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A B S T R A C T

Background: COVID-19 vaccines reduced mortality, hospitalizations and ICUs admissions. 
Conversely, the impact of vaccination on Long COVID-19 syndrome is still unclear. This study 
compared the prevalence of post-acute sequelae at short and long-term follow-up among hospi-
talized unvaccinated and vaccinated COVID-19 survivors through a multidisciplinary approach.
Methods: After 2 months from discharge, unvaccinated and vaccinated COVID-19 survivors un-
derwent a follow-up visit at a dedicated “post-COVID-19 Outpatient Clinic”. The follow-up visit 
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included a cardiovascular evaluation, blood tests, chest computed tomography, 6-min walking 
test (6MWT), spirometry. A one-year telephone follow-up was performed to assess re- 
hospitalizations, death and long-lasting symptoms. An additional 1:1 case-control matching 
analysis adjusted for baseline characteristics was performed.
Results: Between June 2020 and June 2022, a total of 458 unvaccinated and vaccinated patients 
(229 per group) underwent the follow-up visit. Vaccinated patients had lower rates of ICU ad-
missions (1.7 % vs 9.6 %, p= <0.001) and severe respiratory complications requiring intubation 
(1.3 % vs 7 %, p = 0.002) or non-invasive ventilation such as high-flow nasal oxygen therapy (1.7 
% vs 7.9 %, p = 0.02), CPAP (1.3 % vs 20.1 %, p= < 0.001), and low-flow oxygen therapy (3.5 % 
vs 63.3 %, p= <0.001) compared to unvaccinated ones. At 2-month follow-up, vaccinated pa-
tients had fewer persistent ground-glass opacities (2.6 % vs 52.8 %, p= <0.001) or consolidations 
(0.9 % vs 8.3 %, p= <0.001). Additionally, unvaccinated patients experienced more frequent 
myocarditis (4.8 % vs 0.9 %, p = 0.013) and pulmonary embolism (1.8 % vs 0 %, p = 0.042) and 
exhibited more significant respiratory impairment as evidenced by desaturation during the 6MWT 
(10.2 % vs 3.5 %, p = 0.005) and altered spirometry (14 % vs 8.7 %, p = 0.043) compared to 
vaccinated ones. At one-year, unvaccinated patients reported more symptoms such as dyspnea 
(20.5 % vs 10 %, p = 0.002), psychological symptoms (10 % vs 3.5 %, p = 0.005) and chronic 
rhinosinusitis/cough (6,6 % vs 2,6 %, p = 0.04) as compared to vaccinated ones. The 1:1 case- 
control matching analysis also confirmed these results.
Conclusions: COVID-19 vaccines improve short-term outcomes and may reduce Long COVID-19 
prevalence.

1. Introduction

The outbreak of the COVID-19 pandemic has resulted in millions of deaths worldwide since March 2020 [1]. Acute Respiratory 
Distress Syndrome (ARDS) is one of the most severe clinical manifestations, particularly common in unvaccinated patients [2].

Fig. 1. Protocol of the study.

L.I. Birtolo et al.                                                                                                                                                                                                       Heliyon 10 (2024) e40409 

2 



SARS-CoV2 affects the respiratory system predominantly, but cardiovascular involvement is also frequently observed. Indeed, 28 % 
of COVID-19 hospitalized unvaccinated patients had new cardiovascular conditions, with myocarditis being the most common [3].

After the recovery phase, post-acute long-lasting symptoms were also observed, leading to the proposal of a new pathological 
condition called “Long-COVID Syndrome”. This condition usually occurs three months after the SARS-CoV2 infection, lasts at least two 
months and is not associated with instrumental abnormalities [4,5].

Although COVID-19 vaccines have significantly reduced the rates of hospitalizations, admissions to intensive care units and deaths 
worldwide, the impact of vaccination on Long-Covid Syndrome remains unclear [5]. To clarify this issue, this study aimed to compare 
the prevalence of post-acute sequelae at short and long-term follow-up in hospitalized unvaccinated and vaccinated COVID-19 sur-
vivors using a multidisciplinary approach.

2. Methods

This is a prospective observational follow-up study conducted at “Sapienza” University of Rome- “Policlinico Umberto I″, an ac-
ademic Hospital Hub for COVID-19 patients in Rome. A dedicated “post-COVID-19 Outpatient Clinic” has been created to monitor 
discharged COVID-19 patients.

