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s u m m a r y 

Objectives: This study aims to analyze the incidence of Post-acute COVID-19 syndrome (PCS) and its 

components, and to evaluate the acute infection phase associated risk factors. 

Methods: A prospective cohort study of adult patients who had recovered from COVID-19 (27th February 

to 29th April 2020) confirmed by PCR or subsequent seroconversion, with a systematic assessment 10–14 

weeks after disease onset. PCS was defined as the persistence of at least one clinically relevant symptom, 

or abnormalities in spirometry or chest radiology. Outcome predictors were analyzed by multiple logistic 

regression (OR; 95%CI). 

Results: Two hundred seventy seven patients recovered from mild (34.3%) or severe (65.7%) forms of 

SARS-CoV-2 infection were evaluated 77 days (IQR 72–85) after disease onset. PCS was detected in 141 

patients (50.9%; 95%CI 45.0–56.7%). Symptoms were mostly mild. Alterations in spirometry were noted in 

25/269 (9.3%), while in radiographs in 51/277 (18.9%). No baseline clinical features behaved as indepen- 

dent predictors of PCS development. 

Conclusions: A Post-acute COVID-19 syndrome was detected in a half of COVID19 survivors. Radiological 

and spirometric changes were mild and observed in less than 25% of patients. No baseline clinical features 

behaved as independent predictors of Post-acute COVID-19 syndrome development. 

© 2021 Published by Elsevier Ltd on behalf of The British Infection Association. 
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The battle against COVID-19 does not seem to end with screen- 

ng and management of acute disease. The medium and long-term 
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ealth consequences experienced by survivors of COVID-19, if any, 

re currently unknown. 1 Series have reported the incidence of per- 

istent symptoms ranging from 40 to 90% of patients, but the inter- 

retation of results is hampered by non-systematic and short-term 

valuations, with high heterogeneity in relation to age, severity of 

nfection, follow-up and characteristics of the clinical evaluation. 2–5 

The so-called “Post-COVID Syndrome” includes persistent symp- 

oms that could be related to residual inflammation (convalescent 

hase), organ damage, non-specific effects from the hospitalization 

r prolonged ventilation (post-intensive care syndrome), social iso- 

ation 

6 or impact on pre-existing health conditions. 
. 
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The detailed analysis of these symptoms as well as their tem- 

orary evolution is essential for the characterization of this syn- 

rome. This study aims to analyze the medium-term persistent 

ymptoms through a comprehensive and structured clinical assess- 

ent in patients recovered from COVID-19 and to evaluate the 

cute infection phase predictors of Post-acute COVID-19 syndrome 

PCS). 

ethods 

atients and design 

This is a prospective cohort study of adult patients with COVID- 

9, attended in the Emergency Department from 27th February to 

9th April 2020. SARS-CoV2 infection was confirmed by PCR (in 

asopharyngeal swab or lower respiratory tract sample) or subse- 

uent seroconversion. Patients were classified as hospitalized (se- 

ere pneumonia), mild pneumonia managed as hospital follow-up 

t home and cases without pneumonia managed by primary care. 

Patients were offered an assessment by COVID-19 medical team 

0–14 weeks after ambulatory COVID-19 recovery or discharge 

rom hospital. General characteristics of the study population and 

cute infection phase data, including Charlson index and COVID- 

RAM score, 7 were extracted from the electronic medical record. 

 structured evaluation was performed in the same visit: clini- 

al examination, blood test, Chest-X ray, pulmonary function test 

nd quality of life questionnaire with EuroQol visual analogue scale 

VAS). 

Chest radiographs were evaluated by an experienced thoracic 

adiologist, unaware of the clinical status; a pathological radio- 

raph was defined as a score ≥ 2. 8 Standard spirometry was per- 

ormed ( MasterScreen PFT-Pro; Jaeger, Germany) according to the 

TS/ERS recommendations and the Global Lung Function Initiative 

012 reference values were used. 

