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Abstract

Background Long-COVID symptoms remain incompletely defined due to a large heterogeneity in the populations
studied, case definitions, and settings of care. The aim of this study was to assess, in patients accessing care for Long-
COVID, the profile of symptoms reported, the possible clustering of symptoms and cases, the functional status com-
pared to pre-infection, and the impact on working activity.

Methods Multicentre cohort study with a collection of both retrospective and prospective data. Demographics,
comorbidities, severity and timing of acute COVID, subjective functional status, working activity and presence of 30
different symptoms were collected using a shortened version of the WHO Post COVID-19 Case Report Form. The
impact on working activity was assessed in multivariable logistic regression models. Clustering of symptoms was ana-
lysed by hierarchical clustering and the clustering of cases by two-step automatic clustering.

Results The study evaluated 1297 individuals (51.5% women) from 30 clinical centres. Men and women had differ-
ent profiles in terms of comorbidities, vaccination status, severity and timing of acute SARS-CoV-2 infection. Fatigue
(55.9%) and dyspnea (47.2%) were the most frequent symptoms. Women reported more symptoms (3.6 vs. 3.1,
p<0.001), with a significantly higher prevalence of memory loss, difficult concentration, cough, palpitation or tachy-
cardia, dermatological abnormalities, brain fog, headache and visual disturbances. Dyspnea was more common

in men. In the cluster analysis of the 19 more common symptoms, five aggregations were found: four two-symptom
clusters (smell and taste reduction; anxiety and depressed mood; joint pain or swelling and muscle pain; difficult
concentration and memory loss) and one six-symptom cluster (brain fog, equilibrium/gait disturbances, headache,
paresthesia, thoracic pain, and palpitations/tachycardia). In a multivariable analysis, headache, dyspnea, difficult con-
centration, disturbances of equilibrium or gait, visual disturbances and muscular pain were associated with reduced
or interrupted working activity. Clustering of cases defined two clusters, with distinct characteristics in terms of phase
and severity of acute infection, age, sex, number of comorbidities and symptom profile.
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Conclusions The findings provide further evidence that Long-COVID is a heterogeneous disease with manifesta-
tions that differ by sex, phase of the pandemic and severity of acute disease, and support the possibility that multiple

pathways lead to different clinical manifestations.

Keywords COVID-19, Long-COVID, Post-COVID, Symptoms, Symptom clusters, Fatigue, Dyspnea

Background

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic has affected since its begin-
ning a vast number of individuals worldwide, with over
775 million confirmed cases and more than seven mil-
lion deaths as of April 2024 [1]. Although the severity of
the acute disease has reduced, with a currently decreas-
ing number of deaths and of hospitalisations in the first
few weeks from infection [1], post-acute sequelae have
gained increased public health importance because of
their significant prevalence, long-term persistence, and
negative impact on quality of life, daily activities, working
capacity, and employment status [2].

National and international institutions have soon rec-
ognised post-acute sequelae of SARS-CoV-2 infection
as a distinct clinical entity, although with slightly differ-
ent definitions. The National Institute for Health and
Care Excellence (NICE) defines as ‘ongoing symptomatic
Coronavirus Disease 19 (COVID-19)’ the persistence of
symptoms between 4 and 12 weeks, as ‘post COVID-19
syndrome’ the persistence for 12 weeks or longer and as
‘Long-COVID’ any persistence beyond 4 weeks [3]. The
United States (US) Department of Health and Human
Services (DHHS) and Centers for Disease Control and
Prevention (CDC) also define Long-COVID as signs,
symptoms, and conditions that continue or develop four
weeks or more after the initial phase of infection [4].
Finally, the World Health Organization (WHO) defines
as Post COVID-19 condition, commonly known as
Long-COVID, the continuation or development of new
symptoms 3 months after the initial SARS-CoV-2 infec-
tion, with these symptoms lasting for at least 2 months
[5]. In all the above definitions, Long-COVID is charac-
terised by a wide spectrum of health problems that have
no other explanation. This premise, together with the
extremely high number of signs, symptoms and condi-
tions attributed to Long-COVID, and the absence of a
specific marker for the condition, has led in published
studies to a large range of prevalences for both the gen-
eral Long-COVID condition and the individual symp-
toms [2, 6-8]. Overall, the spectrum of Long-COVID
symptoms remains incompletely defined. With the aim
to contribute information on this issue, we implemented
a multicentre national study of patients accessing care
for Long-COVID in specialised centres, evaluating their
clinical characteristics, the profile of symptoms reported,

the possible clustering of symptoms and cases, the sub-
jective functional status compared to pre-infection, and
the changes occurred in working activity.