From June 2020 to June 2022, we recruited adult Italian hospitalized patients who were discharged from the hospital with a 
diagnosis of COVID-19 and agreed to participate in the follow-up program. The enrolled patients were divided into two groups based 
on their vaccination status. Specifically, vaccinated patients were enrolled from June 2021, in line with the Italian government’s 
vaccination campaign. In the meantime, we enrolled unvaccinated patients who were hospitalized both before and after the vacci-
nation campaign. Vaccinated patients were admitted to hospital for low oxygen requirements as assessed by a general practitioner or 
for low oxygen saturation as self-assessed.

We excluded patients who did not have a need for hospitalization and were therefore under the care of general practitioners.
All COVID-19 survivors were invited to attend a two-month follow-up visit and a telephone follow-up one year after hospital 

discharge to evaluate short and long-term sequelae of COVID-19, respectively (Fig. 1). During the follow-up visit, all patients un-
derwent blood sample collection (Supplementary Table 1), arterial blood gas analysis (ABG), Chest Computed Tomography (CCT), a 6- 
min walking test (6MWT), spirometry, and a new cardiovascular evaluation.

Cardiovascular evaluation included clinical reassessment, high-sensitive cardiac troponin T (hs-cTnT) assay, resting 12-lead 
electrocardiogram (ECG) and transthoracic echocardiogram (TTE). Further tests such as Cardiac Magnetic Resonance (CMR), Coro-
nary CT angiography (CCTA), Invasive Coronary Angiography (ICA) and 24-h Holter ECG monitoring were requested if clinically 
indicated. Cardiovascular disease (CVD) was defined as the persistence of a cardiovascular condition that occurred during the hos-
pitalization for COVID-19 or the occurrence of new onset cardiovascular disease during the follow-up evaluation. CVD did not include 
pre-existing cardiovascular conditions before COVID-19.

ECG was recorded with the patient in the supine position during quiet respiration at 25 mm/s, using a Cardioline Delta 3 Plus. TTE 
was performed by Versana Active (General Electric Healthcare) according to standard guidelines and protocols [6,7] (Supplementary 
Table 2). 6MWT was performed following American Thoracic Society (ATS) guidelines and current recommendations [8–10].

CT scans were performed using Philips Ingenuity CT Scanner and were reviewed by two senior experienced radiologists blinded to 
clinical and laboratory data, and consensus was reached. Persistent radiological abnormalities were defined as ground glass 
appearance or consolidation at two months of follow-up.

For comorbidities, CDC-defined high-risk conditions for severe COVID-19 were considered [11]. One year after the COVID-19 
diagnosis, all survivors were contacted by phone call to evaluate the occurrence of death, re-hospitalization and long-lasting COVI-
D-19-related symptoms.

According to the World Health Organization (WHO) definition, Long-COVID-19 syndrome was considered in individuals with a 
history of suspected or confirmed SARS-CoV-2 infection, with persisting symptoms usually after three months, lasting at least two 
months and without alternative diagnosis [4].

Long-lasting COVID-19-related symptoms included: dyspnea, palpitations, anger, asthenia, hair loss, attention deficit, gastroin-
testinal symptoms, psychological disturbs, and respiratory symptoms.

Patients who reported cardiovascular symptoms at one-year follow-up were invited to perform an additional follow-up visit at the 
dedicated “post-COVID-19 Outpatient Clinic”. The study was approved by the Ethics Committee of “Policlinico Umberto I″ Hospital- 
“Sapienza” University of Rome (number 109/2020 approved on April 07, 2020). The study was conducted in accordance with the 
Declaration of Helsinki. A written informed consent was obtained from the patients before evaluation. Patients also consented to have 
their internal scans published.

2.1. Statistical analysis

Statistical analysis was performed using SPSS software (IBM SPSS Statistics for Windows, Version 29). Continuous variables were 
presented as mean ± standard deviation (SD), while categorical variables were presented as numerical values and percentages. 
Continuous variables were compared using the student’s t-test if normally distributed, and the Mann-Whitney non-parametric test in 
other cases. Categorical variables were compared using the Chi-square test. A p-value less than 0.05 was considered significant.

