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Cardiovascular involvement is an uncommon but severe complication of

Epstein–Barr virus (EBV) infection caused by direct damage and immune injury.

Recently, it has drawn increasing attention due to its dismal prognosis. It can

manifest in various ways, including coronary artery dilation (CAD), coronary

artery aneurysm (CAA), myocarditis, arrhythmias, and heart failure, among

others. If not treated promptly, cardiovascular damage can progress over time

and even lead to death, which poses a challenge to clinicians. Early diagnosis and

treatment can improve the prognosis and reduce mortality. However, there is a

lack of reliable large-scale data and evidence-based guidance for the

management of cardiovascular damage. Consequently, in this review, we

attempt to synthesize the present knowledge of cardiovascular damage

associated with EBV and to provide an overview of the pathogenesis,

classification, treatment, and prognosis, which may enhance the recognition of

cardiovascular complications related to EBV and may be valuable to their

clinical management.

KEYWORDS
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1 Introduction

Epstein–Barr virus (EBV) is prevalent in people worldwide and can even last a lifetime.

In contrast to EBV infections in most children, which are typically asymptomatic or have

ambiguous symptoms, infections in adolescents and adults frequently result in infectious

mononucleosis (IM), a self-limiting disease with a favorable prognosis (1, 2). However, for

those with an immune deficiency or impairment, EBV could lead to aggressive and even

catastrophic diseases, such as chronic active EBV (CAEBV) disease, hemophagocytic

lymphohistiocytosis (HLH), and specific tumors, among others (3, 4). It has been

hypothesized that immune escape, infected T or natural killer (NK) cell clonal

expansion, and invasion into systemic organs, which causes their failure, are related to
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EBV infection (4). EBV can affect not only the lymphocytes but also

other systems, and its prognosis depends on the manifestations and

the severity of complications (1–5).

Cardiovascular involvement in EBV infection is a type of severe

complication, which includes coronary artery dilatation (CAD),

coronary artery aneurysm (CAA), myocarditis, valvular heart

disease, heart failure, and pulmonary arterial hypertension

(PAH), among others, that can be fatal if left untreated (6–9). As

reported previously, the cardiovascular injuries associated with

active EBV (AEBV) are primarily myocarditis, pericardial disease,

and heart failure, while cardiovascular damage in patients with
Frontiers in Immunology 02
CAEBVmanifests as coronary aneurysms or myocarditis (6, 8). In a

nationwide survey in Japan, patients with CAEBV presented with

myocarditis in 6% of cases and CAA in 9% (5). According to two

other studies, approximately 9.4%–17.9% of patients with CAEBV

experience circulatory system complications (10, 11). However,

there is a lack of reliable large-scale data and evidence-based

guidance for the treatment of cardiovascular damage, which is

challenging for clinicians. This review aimed to summarize the

current progress on the pathogenesis, diagnosis, treatment, and

prognosis of the different cardiovascular complications associated

with EBV. A literature review is shown in Table 1.
TABLE 1 Literature review of the cardiovascular involvement in Epstein–Barr virus infection.

First author
(year/country) Age/gender Diagnosis Cardiovascular

complications Prognosis

Chimenti (2002/
Italy) (6)

67 years/F AEBV

Infarct-like myocarditis;
coronary vasculitis;
pericardial disease (mild
pericardial effusion); multiple
left ventricular (LV)
microaneurysms; moderate
LV dysfunction

Functioning of the left ventricle improved.

Jamal (2021/
Morocco) (12)

22 years/M CAEBV; HLH Giant CAA
He died 10 days after the start of the conditioning regimen,
following a second cerebral aneurysm rupture.

Hastie (2021/
Australia) (13)

57 years/F AEBV
Pericardial effusion causing
subacute cardiac tamponade

She was in stable condition.

Aknouk (2022/
America) (14)

20 years/M AEBV

Myocarditis; dilated
cardiomyopathy; acute
congestive heart failure;
multivalvular regurgitation

The patient eventually died.

Ho (2015/England)
(15)

80 years/F AEBV
Pericardial effusion causing
subacute cardiac tamponade

The pericardial effusion disappeared after 2 months.

Kang (2020/Japan)
(16)

42 years/M CAEBV CAD; CAA CAD and CAA both progressed.

Watanabe (2019/
Italy) (17)

20 years/F AEBV

Myocarditis; pericardial
effusion; heart failure;
malignant ventricular
arrhythmias and cardiac
arrest

The patient was kept on medication

Paul (2019/
America) (18)

63 years/M AEBV Myocarditis He died 1 week later.

Pi (2022/China)
(19)

36 years/F CAEBV Massive pericardial effusion Pericardial effusion disappeared

Takano (2008/
Japan) (20)

45 years/M CAEBV
Myocarditis; mild pericardiac
effusion; heart failure

He died of multiple organ failure and disseminated intravascular
coagulation.

Ba (2019/China) (7) 9 years/M CAEBV CAD; CAA; PAH He was kept on medication: prednisone.

Li (2022/China)
(21)

5 years/F CAEBV
CAA; giant sinus of valsalva
aneurysm (SOVA); heart
valve disease

She died of an undetermined cause without receiving any further
care.

Kawamura (2016/
Japan) (9)

4 years/F EBV-HLH
Acute myocarditis; sudden
cardiopulmonary arrest; giant
CAA

No sequelae except for a CAA

Jiang (2016/China)
(22)

16 years/F CAEBV
Aortic aneurysm; CAA;
coronary arteries stenoses;
myocardial infarction

Coronary artery occlusion

(Continued)
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2 Pathogenesis

The mechanism of cardiovascular damage caused by EBV

infection is not fully understood, but it is mainly classified into

direct and indirect damage (Figure 1). Evidence of direct EBV
Frontiers in Immunology 03
damage comes from viral genetic testing of endomyocardial samples

from patients with cardiomyopathy, which is also the gold standard. In

several studies, the positive detection rate of the EBV virus gene in

endomyocardial samples was 2%–4% (36, 37). The exact pathogenesis

of myocarditis caused by EBV is limited due to the lack of adequate
TABLE 1 Continued

First author
(year/country) Age/gender Diagnosis Cardiovascular

complications Prognosis

Xiao (2020/China)
(8)

4 years/F CAEBV
CAA; heart valve disease
(mitral and aortic valve
insufficiency)

Her CAAs did not progress.

Chen (2020/China)
(23)

17 months/M

EBV-HLH (HLH-
2004); XLP (the
variant
c.116G > C);

CAD; heart valve disease
(valvular regurgitation);
pericardial disease
(pericardial effusion)

He was in stable condition.

Jin (2017/China)
(24)

1 year, 10 months/F
CAEBV; EBV-
HLH (HLH-2004)

CAD; pericardial disease
(pericardial effusion)

Her coronary artery dilatation progressed after 2 weeks, and she
discontinued treatment for financial reasons. After 4 months, she
died.

Liu (2020/China)
(25)

1 year, 5 months/M AEBV; XLP CAD His CAD returned to normal 42 days after admission.

Shi (2015/China)
(26)

20 months/F Reactivated EBV CAD Her coronary artery recovered after 1 week.