Methods

The present clinical study is part of the project “Analy-
sis and strategies for responding to the long-term effects
of the COVID-19 infection (Long-COVID)’, funded by
the National Centre for Disease Prevention and Control
(CCM) of the Italian Ministry of Health, and aimed at
monitoring the long-term effects of SARS-CoV-2 infec-
tion, increasing knowledge about this condition, and
providing recommendations to standardise the approach
nationwide [9].

Participation to the study was offered to all the 124
centres for assistance to Long-COVID previously identi-
fied in a national survey [10]. The study started in January
2023 and was closed in March 2024, with data extracted
on April 2, 2024. The study included patients attending
for the first time the clinics during the study and patients
already followed, who returned after the study started
for a planned follow-up visit after acute infection or for
occurrence/persistence of potential Long-COVID symp-
toms. Consents were collected at the time of visits, after
the start of the study. The study design was partly retro-
spective and partly prospective: symptom collection was
retrospective, based on clinical records and patient inter-
view, for patients who had previous visits before January
2023 and taken at the time of visits for the patients with-
out previous visits before the start of the study. Data on
demographics, acute infection and comorbidities were
taken from clinical records. At the time of study closure,
the cohort was 80% retrospective and 20% prospective.

Study data were entered by medical staff at the par-
ticipating centres using an online dedicated platform. For
data collection, a shortened version of the Post COVID-
19 Case Report Form (CRF) from the WHO Global Clini-
cal Platform for COVID-19 was used, which included
patient demographics, comorbidities, severity and timing
of acute COVID, subjective functional status after infec-
tion, impact of SARS-CoV-2 infection on working activ-
ity, plus 30 different symptoms [11].

Inclusion criteria were age at least 18, a recorded date
of acute SARS-CoV-2 infection, and at least one symp-
tom persisting at a clinical evaluation performed at least
four weeks after acute infection. The severity of acute
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SARS-CoV-2 disease was defined as mild, moderate,
severe or critical according to the WHO grading [11].
Respiratory assistance was categorised as none, low or
high flow oxygen, continuous positive airway pressure
(CPAP), mechanical ventilation (MV) and extracorpor-
eal membrane oxygenation (ECMO). The phase of the
pandemic was categorised as Pre-Omicron or Omicron
according to the occurrence of the date of acute infection
before or after December 23, 2021 [12]. The comorbidi-
ties considered were neoplastic disease, ischaemic heart
disease, heart failure, renal failure, anxiety or depres-
sive disorders, chronic liver disease, respiratory failure,
chronic obstructive pulmonary disease, diabetes, hyper-
tension, obesity, autoimmune diseases, asthma, plus a
general category of other major conditions, reviewed by
two of the authors.

Data were summarised as proportions for categori-
cal variables and as means with standard deviations for
quantitative variables. Mean values were compared by
Student’s T test and proportions by the chi-square test
in contingency tables. The impact of multiple covariates
on changes in working activity was assessed in a multi-
variable logistic regression model that adjusted for gen-
der, number of comorbidities and WHO grade of severity
of acute SARS-CoV-2 infection (severe/critical vs. mild/
moderate). The clustering of symptoms was analysed by
hierarchical clustering of variables, considering as vari-
ables all 19 symptoms with an observed prevalence of
at least 5%, using the nearest neighbour method, binary
measures, and simple correspondence algorithm. Sev-
eral solutions between 5 and 12 clusters were considered,
with a final 10-cluster solution selected. Clustering of
cases was performed with the two-step automatic clus-
tering method, which considered all symptoms with
an observed frequency of at least 5% plus the following
clinical and demographic variables: gender, age, num-
ber of comorbidities, smoking, phase of the pandemic
(Omicron vs. pre-Omicron), WHO grade of severity of
acute disease (severe/critical vs. mild/moderate) and
level of respiratory assistance during acute SARS-CoV-2
infection (none/low or high-flow oxygen vs. continuous
positive airway pressure/mechanical ventilation/extra-
corporeal membrane oxygenation), with the final number
of clusters selected according to the quality of the model
provided by the Schwarz Bayesian information criterion.
No input was used to substitute missing data. All analy-
ses were performed using the SPSS software, version 27.0
(IBM Corp, 2017, Armonk, NY, US).

Results

Study sample

As of April 2, 2024, data for 1910 patients from 30 clini-
cal centres were entered into the platform. According to
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the eligibility criteria of the study, the following patients
were excluded: unknown date of acute infection (#: 65);
evaluated within 4 weeks from acute infection (#: 5); no
symptoms reported at clinical evaluation (7: 179); symp-
toms solved or only sporadically present at clinical eval-
uation (n: 267) and age<18 (n: 97), for a final sample of
1297 adult patients evaluated at least 4 weeks after acute
infection. For most of the patients (78.9%), symptom data
were collected retrospectively, based on clinical records
and patient interviews. Symptoms were evaluated after a
mean interval from acute infection of 224.1 days (women
224.6 days, men 223.6, p=0.935). The specialties of the
coordinators of the 30 centres were infectious diseases (1:
10), internal medicine (7), respiratory diseases (5), cardi-
ology (2), paediatrics (2), geriatrics (1), dermatology (1);
rehabilitation (1) and hepatology (1).

