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Abstract

Cardiovascular manifestations in human monkeypox virus (MPXV) infection has gained
increasing recognition as significant complications with both social and clinical implications.
Myocarditis, viral pericarditis, heart failure, and arrhythmias can occur, leading to adverse
effects on individuals' health and quality of life. Understanding the detailed pathophysiology of
these cardiovascular manifestations is essential for improved diagnosis and management. The
social implications of these cardiovascular complications are multifaceted, ranging from public
health concerns and the impact on individuals' quality of life to psychological distress and social
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stigma. Clinically, diagnosing and managing these complications present challenges, requiring a
multidisciplinary approach and specialized care. The burden on healthcare resources
necessitates preparedness and resource allocation to effectively address these complications.
We delve into the pathophysiological mechanisms involved, including viral-induced cardiac
damage, immune response, and inflammatory processes. Additionally, we explore the types of
cardiovascular manifestations and their clinical presentations. Addressing cardiovascular
manifestations' social and clinical implications in MPXV infection requires a comprehensive
approach involving healthcare professionals, public health authorities, and communities. By
prioritizing research, enhancing diagnosis and treatment strategies, and promoting preventive
measures, we can mitigate the impact of these complications, improve patient care, and protect
public health.

Keywords: Monkeypox, myocarditis, pericarditis, endothelial dysfunction

Introduction

Human monkeypox, caused by the Monkeypox virus (MPXV), is a rare and emerging zoonotic
disease that belongs to the Orthopoxvirus genus [1]. Initially identified in 1970, this viral infection
bears striking similarities to smallpox, both in terms of its clinical presentation and genetic
makeup [2]. Over the years, several outbreaks have occurred, predominantly in the central and
western regions of Africa [3]. While the respiratory and cutaneous manifestations of human
monkeypox have been extensively studied, relatively less attention has been given to its impact
on the cardiovascular system [4].

Understanding the cardiovascular manifestations of human monkeypox is crucial as it may help
improve diagnostic accuracy, guide clinical management, and enhance patient outcomes. This
comprehensive review aims to summarize the current knowledge and provide an updated
overview of the cardiovascular manifestations associated with human monkeypox virus
infection.

Cardiovascular involvement in viral infections has been well-documented, with numerous
viruses capable of causing myocarditis, pericarditis, and other cardiac complications [5,6]. In the
case of monkeypox, the virus primarily targets the skin and mucous membranes, leading to
characteristic skin lesions [7]. However, recent research has suggested that the virus can also
invade endothelial cells and disseminate throughout the body, potentially affecting multiple
organ systems, including the cardiovascular system [8].

The cardiac manifestations of human monkeypox virus infection can vary widely, ranging from
mild transient abnormalities to severe complications, such as myocarditis, congestive heart
failure, and arrhythmias [4]. Patients may present with symptoms such as chest pain, shortness
of breath, palpitations, and edema, necessitating a thorough cardiovascular evaluation [9,10].
Furthermore, the virus's impact on the vascular system, including endothelial dysfunction and
thrombotic events, has also been observed, highlighting the need for comprehensive
assessment and management [11].

This review will delve into the pathogenesis of cardiovascular involvement in human monkeypox
virus infection, exploring the mechanisms by which the virus interacts with the cardiovascular
system. Additionally, it will discuss the clinical presentation, diagnostic approaches, and
treatment strategies for cardiovascular complications associated with human monkeypox.
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Special emphasis will be placed on recent advances in research, including the use of imaging
modalities, biomarkers, and antiviral therapies, to enhance early detection and targeted
management of these cardiovascular manifestations.

By providing an updated understanding of the cardiovascular manifestations of human
monkeypox virus infection, this review aims to contribute to the growing body of knowledge in
this field. Ultimately, this knowledge can aid healthcare professionals in promptly identifying and
effectively managing cardiovascular complications in patients with human monkeypox, thereby
improving patient outcomes and reducing morbidity and mortality.

Methods

A comprehensive literature search was conducted using electronic databases, including
PubMed, MEDLINE, Embase, and Scopus. The search terms used were combinations of
keywords such as "human monkeypox," "Monkeypox virus," "cardiovascular manifestations,"
"myocarditis," "pericarditis," "congestive heart failure," "arrhythmias," "endothelial dysfunction,"
"thrombotic events," "diagnosis," and "treatment." Relevant articles published in English from
the earliest available date to the date of the search were included.

