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Summary

Background: The definition of ‘long-COVID syndrome’ (LCS) is still debated and describes the persistence of symptoms after
viral clearance in hospitalized or non-hospitalized patients affected by coronavirus disease 2019 (COVID-19).

Aim: In this study, we examined the prevalence and the risk factors of LCS in a cohort of patients with previous COVID-19
and followed for at least 6 months of follow-up.

Design: We conducted a prospective study including all hospitalized patients affected by COVID-19 at our center of
Infectious Diseases (Vercelli, Italy) admitted between 10 March 2020 and 15 January 2021 for at least 6 months after dis-
charge. Two follow-up visits were performed: after 1 and 6 months after hospital discharge. Clinical, laboratory and radio-
logical data were recorded at each visit.

Results: A total of 449 patients were included in the analysis. The LCS was diagnosed in 322 subjects at Visit 1 (71.7%) and in
206 at Visit 2 (45.9); according to the post-COVID-19 functional status scale we observed 147 patients with values 2-3 and
175 with values >3 at Visit 1; at Visit 2, 133 subjects had the score between 2-3 and 73 > 3. In multivariate analysis, intensive
care unit (ICU) admission (OR =2.551; 95% CI = 1.998-6.819; P =0.019), time of hospitalization (OR = 2.255; 95% CI=1.018-
6.992; P=0.016) and treatment with remdesivir (OR = 0.641; 95% CI=0.413-0.782; P < 0.001) were independent predictors of
LCs.

Conclusions: Treatment with remdesivir leads to a 35.9% reduction in LCS rate in follow-up. Severity of illness, need of ICU
admission and length of hospital stay were factor associated with the persistence of PCS at 6 months of follow-up.

Introduction Organization on the 11 March 2020 and rapidly involved the en-
tire population worldwide.! Post-viral systemic sequelae are
commonly observed after recovery in other coronavirus dis-
eases such as the Middle East respiratory syndrome coronavirus
and the SARS-CoV,? and recently several studies reported data

The coronavirus disease 2019 (COVID-19) due to the novel se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was reported as global pandemic by the World Health
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about the persistence of symptoms seemingly attributable to
previous COVID-19.%° The most frequent reported symptoms
were: fever, fatigue, breathlessness, headaches, cough, cogni-
tive blunting (‘brain fog’), anxiety and depression, muscle pains,
arthralgias (...).>’ Risk factors, severity grade of presentation
and duration of the post-COVID-19 syndrome are currently sub-
jects for discussion; in some studies, the persistence and sever-
ity of symptoms were related with several factors such as need
of mechanical ventilation, need of intensive care unit (ICU) sup-
port, presence of comorbidities, older age and others,® whereas
in different populations these findings were not confirmed®,
this may depend on the higher heterogeneity of the different
studies involving population with variables characteristics, se-
verity of illness and time of follow-up. For this reason, some
authors proposed a novel definition of this syndrome based
mainly on the time of follow-up and the duration of symptoms:
acute-post-COVID syndrome, within 12 weeks after hospital dis-
charge, long-post-COVID syndrome (LCS) between 12 and
24 weeks and persistent-PCS after 24 weeks.'® This approach
may be interesting because could allow to distinguish the real
LCS from non-specific symptoms mainly related to the hospital-
ization and more frequent in the first visit of follow-up; the
presence of LCS after 24 weeks, on the other hand, can be more
correlated with the immunological consequence due to the
‘viral trigger’ of SARS-CoV-2 infection.™

The aim of this study was the analysis of prevalence and the
risk factors of LCS in a cohort of hospitalized patients affected
by COVID-19 and prospectively followed for at least 6 months.

Materials and methods
Study design and definitions

This is a prospective study including all patients affected by
COVID-19 and hospitalized from 10 March 2020 to 15 January
2021 at our center of infectious diseases at ‘Saint Andrea
Hospital’, Vercelli, Italy, and followed in our ‘post-COVID ambu-
latory’ for at least 6 months after discharge. Patients were fur-
ther telephonically contacted by our hospital nurse. The Visits 1
and 2 were performed at about 30 and 180days after hospital
discharge, respectively. At each visit functional status, bio-
chemical analysis, clinical evaluation and patients’ interview.
Demographic, clinical, laboratory and radiological data were
reported at each visit. Data about the antiviral or supportive
treatment were also reported; available antiviral treatment in
the first wave of pandemic was: hydroxychloroquine, lopinavir/
ritonavir and darunavir/cobicistat; after September 2020 was
approved in Italy the use of remdesivir according to the follow-
ing inclusion criteria: confirmed diagnosis of SARS-CoV-2 infec-
tion; radiological confirmation of interstitial pneumonia; onset
of symptoms within 10 days from hospital admission, estimated
glomerular filtration rate (eGFR) > 30 ml/min, need of low-flow
oxygen at the time of admission. Exclusion criteria were: SARS-
CoV-2 infection without evidence of interstitial pneumonia,
onset of symptoms after 10days from the hospital admission,
eGFR < 30 ml/min, need of non-invasive ventilation (NIV) or oro-
tracheal intubation at the time of admission. All patients were
included in this study after acceptance of study protocol and
informed consent. The study protocol was approved by the local
Ethics Committee: ‘Comitato Etico Interaziendale ASL VC’
(4 August 2020; Protocol number: 0026301). This study which
involves human participants is in compliance with the 1964
Helsinki declaration and its later amendments. Informed

