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Abstract

Background The currentCOVID-19 pandemic has led to many studies examining its arrhythmogenic effects. However, there
are many other viruses that are capable of inducing arrhythmias that have not received as much attention. The objective of
this study was to review common viruses and identify studies highlighting their arrhythmogenic effects.

Methods and results In this review, we examined 15 viruses and the literature regarding their arrhythmogenic effects. The
common mechanisms of action appear to be direct invasion of myocytes leading to immune mediated damage, infection of
vascular endothelium, and alteration of cardiac ion channels.

Conclusions This review highlights the growing evidence that supports the involvement of other viral infections in the devel-
opment of arrhythmia. Physicians should be aware of these potentially life-threatening effects when caring for patients with
these viruses, some of which are very common. Additional studies are required to better understand the complex mechanism
and risk factors of cardiac arrhythmias in patients suffered from viral infections to determine whether the processes can be
reversed or even prevented.
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Abbreviations HIV Human immunodeficiency virus
ACE Angiotensin-converting enzyme HSV Herpes simplex virus
AF Atrial fibrillation ICAM Intercellular adhesion molecule 3
AV Atrioventricular ICD Implantable cardioverter-defibrillator
CAR Coxsackie adenovirus receptor IFN Interferon
CHIKV Chikungunya LBBB Left bundle branch block
CMRI Cardiac magnetic resonance imaging RBBB Right bundle branch block
CMV Cytomegalovirus SARS-CoV-2 Severe acute respiratory syndrome corona-
DCM Dilated cardiomyopathy virus 2
EBV Epstein-Barr virus SVT Supraventricular tachycardia
HHV-6 Herpes virus type 6 VF Ventricular fibrillation
VT Ventricular tachycardia
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Table 1 Cardiac arrhythmias in RNA viruses

Virus

Author, year, country

Study design

Sample size (n) Notable arrhythmias

Reported myocarditis (%)

Dengue

CHIKV

Dengue/CHIKV

Zika

SARS-CoV-2

Poornima 2019, India

Shah 2020, India

Carta 2018, Venezuela

Villamil-Gémez 2016,
Colombia

Obeyeskere 1973, Sri
Lanka

Mendoza 2018,
unknown location

Villamil-Gémez 2018,

Colombia

Rosenblatt 2022, USA
Li 2021, N/A

Bhatla 2020, USA

Cho 2020, united states

Coxsackie B Virus Multiple

Retrospective observa-
tional

Prospective observa-
tional

Prospective observa-
tional

Case series

Case series

Prospective observa-
tional

Case series

Retrospective database

Meta-analysis of 19
studies

Retrospective observa-
tional

Prospective observa-
tional

Case reports

341

320

287

42

35

16

30,999
21,653

700

143

Sinus bradycardia
(8.79%)

T wave inversion (4.1%)

AF (2.93%)

AV block (2.34%)

ST depression (2.3%)

Sinus bradycardia
(19.7%)

Sinus tachycardia (6.9%)

AF (3.75%)

VT (0.60%)

Bradyarrhythmia (33%)
AF (6.6%)

1st degree AV block
(19%)

Left anterior hemiblock
(9.5%)

Bradyarrhythmia (7.1%)

AF (2.4%)

Tachyarrhythmias
(4.8%)

Frequent ventricular
ectopy (31.4%)

Sinus tachycardia
17.1%)

AF (2.8%)

Transient complete AV
dissociation (2.8%)

VT (2.8%)

Complex ventricular
arrhythmias (62.5%)

Non-sustained atrial
tachycardia (62.5%)

AF (43.8%)

VT (31.3%)

Sinus tachycardia with
prolonged Qtc (50%)
Left anterior hemiblock

(50%)

AF (5.4%)
AF (11%)

AF (3.6%)

Non-sustained VT
(1.4%)

Clinically significant
bradyarrhythmia
(1.3%)

Sinus tachycardia
(39.9%)

Non-sustained VT
(15.4%)

Sustained VT (1.4%)

VF (0.7%)

Ventricular arrhythmias

N/A

17.5 (no CMRI nor
biopsy done)

N/A

“Suspected in all”

100

100

N/A

N/A
N/A

N/A

N/A

N/A
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Table 1 (continued)

Virus Author, year, country Study design Sample size (n) Notable arrhythmias Reported myocarditis (%)
Influenza A Madjid 2019, USA Retrospective observa- 163,831 Ventricular arrhythmias  N/A
tional requiring shock or

antitachycardia pac-
ing increased during
periods of high and
moderate influenza

activity
Chang 2016, Taiwan Retrospective case—con- 56,870 AF (18% increase in N/A
trol risk) compared to

control group

Ukimura 2010, Japan Case series 15 VF (26.7%) 100
Complete AV block
(26.7%)
SVT (13.3%)
AF (13.3%)

Rubella Multiple Case reports AV block N/A

HIV Abudan 2020, USA Retrospective database 2,370,751 AF (21 10" N/A
VT (5607)
Atrial flutter (4207)
SVT (1707)
VE (130"
Park 2022, USA Meta-analysis of 7 94,928 Atrial arrhythmia (6.4 N/A
studies cases per 1000 person
years); 35% greater
than those without
HIV

