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Objectives: To assess the prevalence of and factors associated with post-coronavirus disease 2019
(COVID-19) syndrome 6 months after the onset.
Methods: A bidirectional prospective study. Interviews investigated symptoms potentially associated
with COVID-19 6 months after the disease onset of all consecutive adult inpatients and outpatients with
COVID-19 attending Udine Hospital (Italy) from March to May 2020. IgG antibodies against Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) were also evaluated 6 months after the onset of
symptoms, at the time of the interview.
Results: A total of 599 individuals were included (320 female, 53.4%; mean age 53 years, SD 15.8) and
interviewed 187 days (22 SD) after onset. The prevalence of post-COVID-19 syndrome was 40.2% (241/
599). The presence of IgG antibodies was significantly associated with the occurrence of post-COVID-19
syndrome (OR 2.56, 95% CI 1.48e4.38, p 0.001) and median SARS-CoV-2 IgG titres were significantly
higher in patients with post-COVID-19 syndrome than in patients without symptoms (42.1, IQR 17.1e78.4
vs. 29.1, IQR 12.1e54.2 kAU/L, p 0.004). Female gender (OR 1.55, 95% CI 1.05e2.27), a proportional in-
crease in the number of symptoms at the onset of COVID-19 (OR 1.81, 95% CI 1.59e2.05) and ICU
admission OR 3.10, 95% CI 1.18e8.11) were all independent risk factors for post-COVID-19 syndrome. The
same predictors also emerged in a subgroup of 231 patients with the serological follow-up available at
the time of the interview alongside the proportional increase in anti-SARS-CoV-2 IgG (OR 1.01, 95% CI
1.00e1.02, p 0.04).
Discussion: Prospective follow-up could be offered to specific subgroups of COVID-10 patients, to identify
typical symptoms and persistently high anti-SARS-CoV-2 IgG titres as a means of early detection of post-
COVID-19 long-term sequelae. Maddalena Peghin, Clin Microbiol Infect 2021;27:1507
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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Introduction

Post-COVID-19 syndrome describing the experience of persis-
tent symptoms after recovering from the initial acute COVID-19 has
recently attracted increased attention [1,2] given that it might be
expected according to previous coronavirus epidemics [3,4]. The
blished by Elsevier Ltd. All rights reserved.
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Fig. 1. Flow chart of in- and out-patients with COVID-19 attending the Infection Dis-
ease Department between March and May 2020. ∧ CORMOR 3-4 protocol.
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pathophysiology of post-viral syndromes has been reported to
involve a complex interplay between the viral loads and the hu-
moral and cellular immune responses that could elicit both direct
non-immunological and indirect immune effects [3,5]. However,
the available knowledge of post-COVID-19 syndrome is still poor
and controversial due to the lack of a consensus definition [6], the
heterogeneity of the investigated population and diagnostic follow-
ups [1,2,7,8]. A better understanding of post-COVID-19 syndrome
and the dynamics and the nature of immune response to SARS-
CoV-2 infection might assist in identifying long-haulers and
appropriate pathways of care. Therefore, the aim of this study was
to comprehensively characterise predictors of post-COVID-19 syn-
drome, including the serological responses, among survivors.

Material and methods

Setting, patients and data collection

We performed a bidirectional cohort study design in a tertiary
care teaching hospital (Udine, Italy, 1000 beds) designated as a
regional centre for COVID-19 patients and serving approximately
350 000 citizens. The reference Ethics Committee (CEUR-2020-OS-
219 and CEUR-2020-OS-205) approved the study and all proced-
ures were in accordance with the ethical standards of the Health
Care Trust.

A cohort of all consecutive adult in- and out-patients (�18 years)
attending the Infectious Disease Department with a diagnosis of
COVID-19 from 1 March to 30 May 2020 were eligible. Patients who
werewilling to participatewere included and a database concerning
their demographic, clinical and laboratory data was populated. Six
months after disease onset (September and November 2020), pa-
tients were telephone interviewed by trained nurses with a pilot-
tested questionnaire investigating specific persistent or emerging
symptoms potentially associated with COVID-19. Participants were
free to answer in their ownwords according to the patient-reported
outcomes (PROs) framework [9]; the interview took from 10 to
30 minutes. Their narratives were categorized by four independent
physicians: post-COVID-19 syndromewas defined as symptoms that
developed during or after COVID-19, continued for �12 weeks, and
were not explained by an alternative diagnosis. Furthermore, SARS-
CoV-2 antibody concentrations were measured for a subgroup of
patients who agreed to participate in a parallel study on monthly
serological follow-up; available serological data at the time of the
interview (±15 days) were also recorded in the database.

