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Abstract
Human monkeypox, caused by the monkeypox virus (MPXV), is an emerging infectious disease with the potential for human-to-
human transmission and diverse clinical presentations. While generally considered milder than smallpox, it can lead to severe
cardiovascular complications. The virus primarily spreads through contact with infected animals or through human-to-human
transmission. Cardiovascular involvement in human monkeypox is rare but has been associated with myocarditis, pericarditis,
arrhythmias, and even fulminant myocardial infarction. Vaccination plays a crucial role in preventing and controlling monkeypox, but
the eradication of smallpox has left global populations vulnerable. This review explores the cardiovascular manifestations of human
monkeypox, the role of vaccination in disease prevention, and the importance of continued research and development of effective
vaccines to protect against this emerging infectious threat. The global impact of monkeypox outbreaks, particularly on vulnerable
populations, further highlights the importance of understanding and addressing this disease.
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Introduction

Human monkeypox, caused by the monkeypox virus (MPXV), is
an emerging infectious disease that has gained significant atten-
tion due to its potential for human-to-human transmission and its
varied clinical manifestations[1]. Although generally considered a
milder and less fatal disease than its cousin, smallpox, human
monkeypox has been associated with a broad spectrum of
clinical presentations, including severe cardiovascular system
complications[1–3]. The role of vaccination in preventing and
managing human monkeypox, particularly in relation to cardio-
vascular manifestations, has become a topic of increasing
importance in recent years.

Monkeypox is primarily a zoonotic disease, with its natural
reservoirs being various animals, including rodents and non-
human primates[4]. However, human-to-human transmission can
occur through respiratory droplets, direct contact with infected individuals or their bodily fluids, and contaminated objects. As

the virus spreads within human populations, it can result in
outbreaks and pose a significant public health concern[5].

Cardiovascular involvement in human monkeypox is rare but
has been reported in some cases[6]. The virus can lead to various
cardiovascular complications, such as myocarditis, pericarditis,
arrhythmias, and even fulminant myocardial infarction[6]. These
manifestations can range frommild symptoms, such as chest pain
and palpitations, to life-threatening conditions, necessitating
intensive medical care and potentially resulting in long-term
cardiac sequelae.

Vaccination plays a crucial role in the prevention and control
of human monkeypox[7]. The smallpox vaccine, which affords
cross-protection against monkeypox, has been used in the past[8].
However, due to the eradication of smallpox and the subsequent
discontinuation of routine vaccination, the global population is
no longer adequately protected against monkeypox.

HIGHLIGHTS

• Human monkeypox, caused by the monkeypox virus, is an
emerging infectious disease with the potential for human-
to-human transmission and diverse clinical presentations.

• Cardiovascular involvement in human monkeypox is rare
but has been associated with myocarditis, pericarditis,
arrhythmias, and even fulminant myocardial infarction.

• Vaccination plays a crucial role in preventing and control-
ling monkeypox, but the eradication of smallpox has left
global populations vulnerable.

• The global impact of monkeypox outbreaks, particularly
on vulnerable populations, further highlights the impor-
tance of understanding and addressing this disease.
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This review aims to explore the current understanding of the
human monkeypox virus with a particular focus on its cardio-
vascular manifestations. Additionally, we will discuss the role of
vaccination in mitigating the spread of the disease and preventing
cardiovascular complications, emphasizing the need for con-
tinued research and development of effective vaccines against
monkeypox to protect global populations from this emerging
infectious threat.

Methods

Several electronic databases, including PubMed, Embase, and
Google Scholar, were systematically searched using appropriate
keywords and Boolean operators. The search terms used included
“human monkeypox,” “monkeypox virus,” “cardiovascular
manifestations,” “vaccination,” “anti-viral treatment,” “man-
agement strategies,” and related terms. The search was limited to
articles published in English.

The initial search yielded a large number of articles, which
were then screened based on their titles and abstracts for rele-
vance. Duplicate articles were removed, and the remaining arti-
cles were assessed for their suitability based on the study
objectives. Full-text articles were obtained for further evaluation.

The selected articles were carefully reviewed, and relevant
information was extracted. The extracted data included study
characteristics (e.g. study design, sample size), details on the
monkeypox virus and its cardiovascular manifestations, vacci-
nation strategies, vaccine effectiveness, and outcomes related to
cardiovascular complications.

The data were organized thematically and synthesized in a
narrative format to provide a comprehensive overview of the role
of vaccination in mitigating human monkeypox virus with car-
diovascular manifestations. Key findings and important insights
from the literature were highlighted and discussed in relation to
the study objectives.

Epidemiology and global impact of human
monkeypox

Human monkeypox, caused by the MPXV, is a rare but sig-
nificant zoonotic disease that primarily affects humans[1]. The
virus is classified within the Orthopoxvirus family, which also
includes the closely related variola virus, responsible for
smallpox[9]. Monkeypox is believed to have a zoonotic origin,
with animals like rodents, squirrels, and primates acting as nat-
ural reservoirs for the virus[1].

