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Abstract

Monkeypox (MPX) has become a global public health problem. This zoonotic viral disease,
characterized by rash, lymphadenopathy, and fever, used to be restricted to Central and West
Africa. However, recent outbreaks have increased its global reach. This study examined the
problems and opportunities for MPX control. Articles published from 2013 to 2023 were
included in this investigation while excluding the ones that were unavailable in the general
library or were only available in conference abstract form. MPX is transmitted through close
contact with infected animals. Medically proven, it can be tested with polymerase chain reaction
(PCR). Nonetheless, there is no specific treatment for this type of disease. Only supportive
measures can be taken in this regard, and smallpox vaccination offers some protection against
MPX. Accordingly, international financial support should be allocated to studies on this disease
in order to develop safer vaccines, take more holistic health approaches to prevent human-to-
human transmission, and put suitable surveillance systems in place.
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Introduction

The monkeypox virus (MPXV) is the cause of
monkeypox (MPX). This infectious disease is zoonotic
and transmissible between humans and animals and has
recently emerged as a major global public health concern.
Similar to smallpox, symptoms typically include fever,
headache, skin rash, lymphadenopathy, and blisters (1,2).
MPXV is a member of the genus Orthopoxvirus and the
family Poxviridae. Its genome is double-stranded DNA
(3,4). Rats, squirrels, and monkeys are among the animals
that can infect people with this virus. Close contact with
the bodily fluids of the infected animal, such as saliva, skin
sores, or mucous membranes, may cause MPX. Serious
side effects, such as pneumonia and sepsis, can arise from
severe infections (1).

The pathogen, found in West and Central Africa,
comprises two different genetic clades that cause disease.
Based on initial evidence, the Central African (Congo
Basin) clade results in more severe disease than the
Western clade. Currently, the Western clade is more
frequently observed in those who have come into contact
with the virus (2,3). The first recorded human case of MPX
occurred in 1970, although the initial cases of the virus were

reported in Africa in 1958. Due to recent reports of MPX
cases worldwide, the World Health Organization (WHO)
declared MPX a public health emergency of international
concern in 2022. According to a report from the WHO
in January 2023, 103 countries reported their first cases
of MPX. The United States, Brazil, Peru, Nigeria, Mexico,
Spain, Chile, Ecuador, Argentina, and Belgium were the
top eight countries with reported deaths linked to MPX
(4), the details of which are displayed in Figure 1.

MPX has become a significant international health issue
in the last few years. Now, more than ever, extensive and
comprehensive research is needed on this disease due to
the rising number of patients across numerous continents
and the WHO’s announcement of a state of emergency.
This review paper aims to provide a thorough and up-to-
date examination of MPX and associated challenges and
highlight some potential new directions for managing this
condition. This article will also discuss the epidemiology,
pathophysiology, diagnosis, therapy, and prophylaxis of
MPX, as well as an assessment of the current situation and
future possibilities for controlling the disease.

Pertinent articles on MPX published between January
2013 and December 2023 were sought in the PubMed,
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Figure 1. The Global Breakdown of Monkeypox Cases (A) and Deaths (B) per Nation as of January 2023. Note. The number of deaths is represented by the

size of each segment in the pie chart

Scopus, and Google Scholar databases. To facilitate this
process, several key terms were used, including MPX,
epidemiology, morphology, pathophysiology, treatment,
control, and complications of the disease. Overall, 83
preliminary articles were found as a result of this search.
For a more detailed analysis, articles were selected whose
full texts were provided free of charge. Therefore, out of
the 83 original articles, 53 full-text, open-access articles
were chosen for further examination. Articles published
solely as conference abstracts or those behind a paywall
for reading the full text were not included in this study.
This selection criterion was applied to focus on literature
that was easily accessible along with its complete content
to facilitate more in-depth analysis.