“Diagnostic criteria used: (1) clinical evidence of myocarditis; (2) presence of electrocardiographic evidence of myocarditis, ST segment and T
wave changes, and disturbances in conduction and rhythm; (3) recent history of “dengue-like” fever; (4) serological evidence of past dengue or
chikungunya infection as revealed by the presence of antibody in high titers

TPer 100,000 hospitalizations

Table 2 Cardiac arrhythmias in DNA viruses

Virus Author, year, country Study design Sample size (n) Notable arrhythmias Reported
myocarditis
(%)
Adenovirus Multiple Case reports Ventricular arrhythmias N/A
HHV-6 Amin 2021, Iran Case series 3 Mobitz type II AV block (33.3%) 100
VT (33.3%)
Parvovirus B19 Multiple Case reports Ventricular arrhythmias N/A
HSV Chiang 2011, Taiwan Retrospective case—control 88,377 AF (1.6% of study vs 1.1% in control) N/A
CMV Multiple Case reports AV block N/A
EBV Mavrogeni 2011, Greece Case series 6 VT (100%) 100
VZV Cha 2018, South Korea  Retrospective case control 153,425 AF (6.4 per 1,000 patient-years) N/A

in severe VZV vs (2.6 per 1000
patient-years) in non-VZV group

Park 2022, USA Meta-analysis of 7 studies 94,928 Atrial arrhythmia (6.4 cases per 1000
person years); 35% greater than
those without HIV

including COVID-19 (Tables 1, 2, and 3; Fig. 1; central 1.1 Dengue virus

illustration). Being aware of the arrhythmogenic effects

of viruses can improve outcomes in patients hospitalized =~ Dengue virus is a positive-sense single-stranded RNA virus
with these diseases. with a lipid envelope. It is part of the Flavivirus family [2]. It
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Table 3 Proposed mechanism of arrhythmias in viral infections

Virus

Arrhythmias reported

Proposed mechanism of action

Dengue virus

Chikungunya  AF, brady-arrhythmias, AV block
Zika AF, atrial tachycardia, ventricular arrhythmias
SARS-CoV-2 AF, VT

Coxsackie B

Sinus bradycardia
AV block
AF

Ventricular arrhythmias

Adenovirus Ventricular arrhythmias

Rubella AV block

HIV AF, atrial arrhythmias

Influenza A AF, AV block, ventricular arrhythmias
HHV-6 AV block, ventricular arrhythmias

Parvovirus B19

Ventricular arrhythmias

HSV AF, sinus node dysfunction

CMV AV block

EBV Ventricular arrhythmias, AV block
VZV Ventricular arrhythmias

AF, AV block

Direct invasion, immune mediated cardiomyocyte damage direct involvement
of conduction system
Prodromal phase in acute myocarditis leading to arrhythmia

Penetrates myocytes and directly damaging muscle fibers; prodromal phase in
acute myocarditis leading to arrhythmia

Invasion of cardiac cells, leading to autoimmune induced apoptosis

Binds to ACE2 of myocardial cells, leading to myocarditis via direct toxicity,
induced inflammatory response

Binds to CAR and DAF of cardiac myocytes, cleavage of dystrophin leading to
DCM,; alteration of cardiac ion channels

Binds to CAR and integrins o3 and o5 of cardiac myocytes; alteration of
cardiac ion channels

Unclear, likely from myocardial inflammation and scarring

Release of Nef, leading to dysregulation of autophagy causing cardiomyocyte
death; HIV tat protein causing inactivation of hERG K* channels

Infection of cardiomyocytes, Purkinje cells, and endothelial cells

Direct infection of cardiomyocytes (HHV-6A), infection of vascular endothe-
lium leading to endothelial/diastolic dysfunction (HHV-6B)

Infection of endothelial cells of small cardiac vessels leading to diastolic
dysfunction

Inflammation (AF); CNS dysfunction from HSV encephalitis

Invasion of cardiomyocytes; inflammation and edema of conduction system
from myocarditis

Invasion of cardiomyocytes and vascular endothelium

Inflammation (AF); resultant fibrosis and scarring leading to conduction blocks
and reentry circuits

is transmitted by the Aedes mosquito and is the leading cause
of arthropod-borne viral disease in the world, with about 400
million infections occurring per year with a mortality rate of
greater than 5-20% in some endemic areas [3]. It is known
for causing dengue fever, characterized by a biphasic, high-
grade fever, retrobulbar headache, and myalgias/joint pain,
hence its nickname “breakbone fever” [2].

It is unclear how dengue infection causes cardiac dis-
ease. It is thought that direct invasion, immune-mediated
cardiomyocyte damage, and direct involvement of the con-
duction system contribute to its cardiac effects, which can
range from transient arrhythmia to myocarditis [4]. There
are several studies examining the arrhythmogenic effects of
dengue virus. The largest study is a retrospective observa-
tion study of 341 dengue patients admitted to a rural tertiary
care center. Sinus bradycardia was the most common ECG
abnormality (8.79%), followed by T inversions (4.1%) and
ST depression (2.3%). Atrioventricular (AV) block was seen
in 2.34%, and transient atrial fibrillation (AF) was seen in
2.93% of patients [S]. There also is a prospective study of
320 patients without pre-existing heart disease who were
hospitalized with dengue. Sinus bradycardia was the most
common ECG finding seen (19.7%), followed by sinus tach-
ycardia (6.90%) [6]. It appears the most prominent ECG

@ Springer

findings induced by dengue are sinus bradycardia, AV block,
and AF that tends to resolve spontaneously.