The transmission of monkeypox to humans occurs through
contact with infected animals or their bodily fluids, as well as
through human-to-human transmission, making it a potential
public health concern[10]. While the majority of monkeypox cases
have been reported in Africa, particularly in Central and West
African countries, sporadic cases have also been identified in
other regions, including Asia, Europe, and North America[11].
Outbreaks can arise due to various factors, such as increased
contact between humans and infected animals, international
travel, and a lack of immunity in susceptible populations[12].

Clinical manifestations of monkeypox vary from mild to
severe, with an incubation period typically ranging from 7 to
14 days after exposure[13]. Symptoms often start with fever,
headache, muscle aches, and a general feeling of malaise,

resembling many other viral infections[14]. However, distinctive
skin lesions begin to develop shortly after the initial symptoms,
progressing through stages of papules, vesicles, pustules, and
scabs[15]. Some patients may experience respiratory, gastro-
intestinal, or neurological symptoms, while others may develop
severe cardiovascular complications, such as myocarditis and
pericarditis.

Global impact[16]

Over the past few decades, the global impact of human mon-
keypox has been a growing concern for public health authorities
and researchers alike. Although less fatal than smallpox, mon-
keypox poses significant challenges due to its potential for severe
complications and ability to cause outbreaks with substantial
morbidity[17].

The economic burden of monkeypox outbreaks extends
beyond healthcare costs, encompassing measures such as quar-
antine, surveillance, and contact tracing[18]. Outbreaks can dis-
rupt local economies, trade, and tourism, leading to social and
economic upheaval in affected regions[19].

The impact of monkeypox on vulnerable populations,
including immunocompromised individuals and those with pre-
existing cardiovascular conditions, can be particularly severe[20].
Cardiovascular manifestations of monkeypox, ranging from
myocarditis to life-threatening arrhythmias, add a layer of com-
plexity to the management of the disease and demand specialized
medical attention and resources[6].

Clinical spectrum

Human monkeypox is a complex viral infection that presents a
diverse range of clinical manifestations. The severity of the dis-
ease can vary widely, with some individuals experiencing mild
symptoms, while others develop more severe complications.
Understanding the clinical spectrum of monkeypox is crucial
for accurate diagnosis, appropriate management, and timely
intervention.

Mild manifestations

Many cases of human monkeypox exhibit a relatively mild
course, resembling a self-limiting viral illness[7]. The initial
symptoms typically include fever, fatigue, headache, and muscle
aches. These flu-like symptoms are often followed by the
appearance of a rash, which progresses through distinct stages.
Initially, small raised bumps (papules) develop, which then evolve
into fluid-filled blisters (vesicles) and subsequently form pus-filled
lesions (pustules)[15]. Over time, the pustules crust over and scab,
eventually leading to their resolution.

In addition to the characteristic rash, some individuals may
experience respiratory and gastrointestinal symptoms[21].
Respiratory involvement can manifest as cough, shortness of
breath, and chest discomfort. Gastrointestinal symptoms may
include abdominal pain, nausea, vomiting, and diarrhoea. These
manifestations are generally self-limited and resolve without
long-term complications. While less common, neurological
complications can occur in some cases of monkeypox[22]. These
may include headaches, confusion, dizziness, and seizures.
Neurological involvement often warrants close monitoring and
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specialized care, as it may require specific interventions and
management strategies.

Severe manifestations

A subset of individuals infected with monkeypox may develop
severe manifestations, with cardiovascular complications being
particularly concerning[23]. These severe cases are characterized
by the involvement of vital organs, potentially leading to life-
threatening outcomes. Cardiovascular complications such as
myocarditis and pericarditis can occur, resulting in symptoms
such as chest pain, palpitations, and shortness of breath[6]. In rare
instances, severe arrhythmias or cardiac dysfunction may ensue,
necessitating intensive care and specialized treatment[24].

It is worth noting that the severity of monkeypox can be
influenced by several factors, including the individual’s overall
health, underlying immune status, and pre-existing cardiovas-
cular conditions[25]. Immunocompromised individuals, such as
those with HIV/AIDS or receiving immunosuppressive therapy,
may experience more severe and prolonged disease courses[15].
Similarly, individuals with pre-existing cardiovascular disease
are at increased risk of developing severe cardiovascular
complications.

Cardiovascular complications in human monkeypox

Human monkeypox, caused by the MPXV, is an infectious dis-
ease that can lead to a wide array of clinical manifestations.
Among the various complications associated with monkeypox,
cardiovascular involvement stands out as a significant concern[6].
While the majority of cases present with a mild course resembling
a self-limiting viral illness, a subset of patients may develop severe
cardiovascular complications that require specialized medical
attention.

Myocarditis

Myocarditis, characterized by inflammation of the myocardium,
is one of the most alarming cardiovascular complications seen in
human monkeypox[26]. The monkeypox virus can directly infect
heart cells, triggering an immune response that leads to inflam-
mation and damage to the cardiac tissue. This inflammatory
process can impair the heart’s ability to pump blood efficiently,
potentially leading to heart failure[27].