Study power was based on an 80 % probability of persistent COVID-19 related symptoms at one year. The primary analysis is 
performed using a chi-squared test comparison with a 2-sided significance level of 0.05. Recent literature estimates an increased risk of 
at least 15 % of persistent COVID-19 related symptoms at one year in unvaccinated patients compared with vaccinated patients. The 
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sample size was considered to be approximately 116 patients (58 per group), assuming a 20 % loss to follow-up.
To compensate for the lack of proper statistical design and randomization in observational studies such as this one, an additional 

1:1 case-control matching with a caliper width of 0.2 was performed for both groups using SPSS v.29. Vaccination status was the 
dependent variable; independent variables were those baseline characteristics that showed a statistically significant difference be-
tween vaccinated and unvaccinated patients and other variables considered clinically relevant. The final variables included in the case- 
control matching were: age, dyslipidemia, diabetes, current smoking, heart failure, chronic obstructive pulmonary disease (COPD), 
atrial fibrillation, and chronic kidney disease.

2.2. Outcomes

The primary end-point was 1 year persistency of COVID-19 related symptoms. Secondary outcomes were: CT scans and pulmonary 
functional abnormalities at 2-months follow-up; cardiovascular events including Pericarditis, Myocarditis, New onset Atrial Fibril-
lation (AF) and Pulmonary Embolism at 2 months.

3. Results

3.1. Baseline characteristics and clinical presentation

During the study period, 560 patients were admitted for COVID-19 in our tertiary level institution. Of them, 33 patients disagreed 
to participate in the follow-up program, whereas 69 patients were lost at follow-up. Finally, a total of 458 COVID-19 survivors who 
agreed to participate in the follow-up program were included in the analysis from June 2020 to June 2022 (n = 229 unvaccinated and 
n = 229 vaccinated patients) (Fig. 1). Vaccinated patients were found to be older (age 57.28 ± 14 vs 60.9 ± 15, p = 0.009) and had 
more cardiovascular risk factors compared to unvaccinated ones, including dyslipidemia (38.9 % vs 27.9 %, p = 0.013) and a smoking 
habit (17.9 % vs 9.2 %, p = 0.006). A higher prevalence of comorbidities such as COPD (14.8 % vs 6.5 %, p = 0.005), atrial fibrillation 
(11.8 % vs 5.8 %, p = 0.023), heart failure (5.7 % vs 0.9 %, p = 0.004), and chronic kidney disease (11.4 % vs 2.6 %, p=<0.001) were 
reported. Other baseline characteristics are summarized in Table 1.

Vaccinated patients had lower rates of Intensive Care Unit (ICU) admissions (1.7 % vs 9.6 %, p= <0.001) and fewer severe res-
piratory complications requiring intubation (1.3 % vs 7 %, p = 0.002) or non-invasive ventilation such as high-flow nasal oxygen 
therapy (1.7 % vs 7.9 %, p = 0.02) and Continuous Positive Airway Pressure (CPAP) (1.3 % vs 20.1 %, p= < 0.001) compared to 
unvaccinated ones. Table 2 provides further information about on the types of vaccines administered to vaccinated patients, whereas 
Table 3 provides additional details about in-hospital course.

3.2. Two-months follow-up

Two months after COVID-19, cardiovascular involvement was registered in 7.4 % (n = 34) of COVID-19 survivors (Table 4). 
Specifically, unvaccinated patients experienced more frequent myocarditis (4.8 % vs 0.9 %, p = 0.013) (Fig. 2A–H) and pulmonary 
embolism (1.8 % vs 0 %), p = 0.042) (Fig. 3). Persistent ground-glass opacities (52.8 % vs 2.6 %, p= <0.001) or consolidations (8.3 % 
vs 0.9 %, p= <0.001) were more frequent in unvaccinated patients as compared to vaccinated ones (Fig. 4). During clinical exami-
nation, unvaccinated individuals exhibited more significant respiratory impairment as evidenced by desaturation (<90 % SpO2) 
during the 6-min walk test (10.2 % vs 3.5 %, p = 0.005) and altered spirometry results with at least mild ventilatory deficiency (14 % vs 
8.7 %, p = 0.043). Other 2-month follow-up findings are reported in Table 5 (see Fig. 5).

Table 1 
Baseline characteristics of enrolled populations.