Epidemiology of Monkeypox Virus

In 1970, MPX was originally discovered in the Congo.
About 59 cases of this illness were documented in the
western and central parts of Africa in the 1970s. The death
rate of MPX has increased to 17%, making it especially
harmful for children under the age of ten. Three major

MPX epidemics occurred in the Democratic Republic of
the Congo between 2000 and 2015; around 760 cases were
confirmed by laboratory testing during this time (5). After
an almost 40-year hiatus, MPX has returned to Nigeria
since 2017, with thousands of cases mostly in the southern
areas (6).

Historical boundaries of MPX in central and
western Africa have recently been breached by a global
outbreak. Although young children were historically
more susceptible in Africa, the new epidemics have
affected a wider age group, including adults. Notably,
men have been disproportionately impacted in non-
African regions (7,8). While MPX outbreaks primarily
occur in Nigerian metropolitan centers, the disease is
predominantly prevalent in rural villages bordering the
equatorial rainforest in the Democratic Republic of the
Congo. This is likely due to increased human-animal
interaction (6,9). Research suggests that the diversity of
animal hosts that can be affected by MPX may explain
why outbreak patterns vary across different geographical
areas. This diversity increases the risk of indirect zoonotic
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transmission by aiding the virus in adapting to different
habitats (9).

According to a WHO report from 2022, 1284 cases
of probable MPX were reported in the Congo between
January and May (5). A few isolated instances have also
been documented in other nations, including the United
States, the United Kingdom, and Singapore, in addition
to the increasing number of cases in the endemic African
nations. Numerous cases that have been documented
in these nations include people who have visited or
interacted with animals brought from African regions
(10-12). For instance, human contact with dogs that had
come into contact with African rodents was linked to the
more than 70 cases of MPX detected in the U.S. in 2003.
In a similar vein, seven instances of MPX were reported
in the UK between 2018 and 2022, four of which involved
people who had returned from African nations (5,13). An
international outbreak of MPX began in 2022. The WHO
was notified of the first occurrences in May 2022. Then,
the number of afflicted people rose quickly. A significant
number of the initial cases were detected in people who
had attended a large LGBT +gathering in the Spanish
Canary Islands. The disease rapidly spread across several
European nations as a result of this incident. However,
through close personal contact, MPX eventually spread
locally in many nations (14-17).

Morphology and Pathogenesis of Monkeypox Virus

The mature virion of MPX has a unique and complex
structure. A dumbbell-shaped double-stranded DNA
genome comprises the viral core. All of the genetic
information required for viral survival and replication
within the host cell is encoded in this genome. In addition
to 30 membrane-bound and structural viral proteins,
MPX virions contain vital enzymes needed for genome
replication, including DNA-dependent RNA polymerase
that the virus encodes. The genome of the virus consists
of 197,000 base pairs. Inverted terminal repeats, essential
for genome packaging and replication, are present in
its structure. Furthermore, there are over 190 non-
overlapping open reading frames in the genome. The
assembly of full virions and the replication of the virus
depend on at least 90 of these open reading frames (18,19).

The nose, mouth, and skin are the three possible entry
points for the MPXV, which can then multiply there.
The virus then travels to nearby lymph nodes and can
potentially spread to other organs afterward (20,21).
MPXV is an exception to the rule that most DNA viruses
replicate in the cell nucleus, instead choosing to do so
in the cytoplasm. Its replication depends on particular
proteins (19).

Endocytosis and membrane fusion are two ways in
which MPXV might enter cells. Furthermore, the two
varieties of MPXV have different envelopes and surface
proteins that affect how the virus enters and exits cells.
Additionally, compared to strains found in West Africa,
MPXYV strains detected in Central Africa typically induce
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a more severe illness (21).

The host cell’s cytoplasm is where immature virions
(IMVs) are created following DNA replication,
transcription, and translation. IMVs can mature into
enveloped virions (EEVs), which are transported by
microtubules to the cell surface and then released.
Occasionally, the infected cell may lyse and release the
virions. Some EEVs have the ability to transform into
cell-associated EEVs once they attach to the cell surface.
These virions can use actin filaments to move to adjacent
cells (22,23).