Liu (2017/China)
(27)

(3.47 ± 1.61 years)/
M (8) and F (7)

AEBV (IM) CAD
All 13 cases of coronary dilatation returned to normal. Two cases
did not return to normal and are still being followed up.

Xie (2016/China)
(28)

3 years/M CAEBV CAA

They were all kept on medication.

2 years/M CAEBV CAD, CAA

6 years/F CAEBV; HLH CAA

4 years/F CAEBV
CAD; CAA; heart valve
disease (moderate mitral
regurgitation)

Teng (2022/China)
(29)

9 years/F CAEBV
CAD; heart valve disease
(mitral regurgitation)

The patient’s symptoms improved, but the CAD did not return to
normal. Her condition was stable.

Shao (2016/China)
(30)

1 year, 5 months/M CAEBV Right CAA; left CAD The family refused antiviral therapy and left.

Wei (2021/China)
(31)

6.05 (2.8–
14.3 years)/M (6
cases) and F (4
cases)

CAEBV (10
cases);
complicated with
HLH (3 cases)

Bilateral CAD (8 cases) +
unilateral CAD (2 cases);
mild mitral and aortic valve
regurgitation (3 cases); mild
tricuspid regurgitation (3
cases); pericardial effusion (4
cases)

The CAD of 3 patients had returned to normal.

Sui (2018/China)
(32)

17 years/M AEBV
Myocardial calcification;
myocarditis; heart failure

He was alive.

McCrory (2018/
America) (33)

10 years/M EBV-HLH Cardiac arrest
The family elected to discontinue ventilator support after brain
death.

Ba (2019/China)
(34)

10 years/M CAEBV

Bilateral CAD and
thrombosis; aortic dilatation;
bilateral pulmonary artery
dilatation; PAH; abdominal
aortic dilatation and distal
superior mesenteric artery
dilatation

One year later, he developed generalized edema, shortness of
breath, and decreased activity tolerance. The LAD and pulmonary
artery further expanded, and a moderate amount of pericardial
effusion appeared. Subsequently, antiviral, pulmonary artery
pressure-lowering, diuretic, and other treatments were added. The
shortness of breath disappeared and the activity tolerance
improved.

Sun (2021/China)
(35)

10 years/F EBV-HLH CAAs; pericardial effusion Pericardial effusion disappeared, but CAAs remained.
F, female; M, male; AEBV, active Epstein–Barr virus; CAEBV, chronic active Epstein–Barr virus; HLH, hemophagocytic lymphohistiocytosis; XLP, X-linked lymphoproliferative disease; CAD,
coronary artery dilation; CAA, coronary artery aneurysm; PAH, pulmonary arterial hypertension; LAD, left anterior descending artery; IM, infectious mononucleosis.
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animal models. However, in autopsies of patients with EBV-associated

myocarditis, it was revealed to be accompanied by a severe

inflammatory infiltration, with the absence of direct invasion in

cardiomyocytes under the electron microscope, suggesting that it

was not caused by direct damage (38). Furthermore, in an animal

model, B- and T-lymphocyte-deficient mice infected with

herpesviruses did not develop myocardial necrosis despite high viral

loads, demonstrating that viral replication cannot fully explain the

myocardial injury. Currently, it is more often proven that EBV-related

cardiovascular involvement is an indirect injury, also known as

immune injury, and immune cells mediate cardiovascular damage.

As for coronary artery involvement (CAI), pathological studies have

confirmed that EBV-associated coronary injury is caused by lymphoid

vasculitis (39). There is no doubt that EBV-associated vasculitis

involves local inflammatory cell chemotaxis, recruitment, adhesion,

infiltration, cytotoxic injury, and cytokine secretion (40). On the one

hand, latent membrane protein 1 (LMP-1), a surface EBV antigen

marker of cytotoxic T cells (CTLs) infected with EBV, can enhance the

production of vascular endothelial growth factor (VEGF), and VEGF

can enhance the post-capillary permeability of veins and venules,

leading to vascular involvement and the degradation of vessel walls

(41). On the other hand, EBV-positive natural killer (NK)/T cells

promote the secretion of adhesion molecules and cytokines,

aggravating vascular lesions (42). In addition, EBV will produce

deoxyuridine triphosphatase (dUTPase) during the replication

process, which will increase the level of interleukin 6 (IL-6), cause

vascular endothelial damage, and lead to coronary artery

abnormalities (43, 44). As far as myocarditis is concerned, it is

believed to involve three phases: the acute phase of innate immune

activation, the subacute phase of adaptive immune activation, and the
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chronic inflammatory phase (40, 45). Activated innate immune cells

and cardiac cells release cytokines, chemokines, interferons, and

alarmins, leading to further activation and recruitment of innate

immune cells to the heart, including mast cells, neutrophils,

dendritic cells, monocytes, and macrophages (3, 40). Antigen

presentation activates adaptive immunity, especially T-lymphocyte

subsets, and excessive or persistent activation is an essential factor

that can cause and aggravate chronic inflammation. Inflammation,

necrosis, and remodeling can lead to cardiac dysfunction (40).

Pericarditis may be accompanied by myocarditis or CAI and pleural

effusion in patients with EBV. According to the available literature,

although EBV is a rare but recognized cause of pericarditis, which can

lead to pericardial effusion and even cardiac tamponade, it was

detected in the pericardial effusion in only a few patients (14, 15). In

addition, valvular heart disease associated with EBV, which may be

primary or secondary, is mainly considered to be induced by EBV-

associated vasculitis despite limited evidence in patients with CAEBV

or EBV-HLH (8, 21, 23, 31). Heart failure is a symptom and sign of

cardiac dysfunction. Undoubtedly, all EBV-related organic diseases of

the heart, including myocarditis, CAI, pericardial effusion, and cardiac

valvulopathies, could lead to heart failure (14, 17, 31, 32).
3 Different cardiovascular
manifestations and diagnosis in
patients with EBV infection

The databases Pubmed, Embase, Web of Science, Sino-Med,

Cochrane, CNKI, VIP, and Wangfang Data were searched to gather
FIGURE 1

Pathogenesis of cardiovascular damage. The mechanism of cardiovascular damage caused by Epstein–Barr virus (EBV) infection is mainly divided
into direct and indirect damage. Direct damage refers to the positive detection rate of the EBV virus gene in endomyocardial samples. Indirect
damage, also called immune damage, consists of innate and adaptive immune activations that cause cardiac involvements, such as coronary artery
lesions, myocarditis, pericardial diseases, valvular heart disease, and heart failure. This figure was drawn on the Figdraw website (https://
www.figdraw.com/static/index.html).
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data on cardiovascular damage brought on by EBV infection from

inception to November 2022. There were 28 articles (with a total of

54 patients included) reporting EBV-associated cardiovascular

damage: 17 from China (7, 8, 13, 19, 21–31, 34, 35), one from

Morocco (12), two from Italy (6, 17), one from Australia (13), three

from America (14, 18, 33), one from England (15), and three from

Japan (9, 16, 20). There were 10 (18.5%) adults (6, 12–20) and 44

(71.5%) children (under 18 years old) (7–9, 21–35), ranging in age

from 1 year and 5 months to 67 years. In terms of sex, there were 28

male (7, 12, 16, 18, 20, 23, 25, 27, 28, 30–34) and 26 female patients

(6, 8, 9, 13, 15, 17, 19, 21, 22, 24, 26–29, 31, 35). Regarding the

diagnosis of EBV infection, 23 (42.6%) were diagnosed with AEBV

(6, 13–15, 17, 18, 25, 27, 32), 20 (37.0%) with CAEBV (7, 8, 16, 19–

22, 28–31, 34), 6 (11.1%) had a complication of CAEBV and HLH

(12, 24, 28, 31), 4 (7.4%) had a diagnosis of EBV-HLH (9, 23, 33,

35), and 1 (1.9%) had reactivated EBV (26).