1.2 Chikungunya

Chikungunya is a positive-sense single-stranded RNA virus
with a small spherical envelope. It is from the Togaviridae
family. It is spread by the Aedes mosquito. Chikungunya
(CHIKV) is considered endemic in parts of West Africa,
but has spread globally due to human and vector travel [7].
Acute infection is similar to dengue fever, with rapid onset
fever, polyarthralgia/arthritis, myalgias, and headache [8].
CHIKYV exerts its cardiogenic effects by penetrating the
myocytes and directly damaging the muscle fibers, a con-
comitant inflammatory response resulting in further dam-
age. Clinical effects range from full recovery to heart failure
from congestive cardiomyopathy. There is thought to be a
“prodromal” phase in the course of acute myocarditis that
can lead to the development of arrhythmias and proposed to
be the mechanism behind other arbovirus heart disease [9].

Few studies have examined the arrhythmogenic effects
of CHIKV. To our knowledge, the largest study focusing on
this is a prospective multicenter observation study of 287
patients during a Venezuelan outbreak. Arrhythmias were
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Fig. 1 Proposed viral mecha-
nisms of arrhythmogenesis.
Tllustration representing the
three most common proposed
viral mechanisms of arrhythmo-
genesis

Direct invasion of myocytes leading to

immune-mediated damage
-Dengue
-Chikungunya
-Zika
-SARS-CoV-2
-Coxsackie B
-Adenovirus
-HIV
-Influenza A
-HHV6-A
-EBV

-CMV

noted in 45% of cases; the most common arrhythmia seen
were bradyarrhythmia (33%). AF was seen in 19 cases. The
study notes ectopic atrial tachycardia, non-sustained ven-
tricular tachycardia (VT), conduction disturbances, and
ventricular ectopic beats and tachyarrhythmias [10]. A case
series of 35 patients with arbovirus heart disease including
both dengue and CHIKYV patients reports 25 patients with
arrhythmia. Sinus tachycardia was seen in 6, bradycardia
in 1, frequent ventricular ectopy in 11, AF in 2, transient
complete AV dissociation in 1, and 1 patient with ventricu-
lar ectopy that developed VT leading to death. However,
the study did not differentiate between dengue and CHIKV
when describing these cardiovascular effects [9]. A case
series of 42 patients in Colombia with chikungunya fever
examined the ECG changes in infection; repolarization dis-
turbances were in 21.4%. First degree AV block was seen in
19%, and left anterior hemiblock was seen in 9.5%. Brad-
yarrhythmia was seen in 7.1% [11]. Based on the available
data, it appears that bradyarrhythmia, AV block, and AF are
arrhythmias to be mindful of in CHIKV infection.

1.3 Zika virus

Zika virus is a single-stranded, positive-sense RNA virus
which is enveloped. It is a part of the Flavivirus family
[12]. Also, as a tropical virus, it is transmitted by the Aedes

Proposed Viral Mechanisms of Arrhythmogenesis

Alteration of cardiac ion channels
-Coxsackie B

-Adenovirus

-HIV

Infection of vascular endothelium
-HHV-6B

-Parvovirus B19

-EBV

aegypti and albopictus mosquitos. However, it can be trans-
mitted sexually, via blood, and perinatally [13]. In adults,
most acute infections are asymptomatic or present with mild
symptoms which can consist of a maculopapular rash, con-
junctivitis, fever, headache, and arthralgias/myalgias [12].
However, Zika infections during pregnancy can lead to con-
genital defects, most notably microcephaly [12]. In 2015, an
increase in congenital microcephaly was noted in Brazil that
was associated with Zika infection during pregnancy, lead-
ing to Zika being deemed by the World Health Organization
to be a public health emergency in 2016 [14].

It is thought that Zika enters the cardiac cells via the
intercellular adhesion molecule-3 (ICAM3) and tyrosine
protein kinase 3 receptors, eventually leading to autoimmune
induced apoptosis [15]. One study showed Zika induces a
myocardial immune response in mice with induced inacti-
vation of interferon (IFN) o and f receptors but not in the
wild-type mice, suggesting that this can generate a severe
myocarditis in the immunocompromised [16].

There are a paucity of studies examining the arrhythmo-
genic effects of Zika in humans. To our knowledge, the larg-
est is a prospective observation study of 16 patients with
acute Zika myocarditis; acute AF developed in 7 patients,
non-sustained atrial tachycardia in 10, VT in 5 patients, and
complex ventricular arrhythmias in 10 cases [17]. There
is a case series of 2 pregnant women with confirmed Zika
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infection: one with sinus tachycardia with a prolonged QTc
with a pericardial effusion and the other with a left anterior
hemiblock, also with pericardial effusion [18]. There is a
case report of acute Zika infection leading to acute AF with-
out any other changes seen on echocardiogram nor coronary
angiography [19]. Based on the limited data available, it
appears that both atrial tachycardia and ventricular arrhyth-
mias are seen most likely in the context of myocarditis.