Such a cytokine storm can develop in the most serious
manifestations of MPX viral infection as an overwhelming
inflammatory event. Available evidence indicates that
the response against MPX could involve both type 1 T
helper (Th1) and Th2 varieties; under certain conditions,
a more pronounced Th2 response might overshadow
the Thl response. The Th2 response, for instance, is
characterized by the secretion of various cytokines,
including interleukin-4 (IL-4), IL-5, and IL-6, which are
important for humoral immunity and inflammation.
Similarly, increased levels of the anti-inflammatory
cytokine IL-10 have also been observed, which may be
implicated in the downregulation of the Th1 response that
is equally essential in intracellular pathogen responses,
such as viruses. On the other hand, Thl-associated pro-
inflammatory cytokines, such as tumor necrosis factor-a,
interferon-gamma, and IL-2, would typically be low in
these instances, reflecting the type of shift in immune
balance. This shift in immune responses may play an
important role in the severity of the disease and the
incidence of complications such as organ failure in severe
cases. Prior infection with MPX has once again proven to
lead an individual to respond in a more regulated manner
during subsequently occurring infections (24).

Clinical Manifestations
Diagnosis

Clinically, smallpox and MPX are comparable viruses.
This disease typically takes 7-14 days to incubate in
humans, although it can take anywhere from 4 to 21 days
(2).

Abrieffebrile phase (averaging 8 days) precedes MPX.In
addition to a fever, individuals may experience headaches,
backaches, and muscle aches during this period. They
can feel weakness, exhaustion, and perspiration. A rash
can develop on any region of the body, including the
face, lips, hands, feet, chest, genital area, anus, and even
the area surrounding the eyes, following this brief fever
period, which typically lasts one to three days. The
lesions on the skin begin as flat macules and then grow
into small papules. Small blisters emerge as a result of the
clear fluid that fills these bumps. These blisters eventually
evolve into pus-filled pimples as the fluid inside them
becomes cloudy and yellow. These acne lesions ultimately
dry up, crust over, and heal when the crusts fall off. At
this point, the individual is no longer able to spread the
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illness to other individuals. Severe MPX is more common
in those with compromised immune systems. The most
frequent side effect of this illness is scarring at the site
of skin lesions. Research has, however, demonstrated
the possibility of more severe side effects, including
encephalitis, pneumonia, respiratory issues, and eye
infections. Untreated eye infections can lead to corneal
ulcers and even blindness (Figure 2) (2,11,14,20,25-28).

Despite the apparent similarities between smallpox
and MPX, a crucial clinical indicator for distinguishing
between the two illnesses is lymphadenopathy, which is
present in 90% of MPX cases. Swollen lymph nodes in
the neck, groin, and beneath the chin are some of the
most important indicators that differentiate MPX from
related skin conditions, such as smallpox and chickenpox
(Figure 2) (29).

MPX canlead to severe gastrointestinal issues, including
vomiting and diarrhea, in addition to skin lesions. These
symptoms may cause dehydration, low blood protein
(albumin), and nutritional problems. These individuals
may occasionally require intravenous infusions due to
fluid and nutritional loss (29).

A precise diagnosis of MPX is necessary for choosing
the best course of therapy and preventing the infection
from spreading, as the clinical symptoms of smallpox,
chickenpox, and MPX are extremely similar. We
need to be aware of the subtle variations in the clinical
manifestations of smallpox, chickenpox, syphilis, and
chancroid to differentiate MPX from these related
illnesses. Electron microscopy can also be useful in this
context (30).

Although clinical indicators can aid in distinguishing
MPX from other skin conditions, a conclusive diagnosis
necessitates specific laboratory tests, such as enzyme-
linked immunosorbent assay (ELISA), serology, and
others, which are discussed in detail in the following
section (2,30).

