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A B S T R A C T

Fighting the current COVID-19 pandemic, we must not forget to prepare for the next. Since elderly and frail
people are at high risk, we wish to predict their vulnerability, and intervene if possible. For example, it would
take little effort to take additional swabs or dried blood spots. Such minimally-invasive sampling, exemplified here
during screening for potential COVID-19 infection, can yield the data to discover biomarkers to better handle
this and the next respiratory disease pandemic. Longitudinal outcome data can then be combined with other
epidemics and old-age health data, to discover the best biomarkers to predict (i) coping with infection & in-
flammation and thus hospitalization or intensive care, (ii) long-term health challenges, e.g. deterioration of lung
function after intensive care, and (iii) treatment & vaccination response. Further, there are universal triggers of
old-age morbidity & mortality, and the elimination of senescent cells improved health in pilot studies in idio-
pathic lung fibrosis & osteoarthritis patients alike. Biomarker studies are needed to test the hypothesis that
resilience of the elderly during a pandemic can be improved by countering chronic inflammation and/or re-
moving senescent cells. Our review suggests that more samples should be taken and saved systematically, fol-
lowing minimum standards, and data be made available, to maximize healthspan & minimize frailty, leading to
savings in health care, gains in quality of life, and preparing us better for the next pandemic, all at the same time.

1. Introduction

In late 2019, clusters of patients with pneumonia of unknown
etiology were reported in Wuhan, China. The causative agent was
identified as a novel coronavirus, SARS-CoV-2; the disease was named
COVID-19. As of March 2020, it has caused many hundreds of thou-
sands of confirmed cases and tens of thousands of deaths worldwide
(John Hopkins University CoronavirusMap, https://coronavirus.jhu.
edu/map.html). Sepsis is the most frequently observed complication,

followed by respiratory failure, acute respiratory deficiency syndrome
(ARDS), heart failure and septic shock (Zhou et al., 2020a). Old people,
and particularly those affected by one or more comorbidity, are the
most vulnerable subjects, where the highest morbidity and mortality
has been reported, associated with sequential organ failure and high D-
dimer levels (Onder et al., 2020; Shi et al., 2020; Zhou et al., 2020a).
Moreover, in some countries like Italy men appear to be more affected
and have a higher mortality than women. In order to react effectively to
the ongoing and future pandemics, we must improve diagnostics as well
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as biomarker discovery and validation, for prognosis and for interven-
tion. Moreover, minimum standards are necessary for all sampling
procedures. It is not enough to just diagnose; good prognostic and
predictive biomarkers are needed.

For long-term gain, we suggest that the most useful biomarkers are
the ones that allow us to understand the age-related mechanisms un-
derlying a respiratory infectious disease pandemic such as COVID-19.
Here, we can build upon conceptual frameworks developed over the
last decade, describing how immune status is influenced by aging
processes (see also Section 3). In brief, aging processes such as chronic
inflammation and cellular senescence affect the innate as well as the
adaptive immune system (Oh et al., 2019). Specifically, older and
multi-morbid people are suffering from “inflammaging” (Franceschi
et al., 2000, 2018a; Franceschi et al., 2018b), a chronic, low-level in-
flammation caused by exposure of the immune system to misplaced
and/or misfolded self-antigens originating from dying cells, fragments
of mitochondria, extracellular vesicles and senescent cells (Franceschi
et al., 2017a). The higher mortality from COVID-19 in older people, in
subjects with comorbidities and in males can then be explained in part
by their higher inflammatory status, including an activation of the in-
nate immune system and the triggering of an inflammatory “storm” that
includes IL-6 and other cytokines (Bonafè et al., 2020; Herold et al.,
2020; Mehta et al., 2020; Moore and June, 2020; Santesmasses et al.,
2020; Storci et al., 2020), as well as inflammatory molecules such as
mitochondrial DNA fragments (Pinti et al., 2014), all assumed to be
associated with dramatic changes of the peripheral blood lymphocyte
subsets (Cossarizza et al., 2020). Moreover, a difference in the amount
of inflammaging between men and women (Bonafe et al., 2001) could
explain, in part, the higher vulnerability of males to COVID-19
(Marquez et al., 2020). Specifically, Bonafè et al. (2020) suggest that
men feature higher levels of subclinical systemic inflammation, con-
nected with a blunted acquired immune system, a blunted type I in-
terferon response, and with accelerated biological aging, as well as
downregulation of the ACE2 SARS-CoV-2-receptor, which (para-
doxically) triggers inflammation in the aged and comorbid. Thus, there
is a strong specific rationale for implicating aging-related processes in
COVID-19 mortality, suggesting that interventions into these processes
can contribute significantly to better outcomes in this pandemic and the
next. Here, we do not just call for action, but we provide a detailed
outline of what can be done, and must be done, for maximum health
gain for the elderly, in addition to the standard diagnostic tests.