1.4 Severe acute respiratory syndrome coronavirus
2

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a positive-stranded RNA virus of the Corona-
viridae family. It has a crown-like appearance due to its
spike glycoproteins on its envelope. It is responsible for the
recent COVID-19 pandemic leading to the deaths of over 6
million [20]. It is primarily transmitted via infectious res-
piratory droplets. The virus uses its spike protein to bind to
the human angiotensin-converting enzyme 2 (ACE2) recep-
tors that are present in the respiratory epithelium [21]. It
is thought that SARS-CoV-2 binds to the ACE2 receptors
expressed by myocardial cells, leading to myocarditis via
direct cytotoxicity. An induced inflammatory response is
thought to lead to cardiac arrhythmias [22].

There are a plethora of studies examining the arrhythmo-
genic effects of SARS-CoV-2 and its effects on mortality,
especially in AF. In an analysis of 30,999 patients from the
American Heart Association COVID-19 Cardiovascular Dis-
ease Registry, 5.4% developed new-onset AF during their
hospitalization. When adjusted for demographics, comor-
bidities, and severity of disease, patients with new-onset AF
did not have a significantly increased rate of death when
compared to those with COVID-19 without AF, but had a
significantly higher rate of major adverse cardiovascular
events, with the authors suggesting that AF in COVID-19 is
a marker of disease severity [23]. In contrast, a cohort study
(n=9564) did find new-onset AF to be significantly associ-
ated with mortality in COVID-19 patients [24]. A meta-
analysis of 19 observational studies with 21,653 hospital-
ized patients with COVID-19 found the pooled prevalence
of AF to be 11%, significantly associated with an increased
risk of all-cause mortality [25]. A retrospective cohort study
found atrial arrhythmias to be associated with mortality in
COVID-19 [26].

Other arrhythmias manifest in COVID-19, including ven-
tricular arrhythmias, which are less common. An analysis of
4526 patients worldwide found 18.3% to have an arrhythmia,
with VT/non-sustained VT/VF consisting of a much smaller
fraction compared to atrial arrhythmias (236 versus 675)
[27]. An analysis of 700 patients admitted with COVID-
19 discovered 53 arrhythmia related events which included
9 cardiac arrests, 25 AF events, 9 clinically significant
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bradyarrhythmia, and 10 non-sustained VT [28]. In an
observational prospective study of 143 hospitalized patients
with COVID-19, non-sustained VT occurred in 15.4% of
patients. Sustained VT was seen in 1.4% and VF was seen
in 0.7% [29]. A retrospective cohort study of 1053 patients
with COVID-19 found VT or VF (ventricular fibrillation)
in 2.6% of patients; VT/VF was associated with in-hospital
mortality [26]. It appears AF is a common occurrence in
COVID-19. Ventricular arrhythmias are less common. How-
ever, it is up for debate as to whether AF is the result of the
direct arrhythmogenic effects of the virus, as AF is known
to be a complication of critical illness.

1.5 Coxsackie B virus

Coxsackie B virus is part of the Picornavirus family and
is a positive-sensed, single-stranded RNA virus that does
not have an envelope [30]. Infections occur worldwide
and generally during the summer months. It binds to the
coxsackievirus-adenovirus receptor (CAR), which can be
found in intercalated discs. Manifestations include aseptic
encephalitis, aseptic meningitis, pancreatitis, pleurodynia
(also known as Bornholm disease), and myopericarditis [30].

Coxsackie B virus, specifically B3, is considered the
most common cause of viral myocarditis and can lead to
dilated cardiomyopathy (DCM) [31]. It has a tropism for
the heart due to the relatively higher levels of CAR on the
cardiac myocyte, which it uses to enter the myocyte, after
which it releases proteases that promote viral replication and
cleaves dystrophin [32]. This may be important in mediating
DCM, as dystrophin gene mutations have been noted to be
the cause of genetic DCM, such as Duchenne/Becker’s [33].
Interestingly, one study showed that knockout mice without
the expression of CAR blocks coxsackievirus B3 entry and
its harmful effects, further establishing the important role of
CAR in coxsackievirus pathology [34].

Ventricular arrhythmias and sudden death are well-
known complications of coxsackie B myocarditis [35—-38]
with many case reports documenting this phenomenon.
One study showed that coxsackie B3 altered the abundance
of cardiac ion channels KCNQI1, hERGI, and Cavl.2 in
infected murine hearts, providing a possible explanation for
the development of these ventricular arrhythmias [36]. Other
implicated arrhythmias documented in case reports include
AV blocks [39] and Torsades de Pointes [40 41].

1.6 Adenovirus

There are over 100 different types of adenovirus, a non-
enveloped, double-stranded DNA virus of the family
Adenoviridae. It has several routes of transmission which
include fecal-oral, blood, and aerosolized droplets. Gen-
erally, infections are asymptomatic and self-limited in
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immunocompetent people [42]. Adenoviruses are known to
spread in crowded areas such as public swimming pools and
military barracks, causing epidemics that can spread rapidly
[43]. Symptoms, when they do occur, include keratocon-
junctivitis, acute hemorrhagic cystitis, and gastroenteritis.
Pneumonia can also be seen [42]. Upon exposure, adeno-
virus can either undergo the lytic replication cycle when
entering epithelial cells, or latent infection of lymphoid tis-
sue [44].