Patients with monkeypox-related myocarditis may experience
symptoms such as chest pain, shortness of breath, fatigue, and
swelling in the legs and ankles[6]. In severe cases, heart failure may
develop, necessitating aggressive medical management and pos-
sibly even cardiac support, such as the use of ventricular assist
devices or heart transplantation.

Pericarditis

Pericarditis refers to the inflammation of the pericardium, the thin
membrane surrounding the heart[28]. Similar to myocarditis,
monkeypox-induced pericarditis is thought to result from the
virus’s direct impact on the pericardial tissue. The inflamed
pericardium can cause chest pain, which may worsen with deep
breathing or when lying flat. In severe cases, excess fluid may
accumulate in the pericardial space, a condition known as peri-
cardial effusion, further compromising cardiac function[29].

Arrhythmias

Cardiac arrhythmias are another potential cardiovascular com-
plication in monkeypox cases[30]. The presence of inflammation
and damage to the heart muscle or conduction system can disrupt
the heart’s electrical impulses, leading to irregular heartbeats.
These arrhythmias can manifest as palpitations, dizziness, light-
headedness, and in severe cases, may result in hemodynamic
instability[31].

Implications for pre-existing cardiovascular conditions

Individuals with pre-existing cardiovascular conditions, such as
hypertension, coronary artery disease, or heart failure, are at an
increased risk of developing more severe cardiovascular compli-
cations if they contract monkeypox[1]. The virus’s impact on an
already compromised cardiovascular system can exacerbate
underlying conditions and lead to more severe outcomes[15].

Diagnosing cardiovascular complications in monkeypox
requires a high index of suspicion and careful evaluation by
healthcare professionals[29]. Electrocardiography (ECG), echo-
cardiography, and cardiac biomarkers are essential tools in
identifying myocarditis, pericarditis, and arrhythmias[32]. Early
recognition and intervention are crucial in improving patient
outcomes and minimizing long-term cardiac sequelae.

Management of monkeypox-related cardiovascular compli-
cations primarily involves supportive care, addressing the
inflammatory response, and optimizing cardiac function[6]. In
severe cases, patients may require intensive care monitoring and
treatment with medications to stabilize cardiac function.
Collaboration between infectious disease specialists, cardiolo-
gists, and critical care teams is essential for providing compre-
hensive care to affected individuals[6].

Prevalence of cardiovascular manifestations in human
monkeypox

The prevalence and severity of cardiovascular manifestations in
human monkeypox vary among affected individuals. While the
majority of monkeypox cases present with mild or moderate
symptoms, a subset of patients may experience severe cardio-
vascular complications, demanding careful attention and
specialized care.

Cardiovascular manifestations in monkeypox are relatively
infrequent compared to other common symptoms like fever, rash,
and respiratory symptoms. Studies have shown that cardiac
involvement occurs in a minority of cases, usually ranging from 5
to 10% of patients with confirmed monkeypox[33].

The prevalence of cardiovascular complications may differ
based on various factors, including age, underlying health con-
ditions, and immune status. Immunocompromised individuals,
especially those with compromised immune systems due to HIV/
AIDS or immunosuppressive therapies, are at a higher risk of
experiencing severe cardiac complications[15].

Mechanisms and pathophysiology of cardiovascular
complications in human monkeypox

The mechanisms underlying cardiovascular complications in
human monkeypox are complex and multifactorial. While the
precise pathophysiological processes are not yet fully understood,
several key mechanisms contribute to the development of cardiac
involvement.
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Direct viral effect

TheMPXV can directly infect cardiac cells, leading tomyocardial
inflammation and damage. The virus gains entry into the heart
cells and replicates, causing cell death and triggering an immune
response[6]. This viral replication and inflammation contribute to
myocarditis, the inflammation of the heart muscle.

Immune-mediated inflammation

In response to the viral infection, the immune system mounts an
inflammatory response, aiming to control the virus. However,
excessive or dysregulated immune activation can lead to col-
lateral damage to the cardiac tissue. Immune cells release proin-
flammatory cytokines, such as interleukin-1 (IL-1), interleukin-6
(IL-6), and tumour necrosis factor-alpha (TNF-α), which can
cause further myocardial injury and inflammation[34].

Autoimmune response

In some cases, the immune response triggered by Monkeypox
infection can result in an autoimmune reaction, where the
immune system mistakenly targets the heart tissue[35]. This
autoimmune response can further contribute to myocardial
inflammation and damage.

Impact on vasculature

Monkeypox-related inflammation may also affect the blood
vessels supplying the heart, leading to endothelial dysfunction
and vasculitis[36]. This can impair blood flow to the heart muscle,
further compromising cardiac function and contributing to the
development of cardiovascular complications[6]. It is important
to note that the pathophysiology of cardiovascular complications
inmonkeypoxmay vary among individuals and can be influenced
by factors such as the individual’s immune response, viral load,
and underlying health conditions.

