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Abstract

The recent spread of the monkeypox virus (MPXV), causing monkeypox (mpox), to non-
endemic areas, and the atypical and unusual clinical manifestations observed during its
2022 outbreak has focused international interest on the clinical features of the disease.
Mpox is usually a self-limiting disease with mild symptoms with common
manifestations, including fever and skin lesions; however, severe manifestations could
occur in some vulnerable groups (children and those with impaired immune systems)
and may present multisystem complications and fatal outcomes. In most cases, a fever is
the first sign of disease, followed by the development of various inflammatory lesions on
the skin, such as vesiculopustular rashes and ulcers. Pneumonitis, encephalitis, keratitis,
secondary bacterial infections, acute kidney injury, and myocarditis are all possible
outcomes of the infection. Myocarditis has been reported to be caused by
orthopoxviruses, and it is a serious condition of which its pathophysiology is little
understood. Recent reports have indicated myocarditis with cardiac involvement as a
possible atypical and unusual consequence of the MPXV infection during present
outbreak. This review provides an overview of the clinical manifestations of mpox with a
special focus on its effects on the heart, including myocarditis. The evidence of the
myocarditis in mpox patients and its possible pathogenesis are discussed.
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Introduction

M onkeypox (mpox) is a vesicular-pustular illness caused by a zoonotic Orthopoxvirus under

the Poxviridae family, monkeypox virus (MPXV) [1,2]. Previously, the disease was mainly
endemic to West and Central Africa, and the first human case was identified in 1970 in the
Democratic Republic of Congo (DRC) [3,4]. From May 6, 2022, MPXV has swiftly spread to
multiple nations outside the established endemic areas with symptoms matching smallpox,
leading to outbreaks in numerous countries in 2022. This rapid spread of the virus and
escalating mpox cases posed a Public Health Emergency of International Concern (PHEIC) to
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be declared by the World Health Organization (WHO) on July 23, 2022 [5]. As of March 29,
2023, a total of 86,746 confirmed cases of mpox from 110 countries and 112 deaths have been
reported [6].

Mpox has been prevalent in Central Africa since the 1980s, but serological data suggests it
also existed in West Africa [7,8]. It is possible for MPXV to infrequently infect people while still
maintaining a reservoir in wild animals due to the adaptability of the virus [9]. Many lines of
evidence suggest that small mammals are the principal wild animal reservoirs of MPXV,
although none of the evidence is conclusive [2,10]. MPXV transmission mainly occurs via
exposure to bodily fluids from infected animals, human-to-human transmission by respiratory
droplets, and close contact with contaminated materials from lesions and mpox-affected
patients [11,12]. Sexual activity with several partners, particularly among men who engage in sex
with men (MSM), is proven to be another method of MPXV transmission [13]. Despite not being
a sexually transmitted disease, mpox can nonetheless spread through sexual contact [13].

The primary method for determining MPXV infection is laboratory diagnosis. Viral culture
is less accurate but still helps in verifying the infection and a positive PCR test of skin or
mucosal lesion swabs or scabs is the main approach used to identify MPXV infection [14,15].

Despite the fact that immunization against smallpox can provide protection against
infection with MPXV, no medications have been approved particularly for treating mpox [16].
The two licensed vaccines available for use in preventing smallpox in the United States are
JYNNEOS and ACAM2000, which have been recommended against mpox, while researches are
being carried out for developing specific vaccines against mpox [9,17—-19]. Smallpox drugs such
as tecovirimat, brincidofovir, and cidofovir have been suggested for treating mpox patients,
while the development of specific drugs against mpox is underway [20,21]. Intravenous vaccinia
immune globulin (VIGIV) may be considered for patients with complex MPXV infection or as
prophylaxis for T-cell immunodeficiency patients [22]. Antiviral treatment is a valuable option
for patients with severe mpox disease, pregnant women, people with impaired immune systems,
and children younger than 8 years old [22].

Vulnerable individuals with immunosuppressed conditions and comorbidities, non-
vaccinated individuals, children, and pregnant women, workers who come into contact with
MPXV-infected humans or animals in the course of their employment, and health workers and
medical staff attending disease outbreaks all fall into the high-risk category [23]. Therefore,
reducing human contact with infected wildlife and stopping the spread of virus from person to
person are essential components to fight against mpox [14]. To prevent MPXV infection, it is
crucial not to touch skin lesions or items handled by mpox patients. Whether the diagnosis of
MPXYV infection is suspected or confirmed, the patient must be promptly isolated and masked.

