrated increased macrophage infil-
tration and associated fibrosis upon necropsy (Wang
et al. 2020a), and a study in 14 hospitalized COVID-
19 patients identified hyperactivated lung macrophages
as associated with severe disease (Chua et al. 2020).
Transgenic mice expressing human ACE2 (hACE2 Tg
mice) additionally had accumulation of monocytes and
macrophages in the lungs after SARS-CoV-2 infection
(Bao et al. 2020), providing direct experimental evi-
dence that SARS-CoV-2 precipitates monocyte influx
and macrophage accumulation during active infection.

Direct infection of myeloid cells by SARS-CoV-2

Angiotensin-converting enzyme 2 (ACE2) has been
identified as the primary cellular receptor for SARS-
CoV-2 (Hoffmann et al. 2020; Zhou et al. 2020b).
ACE2 was previously identified as the receptor for
SARS-CoV-1 (Li et al. 2003), and physiologically, its
primary function is to hydrolyze angiotensin II to an-
giotensin (1–7). SARS-CoV-1 downregulates ACE2
expression in infected cells, contributing to more severe
disease (Kuba et al. 2005). This is likely to occur in
SARS-CoV-2 infection as well (Zhang et al. 2020c);
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supporting this, monocytes from COVID-19 patients
displayed reduced ACE2 levels compared with non-
infected controls (Zhang et al. 2020b). A recent com-
prehensive review (Verdeccia et al. 2020) makes a com-
pelling argument that this loss of ACE2 is a proximate
cause of lung inflammatory cell infiltration and ARDS
and that conditions in which ACE2 is already reduced
(including aging) may exacerbate the severity of
COVID-19. This latter point (that ACE2 reductions in
aging mediate more severe COVID-19) is potentially
paradoxical, as it is feasible that downregulation of
ACE2 expression would be protective against SARS-
CoV-2 infection. However, to my knowledge, there is
no established link between the total amount of ACE2
expressed on a given individual cell and its susceptibil-
ity to viral infection, and therefore, this paradox may be
resolved (in theory) by the hypothesis that lower expres-
sion of ACE2 on aged cells still permits viral infection,
but also results in increased inflammatory responses as
described above. To date, this is speculative and is
deserving of direct experimental investigation.

Both human monocytes and macrophages express
ACE2 (Zhao et al. 2020; Zhang et al. 2020b), making
them potentially susceptible to SARS-CoV-2 infection.
ACE2 expression is reduced in the circulating popula-
tion of monocyte/macrophages with high forward scat-
ter described above (Zhang et al. 2020b). This may
suggest direct infection of these cells by SARS-CoV-
2, but this has not been evaluated. However, some
evidence exists that monocytes and macrophages are
directly permissive to SARS-CoV-2 infection. In
hACE2 Tg mice inoculated with SARS-CoV-2, viral
antigen was detected in alveolar macrophages, suggest-
ing direct infection by the virus (Bao et al. 2020), and
this has also been observed using ex vivo infections in
human lung tissue (Chu et al. 2020). Likewise, human
primary monocytes support viral infection in vitro
(Fintelman-Rodrigues et al. 2020).

To date, it is unclear whether monocytes and macro-
phages are permissive for viral replication or whether
SARS-CoV-2 establishes only abortive infection in
these cell types. Indeed, a variety of studies demonstrat-
ed that 2003 epidemic SARS-CoV-1 could infect but
could not proliferate—or could only proliferate
poorly—in monocytes and macrophages (Cheung
et al. 2005; Yilla et al. 2005; Chu et al. 2014; Yip
et al. 2014; Zhou et al. 2014; Tynell et al. 2016).
However, even in the absence of productive infection,
monocytes and macrophages still represent a significant

route for viral dissemination in the host outside of the
pulmonary system. Supporting this, Chen et al. (Chen
et al. 2020c) found macrophages in lymph nodes and
spleens to be positive for SARS-CoV-2 nucleocapsid
protein antigens, and this was associated with severe
pathology of those organs. Additionally, macrophage
infection with the 2003 epidemic SARS-CoV-1 via
Fc-receptor-mediated recognition and uptake of virus-
bound antibodies has been demonstrated (Yip et al.
2014; Liu et al. 2019), suggesting a potential method
by which coronaviruses may establish persistent infec-
tion in seroconverted hosts or may otherwise circumvent
antiviral immune responses.