Using immunohistochemical staining, it is possible to

Fever Headache

distinguish between infections caused by the varicella-
zoster virus (VZV) and herpes simplex viruses (HSV-1
and HSV-2). Certain antibodies do not react with HSV or
VZV, but they can specifically detect the MPXV. Similarly,
some antibodies only recognize the VZV and HSV viruses
instead of reacting to the MPXV. Furthermore, some
antibodies assist in the diagnosis of MPX by identifying
specific antigens of the virus (30).

Certain immunoglobulin M and G antibodies can be
found in the blood of MPX patients using ELISA. Usually,
5-8 days following infection, these antibodies begin to
appear in the blood. However, this test may yield false
positives due to cross-reactivity between the antigens of the
MPXYV and other poxviruses. Moreover, considering that
the virions of the MPXV are morphologically identical,
diagnosing the infection with electron microscopy is not
always possible (18,20).

A number of techniques, including polymerase
chain reaction (PCR), reverse transcription PCR,
loop-mediated isothermal amplification, recombinase
polymerase amplification, and restriction fragment length
polymorphism, are commonly used in the molecular
diagnosis of MPX. These techniques utilize specific viral
genes as markers to aid in identifying the virus. These
methods often aim to amplify the genes PRO18, B6R, E9L,
and several other genes (18, 31).

Monkeypox Virus Therapy

There is currently no approved medication for the
complete recovery from MPX. Nonetheless, this illness
typically resolves on its own with little to no intervention.
As a result, most current treatments focus on managing
and alleviating the patient’s symptoms. The primary
course of treatment for MPX is supportive care, which may
include medications to treat secondary bacterial infections
and reduce fever and pain. However, some individuals
may require more extensive treatment, including those
with weakened immune systems, expectant mothers, and

Rash Pneumonia

lymphadenopathy

Conjunctivitis

Figure 2. Important Signs and Symptoms of Monkeypox
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children (32).

Even though MPX can be extremely dangerous,
managing symptoms is now the main focus of treatment.
To address this illness, researchers are seeking novel
medications. Given the many similarities between
smallpox and MPX, researchers have explored antiviral
medication used for smallpox to treat MPX. These
research findings suggest that effective therapies for
MPX may soon be developed. Medications such as
cidofovir, brincidofovir, and tecovirimat are often used
by researchers to investigate and treat orthopoxvirus
infections (33), the details of which are presented in
Table 1.

Tecovirimat can be obtained as an injectable or as an
oral capsule containing 200 mg. The Centers for Disease
Control states that this medication is authorized for use
in treating MPX in the U.S. Antiviral medications such
as cidofovir and brincidofovir can be utilized as well.
The U.S. Food and Drug Administration has approved
these medications for the treatment of smallpox and
cytomegalovirus infections (32).

Immunoglobulins have been demonstrated in
numerous studies to be highly effective against viruses.
Consequently, many viral infections are currently
being treated with this particular therapeutic approach.
Immunoglobulins are frequently utilized in the injection
of rabies immunoglobulin for individuals who have been
bitten by dogs (35).

Intravenous vaccinia immunoglobulin (VIGIV) has
been licensed by the U.S. Food and Drug Administration
for managing smallpox vaccination-related issues.
Furthermore, a protocol for using VIGIV in treating
illnesses such as MPX has been proposed by the Centers
for Disease Control. Nevertheless, further research is
needed to determine how effectively this medication treats
MPX. As a result, not all individuals with MPX should use
this medication. Nonetheless, the use of VIGIV might be
recommended for individuals with compromised immune
systems who have been exposed to the illness (36).

It is crucial to precisely identify the specific components
of the virus (antigens) that activate the immune
system (immunogens) in order to utilize antibodies
in the treatment or prevention of viral illnesses. This
comprehensive knowledge is still lacking in the case
of the smallpox virus and its close relatives, such as the
MPX virus. However, research has indicated that the body
may be somewhat protected against severe MPX disease
by antibodies produced against the IMV (LIR) portion
of the virus. According to another research report, a
combination of various IMV and EEV virus components

Monkeypox: global challenges and future directions

(LIR, A27L, A33R, and B5R) can significantly enhance
protection against this illness. These findings suggest that
these viral components may serve as excellent targets for
the development of novel vaccines and antibodies that
provide defense against MPX and other closely related
viruses (35).