Adenovirus is implicated in myocarditis and DCM. One
study analyzing myocardial samples of 773 patients with
myocarditis and DCM found adenovirus to be the most com-
monly found virus, even over enteroviruses [45]. Like cox-
sackievirus, it is thought that adenovirus also binds CAR
seen in myocytes but with integrins a3 and a5 as its core-
ceptors, leading to its internalization [46]. Recent research
demonstrated the cardiotropism of adenovirus in mice stud-
ies. RR interval widening was noted in infected mice with
reductions in cardiac ion channel and gap junction mRNA
transcripts, along with altered conduction velocity and elec-
trical impairment manifesting as AV dissociation [47]. Like
coxsackievirus, it is well documented that adenovirus myo-
carditis/DCM can lead to ventricular arrythmias leading to
sudden cardiac death [48-52].

1.7 Rubella

Rubella, also known as German measles, is an enveloped,
single-stranded positive-sense RNA virus of the Matonaviri-
dae family [53]. Before its vaccine was developed, rubella
was the source of major outbreaks, with the last epidemic in
the USA taking place in 1964—1965 where 12.5 million peo-
ple got rubella, leading to 11,000 miscarriages and 20,000
babies born with congenital rubella syndrome [54]. Rubella
is well known for its ability to cause congenital heart defects.
These include branch pulmonary artery stenosis and patent
ductus arteriosus [55]. However, its ability to cause arrhyth-
mia is not well-established with limited studies evaluating
this. One reports 2 cases of postnatal rubella myocarditis
leading to complete AV block in one of the patients, who
was 6 years old [56]. In one case report, rubella myocarditis
led to transient complete AV block [57], and in another case
report, permanent AV block occurred 3 weeks after rubella
infection [58]. Both of these cases occurred in young adult
males [57 58]. Another case report showed rubella caus-
ing a bifascicular block in a 29-year-old male [59]. Wolff-
Parkinson-White syndrome in congenital rubella [60] and
SVT in acquired rubella [61] have been documented as well.

1.8 Human immunodeficiency virus

HIV is a retrovirus containing 2 copies of single-stranded
RNA. It is enveloped and of the family Retroviridae. HIV

attaches to CD4 and CCRS receptors that are present in
helper T cells, where it uses reverse transcriptase to incorpo-
rate its genome into the host DNA. Eventually, HIV viruses
are assembled in the host cell and released via lysis [62]. It
is estimated at 38.4 million adults and 1.7 million children
worldwide live with HIV [63]. HIV has increasingly been
implicated in cardiac disease. HIV displays cardiac tropism
by releasing a viral protein called Nef, leading to dysregula-
tion of autophagy causing cardiomyocyte death [64]. Those
with HIV have an increased risk of cardiovascular disease,
including increased risk of myocardial infarction and coro-
nary artery disease [65]. HIV patients may also be more
prone to sudden cardiac death, with possible mechanisms
including QTc prolongation, ischemic heart disease, and AF
[66].

AF appears to be the most prominent arrhythmia seen
in HIV. In one study examining over 2 million HIV hospi-
talizations, AF was the most common arrhythmia (2110 per
100,000) [67]. A meta-analysis consisting of 94,928 pts also
demonstrated an increased risk of atrial arrhythmia, includ-
ing AF, in HIV [68]. This is further supported by another
study that showed that a lower CD4 counts and higher viral
loads were associated with an increased incidence of AF
[69]. It has been proposed that chronic inflammation may
be the trigger for AF in HIV [68].

QTec prolongation has been shown to be more prevalent
in HIV, even after adjusting for QT- prolonging medica-
tions, which may predispose to life-threatening arrhythmias
such as Torsades de Pointes [70]. One proposed mechanism
for this in HIV infection is the HIV trans-activator protein
called HIV tat protein causing inactivation of the hERG K*
channels, leading to inhibition of IKr currents and there-
fore QTc prolongation [71]. Other possible causes includes
medications used in HIV such as fluconazole and protease
inhibitors [70].

1.9 Influenza

Influenza is a negative-sensed single-stranded RNA virus of
the family Orthomyxoviridae. Its genome consists of seg-
ments and also contains an envelope. Influenza A is respon-
sible for causing frequent seasonal epidemics owing to its
ability to evolve rapidly [72]. Although not as well-known a
cause of myocarditis, influenza infection involves the myo-
cardium in an estimated 10% of cases [73]. A recent study
demonstrated the ability of influenza A to infect cardiomy-
ocytes, Purkinje cells, and endothelial cells [74]. Several
studies report the arrhythmogenic effects of influenza in the
setting of myocarditis. In a case series of 15 patients with
influenza A myocarditis during the 2009 HIN1 pandemic in
Japan, ECG findings included VF in 4, complete AV block in
4,SVT in 2, and AF in 2 [75]. One case report details fatal
influenza A myocarditis, where the patients developed VF
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and later incessant VT [76]. Another case report documented
non-sustained VT in a 54-year-old man, with endomyocar-
dial biopsy revealing influenza A myocarditis and the resolu-
tion of arrhythmia after therapy with oseltamivir [77]. An
18-year-old suffered sudden cardiac death after developing
VF and later electromechanical dissociation from influenza
A myocarditis [78]. A case series of 2 patients demonstrated
high-grade AV block associated with influenza A virus in
the absence of myocarditis seen on imaging [79]. Other case
reports also report AV block in acute influenza infection
[80-82].