The importance of vaccination in monkeypox

Vaccination plays a pivotal role in the management and control
of monkeypox, serving as a crucial preventive measure against
the spread of the virus and the development of severe
complications[37].

Prevention of infection

Vaccination against monkeypox is the most effective way to
prevent infection and subsequent transmission of the virus[38]. By
introducing a weakened or inactivated form of the monkeypox
virus into the body, vaccines stimulate the immune system to
produce specific antibodies that can recognize and neutralize the
virus upon exposure[39]. This pre-existing immunity significantly
reduces the likelihood of developing the disease if exposed to
the virus.

Limiting disease severity

Vaccination not only prevents infection but also mitigates the
severity of the disease in those who may still contract mon-
keypox. Vaccinated individuals are more likely to experience
milder symptoms and have a lower risk of developing severe

complications, such as cardiovascular involvement, compared to
unvaccinated individuals[40].

Herd immunity

Vaccination programs contribute to the establishment of herd
immunity, a phenomenonwhere a sufficiently large portion of the
population becomes immune to the virus[41]. Herd immunity acts
as a protective shield, reducing the overall likelihood of virus
transmission within a community. This is particularly beneficial
for individuals who cannot receive vaccines due to medical rea-
sons or immunocompromised conditions, as they are indirectly
protected through reduced exposure to the virus.

Outbreak control

In the event of a monkeypox outbreak, vaccination campaigns
play a critical role in containing the spread of the virus and lim-
iting its impact on public health. Rapid and widespread vacci-
nation of susceptible populations can help control the outbreak’s
progression and prevent further transmission, minimizing the
strain on healthcare systems and reducing the risk of secondary
infections[7].

Eradication potential

The successful eradication of smallpox, another orthopoxvirus-
related disease, through global vaccination efforts serves as a
powerful example of the potential impact of vaccination in
combating monkeypox[4]. While eradicating monkeypox may
present unique challenges due to its zoonotic nature, continued
vaccination campaigns hold the promise of reducing its pre-
valence and eventually eliminating the disease in certain regions.

Vaccines against human monkeypox: types and
development

Live-attenuated vaccines

Live-attenuated vaccines contain a weakened form of the mon-
keypox virus that can still replicate in the body but is significantly
less virulent compared to the wild-type virus[42]. The vaccine
stimulates an immune response similar to a natural infection,
leading to the development of long-lasting immunity. The
Modified Vaccinia Ankara (MVA) vaccine is an example of a live-
attenuated vaccine that has been studied for its potential effec-
tiveness against monkeypox.

Inactivated vaccines

Inactivated vaccines utilize a killed or inactivated form of the
monkeypox virus[43]. These vaccines cannot replicate in the body
but can still stimulate an immune response. Inactivated vaccines
often require multiple doses to achieve sufficient immunity.
Research and development of inactivated vaccines for mon-
keypox are ongoing, with the aim of improving their efficacy and
safety profiles.

Protein subunit vaccines

Protein subunit vaccines focus on specific viral proteins that are
crucial for inducing an immune response[44]. These vaccines
typically contain purified or recombinant viral proteins or
peptides. By targeting specific viral components, protein subunit
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vaccines minimize the risk of adverse reactions associated with
live-attenuated or inactivated vaccines. Research is underway to
identify and evaluate key protein targets for the development of
effective subunit vaccines against monkeypox.

Viral vector-based vaccines

Viral vector-based vaccines use a harmless virus, such as a
modified adenovirus or vesicular stomatitis virus, as a delivery
vehicle to introduce specific genes from the monkeypox virus into
the body[45]. These genes encode viral proteins that elicit an
immune response, leading to the production of antibodies and
immune cells that can recognize and neutralize the monkeypox
virus. Viral vector-based vaccines offer the advantage of poten-
tially inducing robust and long-lasting immunity. Several viral
vector-based vaccines have shown promise in preclinical and
early clinical studies for monkeypox.

Effectiveness and challenges of current vaccination
strategies against monkeypox

Vaccination is a critical component of monkeypox control stra-
tegies, but its effectiveness and implementation face certain
challenges. Understanding both the successes and limitations of
current vaccination approaches is essential for refining and
optimizing monkeypox prevention efforts.

Effectiveness

(1) Protection against infection: Vaccination has shown to be
effective in reducing the risk of monkeypox infection. When
administered appropriately, vaccines stimulate the immune
system to produce antibodies that recognize and neutralize
the monkeypox virus, thereby preventing infection or redu-
cing its severity.

(2) Herd immunity: Widespread vaccination contributes to the
establishment of herd immunity, protecting vulnerable
populations that cannot receive vaccines. When a large
portion of the community is vaccinated, the virus finds it
harder to spread, indirectly protecting those who may not be
immunized.

