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Abstract: Background: Few studies have assessed the differences of patterns of Long COVID
(L-COVID) with regards to the pathogenetic SARS-CoV-2 strains. Objectives: To investigate the
relationship between demographic and clinical characteristics of acute phase of infection and the
persistence of L-COVID symptoms and clinical presentation across different SARS-CoV-2 strains.
Methods: In this observational-multicenter study we recorded all demographic and clinical charac-
teristics, severity of infection, presence/persistence of symptoms of fatigue, dyspnoea and altered
quality of life (QoL) at baseline and after 6 months, in a sample of Italian patients from Liguria
between March 2020 and March 2022. Results: 308 patients (mean age 63.2 years; 55.5% men) with
previous COVID were enrolled. Obese patients were 21.2% with a significant difference in obesity
prevalence across the second and third wave (p = 0.012). Treatment strategies differed between waves
(p < 0.001): more patients required invasive mechanical ventilation in the first wave, more patients
were treated with high-flow nasal cannula/non-invasive ventilation in the in the second and more
patients were treated with oxygen-therapy in the fourth wave. At baseline, a high proportion of
patients were symptomatic (dyspnoea and fatigue), with impairment in some QoL indicators. A
higher prevalence of patients with pain, were seen in the first wave compared to later infections
(p = 0.01). At follow-up, we observed improvement of dyspnoea, fatigue and some dimensions
of QoL scale evaluation such as mobility, usual activities, pain evaluations; instead there was no
improvement in remaining QoL scale indicators (usual care and anxiety-depression). Conclusions:
There were no significant differences in the prevalence of the most frequent L-COVID symptoms,
except for QoL pain domain that was especially associated with classical variant. Our results show
substantial impact on social and professional life and usual care activities. These findings highlight
the importance of multidisciplinary post COVID follow-up care including mental health support and
rehabilitation program.

Keywords: Long COVID; variants; stains; post COVID; SARS-CoV-2

1. Introduction

The term “Long COVID” (L-COVID) refers to the pattern of symptoms developed by a
significant number of patients in the months following SARS-CoV-2 infection, regardless of
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the course of the acute phase or the levels of proinflammatory cytokines. These symptoms
may be present constantly or have a remitting-recurrent course [1], and the most common
include: chronic fatigue, myalgias, depression, sleep disturbances, dyspnoea, palpitations
and chest pain [2]. This syndrome has brought many patients to specialist consultation
after the apparent laboratory and radiological resolution of infection.

In particular, fatigue, either physical or mental [3], is one of the most frequent among
the aforementioned symptoms, affecting quality of life [4]. It refers to a feeling of lack
of energy that interferes with daily chores, and often follows other viral infections such
as EBV, Influenza, SARS and MERS, with greater prevalence in the female gender and in
patients with past history of anxiety or depression.

The steady evolution of SARS-CoV-2 virus through genome mutations has resulted in
a new focus on L-COVID symptoms related to the SARS-CoV-2 variant involved. During
the pandemic, new mutations in SARS-CoV-2 virus genome occurred in the replication
stages and new variants emerged from the ancestral classical strain (identified in China
in November 2019) divided into ‘variants of concern’ (VOC), ‘variants of interest’ (VOI)
or ‘variants under monitoring’ (VUM) [5,6]. VOCs include Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), Delta (B.1.617.2), and Omicron (B.1.1.529), which are associated with in-
creased transmissibility and virulence and showed a wave-like trend in the incidence of
SARS-CoV-2 cases with their outbreak and spread. However, very few papers have been
published so far on the identification of descriptors of the acute COVID-19 phase that may
significantly impact on post disease manifestations across different variants [7–9].

In this multi-centre observational study, promoted by the Italian Thoracic Society
(ITS-AIPO), we systematically assessed demographic and clinical characteristics, severity
of infection, the presence and persistence of symptoms of fatigue, dyspnoea, and altered
quality of life correlated with the clinical presentation of L-COVID in a sample of patients,
in the Ligurian region of Italy, who contracted COVID-19 infection from March 2020 to
March 2022, divided according to SARS-CoV-2 waves.

2. Materials and Methods
2.1. Patients, Study Design and Clinical Procedures

From November 2020 to July 2022, we enrolled 308 Ligurian patients in this multi-
centric, observational and longitudinal study. Inclusion criteria were previous symptomatic
infection from SARS-CoV-2 diagnosed by a positive SARS-CoV-2 swab test in the previous
18 months, and age > 18 years. Exclusion criteria were impossibility of the patient to
read and sign the informed consent necessary for participation. The study protocol was
approved by the Local Ethics Committee and all patients gave their explicit consent to
data use.

All patients had a baseline visit, within 18 months from SARS-CoV-2 infection, and
a follow-up visit 6 months later. During the baseline visit, we collected clinical and
demographic data including smoking habit and BMI, comorbidity, severity of COVID-19,
dyspnea, fatigue and quality of life.

Comorbidities were recorded by the list of diseases used to calculate the Age-Adjusted
Charlson Comorbidity Index; we considered Charlson Score of 0–1 as absence of comorbid-
ity, 2–3 as low comorbidity, 4–5 as high comorbidity and ≥6 as very high comorbidity [10].

COVID-19 severity was classified according to need for hospitalization and supplemen-
tal oxygen or mechanical ventilation, with a score ranging from 1 to 4: 1, not hospitalized; 2,
hospitalized, not requiring supplemental oxygen or requiring supplemental traditional oxy-
gen; 3, hospitalized, requiring High-flow nasal cannula (HFNC)/noninvasive ventilation
(NIV); 4, hospitalized, requiring Intermittent Mandatory Ventilation (IMV) [11].

Dyspnoea was assessed using the modified Medical Research Council (MRC) dyspnoea
scale [12].

