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A B S T R A C T   

Background: The long COVID-19 syndrome has been recently described and some reports have suggested that 
acute pericarditis represents important manifestation of long COVID-19 syndrome. The aim of this study was to 
identify the prevalence and clinical characteristics of patients with long COVID-19, presenting with acute 
pericarditis. 
Methods: We retrospectively included 180 patients (median age 47 years, 62% female) previously diagnosed with 
COVID-19, exhibiting persistence or new-onset symptoms ≥12 weeks from a negative naso-pharyngeal SARS 
CoV2 swamp test. The original diagnosis of COVID-19 infection was determined by a positive swab. All patients 
had undergone a thorough physical examination. Patients with suspected heart involvement were referred to a 
complete cardiovascular evaluation. Echocardiography was performed based on clinical need and diagnosis of 
acute pericarditis was achieved according to current guidelines. 
Results: Among the study population, shortness of breath/fatigue was reported in 52%, chest pain/discomfort in 
34% and heart palpitations/arrhythmias in 37%. Diagnosis of acute pericarditis was made in 39 patients (22%). 
Mild-to-moderate pericardial effusion was reported in 12, while thickened and bright pericardial layers with 
small effusions (< 5 mm) with or without comet tails arising from the pericardium (pericardial B-lines) in 27. 
Heart palpitations/arrhythmias (OR:3.748, p = 0.0030), and autoimmune disease and allergic disorders 
(OR:4.147, p = 0.0073) were independently related to the diagnosis of acute pericarditis, with a borderline 
contribution of less likelihood of hospitalization during COVID-19 (OR: 0.100, p = 0.0512). 
Conclusion: Our findings suggest a high prevalence of acute pericarditis in patients with long COVID-19 syn
drome. Autoimmune and allergic disorders, and palpitations/arrhythmias were frequently associated with 
pericardial disease.   

1. Introduction 

Coronavirus Disease-2019 (COVID-19) is a multi-organ disease 
whose severity ranges from asymptomatic to very serious illness. A large 
number of patients, who have had COVID-19, experience persistent 
symptoms or new onset symptoms, after the initial recovery with a 
negative test, that are not explained by alternative diagnoses. A wide 
range of symptoms may be present varying from shortness of breath to 

chest pain. This very debilitating condition has been termed long 
COVID-19 syndrome, also known as post-acute COVID syndrome, post- 
acute sequelae or chronic COVID syndrome [1–4]. The origin of symp
toms and number of patients who experience long COVID-19 is unknown 
and varies according to the definition used and the population studied 
and it is unclear what cardiovascular disorders may be contributing to 
these symptoms [5,6]. To further characterize patients with long 
COVID-19 syndrome, we evaluated the clinical, instrumental and 
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biochemical features of patients who developed persistent or new onset 
symptoms after the initial recovery from COVID-19 with a negative 
naso-pharyngeal swab test for acute respiratory syndrome-coronavirus- 
2 (SARS-CoV2) nucleic acid. 

2. Methods 

In this retrospective study, we collected data from ambulatory cen
ters specifically devoted to diagnosis and treatment of the long COVID- 
19 syndrome. We retrospectively included 180 consecutive patients 
(median age 47 years, 62% female) previously diagnosed with COVID- 
19, who exhibited persistent symptoms or new onset symptoms after 
at least 12 weeks from a negative swamp for SARS-CoV2 nucleic acid. All 
patients included in this study signed an individual informed consent 
form prior to data collection. The original diagnosis of COVID-19 was 
confirmed by a positive naso-pharyngeal swab test for SARS-CoV2 
nucleic acid. Clinical history of COVID-19 was carefully obtained. In 
particular, fever was defined as intra-auricular temperature > 38 ◦C, 
tachycardia as heart rate ≥ 90 beats/min, and hypoxemia as peripheral 
finger oxygen saturation ≤ 94%. All patients had undergone a thorough 
physical examination, and blood samples were sent for a series of he
matological and biochemical investigations including, white blood cells, 
platelets, C reactive protein, erythrocyte sedimentation rate, D-dimer, 
fibrinogen and high-sensitivity cardiac troponin when needed. Patients 
with suspected heart involvement were referred to a complete cardio
vascular evaluation, including an electrocardiogram and possibly a 
transthoracic echocardiogram (TTE). Echocardiography was performed 
based on clinical need, according to the published recommendations on 
the optimization of echocardiographic examinations during COVID-19 
pandemic[7]. Other imaging and functional tests were performed, as 
clinically indicated. 