The overall characteristics of the population studied
and their distribution by gender is reported in Table 1.
Women were significantly younger and leaner, and
although the number of comorbidities was similar in
men and women, their distribution was different, with
ischaemic heart disease, respiratory failure and hyperten-
sion more common in men, and anxiety, depression and
autoimmune diseases more common in women. Women
were also more frequently vaccinated, infected during the
Omicron phase, and had less severe acute SARS-CoV-2
infection, as expressed by hospitalisations, admissions
to intensive care unit, WHO grade of severity of acute
SARS-CoV-2 infection, level of respiratory assistance
and some support treatments administered during acute
infection (Table 1).

Long-COVID symptoms

The mean number of symptoms observed in the entire
population was 3.4, significantly higher in women com-
pared to men (3.6 vs. 3.1, p<0.001), but with no differ-
ences by pandemic phase (3.4 for Omicron vs. 3.3 for
pre-Omicron, p=0.754), WHO grade of severity of acute
disease (3.5 for severe or critical vs. 3.4 for mild or mod-
erate, p=0.723), level of respiratory assistance (3.4 for
CPAP, mechanical ventilation or ECMO vs. 3.5 for no
assistance or only low/high flow oxygen, p=0.382), with
a trend for a higher number of symptoms in patients
admitted to intensive care unit (3.8 vs. 3.3 in patients
without admittance, p=0.069). The mean number of
symptoms was also higher in individuals below 65 of age
compared to those 65 or older (3.6 vs. 3.0, p<0.001).

The cumulative higher occurrence of symptoms among
women compared to men was confirmed by assessing
the prevalence of individual symptoms (Table 2). Many
symptoms were significantly more frequent in women:
memory loss (23.5% vs. 15.6%, p<0.001), difficult con-
centration (18.0% vs. 13.4%, p=0.023), cough (14.4% vs.
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Table 1 Population descriptives and differences between women and men in demographics, comorbidities, vaccination status, and
characteristics of acute infection

All Women Men p

Gender: (n, %) 1297 (100%) 668 (51.5%) 629 (48.5%)
Age (years, mean, SD) 596 (13.9) 584 (14.3) 60.9 (27.3) 0.001
Body mass index (kg/mz, mean, SD) 27.0(5.1) 26.8(5.7) 273 (4.3) 0.045
Current smoking (n, %) (n: 1206) 122 (10.1) 65 (10.5) 57(9.7) 0.649
Comorbidities (mean number, SD) 1.3(14) 1.3(1.3) 14(14) 0431
Neoplastic disease 7 (6.7%) 47 (7.0%) 40 (6.4%) 0.626
Ischaemic heart disease (6 6%) 5(5.2%) 5(8.1%) 0.038
Heart failure 45 (3.5%) 8 (2.7%) 27 (4.3%) 0.116
Renal failure 57 (4.4%) 29 (4.3%) 28 (4.5%) 0.923
Anxiety 93 (7.2%) 60 (9.0%) 33(52%) 0.009
Depression (S 6%) 48 (7.2%) 25 (4.0%) 0.012
Chronic liver disease 0 (1.5%) 1(1.6%) 9 (1.4%) 0.753
Respiratory failure or COPD 85 (6,6%) 32 (4.8%) 53 (84%) 0.008
Diabetes 147 (11.3%) 70 (10.5%) 77 (12.2%) 0317
Hypertension 552 (42.6%) 255 (38.2%) 297 (47.2%) <0.001
Obesity 214 (16.5%) 109 (16.3%) 105 (16.7%) 0.855
Autoimmune diseases 109 (8.4%) ( 2.9%) 23 (3.7%) <0.001
Asthma 62 (4.8%) 9 (5.8%) 33 (3.7%) 0.066
Other major conditions 74 (5.7%) 1 (4.6%) 43 (6.8%) 0.088
Vaccinated®(n: 748): 0.029

Before infection 213 (28.5%) 128 (32.7%) 85 (23.9%)

After infection 124 (16.6%) 60 (15.3%) 64 (18.0%)

Not vaccinated 411 (54.9%) 204 (52.0%) 207 (58.1%)
Acute infection pandemic phase: <0.001

Pre-omicron 916 (70.6%) 438 (65.6%) 478 (76.0%)