We found that most of the reported cases of EBV-associated

cardiovascular complications occurred in China and Japan, with

roughly equal gender ratios. Among the cardiovascular

complications related to EBV infection, CAA, CAD, valvulopathy,

and pericardial effusion are more common in children, while

myocarditis and heart failure usually occur in adults (Figure 2).

Details are classified in the following sections.
3.1 Coronary artery lesions

Coronary artery lesions (CALs), also called CAI, are determined

based on the measurement of luminal dimensions using

echocardiography or coronary angiography. Instead of absolute

coronary artery dimensions, the Z score (diameter assessment

based on body surface area) has become more widely used for

CAI in recent years, which is classified into five categories: no
Frontiers in Immunology 05
involvement (Z score <2), only CAD (Z score 2–2.5), small CAA

(Z score ≥2.5 to <5), medium CAA (Z score ≥5 to <10 and absolute

dimension <8 mm), and large and giant CAA (Z score ≥ 10 or

absolute dimension ≥8 mm) (46). Patients with CAI can present

with various manifestations, such as chest discomfort, congestive

heart failure, acute coronary syndrome, and sudden cardiac death,

or they may be entirely asymptomatic (47). Coronary artery

abnormalities in adults are most frequently caused by

atherosclerosis, and EBV infection is a significant cause of CAA

(48). CALs in children include congenital and acquired causes, and

the most common acquired factor is Kawasaki disease (KD),

followed by EBV infection. In the past, less attention had been

paid to CAI associated with EBV, but it seems not to be a rare cause.

It is not difficult to diagnose coronary artery abnormalities,

whereas it is challenging to determine whether CALs refer to EBV

infection or KD, particularly incomplete KD. Patients under

6 months of age with an inexplicable fever lasting 7 days should

be suspected of having an incomplete KD, as should all age groups

with an unexplained fever lasting 5 days but meeting only two or

three clinical KD criteria (46). In addition, a significant proportion

of patients with KD test positive for EBV-DNA PCR, which makes

it challenging to distinguish between KD and EBV infection in those

with CALs. For suspected KD with erratic symptoms, EBV is

thought to be a potential alternative diagnosis (46). The cause of

coronary injury cannot be fully determined unless coronary artery

tissue is available for EBV DNA testing, which might not be

realistic. When histopathology is unavailable, the diagnosis is

based on the clinical symptoms and follow-up. In general,

neutrophil activation in KD is crucial, while lymphocyte

predominance in EBV may help to distinguish cases (49–52). To

prevent the progression of CALs, intravenous immunoglobulin

(IVIG) will be administered, with a further diagnosis based on

the clinical manifestations that remain after treatment.
FIGURE 2

Differences in cardiovascular manifestations in Epstein–Barr virus (EBV) infection between children and adults. The spectrum of cardiovascular
manifestations associated with EBV differs between children and adults: coronary artery lesions, valvulopathy, and pericardial effusion are more
common in children, while myocarditis and heart failure usually occur in adults. This figure was drawn with the Canva software and the health icons
accessed at https://healthicons.org/.
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We retrieved 18 articles (with 44 included patients) reporting

EBV-associated CAI, including 15 from China (7, 8, 21–31, 34, 35),

two from Japan (9, 16), and one fromMorocco (12). Of the included

patients, 42 (95.5%) were children (7–9, 21–31, 34, 35) and two

(4.5%) were adults (12, 16). Regarding gender, 23 (52.3%) were male

(7, 8, 23, 25, 27, 28, 30, 31, 34) and 21 (47.7%) were female (9, 12, 16,

21, 22, 24, 26–29, 31, 35). Pediatric patients ranged in age from

1 year and 5 months to 16 years. Regarding the diagnosis, 16

(36.4%) were diagnosed with AEBV (25, 27), one (2.3%) with

reactivated EBV but not CAEBV (26), 18 (40.9%) with CAEBV

(7, 8, 16, 21, 22, 28–31, 34), six (13.6%) with CAEBV and HLH (12,

24, 28, 31), and three (6.8%) with EBV-HLH (9, 23, 35).

Of the cases with CAI, 31 (70.4%) had only CAD (23–27, 29,

34), eight (18.2%) had only CAA (8, 9, 12, 21, 22, 28, 31, 35), and

five (11.4%) had both CAD and CAA involving different coronary

arteries (7, 16, 28, 30), which is a reminder of the possibility of

multiple involvements. Among all the patients, there were two giant

CAAs (9, 12) and one sinus of valsalva aneurysm (SOVA).
3.2 Myocarditis

The symptoms of myocarditis vary from compensation to

decompensation, for example, moderate dyspnea or chest

discomfort that goes away on its own, cardiogenic shock, and death

(53). It is challenging to diagnose and exclude clinically. A definitive

diagnosis of myocarditis associated with EBV can be confirmed only

by an invasive endomyocardial biopsy and by identifying the viral

genome using PCR techniques (54). Even so, the American Heart

Association recommends less invasive methods to exclude the most

prevalent causes of heart illness, including blood tests for cardiac

biomarkers, electrocardiograms, echocardiography, angiography, and

cardiac MRI, before pursuing more invasive workups. Of the seven

reported patients with EBV-associated myocarditis, only two (28.6%)

underwent endomyocardial biopsy (6, 20).

In patients with myocarditis associated with EBV infection,

troponin (I/T), creatinine kinase, C-reactive protein, and B-type

protein, among others, may be elevated, but blood work is

nonspecific. Regarding electrocardiograms, there could be ST

segment changes and bundle branch block, both of which

indicate myocardial damage, although their frequency varies

significantly with the lack of specificity. Echocardiographic

findings in patients with myocarditis are nonspecific and varied

but may help rule out the valvular cause of heart failure (55).

Angiography is often used to identify myocarditis and ACS because

the negative findings of angiography help rule out ACS.

Cardiovascular MRI has become a reliable, noninvasive method

for identifying the inflammatory, edematous, and necrotic

symptoms of acute myocarditis during the past few decades.