Vaccinated 
(n = 229)

Unvaccinated 
(n = 229)

p-value

Age, years old (±SD) 60.9 ± 15 57.28 ± 14 0.009
Male, n (%) 107 (46.7 %) 124 (54.1 %) 0.112
Hypertension, n (%) 109 (47,6 %) 108 (47.1 %) 0.925
Diabetes, n (%) 39 (17 %) 30 (13.1 %) 0.248
Dyslipidaemia, n (%) 89 (38.9 %) 64 (27.9 %) 0.013
Actual smoking, n (%) 41 (17.9 %) 21 (9.2 %) 0.006
Heart failure, n (%) 13 (5.7 %) 2 (0.9 %) 0.004
COPD, n (%) 34 (14.8 %) 15 (6.5 %) 0.005
AF, n (%) 27 (11.8 %) 13 (5.8 %) 0.023
Cancer, n (%) 22 (9.6 %) 29 (12.7 %) 0.276
CKD, n (%) 26 (11.4 %) 6 (2.6 %) <0.001
IHD, n (%) 24 (10.5 %) 13 (5.8 %) 0.065

Abbreviations- AF: Atrial Fibrillation; CKD: Chronic Kidney Disease; COPD: Chronic Obstructive Pulmonary Disease; IHD: Ischemic 
Heart Disease.
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3.3. One year follow-up

One year after COVID-19, all the patients recruited in the study were alive. Moreover, they did not experience re-hospitalizations. 
45 % (n = 206) of COVID-19 survivors reported at least one long-standing symptom (Table 6). Particularly, unvaccinated patients 
reported more frequent symptoms such as dyspnea (20.5 % vs 10 %, p = 0.002), psychological symptoms, including anxiety and/or 
depressive disorder (10 % vs 3.5 %) and chronic rhinosinusitis/cough (6.6 % versus 2.6 %, p = 0.04) as compared to vaccinated ones. 
Other one-year follow-up findings were reported in Table 7. Among patients who reported cardiovascular symptoms at one-year 
follow-up, no onset of CVD was detected during the visit.

3.4. Case-control matching analysis

After a 1:1 case-control matching analysis adjusted for baseline characteristics (age, dyslipidemia, diabetes, current smoking, 
COPD, AF, KD, HF), a total of 72 COVID-19 survivors were included (36 persons per group). Baseline characteristics were comparable 
with respect to comorbidities (Supplementary Table 3). Vaccinated patients had lower rates of intensive care unit (ICU) admission (0 % 
vs 16 %, p = 0.01) and fewer severe respiratory complications requiring intubation (2.7 % vs 19.4 %, p = 0.02) or non-invasive 
ventilation such as high-flow nasal oxygen therapy (0 % vs 11.1 %, p = 0.04) and continuous positive airway pressure (CPAP) (0 
% vs 25 %, p=< 0.001) compared to unvaccinated patients (Supplementary Table 4). At 2 months, unvaccinated patients had a higher 
incidence of myocarditis (16 % vs 2.7 %, p = 0.05). They were also more likely to have a significant pulmonary embolism (0 % vs 8.3 
%, p = 0.007) compared to the vaccinated. Persistent ground-glass opacities (38 % vs 0 %, p=<0.001) or consolidations (8 % vs 0 %, p 
= 0.04) were more common in unvaccinated patients than in vaccinated ones. On clinical examination, unvaccinated individuals had 
more significant respiratory impairment as evidenced by desaturation (<90 % SpO2) during the 6-min walk test (33 % vs 8.3 %, p =
0.009) and altered spirometry results with at least mild ventilatory deficiency (36 % vs 13.8 %, p = 0.03). See Supplementary Table 5

Table 2 
Vaccine types in the vaccinated population.

Unvaccinated (n = 229) Vaccinated (n = 229)

BNT162b2, n (%) – 145 (63,3 %)
mRNA-1273, n (%) – 79 (34,5 %)
ChAdOx1-S, n (%) – 5 (2,2 %)

Table 3 
Clinical in-hospital outcomes.

Vaccinated 
(n = 229)

Unvaccinated 
(n = 229)

p-value

Intensive unit care, n (%) 4 (1.7 %) 22 (9.6 %) <0.001
Intubation, n (%) 3 (1.3 %) 16 (7 %) 0.002
HFNC, n (%) 4 (1.7 %) 18 (7.9 %) 0.02
CPAP, n (%) 3 (1.3 %) 46 (20.1 %) <0.001
Pulmonary Embolism, n (%) 1 (0.4 %) 1 (0.4 %) 0.906
NSTE-ACS, n (%) 0 (0 %) 1 (0.4 %) 0.311
STE-ACS, n (%) 0 (0 %) 1 (0.4 %) 0.311

Abbreviations- CPAP: Continuous Positive Airway Pressure; HFNC: High Flow Nasal Cannula; NSTE-ACS: Non ST elevation Acute Coronary 
Syndrome; STE-ACS: ST elevation Acute Coronary Syndrome.