(3) Mitigating disease severity: Vaccinated individuals who still
contract monkeypox tend to experience milder symptoms
and have a lower risk of developing severe complications
compared to unvaccinated individuals. This is particularly
important in preventing severe cardiovascular manifesta-
tions and other serious consequences of the disease.

Challenges

(1) Vaccine availability and accessibility: One of the primary
challenges is ensuring that the monkeypox vaccine is avail-
able and accessible to the populations at risk. Manufacturing
and distributing vaccines can be logistically complex and
may be hindered by limited resources, particularly in regions
with a high burden of monkeypox.

(2) Vaccine hesitancy: Vaccine hesitancy, the reluctance or
refusal to vaccinate despite the availability of vaccines, can
pose a significant obstacle to vaccination strategies.
Misinformation, misconceptions, and concerns about vac-
cine safety may lead to suboptimal vaccine coverage, leaving
communities vulnerable to monkeypox outbreaks.

(3) Limited efficacy of some vaccines: The efficacy of current
monkeypox vaccines may vary, with certain vaccines show-
ing higher levels of protection than others. Continuous
research and development are required to identify and
improve upon the most effective vaccine candidates.

(4) Need for boosters: Some monkeypox vaccines may require
booster doses to maintain long-term immunity. Ensuring
timely and widespread administration of booster shots can
be challenging, especially in regions with limited healthcare
infrastructure.

(5) Emerging strains: The monkeypox virus has shown genetic
diversity, and new strains may emerge over time. Ensuring
that vaccines remain effective against different strains is a
continual challenge in the face of viral evolution.

(6) Duration of immunity: Understanding the duration of
immunity provided by current vaccines is crucial in deter-
mining the optimal timing of booster doses and planning
vaccination campaigns.

While vaccination remains an essential tool in monkeypox
control, several challenges exist in implementing andmaintaining
effective vaccination strategies. Overcoming these challenges
requires a multifaceted approach, including improving vaccine
accessibility, addressing vaccine hesitancy, advancing research
and development, and enhancing global collaboration.

Advancements in vaccination technologies and
therapeutics against monkeypox

Advancements in vaccination technologies and therapeutics have
the potential to revolutionize the prevention and management of
monkeypox. These innovations aim to improve the effectiveness,
safety, and accessibility of vaccines and therapeutics, ultimately
enhancing our ability to control and combat the disease.

Novel vaccine platforms

Researchers are exploring innovative vaccine platforms that uti-
lize cutting-edge technologies to enhance immune responses and
increase vaccine efficacy. For example, DNA vaccines and RNA-
based vaccines are being investigated for their ability to deliver
viral genetic material into cells, triggering a robust immune
response against the monkeypox virus. These platforms offer
advantages such as rapid development, scalability, and potential
for targeted modifications.

Virus-like particles (VLPs)

VLPs are engineered to mimic the structure of the monkeypox
virus without containing genetic material, making them non-
infectious and safe[46]. VLPs can stimulate a strong immune
response by presenting viral antigens to the immune system,
leading to the production of antibodies and memory immune
cells. Research is ongoing to assess the effectiveness of VLP-based
vaccines in preventing monkeypox infection.

Adjuvants

Adjuvants are substances that enhance the body’s immune
response to a vaccine[47]. Incorporating adjuvants in monkeypox
vaccines can improve the immune response, leading to enhanced
protection and potentially reducing the number of doses required.
This advancement is particularly valuable in regions with limited
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healthcare resources, where a more immunogenic vaccine can
have significant benefits.

Therapeutics

In addition to vaccines, advancements in therapeutic interven-
tions against monkeypox are being explored. Antiviral medica-
tions targeting the monkeypox virus have shown promise in
laboratory studies and preclinical trials[48]. These antiviral agents
aim to inhibit viral replication and reduce the severity and
duration of monkeypox infections.

Monoclonal antibodies

Monoclonal antibodies are engineered to target specific viral
antigens, helping the immune system neutralize the virus more
effectively[49]. Passive immunization with monoclonal antibodies
may offer a valuable treatment option for individuals at high risk
of severe monkeypox complications or for use during
outbreaks[50].

Multivalent vaccines

Multivalent vaccines are designed to protect against multiple
strains or species of themonkeypox virus[51]. As the virus exhibits
genetic diversity, developing vaccines that can confer broad
protection against different strains is vital for ensuring sustained
efficacy over time.

Computational biology and artificial intelligence (AI)

Advancements in computational biology and AI are aiding in the
rapid design and development of vaccines and therapeutics[52].
These technologies can analyze viral genetic data, predict
potential antigen targets, and facilitate the discovery of novel
treatments more efficiently.

As research and development efforts continue, collaborations
between academic institutions, pharmaceutical companies, and
government agencies are essential to accelerate progress and
ensure global access to effective monkeypox vaccines and
therapeutics[33]. The integration of cutting-edge technologies in
the field of vaccination and therapeutics holds tremendous pro-
mise for strengthening our ability to control and prevent
monkeypox outbreaks and ultimately improve public health
outcomes.