consent was obtained from all individual participants included
in this study.

Study endpoints

The primary endpoint was the evaluation of prevalence and se-
verity of LCS in the enrolled patients at the two different time-
points. The level of functional status and the severity of LCS
were reported using the ‘post-COVID-19 functional status (PCFS)
scale’ which assigns the presence of significant LCS for values
>2. Grades 3-4 were referred to significant limitations in every-
day life with important functional limitations.™

Statistical analysis

In descriptive statistics, continuous variables were summarized
as median (Inter-quartile range (IQR): 25th to 75th percentiles).
Categorical variables were described as frequency and percent-
age. All data were assessed for normality using a Shapiro-Wilk
test and categorical data were compared using a Mann-
Whitney or Kruskal-Wallis statistical test. To investigate con-
tinuous data, a Spearman Rank correlation was utilized. The as-
sociation was calculated using the y>-test. Multivariate logistic
regression analysis with stepwise forward selection was per-
formed to evaluate the related factors to LCS presence, with P-
values of <0.05 as the criteria for model inclusion. All P-values
were two-tailed. P < 0.05 was considered statistically significant.
Survival analysis was carried out comparing the two-group
using the Kaplan-Meier plot and compared with the log-rank
(Mantel-Cox) test. Statistical analyses were conducted by using
SPSS software package ver. 26.0 (Chicago, IL, USA).

Results

Patients’ selection and baseline characteristics

In the study period, 462 patients were discharged after hospital
admission due to COVID-19. A total of 13 subjects were not
included in the study for the following reasons: 6 were lost after
discharge, 5 died at the long-term care facilities and 2 denied
the informed consent. Finally, 449 patients were included in the
analysis. Between the Visits 1 and 2, 14 patients (3.1%) were
excluded for the following reasons: 2 died, 8 lost at the follow-
up, 4 were re-hospitalized. At the Visit 2 included patients were
435. Table 1 was reported the baseline characteristics of the
study population. Median age was 65 years; male patients were
362 (78%), the most frequent comorbidities were cardiovascular
diseases (14.2%), diabetes (15.8%) and chronic neurological condi-
tions (7.3%). Median time from the onset of symptoms and the
hospital admission was 9.4 days; the median time for Visit 1 was
32.5days, for Visit 2 178.5 days. One hundred and ninety-one sub-
jects received Continuous Positive Airway Pressure (CPAP)/NIV
(42%), 62 needed ICU admission (13.8%); median time of hospital-
ization was 10.5days. Sixty-nine patients were treated with
hydroxychloroquine (15.4%), 28 (6.2%) with lopinavir/ritonavir, 24
(5.3%) with darunavir/cobicistat, 163 (36.3) with remdesivir, 165
without antiviral treatment (36.7%); 390 received a corticosteroid
therapy (86.8%). Three hundred and twelve were discharged at
home (69.5%), 137 in long-term care facilities (30.5%). Physical re-
habilitation was needed in 122 patients (27.2%) after hospital dis-
charge; 4 patients (0.9%) were further re-hospitalized due to
different clinical conditions.
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Table 1. Baseline characteristics of the study population

Characteristics (n =449 patients) Values
Demographics
Age (median, IQR) 65 [56-75.5]
Male sex (n, %) 362 (78)

BMI (median, IQR)
Comorbidities (n, %)

24.5 [23.5-26)