The diagnosis of pericarditis was made by the presence of at least two 
of the following criteria: 1) typical chest pain, 2) pericardial rubs, 3) 
electrocardiographic changes, 4) pericardial effusion[8]. Patients were 
divided into two groups according to the diagnosis of acute pericarditis: 
patients who met the criteria, and patients who did not. 

2.1. Statistical analysis 

Categorical variables were presented as the proportion of valid cases 
and continuous variables were expressed as mean ± standard deviation. 
Differences were assessed by Student’s t-test for continuous variables or 
contingency tables for categorical variables. Comparisons between 
continuous variables were analyzed by the standard parametric 
methods. Non-parametrical variables were expressed by the median 
value and interquartile range. The Mann and Whitney test was used for 
comparison. Significance was set at p < 0.05. Logistic regression was 
used to explore the determinants of acute pericarditis. All variables 
showing p value <0.1 at univariable analysis were tested in multivari
able models using an “Enter” procedure. Data were analyzed using the 
Statistical Package for the Social Sciences version 26.0 for Windows 
statistical software program (SPSS, Chicago, Illinois). 

3. Results 

The age of the study participants ranged between 14 and 82 years. 
Among the study population, 40 (22%) had at least one comorbidity and 
6 (3%) presented a history of cardiovascular disease. 

All patients were clinically symptomatic and diagnosis was 
confirmed by a positive naso-pharyngeal SARS-CoV2 swamp test. Most 
patients recovered at home, while the minority required hospitalization. 
The median time interval between initial recovery with a negative test 
and the time of assessment at the ambulatory center was 131 days. The 
most common symptoms were fatigue/ shortness of breath (52%), fol
lowed by heart palpitations (37%) and chest pain (34%). Chest pain was 
mostly described as sharp and postural. Clinical examination was 

unremarkable in all, with normal heart sounds and non-raised jugular 
venous pressure. Friction rub was reported only in one patient. There 
was no clear relationship between cardiovascular manifestations and 
pre-existing cardiovascular disease. 

TTE showed normal myocardial structure and function in all patients 
with the exception of 10; 8 (5%) of whom exhibited a dysfunctional right 
ventricle, one was diagnosed as post COVID-19 dilated cardiomyopathy 
and one had regional left ventricular dysfunction due to a previous 
myocardial infarction. Thirty-nine (22%) patients fulfilled the criteria 
for acute pericarditis according to ESC guidelines. Twenty-eight pre
sented two classical criteria; 10 with three criteria and one with four 
criteria for pericarditis. Mild-to-moderate pericardial effusion (5–12 
mm) was reported in 12 (31%) (Fig. 1). In 27 (69%) patients, pericardial 
layers were thickened and bright with small or negligible effusions (< 5 
mm) with or without comet tails arising from the pericardium (peri
cardial B-lines) (Fig. 2). In 15 (39%) patients, the electrocardiogram 
showed concave ST segment elevation in most leads or focal T wave 
inversion in several leads. 

Table 1 shows the characteristics of the study patients. Compared to 
patients without diagnosis of pericarditis, those with pericarditis were 
slightly younger and were more often women. Patients with acute 
pericarditis also had more frequent history of autoimmune disease and 
allergic disorders (Fig. 3). Raised inflammatory markers were more 
frequent in patients diagnosed with pericarditis; raised erythrocyte 
sedimentation rate in 26% and high C-reactive protein in 21%. Markers 
of myocyte injury (high-sensitivity troponin) were normal. Heart pal
pitations and arrhythmias were more frequent in patients with peri
carditis. The most common arrhythmia was sinus tachycardia (69%), 
but there were patients showing repetitive supraventricular and ven
tricular premature beats. 