Therapeutic interventions for cardiovascular
complications in monkeypox

The management of cardiovascular complications in monkeypox
requires a comprehensive and multidisciplinary approach, with
a focus on addressing specific cardiac issues and optimizing
patient outcomes. Therapeutic interventions aim to stabilize
cardiac function, reduce inflammation, and prevent long-term
complications.

Supportive care

Supportive care is the foundation of treatment for cardiovascular
complications in monkeypox. Close monitoring of vital signs,
including heart rate, blood pressure, and oxygen saturation, is
essential. Intravenous fluids may be administered to maintain
adequate blood volume and blood pressure[1]. Oxygen

supplementation can help maintain oxygen levels in the blood
and support respiratory function.

Anti-inflammatory medications

Given the inflammatory nature of cardiac complications, anti-
inflammatory medications may play a crucial role in managing
the condition. Drugs like nonsteroidal anti-inflammatory drugs
(NSAIDs) or corticosteroids can be used to reduce inflammation
and alleviate symptoms[53].

Antiviral therapy

While antiviral therapy is primarily focused on managing the
primary infection, it may also have a role in addressing viral
replication in the cardiac tissue[54]. Antiviral medications can
help reduce viral load and limit the impact of the monkeypox
virus on the heart. However, their use for cardiac complications is
still an area of ongoing research and investigation.

Cardiovascular medications

Specific medications used to manage cardiovascular conditions,
such as beta-blockers, angiotensin-converting enzyme (ACE)
inhibitors, or diuretics, may be prescribed to stabilize heart
function and control blood pressure. These medications can help
manage symptoms and prevent further cardiac damage.

Cardiac monitoring and imaging

Frequent cardiac monitoring, including electrocardiography
(ECG) and echocardiography, is essential to assess heart function
and detect any arrhythmias or abnormalities promptly. Cardiac
imaging, such as MRI or computed tomography (CT) scans, may
be performed to evaluate the extent of cardiac involvement.

Invasive interventions

In severe cases with life-threatening cardiac arrhythmias or acute
heart failure, invasive interventions like catheter-based proce-
dures or implantable cardiac devices may be required. These
interventions aim to restore normal heart rhythm or provide
mechanical support to the heart.

Rehabilitation and follow-Up

Following the acute phase of monkeypox-related cardiovascular
complications, rehabilitation programs may be recommended to
help patients recover and regain strength. Regular follow-up
visits with healthcare providers are crucial for ongoing evaluation
and management of potential long-term cardiovascular effects.

Promising antiviral agents in monkeypox treatment

Cidofovir

Cidofovir is an antiviral medication that has shown activity
against various DNA viruses, including orthopoxviruses like
Monkeypox[55]. It works by inhibiting viral DNA replication and
has demonstrated effectiveness againstMonkeypox in laboratory
studies and animal models. However, its use in human mon-
keypox cases is still limited, and further research is needed to
determine its optimal dosing and efficacy.
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Brincidofovir

Brincidofovir is a derivative of cidofovir that has shown
improved oral bioavailability[56]. It exhibits broad-spectrum
antiviral activity against DNA viruses and has been evaluated in
clinical trials for the treatment of other viral infections. Its
potential efficacy against Monkeypox is being investigated, but
further studies are necessary to establish its role in the manage-
ment of the disease.

ST-246

ST-246 is a novel antiviral compound that specifically targets
orthopoxviruses, including Monkeypox[57]. It works by inhibit-
ing viral egress from infected cells, preventing the release of new
virus particles. Preclinical studies have demonstrated its effec-
tiveness in animal models, and it has shown potential for use as a
therapeutic agent against Monkeypox. However, more research
is required to determine its safety and efficacy in human subjects.

Tecovirimat (TPOXX)

Tecovirimat is an antiviral drug approved by the U.S. Food and
Drug Administration (FDA) for the treatment of smallpox, which
is also caused by an orthopoxvirus[58]. It has shown effectiveness
against other orthopoxviruses, including Monkeypox, in
laboratory studies. Although it has not yet been approved spe-
cifically for the treatment of Monkeypox, its potential as a ther-
apeutic option is being explored.

Public health strategies and outbreak control for
monkeypox

Effective public health strategies are crucial in containing mon-
keypox outbreaks and preventing its further spread[59]. A com-
prehensive approach involving surveillance, prevention, rapid
response, and public awareness is necessary to manage outbreaks
and protect public health. Here are key public health strategies
for monkeypox outbreak control:

Surveillance and early detection

Early detection and reporting of suspected monkeypox cases are
essential for prompt outbreak control. Healthcare providers,
laboratories, and public health authorities must be vigilant in
identifying and reporting potential cases to enable rapid
intervention[60].

Laboratory diagnosis

Accurate and timely laboratory testing is vital for confirming
monkeypox cases and differentiating them from other similar
diseases. Public health laboratories must be equipped to handle
and test specimens for the monkeypox virus.