There was a recent study of 11,374 patients with newly
diagnosed AF from the Taiwan National Health Insurance
Research Database. Patients with influenza infection without
vaccination (n=1369) had a higher risk of AF after adjust-
ment for baseline differences. Those who received vaccina-
tion and also were infected with influenza had a lower risk
of AF compared to the non-vaccinated group [83]. In a large
retrospective study of 163,831 patients with implantable
cardiac defibrillator or cardiac resynchronization therapy,
Madjid et al. found a significant association between influ-
enza activity and the incidence of ventricular arrhythmias
requiring shock or anti-tachycardia pacing treatment [84]. It
appears based on these studies that ventricular arrhythmias,
AV block, and AF are arrhythmias to be on the lookout for
in acute influenza infection.

1.10 Herpes virus type 6

Herpes virus type 6 (HHV-6) is a double-stranded DNA
virus of the Herpesviridae family. It is thought that its pri-
mary route of transmission is via saliva from mother to
infant. The two main subtypes are HHV-6A and HHV-6B.
HHV-6A infects CD4 + T lymphocytes via binding to the
CD46 receptor and enters via receptor-medicated endocy-
tosis during primary infection [85]. In contrary, HHV-6B
uses CD134 to bind to T cells [86]. HHV is ubiquitous in
the adult population, with greater than 95% of adults being
seropositive [85].

HHV-6 is also another cause of myocarditis and DCM. It
is thought that HHV-6A may directly infect cardiomyocytes,
while HHV-6B infects the vascular endothelium leading to
endothelial and diastolic dysfunction [87]. A study with 172
patients with clinical history of myocarditis/DCM whose
endomyocardial biopsies were analyzed showed HHV-6
DNA in 10.5%, which was the third highest after enterovi-
rus and parvovirus. Persistent of the viral genomes in the
myocardium was associated with a progressive impairment
of left ventricular ejection fraction [88].

There exist several case reports examining arrhythmias in
acute HHV-6 infection. A case series of 3 patients with HHV
6-myocarditis; one patient had Mobitz type I AV block and
later refractory VT. No arrhythmias were documented for
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the other 2 patients. One of these two patients was admit-
ted with aborted sudden cardiac death [89]. Another case
report discusses a 5-month-old child who had VT, during
HHV-6 myocarditis [90]. Another discusses a 5-year-old girl
who developed complete AV block in HHV-6 myocarditis
[91]. There is a case report of fulminant myocarditis in an
immunocompetent 59-year-old who died from ventricular
arrhythmia (but does specify which type) [92]. There is an
interesting case report of a 19-year-old bone marrow trans-
plant recipient who developed HHV6 encephalomyelitis but
developed prolonged sinus tachycardia that persisted despite
the disappearance from HHV-6 from cerebrospinal fluid,
with the authors suggesting it being from both an inflamma-
tory response and post-inflammatory degeneration of nerve
cells [93]. Based on the evidence above, it appears most
arrhythmias result from myocarditis in HHV-6.

1.11 Parvovirus B19

Parvovirus B19 is a single-stranded DNA virus of the family
Parvoviridae. It does not contain an envelope. It is transmit-
ted via respiratory secretions and blood products; however,
it can also be transmitted vertically. It binds to host cells in
the respiratory tract and enters the cells. After replicating its
genome and assembling virions, it causes cell lysis, releasing
the newly made virions. Parvovirus B19 is quite common,
reaching 40-60% prevalence in adults. Parvovirus B19 is
responsible for erythema infectiosum, characterized by a
prodrome of myalgias, fever, and headache followed by an
erythema of the cheeks, also known as “slapped cheek™ [94].
Parvovirus is known as one of the viral triggers for myo-
carditis. In a study examining 172 endomyocardial biopsies
of patients with a clinical history of myocarditis/DCM, par-
vovirus B19 was isolated in 36.6%, which was the most in
the analysis, even over enteroviruses. Interestingly, 12.2%
of the tissue samples showed both parvovirus 19 and HHV6
DNA [88]. Parvovirus’s role in cardiomyopathy is further
supported by a study that found parvovirus B19 genome
to be the most common viral genome in the myocardium
of patients with isolated diastolic dysfunction of unknown
etiology and also found the presence of parvovirus to be
strongly associated with endothelial dysfunction [87]. A
recent study (2021) examined whether a wearable cardio-
verter defibrillator would prevent sudden cardiac death after
myocarditis. Parvovirus was found to be the most common
etiology of myocarditis in this study (71%). Two of the
patients had episodes of VT when wearing the wearable car-
dioverter defibrillator, with endomyocardial biopsies show-
ing parvovirus B19 DNA; however, the authors question the
significance of this finding as they note that parvovirus B19
DNA can be found in healthy individuals as well [95].
There are many case reports of pediatric myocarditis
from parvovirus B19, but without any presenting arrhythmia
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[96-98]. In a case series of 3 patients with parvovirus B19
myocarditis, one patient presented with VT 2 weeks after
suspected erythema infectiosum [99]. There is another case
report of a child with fulminant myocarditis, with the course
complicated by regular SVT with ST segment elevation
[100]. Interestingly, there are several case reports of par-
vovirus B19 myocarditis leading to sudden cardiac death in
young males with Brugada syndrome. One of them reports
a case of a 34-year-old patient who was found to be in VF,
with later ECGs showing patterns of intermittent ST seg-
ment elevation with incomplete RBBB induced by ajmaline
[101]. Another case report documents a 22-year-old male
found dead; however, he recently had been worked up for
a syncopal episode in the setting of flu-like symptoms with
ECG during that workup showing findings consistent with
Brugada syndrome [102]. Another case report documents
myopericarditis in a 43-year-old female presenting with
supraventricular arrhythmia [103].