Fatigue was evaluated and measured by the questionnaire Fatigue Assessment Scale
(FAS) [13]. FAS is a 10-item self-reporting fatigue questionnaire; five questions reflect
physical fatigue and 5 questions concern mental fatigue. The reliability and validity of the
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FAS are good generally as well as in L-COVID [14]. The response scale is a 5-point scale,
with total scores ranging from 10 to 50, and high scores indicate greater fatigue. A total FAS
score <22 corresponds to no fatigue, a score ≥22 identifies fatigue, a score ≥35 identifies
extreme fatigue.

Quality of Life was evaluated by the EQ-5D-3L questionnaire, a self-reporting instru-
ment that measures five dimensions: mobility, self-care, usual activities, pain/discomfort
and anxiety/depression. Each dimension has three levels: no problems, some problems
and extreme problems [15].

The subdivision of the pandemic in waves was based on the national database regard-
ing the evolution of the COVID-19 pandemic, as daily reported by the Protezione Civile.
This database collects the number of notified infections, COVID-19-related hospitalizations
and deaths and recovered subjects by region [16]. For the type of variant in all waves
we used the data of Hygiene Unit, San Martino Polyclinc Hospital, Genoa, Italy. In short:
first wave from March to July 2020 (classical strain); second wave from August 2020 to
January 2021 (classical strain-Alpha variant); third wave from February to June 2021 (Alpha,
Beta, Gamma, Delta variants); fourth wave from July to November 2021 (Delta variant);
fifth wave from December 2021 to March 2022 (Omicron variant) (Figure 1).
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Figure 1. COVID-19 cases in Liguria from March 2020 and March 2022 (data from Department
of Protezione Civile). Data from: https://mappe.protezionecivile.gov.it/it/mappe-e-dashboards-
emergenze/dashboards-coronavirus/situazione-desktop/ accessed on 9 July 2023.

2.2. Statistics

Continuous normally distributed variables are expressed as mean ± standard error of
the mean, while non-normally distributed data are expressed by median and interquartile
range. Baseline characteristics were compared between the waves using ANOVA for age
and Pearson chi-squared tests for categorical variables. Scores of dyspnoea, fatigue and
quality of life were utilized as categorical variables. The comparison of paired categorical
data was performed with McNemar or McNemar-Bowker test. p value < 0.05 was consid-
ered significant for all analyses. All analyses were conducted using IBM© SPSS© statistic
software (version 21).

https://mappe.protezionecivile.gov.it/it/mappe-e-dashboards-emergenze/dashboards-coronavirus/situazione-desktop/
https://mappe.protezionecivile.gov.it/it/mappe-e-dashboards-emergenze/dashboards-coronavirus/situazione-desktop/
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3. Results
3.1. Patients

From November 2020 to July 2022, we enrolled 308 patients who had fallen ill from
COVID-19 disease from March 2020 to March 2022 and the median time from infection to
visit was 153 days.

Table 1 describes baseline characteristics of the patients, subdivided by waves of
COVID-19 in Liguria, Italy. Patients from the fifth wave were not included in the statistical
analysis because of the small sample size. Mean age of patients was 63.2 years, 55.5%
were men. In term of education level, 73.3% were within the High school level, with
minimal differences between waves. Most of the patients were ex or non-smokers. A
high percentage of patients were obese (21.2%) and, comparing the waves, we observed
a significant difference in obesity prevalence, with more obese subjects in the second
wave and less obese patients in the third wave (p = 0.012). Most patients had few or no
comorbidities by AACCSI score, regardless of the waves they belonged to. Concerning
disease severity, in the first wave the majority of patients had required IMV, in the second
wave patients were mostly treated with HFNC/NIV, whereas in the fourth wave patients
were treated principally with traditional oxygen (p < 0.001). In our sample only 13 patients
(4.3%) had received COVID-19 vaccination, of which 7 (54%) in the fifth wave not included
in the statistical analysis.

Table 1. Demographic data, smoking habit, obesity, comorbidity and severity of COVID-19 of patients,
divided by waves of COVID-19.

All
n = 308

1st Wave
n = 32

2nd Wave
n = 117

3rd Wave
n = 126

4th Wave
n = 24

5th Wave
n = 9 p-Value a

Age (mean ± SD) 63.2 ± 11.8 62.5 ±12.7 63.9 ± 10.9 63.6 ± 12.1 60.6 ± 11.9 58.5 ± 15.7 0.618
Gender

Men 171 (55.5%) 16 (50%) 66 (56.4%) 73 (57.9%) 14 (58.3%) 2 (22.2%) 0.876
Women 137 (44.5%) 16 (50%) 51 (43.6%) 53 (42.1%) 10 (41.7%) 7 (77.8%)

Hospital of evaluation
San Martino H, Genova 131 (42.6%) 32 (100%) 53 (45.3%) 26 (20.6%) 20 (83.3%) 0 <0.001

ASL 5, La Spezia 61 (19.8%) 0 18 (15.4%) 32 (25.4%) 2 (8.3%) 9 (100%)
Civile H, Imperia 56 (18.2%) 0 24 (20.5%) 31 (24.6%) 1 (4.2%) 0

Villa Scassi H, Genova 50 (16.2%) 0 18 (15.4%) 32 (25.4%) 0 0
Santa Corona H,

Pietra Ligure 10 (3.2%) 0 4 (3.4%) 5 (4%) 1 (4.2%) 0

Title of study
Primary and

Secondary school 98 (31.8%) 7 (21.9%) 40 (34.2%) 42 (33.3%) 7 (29.2%) 2 (22.2%) 0.043