Patients with significant alterations were referred for subse- 

uent specialist evaluations around week 16–18. 

utcomes 

The primary endpoint was PCS defined as the persistence of at 

east one clinically relevant symptom, spirometry disturbances or 

ignificant radiological alterations. 

Secondary endpoints were the identification of risk factors for 

he PCS related to the baseline characteristics of the acute episode 

f COVID-19, and changes in quality of life related to COVID-19. 

The cumulative incidence of PCS (95%CI) and its components 

ere determined both in the global cohort and in the severe pneu- 

onia subpopulation. Associations between disease severity, other 

xplanatory variables and PCS or its components were evaluated by 

hi-2 test. Multiple logistic regression models were built to explore 

hich risk factors present at COVID-19 diagnosis were associated 

ith a higher incidence of PCS; odds ratios (OR) with (95%CI) were 

stimated. Variables were included as covariates if they showed 

ignificant associations in simple models. IBM SPSS Statistics v25 

Armonk, NY) was used for analyses. P < 0.050 defined statistical 

ignificance. Written informed consent was obtained from all the 

articipants, with approval by the institutional review board (EXP. 

00,145). 

esults 

Of 422 patients evaluated in the emergency department, 58 

13.7%) died, eight after discharge from hospital due to progression 

f neoplasia ( n = 2), bacterial infections not related to COVID-19 

 n = 3), sudden death ( n = 1) and of unknown cause ( n = 2). Thirty-

ight were not included in the present study: 24 by severe co- 
374 
orbidity, 7 followed in other health areas and 7 by being moni- 

ored by other physicians. Four patients refused to participate, 15 

atients did not attend the face-to-face assessment (although a 

elephone interview was conducted) and 30 patients (7.1%) were 

ost to follow-up. Finally, 277 (76% of the survivors) were included 

n the study. Two hundred sixty-nine (97.1%) were PCR positive 

or SARS-CoV2 during admission; the remaining population pre- 

ented a clinical picture with high clinical suspicion, confirmed by 

he presence of anti-SARS-CoV-2 antibodies measured at a median 

range) of 76 days (IQR 72–83) after disease onset. 

Two hundred and seventy-seven patients were included, me- 

ian age 62.0 years (53.0–72.0), 52.7% males and 30.3% had a 

harlson index ≥3. There were fifty-four (19.5%) patients with- 

ut pneumonia, 41 (14.8%) with non-severe pneumonia and 182 

65.7%) with severe pneumonia (i.e. Hospitalized). Patients were 

valuated at a median (IQR) of 77 days (72–85) after disease onset, 

nd 182 (65.8%) reported having recovered their health status prior 

o infection. 

ost- COVID syndrome and associated factors 

The PCS was detected in 141 patients (50.9%; 95%CI 45.0–

6.7). The cumulative incidence was 58.2% (95%CI 51.0–65.2), 36.6% 

95%CI 23.5–51.8) and 37.0% (95%CI 25.4–50.3) in patients with se- 

ere pneumonia, mild pneumonia and without pneumonia, respec- 

ively ( p = 0.003). 

Table 1 shows the general characteristics of the study popula- 

ion and main features of the comprehensive medical review. 

The most frequent symptoms were dyspnea and fatigue. 

nosmia-dysgeusia was associated with younger age ( < 65 yr 24.9% 

48/194) vs > 65 yr 13.5% (11/83), p 0.03). The most relevant lab- 

ratory findings were lymphopenia and high ferritin and D-dimer 

evels. 

Relevant neurological symptoms (headache, memory disorders 

 cognitive deterioration, or both) were present in 33 patients 

11.9%). 

The neurological and respiratory symptoms generally improved 

n the evaluation by specialists, 16–18 weeks after disease on- 

et, with persistent alterations that required medical follow-up by 

neumologits in 13.3% (37/277) and neurologist in 7.5% (21/277). 

After multivariate adjustment, no baseline clinical features, nei- 

her age, sex, comorbidity, severity of acute COVID-19 infection, 

OVID-GRAM score, inflammatory markers, ICU-admission, hospi- 

al/ICU length of stay, or treatment behave as independent predic- 

ors of “PCS” (see Fig. 1 ). 