Although the MPXV infection is self-limiting, some patients need to be hospitalized due to
certain consequences, including myocarditis, excruciating anorectal pain, eye lesions, kidney
damage, or soft tissue superinfections [16]. Potentially causing immune-mediated damage to
the heart, MPXV may exhibit a preference for this organ to cause myocarditis [24]. This article
highlights an overview of clinical manifestations of mpox with a special focus on myocarditis
caused by the MPXV in affected patients, its pathogenesis and management.

General clinical manifestation of mpox

MPXV infection share many similar clinical characteristics with smallpox, but has differential
characteristics such as lymphadenitis - especially in the cervical, submandibular, and inguinal
regions [7]. MPXV infection typically takes 5 to 21 days to incubate before showing symptoms
[25]. The disease itself is self-limiting, yet might cause serious illness and even death in several
circumstances such as during pregnancy and immunocompromised conditions [22]. Clinical
manifestations of MPXV have been found to vary in terms of their severity based on factors
including age, gender, and immunization status [26].

Although most cases of mpox in the current outbreak are mild, severe illness as well as
atypical and unusual clinical manifestations can occur in some people. The most common
manifestations are fever and skin lesions. Yet, some patients may acquire severe manifestations,
involving complications across many body systems, which might prove fatal. Fever, vomiting,

Page 2 of 10



2
3
=
<
3
o
>
3
&

Ahmed et al. Narra J 2023; 3(1): e104 - http://doi.org/10.52225/narra.v3ii.104

malaise, conjunctivitis, and lymphadenopathy are prodromal signs. Nevertheless, several life-
threatening consequences such as bronchopneumonia, vision-threatening keratitis,
encephalitis, secondary bacterial infections, epiglottitis, acute renal damage, proctitis, and
myocarditis have been reported [27,28].

A pictorial depiction of the clinical manifestations and pathology of MPXV in mpox
patients is presented in Figure 1.
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Figure 1. Clinical manifestations and pathology of monkeypox virus infection in affected
patients.

MPXYV infection is divided into two main phases: (1) the prodromal phase, which develops
4-17 days after viral exposure and lasts 0—3 days, and is characterized by swollen lymph nodes,
fever, headache, chills, weariness, back pain, and muscular aches; and (2) the rash phase, which
appears 3 days following the start of prodrome symptoms and lasts 7-21 days [29-32].
Typically, mpox has distinguishing lesions [15]; it is a painful or pruritic maculopapular rash
that evolves into a vesiculopustular lesion. The rash is roughly the same size, well-
circumscribed, and can spread, but usually concentrates more on the face and extremities. The
conjunctiva, oral mucosa, genitals (30%), and extremities such as the palms and soles of the feet
are also affected. In 10 days or less, the lesions often develop from the stage of macules through
papules, vesicles, pustules, crusts, and scabs before falling off, and a new layer of skin or mucosa
will be formed underneath [30,31,33]. The person is deemed contagious from the time of illness
until all lesions have crusted over [34].

Additionally, studies have shown that MPXV infection also causes neurological symptoms,
ranging from non-specific ones such as headache and myalgia to more uncommon ones such as
seizures and encephalitis [35,36]. Unfortunately, the psychological effects or psychiatric
manifestations associated with MPXV infection are still not well identified [14,37—39]. Special
attention on how the MPXV might affect mental health is warranted as the WHO recently urged
people to concentrate their attention on issues with mental health and suicide avoidance during
disease epidemics [25,40].

It is also important to raise awareness about abnormal symptoms of the illness. For
instance, the skin lesions are solely present at the site of sexual organs with the absence of
prodromal symptoms [16,41,42]. Moreover, laboratory findings associated with mpox are still
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unclear as compared to smallpox in which thrombocytopenia and thrombocytopenia are
obvious [43]. Furthermore, studies point to a link between MPXV infections and heart
inflammatory disorders. It is important to not disregard chest pain in MPXV infected patients
and to do a thorough examination to rule out myocarditis [4,44].

Acute renal injury, myocarditis, sepsis pneumonitis, eyesight-threatening Kkeratitis,
encephalitis, secondary bacterial infections, and conjunctivitis with corneal scarring, are among
the severe sequelae-associated complications with MPXV infection. A patient’s prognosis is
based on the existence or absence of severe consequences, which rely on several variables, such
as prior immunization status, baseline health state, and the occurrence of concomitant
disorders and comorbidities [30,45,46].

It is critical to note that mpox cases may be mistaken for more commonly observed
infections, including herpes simplex, molluscum contagiosum, varicella zoster, or sexually
transmitted infections due to lesions in the vaginal and perianal regions [33]. Complex, atypical
and unusual disease presentation along with asymptomatic MPXV infections reported amid the
2022 mpox outbreaks urges for enhancing prevention and control measures [40,47,48].