Omicron 381 (29.4%) 230 (34.4%) 151 (24.0%)

Hospitalised during acute phase: 787 (63.5%) 355 (55.8%) 432 (71.6%) <0.001

Admitted to intensive care unit: 120 (9.4%) 38 (5.8%) 82 (13.2%) <0.001
WHO COVID severity grade: <0.001

Mild 433 (33.4%) 266 (39.8%) 167 (26.6%)

Moderate 41 (18.6%) 128 (19.2%) 113 (18.0%)

Severe 0(31.6%) 187 (28.0%) 223 (35.5%)

Critical 165 (12.7%) 56 (8.4%) 109 (17.3%)

Unknown 48 (3.7%) 31 (4.6%) 17 2.7%)
Respiratory assistance: <0.001

None 514 (39.6%) 314 (47.0%) 200 (31.8%)

Low-flow O, 266 (20.5%) 138 (20.7%) 128 (20.3%)

High-flow O, 7 (9.0%) 46 (6.9%) 71(11.3%)

CPAP 226 (17.4%) 93 (13.9%) 133 (21.1%)

Mechanical ventilation 90 (6.9%) 34 (5.1%) 56 (8.9%)

ECMO 8(0.6%) 2(0.3%) 6 (1.0%)

Unknown 76 (5.9%) 41 (6.1%) 35 (5.6%)
Treatments during acute phase:

Remdesivir 236 (19.2%) 109 (17.2%) 127 (21.3%) 0.067

Oral or IV steroids 654 (53.2%) 295 (46.9%) 359 (59.8%) <0.001

Anticoagulants 617 (50.1) 268 (42.5%) 349 (58.2%) <0.001

Monoclonal antibodies 55 (4.5%) 30 (4.8%) 25 (4.2%) 0.627

IL or TK inhibitors 102 (8.3%) 39 (6.2%) 63 (10.6%) 0.006

SD standard deviation, COPD chronic obstructive pulmonary disease, O, oxygen, CPAP continuous positive airway pressure, ECMO extracorporeal membrane
oxygenation, IV intravenous, IL interleukins, TK tyrosine kinase

2 Any dose
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Table 2 Prevalence of the 30 symptoms studied in the entire population and in the two subgroups of women and men

All Women Men Odds ratio (95% Cl) p
Fatigue 725 (55.9%) 389 (58.2%) 336 (53.4%) 1.216 (0.976-1 514) 0.081
Dyspnea 612 (47.2%) 309 (46.3%) 303 (48.2%) 0.926 (0.745-1.152) 0.490
Sleep disturbances 277 (21.4%) 156 (23.4%) 1(19.2%) 1.279(0.979-1 671) 0.071
Memory loss 255 (19.7%) 157 (23.5%) (15 6%) 1.665 (1.258-2.203) <0.001
Joint pain or swelling 212 (16.3%) 120 (18.0%) 92 (14.6%) 1.278 (0.950-1.719) 0.105
Muscle pain 209 (16.1%) 118 (17.7%) 91 (14.5%) 1.268 (0.941-1 709) 0.118
Difficult concentration 204 (15.7%) 120 (18.0%) 84 (13.4%) 1421 (1.049-1.924) 0.023
Cough 61 (12.4%) 96 (14.4%) 65 (10.3%) 1456 (1.041-2.037) 0.028
Anxiety 160 (12.3%) (14 1%) 66 (10.5%) 1.397 (0.999-1.954) 0.051
Taste reduction 155 (12.0%) 8 (11.7%) 77 (12.2%) 0.948 (0.678-1.326) 0.754
Smell reduction 151 (11.6%) (11 2%) 76 (12.1%) 0.920 (0.655-1.292) 0.631
Palpitations, tachycardia 146 (11.3%) 88 (13.2%) 8(9.2%) 1.494 (1.051-2.122) 0.025
Depressed mood 142 (10.9%) 6 (11.4%) 66 (10.5%) 1.095 (0.772-1.553) 0.610
Skin disorders, alopecia 127 (9.8%) 87 (13.0%) 40 (6.4%) 2205 (1.491-3.262) <0.001
Thoracic pain 122 (9.4%) 69 (10.3%) 3 (8.4%) 1.252 (0.860-1.823) 0.241
Paresthesia 3(8.7%) 0 (7.5%) (1 0.0%) 0.727 (0.493-1.072) 0.107
Brain fog ( .3%) 60 (9.0%) 5(5.6%) 1.675 (1.087-2.580) 0.019
Headache 83 (6.4%) 57 (8.5%) (4 1%) 64 (1.342-3.487) 0.002
Disorders of equilibrium or gait 1 (5.5%) 37 (5.5%) 4 (5.4%) 1.026 (0.636-1.657) 0916
Visual disturbances 60 (4.6%) 39 (5.8%) 1(3.3%) 1.795 (1.044-3.087) 0.034
Weight loss 53 (4.1%) 20 (3.0%) (5 2%) 0.557 (0.316-0.982) 0.043
Diarrhoea 45 (3.5%) 19 (2.8%) 6 (4.1%) 0.679 (0.372-1.239) 0.207
Hearing disturbances 41 (3.2%) 24 (3.6%) ( 7%) 1342 (0.714-2.522) 0.361
Pharygodynia 41 (3.2%) 27 (4.0) 4 (2.2%) 1.850 (0.961-3.562) 0.062
Loss of appetite 9 (3.0%) 22 (3.3) 7 (2.7%) 1.226 (0.645-2.331) 0.534
Nausea or vomiting ( %) 17 (2.5%) 0 (1.6%) 1.616 (0.734-3.557) 0.233
Fever 9 (1.5%) 12 (1.8%) 7 (1 .1%) 1.625 (0.636-4.155) 0310
Menstrual disorders 9 (0.7%) 9 (1.3%)
Chilblains 8 (0.6%) 2(0.3%) 6 (1.0%) 0312 (0.063-1.551) 0.154
Delirium, hallucinations 3(0.2%) 1(0.1%) 2 (0.3%) 0.470 (0.043-5.196) 0.538