Prevention and Vaccination of Monkeypox Virus
Control techniques (e.g., avoiding contact with infected
hosts, cleaning surfaces, isolating sick patients, using
protective gear when providing patient care, fully cooking
food, and engaging in safe sexual behavior) are advised to
stop the spread of the MPXV (33,37).

The management of MPX includes raising public
awareness, educating the public, assessing the effectiveness
of vaccinations, and implementing hygienic controls to
contain sick animals. The effectiveness of vaccination
in preventing and controlling the disease is being
investigated through ongoing clinical trials. Important
control techniques include quarantining contaminated
animals and implementing targeted immunization
programs for high-risk groups (38).

Smallpox, cowpox, vaccinia, and MPXV are part of
the Poxviridae family of viruses, which share numerous
genetic and antigenic similarities. Due to these parallels,
vaccination against one of these viruses or infection with
another can protect against other members of the same
family (39).

The smallpox vaccine (Vaccinia) can reduce cases of
severe MPX by around 85% and significantly prevent
smallpox and MPX. However, at the moment, there is not
enough vaccine. This vaccination comes in two primary
varieties (MVA and ACAM2000). As a second-generation
vaccine, the MVA vaccine has demonstrated robust
immunogenicity and a good safety profile across various
groups, including those with weakened immune systems.
In contrast, due to the possibility of more serious side
effects, the ACAM2000 vaccine is used less frequently.
While both vaccines have the capacity to elicit potent
immune responses, there are differences regarding their
administration and safety and how long it takes for an
immune response to develop (40,41).

Prioritizing vaccination for high-risk groups, such as
healthcare workers, immunocompromised individuals,
and children, is crucial due to the limited supply of
vaccines. These populations face a higher risk of severe
illness and death, which is why they receive priority.
MVA is recommended for pregnant women because of
the potential dangers associated with live vaccinations.
While pre-exposure vaccination is effective, post-

Table 1. An Overview of Antiviral Medications Authorized by the FDA and Their Mechanism of Action in Blocking the MPXV

Drug Therapy ~ FDA Approval Status ~ Mechanism of Action References
Cidofovir Yes (CMV) Preventing the replication of viral DNA by inhibiting viral DNA polymerase (34)
Tecovirimat Yes (Smallpox) Inhibiting the production of infectious virus particles by blocking the viral protein VP37 (34)
Brincidofovir  Yes (Smallpox) Functioning as a prodrug that inhibits viral DNA polymerase after being transformed into cidofovir (34)

Note. FDA: The U.S. Food and Drug Administration; MPXV: Monkeypox virus; CMV: Cytomegalovirus.
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exposure vaccination can also be administered promptly
(within four days). Furthermore, ring vaccination-
vaccinating those in close contact with patients-can be
highly beneficial for epidemic control, along with quick
diagnosis and patient quarantine (41,42).

Challenges and Future Research Directions

The recent outbreak of the COVID-19 has caused
numerous concerns for the government and healthcare
providers. The recent outbreak of MPX in areas where
it is not endemic underscores the importance of being
prepared for the unexpected. Infection control relies on
the early and accurate diagnosis of the illness, but this has
been compromised by misdiagnosis and varying clinical
presentations in different geographical areas (43,44).
Regarding direct healthcare costs (hospitalization, doctor
visits, medical supplies and drugs, and quarantine), a
significant portion of the financial burden caused by a
viral pandemic is spent here (45). Fears, misinformation,
negative social stigmas, and cultural discrepancies all
primarily contribute to why individuals receive no
immunizations or medical care. Furthermore, in poorer
countries, doctors, due to a lack of training and know-
how, may not recognize serious signs of disease or
prescribe the necessary medication (46).