In severe pneumonia, only opacities of lung surface on X-rays 

 50% (OR 2.87 (1.13–7.32), p = 0.027) and higher heart rate at ad- 

ission (OR 1.03 (1.01–1.06, p = 0.04), were independent predictors 

f post-COVID syndrome. 

espiratory function test and imaging and associated factors 

Standard spirometry and imaging study were performed in 

69 patients (97.1% of study population). Spirometry abnormali- 

ies, after ruling out 14 patients with history of lung disease, were 

resent in 25/269 (9.3%); with a clear predominance of the ob- 

tructive pattern (22/25), that was mild in 63.6% (14/22) of pa- 

ients. Relevant imaging changes were found in 51 patients (18.9%; 

5%CI 14.7–24.1), but 52.9% of them were free of respiratory symp- 

oms. Conversely, patients with cough or dyspnea showed relevant 

ndings on chest imaging by 20.7% or pulmonary function test by 

4.3%. 

In the overall cohort the predictors of abnormalities in spirom- 

try were an estimated glomerular filtrate ≤ 60 ml/min/m 

2 (OR 

7.17 (3.38–408.81, p = 0.003) and male sex (OR 8.87 (1.91–

1.26), p = 0.005), whereas Charlson index ≥3 (OR 0.06 (0.01–
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Table 1 

General characteristics of the study population and main features in medical assess- 

ment post-COVID infection. 

Charateristics of patients 

Demographics 

Age (median), years 56.0 (42.0–67.5) 

Males,% 52.7 (146/277) 

Comorbidities 

Charlson comorbidity index 2.0 (0.0–3.0) 

Charlson index ≥3,% 30.3 (84/277) 

Hypertension,% 36.5 (101/277) 

Diabetes,% 11.6 (32/277) 

Obesity,% 30.6 (83/271) 

Cardiovascular disease,% 6.9 (18/261) 

Chronic respiratory disease,% 18.1 (50/277) 

Immunosuppression,% 4.7 (13/277) 

Admission data 

ICU admission,% 8.7 (24/277) 

Length-hospital stay, median 8.5 (6.0–12.0) 

Length-ICU stay, median 9.0 (4–5–13.7) 

Medical assessment post-COVID 

infection 

Global Assessment Specialized 

evaluation 

(8–12 weeks) (16–18 weeks) 

“Post-COVID syndrome “ 50.9 (141/277) 

Severe pneumonia 58.2 (106/182) 

Mild pneumonia 36.6 (15 / 41) 

No pneumonia 37.0 (20 /54) 

General Clinical Features 

Fatigue,% 34.8 (96/277) 

Anosmia-dysgeusia,% 21.4 (59/277) 

Myalgias-arthralgias,% 19.6 (54/277) 

Pneumological features Pneumologist ∗

Dyspnea,% 

Persistence 34.4 (95/277) 11.1 (31/277) 

Cough,% 

Persistence 21.3 (59/277) 2.1 (6/277) 

Neurological features Neurologist ∗

Headache,% 17.8 (49/277) 

Moderate-Severe ∗ ,% 53 (26/49) 

Persistence,% 2.9 (8/277) 1 

De novo,% 2.5 (7/277) 

Pathological CT or MR,% 0.3 (1/277) 

Mnesic complaints,% 15.2 (42/277) 

Clinical relevance ∗ ,% 57.1(24/42) 

Persistence,% 5.0 (14/277) 2 

De novo,% 3.6 (10/277) 

Pathological CT or MRI,% 1.4 (4/277) 

Pathological neurocognitive test, 1.8 (5/277) 3 

Diarrhoea,% 10.5 (29/277) 

Skin features,% 8.3 (23/277) 

Visual loss,% 5.4% (15/277) 

Fever,% 0.0 (0/277) 

Laboratory features 4 

Lymphocytes, < 1500 per mm 

3 19.9 (55/277) 

C-reactive protein > 0.5 mg/dL 11.6 (32/276) 

D-dimers > 0.5 mg/mL 24.9 (68/273) 

