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ABSTRACT

Background: The influence of aging and multimorbidity on Covid-19 clinical presentation is still unclear.
Objectives: We investigated whether the association between symptoms (or cluster of symptoms) and positive
SARS-CoV-2 nasopharyngeal swab (NPS) was different according to patients’ age and presence of
multimorbidity.

Methods: The study included 6680 participants in the EPICOVID19 web-based survey, who reported information
about symptoms from February to June 2020 and who underwent at least one NPS. Symptom clusters were
identified through hierarchical cluster analysis. The associations between symptoms (and clusters of symptoms)
and positive NPS were investigated through multivariable binary logistic regression in the sample stratified by
age (<65 vs >65 years) and number of chronic diseases (0 vs 1 vs >2).

Results: The direct association between taste/smell disorders and positive NPS was weaker in older and multi-
morbid patients than in their younger and healthier counterparts. Having reported no symptoms reduced the
chance of positive NPS by 86% in younger (95%CI: 0.11-0.18), and by 46% in older participants (95%CI: 0.37-
0.79). Of the four symptom clusters identified (asymptomatic, generic, flu-like, and combined generic and flu-
like symptoms), those associated with a higher probability of SARS-CoV-2 infection were the flu-like for older
people, and the combined generic and flu-like for the younger ones.

Conclusions: Older age and pre-existing chronic diseases may influence the clinical presentation of Covid-19.
Symptoms at disease onset tend to aggregate differently by age. New diagnostic algorithms considering age
and chronic conditions may ease Covid-19 diagnosis and optimize health resources allocation.

Trial registration: NCT04471701 (ClinicalTrials.gov).

1. Introduction

Despite the growing evidence on the field, the heterogeneity of Covid-19
both in terms of clinical presentation has not yet made possible to

The burden posed by the Covid-19 pandemic on healthcare systems disentangle the complexity of such disease [2-4].

requires strategies to identify high-risk people in order to better allocate

Considering the clinical presentation of Covid-19, a first issue lies in

the available health resources and plan targeted care pathways [1]. the poor specificity of the symptoms mostly associated with SARS-CoV-2
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infection [5-7] and in the presence, on the other hand, of possible
atypical or asymptomatic disease onset [2,5,8,9]. As a matter of fact,
most of the identified signs and symptoms, such as fever, cough, or
myalgia, can be also suggestive of influenza or of other common respi-
ratory infections, and this can complicate the differential diagnosis of
Covid-19 in the autumn and winter seasons [10,11]. An alternative and
helpful approach would be therefore to consider not only the single
symptoms, but their tendency to aggregate and determine different
disease phenotypes. Following this line, the work of Sudre et al found a
variability in the need of high-level medical support across different
clusters of symptoms longitudinally reported by COVID-19 patients
[12]. However, considering the diagnostic phase of the disease, the
extent to which each cluster of symptoms may be predictive of
SARS-CoV-2 infection has not yet been investigated.

A second issue concerns the identification of the factors that may
influence the heterogeneity of Covid-19 onset. In this regard, advanced
age and pre-existing chronic diseases, two strictly related aspects [13],
have shown to substantially impact on Covid-19 prognosis leading to
dramatic increases in case-fatality rates [14-16]. However, despite some
case reports suggesting the occurrence of atypical Covid-19 presentation
in older people [9], to date it is still unclear to which extent older age
and multimorbidity can influence the symptoms pattern at the disease
onset.

In this study, we hypothesized that age and multimorbidity can in-
fluence the clinical presentation of SARS-CoV-2 infection. Moreover, we
supposed that the ways through which symptoms tend to aggregate
together can define different symptom clusters, which may be more or
less strongly predictive of SARS-CoV-2 infection in adult and older
individuals.

The aims of this work were therefore to investigate whether the as-
sociation between symptoms (or cluster of symptoms) and positive
SARS-CoV-2 nasopharyngeal swab (NPS) was different according to
patients’ age and presence of multimorbidity.

2. Material and methods
2.1. Study design and study population

This work analyses data from the EPICOVID19 web-based survey,
which was launched on 13 April 2020 and involved Italian volunteers
aged 18 years or older [5]. The survey was promoted via social media
(Whatsapp, Facebook, Twitter, Instagram), link in institutional websites,
press releases, radio and television stations [5]. The online survey was
implemented using questions with close-ended answers to facilitate the
questionnaire compilation and to avoid errors in digitizing answer
values. Inclusion criteria for participation in the survey were: being aged
>18 years; having the possibility to access to a mobile phone, computer,
or tablet with internet connectivity; and giving the on-line informed
consent for participating in the survey. For the purpose of this study,
from the 198,828 survey respondents up to June 2020 (mean age 48 [SD
14.7] years, 40.3% men), we excluded 191,514 individuals who had
never been tested with a SARS-CoV-2 NPS, and 634 who had undergone
a NPS but did not know the result of the test.

