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Abstract

Several studies showed that frailty was a predictor of in-hospital death in older adults with COVID-19. The mechanisms
through which frailty increases the severity of COVID-19 are several, including immunosenescense and dysregulated inflam-
mation. Whether individuals affected by frailty exhibit a higher susceptibility to SARS-CoV-2 infection remains an open
question. Here we report the case series of 40 older persons that in February 2020, before the first case of COVID-19 was
detected in Italy, went together on a winter holiday. Back home, 7 of them developed influenza-like symptoms and one was
hospitalized due to COVID-19 pneumonia. Between May and July, the seniors were offered the possibility to be tested for
SARS-CoV-2 antibody positivity. Twenty-seven of them accepted: 13 had a positive serological test whereas no active infec-
tion was found. Comparing the characteristics of those who tested positive and the others, we found that the former group

was frailer, exhibiting higher Clinical Frailty Scale scores.
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The first studies on risk factors associated to adverse out-
comes from coronavirus disease 2019 (COVID-19) showed
that chronological age and pre-existing chronic diseases
were important determinants of mortality. Onder et al. found
that patients with COVID-19 who died in March in Italy
had a mean age of 79.5 years and a mean number of pre-
existing diseases of 2.7 [1]. Soon after, Bellelli et al. showed
that frailty was a strong predictor of in-hospital death or
intensive care unit admission in a sample of adults admitted
for COVID-19 in Northern Italy [2]. This study was fol-
lowed by a number of other reports from different countries,
such as England [3], Sweden [4], and China [5], showing
very similar findings. Furthermore, frailty, measured years
before and irrespectively of the tool used for its assessment,
appears to be able to identify those persons at higher risk
of severe COVID-19 [6]. Recently, we showed that frailty
not only was independently associated with mortality in
patients affected by COVID-19, but also added prognostic
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information beyond chronological age in those aged 70 years
or older [7]. Beside its role in COVID-19, frailty has been
shown to be such a good predictor of adverse events in the
general population [8] that its evaluation has been imple-
mented in primary care in the United Kingdom, as a tool
aiming at stratifying older persons’ risk of developing poor
outcomes [9, 10].

What is frailty and why it is linked
with COVID-19

Frailty is a multisystemic syndrome characterized by
decreased physiological and functional reserve: the biologi-
cal changes of ageing are widespread to most tissues and
organs, acting as the main pathogenic mechanism for frailty
itself [11]. The multiorgan involvement found in frailty
leads to the dysregulation of the neuromuscular, endocrine,
and immune systems: the normal adaptation to events is
compromised and the ability to cope with acute stressors
is weakened. Even though frailty often coexist with mul-
timorbidity and/or functional impairment in older adults,
there is increasing consensus that frailty is a unique clinical
entity and, as such, people aged 70 year or older should be
screened for the presence of frailty; however, this is rarely
the case.
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The mechanisms through which frailty may increase the
severity of COVID-19 are several. The age-related decline
in immune function can contribute to frailty and in turn to an
increased susceptibility to acute infectious diseases. Previ-
ously, frailty has been found associated with lower probabil-
ity of recovery in older persons hospitalized with influenza
and acute respiratory illness [12]. In particular, changes in
the innate immunity could enhance a pro-inflammatory state
which is a principal component of frailty. In a systematic
review of the literature, frailty and pre-frailty were associ-
ated with higher levels of circulating inflammatory cytokines
[13]. The renin—angiotensin system is also hypothesized to
play an important role in the pathogenesis of frailty through
a shift in the balance between the proinflammatory vs. anti-
inflammatory action of Ang II type 1- and Ang II type 2
receptor, respectively, resulting in increased inflammation,
oxidative stress, and apoptosis [14]. Thus, in COVID-19,
frailty could be a marker of a substrate sensitive to infec-
tions, leaving as open question if it could also enhance a
dysregulated inflammatory response. Further, frailty has a
strong relationship with sarcopenia and malnutrition which
have been associated with poorer outcomes in adult affected
by COVID-19 [15].

Not less relevant, frailty is particularly present in eco-
nomic disadvantaged and social isolated older persons which
are hardly hit by COVID-19 consequences [16].

Frailty and susceptibility to SARS-CoV-2
infection

Whether individuals affected by frailty exhibit a higher sus-
ceptibility to SARS-CoV-2 infection remains an open ques-
tion. Here we report the case series of 40 older persons that
in February 2020, 2 weeks before the first case of COVID-19
was detected in Italy, went together on a winter holiday in
Liguria, North-Western Italy. The event was organized by
the Ferrero Foundation, a no-profit organization aiming at
promoting healthy and active aging for the retired seniors
who worked for the Ferrero Company. Back home, seven of
them developed influenza-like symptoms and one was hos-
pitalized due to COVID-19 pneumonia. At that time, due to
shortage in tests and resources, only the hospitalized person
and his husband (who always remained asymptomatic) were
tested for SARS-CoV-2. Between the 5th of May and the
6th of July, the Ferrero Foundation offered to all the seniors
who were together on vacation, the possibility to be tested
for SARS-CoV-2 antibody positivity (lateral flow immuno-
assay—LFIA serological tests). A nasopharyngeal swab to
check any current infection was also proposed. Twenty seven
of them accepted: 13 had a positive serological test whereas
no active infection was found. Comparing the demographi-
cal and clinical characteristics of those who tested positive
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and the others, we found that the former group was frailer,
exhibiting higher Clinical Frailty Scale (CFS) scores [17]
(Table 1). The CFS is an easy-to-perform frailty assessment
tool that ranges between one (no frailty) and nine (terminally
ill). It has been shown to have an accuracy similar to those of
comprehensive and validated multidimensional frailty scor-
ing system (such as the frailty index) [17]. For the presented
data, the CFS was assessed by a trained nurse, based on
the information and clinical status of the participants before
the winter holiday. No other differences between the two
groups were detected. Due to the very limited number of
persons analysed and the uncertainty about the life inter-
val of SARS-CoV-2 antibodies, we cannot trace any formal
conclusion. The absence of SARS-CoV-2 antibodies does
not exclude the possibility that a participant was infected
but the virus did not elicit any immune response, as already
reported in the literature [18]. The presence of antibodies
does not exclude that participants were infected after the
winter holiday, although this possibility is remote consider-
ing the lockdown that was established in Italy during the first
wave since the beginning of March and the strong advice
to older persons to remain at home and avoid social con-
tacts. However, we can surely suggest some fields of future
research and eventually action.