Ferritin > 150 mg/L 40.6 (112/276) 

Lactate dehydrogenase > 250 U/L 9.9 (27/274) 

Troponin T, > 14 ng/L 14.5 (40/275) 

CK > 170 U/L 13.0 (34/276) 

Pro-BNP, 

< 50 years old, > 450 pg/mL 1.9 (2/104) 

50–75 years old, > 900 pg/mL 2.7 (4/145) 

> 75 years old, > 1800 pg/mL 18.5 (5/27) 

Spirometry 5 

Global cohort 3.7 (10/269) 

Restriction 12.6 (34/269) 

Obstruction 1.9 (5/269) 

Mixed patterns 

Non previous pulmonary disease 2.7 (6/227) 

Restriction,% 9.9 (22/227) 

Obstruction,% 1.4 (3/227) 

Mixed patterns,% 

Radiological features 6 

( continued on next page ) 

Table 1 ( continued ) 

Chest X-rays score ≥2 18.9 (51/269) 

Chest X-rays score ≥5 4.0 (11/269) 

Quality of life 

(EuroQol visual analog scale, VAS) 

Previous COVID infection, median 90 (80–100) 

Post-COVID infection, median 83.0 (70–90) 

1 Associated with anxious depressive symptoms 90% (13/14). 
2 Associated with anxious depressive symptoms 71.4% (10/14). 
3 One patient with previous cognitive impairment, two with severe B12 vitamin 

deficiency and one with demyelination lesions. Only one patient associated ansioux 

depressive symptoms. 
4 Laboratory reference range are used as cut-off point for the categorization of 

variables; for pro-BNP, pro-natriuretic peptide type B, the cut-off point of high prob- 

ability of heart failure has been used, categorized by age. 
5 Patient underwent standard spirometry ( MasterScreen PFT-Pro; Jaeger, Germany) 

accordingly with the ATS/ERS recommendations. Forced vital capacity (FVC) and 

forced expiratory volume at the first second of exhalation (FEV 1 ) was obtained. 

Obstruction was considered as FEV 1 /FVC < 0.7 and restriction when FVC < 0.8 and 

FEV 1 /FVC ≥0.7 without corporal pletismography confirmation. 
6 Chest radiographs at the time of diagnosis and in the follow-up visit were eval- 

uated by a 25-year experienced thoracic radiologist, without knowledge of the clin- 

ical status. Lung involvement was classified as reticular, ground-glass or consolida- 

tion predominance, or as a combination of them, and extension of abnormalities 

was graded according to an adaptation of a previously described scoring system 

8 

ranging from 0 to 10. 
∗ The referral criteria for pneumology were the presence of cough, dyspnea, ra- 

diographic or spirometry abnormalities; for neurology were a referred memory im- 

pairment, new-onset self-perceived cognitive impairment or previous exacerbation 

or new neurological deficit in the anamnesis / exploration. 
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.69), p = 0.024) was associated with a lower incidence. Also, 

n severe pneumonia, an independent predictor was an esti- 

ated glomerular filtrate ≤ 60 ml/min/m 

2 (OR 28.14 (2.13–371.3, 

 = 0.011), whereas male sex (OR 4.95 (0.97–25.27), p = 0.055), and 

harlson index ≥3 (OR 0.05 (0.002–1.08), p = 0.056) approached 

tatistical significance. 

After adjustment for confounding factors, only a higher imaging 

core during acute infection phase was associated with the persis- 

ence of radiological lung involvement, both in the global cohort 

nd in patients with severe pneumonia (OR 1.66 (1.30–2.11) and 

.68 (OR 1.28–2.196), p < 0.001, respectively). 

uality of life 

The median decrease of 9 points on the EuroQol VAS shows a 

orsening in the perception of health after the COVID infection. 