High school 128 (41.5%) 8 (25%) 44 (37.6%) 62 (49.2%) 8 (33.3%) 6 (66.7%)
Laurea 43 (13.9%) 8 (25%) 14 (12%) 16 (12.7%) 4 (16.7%) 1 (11.1%)
No title 15 (4.8%) 4 (12.5%) 5 (4.3%) 3 (2.4%) 3 (12.5%) 0

Unknown 24 (7.9%) 5 (15.6%) 14 (12%) 3 (2.4%) 2 (8.3%) 0
Cigarette smoking (293)

Never smoker 165 (56.3%) 15 (46.9%) 63 (57.3%) 72 (60%) 10 (45.5%) 5 (55.6%) 0.622
Former smoker 119 (40.6%) 16 (50%) 42 (38.2%) 46 (38.3%) 11 (50%) 4 (44.4%)
Current smoker 9 (3.1%) 1 (3.1%) 5 (4.5%) 2 (1.7%) 1 (4.5%) 0
Obesity (n = 293)

Not obese 231 (78.8%) 27 (84.4%) 77 (69.4%) 103 (86.6%) 17 (73.9%) 7 (87.5%) 0.012
Obese 62 (21.2%) 5 (15.6%) 34 (30.6%) 16 (13.4%) 6 (26.1%) 1 (12.5%)

AACCI Score
0–1 126 (40.9%) 13 (40.6%) 59 (50.4%) 41 (32.5%) 10 (41.7%) 3 (33.3%) 0.269
2–3 116 (37.7%) 13 (40.6%) 38 (32.4%) 52 (41.3%) 9 (37.5%) 4 (44.4%)
4–5 50 (16.2%) 6 (18.8%) 14 (12%) 25 (19.8%) 3 (12.5%) 2 (22.2%)
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Table 1. Cont.

All
n = 308

1st Wave
n = 32

2nd Wave
n = 117

3rd Wave
n = 126

4th Wave
n = 24

5th Wave
n = 9 p-Value a

≥6 16 (5.2%) 0 6 (5.1%) 8 (6.3%) 2 (8.3%) 0
Severity of disease

Not requiring
hospitalization 26 (8.4%) 1 (3.1%) 11 (9.4%) 9 (7.1%) 1 (4.2%) 4 (44.4%) <0.001

Admitted to hospital, not
requiring oxygen or

requiring traditional oxygen
103 (33.4%) 15 (46.9%) 25 (21.4%) 47 (37.3%) 15 (62.5%) 1 (11.1%)

Admitted to hospital,
requiring HFNC or

CPAP/NIV
155 (50.3%) 9 (28.1%) 76 (65.0%) 60 (47.6%) 6 (25%) 4 (44.4%)

Admitted to hospital,
requiring IMV 24 (7.8%) 7 (21.9%) 5 (4.3%) 10 (7.9%) 2 (8.3%) 0

AACCI: Age-Adjusted Charlson Comorbidity Index. a 5th wave excluded from statystical analysis for small
number of subjects; comparisons between the 4 waves by ANOVA for age and chi square for categorical variables.
H—hospital; HFNC—High-flow nasal cannula; CPAP/NIV—Continuous Positive Airway Pressure/non-invasive
ventilation: IMV—Intermittent Mandatory Ventilation.

3.2. Prevalence of Dyspnoea, Fatigue and Reduction in Quality of Life Identified on First and
Second Visits

Median time from disease to baseline visit was 153.5 days (85.5–226.5). At that time,
patients showed important persistence of symptoms: 269 patients (87.3%) still had dysp-
noea, of whom 114 (42.2%) showing 2–3 grade MRC scale dyspnoea. One hundred and
ninety-four patients (63%) complained of fatigue, described as extreme in 21.4% of cases.
As for quality of life, 115 patients (37.3%) had some problems with mobility, 38 (12.3%)
problems with self-care, 120 (38.9%) difficulty in undertaking usual activities, 148 (48%)
lamented pain and 132 (42.8%) expressed feelings of anxiety or depression (Figure 2).
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Figure 2. Differences in prevalence of dyspnea, fatigue and problems in quality of life at baseline
and follow-up visit. The degree of dyspnoea (4 point scale), the degree of fatigue (3 point scale) and
the degree of problems on 5 domains of quality of life (3 point scale) were compared at baseline and
follow-up visit in the same subjects. The McNemar Bowker test was used for comparisons. * p < 0.05.
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At follow-up visit, carried out after a median time of 180 days (178–188), dyspnoea
and fatigue improved, although a high percentage of patients were still symptomatic: 65.8%
still had dyspnoea and 46.3% complained of fatigue. With reference to quality of life, we
observed an improvement in mobility, usual activities and pain (26.5% had problems with
mobility, 29% with usual activities and 37% with pain) but a substantially unchanged
percentage of patients with problems regarding self-care (10.1%) and anxiety/depression
(40.3%) (Figure 2).

3.3. Prevalence of Dyspnea, Fatigue and Reduction in Quality of Life at the First and Second Visit
Compared by Waves of COVID-19

For this comparison, we excluded the fifth wave due to the small number of subjects.
The time between infection and first interview was significantly different between waves
(212 days (185–279) for the first, 169 (117–272) for the second, 136 (54–193) for the third and
105 (86–119) for the fourth; p < 0.001). At baseline visit, we did not observe any significant
difference in the prevalence of dyspnoea or fatigue in patients infected in the different
waves. As for quality of life, we found a higher prevalence of pain among patients infected
in the first wave than in the later ones (first wave 75%, second wave 50.4%, third 42.1%,
forth 37.5%, p = 0.01).