Table 4 
Clinical and radiological short-term outcomes at 2-months follow up – Overall data.

Patients 
(n = 458)

Pericarditis, n(%) 8 (1.8 %)
Myocarditis, n(%) 13 (2.9 %)
New onset AF, n(%) 6 (1.3 %)
Pulmonary Embolism, n(%) 4 (0.9 %)
Ground Glass at CCT, n(%) 108 (23,6 %)
Consolidation at CCT, n (%) 37 (8.1 %)
Pleural effusion at CCT, n (%) 12 (2.6 %)
Desaturation during 6MWT, n (%) 29 (6.3 %)
At least mild ventilatory deficiency at spirometry, n (%) 53 (11.6 %)
LVEF, % (±SD) 59.4 ± 6.5

Abbreviations- AF: Atrial Fibrillation; CCT: Chest Computed Tomography; LVEF: Left Ven-
tricular Ejection Fraction; 6MWT: Six minutes walking test.
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Fig. 2. Example of myocarditis at 2 months follow-up visit. A 60-year-old male patient presented at follow-up visit in NYHA class II and new 
onset of severe ventricular disfunction. The patient underwent coronary angiography revealing unobstructed coronary arteries (A,B,C) and Cardiac 
Magnetic Resonance suggestive of acute myocarditis, according to Lake Louis’ criteria (D,E,F,G,H).

Fig. 3. Incidence of cardiovascular events at 2 months follow-up. Unvaccinated patients experienced more frequent myocarditis and pulmo-
nary embolism.

Figs. 4. 2 months CCT. Persistent ground-glass opacities or consolidations were more frequent in unvaccinated patients as compared to vacci-
nated ones.
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for further details. One year after COVID-19, unvaccinated patients reported more symptoms of dyspnea (30.5 % vs 2.7 %, p = 0.002), 
psychological symptoms including anxiety and/or depressive disorders (25 % vs 5.5 %, p = 0.02) and chronic rhinosinusitis/cough 
(27.7 % vs 8.3 %, p = 0.03) than vaccinated patients. Other one-year follow-up results are reported in Supplementary Table 6.

4. Discussion

This monocentric observational study aimed to evaluate the impact of vaccinal status on short and long-term sequelae in COVID-19 
survivors using a multidisciplinary approach. It is becoming increasingly important to address the long-term health effects experienced 
by COVID-19 survivors. Persistent signs and symptoms beyond the acute phase of the infection have emerged as a major public health 
concern [12–14]. Both clinicians and researchers are interested in understanding the impact of vaccination status on these long-term 
effects to better guide healthcare policies and practices [15]. Follow-up studies on COVID-19 survivors have primarily focused on 
pulmonary short-term consequences, with small sample sizes and heterogeneous protocols [16–18]. This is the first follow-up study on 

Fig. 5. Long-lasting symptoms at 1 year phone call follow-up. Unvaccinated patients reported more frequent long-lasting symptoms such as 
dyspnea, psychological symptoms and chronic rhinosinusitis/cough as compared to vaccinated ones.

Table 5 
Clinical and radiological short-term outcomes at 2-months follow up – Vaccinated and unvaccinated patients.

Vaccinated 
(n = 229)

Unvaccinated 
(n = 229)

p-value

Pericarditis, n (%) 3 (1.3 %) 5 (2.2 %) 0.459
Myocarditis, n (%) 2 (0.9 %) 11 (4.8 %) 0.013
New onset AF, n (%) 2 (0.9 %) 2 (0.9 %) 0.991
Pulmonary embolism, n (%) 0 (0 %) 4 (1.7 %) 0.042
Ground Glass at CCT, n (%) 6 (2.6 %) 102 (44.5 %) <0.001
Consolidation at CCT, n (%) 2 (0.9 %) 35 (15.3 %) <0.001
Pleural effusion at CCT, n (%) 5 (2.2 %) 7 (3,1 %) 0.379
Desaturation during 6MWT, n (%) 8 (3.5 %) 21 (9.2 %) 0.005
At least mild ventilatory deficiency at spirometry, n (%) 20 (8.7 %) 33 (14,4 %) 0.043

Abbreviations- AF: Atrial Fibrillation; CCT: Chest Computed Tomography; LVEF: Left Ventricular Ejection Fraction; 6MWT: 6 min walking test.