Two independent reviewers (J.M. and H.A.) screened the titles and abstracts of the retrieved
articles to identify potentially relevant studies. Full-text articles were obtained for further
evaluation. Studies that specifically investigated cardiovascular manifestations associated with
human monkeypox virus infection were included. Case reports, case series, observational
studies, clinical trials, and reviews were considered for inclusion.

Main text

Types of cardiovascular manifestations

Cardiovascular manifestations associated with MPXV infection can vary in type and severity.
Figure 1 and Table 1 demonstrate documented cardiovascular manifestations of MPXV. These
manifestations can affect different components of the cardiovascular system and may include
the following:

Myocarditis

Myocarditis refers to inflammation of the myocardium, the muscular tissue of the heart [12].
MPXYV infection can lead to myocarditis, which can range from mild inflammation to severe
damage to the heart muscle [13]. Myocarditis can result in symptoms such as chest pain,
fatigue, shortness of breath, and palpitations [12]. The pathogenesis is thought to involve a
combination of direct viral damage to myocardial cells and an immune-mediated response to the
infection [13,14]. The virus can directly invade and replicate within the myocardium, leading to
cellular damage and death [1]. The immune response, triggered by the presence of viral
antigens, can result in an inflammatory response characterized by the infiltration of immune
cells, release of pro-inflammatory cytokines, and activation of cytotoxic T cells [15]. The
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interplay between direct viral damage and the immune response can contribute to the
development of myocardial inflammation and subsequent cardiac dysfunction [16]. The clinical
presentation of viral myocarditis can vary widely, ranging from mild flu-like symptoms to severe
heart failure and life-threatening arrhythmias [17]. Common symptoms include chest pain,
shortness of breath, palpitations, fatigue, and exercise intolerance. Some individuals may also
experience fever, muscle aches, and gastrointestinal symptoms [18]. In severe cases,
myocarditis can lead to acute heart failure, cardiogenic shock, or sudden cardiac death [19].
The diagnosis of viral myocarditis involves a combination of clinical evaluation, laboratory tests,
imaging studies, and cardiac biopsy [20]. Diagnostic tests may include blood tests to detect viral
genetic material or antibodies, electrocardiography (ECG) to assess heart rhythm and electrical
activity, echocardiography to evaluate heart structure and function, and cardiac MRI or nuclear
imaging to assess inflammation and myocardial damage [20]. Treatment of viral myocarditis
aims to manage symptoms, support cardiac function, and reduce inflammation [21]. In mild
cases, supportive measures such as rest, fluids, and over-the-counter pain relievers may be
sufficient. In more severe cases, hospitalization, monitoring, and advanced interventions may be
necessary. Treatment may involve medications such as anti-inflammatory drugs,
immunosuppressive agents, and heart failure medications [22]. In cases of severe heart failure,
advanced interventions like mechanical circulatory support or heart transplantation may be
considered [23]. The prognosis of viral myocarditis varies depending on the severity of the
condition, the specific virus involved, and individual patient factors [24]. Some individuals may
experience a complete recovery with no long-term complications, while others may develop
chronic heart failure or arrhythmias [25]. Early diagnosis, appropriate management, and close
follow-up are crucial in optimizing outcomes and preventing long-term complications.

Pericarditis

Pericarditis is the inflammation of the pericardium, the thin sac that surrounds the heart [26].
MPXYV infection can cause pericarditis, resulting in chest pain that is typically sharp and worsens
with deep breathing or lying flat [27]. Other symptoms may include a low-grade fever, cough,
and a characteristic friction rub heard on auscultation of the chest. Pericarditis can also lead to
the accumulation of fluid around the heart (pericardial effusion), which can further compromise
cardiac function [28]. The pathogenesis of viral pericarditis involves both direct viral invasion
and immune-mediated mechanisms.

In some cases, the virus can directly invade the pericardium, leading to local inflammation [29].
In other cases, the immune response triggered by the viral infection can cause an inflammatory
reaction in the pericardium [30]. This immune response involves the release of pro-inflammatory
cytokines and the infiltration of immune cells into the pericardium, resulting in pericardial
inflammation [31]. The clinical presentation of viral pericarditis can vary depending on the
severity and underlying viral infection. Common symptoms include:

(a) Chest pain: Pericarditis typically presents with sharp, stabbing chest pain that worsens with
deep breathing or lying flat. The pain may radiate to the neck, shoulders, or back. (b) Pericardial
friction rub: A characteristic finding in pericarditis is the pericardial friction rub, which is a
scratching or grating sound heard during the auscultation of the chest. (c) Fever: Viral
pericarditis may be associated with fever, especially during the acute phase of the viral
infection. (d) Other symptoms: Some individuals may experience symptoms such as fatigue,
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shortness of breath, cough, or abdominal discomfort [32]. The diagnosis of viral pericarditis
involves a combination of clinical evaluation, laboratory tests, imaging studies, and the
exclusion of other causes. Diagnostic tests may include (a) Physical examination: A thorough
physical examination may reveal characteristic findings, such as a pericardial friction rub. (b)
Electrocardiogram (ECG): ECG findings, such as widespread ST-segment elevation or PR-
segment depression, can be suggestive of pericarditis. (c) Echocardiography: Echocardiography
helps assess pericardial effusion, which is the accumulation of fluid in the pericardial space. (d)
Blood tests: Blood tests may be performed to evaluate markers of inflammation, such as C-
reactive protein (CRP) and erythrocyte sedimentation rate (ESR) [33]. Viral serology or
polymerase chain reaction (PCR) tests can help identify the specific viral pathogen [34]. The
treatment of viral pericarditis aims to alleviate symptoms, manage inflammation, and prevent
complications [35]. The approach may include (a) Nonsteroidal anti-inflammatory drugs
(NSAIDs): NSAIDs, such as ibuprofen or indomethacin, are often prescribed to reduce pain and
inflammation. (b) Colchicine: Colchicine may be used in addition to NSAIDs to reduce
inflammation and prevent recurrences. (c) Corticosteroids: In severe or refractory cases,
corticosteroids may be considered to suppress the immune response and reduce inflammation.
(d) Supportive care: Rest, adequate hydration, and symptomatic relief measures may be
recommended to support the healing process [36]. The specific treatment approach will depend
on the severity of symptoms, the presence of complications, and individual patient factors. The
prognosis of viral pericarditis is generally favorable, with most cases resolving within a few
weeks to months [37]. However, in some cases, complications such as cardiac tamponade
(compression of the heart due to fluid accumulation) or chronic constrictive pericarditis
(thickening and scarring of the pericardium) may develop [38]. Close monitoring, appropriate
treatment, and follow-up care are essential to ensure a positive outcome.

Congestive Heart Failure

Congestive heart failure (CHF) can occur as a result of myocardial damage caused by MPXV
infection [39]. Symptoms of CHF include fatigue, shortness of breath, swelling in the legs and
ankles (edema), and difficulty performing physical activities [40]. Severe cases of CHF can be
life-threatening and require immediate medical attention. The management of heart failure in
monkeypox virus infection involves a comprehensive approach aimed at improving cardiac
function, relieving symptoms, and preventing further complications [41]. Treatment strategies
may include: (a) Medications: Heart failure medications, such as diuretics (to reduce fluid
retention), angiotensin-converting enzyme (ACE) inhibitors, beta-blockers, and aldosterone
antagonists, may be prescribed to improve cardiac function, reduce symptoms, and manage
fluid balance. (b) Supportive measures: Lifestyle modifications, such as dietary changes
(reducing salt intake) and regular physical activity, may be recommended to support heart
health. (c) Monitoring: Regular follow-up visits and monitoring of cardiac function through
echocardiography and other diagnostic tests may be necessary to assess response to treatment
and adjust medications accordingly. (d) Advanced interventions: In severe cases of heart failure
that are unresponsive to medical management, advanced interventions like implantable devices
(such as pacemakers or defibrillators) or even heart transplantation may be considered [42].
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Arrhythmias

MPXYV infection can disrupt the normal electrical conduction system of the heart, leading to
arrhythmias [4]. MPXV can directly affect the electrical conduction system of the heart,
disrupting the normal rhythm and timing of cardiac contractions. The virus can interfere with the
generation and propagation of electrical signals, leading to abnormal heart rhythms. Certain
factors can increase the likelihood of developing arrhythmias during monkeypox virus infection.
These include the severity and extent of myocardial involvement, pre-existing heart conditions,
and individual patient characteristics [9]. The presence of arrhythmias in monkeypox virus
infection may manifest with various symptoms, including (a) Palpitations (b) Dizziness or
lightheadedness (c) Syncope (d) Chest discomfort. It is important to note that arrhythmias may
not always cause symptoms and can be incidentally detected during medical evaluation [43].
The management of arrhythmias in monkeypox virus infection involves various approaches
depending on the type and severity of the arrhythmia. Treatment options may include: (a)
Antiarrhythmic medications may be prescribed to regulate and stabilize the heart rhythm (b)
Electrical cardioversion (c) Implantable devices (d) Treatment of underlying infection [44]. The
specific treatment approach will depend on the type and severity of the arrhythmia, as well as
the overall clinical condition of the individual.