Acute COVID-19 definitions

A patient with a positive nucleic acid amplification test (NAAT)
for SARS-CoV-2 in respiratory tract specimens was considered a
confirmed COVID-19 case whereas a suspected COVID-19 case was
considered as having COVID-19 with a negative SARS-CoV-2 NAAT
reporting laboratory or imaging findings and/or positive serology
[11]. Based on the COVID-19 disease severity scale, patients were
classified into five groups, from asymptomatic to critical disease
[11]. Symptomatic and asymptomatic patients were categorized
into three groups: (a) intensive care unit (ICU), (b) hospital-ward,
and (c) outpatients, when they had been never hospitalized.

Laboratory methods

Identifying cases with the COVID-19 virus was based on the
detection of unique sequences of virus RNA by NAATs such as real-
time PCR (RT-PCR) on respiratory samples. Cycle threshold (Ct)
values of first positive NAAT were collected. Serial measurements
of SARS-CoV-2 anti-nucleocapsid and anti-spike IgM/IgG were
obtained using iFlash-SARS-CoV-2 (Yhlo), a paramagnetic particle
based chemiluminescence immunoassay (CLIA). According to the
manufacturer's information, the IgM and IgG cut-off is 10.0 kAU/L.
Ct, IgG and IgM were considered in order to identify associations, if
any, between the anti-SARS-CoV-2 and post-COVID syndrome.
Further test procedures are summarized in Table S2.
Statistical analysis

Patients were divided into two groups (with or without post-
COVID-19 syndrome) at the time of interview. Absolute values,
percentages, mean and median (standard deviation (SD) or inter-
quartile range (IQR)) were calculated. Categorical variables were
compared using the chi-squared test or Fisher's exact test, while
continuous variables were compared using a Student t-test or
ManneWhitney U test for two groups, one-way ANOVA or the
KruskaleWallis test for more than two groups, according to the
ShapiroeWilk test establishing whether data were normally or
non-normally distributed. A multivariable logistic regression was
performed to explore variables associated with post-COVID-19
syndrome, estimating the odds ratios (OR; 95% CI). All clinically
or microbiologically relevant variables or those which were sig-
nificant at p � 0.10 in univariable analysis were included, taking
into account potential collinearities (e.g. the severity of acute
COVID-19 and the ICU admission). Given that only 231 patients
performed the serological follow-up at the time of interview, uni-
variable and multivariable logistic regression was performed on
this sub-group; moreover, this sub-group was compared with the
remaining population (Tables S3eS5). Seronegative patients and
those with seroreversion of IgM and IgG were excluded from the
serological follow-up at the time of interview, but were included in
the overall count only to evaluate the presence of IgG antibodies
against SARS-CoV-2 6 months after the onset. Analyses were per-
formed by STATA 16.
Results

Patients' baseline characteristics

Overall, during the study period, 1067 COVID-19 patients were
diagnosed in our hospital (Fig. 1); a total of 231 out of 599 (38.6%)
completed the serological follow-up at the time of the interview.

Baseline demographic and clinical characteristics are summa-
rized in Table 1. In brief, the mean age was 53 years (SD 15.8; range
18‒94), 320/599 (53.4%) were female and the majority (524/573,
91.4%) were native Italian. A total of 314/599 (52.4%) reported at



Table 1
Post-COVID-19 syndrome according to patients' baseline characteristics (n ¼ 599)