The EPICOVID19 study protocol was approved by the Ethics Com-
mittee of the Istituto Nazionale per le Malattie Infettive I.R.C.C.S. Laz-
zaro Spallanzani (Protocol No. 70, 12/4/2020). Informed consent was
accessible on the home page of the platform and participants, on the first
access to the on-line platform, were asked to review before starting the
compilation, thus explaining the purpose of the study and which data
were to be collected and how data were stored. The study complies with
the principles of the Declaration of Helsinki. Data were handled and
stored in accordance with the European Union General Data Protection
Regulation (EU GDPR) 2016/679 [17]. In particular, data were stored in
a file server firewalled within the ITB-CNR intranet. For privacy and
security reasons, the access to the database is protected with a password
granted only to the server administrator. In the final dataset a unique
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key identifies each subject to guarantee anonymity. Personal data are
regarded as strictly confidential and removed before the exportation
procedure. Security of data is guarantee via automatic backups. The
study was registered (ClinicalTrials.gov NCT04471701).

2.2. Data collection

The 38-item EPICOVID19 questionnaire collected the following in-
formation: socio-demographic characteristics; clinical evaluation; per-
sonal information and health status; housing conditions; lifestyle; and
behaviors following the lockdown [5]. For this study, in particular, we
considered socio-demographic data, namely age, sex, and educational
level (classified as low [primary school or less], middle [middle or high
school], and high [university/post-graduate degree]). As for health be-
haviors, we considered self-reported smoking habit, categorized as
never, former or current habit. Respondents’ area of residence was
classified as Italian regions, Republic of San Marino, other countries, and
unknown. We categorized Italian regions into four areas according to the
ratio between (total nasopharyngeal swabs [NPS] performed / total
individuals tested at least once) / (total COVID-19 cases / total in-
dividuals tested at least once), using national data [18]. The numerator
of this ratio indicates the availability of resources to perform NPS in each
region, while the denominator provides a measure of the disease prev-
alence in that region. From the ratio between these elements, it is esti-
mated the availability of NPS taking into consideration the COVID-19
prevalence in each region. The higher the ratio, the greater the local
resources allocated for NPS test. The areas classified based on the
ranking of that ratio, in ascending order, were: Area 1: Piedmont,
Lombardy, Aosta Valley, Emilia Romagna, Liguria and Marche; Area 2:
Tuscany, Trentino Alto Adige, Abruzzo, Apulia; Area 3: Veneto, Friuli
Venezia Giulia, Lazio, Molise, Campania; Area 4: Sicily, Sardinia,
Umbria, Calabria and Basilicata.

Based on self-reported information on chronic diseases and regularly
taken medications, we defined the presence of respiratory diseases,
arterial hypertension, cardiovascular diseases (CVD), diabetes pharma-
cologically treated, chronic kidney disease, immunologic diseases,
cancer, metabolic diseases (excluding diabetes), liver diseases, thyroid
diseases pharmacologically treated, and depression and/or anxiety.
From the sum of these chronic conditions, we computed the total
number of diseases, categorized as none, one, and >2. The regular use of
anti-inflammatory drugs and steroids was also considered for the present
analysis.

Of the data collected about COVID-19, in this study we considered:

a) self-reported symptoms from February 2020, including: fever of
>37.5° for at least three consecutive days, cough, headache,
myalgia, olfactory or taste disorders, shortness of breath, sore throat/
rhinorrhea, chest pain, heart palpitations, gastrointestinal distur-
bances, and conjunctivitis;

b) month at the onset of the reported symptoms (February, March,
April, or May);

c) Access to a SARS-CoV-2 NPS testing and its positive or negative
result.