Phenotype of monocytes in aging

Aging is characterized by substantial dysregulation of a
variety of cellular functions in monocytes and macro-
phages. Here, I will present a very brief review of aging
and monocytes, as macrophages have been more widely
studied, and associated findings have been recently
reviewed (Albright et al. 2016; Nikolich-Žugich 2018;
van Beek et al. 2019).

Perhaps the primary hallmark of monocyte aging is
skewing towards higher proportions of non-classical
monocytes, with reduced circulating proportions of clas-
sical monocytes (Sadeghi et al. 1999; Nyugen et al.
2010; Seidler et al. 2010; Hearps et al. 2012; Ault
et al. 2018; Ong et al. 2018; Pence and Yarbro 2018).
Monocytes isolated from older adults also display in-
creased basal (i.e., unstimulated) cytokine production
compared with monocytes from younger adults
(Hearps et al. 2012), thereby likely contributing to
chronic low-grade age-associated inflammation com-
monly referred to as “inflammaging” (Franceschi et al.
2018).Mechanisms for this are not entirely clear, but my
laboratory and others have recently examined age-
associated changes in monocyte cellular metabolism
(Pence and Yarbro 2018, 2019; Yarbro and Pence
2019; Saare et al. 2020), as metabolic reprogramming
of immune function is now well-established (O’Neill
et al. 2016). Aged monocytes display reduced mito-
chondrial function (Pence and Yarbro 2018; Saare
et al. 2020), which may enhance their reliance on pro-
inflammatory glycolysis for ATP production (Saare
et al. 2020), thereby contributing to a mild pro-
inflammatory activation phenotype. Additionally, non-
classical monocytes display hallmarks of cellular
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senescence (Ong et al. 2018), including mitochondrial
dysfunction, suggesting a potential mechanistic link
between aging and shifts in monocyte subset
proportions.

Interestingly, although basal cytokine production ap-
pears to be upregulated in aged monocytes, my labora-
tory and others have also demonstrated impaired cyto-
kine production in these cells under inflammatory stim-
uli such as lipopolysaccharide (McLachlan et al. 1995;
Gon et al. 1996; Pence and Yarbro 2019); however,
literature in this area is inconsistent (Rudd and
Banerjee 1989; Mariani et al. 2002; Hearps et al.
2012). Monocytes from older adults also display impair-
ments in phagocytosis (Hearps et al. 2012) and reduced
HLA-DR expression (Seidler et al. 2010). Together,
these findings suggest that aging induces a general shift
to more pro-inflammatory, dysfunctional monocytes
with shifts to higher proportions of CD16+ subpopula-
tions. As this aging-associated phenotype is consistent
with the monocyte phenotypes observed in severe
COVID-19 described above, it is highly plausible that
monocyte dysfunction could play a key role in increas-
ing SARS-CoV-2 pathogenesis in older adults.

Monocytes in aging and COVID-19

To date, information about any age-related differential
effects of SARS-CoV-2 on monocytes or macrophages
is sparse. Indirect conclusions may be drawn from some
of the above-referenced literature, as monocyte and
macrophage dysfunctions are associated with more se-
vere disease, and more severe disease tends to occur in
older adults. However, controlled experimental studies
are currently lacking. A small study in older and youn-
ger rhesus macaques found no effect of age on mono-
cyte number or percentage due to SARS-CoV-2 infec-
tion (Yu et al. 2020), suggesting that differences in total
circulating monocytes may not play a role in severity of
infection in the aging context. However, phenotypic and
functional parameters of these cells were not evaluated.