There were seven articles reporting EBV-associated myocarditis

(6, 9, 14, 17, 18, 20, 32), of which two were American (14, 18), two

were Italian (6, 17), one was Chinese (32), and two were Japanese (9,

20), with a total of seven patients, consisting of one (14.3%) child (9)

and six (85.7%) adults (6, 14, 17, 18, 20, 32). There were four

(57.1%) male (14, 18, 20, 32) and three (42.9%) female patients (6, 9,

17). The average age of the adults was 32.5 years (range, 19.25–
Frontiers in Immunology 06
64 years). Regarding the diagnosis of EBV, five (71.4%) had a

diagnosis of AEBV (6, 14, 17, 18, 32), one (14.3%) had a diagnosis of

CAEBV (20), and one (14.3%) had a diagnosis of EBV-HLH (9).
3.3 Pericardial effusion and
cardiac tamponade

Pericardial effusion and cardiac tamponade are pericardial

diseases that may be either an isolated disease or part of a systemic

condition. Pericardial disease has many potential causes that vary by

population and geography. Although pericardial disease is often

idiopathic in developed countries, infection, especially viral

infection, is also a cause of this disease that needs to be considered

(56, 57). The most common pathogens of pericardial diseases are

coxsackieviruses and echoviruses; in contrast, EBV is seldom

detected. According to the available literature, EBV is a rare but

recognized cause of pericarditis that can cause pericardial effusion or

even cardiac tamponade, depending on the volume. In terms of the

diagnosis of EBV infection, four (30.8%) were diagnosed with AEBV

(6, 13, 15, 17), five (38.5%) had a diagnosis of CAEBV (19, 20, 31),

one (7.7%) had a diagnosis of CAEBV and HLH (31), and three

(23.0%) had a diagnosis of EBV-HLH (9, 23, 35).

Chest X-rays are commonly performed for patients with

pericardial effusions because they typically complain of chest

discomfort and dyspnea. Chest X-rays often show no abnormalities,

but in cases of massive effusion, the heart may appear spherical with a

flask-like appearance. Therefore, echocardiography, which has almost

100% accuracy, is advised for all suspected pericardial patients with

effusions (58, 59). The majority of individuals with a straightforward

pericardial effusion may be diagnosed and monitored by

echocardiography. Further CT or MRI imaging is rarely necessary.

CTmay be an option to consider in some cases. Sometimes, the extent

of a pericardial effusion may be determined using CT. Secondly,

depending on the level of CT attenuation, CT may reveal information

about the makeup of pericardial effusion.

We found 10 articles reporting EBV-associated pericardial

effusion and/or cardiac tamponade (6, 13, 15, 17, 19, 20, 23, 24,

31, 35), five of which were Chinese (19, 23, 24, 31, 35), two were

Italian (6, 17), one was Australian (13), one was Japanese (20), and

one was English (15), featuring a total of 13 patients. Of these

patients, seven (53.8%) were children (23, 24, 31, 35), six (46.2%)

were adults (6, 13, 15, 17, 19, 20), four (30.8%) were male (20, 23,

31), and nine (69.2%) were female (6, 13, 15, 17, 19, 24, 31, 35). The

average age of the children was 4.3 years (range, 1.8–12.2 years),

while that of the adults was 51.0 years (range, 32.0–70.3 years).
3.4 Valvular heart disease

The heart consists of four valves: two atrioventricular valves,

namely, mitral and tricuspid, and two semilunar valves, namely,

aortic and pulmonic. These valves play a pivotal role in facilitating

circulation through the pulmonary and systemic circuits of the heart.

Echocardiography is the gold standard in the diagnosis of valvular

heart disease. Valvulopathy caused by EBV infection mainly included
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regurgitation and insufficiency involving the mitral valve, tricuspid

valve, and aortic valve. There is no report in the literature involving

the pulmonary valve related to valvulopathy.

There were seven articles reporting EBV-associated heart valve

disease (8, 14, 21, 23, 28, 29, 31), six of which were Chinese (8, 21,

23, 28, 29, 31) and one was American (14). Of the 11 patients, 10

(90.9%) were children, with an average age of 6.3 years (range, 4.0–

10.9 years) (8, 21, 23, 28, 29, 31), and one (9.1%) was a 20-year-old

adult (14). There were five (45.5%) male (14, 23, 31) and six (54.5%)

female patients (8, 21, 28, 29, 31). Regarding the diagnosis of EBV

infection, one (9.1%) was diagnosed with AEBV (14), eight (72.7%)

with CAEBV (8, 21, 28, 29, 31), one (9.1%) with both CAEBV and

HLH (31), and one (9.1%) with EBV-HLH (23).

Valvular heart disease associated with EBV infection may be

primary or secondary. A 20-year-old male patient with myocarditis,

dilated cardiomyopathy (DCM), and moderate-to-severe mitral and

tricuspid regurgitation was reported (14). Another two papers

reported two 4-year-old female children diagnosed with CAEBV

with coronary aneurysm, left ventricular hypertrophy, and mitral

valve and aortic insufficiency (8, 28). In the three aforementioned

cases, DCM and left ventricular hypertrophy were present (8, 14,

28). Although it is difficult to establish a causal relationship between

them and valvular heart disease, the possibility of valvular

regurgitation and left ventricular hypertrophy, secondary to

DCM, cannot be ruled out, and five studies reported aortic

regurgitation (AR) in CAEBV or EBV-HLH.
3.5 Heart failure

Heart failure is a condition with signs and symptoms brought

on by heart malfunction, which shortens life expectancy (60). Heart

failure related to EBV infection has only been reported in four

studies with four patients who had heart failure caused by

myocarditis associated with EBV infection (14, 17, 20, 32). Of the

four patients, one was a child (32), three were adults (14, 17, 20),

three (75.0%) were male (14, 20, 32), and one (25.0%) was female

(17). The average age was 20 years (range, 17.8–38.8 years). As for

the diagnosis of EBV infection, three (75.0%) had a diagnosis of

AEBV (14, 17, 32) and one (25.0%) had a diagnosis of CAEBV (20).
4 Treatment

The treatment and management of cardiovascular involvement

associated with EBV infection remain challenging. According to the

existing literature, CALs are more common in CAEBV and EBV-

HLH, while myocarditis occurs more often in AEBV. As mentioned

previously, EBV-related cardiovascular involvement is classified

into direct and immune injury. Consequently, its treatment

mainly includes three parts: antiviral therapy, anti-inflammatory

therapy, and the management of cardiovascular complications.

Antiviral therapy, such as acyclovir and ganciclovir, can decrease

viral replication during the acute phase, but with uncertain efficacy in

patients with CAEBV and EBV-HLH. Inflammation can be reduced

or blocked by glucocorticoids and other immunosuppressants, but
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chemotherapy or hematopoietic stem cell transplantation (SCT).

As for specific cardiovascular complications, different

manifestations should be managed according to relevant

guidelines. The treatment of CALs mainly involves antiplatelet

therapy, anticoagulant therapy, and medications that inhibiting or

reverse remodeling. If there is thrombosis and/or embolism, long-

term use of antiplatelet and anticoagulant drugs should be

considered (61). Aspirin is usually the go-to anticoagulant for

medical therapy, and clopidogrel is an alternative or combination.

Patients with large CAA often require a combination of antiplatelet

and anticoagulant drugs in order to prevent thrombotic events (46).