10.3%, p=0.028), palpitation or tachycardia (13.2% vs.
9.2%, p=0.025), skin disorders or alopecia (13.0% vs.
6.4%, p <0.001), brain fog (9.0% vs. 5.6%, p=0.019), head-
ache (8.5% vs. 4.1%, p=0.002) and visual disturbances
(5.8% vs. 3.3%, p=0.034), with anxiety, pharyngodynia,
sleep disturbances and fatigue showing a similar trend
but with an association slightly below the level of statis-
tical significance. The only symptom significantly more
frequent in men was weight loss (5.2% vs. 3.0% in women,
odds ratio (OR) for men: 1.794, 95% confidence interval
(CI) 1.018-3.161, p=0.043). The other symptoms showed
no major differences between men and women (Table 2).

Symptoms clusters

Given the observed common occurrence of multiple
symptoms in the population studied, we analysed the
possible aggregation of symptoms in a clustering analysis,
which considered as variables all 19 symptoms with an

observed prevalence of at least 5%. The results of the final
10-cluster solution are reported in Fig. 1. Five symptoms
did not aggregate with others, representing single-unit
clusters (skin disorders/alopecia, cough, sleep distur-
bances, dyspnea, fatigue). The other fourteen symptoms
aggregated in four clusters of two symptoms (smell and
taste reduction; anxiety and depressed mood; joint pain
or swelling and muscle pain; difficult concentration
and memory loss) and in one six-symptom cluster, that
included brain fog, equilibrium or gait disturbances,
headache, paresthesia, thoracic pain, and palpitations/
tachycardia.

Impact on working activity.

Among 579 patients with age under 60, 138 (23.8%)
reported reduced or interrupted working activity follow-
ing COVID-19, with no significant differences by gen-
der (24.3% in females vs. 23.3% in males, p=0.777). In
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Fig. 1 Dendrogram of symptom clustering. In the dendrogram, the horizontal direction (x-axis) represents a measure of the distance

between clusters, with longer lines indicating greater distances. Points of clustering are defined by vertical connections between horizontal lines.
The bold vertical line indicates the cut-off for the definition of clusters in the model. The branches present at the left of this line represent individual
clusters, and lines that do not aggregate before the bold line represent individual variables not clustering with others

a multivariable regression model that included as inde-
pendent variables all the 30 symptoms evaluated plus
gender, number of comorbidities and severity of acute
SARS-CoV-2 infection, six symptoms (headache, dysp-
nea, difficult concentration, disturbances of equilibrium
or gait, visual disturbances and muscular pain) were sig-
nificantly associated with this occurrence (Table 3).