Experimental aging studies on COVID-19 and mono-
cytes are complicated by several factors.Most importantly,
standard laboratory mice are not susceptible to viral infec-
tion (Bao et al. 2020), and HeLa cells expressing mouse
ACE2 do not support viral replication (Zhou et al. 2020b).
Because of this, a large number of alternative animal
models are currently under exploration, including small(er)
animal models such as Syrian hamsters and ferrets (Chan

et al. 2020a, b; Shi et al. 2020; Sia et al. 2020). Addition-
ally, hACE2 Tg mice are susceptible to SARS-CoV-2
(Bao et al. 2020), although this model is not yet widely
available, and the overexpression of hACE2 in all organs
in these mice makes them a questionable model for human
pathogenesis studies. To date, model organisms suscepti-
ble to SARS-CoV-2 develop primarily mild disease, and
good laboratory models of severe COVID-19 are currently
unavailable. Aged animals may help to fill this void.
Indeed, 14–16-month-old Balb/c mice were found to be
more susceptible to SARS-CoV-1—including supporting
viral replication in the lungs—compared with younger
mice which do not display disease susceptibility or support
productive infection (Roberts et al. 2005).

However, aging colonies for these virus-susceptible
model organisms are likely to be rare, if they are avail-
able at all, and establishing these for experimental stud-
ies will take several years. Additionally, standard re-
agents for assessing immune function in models other
than common laboratory mice and rats are not widely
available, making it potentially difficult to collect in-
sightful data in ferrets and hamsters beyond that
afforded by gross pathological examination. Non-
human primates such as rhesus macaques are suscepti-
ble to the virus (Yu et al. 2020), but significant expenses
and long lead times associated with aging studies in
these models may make anything beyond opportunistic
experiments difficult to conduct in the near future. Iso-
lated monocytes (and monocyte-derived macrophages)
from older human subjects may also provide valuable
information and have the advantage of being simple to
work with and readily available. These cells would
provide opportunity for immediate in vitro studies ex-
amining SARS-CoV-2 infection in aged monocytes and
macrophages, although in vivo studies (being unethical
in human subjects) would still require model organisms.
Further mechanistic investigation of monocytes from
COVID-19 patients is also likely to provide insight into
the contributions of these cells to disease processes.

As such, concerted efforts are necessary to establish
aging colonies of susceptible animals for studying
SARS-CoV-2 and COVID-19 as quickly as possible.
The development of mouse-adapted virus strains, as was
the case for SARS-CoV-1 (Roberts et al. 2007), may
also facilitate studies on viral pathogenesis in common
laboratory rodent models of aging. Indeed, a mouse-
adapted strain of SARS-CoV-2 has been recently de-
scribed (Dinnon et al. 2020) and should be made avail-
able to the scientific community in a relatively short
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order. Additionally, mouse models of accelerated aging
(Yousefzadeh et al. 2019) may be of value. The status of
pathogenic SARS-CoV-2 as a biosafety level-3 agent
means that only a relatively small number of laborato-
ries will be able to conduct infection studies in model
organisms using pathogenic wild-type virus. Therefore,
substantial scientific collaboration will be necessary in
order to answer important questions regarding aging,
COVID-19, and immune function.

Conclusions

The SARS-CoV-2 pandemic is still in its early phases,
and our knowledge of the virus and the mechanisms by
which it causes severe disease is still extraordinarily
limited. Some early observations—as well as previous
knowledge from epidemic SARS-CoV-1—suggest that
monocytes and pulmonary monocyte–derived macro-
phages play an early and key role in the progression to
severe COVID-19 by promoting cytokine storm, ARDS,
and disseminated peripheral tissue damage. Pathological
monocyte responses in COVID-19 bear some similarities
to those in aging, suggesting that monocytes may be a
contributor to the disproportionate severity of COVID-19
in older adults. A great deal of experimental research is
needed to conclusively test this and other hypotheses;
however, SARS-CoV-2 presents some complications to
this, as standard laboratory rodent models are generally
not susceptible to infection. Quick action and broad col-
laboration among the geroscience scientific community
will be necessary to overcome these challenges.
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