2. Systematic minimally-invasive sampling for immunity/
inflammation/aging biomarkers

2.1. Cohort to investigate, and outcomes of interest

We propose proactive biomarker research as part of ongoing disease
screening during a pandemic such as COVID-19 (see Fig. 1). The sus-
pected cases being screened are called the “cohort” of probands (or
patients). For probands screened during a serious respiratory disease
epidemic and found to be positive for the infectious agent, we suggest
that the relevant outcomes to predict are disease manifestation, sub-
sequent disease deterioration including hospitalization (and need for
intensive care), long-term morbidity after hospital discharge, and
mortality. Disease deterioration can be measured in detail by clinical
outcomes, see, e.g., (Zhou et al., 2020a). Long-term morbidity, for ex-
ample in patients that need to undergo intensive care but escape the
deadly consequences of the infection, can be measured as newly diag-
nosed diseases of interest (e.g., related to lung function) and, ulti-
mately, by estimates of biological age, see (Fuellen et al., 2019;
Moskalev, 2020).

2.2. Sample collection and transportation modalities

All sampling we suggest is amending the standard diagnostics. We

consider two guiding criteria for selecting the right type of samples: 1)
maximum expected usefulness of the samples to identify biomarkers
accurately predicting outcomes of interest; 2) minimum effort (time,
cost, reliability of supplies, safety) in taking and processing the samples
needed. Overall, we suggest that even in the current COVID-19 situa-
tion, simple non-invasive or minimally-invasive sampling procedures
can easily be implemented. These would be based on using (i) the re-
mainders from the “standard” diagnostic (swab-based) sample, (ii) a
double-headed swab (using one head for diagnostics), (iii) in addition
to the diagnostic swab, one or more further swabs, (iv) dried capillary
blood spot samples, and, with some caveats, (v) venous blood. Overall,
sampling methods have to be in agreement with downstream laboratory
uses, and of course they have to comply with the corresponding WHO
and/or local standards.