Table 6 
Symptoms at one year telephone follow-up- Overall data.

Patients 
(n = 458)

Fatigue, n (%) 86 (18,8 %)
Dyspnea, n (%) 70 (15.3 %)
Palpitations, n (%) 40 (8.7 %)
Angor, n (%) 9 (2 %)
Alopecia, n (%) 28 (6.1 %)
Attention deficit, n (%) 26 (5.7 %)
Gastrointestinal symptoms, n (%) 10 (2.2 %)
Psychological disturbs, n (%) 31 (6.8 %)
Chronic rhinosinusitis/cough, n (%) 21 (4,6 %)
Anosmia/ageusia, n (%) 12 (2.6 %)
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COVID-19 survivors with a multidisciplinary assessment and adequate sample size.
The main findings of this follow-up study could be summarized as follows: a) unvaccinated patients had a more severe in-hospital 

course, including admission to the intensive care unit and oxygen support requirement; b) at two months follow-up, unvaccinated 
patients experienced more frequent myocarditis, pulmonary embolism and persistent respiratory CCT and functional abnormalities; c) 
at 1-year follow-up, persistent dyspnea, chronic rhinosinusitis/cough and psychological disturbs were more commonly reported in 
unvaccinated patients.

The widespread availability of SARS-CoV2 vaccination has provided a crucial opportunity to control the COVID-19 pandemic on 
both national and global scales. From groundbreaking trials [19,20] and post-marketing data [21–23], mRNA vaccines are highly 
effective in reducing mortality rates and burden on the healthcare systems. Previous other retrospective studies have demonstrated 
that vaccination could limit disease progression and pulmonary deterioration among hospitalized COVID-19 patients [24]. Our results 
are in line with these previous findings, showcasing the immense potential of vaccination in attenuating the severity of the disease and 
improving the in-hospital course of vaccinated patients. Specifically, patients who received mRNA vaccines had lower ICU admissions 
and were less likely to require invasive or non-invasive oxygen support. However, our analysis did not reveal any significant difference 
in the in-hospital major adverse cardiac and cerebrovascular events (MACCEs) among vaccinated and unvaccinated patients. Previous 
studies had demonstrated a significant prevalence of myocardial involvement in unvaccinated patients due to the SARS-CoV2-induced 
cytokine storm [2,25,26]. The mild severity of illness in vaccinated patients and the exclusion from the follow-up program of the 
patients who experienced acute cardiovascular events and subsequent death could explain the underestimation of myocardial 
involvement rates.

During our follow-up visit with COVID-19 survivors after two months, we found that it is important to carefully investigate res-
piratory functions, especially in patients who have not received the vaccine. These patients are more likely to have long-term 
parenchymal abnormalities, including ground glass patterns and consolidations, and functional ones. Our study is consistent with 
previous observational studies and meta-analyses [27–31], which have shown that the severity of illness is correlated with persisting 
severe functional and parenchymal lung impairment. The pathophysiologic mechanisms underlying these findings are microvascular 
damage with interstitial thickening, loss of alveolar spaces, and muscle impairment related to systemic inflammation, intensive 
ventilation, sedation, and prolonged bed rest [31,32].

Moreover, unvaccinated patients have a higher risk of late pulmonary embolism (PE) and acute myocarditis (AM). Several case 
reports and a few small observational studies have shown that the risk of PE persists for up to 62 days after infection due to a persisting 
hypercoagulability state caused by SARS-CoV2 [33,34]. Indeed, the virus persistence due to extracellular vesicles (EVs) promotes a 
coagulative cascade, which explains the potential residual thrombotic risk in COVID-19 survivors [32]. Additionally, AM has been 
recognized as a relatively rare post-COVID-19 sequela within one year from the index infection, especially in younger patients and 
those with pre-existing cardiovascular diseases [35]. However, available data on the risk of AM during the follow-up period are 
debated. Some authors have supposed that the risk of AM is higher in patients admitted to the ICU, where they may have received 
higher doses of immunomodulatory drugs, affecting their immunosuppression and the cytocidal effect of the virus on the cardiac 
muscle [36,37].