Post-COVID-19 syndromea

Yes
N ¼ 241

No
N ¼ 358

p

Gender, n (%) 0.004
Female 146 (60.6) 174 (48.6)
Male 95 (39.4) 184 (51.4)
Age group, n (%) 0.22
18‒40 50 (20.8) 91 (25.4)
41‒60 109 (45.2) 138 (38.6)
>60 82 (34.0) 129 (36.0)
Ethnicity, n/N (%) 0.74
Native Italian 215/235 (91.5) 309/338 (91.4)
European 19/235 (8.1) 25/338 (7.4)
Non-European 1/235 (0.4) 4/338 (1.2)
Smoking habit, n/N (%) 0.33
Non-smoker 161 (66.8) 228/356 (64.0)
Smoker 27 (11.2) 55/356 (15.5)
Ex-smoker 53 (22.0) 73/356 (20.5)
Alcohol habit, n/N (%) 0.35
Non-drinker 129 (53.5) 170/355 (47.9)
Drinker 111 (46.1) 183/355 (51.5)
Alcohol use disordere 1 (0.4) 2/355 (0.6)
Work, n/N (%) 0.32
Work in contact with public and HCWs 101/230 (43.9) 132/326 (40.5)
Work not in contact with the public 68/230 (29.6) 84/326 (25.8)
Retired 37/230 (16.1) 70/326 (21.5)
Other 24/230 (10.4) 40/236 (12.3)
Co-morbidities, number, n (%) 0.31
0 108 (44.8) 177 (49.4)
1 74 (30.7) 101 (28.2)
2 33 (13.7) 46 (12.8)
3 15 (6.2) 22 (6.2)
�4 11 (4.6) 12 (3.4)
Co-morbidities, n (%)
Hypertension 52 (22.0) 83 (23.2) 0.64
Obesity 36 (14.9) 62 (17.3) 0.44
Diabetes 15 (6.2) 18 (5.03) 0.23
Chronic respiratory diseasec 11 (4.6) 10 (2.8) 0.26
Cardiovascular diseaseb 1 (0.4) 6 (1.7) 0.25
Liver disease 8 (3.3) 2 (0.5) 0.22
Psychiatric disordersd 2 (0.8) 4 (1.1) 0.73
Renal impairment 0 (0.0) 0 (0.0) d

Under chronic medication, n/N (%) 0.37
Yes 118/239 (49.4) 187/352 (53.1)
No 121/239 (50.6) 165/352 (46.9)

HCWs, health care workers; n, number, N, number as a denominator.
a Patient's narratives collected with the telephonic interview were categorized by four independent physicians, who then agreed upon the findings. Post-COVID-19 syn-

drome was defined as symptoms that developed during or after COVID-19, continued for �12 weeks, not explained by an alternative diagnosis [10] (conjunctivitis, visual
changes) in at least one of the following clinical presentations: dyspnoea, cough, fatigue (asthenia, myalgia), chest pain, anosmia/dysgeusia, headache, rheumatological
involvement (back pain, arthralgia), neurological disorders (hypoesthesia, dizziness, hypoacusia), psychiatric/mood disorders (anxiety, sleep disorders, depression), inability
to concentrate/brain fog, gastrointestinal disorders (diarrhoea, vomiting, nausea, epigastric pain, constipation and abdominal pain), skin lesions, hair loss, upper respiratory
infection involvement (nose cold, sneezing, odynophagia) and ocular involvement.

b Cardiovascular disease: heart failure, ischaemic heart disease, tachyarrhythmias, valvular heart disease, venous thromboembolism.
c Pulmonary disease: asthma, chronic obstructive pulmonary disease.
d Depression, anxiety.
e Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) definition [36].
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least one baseline co-morbidity, most often hypertension (135/599,
23%) and obesity (body mass index >30 ¼ 98/599, 16.4%).

Acute COVID-19

Most patients were symptomatic (541/596, 90.8%) and presented
mild (409/541, 75.6%) and moderate (93/541, 17.2%) disease. A total
of 157/599 (26.2%) had been hospitalized (23/599; 3.8% in ICU)
(Table 2), reporting a median in-hospital stay of 7 days (IQR 3‒11).

Among those that were symptomatic, the median number of
symptoms was three (IQR 1e4) and the most common clinical
manifestations included fever (399/541, 73.7%), anosmia/dysgeusia
(326/541, 60.3%), cough (259/541, 47.9%), fatigue (237/541, 43.8%)
(Fig. 2). During the follow-up, we detected SARS-CoV-2 viral
shedding for a median of 19 (IQR 14‒25) days after the symptom(s)
onset (Table 2).