Comparing the follow-up visits with baseline, prevalence of dyspnoea decreased
significantly in all the waves, while fatigue decreased only in the 1st, 2nd and 3rd waves.
Problems in mobility, usual activities and pain also showed a decrease in prevalence in the
2nd and 3rd waves (Figure 3).
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Figure 3. Differences in prevalence of dyspnoea, fatigue ed problems in quality of life at baseline
and follow-up visit in the COVID-19 waves. Dyspnoea (Yes vs. No), fatigue (Yes vs. No) and the
5 domains of quality of life (Problems vs. no problems) were compared at baseline and follow-up
visit in the same subjects. The McNemar test was used for comparisons. * p < 0.05.

4. Discussion/Conclusions

In this study, we aimed to investigate the persistence and prevalence of L-COVID-19
symptoms, such as dyspnea, fatigue and the impairment of quality of life, in a sample of
patients from all over the Liguria region of Italy (population of approximately 1.5 milion),
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infected with different SARS-CoV-2 strains. Another purpose was to investigate the corre-
lation between L-COVID syndrome and the differences in demographic data (age, smoking
habit, BMI) and severity of COVID-19 disease seen in the different waves.

After the spread of the classical variant in December 2019, five new variants of con-
cern have been widely reported, labelled as Alpha, Beta, Gamma, Delta and Omicron
variants [4]. Although numerous studies have evaluated clinical outcomes related to acute
phase COVID-19 in patients infected with different SARS-CoV-2 variants, to our knowl-
edge, only a few studies have investigated the impact of different variants on L-COVID-19
syndrome symptoms [7–9,17].

Recent systematic reviews and meta-analyses confirmed that a high percentage (31–69%)
of COVID–19 patients have experienced a range of long-term effects after three months
from acute disease. The most commonly reported symptoms include fatigue, dyspnoea,
cognitive impairment, anxiety, palpitations, muscle pain and arthralgia [18,19]. Similarly,
in our cohort a high proportion of patients were still symptomatic after the acute phase.
Regarding dyspnoea, 87% of patients were symptomatic at baseline and 65.8% still had
dyspnea at follow-up with a median time of 326 days post-acute COVID. With regard to
fatigue 63% of patients were symptomatic at baseline and 46.3% still complained of fatigue
at follow-up. In other meta-analyses persistent fatigue and dyspnea were reported in more
than half of L-COVID patients, even though these percentages vary greatly across different
studies [18–21]. The exact mechanism responsible for long term complications of COVID-19
remains unknown, but a multi-factorial origin is probable. Pathological consequences
of COVID infection, such as fibrotic remodeling after lung injury [22–24], endothelial
cell dysfunction and pulmonary vasculature damage, abnormalities in the central and
autonomous nervous system, metabolic abnormalities [20], uncontrolled immune response
caused by coronavirus [25] and muscle mitochondrial dysfunction, may be the cause of the
previously discussed symptoms, rather than psychological or environmental factors.

Our study has not highlighted significant differences in the prevalence and persistence
of dyspnoea and fatigue among different waves. Our data agree with the previous report
by Morioka et al. [26], who did not find significant differences in the prevalence of each
post COVID-19 symptom in the omicron infected patient group compared to other variant
infected groups. Another study [27] found no differences in fatigue but more persistence of
dyspnoea in individuals infected with the classical variant compared to those infected with
Alpha or Delta variants.

As for quality of life domains, at baseline visit, we found a higher prevalence of
pain among patients infected in the first wave than in the later ones. The underlying
pathophysiology of persistent symptoms could result from the release of large amounts of
inflammatory cytokines and reactive oxygen species. A higher number of onset symptoms
during the acute phase have been shown to be independent predictors for persistent
symptoms, probably due to a persistent inflammatory state, at multivariable-analysis [25].
Patients infected with the classical variant showed a greater number of onset symptoms at
hospitalization [27], this could explain the higher prevalence of post COVID symptoms
(such as dyspnoea and pain) in patients infected with classical strains.

We also found a reduction of mobility, usual activities and pain from baseline visit
to follow up visit in all the waves (albeit not significantly in the 1st and 4th waves for the
small number of patients), but no change in self-care and anxiety. In particular, one of
the most deteriorated indicators is the persistence of anxiety/depression disorder. The
overall prevalence of anxiety symptoms in our patients was 42.8% at baseline visit and
40.3% at follow-up visit. This result was higher than Premraj et al. [28] but coherent with
Sykes et al. [29] who reported a prevalence of 47.8%. Notably, in the months preceding
the pandemic, the Italian prevalence rate for anxiety and depression was below 17%
(ISTAT, 2018). A previous study reported that SARS-CoV-2 infected survivors had higher
rates of mental health consequences compared to the un-infected [30], highlighting a
direct role of the infection besides other stress effects of the pandemic. The documented
persistence of SARS-CoV-2 RNA in brain tissue or long term neuroinflammation [31] could
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be the link between COVID infection and cognitive and psychiatric manifestations of long
COVID included anxiety symptoms. Our results agree with several reports suggesting
that both anxiety and depression disorders persist longer than three months in COVID-19
survivors, indeed anxiety is reported between 10.4 to 35% of patients at one year from
infection [32–34].

Furthermore, other risk factors have been associated with a higher probability of
developing neuropsychiatric manifestations such as severity of COVID-19 acute phase
(especially ICU admission), female sex, presence of comorbidities and a history of mental
health diseases [35,36]. Moreover, fatigue, one of the most prevalent long-term symp-
toms, decreases quality if life and may interfere with psychological disorders and daily
activities [36].

Notably, 10% of patients in our cohort complained of persistent impairment in usual
self-care, resulting in considerable chronic morbidity and rising costs for health services.