Cardiovascular disease 64 (14.2)
COPD 24 (5.3)
Chronic kidney disease 8(1.7)
Diabetes 71 (15.8)
Neurological chronic disease 33(7.3)
Psychiatric disease 23(5.1)
Neoplastic disease 6(1.3)
Days from the onset of 9.4 [6.5-14.5]
symptoms to hospital
admission (median, IQR)
Median time of follow-up (days)
Visit 1 32.5[30-38.5]
Visit 2 178.5 [165.5-211.5]
Treatment and clinical features
Hydroxychloroquine 69 (15.4)
Lopinavir/ritonavir 28 (6.2)
Darunavir/cobicistat 24 (5.3)
Remdesivir 163 (36.3)
No antiviral therapies 165 (36.7)
Corticosteroids 390 (86.8)
Days of hospitalization 10.5 [7-14.5]
(median, IQR)
Need of CPAP/NIV (n, %) 191 (42)
Need of ICU admission (n, %) 62 (13.8)
Discharged at home (n, %) 312 (69.5)
Discharged at long-term 137 (30.5)

care facilities (n, %)

Need of oxygen at 171 (38)
home (n, %)

Need of rehabilitation
after discharge (n, %)

Need of rehospitalization 4(0.9)
after discharge (n, %)

122 (27.2)

Clinical outcomes

In Table 2, the clinical outcomes and follow-up data in the
study population were reported; abnormal values of C-reactive
protein (CRP) were observed in 144 (32%) patients at Visit 1 and
in 81 (18.6%) at Visit 2. Elevated ferritin level was observed in
282 patients (62.8%) at Visit 1 and in 135 (31%) at Visit 2; higher
d-dimer level was reported in 74 patients (16.5%) at Visit 1 and
31 (7.1%) at Visit 2. Persistence of X-rays chest abnormalities
was found in 224 subjects (49.8%) at Visit 1 and 151 (34.7) at Visit
2.

The LCS was diagnosed in 322 subjects at Visit 1 (71.7%) and
in 206 at Visit 2 (45.9); according to the PCFS scale we observed
147 patients with values 2-3 and 175 with values >3 at Visit 1; at
Visit 2 133 subjects had the score between 2-3 and 73 > 3.

The most frequent systemic symptoms at Visit 1 were: fa-
tigue (47.9%), myalgias/arthralgias (40%) and headache (28.5%).
The most common pneumological symptoms were: dyspnea/
breathlessness (50.8%), cough (29.8%) and chest pain (28.7%).
Among neurological symptoms, the persistence of anosmia
(64.4%) was the most common self-reported condition followed
by ageusia/dysgeusia (47.4%), ‘brain fog’ syndrome (52.1%),
memory impairment (41.4%), dizziness (19.6%) and peripheral
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neuropathy (29.6%). Tachyarrhytmias were the most common
cardiological symptoms (37.4%); psychiatric symptoms
included: sleep disorders (62.4%), post-traumatic stress disorder
(38%), anxiety (51.2%), major depression (23.4%), psychosis
(11.3%) and behavioral disorder (5.1%). Other most common
referred conditions included: weight loss (41.4%), hair loss
(64.4%), diabetes (24.3%), hypertension (25.8%), psoriasis (18.5%)
and venous thromboembolism (9.1%). In Table 3, the prescribed
therapies for the different clinical condition were reported: the
most common were acetaminophen (46.9%) and analgesic
(29.1%), beta-blocker for tachycardia (35.4%), anti-hypertensive
(24.2%) and benzodiazepines (39.6%).

Analysis of risk factors for the presence of LCS in the
study population

After multivariate adjustment considering the principal base-
line parameters, ICU admission (OR=2.551; 95% CI=1.998-
6.819; P=0.019), time of hospitalization (OR=2.255; 95%
Cl=1.018-6.992; P=0.016) and treatment with remdesivir
(OR=0.641; 95% CI=0.413-0.782; P <0.001) were independent
predictors of LCS (Figure 1).

PCFS scale according to remdesivir treatment in the
study population

Comparing the group of patients treated with remdesivir
against those untreated we observed that at Visit 1, 123 subjects
were not affected by LCS vs. 81 without remdesivir treatment.
Patients with a score between 2 and 3 were 27 and 120 in the
two groups, respectively; patients with a score >3 were 13 and
85, respectively. All the differences in the two groups were stat-
istically significant (P < 0.001; Figure 2).

Survival analysis

Survival analysis was carried out comparing the patients
treated with remdesivir and the control group according to the
diagnosis of LCS in the follow-up with significant difference be-
tween the two groups (x> = 14.614, P < 0.001; Figure 3).

Discussion

In this prospective study, we observe a significant presence of
LCS in the patients with previous hospitalization due to COVID-
19 infection: 71% at the first follow-up visit (1 month) and 45% at
the second visit (6 months). These findings are quite similar to
other data reported in previous studies, with range due to differ-
ent characteristics of enrolled patients, time of follow-up and
definition of the post-viral syndrome.*?