Myocarditis and its challenges

For a long time, myocarditis was thought to be caused by smallpox, a virus that is quite similar
to MPXV but is much deadlier. Moreover, post-vaccination myocarditis and myopericarditis,
both as cardiac consequences of smallpox immunization, have been described since the 1950s in
Europe. Since the MPXV is closely related, it is reasonable to assume that it too may exhibit
tropism for myocardial tissue or may cause immune-mediated harm to the heart [49,50].
Myocarditis has also been reported after receiving a smallpox vaccination, wherein virus
replicates during vaccinia-based vaccinations in children and adolescents; consequently, the
cardiac involvement of Orthopoxvirus infections has been documented [51,52]. Several case
reports have revealed detailed symptoms that suggest clinically suspected myocarditis following
the coronavirus disease 2019 (COVID-19). However, there have been limited cases of
histologically confirmed myocarditis, and direct viral myocarditis caused by SARS-CoV-2 that
has not been verified but is presumed based on epidemiological circumstances [44,53].

It is challenging to establish a myocarditis diagnosis because of its heterogeneous clinical
findings and histological forms. Clinical findings and noninvasive procedures may be used to
diagnose clinically suspected myocarditis, including echocardiography, electrocardiogram, and
typical cardiac magnetic resonance (CMR) abnormalities [44]. Myocarditis is associated with
ongoing or recurring symptoms and indicators of damage to the heart muscle. Both acute
myocarditis and chronic inflammatory cardiomyopathy can result in ongoing or recurring
symptoms and elevated indicators of heart muscle damage. In severe cases, myocarditis can
lead to heart failure, cardiogenic shock, or other complications such as ventricular arrhythmias
or high-degree atrioventricular block [54].

The prognosis of myocarditis mainly depends on the etiology and disease stage. Acute
myocarditis is either recovered in a few weeks or worsens into persistent cardiac dysfunction
and chronic inflammatory cardiomyopathy. Moreover, it might progress to fulminant
myocarditis, with hemodynamic compromise and the need for cardiovascular support [55].

Myocarditis in mpox patients: the evidence

On March 12, 2023, we searched three databases (Scopus, Google Scholar, and PubMed) to
obtain evidence on myocarditis in mpox patients. The search terms utilized were ("monkeypox"
OR "monkeypox virus" OR "mpox") AND ("myocarditis" OR "pericarditis"). Two authors (SKA
and MGM) selected the articles based on the titles and abstracts, followed by a screening of the
full texts. Regardless of research design, language, or location, any article discussing
myocarditis or myopericarditis of mpox in 2022 and 2023 were included. The detailed of the
cases are presented in Table 1.
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Table 1. Characteristics and outcomes of patients with myocarditis related to mpox and summary of pooled data from included published research papers have been reported
in the literature (n=12)

Author/Year of Shaik et al. Rodriguez- Brouillard et Tan et al. Pinho et al. Guerrero et al. Dumontetal.  Luis etal Krainin et al. Total
publication (2022) [56] Nava et al. al. (2022) [49] (2022) [57] (2022) [44] (2023) [58] (2022) [50] (2023) [59] (20223) [60]
(2022) [4]

Country USA USA Canada Canada Portugal Spain France Puerto Rico  USA
Study design Case report Case series Case report Case report  Case report Case report Case series Case report Case report
Sample size 1 2 1 1 1 1 3 1 1
Age (year) 51 32 and 37 34 40 31 40 21, 25 and 32 21 31 32.9 years
Gender Male Male Male Male Male Male Male Male 100% male
Days to symptom 7 15 and 13 3 12 8 14 6, 5and 10 9 NR 8.4 days
onset
Presenting Chest pain Chest pain Chest pain, Chest pain  Chest pain Chest pain Chest pain Chest pain, Chest pain, Chest pain,
symptom dyspnea dyspnea dyspnea dyspnea
Treatment NSAIDs, Tecovirimat, Tecovirimat, NR NSAIDs Tecovirimat, Tecovirimat, Aspirin Tecovirimat,

colchicine, supportive ACE inhibitor, NSAIDs, bisoprolol, supportive

aspirin, care NSAIDs colchicine ramipril care

nitroglycerin
Follow-up (day) 7 10 and 4 10 25 7 6 30, 4 and 30 5 NR 12.5 days
Outcome Recovered Recovered Recovered Recovered  Recovered Recovered Recovered Recovered Recovered 100% recovered

NSAID: non-steroidal anti-inflammatory drug, NR: non reported
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A total of nine studies with 12 mpox patients were examined. Four cases were from USA
[4,56,60], three from France [50], two from Canada [49,57], one from Portugal [44], one from
Spain [58], and one from Puerto Rico [59]. The patients' mean age was 32.9 years, with a range
of 21 to 51 years, and all patients in these studies were male. The average time to symptom onset
was 8.4 days, and chest pain was the primary symptom in all patients. Various medications,
including NSAIDs, colchicine, aspirin, nitroglycerine, tecovirimat, and ACE inhibitors, were
used to treat the patients. The follow-up period ranged from 4 to 30 days, with an average of
12.5 days, and one study did not provide follow-up data. All patients revealed recovery from
their symptoms.