Another purpose of our study was to investigate differences in demographic data
(age, smoking habit, BMI) and severity of COVID-19 between the successive waves. In
our cohort, we observed a higher prevalence of obesity in patients infected during the
second wave when classical and Alfa were the prevalent variants in our region. There
are conflicting data regarding the prevalence of obesity in the different waves [26,27,37]
in the literature. It is possible that our results could be partly related to the influence
of the lockdown period (March–May 2020), which was particularly stringent in Italy, on
activity levels and obesity [38,39]. In this contest, it is now well established that obesity and
other cardiometabolic risk factors promote inflammation and endothelial dysfunction [40].
Currently, there is no clear reason why patients with certain comorbidities could be infected
with one variant and not another.

Another finding of this study was the progressive reduction in severity of COVID-19
disease from the first to the last wave. In our cohort, patients infected during the first wave
required more IMV, conversely more patients in the second wave required more HFNC/NI;
in the fourth wave, patients were predominantly treated with traditional oxygen. It is
worth highlighting that the adoption of IMV significantly changed in frequency as waves
followed waves, thanks to improved understanding of COVID-19 pathophysiology [41].
This could have partly affected severity comparison between subsequent waves, especially
for the first wave. In agreement with our results, previous studies by Challen et al. [42],
Davies et al. [43], Grint et al. [44], reported greater hospitalization and worse outcome in
patients infected by Alpha variant.

The major strength of this report is the study design which was multi-centre and
focuses on the subgroup analysis between SARS-CoV-2 waves/variants; furthermore, the
majority of our cohort was unvaccinated at the time of the infection, which makes this
variable non-confounding, even though a small cohort of vaccinated patients was present,
preventing us from assessing the possible role of vaccination on the long COVID outcome
in different SARS-CoV-2 waves/variants. L-COVID symptoms have been evaluated via
standardized and validated set of questionnaires and this is a major advantage, even though
they do not include less frequent symptoms which would require specific, in depth analysis.
Our study has some other limitations; firstly, our retrospective cohort displays a relevant
proportion of missing values regarding laboratory data, since molecular virus identification
was not available. Hence, SARS-CoV-2 variants were presumed by epidemiological data
based on prevalent circulating viral strains in our region in the specific period. Secondly,
the sample size was not large enough to provide better statistical power. Lastly, our
study has been carried out on patients who were mostly hospitalized and this may have
caused a selection bias (especially with regard to psychological aspects). Thus, our clinical
observation needs to be confirmed by larger controlled prospective studies.

In conclusion, this real-world study investigated the prevalence of post COVID-19
symptoms in patients infected by different SARS-CoV-2 waves. Due to small study cohort,
we did not observe statistically significant differences in the prevalence of the most common
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symptoms such as dyspnoea, fatigue and quality of life impairment, except for the pain
indicator that is more frequently associated with the classical variant.

Furthermore, while severity and outcome of the acute phase depend on the infectivity,
virulence and pathogenicity of different SARS-CoV-2 strains, our data suggests that each
viral variant considered could trigger long COVID syndrome through the persistence of
the inflammatory response.

Our results provide additional evidence concerning long term COVID-19 sequalae, show-
ing a substantial deleterious impact on social and professional life, and usual care activities.
These findings highlight the importance of planning post COVID-19 follow up care with a
multidisciplinary approach, including mental health support, and rehabilitation programs.

Author Contributions: The trial was promoted by the Italian Thoracic Society (ITS-AIPO). Conceptu-
alization: T.A., F.N., G.P., E.T. (Elisa Trucco), R.C. and A.S.; Methodology, F.N. and G.P.; Investigation,
T.A, F.N., G.P., E.T. (Elisa Trucco), R.C. and M.M.; Writing—original draft preparation T.A., F.N., G.P.,
E.T. (Elisa Trucco), R.C. and A.S.; Writing—review and editing, T.A., F.N., G.P., E.T. (Elisa Trucco),
R.C., V.P., E.B., F.G., M.G.C., E.T. (Elena Tagliabue), P.Z., S.M., I.M.G.P., S.V., M.S., F.S., M.F. and
A.S.; Visualization, T.A., F.N. and G.P. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved for all centers involved by the Regional Review Board (or Ethics
Committee) (protocol codes: 206/2022—DB id 12179; 151/2022—DB id 12220; 232/2022 DB id
12218; 316/2022—DB id 12219; 167/2022 DB id 12217).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the finding of this study are available on request
from the corresponding author.

Acknowledgments: The authors would like to thank all staff to the pneumology departments of
centers involved for their kind work and relentless contribution.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nabavi, N. Long covid: How to define it and how to manage it. BMJ 2020, 370, m3489. [CrossRef] [PubMed]
2. Serafini, A.; Tagliaferro, A.; Balbi, F.; Bordo, A.; Bernardi, S.; Berta, G.; Trucco, L.; Perretta, E.; Gualco, E.; Zoccali, P.; et al.

Screening of a Small Number of Italian COVID-19 Syndrome Survivors by Means of the Fatigue Assessment Scale: Long COVID
Prevalence and the Role of Gender. COVID 2021, 1, 518–527. [CrossRef]

3. Grisanti, S.G.; Garbarino, S.; Barisione, E.; Aloè, T.; Grosso, M.; Schenone, C.; Pardini, M.; Biassoni, E.; Zaottini, F.; Picasso, R.; et al.
Neurological long-COVID in the outpatient clinic: Two subtypes, two courses. J. Neurol. Sci. 2022, 439, 120315. [CrossRef]
[PubMed]

4. Sandler, C.X.; Wyller, V.B.B.; Moss-Morris, R.; Buchwald, D.; Crawley, E.; Hautvast, J.; Katz, B.Z.; Knoop, H.; Little, P.; Taylor,
R.; et al. Long COVID and Post-infective Fatigue Syndrome: A Review. Open Forum Infect. Dis. 2021, 8, ofab440. [CrossRef]
[PubMed]

5. WHO. Tracking SARS-CoV-2 Variants. Available online: https://www.who.int/activities/tracking-SARS-CoV-2-variants
(accessed on 24 January 2023).