Our multivariate analysis showed that the ICU admission
and the hospitalization time were the most important factor
related to the LCS; in these subjects, the respiratory symptoms
with the need of pneumologist follow-up and the fatigue syn-
drome were most frequent. Conversely, the antiviral treatment
with remdesivir showed a protective effect on the LCS onset;
this is to our knowledge the first report about the role of remde-
sivir treatment in the LCS and the principal reasons can be
assumed: first, the patients treated with remdesivir had shorter
course of hospitalization and lower rate of the hospital-related
symptoms; second, in these patients the risk of CPAP/NIV or
ICU admission was lower, with less rate of lung damage; third,
the antiviral effect leads to a shorter time of viral replication,
with reduction of cytokine syndrome, chronic inflammation
and autoimmunity disorders.
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Table 2. Follow-up data in the post-COVID medical assessment

Laboratory and radiological examinations, n (%)
CRP >0.5 mg/1
Ferritin >150 ng/ml
D-dimer >243ng/ml
Lactate dehydrogenase >250 U/1
25-hydroxyvitamin D < 10 mcg/ml
Chest X-rays abnormalities
Clinical evaluation n, (%)
Overall PCS n, (%)
Systemic symptoms
Fatigue
Myalgias/arthralgias
Fever
Headache
Pneumological symptoms
Dyspnea/breathlessness
Cough
Chest pain
Neurological symptoms
‘Brain fog’
Dizziness
Memory impairment
Anosmia
Ageusia/dysgeusia
Peripheral neuropathy
Cardiovascular symptoms
Tachyarrhytmias
Pericarditis/myocarditis
Psychiatric symptoms
Sleeping disorders
Post-traumatic stress disorder
Anxiety
Major depression
Psychosis
Behavior disorder
Other referred signs/symptoms
Weight loss
Hair loss
Diabetes
Hypertension
Psoriasis
Venous thromboembolism
Thyroid dysfunction

Vlslt 2 (n=435)

(n=
144 (32) 81(18.6)
282 (62.8) 135 (31)
74 (16.5) 31(7.1)
61 (13.5) 18 (4.1)
178 (39.6) 71(16.3)
224 (49.8) 151 (34.7)
322 (71.7) 206 (45.9)
215 (47.9) 151 (34.7)
181 (40) 112 (25.7)
13 (2.9) 2(0.4)
128 (28.5) 66 (15.1)
228 (50.8) 166 (38.2)
134 (29.8) 87 (20)
129 (28.7) 89 (20.4)
234 (52.1) 191 (43.9)
88 (19.6) 13(2.9)
186 (41.4) 155 (35.6)
289 (64.4) 234 (53.7)
213 (47.4) 217 (49.8)
133 (29.6) 78 (17.9)
168 (37.4) 91(20.9)
31(6.9) 4(0.9)
280 (62.4) 233 (53.6)
171 (38) 134 (30.8)
230 (51.2) 144 (33.1)
105 (23.4) 39 (8.9)
51(11.3) 9(2)
23 (5.1) 6(14)
186 (41.4) 102 (23.4)
289 (64.4) 42(9.6)
109 (24.3) 39 (8.9)
116 (25.8) 61 (14)
83 (18. 5) 18 (19)
41(9.1 12 (2.7)
66 (20. 5) 35 (16.9)

A first point of discussion maybe the different ‘post-viral
syndrome’ definitions based on the time of diagnosis assess-
ment after clinical recovery, without a current agreement on
definition of this syndrome. Although several proposals in LCS
definition were available, the most common description was
the presence of COVID-19-related symptoms for more than 3
months after the diagnosis of SARS-CoV-2 infection or symp-
toms’ onset.™ Different definitions such as ‘chronic COVID syn-
drome, post-COVID, post-acute COVID’ were mainly related to
the duration of symptoms and their magnitude; however, can
be very different to consider the same definition of LCS in hospi-
talized or non-hospitalized patients.’® The main difference
between the two categories was the time-point of clinical evalu-
ation: in the hospitalized patients, we evaluated the duration of
LCS since the hospital discharge, whereas in outpatients this
evaluation could be difficult due to the asymptomatic phase of
infection or the lack of diagnosis by PCR. Based on our data, we
defined all included patients with any symptoms as generical