Clinical studies have not been able to support the use of

angiotensin-converting enzyme inhibitor (ACEI) and angiotensin

receptor blocker (ARB) medications as standard treatments for

EBV-associated CAI. In fact, there is no evidence suggesting

potential benefits to those who receive these medications. When

dealing with acute myocarditis, it is important to closely observe

cardiovascular health and heart rhythm and provide the necessary

support, similar to the approach taken with cases of acute heart

failure (62). If there is low cardiac output, immediate steps, such as

administering inotropic medications and vasopressors, must be

taken to rectify the condition (62). Furthermore, if a dangerous

irregular heart rhythm arises, implanting a temporary pacemaker

should be taken into consideration as soon as possible (62).

As for pericardial effusion and cardiac tamponade, the evaluation

should be conducted using echocardiography, and the treatment

strategy is straightforward, with pericardiocentesis being the

mainstay, depending on the volume and hemodynamic stability (63).

Valvular heart disease should be stratified according to risk

assessment for comprehensive treatment, and severe patients

should be treated with surgical intervention as soon as possible

(64). However, in the reported cases, none of the patients with

valvulopathy received this procedure.
5 Prognosis of different
cardiovascular manifestations

5.1 Coronary artery lesions

When it comes to the prognosis of coronary artery abnormalities,

the outcomes of CAA are more pessimistic regarding the risk of

thromboembolism and aneurysm rupture compared to CAD. More

than half of cases with CAD can return to normal, but CAAs often

remain stable and require long-term medication. The prognosis for

CALs is also related to the type of EBV infection. According to the

reported literature, all patients with CAI progression are

CAEBV patients.

Among the reported cases of CAD associated with EBV, CAD

returned to normal in 19 (52.8%) patients (23, 25–27, 31), and the

required period ranged from 2 to 124 days. CAD did not recover in

11 (30.6%) patients (27–29, 31), while it progressed in four (11.1%)

patients (16, 24, 28, 34). The follow-up of CAD remained unclear

for two (5.6%) patients (7, 30). Regarding the prognosis, two

patients eventually died (24, 31), one of an unknown cause due to
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giving up treatment after being diagnosed with CAEBV (24) and the

other of a severe infection related to hematopoietic SCT (HSCT)

(31). The rest of the patients were alive.

There were 12 patients with CAA, two (16.7%) of whom died

(12, 21) and one (7.7%) progressed (16), while the majority of these

patients remained stable and needed to be kept on medication. The

two patients who died suffered from giant CAA, eventually dying of

aneurysm rupture (12) and of an unknown cause after giving up

treatment (21), respectively.
5.2 Myocarditis

The prognosis for patients diagnosed with myocarditis likely

depends on multiple factors, including the severity of the

presentation, location, expertise of care, and the timing of

potential treatment. Myocarditis has a poorer prognosis if it

progresses to DCM or if malignant arrhythmias or heart failure is

present. Among the seven patients (6, 9, 14, 17, 18, 20, 32), four

progressed (14, 17, 18, 32): one had heart failure (14), one

experienced cardiopulmonary arrest (18), one presented heart

failure and arrhythmias (32), and one suffered from arrest and

arrhythmias (17). Three (43%) patients died (14, 18, 20), one of

arrhythmia (14), one of multiple embolic infarcts (18), and one of

multiple organ failure and disseminated intravascular coagulation

(DIC) (20). In summary, one patient died of cardiac causes, while

the rest died of multiple organ damage caused by EBV infection.
5.3 Pericardial effusion and
cardiac tamponade

In the retrieved literature, most of the pericardial effusions

caused by EBV were small amounts of fluid, and no special

treatment was performed. Two patients presented with severe

pericardial effusion coupled with subacute cardiac tamponade (15,

30), while two others presented with a massive pericardial effusion

(19, 35). These patients received pericardiocentesis (15, 19, 30, 35).

Pericardial effusion caused by EBV infection does not lead to a

poor prognosis unless combined with other cardiac complications.

Furthermore, it was found that the pericardial effusion in most

patients completely disappeared during follow-up.
5.4 Valvular heart disease

Valvular regurgitation associated with an EBV infection can be

asymptomatic or can manifest as heart failure, depending on the

degree of valvular disease. The prognosis of heart valve disease

caused by EBV infection is considered good. Among 11 patients

with EBV-associated valvular heart disease, three (27.3%) died (14,

21, 28): one patient had moderate-to-severe heart valve

regurgitation and eventually died of heart failure (14), one gave

up treatment and died of unknown causes (21), and another died

from mixed infection (28). The rest of the participants had mild to

moderate valvular disease and were in a stable condition.
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In one case, myocarditis progressed to DCM and eventually to

congestive heart failure (14). In the other three cases, fulminant

myocarditis led directly to acute heart failure. The prognosis of

heart failure is poor. Of the four patients reported, two (50%) died

(14, 20) and two (50%) were alive (17, 32).

Briefly, among the various cardiovascular damages mentioned

above, the prognosis for CAD and pericardial effusion is relatively

good. In more than half of the patients, CAD returned to normal,

and pericardial effusion disappeared in all patients. The prognosis

of other cardiovascular complications is related to EBV infection,

the severity of cardiovascular damage, and the involvement of other

organs, and the mortality rate is approximately 15%–50% when

calculated with the current data in Table 1. Undoubtedly, clinicians

should pay more attention to the cardiovascular involvement

associated with EBV, and cardiovascular evaluations and the

management of patients with EBV are essential. Future research

on biomarkers is needed in order to identify patients at high risk of

cardiovascular complications related to EBV.
6 Conclusion

EBV infection is a significant contributor to acquired

cardiovascular damage with various manifestations, including CAL,

myocarditis, pericardial effusion, cardiac tamponade, valvular heart

disease, and heart failure, among others, which presents challenges to

the clinical diagnosis and treatment and should be paid attention to.

Evaluation of cardiovascular complications in individuals with EBV is

necessary for timely intervention and long-term management. The

prognosis is not always optimistic, and more research is still needed

in the future to promote in-depth understanding.
Author contributions

XC, YL, LD, JY, BH, and XX conceived and conceptualized the

manuscript. XC, YL and LD drafted the manuscript. YL and XC

contributed to the figure. LW,WZ, JH, and LC made contributions to

the table and data summary. XC, YL, and XX critically reviewed and

revised the manuscript for important intellectual content. All authors

contributed to the article and approved the submitted version.
Funding

This study was supported by Ying Lv’s Expert Inheritance

Studio (no. E43729).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1188330
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2023.1188330
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Immunology 09
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Cohen JI. Epstein-Barr virus infection. N Engl J Med (2000) 343:481–92.
doi: 10.1056/NEJM200008173430707

2. Wakiguchi H. Overview of epstein-barr virus-associated diseases in japan. Crit
Rev Oncol Hematol (2002) 44:193–202. doi: 10.1016/s1040-8428(02)00111-7

3. Nowalk A, Green M. Epstein-Barr virus. Microbiol Spectr. (2016) 4(3):4–3.
doi: 10.1128/microbiolspec.DMIH2-0011-2015

4. Damania B, SC K, Raab-Traub N. Epstein-Barr virus: biology and clinical disease.
Cell (2022) 185:3652–70. doi: 10.1016/j.cell.2022.08.026