6. ISS. Varianti del Virus. Available online: https://www.iss.it/cov19-varianti-del-virus (accessed on 25 January 2023).
7. Spinicci, M.; Graziani, L.; Tilli, M.; Nkurunziza, J.; Vellere, I.; Borchi, B.; Mencarini, J.; Campolmi, I.; Gori, L.; Giovannoni, L.; et al.

Infection with SARS-CoV-2 Variants Is Associated with Different Long COVID Phenotypes. Viruses 2022, 14, 2367. [CrossRef]
[PubMed]

8. Du, M.; Ma, Y.; Deng, J.; Liu, M.; Liu, J. Comparison of Long COVID-19 Caused by Different SARS-CoV-2 Strains: A Systematic
Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2022, 19, 16010. [CrossRef]

9. Fernández-De-Las-Peñas, C.; Notarte, K.I.; Peligro, P.J.; Velasco, J.V.; Ocampo, M.J.; Henry, B.M.; Arendt-Nielsen, L.; Torres-
Macho, J.; Plaza-Manzano, G. Long-COVID Symptoms in Individuals Infected with Different SARS-CoV-2 Variants of Concern:
A Systematic Review of the Literature. Viruses 2022, 14, 2629. [CrossRef]

10. Charlson, M.; Szatrowski, T.P.; Peterson, J.; Gold, J. Validation of a combined comorbidity index. J. Clin. Epidemiol. 1994, 47,
1245–1251. [CrossRef]

https://doi.org/10.1136/bmj.m3489
https://www.ncbi.nlm.nih.gov/pubmed/32895219
https://doi.org/10.3390/covid1030044
https://doi.org/10.1016/j.jns.2022.120315
https://www.ncbi.nlm.nih.gov/pubmed/35717880
https://doi.org/10.1093/ofid/ofab440
https://www.ncbi.nlm.nih.gov/pubmed/34631916
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.iss.it/cov19-varianti-del-virus
https://doi.org/10.3390/v14112367
https://www.ncbi.nlm.nih.gov/pubmed/36366465
https://doi.org/10.3390/ijerph192316010
https://doi.org/10.3390/v14122629
https://doi.org/10.1016/0895-4356(94)90129-5


Life 2023, 13, 1558 10 of 11

11. Vena, A.; Giacobbe, D.R.; Di Biagio, A.; Mikulska, M.; Taramasso, L.; De Maria, A.; Ball, L.; Brunetti, I.; Loconte, M.;
Patroniti, N.A.; et al. Clinical characteristics, management and in-hospital mortality of patients with coronavirus disease 2019 in
Genoa, Italy. Clin. Microbiol. Infect. 2020, 26, 1537–1544. [CrossRef]

12. Mahler, D.A.; Wells, C.K. Evaluation of Clinical Methods for Rating Dyspnea. Chest 1988, 93, 580–586. [CrossRef]
13. Michielsen, H.J.; De Vries, J.; Van Heck, G.L. Psychometric qualities of a brief self-rated fatigue measure: The Fatigue

Assessment Scale. J. Psychosom. Res. 2003, 54, 345–352. [CrossRef] [PubMed]
14. El Sayed, S.; Shokry, D.; Gomaa, S.M. Post-COVID-19 fatigue and anhedonia: A cross-sectional study and their correlation to

post-recovery period. Neuropsychopharmacol. Rep. 2021, 41, 50–55. [CrossRef] [PubMed]
15. EQ-5D-3L—EQ-5D. Available online: https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/ (accessed on 25 January 2023).
16. Dipartimento della Protezione Civile—Dashboards Corovanirus. Available online: https://mappe.protezionecivile.gov.it/it/

mappe-e-dashboards-emergenze/dashboards-coronavirus/situazione-desktop/ (accessed on 9 July 2023).
17. Durstenfeld, M.S.; Peluso, M.J.; Peyser, N.D.; Lin, F.; Knight, S.J.; Djibo, A.; Khatib, R.; Kitzman, H.; O’brien, E.; Williams, N.; et al.

Factors Associated with Long COVID Symptoms in an Online Cohort Study. Open Forum Infect. Dis. 2023, 10, ofad047. [CrossRef]
18. Cha, C.; Baek, G. Symptoms and management of long COVID: A scoping review. J. Clin. Nurs. 2021; ahead of print. [CrossRef]
19. Healey, Q.; Sheikh, A.; Daines, L.; Vasileiou, E. Symptoms and signs of long COVID: A rapid review and meta-analysis.

J. Glob. Health 2022, 12, 05014. [CrossRef] [PubMed]
20. Castanares-Zapatero, D.; Chalon, P.; Kohn, L.; Dauvrin, M.; Detollenaere, J.; Maertens de Noordhout, C.; Primus-de Jong, C.;

Cleemput, I.; Heede, K.V.D. Pathophysiology and mechanism of long COVID: A comprehensive review. Ann. Med. 2022, 54,
1473–1487. [CrossRef] [PubMed]

21. Koc, H.C.; Xiao, J.; Liu, W.; Li, Y.; Chen, G. Long COVID and its Management. Int. J. Biol. Sci. 2022, 18, 4768–4780. [CrossRef]
22. Grillo, F.; Barisione, E.; Ball, L.; Mastracci, L.; Fiocca, R. Lung fibrosis: An undervalued finding in COVID-19 pathological series.

Lancet Infect. Dis. 2021, 21, e72. [CrossRef]
23. Barisione, E.; Grillo, F.; Ball, L.; Bianchi, R.; Grosso, M.; Morbini, P.; Pelosi, P.; Patroniti, N.A.; De Lucia, A.; Orengo, G.; et al.