Among patients diagnosed with acute pericarditis, 25 were initially 
treated with nonsteroidal anti inflammatory drugs (NSAIDs), 8 with 
corticosteroids and 26 with colchicine. Seven non-responders to NSAIDs 
were thereafter shifted to corticosteroids. Thirty-three patients recoverd 
from symptoms between one and four weeks of therapy, while 6 had 
persistent symptoms and were considered non-responders to therapy. 
Patients in whom symptoms persisted long after the optimization of 
treatment were especially those in whom too much time elapsed be
tween the onset of symptoms and the diagnosis of pericardial disease. 
Recurrence of acute pericarditis (after a minimum symptom-free inter
val of one month) was observed in 10. Relapsing pericarditis was 
attributed to idiopathic pericarditis in 6, to COVID-19 vaccination- 
related pericarditis in 5 and to pericarditis due to COVID-19 recurrence 
in one. 

At logistic regression analysis, relations of variables with acute 

Fig. 1. Echocardiographic parasternal long axis view showing a thickened 
pericardium with an effusion of 10 mm between the layers. 
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pericarditis, diagnosed according to the ESC criteria, are displayed in 
Table 2. Abnormal C-reactive protein, abnormal erythrocyte sedimen
tation rate, autoimmune and allergic disorders, heart palpitations/ar
rhythmias, prior COVID-19 hospitalization, previous vaccination and 
female gender were found to be univariate predictors of acute pericar
ditis. Heart palpitations/arrhythmias, autoimmune disease and allergic 
disorders were related to the diagnosis of acute pericarditis on multi
variate analysis. Previous COVID-19 hospitalization was less often 
independently associated with pericarditis. 

4. Discussion 

The results of this study showed that acute pericarditis was an 
important manifestation of long COVID-19 syndrome. There was evi
dence for an association of acute pericarditis presenting with palpita
tions/arrhythmias, and autoimmune and allergic disorders. Objective 
assessment of pericardial disease in long COVID-19 patients was mostly 
characterized at TTE by thickened and bright pericardial layers with 
small or negligible effusions. 

COVID-19 disease is caused by SARS-CoV2 infection, which leads to 
a wide spectrum of clinical manifestations, ranging from complete lack 
of symptoms to severe illness, including respiratory failure and multi- 
organ dysfunction. The lungs are the organs most affected by COVID- 
19 and this may lead to aggressive bilateral pneumonia with a high fa
tality rate. While many patients with COVID-19 fully recover, a signif
icant percentage experience long-term health consequences [9–11]. 

Little is known about cardiovascular manifestations/complications 

occurring after clinical and virology recovery from SARS-CoV2 infection 
and there are few studies focusing on a comprehensive evaluation of 
long COVID-19 patients that aim at establishing the extent of cardio
vascular disturbance contribution to the development of symptoms after 
recovery [12–15]. 

Fig. 2. Increased echogenity of the pericardium in the left basal segments with 
thickened layers and numerous comet tails (pericardial B-lines). A. Short-axis 
view. B. Long-axis view. 

Table 1 
Baseline clinical features, clinical complains and laboratoryfindingsof our study 
cohort.   

Whole 
population 
(n = 180) 

Acute 
pericarditis 
(n = 39) 

No acute 
pericarditis 
(n = 141) 

P value 

Baseline features 
Age (years) 48 ± 16 45 ± 14 48 ± 16 0.320 
Sex (female) 112 (62) 31 (80) 81 (57) 0.0120 
Hypertension, (%) 30 (17) 4 (10) 26 (18) 0.201 
Diabetes 4 (2) 1 (3) 3 (2) 0.870 
Dyslipidemia 11 (6) 3 (7) 8 (6) 0.641 
Coronary artery 

disease 
4 (2) 1 (3) 3 (2) 0.870 

Impaired renal 
function 

4 (2) 0(0) 4 (3) 0.288 

Asthma/Chronic 
obstructive 
pulmonary 
disease 

10 (6) 3 (8) 7 (5) 0.510 

Autoimmune and 
allergic 
disorders 

29 (16) 15 (38) 14 (10) <0.0001 

Duration of 
positivity at 
SARS-CoV2 test 
(days) 