Vascular Complications

MPXYV infection can lead to endothelial dysfunction, which refers to impaired function of the
endothelial cells lining the blood vessels [45]. Endothelial dysfunction can result in
vasoconstriction, increased vascular resistance, and compromised blood flow to various organs,
including the heart [46]. Additionally, endothelial dysfunction can contribute to the formation of
blood clots (thrombosis) within the blood vessels, leading to potentially serious complications
such as myocardial infarction, stroke, or peripheral vascular occlusion [47].

Pathophysiology of cardiovascular manifestations

The pathophysiology of cardiovascular manifestations associated with MPXV infection is not yet
fully understood. However, several mechanisms have been proposed based on studies and
observations of viral infections in general and some specific findings related to MPXV. Figure 2
illustrates the pathophysiology of MPXV in causing cardiovascular manifestations. The following
provides a detailed overview of the potential pathophysiological processes involved:

Direct Viral Invasion

MPXYV primarily targets the skin and mucous membranes, leading to characteristic skin lesions
[7]. However, studies suggest that the virus can also invade endothelial cells, which line the
blood vessels and play a crucial role in vascular function [48]. The direct invasion of endothelial
cells by MPXV can disrupt their normal physiological functions, leading to endothelial
dysfunction and subsequent cardiovascular manifestations [46].
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Inflammatory Response

Following the viral invasion, the immune system mounts an inflammatory response to control
and eliminate the virus [49]. The release of pro-inflammatory cytokines, such as interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-a), can induce endothelial cell activation and
increase vascular permeability [50]. This inflammatory response can contribute to endothelial
dysfunction and the development of cardiovascular complications [45].

Indirect Effects

In addition to direct viral effects, the systemic response to MPXV infection can have indirect
effects on the cardiovascular system. Fever, dehydration, electrolyte imbalances, and increased
metabolic demands during the acute phase of the infection can strain the cardiovascular system
and contribute to the development of cardiovascular manifestations.

Social and clinical implications

Public Health Concern

The emergence of cardiovascular manifestations in human monkeypox virus infection raises
public health concerns due to the potential for severe outcomes and complications. Increased
awareness, surveillance, and timely reporting of cases are crucial to monitor and control the
spread of the virus [51]. Cardiovascular manifestations can significantly impact the quality of life
of affected individuals. Symptoms such as chest pain, fatigue, shortness of breath, and
limitations in physical activity can disrupt daily routines, hinder work productivity, and affect
overall well-being.

Psychological Impact

The diagnosis of cardiovascular complications in the context of monkeypox virus infection can
lead to emotional distress and anxiety for patients and their families [52]. Coping with the
uncertainty of the disease and managing the potential long-term consequences can have
psychological implications that require support and counseling. Individuals with monkeypox
virus infection, particularly those experiencing cardiovascular manifestations, may face social
stigma and discrimination due to fears of contagion or misconceptions about the disease.
Education and awareness campaigns are essential to combat stigma and promote
understanding within communities [53].

Diagnostic Challenges

Cardiovascular manifestations in monkeypox virus infection may present with nonspecific
symptoms, making diagnosis challenging. Distinguishing between viral myocarditis, pericarditis,
and other cardiac conditions requires a thorough clinical evaluation, appropriate diagnostic
tests, and expertise in infectious diseases and cardiology. The treatment and management of
cardiovascular complications associated with monkeypox virus infection require a
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multidisciplinary approach involving infectious disease specialists, cardiologists, and other
healthcare providers. Coordinating care, optimizing medications, and monitoring the progression
of the disease can be complex, especially in severe cases requiring intensive care interventions.

Healthcare Resource Burden

The presence of cardiovascular manifestations in monkeypox virus infection can strain
healthcare resources, including hospital facilities, diagnostic tests, medications, and specialized
care. Adequate preparedness, capacity building, and resource allocation are necessary to
effectively manage cases and ensure optimal patient outcomes. Individuals who experience
cardiovascular complications during monkeypox virus infection may require long-term
monitoring and follow-up. This includes regular cardiac evaluations, assessment of cardiac
function, and adjustments to treatment plans based on the patient's clinical course and
response to therapy.