After the acute phase of COVID-19, patients may experience long-term symptoms known as “long COVID-19″ or “post-acute COVID- 
19 syndrome” [3,38]. However, the impact of vaccination on post-COVID-19 syndrome is still uncertain, as per current literature 
[39–44]. At a one-year follow-up, people who were recalled reported persisting unexplained symptoms such as fatigue, dyspnea, and 
palpitation. Our analysis shows that dyspnea, rhinosinusitis, and psychological complaints were reported less frequently in the un-
vaccinated group as compared to the vaccinated one. Previous observational studies and meta-analyses indicate that vaccines lower 
the risk of long-term COVID-19 [38–40]. Dyspnea is a common long COVID-19 symptom, and anatomical or functional test abnor-
malities cannot explain it. Its incidence is higher among unvaccinated patients than vaccinated ones [45]. Inflammatory cell infil-
tration, oedema, and hyaline membrane formation can cause pulmonary interstitium and parenchyma changes. This can lead to a 
gradual loss of lung function, which can profoundly affect daily quality of life for people [46]. Finally, unvaccinated COVID-19 sur-
vivors may experience persisting psychological impairments due to prolonged isolation during longer hospital stays, greater fear of the 
unknown consequences of the disease, and the social stigma associated with being an early COVID-19 sufferer [47,48]. Therefore, it is 
essential to implement a psychological support program for COVID-19 survivors, particularly for unvaccinated patients with moderate 

Table 7 
Clinical outcomes at one year call phone follow-up- Vaccinated and unvaccinated patients.

Vaccinated 
(n = 229)

Unvaccinated 
(n = 229)

p-value

Fatigue, n (%) 47 (20.5 %) 39 (17 %) 0.338
Dyspnea, n (%) 23 (10 %) 47 (20.5 %) 0.002
Palpitations, n (%) 31 (13.5 %) 9 (3.9 %) <0.001
Angor, n (%) 3 (1.3 %) 6 (2.6 %) 0.309
Alopecia, n (%) 14 (6.1 %) 14 (6.1 %) 1
Attention deficit, n (%) 12 (5.2 %) 14 (6.1 %) 0.695
Gastrointestinal symptoms, n (%) 4 (1.7 %) 6 (2.6 %) 0.523
Psychological disturbs, n (%) 8 (3.5 %) 23 (10 %) 0.005
Chronic rhinosinusitis/cough, n (%) 6 (2.6 %) 15 (6.6 %) 0.044
Anosmia/ageusia, n (%) 5 (2.2 %) 7 (3.1 %) 0.559
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to severe clinical manifestations.

5. Limitations

This study has several important limitations. Firstly, the study was conducted at a single center, which may limit its generalizability 
to other settings. Secondly, the population enrolled does not reflect all COVID-19 survivors but only those who agreed to participate in 
the follow-up program. Also, the enrolled population was heterogeneous, with the unvaccinated group having been recruited mainly 
during the first wave of the pandemic. This means that the subsequent emergence of SARS-CoV-2 variants may have influenced the 
clinical presentation, onset, and severity of the disease.

Additionally, unvaccinated patients primarily presented with moderate to severe respiratory symptoms, whereas vaccinated pa-
tients presented with symptoms unrelated to SARS-CoV-2 infection but incidentally tested positive for SARS-CoV-2 in nasopharyngeal 
swabs. Thirdly, the vaccination program in Italy prioritized healthcare workers and older patients, which may have introduced sex and 
age bias. Finally, symptoms were self-reported by telephone, which may have introduced subjectivity and influenced the results.

6. Conclusion

Our results show a low prevalence of cardiovascular involvement in COVID-19 survivors at short-term follow-up. Despite frequent 
reported persistence of non-specific symptoms, there is no correspondence between cardiovascular symptoms and onset of cardio-
vascular disease at one-year follow-up.

Unvaccinated patients have more frequent cardiopulmonary sequelae at short term follow-up and symptoms one year later the 
infection, in addition to having a more severe in-hospital course.

In conclusion, COVID-19 vaccination improves not only in-hospital course but also short-term clinical and radiological outcomes 
and may reduce Long COVID-19 prevalence up to a year after the initial infection.
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S. Roychoudhury, K. Koury, P. Li, W.V. Kalina, D. Cooper, R.W. Frenck Jr., L.L. Hammitt, Ö. Türeci, H. Nell, A. Schaefer, S. Ünal, D.B. Tresnan, S. Mather, P. 
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