2.3. Statistical analysis

The characteristics of the sample as a whole and by age are described
as mean (standard deviation, SD) for the continuous variables, and as
counts and percentages for the categorical ones. The frequency of self-
reported symptoms was compared between individuals with positive
vs negative NPS by Chi-squared test. The chance of having a positive
SARS-CoV-2 NPS was assessed through multivariable binary logistic
regression adjusted for age and sex (Model 1) and then for additional
potential confounders: smoking habit, number of chronic diseases, CVD,
respiratory diseases, diabetes, depressive/anxiety disorders, use of ste-
roids, use of anti-inflammatory drugs, month at symptoms onset, and
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geographical area (Model 2). To investigate the possible modifying ef-
fect of age (< or >65 years) and number of chronic diseases (0, 1 or >2)
on the association between symptoms and SARS-CoV-2 NPS result, we
performed stratified analyses, as appropriate.

We evaluated the presence of “clusters” of symptoms using a hier-
archical cluster analysis on variables and evaluating the obtained
dendrogram. For this analysis, we considered the proportion of obser-
vations for which two variables are both positive as similarity measures.
The frequency of positive SARS-CoV-2 NPS result within each symptom
cluster was compared between individuals < vs >65 years through the
Chi-squared test. The association between each symptom cluster
(compared with all the others) and positive SARS-CoV-2 NPS result was
evaluated by calculating odds ratios (OR) along with 95% confidence
intervals (CIs). To explore the presence of possible age-related differ-
ences, the analysis was stratified by age. Analyses were considered as
statistically significant with a two-tails p-value <0.05 and were per-
formed using R version 3.6.3 [19].

3. Results

The study sample included 6680 adults (mean age 47.9 [SD 14.0]
years, 34.3% men), whose characteristics are shown in Table 1. As re-
ported, around 70% of the sample, especially in those aged <65 years,
had a high educational level. The prevalence of individuals with >2
chronic diseases ranged from 16.2% in the younger participants (7.8%
and 22.9% for the <45 and 45-64 years groups, respectively), to 60.4%
in those >65 years. The three most frequent diseases in the younger
group were arterial hypertension, immunologic and respiratory dis-
eases; while, in the older group were arterial hypertension, CVD, and
metabolic diseases (Table 1).

3.1. Symptoms, age and positive NPS

Since February 2020, the symptoms most frequently reported by the
younger respondents were headache (39.4%), myalgia (35.6%), cough
(35.2%), and sore throat/rhinorrhea (38.6%). In the older ones, the
most reported symptoms were fever (39.6%), cough (28.6%) and
myalgia (24.2%) (Supplementary Table S1). At logistic regression, after
adjusting for potential confounders (Fig. 1, Supplementary Table S2),
we found that having had fever (OR=2.61, 95% CI: 2.18-3.12), myalgia
(OR=1.30, 95% CI: 1.08-1.56), cough (OR=1.43, 95% CI: 1.19-1.71)
and taste or smell disorders (OR=7.33, 95% CI: 6.17-8.72) were
significantly associated with a positive SARS-CoV-2 NPS test result in
individuals <65 years. Among the older group, significant direct asso-
ciations with positive NPS were observed for fever (OR=1.85, 95% CI:
1.12-3.08), cough (OR=1.67, 95% CI: 1.02-2.75), and taste or smell
disorders (OR=2.20, 95% CI: 1.18-4.18). Having reported no symptoms
was associated with a chance of having a positive NPS reduced by 86%
in younger participants (OR=0.14, 95% CI: 0.11-0.18), and by 46% in
the older ones (OR=0.54, 95% CI: 0.37-0.79).

3.2. Symptoms, number of comorbidities and positive NPS

When evaluating the association between reported symptoms and
NPS result in the sample stratified by number of chronic diseases
(Supplementary Table S3), we found that fever and taste or smell dis-
orders were associated with positive NPS in all groups, although the
association for the latter symptom attenuated from those who had no
diseases (OR=7.69, 95% CI: 6.16-9.63) to those with >2 diseases
(OR=4.56, 95% CI: 3.04-6.86). Instead, myalgia was associated with
positive NPS only among those with no diseases (OR=1.44, 95% CI:
1.14-1.83), while cough only among those with one (OR=1.95, 95% CI:
1.41-2.71) and >2 diseases (OR=2.93, 95% CI: 1.38-2.97). Finally,
having reported no symptoms was associated with a chance of having a
positive NPS reduced by around 85% in the groups with none or one
disease, and by 57% in individuals with multimorbidity.
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Table 1
Characteristics of the sample as a whole and by age (n=6680).
Age