Post-COVID-19 syndrome

Patient evaluation was performed on day 191 (median, IQR
172e204) after acute COVID-19 onset. At this time, post-COVID-19
syndrome prevalence was 40.2% (241/599), (95% CI 0.36e0.44).
Among them, 22.9% (137/599) reported at least one symptom,10.8%
(65/599) two symptoms and 6.5% (39/599) three or more symp-
toms. The most frequently reported persistent symptom was fa-
tigue (78/599, 13.1%) (Table 3; Fig. 2). The persistence of fatigue,
dyspnoea and neurological disorders was significantly associated
with disease severity at onset (p < 0.05), whereas anosmia/



Table 2
Post-COVID-19 syndrome according to the clinical presentation and the onset and the microbiological evolution (n ¼ 599)

Post-COVID-19 syndromea p

Yes
N ¼ 241

No
N ¼ 358

Acute COVID-19 severityx, n/N (%) <0.001
Asymptomatic 3/239 (1.2) 52/357 (14.6)
Mild 166/239 (69.5) 243/357 (68.1)
Moderate 49/239 (20.5) 44/357 (12.3)
Severe 10/239 (4.2) 14/357 (3.9)
Critical 11/239 (4.6) 4/357 (1.1)
Symptoms at onset, number, n (%) <0.001
0 3 (1.2) 52 (14.5)
1 22 (9.1) 104 (29.0)
2 35 (14.5) 78 (21.8)
3 49 (20.3) 51 (14.2)
4 53 (22.0) 36 (10.1)
�5 79 (32.8) 37 (10.3)
Management, n (%) <0.001
Outpatients 157 (65.1) 285 (79.6)
Inpatients
Ward^ 70 (29.1) 64 (17.9)
ICU 14 (5.8) 9 (2.5)

Length of in-hospital stay, days, median (IQR) 7 (3e11) 7 (3e12) 0.48

Viral shedding, days, median (IQR) 20 (14e26) 19 (14e25) 0.21
Ct-values, median (IQR) 28.6 (24.7e33.5) 29.5 (23.8e33.2) 0.81

ct, cycle threshold; IQR, interquartile range; ICU, intensive care unit; n, number, N, number as a denominator.
x asymptomatic; mild (without pneumonia); moderate (with pneumonia); severe (with severe pneumonia); critical including Acute Respiratory Distress Syndrome (ARDS),
sepsis and/or septic shock [11].

a Patient's narratives collected with the telephonic interview were categorized by four independent physicians, who then agreed upon the findings. Post-COVID-19 syn-
drome was defined as symptoms that developed during or after COVID-19, continued for �12 weeks, not explained by an alternative diagnosis [10] (conjunctivitis, visual
changes) in at least one of the following clinical presentations: dyspnoea, cough, fatigue (asthenia, myalgia), chest pain, anosmia/dysgeusia, headache, rheumatological
involvement (back pain, arthralgia), neurological disorders (hypoesthesia, dizziness, hypoacusia), psychiatric/mood disorders (anxiety, sleep disorders, depression), inability
to concentrate/brain fog, gastrointestinal disorders (diarrhoea, vomiting, nausea, epigastric pain, constipation and abdominal pain), skin lesions, hair loss, upper respiratory
infection involvement (nose cold, sneezing, odynophagia) and ocular involvement.

∧ Infectious Disease or Pneumology Department.

Fig. 2. Acute- and post-COVID related sympthoms. Abbreviations: COVID, coronavirus disease; URTI, upper respiratory tract infection.
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dysgeusia occurred significantly more often among mild and acute
COVID-19 patients (p < 0.001) (Table 3).

Fifty patients were seronegative or seroconverted at serological
follow-up before 6 months and 231 patients underwent a sero-
logical test at the time of the interview (±15 days); among 193/281
(68.7%), a persistence of anti-SARS-CoV-2 IgG emerged. Themedian
SARS-CoV-2 IgG antibody titre was 33 kAU/L (IQR 15‒65.8 kAU/L).
At the time of the interview three out of 55 initially asymptomatic
patients reported symptoms (including fatigue, skin lesions and
hair loss) and two of these same three maintained a stable sero-
logical response (Table 3).