The sampling modalities for biomarker identification to be con-
sidered at time of pandemic screening are depicted in supplement 1.
Nasopharyngeal and throat swabs are the standard for the diagnosis of
respiratory infections such as COVID-19. As diagnostic testing will al-
ways be performed, we strongly suggest to use remainder material from
the diagnostic swab for additional analyses. Of interest, Lopez et al.
(2019) elegantly developed a minimally invasive sample collection
protocol that allows for multiple diagnostic and research investigations
including bacterial culture, viral detection (PCR), cytokine expression
(PCR), and 16S ribosomal RNA gene sequencing from a single naso-
pharyngeal swab. Cutting the tip of the swab also allowed for RNA
sequencing. Further, there are a number of additional swab collection
options ranging from an additional swab to a double-headed swab.
Flocked swabs are most often used and transferred into universal
transport medium (UTM) (von Allmen et al., 2019). Dried capillary
blood sampling is another “easy” option, routinely applied for neonate
screening and drug monitoring. An optimized protocol for the extrac-
tion of RNA from dried blood spots yielded similar transcriptome gene
counts compared to RNA isolated from venous blood in Tempus tubes
(Reust et al., 2018); thus, dried blood spots for transcriptome studies
could be a viable option facilitating RNA studies. Blood collection,
application onto filter paper, drying, transport and storage can all affect
the accuracy of the analysis and comparability with blood serum/
plasma; however, handling and transport of the samples is far less
problematic (Lim, 2018; Rutstein et al., 2015; Zakaria et al., 2016). We
acknowledge that sampling of whole blood may not be practical in
times of a health emergency. Nevertheless, specific measurements that
require whole (venous) blood (e.g. of circulating antibodies) may still
be clinically useful, and then the remaining blood should be used for
biomarker analyses, such as transcriptomics based on circulating im-
mune cells. For all samples, for investigating immunity and in-
flammation, cytokine (or related) protein assays are an obvious first
choice; a second choice are modalities allowing unbiased gene ex-
pression measurements (transcriptomics). While important, not dis-
cussed in this review is the identification of (bacterial) co-infections.

2.3. Towards minimum standards

The most appropriate sampling workflows should be prioritized
depending on a number of factors incl. screening location (emergency
rooms, specific screening centers, etc.), availability of respective sam-
pling materials, the condition of the proband (asymptomatic, mild,
severe) and the objective of the screening. Appropriate pre-analytic
sample processing is important particularly for RNA analyses (Stellino
et al., 2019), even if standard tubes are used (Lippi et al., 2019). We
recommend in the short term the recording of date and time of collec-
tion, and of storage and transport conditions, and attention to RNA
stability; in the long term, uniform standards must be established.

2.4. Available biomarker analyses

Measuring the host response to infectious pathogens provides a

G. Fuellen, et al. Ageing Research Reviews 62 (2020) 101091

2



rapid but rather unspecific means of aiding in diagnosis, compared to
direct pathogen detection. However, monitoring the host response over
time enables evaluation of patient response to therapy. White blood cell
counts and single protein or metabolomic biomarkers (such as CRP,
procalcitonin and lactate) have historically been used in case of in-
fectious and immunological diseases (Gunsolus et al., 2019; Ross et al.,
2019). Moreover, cytokines and other proteins were measured using
technologies ranging from ELISA to flow cytometry (Vazquez et al.,
2019). Postulating that a broad assessment of host response in terms of
gene expression (transcriptomics) will yield superior diagnostic and
prognostic accuracy, global changes in gene expression in response to
acute infections, trauma, and sepsis were studied intensively (Sweeney
and Wong, 2016). Biomarker discovery has initially focused on whole
blood or specific blood cell populations (Holcomb et al., 2017; Zaas
et al., 2013), but more recently, samples from the respiratory tract have
been used more often (Landry and Foxman, 2018). For example, host
gene expression profiles in nasopharyngeal (NP) swabs and whole blood
samples were investigated during respiratory syncytial virus (RSV) and
human rhinovirus (hRV) infection (Do et al., 2017). RSV infection in-
duced strong and persistent innate immune responses and the observed
RSV-induced gene expression patterns did not differ much in NP swabs
compared to blood. In contrast, hRV infection did not induce expression
of innate immunity pathways as strongly, and significant differences
were observed between NP swab and blood specimens. With respect to
biomarkers for outcome risk stratification, whole blood transcriptomics
alongside with clinical data in sepsis patients leads to a significant
improvement in the prediction of 30-day mortality (Sweeney et al.,
2018), which is useful as a template for investigations in COVID-19
patients.