All <65 years >65 years
n 6680 (100.0) 6061 (90.7) 619 (9.3)
Sex (male) 2292 (34.3) 1980 (32.7) 312 (50.4)
Age (years) 47.87 (14.04) 45.18 (11.42) 74.23 (9.22)
Ethnicity
European 6617 (99.1) 5999 (99.0) 618 (99.8)
Non-European 63 (0.9) 62 (1.0) 1(0.2)
Educational level
Low 512 (7.7) 341 (5.6) 171 (27.6)
Middle 1446 (21.6) 1305 (21.5) 141 (22.8)
High 4722 (70.7) 4415 (72.8) 307 (49.6)
Smoking habit
Never 4213 (63.1) 3841 (63.4) 372 (60.1)
Former 1428 (21.4) 1238 (20.4) 190 (30.7)
Current 1039 (15.6) 982 (16.2) 57 (9.2)
Chronic diseases (number)
0 3650 (54.6) 3564 (58.8) 86 (13.9)
1 1677 (25.1) 1518 (25.0) 159 (25.7)
2+ 1353 (20.3) 979 (16.2) 374 (60.4)
Respiratory diseases 531 (7.9) 445 (7.3) 86 (13.9)
Cardiovascular diseases 532 (8.0) 283 (4.7) 249 (40.2)
Arterial hypertension 1168 (17.5) 836 (13.8) 332 (53.6)
Diabetes 163 (2.4) 107 (1.8) 56 (9.0)
Chronic kidney diseases 76 (1.1) 43 (0.7) 33(5.3)
Immunologic diseases 654 (9.8) 590 (9.7) 64 (10.3)
Cancer 220 (3.3) 150 (2.5) 70 (11.3)
Metabolic diseases 570 (8.5) 407 (6.7) 163 (26.3)
Liver diseases 59 (0.9) 45 (0.7) 14 (2.3)
Depression-anxiety 498 (7.5) 398 (6.6) 100 (16.2)
Major surgery in the last year 282 (4.2) 235 (3.9) 47 (7.6)
Transplant 19 (0.3) 16 (0.3) 3(0.5)
Use of steroids 151 (2.3) 132 (2.2) 19 (3.1)
Use of anti-inflammatory drugs 422 (6.3) 384 (6.3) 38(6.1)
Dependency in daily activities 220 (3.3) 89 (1.5) 131 (21.2)
Geographical area
Area 1l 3624 (54.8) 3190 (53.1) 434 (70.7)
Area 2 777 (11.7) 719 (12.0) 58 (9.4)
Area 3 1871 (28.3) 1771 (29.5) 100 (16.3)
Area 4 328 (5.0) 308 (5.1) 20 (3.2)
Other 18 (0.3) 16 (0.3) 2(0.3)
Month at symptoms’ onset
No symptoms 1740 (26.0) 1527 (25.2) 213 (34.4)
February 1662 (24.9) 1566 (25.8) 96 (15.5)
March 2847 (42.6) 2610 (43.1) 237 (38.3)
April 420 (6.3) 351 (5.8) 69 (11.1)
May 11 (0.2) 7 (0.1) 4 (0.6)
Positive SARS-CoV-2 NPS 1676 (25.1) 1356 (22.4) 320 (51.7)

Notes. Area 1 includes Piedmont, Lombardy, Emilia Romagna, Liguria, Marche,
and Aosta Valley. Area 2 includes Tuscany, Trentino Alto Adige, and Apulia.
Area 3 includes Veneto, Lazio, Friuli Venezia Giulia, Molise, and Campania. Area
4 includes Sicily, Sardinia, Umbria, Calabria, and Basilicata. Other includes
Republic of San Marino, other countries, and unknown. Abbreviations: NPS,
nasopharyngeal swab.

3.3. Clusters of symptoms and positive NPS

The dendrogram illustrating the clusters of symptoms identified in
our sample is shown in Fig. 2. The frequency of participants who re-
ported only flu-like symptoms (fever, smell or taste disorders, cough,
sore throat/rhinorrhea, myalgia, headache, gastrointestinal distur-
bances) was 40.6%, and for only generic symptoms (shortness of breath,
chest pain, heart palpitations, conjunctivitis) it was 1.7%; in 31.5% of
cases, individuals reported both flu-like and generic symptoms, while
26.2% did not report any symptom (for the distribution of symptoms
clusters, alone and in combination, please to see Supplementary
Figure S1). As illustrated in Fig. 3, the frequency of positive SARS-CoV-2
NPS test in each symptom cluster was higher in the older than in the
young individuals, especially considering those who reported only flu-
like symptoms (60.4% vs 20.7% in older and younger participants,
respectively, p<0.001) and no symptoms (43.6% vs 5.1%, p<0.001).
Participants with only generic symptoms had a lower probability of a
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Fig. 1. Association between symptoms and positive nasopharyn-
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Fig. 2. Dendrogram of symptom clusters reported among the 6680 respondents.
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Notes. Fever, smell or taste disorders, cough, sore throat/rhinorrhea, myalgia, headache, and gastrointestinal disturbances defined the flu-like symptoms cluster.
Shortness of breath, chest pain, heart palpitations, and conjunctivitis defined the generic symptoms cluster.