Post-COVID-19 syndrome associated factors

Risk factors for post-COVID-19 syndromewere evaluated for the
total population (n ¼ 599) and the sub-group with the serological



Table 3
Symptoms of post-COVID-19 syndrome according to grade of severity of acute COVID-19 (n ¼ 599)

Total
N ¼ 596

Severity of disease at the onsetx p

Asymptomatic
N ¼ 55

Mild
N ¼ 409

Moderate
N ¼ 93

Severe
N ¼ 24

Critical
N ¼ 15

Post-COVID symptoms, number, n (%) <0.001
0 357 (59.9) 52 (94.5) 243 (59.4) 44 (47.3) 14 (58.3) 4 (26.7)
1 136 (22.8) 3 (5.4) 96 (23.5) 28 (30.1) 5 (20.8) 4 (26.7)
2 64 (10.7) 0 (0.0) 46 (11.2) 12 (12.9) 3 (12.5) 3 (20.0)
3 28 (4.7) 0 (0.0) 18 (4.4) 7 (7.5) 1 (4.2) 2 (13.3)
4 7 (1.2) 0 (0.0) 4 (1.0) 2 (2.1) 0 (0.0) 1 (6.7)
5 4 (0.7) 0 (0.0) 2 (0.5) 0 (0.0) 1 (4.2) 1 (6.7)
Fatigue, n (%) 78 (13.1) 1 (1.8) 45 (11.0) 21 (22.6) 5 (20.8) 6 (40.0) <0.001
Anosmia/dysgeusia, n (%) 62 (10.4) 0 (0.0) 57 (13.9) 4 (4.3) 1 (4.2) 0 (0.0) <0.001
Neurological disorders, n (%) 57 (9.6) 0 (0.0) 32 (7.8) 17 (18.3) 3 (12.5) 5 (33.3) <0.001
Rheumatological disorders n/N (%) 38/463 (8.2) 0 (0.0) 25/311 (8.0) 6/67 (9.0) 2/17 (11.8) 4/10 (0.8) 0.002
Dyspnoea, n (%) 36 (6.0) 0 (0.0) 22 (5.4) 10 (10.7) 1 (4.2) 3 (20.0) 0.011
Psychiatric disorders, n (%) 29 (4.9) 0 (0.0) 20 (4.9) 6 (6.4) 1 (4.2) 2 (13.3) 0.14
Hair loss, n (%) 22 (3.7) 1 (1.8) 16 (3.9) 2 (2.1) 2 (8.3) 1 (6.7) 0.39
Cutaneous lesions, n (%) 20 (3.4) 1 (1.8) 15 (3.7) 3 (3.2) 0 (0.0) 1 (6.7) 0.77
URTI symptoms, n (%) 20 (3.4) 0 (0.0) 3 (0.7) 1 (1.1) 0 (0.0) 1 (6.7) 0.23
Headache, n (%) 16 (2.7) 0 (0.0) 15 (3.4) 1 (1.1) 0 (0.0) 0 (0.0) 0.51
Cough, n (%) 12 (2.0) 0 (0.0) 7 (1.7) 3 (3.2) 1 (4.2) 1 (6.7) 0.18
Gastrointestinal disorders, n (%) 9 (1.5) 0 (0.0) 4 (1.0) 3 (3.2) 2 (8.3) 0 (0.0) 0.05
Chest pain, n (%) 5 (0.8) 0 (0.0) 3 (0.7) 1 (1.1) 1 (4.2) 0 (0.0) 0.36
Ocular symptoms, n (%) 2 (0.3) 0 (0.0) 2 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 1.00

COVID-19, coronavirus disease-19; n, number, N, number as a denominator; URTI, upper respiratory tract infection.
& The question was missed in some interviews.

x Asymptomatic; mild (without pneumonia); moderate (with pneumonia); severe (with severe pneumonia); critical including Acute Respiratory Distress Syndrome (ARDS),
sepsis and/or septic shock [11].
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follow-up available at the time of the interview (n ¼ 231) (Table 4
and Tables S3eS5).

Presence of IgG antibodies against SARS-CoV-2 6 months after
acute COVID-19 onset was significantly associated with the risk of
post-COVID syndrome (n ¼ 281, 88 seronegative patients vs. 193
seropositive patients, OR 2.56, 95% CI 1.48e4.38, p 0.001). Focusing
on the subgroup of 231 patients, with regard to the titre magnitude
among seropositive patients, median SARS-CoV-2 IgG antibody titres
were significantly higher in long-haulers than in patients without
sequelae (42.1, IQR 17.1e78.4 vs. 29.1, IQR 12.1e54.2 kAU/L) (Fig. 3).