Moreover, dried capillary blood spots (DBS) provide a minimally-
invasive, low-cost option since results often correspond to those derived
from gold-standard venous blood samples (McDade et al., 2016). DBS
can be used for quantification of virus antigens, RNA (Nguyen et al.,
2018) and antibodies (Muzembo et al., 2017), for studies of gene ex-
pression (McDade et al., 2016) and age-dependent DNA methylation
(Knight et al., 2016). Multiplexing by mass spectrometry is available
(Chambers et al., 2015), and global metabolite profiles can be

generated, assuming stability at ambient temperature (Drolet et al.,
2017). Large numbers of samples can be taken and stored in biobanks
(Bjorkesten et al., 2017), and be used to characterize inflammatory
responses. For example, multiplex immuno-mass spectrometry can
measure acute phase response (inflammatory) proteins from DBS with
high precision (Anderson et al., 2019), also allowing longitudinal
analyses of inflammation markers, and generating biomarker trajec-
tories of inflammation dynamics. Overall, swabs and dried blood have
proven their value, specifically for the identification of infection- and
immunity-related biomarkers.

3. Immunity and aging, assessed based on minimally-invasive
sampling

We outlined how cytokine assays and transcriptomic estimates of
immunity and inflammation in particular are measurable with a
minimum of invasion, based on swabs or dried blood, towards pre-
dicting age-related outcomes regarding disease manifestation, hospita-
lization and long-term health deterioration after respiratory infection
such as COVID-19. As already pointed out in the introduction, aging-
related processes are an important contributor to inferior COVID-19
outcomes. Here, we describe how immunity and aging are related; see
supplement 2 for more details. In brief, aging is the primary risk factor
for all chronic diseases, and for inferior outcomes in infectious diseases,
and COVID-19 is no exception. In people with chronic respiratory dis-
ease such as asthma and chronic obstructive pulmonary disease, this
risk is attributed to chronic inflammation of the airways, dominated by
CD4+ T cells and eosinophils in case of asthma and by CD8+ T lym-
phocytes, macrophages and neutrophils in case of chronic obstructive
pulmonary disease (Cukic et al., 2012), exacerbated by respiratory in-
fection (Barnes et al., 2015; Holgate et al., 2015). Far less is known
about COVID-19, and about its chronic long-term consequences. The
heterogeneity of responses to infections such as COVID-19 depends not
only on the general health condition, predisposition on the genetic
level, and the disease history, but in particular on the individual im-
munobiographies (Franceschi et al., 2017b). Knowledge of the in-
dividual life experience, surrounding ecosystem, cultural habit, history

Fig. 1. Screening Strategy.We suggest screening, particularly of elderly and frail people, combining routine with minimally-invasive and longitudinal sampling for
biomarker research, to test the hypothesis that resilience of the elderly during a pandemic can be improved by countering chronic inflammation (inflammaging) and
cellular senescence. Important outcomes are prognosis, occurrence of complications such as lung fibrosis, hints for therapeutic approaches and preventive measures.
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of natural infections, vaccinations or allergies should thus additionally
be collected. Interestingly, important mechanisms underlying acute
severe adult COVID-19 pneumonia cases are a reduction in CD4+ and
CD8+T cells and a decrease in regulatory T cells (Scarpa et al., 2020).
As the thymus is a central lymphoid organ responsible for the release of
T lymphocytes, inflammaging associated with the absence or a marked
reduction of thymopoiesis could be a predisposing condition that also
sustains the cytokine release storm observed in many older patients
with severe clinical courses (Scarpa et al., 2020). In accordance with
this assumption, the clinical manifestations are relatively mild in chil-
dren. With ageing, antigen stimulation and thymic involution lead to a
shift in T cell subset distribution and loss of expression of co-stimula-
tory molecules such as CD27 and CD28, with increased susceptibility to
infections, and a (putatively compensatory) upregulation of cytokines.
On the other hand, reduced killing ability by T cells at an early stage
after birth could explain susceptibility to SARS-CoV-2 in very young
infants (Yuki et al., 2020).