1.12 Herpes simplex virus

HSV is a linear double-stranded DNA virus of the Herpes-
viridae family. The two main subtypes are HSV-1 and HSV-
2. HSV-1 is generally spread via direct contact with contami-
nated bodily fluids, while HSV-2 is spread by sexual contact.
Both HSV-1 and HSV-2 replicate in the mucocutaneous
tissue and travel retrogradely down the axon to the dorsal
root ganglia, where it can remain latent until reactivation
[104 105]. HSV-1 is thought to have caused symptomatic
infection in about one third of the global population [106].
Approximately 16% of the population form the ages 14-49
were seropositive for HSV-2 from 2005 to 2010 [107].
HSV can also cause myocarditis, leading to ventricular
arrhythmias, although not as commonly as the other viruses
reported earlier, such as parvovirus B19. Evidence appears
limited to case reports. One reports fulminant HSV-2 myo-
carditis in a healthy 41-year-old female, with presenting
ECG showing ST depression and later VF [108]. Another
case report describes a 3-year-old with HSV myocarditis
whose ECG on admission showed sinus bradycardia [109].
There are several interesting case reports of sinus node
dysfunction seen in HSV encephalitis. One such report dis-
cusses a 59-year-old female with HSV encephalitis, who
had recurrent syncopal episodes due to sinus node arrest
[110]. Another reports a 54-year-old male with HSV enceph-
alitis who was put on Holter monitoring after a syncopal
episode, which captured several episodes of sinus arrest,
which resolved after antiviral treatment and resolution of
the encephalitis [111]. Another reports a 48-year-old female
with HSV encephalitis with several spontaneous pauses of 4
to 8 s during her sleep, with Holter monitoring after resolu-
tion of the encephalitis showing no further episodes [112].
Another case report also reports sinus node dysfunction in

HSV encephalitis, manifesting as sinus pauses [113]. Lastly,
another case report in 1986 documented HSV encephalitis
with presented with sick sinus syndrome [114]. It is not clear
why HSV encephalitis causes sinus node dysfunction, but
is suggested by one of the authors of one of the case reports
to be from central nervous system dysfunction rather than a
primary cardiac disease [111].

To our knowledge, the largest study examining HSV
and arrhythmia is a nationwide study in Taiwan, examin-
ing 15,180 patients with the diagnosis of HSV infection,
and found those with HSV to have a significantly increased
incidence of AF development compared to the control group.
The authors propose that the inflammation caused by HSV
may be the reason why [115].

1.13 Cytomegalovirus

Cytomegalovirus (CMV), also known as human herpesvirus
5, is a double-stranded DNA virus of the Herpesviridae fam-
ily. CMV is spread via blood products, breastmilk, sexual
contact, perinatally, and in close-contact settings. Generally,
primary infection is asymptomatic in the immunocompetent
but can cause mononucleosis. After primary infection, the
virus remains dormant in the myeloid cells, but can be reac-
tivated during immunosuppression, leading to the release
of virions into the bodily fluids and blood [116]. CMV
in the immunocompromised can lead to a host of serious
conditions, such as hepatitis, retinitis, esophagitis, colitis,
and pneumonitis [116—118]. CMV is extremely prevalent,
estimated to be about 100% in Asia and Africa and 80% in
North America and Europe [119].

In an analysis of myocardial samples from 40 patients
who died from myocarditis, CMV was the most common
viral nucleic acid found located in interstitial cells and car-
diomyocytes [120]. Many case reports document CMV myo-
carditis in the immunocompetent, despite it generally being
asymptomatic in that population [121-125]. One reports an
immunocompetent patient with a reported absence of cardiac
abnormalities in the past whose ECG showed sinus tachycar-
dia with left bundle branch block (LBBB) [126]. One case
report documents AF with rapid ventricular response in a
case of severe CMV myocarditis, pneumonitis, and hepatitis
who recovered after treatment with IV ganciclovir [127].

There are several case reports documenting heart
block in CMV infection. One is of a previously healthy
34-year-old woman with transient high-degree AV block
and cardiac magnetic resonance imaging (CMRI) findings
suggestive of myocarditis and serology positive for CMV
infection. After resolution of acute infection, the patient
had recurrent syncopal episodes associated with intermit-
tent high degree AV block, for which a permanent dual-
chamber pacemaker was placed; the authors proposed that
inflammation and edema of the conduction system causing
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AV block [128]. Another documents a newborn with con-
genital complete AV block in addition to other congenital
abnormalities, suspected to be from CMV infection during
early gestation [129]. Other case reports document fetal
heart block with congenital CMYV infection as well [130
131]. Unlike influenza, HIV, COVID, and HSV, CMV is
not associated with an increased incidence of AF per a
recent cohort study utilizing the National Health Insurance
Database in South Korea [132].