In the multivariable logistic regression analysis, female gender
(total population: OR 1.55, 95% CI 1.05e2.27, p 0.025; sub-group
OR 2.82, 95% CI 1.46e5.43, p 0.002), a proportional increase in
the number of symptoms (quantitative variable) at the onset of
COVID-19 (total population: OR 1.81, 95% CI 1.59e2.05, p < 0.001;
subgroup: OR 1.51, 95% CI 1.23e1.85, p < 0.001), ICU admission
(total population: OR 3.10, 95% CI 1.18e8.11, p 0.021; subgroup: OR
8.29, 95% CI 1.43e48.00, p 0.018) and a proportional increase in
anti-SARS-CoV-2 IgG at the time of the interview in the subgroup
(OR 1.01, 95% CI 1.00e1.02, p 0.040) were all independent risk
factors for the development of post-COVID-19 syndrome (Table 4
and Table S5).
Table 4
Multivariable analysis of risk factors associated with post-COVID-19 syndrome (n ¼ 5

Risk factors O

Gender
Female 0.
Age group
41‒60 vs. 18‒40 1.
>60 vs. 18‒40 1.
>60 vs. 41‒60 1.
Symptoms of acute COVID-19 at the onset, number 1.
Management
Ward vs. outpatients 1.
ICU vs. outpatients 3.
ICU vs. ward 1.

CI, confidence of interval; Ct, cycle threshold; ICU, intensive care unit; OR, odds ratio
Discussion

Possible long-term effects associated with coronavirus out-
breaks documented to date have concerned severe acute respira-
tory syndrome (SARS) and Middle East respiratory syndrome
(MERS) [5]. However, with regard to the recent COVID-19 outbreak,
the available studies provided evidence on hospitalized patients
[2,8,12,13], mainly with short follow-ups (<3 months) [1,12], leav-
ing the long-term implications among community-dwelling in-
dividuals underinvestigated. Considering symptoms as perceived
by patients and their associations with some serological parame-
ters, this study has integrated the PROs framework [9] into routine
clinical care, which might enhance symptom managements [6].

Findings suggest that the persistent high titres of the serolog-
ical response against SARS-CoV-2 may play a significant role as an
independent risk factor for post-COVID-19 symptoms alongside
female gender, the number of symptoms at onset and ICU admis-
sion. Specifically, the overall incidence of post-COVID-19 syn-
drome was 40.3% with a high burden of symptoms (17.3%
manifested �2 sequelae); although it is challenging to compare
findings emerged in studies with different follow-ups (from
15 days to 7 months) [1,5,7,8,13,15] and populations, the overall
99)

R 95% CI p

025 1.05e2.27

00 0.61e1.62 0.99
03 0.62e1.74 0.90
04 0.67 e 1.60 0.87
81 1.59e2.05 <0.001

87 1.19e2.94 0.007
10 1.18e8.11 0.021
65 0.61e4.46 0.32

.



Fig. 3. Serological response againts SARS-CoV-2 in patients with or without post-
COVID-19 syndrome at 6 months. *median (IQR).
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incidence of post-COVID-19 syndrome was documented to range
from 35% to 94% [1,2,7,14e16].

Findings suggest also that SARS-CoV-2 has several manifesta-
tions at 6 months regardless of the onset manifestation, from
asymptomatic through to critical life-threatening disease. As pre-
viously reported [2,7], the presence of post-COVID-19 symptoms
was significantly associated with the number of symptoms at onset
and with the grade of disease requiring an ICU admission; however,
as documented [14,15], our findings indicate that COVID-19 can also
cause prolonged illness among individuals with milder disease and
those requiring ambulatory care. In addition, we found significant
differences regarding persistent symptoms with a higher incidence
of anosmia/dysgeusia in patients with mild illness, and fatigue,
dyspnoea, neurological disorders and rheumatological symptoms
in patients with severe disease. Fatigue and dyspnoea have been
reported among SARS and MERS patients, and are currently being
described in COVID-19 survivors, mainly after hospitalization
[3,7,17,18]. SARS-CoV-2 has high neuroinvasive potential compared
with known coronavirus, causing variable prolonged sequelae,
including headache, chemosensory dysfunction and neuro-
cognitive issues [14,19]. It is interesting that unlike in SARS and
MERS, anosmia and dysgeusia are frequently reported at acute
onset and persisted in about 10% of the patients in our cohort.
Rheumatological symptoms have also been reported in COVID-19
patients both at onset and over time [7,20], with the most com-
mon symptom in our study being arthralgia. The multi-organ
chronic COVID-19 disease suggests that a multidisciplinary
approach is required when implementing the care pathway, as
recommended in NICE guidelines [10].