In general, inflammaging, immunosenescence and cellular senes-
cence, all closely related to each other (Fulop et al., 2017), are involved
in a deterioration of the performance of the immune system with age,
starting with an involution of the thymus (Fagnoni et al., 2000), despite
homeostatic mechanisms. Infection with, e.g., cytomegalovirus then
leads to repeated reactivation of CD8+ cells, which increases the frac-
tion of specialized T cells and decreases the amount of naive T cells
(Vescovini et al., 2010), and to downregulation of CD28, which is an
important co-stimulatory signal (Pangrazzi and Weinberger, 2020).
Although no cell type of the immune system has been identified that
shows all hallmarks of cellular senescence, some immune cells secrete
several senescence-related components (cytokines, chemokines, extra-
cellular matrix remodeling proteases) (Callender et al., 2018), in-
dicating that the removal of cells with a senescent like phenotype may
prepare elderly people for future infections, despite a protective role
also described (Baz-Martinez et al., 2016). In particular, the inter-
ference of oncoviruses with senescence pathways suggests that senes-
cence may also be part of the host cell response to fight viruses and that
the SASP could stimulate the recruitment of immune cells; some ex-
periments with vesicular stomatitis virus point to this possibility (Baz-
Martinez et al., 2016). On the other hand, there are indications that
senescent (lung) cells are a host target for SARS-CoV-2 viral infection,
possibly due to better conditions for replication such as enhanced
protein synthesis, which is also required to produce SASP inflammatory
mediators (Sargiacomo et al., 2020). There are clearly many more
possible interrelationships between SARS-CoV-2 infection and senes-
cence mechanisms regarding genomic instability, telomere attrition,
impaired autophagy, mitochondrial dysfunction, fibrosis, im-
munosenescence and inflammation, which may help to explain the in-
creased pathophysiological responses to SARS-CoV-2 among older in-
dividuals (Mueller et al., 2020; Salimi and Hamlyn, 2020). For example,
two suggested host receptors for SARS-CoV-2, CD26 and ACE-2 (an-
giotensin-converting enzyme 2), are upregulated in senescent cells
(Sargiacomo et al., 2020). Moreover, a major cause of immune ex-
haustion is telomere shortening in viral-specific memory CD8+T cells
(Mueller et al., 2020), which induces cellular senescence and p38
MAPK-dependent SASP (Callender et al., 2018). This is of interest in-
sofar as certain subtelomeric genes are upregulated in aged cells with
short telomeres by a mechanism called telomere position effects over
long distances (TPE-OLD). One of these TPE-OLD genes, interferon
stimulated gene (ISG-15, (Robin et al., 2014)) is the most significantly
activated ISG in response to viral infection (Salimi and Hamlyn, 2020).
Notably, ISG-15 plays a key role in the innate immune response to viral
infection and inhibits viral release by blocking viral assembly (Sadler
and Williams, 2008). Therapeutic considerations so far focus at
blocking the SASP and viral replication (using substances as rapamycin
and doxycycline) or at the removal of infected senescent cells by se-
nolytics (Malavolta et al., 2020; Sargiacomo et al., 2020). In any case,
cellular senescence overlaps with immunosenescence and

inflammaging, and cytokine assays are a method of choice for dis-
covering biomarkers related to inflammation, immunity, fibrosis, cel-
lular senescence and aging. Whole-genome transcriptomics could en-
able the further unbiased hypothesis-free exploration of biomarkers.