Rodriguez-Nava et al. noted that two mpox patients registered complain of chest pain,
dyspnea, and elevated cardiac biomarkers, whereas echocardiography was normal without wall
motion abnormalities [4]. A case report presented three cases of MPXV infection and suggested
an association between MPXV infections and cardiovascular inflammatory sequelae [50].
Another case report showed that acute myocarditis affected an adult man with a confirmed
MPXYV infection after the eruption of skin lesions and myocardial inflammation was proved by
cardiac magnetic resonance study [44]. Moreover, Sayad et al. mentioned in their systematic
review that seven confirmed mpox cases had different cardiac complications, including
pericardial effusion, pericarditis, myopericarditis, and acute myocarditis [61]. In addition,
Thornhill et al. mentioned two incidences of self-limited myocarditis in mpox patients that
cleared up in seven days without significant complications [62].

Myocarditis in mpox patients: The possible pathogeneses
Myocarditis is an inflammation of the myocardium that can lead to dilated cardiomyopathy,
acute arrhythmia, and heart failure. Outcomes may vary depending on the type of myocarditis,
with acute myocarditis often improving within a few weeks, chronic inflammatory
cardiomyopathy requiring long-term treatment, and fulminant myocarditis requiring
circulatory support measures due to severe hemodynamic impairment [45,63]. Myocarditis is
known to be caused by viruses such as adenovirus, parvovirus B19, HIV, or enterovirus [50].

Histopathologic investigation of samples from viral vaccine recipients who developed
myocarditis revealed no evidence of direct viral infection of the myocardial cells, leading some
researchers to speculate that the disease is actually an autoimmune response [49,62].
Lymphocytic myocarditis with myonecrosis is the predominant pathogenesis of viral
myocarditis, which typically manifests itself 10—-14 days after infection and may be self-limiting
or progress to fulminant myocarditis. Myocardial fibrosis, cardiac failure, and dilated
cardiomyopathy are hallmarks of the non-infectious chronic phase of viral myocarditis.

The pathophysiology of MPXV-induced myocarditis remains undetermined due to the
rarity of human cases of mpox-associated myocarditis. Most of the symptoms in myocarditis are
moderate and self-limited; serious complications, such as dilated cardiomyopathy, are rare [64].
MPXYV infection of cardiac muscle cells is a proposed mechanism for the development of
myocarditis in mpox patients. The virus is able to infect a variety of host cells, including cardiac
myocytes, which can result in inflammation and damage to the heart muscle tissue, ultimately
leading to cell death.

An immunological response to the virus is another probable explanation for the
development of myocarditis in mpox patients. When the immune system identifies a viral
infection, it releases cytokines and other inflammatory mediators, which can lead to myocarditis
[65]. In severe cases, the immune response can become uncontrollable and trigger a cytokine
storm, resulting in an extensive tissue damage, including heart muscle injury [65].

In conclusion, the development of myocarditis in mpox patients is believed to entail both
direct viral infection of the heart muscle cells and an immune-mediated response to the virus.
Therefore, additional research is required to acquire a comprehensive understanding of the
mechanisms behind the development of myocarditis in mpox patients
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Conclusion and future prospects
The resurgence of mpox as a major threat to public health emphasizes the importance of
maintaining high vigilance and investing in infectious disease research and response
capabilities. It is critical to be ready to respond swiftly and effectively to such threats in order to
reduce the impact they have on human health and well-being, as more outbreaks of emerging
viruses and other diseases are predicted to occur in the future. Mpox has established itself as a
global public health problem with its peak of outbreaks in 2022 revealing dynamic
epidemiology and rapid spread to a large number of countries where it was not endemic.
Myocarditis is just one example of an unusual complication seen in mpox cases during
current outbreak, highlighting the need for conducting more researches and developing
effective vaccines and antiviral medicines along with adopting effectual infection prevention
and control measures. Chest pain in an MPXV-infected patient should never be underestimated
and there is need to always elicit early myocarditis investigations. It is important to investigate
for MPXV infection in the differential diagnosis of myocarditis particularly during mpox
outbreaks and incidences. Investigations on the pathogenesis and clinical features of mpox,
such as the virus's ability to cause myocarditis are critical to be conducted.
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