Future directions

Future directions in the study of cardiovascular manifestations in human monkeypox virus
(MPXYV) infection are crucial for advancing our understanding, improving diagnosis and
treatment, and effectively managing the associated complications.

Pathophysiological Mechanisms

Further research is needed to unravel the precise pathophysiological mechanisms underlying
cardiovascular manifestations in MPXV infection. Studying the viral-host interactions, immune
response, and genetic factors can provide insights into the mechanisms of viral-induced
myocarditis, pericarditis, heart failure, and arrhythmias.

Biomarkers and Diagnostic Tools

The identification and validation of specific biomarkers can enhance the early detection,
diagnosis, and monitoring of cardiovascular complications in MPXV infection. Developing novel
diagnostic tools, including imaging modalities, serological tests, and molecular techniques, can
improve accuracy and speed in diagnosing and monitoring cardiac involvement.

Risk Stratification

Identifying risk factors and developing risk stratification models can help predict the likelihood of
developing cardiovascular complications in MPXV infection. Factors such as viral load, viral
strain virulence, host genetics, and immune response profiles can aid in risk assessment and
individualized patient management.

Treatment Strategies

Exploring targeted therapies, immunomodulatory agents, and antiviral interventions specific to
cardiovascular complications in MPXV infection is crucial. Investigating the efficacy of existing
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antiviral drugs and immune-based therapies in mitigating cardiac damage and improving
outcomes can pave the way for tailored treatment approaches.

Long-Term Outcomes and Follow-up

Long-term studies are needed to assess the impact of cardiovascular manifestations on the
overall prognosis, quality of life, and long-term outcomes of individuals affected by MPXV
infection. Understanding the natural history of cardiovascular complications and their sequelae
can guide appropriate follow-up strategies and inform long-term management plans.

Prevention and Control Strategies

Developing effective prevention and control strategies for MPXV infection can indirectly reduce
the incidence and severity of cardiovascular manifestations. This includes promoting public
health measures, such as vaccination campaigns, surveillance sysitems, and early detection
protocols, to limit the spread of the virus and minimize the risk of cardiac involvement.

Global Collaboration and Data Sharing

Encouraging collaboration among researchers, healthcare professionals, and public health
agencies at a global scale is essential for sharing knowledge, resources, and data.
Collaborative efforts can accelerate research, facilitate the development of standardized
protocols, and enhance our understanding of the cardiovascular implications of MPXV infection.

Animal Models

Establishing reliable animal models that mimic the cardiovascular manifestations observed in
human MPXYV infection can aid in studying disease progression, testing potential therapies, and
exploring novel interventions. Animal models can provide valuable insights into the
pathogenesis and potential treatment options for cardiovascular complications.

Conclusion

In conclusion, cardiovascular manifestations in human monkeypox virus (MPXV) infection pose
significant social and clinical implications. Myocarditis, viral pericarditis, heart failure, and
arrhythmias can occur as complications of MPXV infection, leading to detrimental effects on
individuals' health and well-being. The pathophysiology involves direct viral damage, immune
response, and inflammatory processes that affect the myocardium and disrupt normal cardiac
function. Addressing cardiovascular manifestations' social and clinical implications in MPXV
infection necessitates a comprehensive approach involving healthcare professionals, public
health authorities, and communities. By prioritizing research, enhancing diagnosis and
treatment strategies, and promoting preventive measures, we can mitigate the impact of these
complications, improve patient care, and protect public health.
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Tables

Table 1. Study characteristics

Author (year) Country Cardiac MPXV Features

[ref] abnormality diagnosis

Shaik (2022) USA Pericarditis PCR Elevated

[20] infammatory
markers,

widespread ST-
elevation, mild

pericardial
effusion
Rodriguez USA Myocarditis PCR Elevated
(2022) [21] Troponin | and
NT-Pro BNP, T-
wave changes
Miller (2022) [54] | USA Atrial fibrillation- | PCR Tachycardia
Pinho (2022) Portugal Myocarditis PCR Elevated CRP,
[55] Troponinl, NT-
Pro BNP,
myocardial

edema on CMR

Tan (2022) [56] | Canada Pericarditis PCR Elevated Ck and
Troponin I, mild
pericardial
effusion
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Figure 1. Major cardiovascular manifestations reported in the literature
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Figure 2. Pathophysiology of monkeypox virus in immune cell response
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