CS patients, compared to those without sequelae, showed a more 

requently an impact on their quality of life after infection, 66.9% 

ersus 43.2%, p = 0.0 0 01, respectively. 

iscussion 

The present study confirmed a high incidence of persistent 

ymptoms in patients with COVID-19 (around 50%), 10–14 weeks 

fter disease onset. These symptoms were mostly mild general (fa- 

igue), respiratory (dyspnea) or neurological complaints, but were 

ot found to be associated with other pathological findings in 

he examinations performed. Radiological and spirometric changes 

ere observed in less than 25%. PCS entails a high psycholog- 

cal distress influencing the quality of life. However, respiratory 

nd neurological symptoms, drastically improve 16–18 weeks af- 

er disease onset. Neither the baseline characteristics of the pa- 

ients nor the COVID-19 disease features were associated with the 

ersistence of these symptoms in the global cohort, whereas in 

he severe pneumonia group, extension of lung involvement and 

igher heart rate at admission, were independent predictors of 

ost-COVID syndrome. Renal insufficiency and male sex were as- 

ociated with changes in spirometry, whereas higher imaging score 
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Fig. 1. Post-acute COVID-19 syndrome associated factors. Variables were included as covariates if shown significant associations in simple models. Some covariates could 

be excluded in case of been highly correlated, > 20% of missing values or number of events was too small to calculate odds ratios. The 95% confidence intervals (CIs) of 

the odds ratios have been adjusted for multiple testing. In bold, independent predictors associated with the outcomes. For the purpose of logistic regression, variables were 

categorized regarding their 75-percentiles within each subpopulation, to show the impact of severe extreme values in the outcomes – except for those in which severity is 

defined by lowest levels, such as lymphocyte counts, where 25-percentiles were used. For the following variables, standard categorizations were followed: age ≥65 years, 

Oximetry at room air < 94%, respectively. 

376 
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uring acute infection was associated with the persistence of lung 

nvolvement. 

The available data regarding the incidence and evolution of 

ostCOVID alterations are scarce and heterogeneous. Halpin et al. 2 , 

enforde et al. 3 and Carvalho-Schneider et al. 9 , reported the results 

f a structured telephone interview about symptoms after acute in- 

ection phase. Halpin et al. evaluated 100 patients (32 ICU), a mean 

f 48 days postdischarge from hospital; fatigue was the most com- 

only reported symptom by 72% and 60.3%, followed by breath- 

essness (65.6% and 42.6%) and psychological distress (46.9% and 

3.5%), with a drop in EQ5D in 68.8% and 45.6%, ICU group vs hos- 

ital ward, respectively. 2 . Tendforde et al. reported a series of 292 

atients with mild COVID-19 (without hospital admission), 94% re- 

orted experiencing one or more symptoms at the time of test- 

ng (cough 43%, fatigue 35%, or shortness of breath 29%)[3]. Finally, 

arvalho-Schneider et al. 9 showed that up to 2 months after symp- 

om onset, two thirds of 150 adults with non-critical COVID-19 had 

omplaints, mainly anosmia/ageusia, dyspnea or asthenia. 

Carfi et al. 4 and Wang et al. 5 , reported the results of face-to- 

ace evaluation after hospital discharge. In a population of 143 pa- 

ients (5% invasive ventilation) assessed a mean of 60.3 (SD, 13.6) 

ays after onset of the first COVID-19 symptom, 12.6% were com- 

letely free of any COVID- 19–related symptom, while 32% had 1 

r 2 symptoms and 55% had 3 or more, as fatigue (53.1%), dys- 

nea (43.4%), joint pain (27.3%) and chest pain (21.7%); 4 a wors- 

ned quality of life was observed in 44.1%. Wang et al. evaluated 

31 COVID-19 patients (median age 49, 52.6% severe pneumonia) 

eekly up to 4 weeks. At discharge, 40.4% had symptoms (mainly 

ough 29.0%, fatigue 7.6%, expectoration 6.1%)[5]. These symptoms 

rogressively declined in the 4 weeks after discharge, with only 

.1% symptomatic patients, without differences depending on the 

everity of the initial condition. Townsend et al. 10 reported the 

ersistence of fatigue in 52.3% (67/128) a median of 10 weeks af- 

er initial COVID-19, irrespective of severity of initial illness (44.5% 

anaged as outpatients), highlighting the importance of following 

ll patients diagnosed with COVID, not merely those who required 

ospitalization. 