Future research

Frailty has already been associated with increased risk of
infection. A higher probability of fungal, bacterial and viral
(such as cytomegalovirus [19]) infection has been found
in older persons affected by frailty [20, 21]. Furthermore,
frailty has been associated with increased risk of post-oper-
ative infection in hip fracture [22] and elective non-cardiac
surgery [23]. Immunosenescence, impairment of cutaneous
and mucosal barriers, the presence of comorbidities as well
as micronutrient and protein deficiencies has been proposed
as possible mechanisms of the increased risk of infection in
frail persons [20].

If future studies confirm that persons affected by frailty
have higher chances of being infected by SARS-CoV-2,
targeted preventive approaches based on frailty assessment
might be carried through.

Personalized approaches are warranted as it might be pos-
sible, for example, that the effectiveness of a SARS-CoV-2
vaccine varies with frailty, as already shown for influenza
[24]: studies investigating the protective answer elicited by a
vaccine in the frailer strata of the population should be con-
ducted, to allow the construction of ad hoc vaccination pro-
tocols for persons affected by frailty. Recently, the safety and
efficacy of the ChAdOx1 nCoV-19 vaccine in older persons
were tested, but those with a Clinical Frailty Score (CFS) of
4 or higher were excluded [25].
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Table 1 Characteristics of “Ferrero’s Senior” participating to the SARS-CoV-2 infection screening procedure, stratified by serological test result

Overall (N=27)

Negative serological test
(N=14-51.9%)

Positive serological test  p
(N=13-48.1%)

Age [Mean (SD)] 77.59 (5.61)
Male gender (%) 11 (40.7)
Widow/Widower (%) 7 (28.0)
Smoking (previous or actual) (%) 9(33.3)

Total number of drugs prescribed [median (IQR)]

Hypertension (%) 16 (59.3)
Obesity (%) 3(11.1)
Ischemic heart disease (%) 2(7.4)
Heart failure (%) 13.7)
COPD (%) 1(3.7)
Cognitive decline (%) 3(11.1)
Depression (%) 2(74)

2 + Chronic conditions (%) 9(33.3)
Angiotensin receptor blockers or ace-inhibitors (%) 11 (40.7)
Statins (%) 10 (37.0)
Metformin (%) 2(74)
Any neuropsychotropic drug 9(33.3)
Participating to the physical activity programme of Fer- 20 (74.1)

rero foundation (%)
Clinical Frailty Scale Score [Median (IQR)]

3.00 [2.00, 5.50]

3.00 [2.00, 3.00]

77.00 (6.78) 78.23 (4.19) 0.579
5(35.7) 6 (46.2) 0.704
4(33.3) 3(23.1) 0.673
4(28.6) 5(38.5) 0.695
3.50 [2.00, 5.50] 3.00 [2.00, 5.00] 0.941
10 (71.4) 6 (46.2) 0.252
1(7.1) 2(15.4) 0.596
1(7.1) 1(1.7) 1.000
0 (0.0) 1(1.7) 0.481
1(7.1) 0 (0.0) 1.000
3(21.4) 0 (0.0) 0.222
1(7.1) 1(7.7) 1.000
5(35.7) 4(30.8) 1.000
6 (42.9) 5(38.5) 1.000
5(35.7) 5(38.5) 1.000
0 (0.0) 2(15.4) 0.222
5(35.7) 4(30.8) 1.000
10 (71.4) 10 (76.9) 1.000
2.00[1.25,2.75] 3.00 [3.00, 3.00] 0.015

Any neuropsychotropic drug=any drug chronically prescribed among serotonin selective receptor inhibitors (SSRI), serotonin noradrenalin
receptor inhibitors (SNRI), trazodone, benzodiazepines, antiepileptics, and opioids

SD standard deviation, /QR interquartile range, COPD chronic obstructive pulmonary disease

Furthermore, due to the strong association between
frailty and disability, persons with frailty have often con-
tacts with several caregivers, both formal and informal. It
is likely that preventive strategies should also reach those
who care for frail individuals: the lack of staff testing and
protective equipment in nursing homes has proven to have
extremely severe consequences in terms of morbidity and
mortality [26].

Lastly, COVID-19 may manifest itself with aspecific
signs and symptoms in older persons affected by frailty
[27]. Routine evaluation of frailty, both in primary care
and hospital settings, would help to identify those persons
who might benefit from a global and careful evaluation to
be correctly diagnosed.

In conclusion, the evaluation of frailty may be helpful in
research as well as in clinical practice. Studies evaluating
the incidence of SARS-CoV-2 infection according to the
presence of frailty in the general population may advance
progress in the understanding of COVID-19 spread and
pathogenesis, whereas frailty systematic assessment in
primary care may help to prompt the recognition of some
well-known contributors to frailty development, such as

undernutrition, physical inactivity, polypharmacy, and
social isolation.
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