positive NPS compared with the other clusters, without differences be-
tween younger (OR=0.25, 95% CIL: 0.11-0.57) and older (OR=0.22, 95%
CI: 0.08-0.60) respondents (Fig. 4). The flu-like cluster of symptoms was
associated with a probability of having a positive NPS reduced by 15%
(OR=0.85, 95% CI: 0.75-0.96) in young respondents, and increased by
73% (OR=1.73, 95% CI: 1.24-2.42) in older individuals. A significant
higher chance of having a positive NPS was found in young individuals
with combined flu-like and generic symptoms (OR=3.72, 95% CI: 3.28-
4.22), while no significant results were found for the older participants.
Finally, lack of symptoms was associated with a 86% percent reduction
of the odds of having a positive NPS (OR=0.14, 95% CI: 0.11-0.17) in
asymptomatic young individuals, compared to a 40% reduction in older
people (OR=0.60, 95% CI: 0.43-0.84).

4.Discussion

Our study found that age and pre-existing chronic diseases may
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influence the clinical presentation of Covid-19. Moreover, from the set of
reported symptoms, four clusters were identified: asymptomatic,
generic, flu-like, and combined generic and flu-like symptoms. Age
seemed to substantially modify the association between symptom clus-
ters and the chance of having a positive NPS.

In line with our previous works [5,20], we found that in individuals
aged <65 years, the symptoms more strongly associated with
SARS-CoV-2 infection were taste or smell disorders, fever, cough, and
myalgia. The picture slightly changed in older participants since in this
group myalgia was not associated with positive NPS, while fever and
especially taste or smell disorders showed much weaker associations
than those observed in younger individuals. When participants were
stratified by the presence of chronic diseases, we found that myalgia was
predictive of SARS-CoV-2 infection only in the healthiest ones, while
cough was more strongly associated with higher chances of positive NPS
in those with chronic diseases. As for older age, the association between
taste or smell disorders and positive NPS weakened for increasing
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Notes. Odds ratios derive from an unadjusted binary logistic regression. Symptom clusters (vs all the others) were considered separately as exposure. The outcome

was having had a positive nasopharyngeal swab test.

number of comorbidities. Instead, reporting no symptoms reduced the
chance of positive NPS much more in the younger and the healthiest
participants than in the older and in the multimorbid ones, despite this
data could have been influenced by the differential involvement of in-
dividuals in screening procedures. Finally, no significant results were
found for gastrointestinal disturbances, irrespective of age and of the
number of chronic diseases.

Overall, these findings confirm that the identification of infectious
diseases, such as Covid-19, may be harder in older people and in in-
dividuals with high clinical complexity. Indeed, also in common in-
fections such as influenza or pneumonia, older individuals often present
attenuated symptoms or atypical disease presentations characterized,
for example, by the sudden occurrence of falls, confusion, or anorexia,
which sometimes are undervalued by the visiting physicians [21,22]. In
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accordance with these observations, several authors found that only one
third of older adults with influenza met the ongoing clinical criteria to
define influenza-like illness [23], while considering
community-acquired pneumonia, only 50% of older patients presented
the typical combination of fever, cough and dyspnea, and 10% did not
report any symptom [24]. This issue needs to be taken into account
when planning diagnostic procedures for people of different ages, since
the indication to perform diagnostic test for SARS-CoV-2 infection
should be considered also in older individuals with non-specific or ab-
sent symptoms.

Possible mechanisms underlying the age-related variability in the
clinical presentation of infectious diseases lie in the changes in the im-
mune response, including cytokines’ production and thermoregulation
processes, which may buffer the onset of symptoms like fever, myalgia
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or sore throat/rhinorrhea [21,25-27]. The presence of a chronic in-
flammatory status due to pre-existing diseases, moreover, may be an
additional factor determining a poor predictive value of some clinical
parameters, e.g., fever and myalgia, for the diagnosis of common in-
fections [28]. At the same time, the clinical presentation of acute dis-
eases can be influenced also by the unbalance of chronic conditions
[22]. This was likely to be the case, in our sample, of cough, which was
associated with a positive NPS only in individuals with chronic diseases.