Regarding pulmonary dysfunction, Zhao et al. 11 reported that in 

5 patients, 3 months after discharge, 64% had persistent symp- 

oms and 71% radiologic abnormalities and 25% decreased diffu- 

ion lung capacity. In another study, Huang et al. 12 , of 57 patients 

valuated 30 days after discharge, found decreased lung diffusion 

apacity (53%) and diminished respiratory muscle strength (49%). 

inally, van den Borst et al. 13 showed that the lung diffusion capac- 

ty was below normal range in 42% (40/97) of discharged patients, 

3 weeks after onset of SARS-CoV-2 symptoms; but only 57% of 

he invited patients attended to aftercare facility. 

Our initial assessment did not include the diffusion capacity. 

he evaluation was designed for a general assessment of respi- 

atory function, through clinical features (symptoms, oxygen sat- 

ration), chest radiography and spirometry, as a screening test. 

e plan more specific tests such as diffusion capacity and high- 

esolution computed tomography, in a subsequent evaluation of 

atients with positive screening (persistence of respiratory symp- 

oms, changes in chest radiography or spirometry). This approach 

s in accordance with a recent published guidance of respiratory 

ollow-up of patients with COVID-19 pneumonia, 14 looking for a 

ational use of resources. It is important to highlight that most of 

he patients with spirometry alterations in our series had a mild 

nvolvement, without clear clinical impact. 

The extent of emotional and behavioral concerns and general 

istress of those affected by COVID-19 has yet to be determined. 

n this sense, the reported series have shown that PCS leads to a 

eterioration in the quality of life in 2/3 of the patients. 

In summary, the full range of the duration and severity of post- 

cute COVID-19 is currently unknown. A consensus is needed re- 
377 
arding when and how to classify manifestations in the post-acute 

eriod, considering many of these features can resolve with time 

nd their prevalence therefore depends on the time of evaluation. 

n an attempt to standardize our current understanding of post- 

cute COVID-19, Amenta et al. 15 propose that the post-acute pe- 

iod for COVID-19 starts 3 weeks after symptom onset. Also, they 

ropose classifying post-acute manifestations into 3 categories: (1) 

esidual symptoms that persist after recovery from acute infec- 

ion; (2) organ dysfunction that persists after initial recovery; and 

3) new symptoms or syndromes that develop after initial asymp- 

omatic or mild infection. The homogenization of the nomencla- 

ure, would facilitate the comparison between future series. 

The strength of our study is based on four main points, which 

n turn are the main criticisms to the series published [6] : 1. The

epresentativeness of the sample (wide clinical spectrum of sever- 

ty and representative of comorbidity in western countries); 2. The 

e-evaluation time, longer than any published series; 3. Structured 

ace-to-face assessment intervention, including blood test, chest ra- 

iographs, pulmonary function tests, and quality of life evaluation, 

llowing a systematic search for residual objective abnormalities 

fter COVID-19, beyond those perceived by patients; 4. Analysis 

f the characteristics of acute infection associated with persistent 

ymptoms. 

Limitations include possible undetected pre-COVID abnormali- 

ies in the patients, the exclusion of some patients with severe 

omorbidity, the absence of imaging to evaluate myocardial in- 

olvement, the lack of study of the diffusion capacity of the lung 

or carbon monoxide (DLCO), the relatively small sample size to 

etect minor associations, some identified statistical associations 

ith changes in spirometry may not be explained by biological 

lausibility and the single-center design, as well as the need for 

ong-term follow-up. 

These findings support the need for a multidisciplinary ap- 

roach to the care of this vulnerable population, to help better 

efine this new “Post-COVID syndrome” and lay the groundwork 

o efficiently conducting therapeutic intervention studies and de- 

igning future follow-up plans. Longer longitudinal observational 

tudies will be critical to elucidate the health consequences at- 

ributable to COVID-19. 
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