‘post-COVID’; however, at the first visit within the first month
after hospital discharge, a large part of patients suffered from
an ‘acute-post-COVID syndrome’, with higher prevalence of
symptoms more related to hospitalization than to the SARS-
CoV-2 infection: weight loss, myalgias, polyneuropathies, dys-
phonia, trouble walking, sleep disorders (...); on the other hand,
many psychiatric symptoms such as anxiety or depression were
related to the hospitalization time, with the prolonged isolation
and the ‘death experience’ as main factors causing the post-
traumatic stress disorder. Clinical condition as diabetes or
hypertension was also strongly related to the time of hospital-
ization, use of high dose of corticosteroids and CPAP/NIV. We
emphasize that a real ‘long-COVID or persistent-COVID’ was
observed at the second follow-up visit after a median time of
6 months. This is in our opinion the most relevant clinical con-
dition due to the worsening of the quality of life, the working
and social behavior of affected patients. The pathophysiology of
these clinical manifestations is related to the long-term tissue
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damage as direct post-viral syndrome, especially for hearth
involvement (tachycardia, myocarditis and pericarditis), lung
(dyspnea, cough, chest pain and breathlessness), central
nervous system (‘brain fog’, anosmia, ageusia and psychosis) or
prolonged inflammation syndrome mainly determinant in
‘fatigue syndrome’, headache, autoimmune diseases, dizziness,
fever (...). In our study, we observe that after 6 months of fol-
low-up the fatigue syndrome (34.7%), persistence of breathless-
ness (38.2%) and ageusia/dysgeusia (49.8%) with anosmia
(53.7%) were the most common reported symptoms with a
direct worsening of quality of life. Persistence of dyspnea with
abnormal X-rays chest was also reported in previous studies,™
but in our population among the 166 subjects with persistent

Table 3. Prescribed therapies in the cohort study during the follow-
up period

Systemic/general therapies

L.Boglioneetal. | 5

respiratory symptoms only 22 featured the altered diffusion
capacity and lung involvement documented with high-
resolution computed tomography and required a consequent
specialist evaluation. General distress and psychological in-
volvement due to viral infection, hospitalization and emotional
consequences have a negative impact on the quality of life and
related psychiatric symptoms such as anxiety or depression;
the occurrence of psychosis was also reported in a subgroup of
patients with longer time of hospitalization, need of mechanical
ventilation, treated with higher doses of corticosteroids or ben-
zodiazepines due to psychomotor agitation.

Conclusions

This study presents some strengths: a prospective design, with
a well-known hospitalization course; follow-up time longer
than most of previous studies (with inclusion of both ‘post-
acute-COVID’ and ‘long-COVID’), real-life intervention with clin-
ical evaluation, blood test, radiographs and other relevant tests
(this is not a study based only on the telephone interview), the
first evidence of a protective role of antiviral treatment with
remdesivir; the main limitations were: the single-center ana-
lysis, with selection of only hospitalized patients admitted in
the infectious disease unit. The observed effect of the remdesi-
vir treatment could also be affected by a ‘temporal bias’ due to
the availability in Italy of this drug starting from September
2020; consequently, the major part patients hospitalized during
the first wave of pandemic could not benefit from the use of

In conclusion, the LCS is a heterogenous syndrome with
different definitions and need of a multidisciplinary approach,;
the role of remdesivir is encouraging and requires further con-
firmation in other prospective studies.

Analgesic/NSAIDs 131(29.1)
Acetaminophen 211 (46.9)
Antihistaminic 27 (6)
Prednisone 113 (25.1)
Pneumological
Inhalation steroids/f2 agonists 124 (27.6)
Codeine 128 (28.5)
Cardiovascular
Anti-arrhythmics 159 (35.4)
Anti-hypertensives 109 (24.2)
Low molecular weight heparin (LMWH) 61 (13.6)
Neurological and psychiatric
Pregabalin/gabapentin 119 (26.5) this therapy.
Benzodiazepines 178 (39.6)
Antidepressants 75 (16.7)
Neuroleptic/mood stabilizers 31(6.9)
Age .
Sex o
BMI .
Comorbidities b ',
CPAP/NIV e
ICU admission f %
Time of hospitalization .
I'me before hospital admission =&
Corticosteroids .
Remdesivir e

Figure 1. Multivariate analysis of the LCS-associated factors.
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PCFS scale in patients affected by "Post-COVID syndrome"

120

123

Remdesivir No Remdesivir
Visit 1

mo-1

Figure 2. PCFS scale in the study population according to remdesivir treatment.

110

Remdesivir No Remdesivir

Visit 2

Survival functions

0.8

0,6

=
o
z
2
@
=

0.0

Remdesivir

i No Remdesivir

Chi-Square 14.614, p<0.001

0 50 100

150 200 250

Follow-up time (days)

Figure 3. Survival analysis for LCS presence in the study population according to remdesivir treatment.
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