4. Testing the association of COVID-19 with inflammaging

While the majority of current efforts focus on implementing diag-
nostic testing capacity, little attention is paid to prognostic testing, e.g.
by estimating immune or inflammation status. However, while diag-
nostic testing is of critical importance to identify and quarantine in-
fected patients, prognostic testing is equally important to allow deci-
sions on the level of care for those that are asymptomatic or show mild
symptoms but may deteriorate. As described above, we suggest that the
association of COVID-19 with old age may specifically be due to in-
flammaging- and senescence-associated failures of the immune system,
and that it is important to test this hypothesis in more detail, based in
particular on molecular biomarker measurements. The human host
response to coronaviruses in general was reviewed by
(Channappanavar and Perlman, 2017). The coronaviruses SARS-CoV,
MERS-CoV, and SARS-CoV-2 can all trigger a strong immune response,
characterized by high plasma levels of cytokines and chemokines in
intensive care patients (Liu et al., 2020). There are several reports de-
scribing extensive lung damage in patients infected in previous SARS
pandemics, associated with high initial virus titers (Peiris et al., 2003),
increased mononuclear infiltration in the lungs (Nicholls et al., 2003)
and elevated levels of serum proinflammatory cytokines and chemo-
kines (Wong et al., 2004). Thus, the clinical deterioration of patients
with coronavirus infections appears to result from a combination of
direct virus-induced cytopathic effects and immunopathology induced
by cytokine activation.

Most biomarker-related studies with respect to COVID-19 that are
currently available were done in patients, not in probands undergoing
screening, and these studies were done based on sophisticated blood
analyses not usually available in the screening situation during a pan-
demic; we describe some examples because these studies, directly or
indirectly, reflect the outcomes we are interested in. Differences in
immune responses in patients with severe versus those with mild
COVID-19 were investigated by (Liao et al., 2020), characterizing the
lung immune microenvironment using bronchoalveolar lavage fluid
from 3 severe and 3 mild COVID-19 patients and 8 healthy controls.
Through single-cell RNA sequencing combined with TCR-sequencing,
monocyte-derived FCN1+ macrophages were identified as the domi-
nant cell population in the lungs of patients with severe disease and
ARDS whereas FABP4+ alveolar macrophages and clonal CD8+T
cells predominated in the lungs of patients with mild disease. The
predominance of highly inflammatory cells points towards high cyto-
kine activation. Moreover, (Qin et al., 2020) analyzed peripheral lym-
phocyte subsets from 452 severe and non-severe COVID-19 patients.
Severe cases had significantly lower lymphocyte counts, higher leuko-
cyte counts and neutrophil-lymphocyte-ratios, as well as lower per-
centages of monocytes, eosinophils, and basophils. Most of the severe
cases demonstrated elevated levels of infection-related biomarkers and
inflammatory cytokines. Finally, for patients with severe COVID-19,
monitoring the inflammation and immunity status may suggest treat-
ment options such as immunosuppression by steroids, intravenous im-
munoglobulin, selective cytokine blockade or JAK inhibition, and spe-
cific biomarkers may be increasing ferritin, decreasing platelet counts,
erythrocyte sedimentation rate, and the HScore (Mehta et al., 2020;
Monteleone et al., 2020). Overall, the role of immune and inflamma-
tion-related mechanisms underlying disease protection and progression
in COVID-19 need further elucidation, and inflammaging-related pro-
cesses are a promising focus (see also the Introduction), based on the
analysis of local (mucosal) and systemic immune responses, following
our suggestions in Section 2 and supplement 1.
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5. Discussion and conclusions

5.1. Now is the time to implement a systematic effort

We suggest that all COVID-19 test probands that are able to give
informed consent shall participate in systematic surveys as motivated
here. It is important to record confounders, and, as in any analysis,
potential bias must be considered. Some confounders (time-of-day) can
be recorded immediately, while others may need to be established post-
hoc (i.e. after sampling) by questionnaires (asking for (co-)morbidity,
for anthropomorphic data, etc.). Data analyses shall follow standard
procedures for biomarker discovery; since in many cases the data are in
a time-to-event format, survival analyses are usually done, as ex-
emplified in some recent reviews, see (Lee and Lim, 2019; Wang et al.,
2019). In these analyses, gender must be considered as a confounder,
and the immunobiographies of the study participants shall be con-
sidered as well. Of note, biological knowledge about the SARS-CoV-2
virus is assembled at a rapid pace, see https://covid.pages.uni.lu/map_
curation, can be combined with other knowledge on pathways & gene/
protein interaction (Zhou et al., 2020b), and be used to interpret omics
data. It is also important to maximize data sharing, fostering open
science.