Case isolation and quarantine

Isolating confirmed and suspected cases is critical to prevent
further transmission. Contact tracing and quarantine of close
contacts help identify and contain potential secondary cases.

Vaccination campaigns

Vaccination is a key preventive measure in controlling mon-
keypox outbreaks. Vaccination campaigns should target high-
risk populations, including healthcare workers, first responders,
and individuals living in outbreak-affected areas[61].

Public health education and awareness

Public education campaigns play a vital role in informing the
public about monkeypox, its symptoms, transmission, and pre-
ventive measures[9]. Emphasizing the importance of vaccination
and early reporting of symptoms can help curb the spread of the
disease.

Travel restrictions and border control

In the context of international outbreaks, travel restrictions and
border control measures may be necessary to limit the importa-
tion of cases and prevent global spread. Collaboration between
affected countries and international health organizations is
essential in implementing such measures effectively.

Vector control

Investigations into the source of the outbreak, especially if it
involves zoonotic transmission, are crucial. Vector control mea-
sures, such as controlling rodent populations or avoiding contact
with potential reservoir hosts, may help reduce the risk of
transmission.

Rapid response teams

Establishing rapid response teams of epidemiologists, clinicians,
and public health experts can expedite outbreak investigations
and facilitate coordinated control efforts.

Data sharing and collaboration

Timely and transparent data sharing among affected countries
and international health organizations fosters collaboration in
outbreak control and provides valuable insights for future pre-
vention and management.

Research and development

Continuous research and development of vaccines, antiviral
agents, and diagnostic tools are critical for enhancing outbreak
preparedness and response.

By implementing these comprehensive public health strategies,
health authorities can effectively manage monkeypox outbreaks,
minimize the impact on public health, and protect vulnerable
populations. A coordinated and collaborative approach is
essential for successful outbreak control and preventing the fur-
ther spread of the disease.

The role of research and collaboration in monkeypox
control

Research and collaboration play vital roles in the effective control
and management of monkeypox. Advancements in scientific
knowledge, vaccine development, diagnostics, and outbreak
response strategies heavily rely on research efforts and
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collaboration among various stakeholders. Here are key aspects
highlighting the significance of research and collaboration:

Understanding the virus and disease dynamics

Research provides essential insights into the monkeypox virus, its
transmission, epidemiology, and pathogenesis. By studying the
virus’s genetic makeup, host interactions, and disease progres-
sion, researchers can develop a comprehensive understanding of
monkeypox and its impact on human health[62]. This knowledge
is fundamental for developing effective control strategies.

Vaccine development and improvement

Research efforts drive the development and improvement of
monkeypox vaccines. Investigating novel vaccine platforms,
studying immune responses, and conducting preclinical and
clinical trials contribute to the identification of safe and effective
vaccines[63]. Collaboration among researchers, pharmaceutical
companies, and regulatory authorities is critical for advancing
vaccine candidates and ensuring their availability and
accessibility.

Diagnostic tools and techniques

Research enables the development and validation of accurate and
rapid diagnostic tests for monkeypox. Collaborative efforts in
diagnostic research facilitate the early detection and confirmation
of cases, enabling timely intervention and outbreak control.
Ongoing research helps refine and improve diagnostic techniques,
making them more efficient and accessible in resource-limited
settings.

Antiviral therapy and treatment strategies

Collaborative research efforts aid in the identification and eva-
luation of potential antiviral agents for monkeypox treatment[64].
Studying the efficacy and safety of existing antiviral drugs and
exploring novel therapeutic approaches contribute to the devel-
opment of effective treatment strategies. Collaboration among
researchers, clinicians, and regulatory agencies is crucial in
advancing therapeutic options for managing monkeypox
complications.

Surveillance and outbreak response

Research informs the design and implementation of surveillance
systems for early detection, monitoring, and response to mon-
keypox outbreaks[33,65]. Collaborative research efforts facilitate
the sharing of surveillance data, outbreak investigations, and the
development of standardized protocols. Collaboration among
local, national, and international stakeholders strengthens sur-
veillance networks and enhances outbreak response capabilities.

Global collaboration and knowledge sharing

International collaboration plays a vital role in sharing research
findings, best practices, and experiences in monkeypox control.
Collaborative research initiatives promote the exchange of
information, data, and expertise among scientists, public health
agencies, and policymakers worldwide. This collaboration fos-
ters a coordinated and evidence-based approach to monkeypox
control on a global scale.

Capacity building and training

Research collaborations contribute to capacity building and
training programs, empowering healthcare professionals and
researchers in affected regions. Strengthening local research
capabilities, laboratory networks, and public health infra-
structure enhances preparedness, response, and long-term con-
trol measures.

The role of research and collaboration is indispensable in
advancing our understanding of monkeypox, developing effec-
tive interventions, and improving outbreak response strategies.
Continued investment in research, fostering collaborative part-
nerships, and knowledge sharing are critical to effectively control
monkeypox and minimize its impact on public health.