The MPX pandemicrequires new and targeted therapies.
Researchers are attempting to find treatments that
specifically target the chemicals responsible for its spread.
Biomarkers can serve as indicators to help pinpoint these
drugs and develop even stronger medicines. Furthermore,
due to the close relationship between smallpox and MPX,
understanding smallpox pathophysiology could lead to
new therapies for MPX (33).

The clinical similarities between smallpox and MPX,
although genetically distinct, have allowed for the
creation of new antiviral therapies. Researchers are
working to discover new biomarkers for MPX that
might serve as targets for therapy. For example, there is
the protein interferon-gamma and a compound called
thymidine kinase that have been found in many studies
to be associated with both diseases. If these biomarkers
are targeted, drugs can be developed that directly alter the
pathogenic mechanisms of the virus. In other words, the
study of smallpox can lead to a better understanding of
MPX and therefore more specific and effective treatments
for this disease (33,47). Nanotechnology provides
innovative approaches to the synthesis of antiviral
medications by modifying the characteristics of materials
at a very small scale. Studies have demonstrated that by
disrupting the viral replication cycle and strengthening the
immune system, silver nanoparticles (NPs) can effectively
treatillnesses such as MPX. Research findings indicate that
silver NPs can stop the spread of viruses by attaching to
infected cells and interfering with the metabolic processes
of the virus, even though the precise mechanism of action
of these particles is not entirely understood yet. In light
of these discoveries, it is anticipated that silver NPs and

other comparable NPs will be crucial in the future for
managing viral infections (33,48).

The most pivotal first step in addressing viral challenges,
such as MPX, would be to create the next generation of
vaccines based on advanced technologies and platforms.
Furthermore, mRNA vaccines, which have performed
exceptionally well in the case of COVID-19, are promising
in terms of fast, flexible, and efficient development for
a wide range of diseases, including poxviruses. These
vaccines assist the body against the virus by encoding viral
proteins that alert the immune system to the presence of
the virus. In addition, there is active research on DNA
vaccines and vaccines using viral vectors that could elicit
stronger immune responses and longer-lasting immunity.
The development of a pan-poxvirus vaccine that could
provide protection against a wide range of poxvirus
families is important, as it will prevent the emergence
of new diseases caused by this viral family. Additionally,
significant development potential exists for vaccine
adjuvants that could enhance and prolong protective
immune responses, substantially increasing vaccine
efficacy. Furthermore, studies related to the longevity of
vaccine protection and the need for booster shots would
be critical in achieving effective vaccination programs
(49).

In addition to vaccine development, there are also
innovative public health initiatives designed specifically
to mitigate outbreaks, such as that of MPX. It is essential
to implement more complex surveillance and early
detection systems, including cutting-edge technologies
such as wastewater surveillance for viral outbreaks in
communities. The development of rapid and accurate
point-of-care testing has been shown to facilitate quick
diagnostics and the implementation of appropriate
control measures. The use of smartphones can enhance
disease transmission control through improved contact
tracing and isolation measures. Moreover, enhancing
public participation and control of disease outbreaks
includes the rollout of well-crafted ‘vaccine’ and
misinformation countering public awareness campaigns
that are evidence-based and strategic. The other key
elements of public health strategies entail the formulation
of stockpiles of vaccines and antiviral agents in readiness
for potential epidemics, along with proper mechanisms
for the equitable distribution of vaccines, especially in
low-income countries (50).

Past pandemics have led to great advances in
biotechnology, increased funding for infectious disease
control, and significant upgrades to surveillance systems.
The public health system can better prepare for the future,
though with improved control measures, more research,
and more comprehensive studies on various aspects of
MPX (43). While several treatments for MPX exist, it is
unknown how well they work in general. To determine
the best approach, the National Institutes of Health
(NIH) is conducting a clinical trial (51). However, the
emergence of these viral diseases has focused attention on
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