Fibrotic progression and radiologic correlation in matched lung samples from COVID-19 post-mortems. Virchows Arch. 2021, 478,
471–485. [CrossRef]

24. Ball, L.; Barisione, E.; Mastracci, L.; Campora, M.; Costa, D.; Robba, C.; Battaglini, D.; Micali, M.; Costantino, F.; Cittadini, G.; et al.
Extension of Collagen Deposition in COVID-19 Post Mortem Lung Samples and Computed Tomography Analysis Findings.
Int. J. Mol. Sci. 2021, 22, 7498. [CrossRef]

25. Doykov, I.; Hällqvist, J.; Gilmour, K.C.; Grandjean, L.; Mills, K.; Heywood, W.E. ‘The long tail of Covid-19’—The detection of a
prolonged inflammatory response after a SARS-CoV-2 infection in asymptomatic and mildly affected patients. F1000Research
2020, 9, 1349. [CrossRef]

26. Morioka, S.; Tsuzuki, S.; Suzuki, M.; Terada, M.; Akashi, M.; Osanai, Y.; Kuge, C.; Sanada, M.; Tanaka, K.; Maruki, T.; et al. Post
COVID-19 condition of the Omicron variant of SARS-CoV-2. J. Infect. Chemother. 2022, 28, 1546–1551. [CrossRef] [PubMed]

27. Fernández-De-Las-Peñas, C.; Cancela-Cilleruelo, I.; Rodríguez-Jiménez, J.; Gómez-Mayordomo, V.; Pellicer-Valero, O.J.;
Martín-Guerrero, J.D.; Hernández-Barrera, V.; Arendt-Nielsen, L.; Torres-Macho, J. Associated-Onset Symptoms and Post-
COVID-19 Symptoms in Hospitalized COVID-19 Survivors Infected with Wuhan, Alpha or Delta SARS-CoV-2 Variant. Pathogens
2022, 11, 725. [CrossRef] [PubMed]

28. Premraj, L.; Kannapadi, N.V.; Briggs, J.; Seal, S.M.; Battaglini, D.; Fanning, J.; Suen, J.; Robba, C.; Fraser, J.; Cho, S.-M. Mid and
long-term neurological and neuropsychiatric manifestations of post-COVID-19 syndrome: A meta-analysis. J. Neurol. Sci. 2022,
434, 120162. [CrossRef] [PubMed]

29. Sykes, D.L.; Holdsworth, L.; Jawad, N.; Gunasekera, P.; Morice, A.H.; Crooks, M.G. Post-COVID-19 Symptom Burden: What is
Long-COVID and How Should We Manage It? Lung 2021, 199, 113–119. [CrossRef]

30. Klaser, K.; Thompson, E.J.; Nguyen, L.H.; Sudre, C.H.; Antonelli, M.; Murray, B.; Canas, L.S.; Molteni, E.; Graham, M.S.;
Kerfoot, E.; et al. Anxiety and depression symptoms after COVID-19 infection: Results from the COVID Symptom Study app.
J. Neurol. Neurosurg. Psychiatry 2021, 92, 1254–1258. [CrossRef]

31. Thye, A.Y.-K.; Law, J.W.-F.; Tan, L.T.-H.; Pusparajah, P.; Ser, H.-L.; Thurairajasingam, S.; Letchumanan, V.; Lee, L.-H. Psychological
Symptoms in COVID-19 Patients: Insights into Pathophysiology and Risk Factors of Long COVID-19. Biology 2022, 11, 61.
[CrossRef]

32. Zhang, X.; Wang, F.; Shen, Y.; Zhang, X.; Cen, Y.; Wang, B.; Zhao, S.; Zhou, Y.; Hu, B.; Wang, M.; et al. Symptoms and Health
Outcomes Among Survivors of COVID-19 Infection 1 Year After Discharge from Hospitals in Wuhan, China. JAMA Netw. Open
2021, 4, e2127403. [CrossRef]

33. Huang, C.; Huang, L.; Wang, Y.; Li, X.; Ren, L.; Gu, X.; Kang, L.; Guo, L.; Liu, M.; Zhou, X.; et al. RETRACTED: 6-month
consequences of COVID-19 in patients discharged from hospital: A cohort study. Lancet 2021, 397, 220–232. [CrossRef]

34. Méndez, R.; Balanzá-Martínez, V.; Luperdi, S.C.; Estrada, I.; Latorre, A.; González-Jiménez, P.; Bouzas, L.; Yépez, K.; Ferrando, A.;
Reyes, S.; et al. Long-term neuropsychiatric outcomes in COVID-19 survivors: A 1-year longitudinal study. J. Intern. Med.
2022, 291, 247–251. [CrossRef]

35. Tang, S.W.; Leonard, B.E.; Helmeste, D.M. Long COVID, neuropsychiatric disorders, psychotropics, present and future.
Acta Neuropsychiatr. 2022, 34, 109–126. [CrossRef]