Challenges and considerations for vaccination
implementation

Vaccine distribution and accessibility

Ensuring an adequate supply of vaccines and establishing efficient
distribution networks can be challenging, especially in resource-
limited settings or during large-scale vaccination campaigns.
Building robust supply chains and cold storage facilities is
essential for the effective distribution of vaccines[66]. Reaching
remote or inaccessible populations can pose challenges in vaccine
distribution. Difficult terrain, lack of transportation infra-
structure, and remote communities may hinder the equitable
delivery of vaccines. Innovative strategies such as mobile vacci-
nation clinics or outreach programs may be required to overcome
these barriers. Managing vaccine stockpiles, expiration dates,
and appropriate waste disposal can be complex. Ensuring effi-
cient vaccine utilization and minimizing wastage are crucial to
optimize resources and maximize vaccine coverage.

Vaccine hesitancy and public perception

Vaccine hesitancy, fuelled by misinformation and mistrust, poses
a significant challenge to vaccination implementation[67].
Addressing concerns, providing accurate information, and
countering misinformation through transparent and effective
communication campaigns are essential. Cultural and religious
beliefs can influence vaccine acceptance. Understanding and
respecting diverse cultural perspectives and working collabora-
tively with community leaders and influencers are important for
fostering trust and acceptance of vaccines. Ensuring vaccine
safety and addressing public concerns about adverse events or
rare side effects is crucial. Transparent communication about the
rigorous regulatory processes, ongoing monitoring of vaccine
safety, and prompt reporting and investigation of any adverse
events are essential for maintaining public trust.

Addressing ethical and equity issues

Making fair and equitable decisions regarding vaccine prior-
itization and allocation is challenging. Considerations should
include the vulnerability of populations, healthcare workers, and
public health impact. Balancing the need for equitable access with
the urgency of protecting high-risk groups is crucial. Ensuring
equitable global access to vaccines is essential for controlling the
spread of diseases like monkeypox. Addressing the disparities in
vaccine distribution and collaborating on global initiatives, such

Maqbool et al. Annals of Medicine & Surgery (2024)

1513



as the COVAX facility, can help bridge the equity gap and pre-
vent the emergence of new variants[68–71]. Reaching vulnerable
populations, including marginalized communities, refugees, and
individuals with limited healthcare access, requires targeted
efforts. Addressing language barriers, cultural sensitivities, and
providing vaccination services in accessible and trusted locations
are important considerations. Upholding ethical principles, such
as informed consent, privacy protection, and ensuring the welfare
of participants, is crucial in vaccination implementation.
Adhering to ethical guidelines and involving community repre-
sentatives and ethical review boards can help navigate these
considerations.

Lessons from the past and future prospects

Learning from other zoonotic disease outbreaks

Lessons from past zoonotic disease outbreaks, such as SARS,
MERS, and Ebola, can provide valuable insights for managing
and controlling monkeypox[72–74]. These outbreaks highlighted
the importance of early detection, rapid response, and interna-
tional collaboration. Investing in robust surveillance systems,
strengthening healthcare infrastructure, and fostering global
cooperation are crucial in effectively containing zoonotic dis-
eases, including monkeypox.

Potential impact of vaccination on cardiovascular outcomes

Vaccination against monkeypox not only protects against the
primary infection but may also have a significant impact on
cardiovascular outcomes[75]. As monkeypox can cause severe
cardiovascular complications, effective vaccination strategies
could potentially reduce the incidence and severity of cardiac
manifestations. Future research is needed to assess the long-term
cardiovascular benefits of vaccination and its potential role in
mitigating the burden of monkeypox-related heart complications.

Preparedness for emerging threats

The emergence of monkeypox and other zoonotic diseases
underscores the importance of global preparedness for emerging
threats[76]. Investing in research, vaccine development, and
public health infrastructure is essential in proactively addressing
potential outbreaks. Strengthening laboratory capacity, surveil-
lance networks, and international collaboration can enhance our
ability to detect, respond to, and control emerging infectious
diseases effectively.

Conclusion

In conclusion, vaccination stands as the cornerstone of mon-
keypox control. As a zoonotic disease with potential severe
complications, the role of vaccination in preventing monkeypox
transmission and reducing the impact of the disease cannot be
overstated. Advancements in vaccine development and research,
combined with international collaboration and preparedness, are
critical for effectively managing monkeypox outbreaks and pro-
tecting public health. While challenges in vaccine distribution,
hesitancy, and equity exist, addressing these issues requires a
coordinated effort from governments, public health authorities,
healthcare providers, and communities worldwide. By learning
from past zoonotic disease outbreaks and leveraging vaccination

as a powerful tool, we can better prepare for emerging threats,
reduce the burden of monkeypox, and safeguard global health.
Through ongoing research, collaboration, and commitment, we
can pave the way towards a safer and healthier future, where the
threat of monkeypox is under control, and its impact on cardi-
ovascular outcomes is minimized.
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