Case clustering

Clustering of cases was performed with the aim to
define possible subpopulations with different charac-
teristics and distinct symptom profiles. The analysis
considered all symptoms with an observed frequency of
at least 5% plus ten additional clinical and demographic
variables. Two clusters were defined (Table 4). Indi-
viduals in cluster 2 were older, more frequently males,
had a higher number of comorbidities, were more com-
monly infected prior to the Omicron phase, and had a
more severe acute SARS-CoV-2 infection, as shown by
WHO severity grade, hospitalisations, admissions to
intensive care unit, and level of respiratory assistance.
The symptoms profile of the two clusters also showed

Table 3 Symptoms significantly associated with reduced or
interrupted working activity in multivariable analysis

Adjusted 95% Cl p

odds ratio
Headache 3.295 1.57-6.91 0.002
Dyspnea 1.735 1.09-2.76  0.020
Difficult concentration 2.103 1.06-4.16  0.033
Disturbances of equilibrium or gait ~ 2.887 1.06-784 0037
Visual disturbances 2943 1.06-8.16  0.038
Muscular pain 1814 1.02-3.21 0.041

Multivariable logistic regression model based on 555 cases with age <60 years
(86.6%). Independent variables were all the 30 study symptoms, gender, number
of comorbidities and severity of acute SARS-CoV-2 disease

Cl confidence interval

some differences, with dyspnea and paresthesia more
common in cluster 2 and headache, difficult concen-
tration and tachycardia/palpitations more common in
cluster 1 (Table 4).

No significant differences were observed between
the two clusters in terms of reduction/interruption of
working activity (20.8% in both clusters, p=0.982), and
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Table 4 Case clustering in two groups according to demographics, clinical variables and symptoms reported

Cluster 1 Cluster 2 P
N (all: 1154) 840 314
Age (years, mean, SD) 57.5(14.2) 64.6(11.1) <0.001
Women (n, %) 474 (56.5%) 123 (39.2%) <0.001
Omicron phase of the pandemic (n, %) 301 (35.8%) 30 (9.6%) <0.001
Current smoking (n, %) 97 (11.5%) 20 (6.4%) 0.009
Comorbidities (mean number, SD) 1.2(1.2) 19(1.6) <0.001
Acute infection severe or critical (n, %) 228 (27.1%) 313 (99.7%) <0.001
CPAP, mechanical ventilation or ECMO (n, %) 0 (0%) 311 (99.0%) <0.001
Hospitalised during acute phase (n, %) 414 (49.3%) 314 (100%) <0.001
Admitted to intensive care unit (n, %) 6 (0.7%) 0 (35.0%) <0.001
Fatigue 496 (59.0%) 69 (53.8%) 0.110
Dyspnea 383 (45.6%) 187 (59.6%) <0.001
Sleep disturbances 193 (23.0%) 66 (21.0%) 0478
Memory loss 170 (20.2%) 66 (21.0%) 0.770
Joint pain or swelling 145 (17.3%) 5(17.5%) 0.919
Muscle pain 148 (17.6%) 47 (15.0%) 0.285
Difficult concentration 149 (17.7%) 40 (12.7%) 0.041
Cough 20 (14.3%) 36 (11.5%) 0212
Anxiety 114 (13.6%) 35 (11.1%) 0.274
Taste reduction 107 (12.7%) 31 (9.9%) 0.182
Smell reduction 104 (12.4%) 32 (10.2%) 0.305
Palpitations, tachycardia 106 (12.6%) 27 (8.6%) 0.057
Depressed mood 90 (10.7%) 43 (13.7%) 0.158
Skin disorders, alopecia 57 (6.8%) 29 (9.2%) 0.158
Thoracic pain 90 (10.7%) 25 (8.0%) 0.165
Paresthesia 64 (7.6%) 45 (14.3%) <0.001
Brain fog 2 (8.6%) 9 (6.1%) 0.157
Headache (8 1%) 2 (3.8%) 0.011
Disorders of equilibrium or gait 2 (6.2%) 6 (5.1%) 0482

CPAP continuous positive airway pressure, ECMO extracorporeal membrane oxygenation

of mean number of symptoms reported (3.5 in cluster
1 vs. 3.3 in cluster 2, p=0.130). However, the propor-
tion of individuals that reported a worsened subjective
functional status compared to pre-infection was signifi-
cantly higher in cluster 1 (60.7% vs. 47.1%, p <0.001).

Discussion

The present study characterised a multicentre cohort of
more than one thousand patients evaluated for Long-
COVID symptoms in specialised centres. Such character-
isation defined demographic and clinical characteristics,
timing and severity of acute infection, a detailed profile
of persisting symptoms, and their impact on working
capacity.

A first finding of the study was represented by sig-
nificant differences between male and female patients.
Women were usually younger, more commonly infected
during the Omicron phase, more frequently vaccinated,

and had, compared to men, a similar number of comor-
bidities but with a different clinical profile, characterised
by the more common presence of anxiety, depression
and autoimmune disorders, while men had a higher
prevalence of cardiovascular and respiratory comor-
bidities. Women also had a significantly milder acute
SARS-CoV-2 infection, as consistently expressed by hos-
pitalisations and admissions to the intensive care unit,
WHO grade of severity of acute SARS-CoV-2 infection,
level of respiratory assistance and support treatments.
Despite such better clinical characteristics and history,
and despite being more commonly infected by the recent
Omicron variants, which are usually considered clinically
less virulent [13], women showed a higher cumulative
number of symptoms and a higher prevalence of several
individual symptoms, that included memory loss, dif-
ficult concentration, cough, heart palpitations or tachy-
cardia, dermatological disorders, brain fog, headache and
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visual disturbances, with a higher, although not signifi-
cantly, occurrence also of anxiety, pharyngodynia, sleep
disturbances and fatigue.