5. Kimura H, Morishima T, Kanegane H, Ohga S, Hoshino Y, Maeda A, et al.
Prognostic factors for chronic active epstein-barr virus infection. J Infect Dis (2003)
187:527–33. doi: 10.1086/367988

6. Chimenti C, Verardo R, Grande C, Francone M, Frustaci A. Infarct-like
myocarditis with coronary vasculitis and aneurysm formation caused by epstein-barr
virus infection. Esc Heart Fail (2020) 7:938–41. doi: 10.1002/ehf2.12611

7. Ba H, Xu L, Peng H, Lin Y, Li X, Wang H, et al. Chronic active epstein-barr virus
infection with systemic vasculitis and pulmonary arterial hypertension in a child. Front
Pediatr (2019) 7:219. doi: 10.3389/fped.2019.00219

8. Xiao H, Hu B, Luo R, Hu H, Zhang J, Kuang W, et al. Chronic active epstein-barr
virus infection manifesting as coronary artery aneurysm and uveitis. Virol J (2020)
17:166. doi: 10.1186/s12985-020-01409-8

9. Kawamura Y, Miura H, Matsumoto Y, Uchida H, Kudo K, Hata T, et al. A case of
epstein-barr virus-associated hemophagocytic lymphohistiocytosis with severe cardiac
complications. BMC Pediatr (2016) 16:172. doi: 10.1186/s12887-016-0718-3

10. Ishihara S, Okada S, Wakiguchi H, Kurashige T, Morishima T, Kawa-Ha K.
Chronic active epstein-barr virus infection in children in japan. Acta Paediatr (1995)
84:1271–5. doi: 10.1111/j.1651-2227.1995.tb13547.x

11. Lu G, Xie ZD, Zhao SY, Ye LJ, Wu RH, Liu CY, et al. Clinical analysis and
follow-up study of chronic active epstein-barr virus infection in 53 pediatric cases. Chin
Med J (Engl) (2009) 122:262–6.

12. Jamal O, Sahel N, Saouab R, El QM, Zaizaa M, El KI, et al. Fatal systemic
vasculitis associated with chronic active epstein-barr virus infection. Mo Med (2021)
118:226–32.

13. Hastie E, Hayman S, Fagermo N, Nicolae M. Epstein-Barr virus dna in
pericardial effusion causing subacute cardiac tamponade. Case (Phila). (2021) 5:235–
8. doi: 10.1016/j.case.2021.02.001

14. Aknouk M, Choe S, Osborn H, Kanukuntla A, Kata P, Okere A, et al.
Recognizing rare sequelae of epstein-barr virus myocarditis leading to dilated
cardiomyopathy and acute congestive heart failure with multivalvular regurgitation.
Cureus (2022) 14:e21504. doi: 10.7759/cureus.21504

15. Ho KM, Mitchell SC. An unusual presentation of cardiac tamponade associated
with epstein-barr virus infection. BMJ Case Rep (2015) 2015:bcr2015209659.
doi: 10.1136/bcr-2015-209659

16. Kang R, Tanaka TD, Ogasawara Y, Yoshimura M. A rare complication of
chronic active epstein-barr virus infection. JACC Case Rep (2020) 2:756–9.
doi: 10.1016/j.jaccas.2020.03.022

17. Watanabe M, Panetta GL, Piccirillo F, Spoto S, Myers J, Serino FM, et al. Acute
epstein-barr related myocarditis: an unusual but life-threatening disease in an
immunocompetent patient. J Cardiol Cases. (2020) 21:137–40. doi: 10.1016/
j.jccase.2019.12.001

18. Paul R, Khan S. A rare case of epstein barr viral myocarditis-induced cardiogenic
shock. Chest (2019) 156:A79. doi: 10.1016/j.chest.2019.08.172

19. Pi Y, Wang J, Wang Z. Massive pericardial effusion due to chronic active
epstein-barr virus infection successfully treated with pd-1 blockade: a case report. Med
(Baltimore). (2022) 101:e30298. doi: 10.1097/MD.0000000000030298

20. Takano H, Nakagawa K, Ishio N, Daimon M, Daimon M, Kobayashi Y, et al.
Active myocarditis in a patient with chronic active epstein-barr virus infection. Int J
Cardiol (2008) 130:e11–3. doi: 10.1016/j.ijcard.2007.07.040

21. Li Q, Li G, Shao D, Yarrabolu T, Yue Y. Case report: pediatric chronic active
epstein-barr virus infection with giant sinus of valsalva aneurysms and aorta and its
branch dilations. Front Pediatr (2021) 9:779806. doi: 10.3389/fped.2021.779806

22. Jiang S, Li X, Cao J, Wu D, Kong L, Lin L, et al. Early diagnosis and follow-up of
chronic active epstein-barr-virus-associated cardiovascular complications with
cardiovascular magnetic resonance imaging: a case report. Med (Baltimore). (2016)
95:e4384. doi: 10.1097/MD.0000000000004384
23. Chen RY, Li XZ, Lin Q, Zhu Y, Shen YY, Xu QY, et al. Epstein-Barr virus-related
hemophagocytic lymphohistiocytosis complicated with coronary artery dilation
and acute renal injury in a boy with a novel x-linked inhibitor of apoptosis protein
(xiap) variant: a case report. BMC Pediatr (2020) 20:456. doi: 10.1186/s12887-020-
02359-4

24. Jin F, Hu H, Liu G. Recurrent fever, abnormal liver function, coronary
artery dilation. Chin J Pract Pediatr (Chin) (2017) 32:471–7. doi: 10.19538/
j.ek2017060617

25. Liu H, Cheng F, Jin D, Kong X, Tian J. XLP combined with fulminant EBV
infection and coronary dilation and chronic interstitial nephritis: 1 case. Jiangsu Med J
(Chin). (2020) 46:320–2. doi: 10.19460/j.cnki.0253-3685.2020.03.030

26. Shi Y, Wang XB. (2015). Epstein-Barr Virus infection reactivation combined
with coronarydilation: a case and literature review. Chin Med J (2015) 12:9–11.

27. Liu J, Zheng C, Li X, Bao M, Cao A, Ren J, et al. Case analysis of infectious
mononucleosis with coronary artery dilation. China Med Herald. (2017) 14:76–9.