5.2. High-quality data require minimum sampling standards

Tradeoffs are an issue in any biomarker discovery or validation ef-
fort; they arise between maximizing the quantity versus the quality of
the data, in real-world versus standardized situations, enabling cost-ef-
ficient yet safe measurements. As described in Section 2, in any re-
spiratory disease epidemic, and specifically in case of COVID-19, we
suggest that with highest priority, swabs and dried blood shall be done
based on a simple set of rules, observing minimum standards, to limit
the influence of systematic confounders as well as random influences,
while still reflecting the real-world situation. Then, if there is sufficient
signal for learning biomarkers, these can be expected to generalize well.
A specific tradeoff are biosafety issues, see supplement 1.

5.3. Ethical considerations

Any taking of samples for research purposes, as well as the sharing
of patient/proband data, must be subject to ethical approval by an in-
stitutional review board, and of informed consent from the side of the
patient. Nevertheless, while considering all essential data protection
aspects, ethical approval and permission for data collection and ana-
lysis should primarily enable research promoting health. For the (ad-
ditional) sampling during screening in times of a health crisis, the initial
informed consent should thus be as simple as possible, and be restricted
to taking and storing of samples for research purposes, and to proces-
sing the data needed to contact the patient/proband electronically or by
telephone later. The actual use of the samples may then be consented
after a detailed explanation of study purposes and participant rights,
including data protection and rights of withdrawal. Such post-hoc in-
formed consent, preferably obtained electronically, also includes the
agreements on follow-up exams (see supplement 3).

5.4. Guiding therapeutic intervention by biomarkers

Motivated by recent pilot trials, specifically of intervening into
cellular senescence towards improving the health status of idiopathic
lung fibrosis (Justice et al., 2019) (and osteoarthritis (UNITY, 2019))
patients, and given that inflammaging can be due in part to senescent
cells, we suggest that modulating the immune status of the elderly by
reducing inflammation or removing senescent cells (immune cells or
lung cells) may improve their health and resilience also in the case of
respiratory infections such as COVID-19. The first step towards in-
vestigating this hypothesis is the confirmation of biomarkers related to

inflammaging or senescence as being predictive for the outcomes con-
sidered here, such as hospitalization and long-term deterioration of
lung function. The latter is of particular interest in “escapers” that
survived serious complications of the disease; if biomarkers could be
identified to predict their course of recovery, inferior outcomes may be
prevented. More generally, it would be possible to design biomarker-
guided intervention trials, where not only the choice of the anti-in-
flammatory and/or seno-therapeutic intervention(s) shall be guided by
the biomarkers found to be most predictive, but patient-specific
(“personalized”) biomarker-based treatment is a conceivable option.
Moreover, as aging-related processes are at the core of susceptibility to
infectious (respiratory) diseases in general, and of the chances to cope
with these, any remaining sample material should be used to measure
generic aging-related markers. For example, if there are leftovers of
human DNA, methylation-based estimates of biological age are pos-
sible, and these can help to understand how host age and viral chal-
lenge are responsible for the outcomes observed, and specific me-
chanisms of molecular aging that are related to these outcomes can be
confirmed, or discovered anew. In fact, based on DNA from buccal
swabs, an epigenetic clock was already established (Eipel et al., 2016).
Finally, it was demonstrated in phase-2 studies, although not confirmed
in a recent phase-3 study, that influenza vaccination response can be
improved by targeting the mTOR pathway by rapalogs (Kaeberlein,
2020). Since mTOR modulates cellular senescence, biomarkers for
predicting the reaction of the immune system to mTOR inhibition may
be valuable for vaccination research, also for COVID-19.
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