A higher number of symptoms in women compared
to men had already been described in COVID-19 survi-
vors with previous hospitalisation [14]. Our observation
extends these findings to a larger population that includes
roughly one third of previously non-hospitalised patients.
This indirectly confirms the heavier clinical burden of
Long-COVID in women already described by several
authors [15-17], and adds information on the symptom
profiles, highlighting important gender differences.

An interesting finding of our study is the lack of cor-
relation between the number of symptoms reported and
the number of comorbidities, the severity of disease,
advanced age and early phase of the pandemic, which
were commonly reported as risk factors for Long-COVID
insurgence or persistence [15, 17, 18]. The cumulative
number of symptoms was actually higher in younger
individuals, and among the markers of severity of acute
SARS-CoV-2 disease, only admission to the intensive
care unit showed an association of borderline statisti-
cal significance with higher symptom burden. Among
published studies that have addressed this issue, some
reported more symptoms in patients without previous
hospitalisation compared to those who were hospitalised
[19], and others, consistent with our findings, found that
gender, time since acute COVID infection, and its sever-
ity did not affect subjective status or symptoms [20].
These findings suggest that Long-COVID is a heteroge-
neous disease, with variable manifestations that do not
necessarily rely on worse baseline conditions or worse
severity of acute disease [21-23].

Fatigue and dyspnea were the most commonly
reported symptoms, affecting roughly half of the cases,
with no major differences between men and women.
Other studies have reported fatigue [18, 24, 25] or dysp-
nea/respiratory symptoms [26, 27] as the most common
and relevant symptoms in patients with Long-COVID.
In patients with Long-COVID their presence was asso-
ciated with a significantly lower quality of life [28], and
in our study dyspnea was associated with a reduced or
interrupted working activity. Dyspnea may be particu-
larly common in previously hospitalised patients [19, 26],
a finding which is consistent with our cluster analysis,
which showed dyspnea to be more frequent in the clus-
ter with more severe acute SARS-CoV-2 disease. Fatigue,
in its most severe form, is the main symptom of Chronic
Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME),
a debilitating condition which may preclude working and
even common daily activities and which is increasingly
considered as a possible severe manifestation triggered
by SARS-CoV-2, as already described for other viral
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infections [7]. In our study, fatigue was not associated
in a multivariable analysis with reduction or interrup-
tion of working activity, but we did not collect the sever-
ity grade of symptoms, and the fatigue reported included
both mild and severe forms that may have a very different
impact on functional status.

In our study, 23.8% of patients with age below 60
reported a reduction or interruption of working activ-
ity, matching the reported proportion of 23% of patients
unable to return to work after hospitalisation needing
intensive care [29]. The symptoms independently associ-
ated with reduction or interruption of working activity
were headache (also a significant cause of absence from
work in the study by Kenny et al. [19]), dyspnea, difficult
concentration, disturbances of equilibrium or gait, visual
disturbances and muscular pain. This combination of
neurological, muscular, respiratory and ocular symptoms
suggests that a large spectrum of symptoms affects work-
ing capacity.

The clustering of symptoms showed some associations
that could be further analysed in order to explore possi-
ble distinct pathogenetic pathways. The final associations
that we observed were actually well separated in different
clinical compartments that included sensorial loss (taste,
smell), multidistrict pain (muscular, articular), cognitive
dysfunction (memory, concentration), mood changes
(anxiety, depression), and a complex of symptoms that
might involve sensorial, neurological and autonomic
disturbances (brain fog, equilibrium and gait, headache,
paresthesia, thoracic pain, palpitations/tachycardia).