28. Xie X, Lu G, Huang P, Zhang L, Wang Z, Huang L, et al. 4 cases of chronic active
EBV infection and coronary artery aneurysm. Chin J Practl Pediatr (Chin). (2016)
31:1721–7. doi: 10.3760/cma.j.issn.2095-428X.2016.22.011

29. Teng L, Shen C, Gu W, Wu J, Lu M, Xu X. Epstein-Barr virus infection
associated polymyositis and coronary artery dilation. BMC Infect Dis (2022) 22:227.
doi: 10.1186/s12879-022-07221-9

30. Shao W, Yuan Y. Chronic active EBV infection in young children complicated
by coronary artery aneurysm: 1 case. Chin J Pract Pediatr (Chin). (2016) 31:1752–3.
doi: 10.3760/cma.j.issn.2095-428X.2016.22.018

31. Wei A, Ma H, Zhang L, Li Z, Guan Y, Zhang Q, et al. Clinical analysis of chronic
active ebv infection with coronary artery dilatation and a matched case-control study.
Orphanet J Rare Dis (2021) 16:50. doi: 10.1186/s13023-021-01689-5

32. Sui M, Tang W, Wu C. Myocardial calcification found in epstein-barr viral
myocarditis and rhabdomyolysis: a case report. Med (Baltimore). (2018) 97:e13582.
doi: 10.1097/MD.0000000000013582

33. McCrory MC, Wang SS, Shetty AK, McLean TW, Lantz PE, Cannon ML.
Sudden cardiac arrest due to hemophagocytic lymphohistiocytosis in a child. J Emerg
Med (2018) 55:e119–23. doi: 10.1016/j.jemermed.2018.08.007

34. Ba HJ, Xu LL, Li XD, Lin YS, Peng HM, Wang HS, et al. Chronic active EBV
infection combined with systemic vasculitis: a case and literature review. Pract Clin
Med (Chin). (2019) 20:66–8,73. doi: 10.13764/j.cnki.lcsy.2019.04.020

35. Sun G, Yao F, Yang Z. A pediatric case report of epstein-barr virus-associated
hemophagocytic lymphohistiocytosis with pericardial effusion and multiple coronary
artery aneurysms. J Pediatr Hematol Oncol (2021) 43:e219–22. doi: 10.1097/
MPH.0000000000001642

36. Kuhl U, Pauschinger M, Seeberg B, Lassner D, Noutsias M, Poller W, et al. Viral
persistence in the myocardium is associated with progressive cardiac dysfunction.
Circulation (2005) 112:1965–70. doi: 10.1161/CIRCULATIONAHA.105.548156

37. Kuhl U, Pauschinger M, Noutsias M, Seeberg B, Bock T, Lassner D, et al. High
prevalence of viral genomes and multiple viral infections in the myocardium of adults
with "idiopathic" left ventricular dysfunction. Circulation (2005) 111:887–93.
doi: 10.1161/01.CIR.0000155616.07901.35

38. Hausler M, Sellhaus B, Scheithauer S, Gaida B, Kuropka S, Siepmann K, et al.
Myocarditis in newborn wild-type balb/c mice infected with the murine gamma
herpesvirus mhv-68. Cardiovasc Res (2007) 76:323–30. doi: 10.1016/
j.cardiores.2007.06.025

39. Nakagawa A, Ito M, Iwaki T, Yatabe Y, Asai J, Hayashi K. Chronic active
epstein-barr virus infection with giant coronary aneurysms. Am J Clin Pathol (1996)
105:733–6. doi: 10.1093/ajcp/105.6.733

40. Tschope C, Ammirati E, Bozkurt B, Caforio A, Cooper LT, Felix SB, et al.
Myocarditis and inflammatory cardiomyopathy: current evidence and future
directions. Nat Rev Cardiol (2021) 18:169–93. doi: 10.1038/s41569-020-00435-x

41. Hamamichi Y, Ichida F, Yu X, Hirono KI, Uese KI, Hashimoto I, et al.
Neutrophils and mononuclear cells express vascular endothelial growth factor in
acute kawasaki disease: its possible role in progression of coronary artery lesions.
Pediatr Res (2001) 49:74–80. doi: 10.1203/00006450-200101000-00017

42. Kanno H, Watabe D, Shimizu N, Sawai T. Adhesion of epstein-barr virus-
positive natural killer cell lines to cultured endothelial cells stimulated with
inflammatory cytokines. Clin Exp Immunol (2008) 151:519–27. doi: 10.1111/j.1365-
2249.2007.03584.x
frontiersin.org

https://doi.org/10.1056/NEJM200008173430707
https://doi.org/10.1016/s1040-8428(02)00111-7
https://doi.org/10.1128/microbiolspec.DMIH2-0011-2015
https://doi.org/10.1016/j.cell.2022.08.026
https://doi.org/10.1086/367988
https://doi.org/10.1002/ehf2.12611
https://doi.org/10.3389/fped.2019.00219
https://doi.org/10.1186/s12985-020-01409-8
https://doi.org/10.1186/s12887-016-0718-3
https://doi.org/10.1111/j.1651-2227.1995.tb13547.x
https://doi.org/10.1016/j.case.2021.02.001
https://doi.org/10.7759/cureus.21504
https://doi.org/10.1136/bcr-2015-209659
https://doi.org/10.1016/j.jaccas.2020.03.022
https://doi.org/10.1016/j.jccase.2019.12.001
https://doi.org/10.1016/j.jccase.2019.12.001
https://doi.org/10.1016/j.chest.2019.08.172
https://doi.org/10.1097/MD.0000000000030298
https://doi.org/10.1016/j.ijcard.2007.07.040
https://doi.org/10.3389/fped.2021.779806
https://doi.org/10.1097/MD.0000000000004384
https://doi.org/10.1186/s12887-020-02359-4
https://doi.org/10.1186/s12887-020-02359-4
https://doi.org/10.19538/j.ek2017060617
https://doi.org/10.19538/j.ek2017060617
https://doi.org/10.19460/j.cnki.0253-3685.2020.03.030
https://doi.org/10.3760/cma.j.issn.2095-428X.2016.22.011
https://doi.org/10.1186/s12879-022-07221-9
https://doi.org/10.3760/cma.j.issn.2095-428X.2016.22.018
https://doi.org/10.1186/s13023-021-01689-5
https://doi.org/10.1097/MD.0000000000013582
https://doi.org/10.1016/j.jemermed.2018.08.007
https://doi.org/10.13764/j.cnki.lcsy.2019.04.020
https://doi.org/10.1097/MPH.0000000000001642
https://doi.org/10.1097/MPH.0000000000001642
https://doi.org/10.1161/CIRCULATIONAHA.105.548156
https://doi.org/10.1161/01.CIR.0000155616.07901.35
https://doi.org/10.1016/j.cardiores.2007.06.025
https://doi.org/10.1016/j.cardiores.2007.06.025
https://doi.org/10.1093/ajcp/105.6.733
https://doi.org/10.1038/s41569-020-00435-x
https://doi.org/10.1203/00006450-200101000-00017
https://doi.org/10.1111/j.1365-2249.2007.03584.x
https://doi.org/10.1111/j.1365-2249.2007.03584.x
https://doi.org/10.3389/fimmu.2023.1188330
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Chen et al. 10.3389/fimmu.2023.1188330
43. Ariza ME, Glaser R, Kaumaya PT, Jones C, Williams MV. The ebv-encoded
dutpase activates nf-kappa b through the tlr2 and myd88-dependent signaling pathway.
J Immunol (2009) 182:851–9. doi: 10.4049/jimmunol.182.2.851

44. Dogan A, Tuzun N, Turker Y, Akcay S, Kaya S, Ozaydin M. Matrix
metalloproteinases and inflammatory markers in coronary artery ectasia: their
relationship to severity of coronary artery ectasia. Coron Artery Dis (2008) 19:559–
63. doi: 10.1097/MCA.0b013e3283109079