The underlying mechanism of acute and long-term conse-
quences of COVID-19 is likely to be multifactorial. COVID-19
infection has been found to have equal prevalence in men and
women, but male gender has shown to be a risk factor for higher
severity andmortality [21]. In our cohort, females reported a higher
prevalence of post-COVID-19 symptoms than males, consistent
with previous long-haulers studies [1,2]. Physiological and social
factors have been reported as possible explanation [1,8,22]; how-
ever, further data are needed. In contrast with available studies
[8,15,23], we did not find any association with age and pre-existing
co-morbidities, suggesting that the long-term effects of COVID-19
can be debilitating, even among young and healthy individuals.

The reasons why some recovered patients report chronic-
COVID-19 are unknown [14,24]. Changes in viral load and the
ability to interferewith the human immune systemmay play a role.
A positive outcome implies the eradication of infection by immune
response while providing immune protection from reinfection. On
the other hand, a poor immune response with the persistence of
viral triggers may promote a chronic phase of the disease [25].
However, knowledge regarding the dynamics and nature of the
immune response to SARS-CoV-2 infection and its association with
long COVID-19 is still limited. Huang and colleagues, including
COVID-19 patients 6 months after hospital discharge, found a
decline in seropositivity and in themedian titres of the neutralizing
antibodies when compared with the acute phase. Unfortunately,
due to the limited serological data, the authors could not associate
these findings with post-COVID syndrome [2]. In our study, a sig-
nificant association between the presence and the persistence of
acquired immune function and the association of increasing titres
of SARS-CoV-2 antibodies and post-COVID syndrome emerged.
Interestingly, multisystem inflammatory syndrome (MIS) has been
reported to be a unique aspect of post-acute SARS-CoV-2 infection.
In a large study describing this entity, approximately three-quarters
of subjects presenting with MIS reported a serological response
[26]. In our study, viral replication was rarely recovered 3 weeks
after symptom onset [27] and the duration of viral shedding was
not associated with a higher risk of post-COVID-19 symptoms.
Despite this, it is well known that SARS-CoV-2 may persist in other
difficult-to-eradicate tissues [6,28]. Our data and literature [5,6,25]
suggest that SARS-CoV-2 could cause damage through the extent of
cytopathic virus replication, creating an inflammatory environ-
ment, especially in immunologically privileged sites where it can be
difficult for the immune system to eradicate. Hence, post-acute
COVID may be driven mainly by allo-immune and auto-immune
responses. Cytokine storm and the dysregulated immune
response with the exaggerated inflammatory reaction associated
with symptomatic COVID-19 [29], microangiopathy and endothelial
injury and post-viral syndrome, as described for other viral in-
fections, could promote a chronic disease [30]. A better under-
standing of the potential mechanism of post-COVID-19 is needed to
establish effective treatments.

To the best of our knowledge, no data regarding asymptomatic
patients over time are available. Three out of 55 asymptomatic
patients complained symptoms at follow-up, and taking into
consideration the limited size, two out of three maintained sero-
logical response at the follow-up.

This study has several limitations. It was performed in a single
centre, introducing a potential selection bias; it has relied on patient
self-reported symptoms [17], without any objective assessment
introducing an information bias [32e34]. Only one serological test
was performed, which may have an assay-dependent rate of
sensitivity, specificity and antibody decline. However, we chose this
antibody assay (iFlash-SARS-CoV-2) on the basis of a preliminary
validation study and the literature [35]. The neutralizing antibodies
test was not performed: its complexity prevents routine testing on
a large scale while its utility in long-term immunity against SARS-
CoV-2 remains undetermined.

In conclusion, a prospective follow-up of a large cohort of
recovered COVID-19 patients with different grade severities and
cared for in different settings suggested that 40.2% of them expe-
rienced post-COVID-19 syndrome up to 6 months after the onset.
Several long-term pandemic clinical and health care service man-
agement issues should be considered. Moreover, the association of
post-COVID-19 symptoms with the serological response triggers
several insights into underlying pathogenesis mechanisms and
possible therapeutic strategies.
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