A novel finding of our study concerns the weaker association of taste
and smell disorders [29] with SARS-CoV-2 infection in advanced age
and in individuals with a higher number of comorbidities. As regards
older age, these results can be supported by the aging-related impair-
ments both in olfactory and taste senses caused by structural and func-
tional changes [30,31] and possibly exacerbated by longer exposure to
smoke or environmental toxic substances [32,33]. Although this issue
deserves deeper investigations, pre-existing impairments could make
older individuals lesser sensitive to the olfactory and taste disorders
caused by SARS-CoV-2, resulting in a weaker association between such
symptoms and positive NPS.

A further factor to be considered concerns the chronic drug thera-
pies. Indeed, the use of special classes of medications or of multiple
drugs can not only buffer the occurrence of symptoms like fever or
myalgia [21], but may also lead to chemosensory alterations that may
impair smell and taste senses [34]. This point could justify the pro-
gressive attenuation in the association between taste and smell disorders
with positive NPS in individuals with a higher number of chronic dis-
eases (who were therefore likely to use an increasing number of medi-
cations), which was confirmed even after adjusting for age.

In a second phase of the study, we considered the tendency of
symptoms to aggregate and present together, identifying four symptom
clusters. In particular, among the survey respondents, around 40% re-
ported only flu-like symptoms (including fever, smell or taste disorders,
cough, sore throat/rhinorrhea, myalgia, headache, and gastrointestinal
disturbances), almost 2% only generic symptoms (including shortness of
breath, chest pain, heart palpitations, and conjunctivitis), one third both
flu-like and generic symptoms, while more than 25% did not report any
symptom. Of these symptom clusters, the flu-like one was found to be
associated with a chance of having a positive NPS increased in people
aged >65 years and reduced in those <65 years, while the cluster with
combined generic and flu-like symptoms was associated with a higher
probability of SARS-CoV-2 infection only in younger individuals.
Conversely, individuals with only generic symptoms or asymptomatic
had a lower probability of positive NPS in both age classes, despite the
latter cluster demonstrated weaker results in the older ones.

To our knowledge, one recent study evaluated clusters of symptoms
longitudinally reported by Covid-19 patients in respect to the need of
intensive care [12]. Although the sample of that work included only
Covid-19 patients who were on average younger than our participants,
some similarities with our findings can be noted. In particular, in that
study the clusters mostly associated with higher need of medical support
were characterized by an earlier presentation of combined flu-like and
generic symptoms, which corresponds to the cluster most indicative of
Covid-19 in our younger participants. Instead, for older age it could be
argued that generic symptoms were mostly related to pre-existing
chronic conditions, so that more specific clinical parameters, such as
fever, cough, and taste or smell disorders, could have had a heavier
weight in determining the probability of SARS-CoV-2 infection. Despite
the need of further studies to corroborate our results and to explore the
ways through which different symptom clusters are associated with the
presence and prognosis of Covid-19, we think that these findings could
have useful clinical implications to facilitate the diagnostic process of
such disease in adult and older individuals. Indeed, our study suggests
that algorithms considering both the presence of symptoms, alone or in
combination, and the individual characteristics, may help in improving
the identification of suspected Covid-19 cases, to whom address
appropriate diagnostic testing.
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4.1. Strengths and limitations

Among the limitations of this study, the use of self-reported data
needs to be considered as a possible source of recall bias. Moreover,
although the use of a web-based survey allowed us to involve a large
sample of individuals, this way of questionnaire administration could
have led to select only people with high technological abilities. This
issue could have limited the generalizability of our results, in particular
for the oldest old. Indeed, the proportion of people aged >65 years was
lower in our sample respect to the Italian general population (9.3% vs
22.7%). The mean age (and standard deviation) of such category was
74.2 (SD 9.2) years, indicating that only a minority of our participants
were aged 80 years or older. On the other hand, strengths of the work lie
in the approach used to identify symptom clusters and in the wide set of
information collected for each survey participant.

In conclusion, our study demonstrates that age and chronic diseases
can substantially influence the clinical presentation of Covid-19.
Symptoms at disease onset tend to aggregate defining specific clusters
which may present further differences by age. These findings support the
need of elaborating dedicated diagnostic algorithms that considering
individual characteristics like age and chronic diseases, may improve
the diagnostic process of Covid-19 and the related healthcare resources
allocation.
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