45. Andreoletti L, Leveque N, Boulagnon C, Brasselet C, Fornes P. Viral causes of human
myocarditis. Arch Cardiovasc Dis (2009) 102:559–68. doi: 10.1016/j.acvd.2009.04.010

46. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz M,
et al. Diagnosis, treatment, and long-term management of kawasaki disease: a scientific
statement for health professionals from the american heart association. Circulation
(2017) 135:e927–99. doi: 10.1161/CIR.0000000000000484

47. Pham V, Hemptinne Q, Grinda JM, Duboc D, Varenne O, Picard F. Giant
coronary aneurysms, from diagnosis to treatment: a literature review. Arch Cardiovasc
Dis (2020) 113:59–69. doi: 10.1016/j.acvd.2019.10.008

48. Cohen P, O'Gara PT. Coronary artery aneurysms: a review of the natural history,
pathophysiology, and management. Cardiol Rev (2008) 16:301–4. doi: 10.1097/
CRD.0b013e3181852659

49. Jing Y, Ding M, Fu J, Xiao Y, Chen X, Zhang Q. Neutrophil extracellular trap
from kawasaki disease alter the biologic responses of pbmc. Biosci Rep (2020) 40(9):
BSR20200928. doi: 10.1042/BSR20200928

50. McCash SI, Marionneaux S. Epstein-Barr virus-associated lymphocytosis
masquerading as lymphoma. Blood (2014) 123:1444. doi: 10.1182/blood-2013-12-542159

51. Zehr B, Brannock K, Wyma R, Kahwash SB. Differentiating fulminant ebv
infection complicated by hlh from lymphoma: report of a case and a brief literature
review. Diagn Pathol (2023) 18:28. doi: 10.1186/s13000-023-01307-x

52. Dojcinov SD, Fend F, Quintanilla-Martinez L. Ebv-positive lymphoproliferations
of b- t- and nk-cell derivation in non-immunocompromised hosts. Pathogens (2018) 7
(28):1–45. doi: 10.3390/pathogens7010028

53. Cooper LJ. Myocarditis. N Engl J Med (2009) 360:1526–38. doi: 10.1056/
NEJMra0800028
Frontiers in Immunology 10
54. Sinagra G, Anzini M, Pereira NL, Bussani R, Finocchiaro G, Bartunek J, et al.
Myocarditis in clinical practice. Mayo Clin Proc (2016) 91:1256–66. doi: 10.1016/
j.mayocp.2016.05.013

55. Felker GM, Boehmer JP, Hruban RH, Hutchins GM, Kasper EK, Baughman KL,
et al. Echocardiographic findings in fulminant and acute myocarditis. J Am Coll Cardiol
(2000) 36:227–32. doi: 10.1016/s0735-1097(00)00690-2

56. Imazio M, Gaita F, LeWinter M. Evaluation and treatment of pericarditis: a
systematic review. Jama (2015) 314:1498–506. doi: 10.1001/jama.2015.12763

57. LeWinter MM. Clinical practice. acute pericarditis. N Engl J Med (2014)
371:2410–6. doi: 10.1056/NEJMcp1404070

58. Cremer PC, Kwon DH. Multimodality imaging of pericardial disease. Curr
Cardiol Rep (2015) 17:24. doi: 10.1007/s11886-015-0577-9

59. Klein AL, Abbara S, Agler DA, Appleton CP, Asher CR, Hoit B, et al. American
Society of echocardiography clinical recommendations for multimodality
cardiovascular imaging of patients with pericardial disease: endorsed by the society
for cardiovascular magnetic resonance and society of cardiovascular computed
tomography. J Am Soc Echocardiogr (2013) 26:965–1012. doi: 10.1016/
j.echo.2013.06.023

60. McMurray JJ, Pfeffer MA. Heart failure. Lancet (2005) 365:1877–89.
doi: 10.1016/S0140-6736(05)66621-4

61. Demopoulos VP, Olympios CD, Fakiolas CN, Pissimissis EG, Economides NM,
Adamopoulou E, et al. The natural history of aneurysmal coronary artery disease.Heart
(1997) 78:136–41. doi: 10.1136/hrt.78.2.136

62. Law YM, Lal AK, Chen S, Cihakova D, Cooper LJ, Deshpande S, et al. Diagnosis
and management of myocarditis in children: a scientific statement from the american
hear t a s soc i a t i on . Cir cu la t i on (2021) 144 : e123–35 . do i : 10 .1161 /
CIR.0000000000001001

63. Vakamudi S, Ho N, Cremer PC. Pericardial effusions: causes, diagnosis, and
management. Prog Cardiovasc Dis (2017) 59:380–8. doi: 10.1016/j.pcad.2016.12.009

64. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al.
2021 Esc/eacts guidelines for the management of valvular heart disease. Eur Heart J
(2022) 43:561–632. doi: 10.1093/eurheartj/ehab395
frontiersin.org

https://doi.org/10.4049/jimmunol.182.2.851
https://doi.org/10.1097/MCA.0b013e3283109079
https://doi.org/10.1016/j.acvd.2009.04.010
https://doi.org/10.1161/CIR.0000000000000484
https://doi.org/10.1016/j.acvd.2019.10.008
https://doi.org/10.1097/CRD.0b013e3181852659
https://doi.org/10.1097/CRD.0b013e3181852659
https://doi.org/10.1042/BSR20200928
https://doi.org/10.1182/blood-2013-12-542159
https://doi.org/10.1186/s13000-023-01307-x
https://doi.org/10.3390/pathogens7010028
https://doi.org/10.1056/NEJMra0800028
https://doi.org/10.1056/NEJMra0800028
https://doi.org/10.1016/j.mayocp.2016.05.013
https://doi.org/10.1016/j.mayocp.2016.05.013
https://doi.org/10.1016/s0735-1097(00)00690-2
https://doi.org/10.1001/jama.2015.12763
https://doi.org/10.1056/NEJMcp1404070
https://doi.org/10.1007/s11886-015-0577-9
https://doi.org/10.1016/j.echo.2013.06.023
https://doi.org/10.1016/j.echo.2013.06.023
https://doi.org/10.1016/S0140-6736(05)66621-4
https://doi.org/10.1136/hrt.78.2.136
https://doi.org/10.1161/CIR.0000000000001001
https://doi.org/10.1161/CIR.0000000000001001
https://doi.org/10.1016/j.pcad.2016.12.009
https://doi.org/10.1093/eurheartj/ehab395
https://doi.org/10.3389/fimmu.2023.1188330
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Cardiovascular involvement in Epstein–Barr virus infection
	1 Introduction
	2 Pathogenesis
	3 Different cardiovascular manifestations and diagnosis in patients with EBV infection
	3.1 Coronary artery lesions
	3.2 Myocarditis
	3.3 Pericardial effusion and cardiac tamponade
	3.4 Valvular heart disease
	3.5 Heart failure

	4 Treatment
	5 Prognosis of different cardiovascular manifestations
	5.1 Coronary artery lesions
	5.2 Myocarditis
	5.3 Pericardial effusion and cardiac tamponade
	5.4 Valvular heart disease
	5.5 Heart failure

	6 Conclusion
	Author contributions
	Funding
	References