https://doi.org/10.1016/j.cmi.2020.07.049
https://doi.org/10.1378/chest.93.3.580
https://doi.org/10.1016/S0022-3999(02)00392-6
https://www.ncbi.nlm.nih.gov/pubmed/12670612
https://doi.org/10.1002/npr2.12154
https://www.ncbi.nlm.nih.gov/pubmed/33332756
https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/
https://mappe.protezionecivile.gov.it/it/mappe-e-dashboards-emergenze/dashboards-coronavirus/situazione-desktop/
https://mappe.protezionecivile.gov.it/it/mappe-e-dashboards-emergenze/dashboards-coronavirus/situazione-desktop/
https://doi.org/10.1093/ofid/ofad047
https://doi.org/10.1111/jocn.16150
https://doi.org/10.7189/jogh.12.05014
https://www.ncbi.nlm.nih.gov/pubmed/35596571
https://doi.org/10.1080/07853890.2022.2076901
https://www.ncbi.nlm.nih.gov/pubmed/35594336
https://doi.org/10.7150/ijbs.75056
https://doi.org/10.1016/S1473-3099(20)30582-X
https://doi.org/10.1007/s00428-020-02934-1
https://doi.org/10.3390/ijms22147498
https://doi.org/10.12688/f1000research.27287.1
https://doi.org/10.1016/j.jiac.2022.08.007
https://www.ncbi.nlm.nih.gov/pubmed/35963600
https://doi.org/10.3390/pathogens11070725
https://www.ncbi.nlm.nih.gov/pubmed/35889971
https://doi.org/10.1016/j.jns.2022.120162
https://www.ncbi.nlm.nih.gov/pubmed/35121209
https://doi.org/10.1007/s00408-021-00423-z
https://doi.org/10.1136/jnnp-2021-327565
https://doi.org/10.3390/biology11010061
https://doi.org/10.1001/jamanetworkopen.2021.27403
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1111/joim.13389
https://doi.org/10.1017/neu.2022.6


Life 2023, 13, 1558 11 of 11

36. Tabacof, L.; Tosto-Mancuso, J.; Wood, J.; Cortes, M.; Kontorovich, A.; McCarthy, D.; Rizk, D.; Rozanski, G.; Breyman, E.;
Nasr, L.; et al. Post-acute COVID-19 Syndrome Negatively Impacts Physical Function, Cognitive Function, Health-Related
Quality of Life, and Participation. Am. J. Phys. Med. Rehabil. 2021, 101, 48–52. [CrossRef] [PubMed]

37. Hoang, V.-T.; Colson, P.; Levasseur, A.; Delerce, J.; Lagier, J.-C.; Parola, P.; Million, M.; Fournier, P.-E.; Raoult, D.; Gautret, P.
Clinical outcomes in patients infected with different SARS-CoV-2 variants at one hospital during three phases of the COVID-19
epidemic in Marseille, France. Infect. Genet. Evol. 2021, 95, 105092. [CrossRef] [PubMed]

38. Bakaloudi, D.R.; Barazzoni, R.; Bischoff, S.C.; Breda, J.; Wickramasinghe, K.; Chourdakis, M. Impact of the first COVID-19
lockdown on body weight: A combined systematic review and a meta-analysis. Clin. Nutr. 2022, 41, 3046–3054. [CrossRef]
[PubMed]

39. Daniel, M.M.; Liboredo, J.C.; Anastácio, L.R.; Souza, T.C.d.M.; Oliveira, L.A.; Della Lucia, C.M.; Ferreira, L.G. Incidence and
Associated Factors of Weight Gain During the Covid-19 Pandemic. Front. Nutr. 2022, 9, 818632. [CrossRef]

40. Raman, B.; Bluemke, D.A.; Lüscher, T.F.; Neubauer, S. Long COVID: Post-acute sequelae of COVID-19 with a cardiovascular focus.
Eur. Heart J. 2022, 43, 1157–1172. [CrossRef]

41. Papoutsi, E.; Giannakoulis, V.G.; Xourgia, E.; Routsi, C.; Kotanidou, A.; Siempos, I.I. Effect of timing of intubation on clinical
outcomes of critically ill patients with COVID-19: A systematic review and meta-analysis of non-randomized cohort studies.
Crit. Care 2021, 25, 121. [CrossRef]

42. Challen, R.; Brooks-Pollock, E.; Read, J.M.; Dyson, L.; Tsaneva-Atanasova, K.; Danon, L. Risk of mortality in patients infected
with SARS-CoV-2 variant of concern 202012/1: Matched cohort study. BMJ 2021, 372, n579. [CrossRef]

43. Davies, N.G.; Jarvis, C.I.; Edmunds, W.J.; Jewell, N.P.; Diaz-Ordaz, K.; Keogh, R.H.; CMMID COVID-19 Working Group. Increased
mortality in community-tested cases of SARS-CoV-2 lineage B.1.1.7. Nature 2021, 593, 270–274. [CrossRef]

44. Grint, D.J.; Wing, K.; Houlihan, C.; Gibbs, H.P.; Evans, S.J.W.; Williamson, E.I.; McDonald, H.; Bhaskaran, K.; Evans, D.;
Walker, A.J.; et al. Severity of Severe Acute Respiratory System Coronavirus 2 (SARS-CoV-2) Alpha Variant (B.1.1.7) in England.
Clin. Infect. Dis. 2022, 75, e1120–e1127. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/PHM.0000000000001910
https://www.ncbi.nlm.nih.gov/pubmed/34686631
https://doi.org/10.1016/j.meegid.2021.105092
https://www.ncbi.nlm.nih.gov/pubmed/34571275
https://doi.org/10.1016/j.clnu.2021.04.015
https://www.ncbi.nlm.nih.gov/pubmed/34049749
https://doi.org/10.3389/fnut.2022.818632
https://doi.org/10.1093/eurheartj/ehac031
https://doi.org/10.1186/s13054-021-03540-6
https://doi.org/10.1136/bmj.n579
https://doi.org/10.1038/s41586-021-03426-1
https://doi.org/10.1093/cid/ciab754

	Introduction 
	Materials and Methods 
	Patients, Study Design and Clinical Procedures 
	Statistics 

	Results 
	Patients 
	Prevalence of Dyspnoea, Fatigue and Reduction in Quality of Life Identified on First and Second Visits 
	Prevalence of Dyspnea, Fatigue and Reduction in Quality of Life at the First and Second Visit Compared by Waves of COVID-19 

	Discussion/Conclusions 
	References