1.14 Epstein-Barr virus

Epstein-Barr virus (EBV) is a double-stranded DNA virus
of the Herpesviridae family. It is spread via salivary secre-
tions, stem cell/organ transplantation, and blood transfu-
sion. It uses glycoproteins which it uses to bind and enter
B cells and epithelial cells. In B cells, EBV causes it to
differentiate into memory B cells that spread hematog-
enously or where it can become latent until reactivation.
It is extremely ubiquitous and estimated that nearly all
people are seropositive. Primary infection can be asymp-
tomatic but can have splenomegaly, lymphadenopathy,
headache, malaise, fever, and sore throat [133]. In the
immunocompromised, EBV infection can cause fulminant
mononucleosis, invasive polyclonal B cell hyperplasia,
and monoclonal B cell malignancies [134].

EBV also is an etiology of myocarditis as well. Sasko
et al. conducted a study analyzing patients with ICDs
implanted after life-threatening arrhythmias in confirmed
acute viral myocarditis. The most frequently isolated virus
was EBV, followed by adenovirus and coxsackie virus.
Recurring arrhythmias, such VT and VF, was documented
in 31 of the total 51 patients, but there was no correlation
found between recurrent arrhythmia and virus type [135].
Most of the literature on arrhythmias are in the setting
of myocarditis. Several case reports document ventricular
arrhythmia in EBV myocarditis, including a case series
of 6 patients with EBV myocarditis, all of whom had VT
identified on ECG [136]. Another case report documents
VT and eventually cardiac arrest in acute EBV myocarditis
in an immunocompetent patient [137]. A case report docu-
ments AF with rapid ventricular response in a 19-year-
old male with infectious mononucleosis complicated by a
small pericardial effusion [138]. Another report documents
chronic active EBV infection found to have myocarditis
with the presenting ECG showing AF with premature ven-
tricular contractions [139]. One case report documents
complete heart block in EBV myocarditis in a child [140].
Another documents complete heart block and ventricu-
lar asystole leading to syncope in an immunocompetent
20-year-old female with EBV myocarditis [141].
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1.15 Varicella-zoster virus

Varicella zoster virus (VZV), also known as human herpes-
virus 3, is a double-stranded DNA virus of the Herpesviri-
dae family. It is well known as the etiology of chickenpox
and shingles. After initially infecting the mucosa of the
upper respiratory tract, VZV enters the bloodstream, lead-
ing to viremia and later the formation of vesicles on the skin,
known as chicken pox. After the resolution of the primary
infection, it remains latent in the dorsal root ganglia, from
which it can reactivate to cause several pathologies, such
as postherpetic neuralgia and shingles [142]. Like the other
herpesviruses, VZV causes myocarditis, for which most of
the literature regarding arrhythmia is centered upon. It is
thought that VZV has a direct cytotoxic effect on cardiac
myocytes; after the acute inflammatory response, fibrosis
and scarring lead to conduction abnormalities [143]. One
such report is of a healthy 10-year-old boy with VZV infec-
tion who presented with syncopal episodes with ECG show-
ing sinus bradycardia with frequent multiform ventricular
ectopic beats accompanied by bursts of VT. Later monitor-
ing showed self-terminating runs of VF and Torsades de
Pointes. Echocardiogram showed decreased contractility in
both ventricles; no endomyocardial biopsy was done [144].
One interesting case report discusses a 46-year-old man who
presented with collapse secondary to VF for which he was
cardioverted in the field. His history was only remarkable
for sick contacts with chickenpox, and his physical exam
was notable for vesicular lesions. He recovered and was dis-
charged, but 8 years later presented with another syncopal
episode, with CMRI showing findings consistent with myo-
carditis and ICD placed. Two years later, he developed VF
for which he received shocks from the ICD, with a normal
echocardiogram [143]. Another case report discusses VZV
myocarditis induced VF in a 34-year-old man [145].

Of note, other case reports document complete AV block
in VZV infection in children [146—149]. One report docu-
ments a case of VZV induced complete heart block which
improved upon administration of a single dose of intrave-
nous immune globulin [150]. One large database study from
the Korean National Health Insurance Service showed that
severe VZV infection requiring hospitalization was associ-
ated with a significantly increased risk of incident AF com-
pared to the control group; this was not seen in the mild
VZV group [151].

The current COVID-19 pandemic has generated a lot
of interest in the arrythmias caused by SARS-CoV-2. This
review highlights the growing evidence that supports the
involvement of other viral infections in the development of
arrhythmia. Physicians should be aware of these potentially
life-threatening effects when caring for patients with these
viruses, some of which are very common. Additional studies
are required to better understand the complex mechanism
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and risk factors of cardiac arrhythmias in patients who suf-
fered from viral infections to determine whether the pro-
cesses can be reversed or even prevented.
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