The results of the second cluster analysis, based on
aggregation of cases according to clinical characteristics
and symptomatology, are also potentially relevant for fur-
ther clinical research. Two distinct subpopulations were
identified. The first was characterised by younger age,
prevalence of females, more recent infection (Omicron
phase), lower number of comorbidities and less severe
acute SARS-CoV-2 infection, with almost no admissions
in intensive care and no need for intensive respiratory
assistance (CPAP, mechanical ventilation or ECMO). The
second had older age, prevalence of males, more baseline
comorbidities, and a significantly more severe course of
acute SARS-CoV-2 infection, which more often occurred
during the early (pre-Omicron) phases of the pandemic.
Such differences were accompanied by some important
differences in symptoms reported, with dyspnea domi-
nating the symptom profile in the subpopulation with
severe acute disease, headache, difficult concentration
and palpitations/tachycardia more frequent in the popu-
lation with less severe acute disease. The similar mean
number of symptoms and the similar rate of reduction or
interruption of working activity in the two clusters indi-
rectly suggest similar severity of Long-COVID in the two



Floridia et al. BMC Medicine (2024) 22:532

groups. Actually, the proportion of individuals report-
ing worsened subjective functional status compared to
pre-infection was significantly higher in the cluster with
milder acute disease and less pre-existing comorbidities.
The above findings, in our opinion, do not rule out the
reported link between greater severity of acute disease,
particularly respiratory, and subsequent negative Long-
COVID outcomes, because the risk of dyspnea was actu-
ally higher in patients with more severe acute disease.
This might indicate that an earlier subpopulation was
progressively sided by a more recent one, predominantly
represented by women, younger and in better health
when contracting COVID. Our findings indicate that this
subpopulation, despite a milder acute disease, is nonethe-
less affected by multiple symptoms, that less commonly
include dyspnea, but are equally accompanied by wors-
ened subjective functional status and frequent impact on
working activity.

Other studies have analysed cluster distribution in
Long-COVID, with heterogeneous results. In some stud-
ies, clusters were based on both severity and quality of
symptoms, in others on the systems affected, and often
correlated with patient demographics, pre-existing con-
ditions, severity of acute disease, or impact on functional
and working status [19, 30, 31]. Gentilotti et al. identified
four clinical phenotypes with a clinically meaningful and
comprehensive distribution of symptoms, also show-
ing that these distinct clinical phenotypes have different
impacts on quality of life [25]. Although a direct compar-
ison of these studies is difficult given the different popu-
lations studied, the heterogeneous techniques used for
clustering, and the variable number and composition of
the clusters, all the above indicate consistently that there
are different phenotypes of Long-COVID, that are likely
to be caused by distinct mechanisms. Our findings also
suggest that the strains responsible for acute COVID-19
might play a role, as also suggested by others [17, 24].

In terms of study limitations, the selected popula-
tion of symptomatic patients did not allow any esti-
mate of the prevalence of Long-COVID. This remains
a problematic issue in the absence of disease markers.
Our study did not contribute to this issue because did
not include assessment of biomarkers. We also did not
evaluate the possible impact of social determinants of
health, such as economic, occupational and psychoso-
cial factors, that are recognised as important cofactors
affecting the risk of Long-COVID [22] and that might
also have affected disease severity, vaccination attitudes
and access to care. We also, focusing on patients evalu-
ated in specialised centres, may have selected more
severe cases. Our data also do not allow any conclusion
about the possible role of vaccination in preventing
Long-COVID, analysed by some authors, with variable
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results [18, 32]. In our study, the proportion of vacci-
nated individuals, particularly before infection, was
low. Although this might suggest indirectly a protec-
tive effect of vaccination in preventing Long-COVID, it
has also to be considered that the study included a sub-
group of patients who developed COVID-19 between
February and December 2020, when no vaccine for
SARS-CoV-2 was available. Finally, as already discussed
above for fatigue and CFS/ME, we did not assess the
severity of symptoms, and we were only able to evaluate
it indirectly through self-reported functional status and
impact on working activity. As for other studies based
on large samples, some small but statistically significant
differences may not necessarily have clinical relevance,
and a clinical interpretation of data is always necessary.
Most of the symptom data were collected retrospec-
tively, and the potential for information or recall bias
should also be considered.

The strengths of the present study were the evalua-
tion of a relatively large number of symptoms, accom-
panied by a comprehensive evaluation of demographic
and clinical characteristics, which allowed to adjust
some analysis for baseline factors and to better define
distinct subpopulations. We also used for symptom
collection a form specifically designed and developed
by WHO. Our study also assessed both clustering of
symptoms and clustering of cases, providing hints for
future research. The first analysis allowed to identify
different clusters of symptoms possibly associated with
distinct pathogenetic pathways, and the second indi-
cated two possible distinct subpopulations character-
ized not only by different symptom profiles, but also by
different demographics, baseline characteristics, and
timing and severity of acute infection. Finally, our study
was conducted in multiple centres in different regions,
with a variety of specialty clinics and settings of care,
potentially reducing the selection bias that commonly
affects single-centre, locally circumscribed studies [8].

Conclusions

The findings provide further evidence that Long-COVID
is a heterogeneous disease with manifestations that dif-
fer by sex, phase of the pandemic and severity of acute
disease. Future research should explore whether multiple
clinical pathways ultimately lead to the different manifes-
tations observed.
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