21 [14–41] 19 [14–41] 22 [14–32] 0.6997 

Duration of 
symptoms 
(days) 

131 
[94–255] 

166 
[116–255] 

122[94–183] 0.0106 

Prior COVID-19 
vaccination (%) 

68 (38) 22 (56) 46 (33) 0.00670 

Prior COVID-19 
hospitalization 

23 (13) 1 (3) 22 (16) 0.0310 

Emergency 
department 
visits 

34 (19) 5 (13) 29 (21) 0.274 

Oxygen 
desaturation 
during COVID- 
19 

37 (21) 3 (8) 34 (24) 0.0247 

Temperature >
38 ◦C during 
COVID-19 

62 (34) 8 (21) 54 (38) 0.0386  

Clinical complaints 
Brain fog/lack of 

concentration 
(%) 

18 (10) 5 (13) 13 (9) 0.507 

Chest pain/ 
discomfort 

61 (34) 35 (90) 26 (18) <0.0001 

Cough 19 (11) 4 (10) 15 (11) 0.945 
Headache 7 (4) 1 (3) 6 (4) 0.629 
Heart 

palpitations/ 
arrhythmias 

66 (37) 26 (67) 40 (28) <0.0001 

Shortness of 
breath/fatigue 

93 (52) 13 (33) 80 (57) 0.00964 

Other symptoms 41 (23) 10 (26) 31 (22) 0.573  

Laboratory analyses 
Abnormal C 

reactive protein 
(%) 

18 (10) 8 (21) 9 (6) 0.00101 

Abnormal 
erythrocyte 
sedimentation 
rate 

16 (9) 10 (26) 6 (4) <0.0001 

Abnormal D dimer 17 (9) 4 (10) 13 (9) 0.845  
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It is well known that pericarditis is among the most frequent cardiac 
complications after viral infections [16–18]. Case reports have recently 
documented pericarditis with or without pericardial effusion as delayed 
complications of COVID-19, but the real prevalence of pericarditis in 
long COVID-19 patients is still unknown [19,20]. In our study, diagnosis 
of delayed cases of acute pericarditis was based on the presence of at 
least two of the following criteria: typical sharp and positional chest 
pain, presence of pericardial effusion of any degree, and electrocardio
graphic changes. Most study patients diagnosed with acute pericarditis 
showed thickened and bright pericardial layers with small or negligible 
effusion. Pericarditis was diagnosed in patients with thickened peri
cardium albeit no signs of effusion, only in the presence of typical chest 
pain and electrocardiographic alterations. The association with typical 
chest pain, electrocardiographic changes and eventually the response to 
anti-inflammatory medications has also been helpful in substantiating 
the final diagnosis. 

De novo palpitations/arrhythmias were common in the study pop
ulation. The occurrence of either supraventricular or ventricular ar
rhythmias have previously been documented in post COVID-19 patients 
and were found to be often associated with right ventricular dysfunction 
[21]. Other studies have suggested a possible relation between auto
nomic nervous system disturbances and post COVID-19 sequelae [22]. 
Our results show that acute pericarditis was often accompanied by 
concomitant heart rhythm disturbances. It is reasonable to believe that 
pericarditis could extend to the epicardial layer of the myocardium, with 
myocardial damage from inflammatory cascade and subsequent fibrosis, 
remodeling, and arrhythmias [23]. 

Although echocardiography is considered the standard cardiac im
aging technique, inflammation of the pericardial layers may not always 
be easily detected by TTE. 

Cardiovascular magnetic resonance (CMR) can provide comprehen
sive information on pericardial disease, including assessment of peri
cardial thickness and small or negligible effusions. In patients recovered 
from COVID-19, CMR studies performed more than two months after the 
infection have shown that as many as 78% had cardiac involvement with 
abnormal findings, while signs of ongoing myocardial inflammation 
were present in 60% [24]. Twenty percent had pericardial effusion >10 
mm versus 7% in case-matched controls. Despite such high prevalence, 
cardiac involvement was not related to the severity of COVID-19 and 
persisted well beyond the acute phase [5]. Recently, cardiovascular 
complications have been also reported from COVID-19 vaccines and this 
may suggest common pathways shared by the untoward effects of anti- 
SARS CoV2 vaccination and the manifestations of the long COVID-19 
syndrome [25]. 

The pathogenesis of long COVID-19 syndrome remains not well 
defined but seems to be different from acute COVID-19. Several mech
anisms have been proposed to explain the occurrence of the long COVID- 
19, including ongoing inflammation activated by the virus and host of 
factors comprising allergic conditions, autoimmune reactions, and 
vascular injury caused by hypercoagulability and thrombosis [26]. It has 
been recognized that inadequate or excessive immune response driven 
by T and B cell-mediated mechanisms may be implicated in the occur
rence of pericarditis and myocarditis after viral infections [27,28]. Our 
finding of more frequent occurrence of pericarditis in patients present
ing an history of autoimmune and allergic disorders suggests that an 
association might be present between the two conditions and that the 
immune system continues to over-react after the coronavirus infection 
and is unable to reset itself to idle. 

Limitations. 
An important limitation in this study is that the prevalence of 

Fig. 3. Histograms describing prevalence of autoimmune and allergic disorders in long COVID-19 patients with or without pericarditis.  

Table 2 
Univariate and multivariate analysis of selected variables for the prediction of acute pericarditis.   

Univariate analysis [OR and CI (95%)] Unadjusted P value Multivariate analysis [OR and CI (95%)] Adjusted P value 

Abnormal C reactive protein 3.785 [1.352–10.598] 0.011 2.697 [0.674–10.795] 0.161 
Abnormal D dimer 1.125 [0.345–3.667] 0.845   
Abnormal erythrocyte sedimentation rate 7.759 [2.612–23.047] <0.001 2.569 [0.637–10.359] 0.185 
Age 0.988 [0.966–1.011] 0.319   
Autoimmune/allergic disorders 5.670 [2.426–13.252] <0.001 4.147 [1.466–11.728] 0.007 
Heart palpitations/arrhythmias 5.050 [2.362–10.796] < 0.001 3.748 [1.565–8.976] 0.003 
Persistence of symptoms 2.557 [1.200–5.446] 0.015 1.579 [0.652–3.822] 0.311 
Prior COVID-19 vaccination 2.673 [1.295–5.514] 0.008 1.624 [0.695–3.795] 0.262 
Prior COVID-19 hospitalization 0.142 [0.019–1.091] 0.061 0.100 [0.010–1.012] 0.051 
Sex 0.348 [0.150–0.812] 0.015 0.7773 [0.282–2.119] 0.617 

CI, confidence interval; OR, odds ratio. 
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pericarditis in long COVID-19 may vary according to the setting. Studied 
patients were those referred to ambulatory centers mostly dealing with 
cardiovascular diseases and this might have led to an overestimation of 
the real prevalence of pericardial disease among patients with long 
COVID-19 syndrome [29]. Cardiovascular symptoms, such as chest pain 
and palpitations commonly occur in long COVID-19 syndrome. In our 
study cohort, chest pain was reported in just above one third of patients 
while acute pericarditis was diagnosed in 22%, which suggests that 
pericarditis could be an underdiagnosed disease, and therefore not 
optimally managed. There was a discrepancy between the relatively 
high occurrence of pericarditis in our long COVID-19 patients and that 
reported in a large study performed in post COVID-19 unvaccinated 
patients, where the incidence was very low [30]. Possible explanations 
for the latter finding is that post COVID-19 patients are intrinsically 
different from those with long COVID-19 syndrome. Moreover, patients 
with pericarditis frequently show thickened pericardial layers with 
small or negligible effusions and diagnosis of pericarditis may be diffi
cult unless an echocardiographic examination especially focused on the 
pericardium is performed. 

5. Conclusion 

To our knowledge this is the first study describing acute pericarditis 
associated with long COVID-19 in consecutive patients who have had 
symptomatic COVID-19 and a negative SARS-CoV2 nucleic acid test. 
Female gender, the presence of chest pain, history of autoimmune and 
allergic disorders, and palpitations/arrhythmias were risk factors for the 
development of acute pericarditis. 
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