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Abstract

During the post COVID-19 pandemic, monkeypox (mpox) has returned and become a significant concern for health. The epicenter of
clade I mpox is within the Democratic Republic of Congo (DRC) where two subclade consists of Ia and Ib are now in circulation and main-
tain their transmission from human to human. As of late 2024, worldwide mpox cases had surpassed 100,000 across 127 nations, with the
World Health Organization reporting over 260 fatalities. CDC recently reported that the spread of clade I is no longer limited to Africa,
highlighting its growing potential to become a pandemic. The World Health Organization (WHO) declared the disease an international
public health emergency on August 14, 2024. This undoubtedly raises the question of whether global outbreaks of mpox represent the onset
of another full-blown pandemic. Although Monkeypox can lead to other public health issues (especially in areas where it is not usually
endemic), it is unlikely to become a pandemic on the same scale as COVID-19. Moreover, it is more containable due to vaccine availability,
its transmission dynamics, and lessons learned from COVID-19. Nonetheless, it is still important to remain vigilant to prevent outbreaks
from spreading, particularly in vulnerable populations and regions with limited healthcare resources.

Keywords: COVID-19, viral infection, monkeypox, pandemic, vaccines

Introduction

Monkeypox virus (MPXV) causes the zoonotic
viral infection human monkeypox (MPX). As an or-
thopoxvirus, it is closely related to the agent of small-
pox, variola virus (Gong et al. 2022; Shchelkunova
and Shchelkunov 2022). Generally, MPXV causes a
self-limiting illness lasting 2 to 4 weeks, and the fatality
rate ranges from 1% to 11% and depends on the host’s
immune system, healthcare access, and viral clade
(Martinez-Fernandez et al. 2023).

In 2022, clade IIb mpox emerged throughout the
world with over 117,000 confirmed cases and 260
deaths being reported in 127 countries, with the ma-
jority of them that never had any contact with the
disease (Centers for Disease Control and Prevention
(CDC) 2025; World Health Organization (WHO)
2025). As per WHO updates (2024), several suspected
and confirmed mpox cases have been documented in
Central and Eastern Africa, mostly in the Democratic
Republic of Congo and adjacent nations, with ongoing
inquiries into clade I transmission (Centers for Disease
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Control and Prevention 2025; World Health Organiza-
tion 2025). By the end of 2024, there will be low-level
circulation of clade II mpox in the United States, with
fewer than 200 cases per month. It is worth noting that
most cases occur among unvaccinated or partially vac-
cinated individuals with JYNNEOS (Centers for Dis-
ease Control and Prevention 2025). There are ongoing
outbreaks of clade II that occur simultaneously with
clade 1 transmission worldwide. This demonstrates the
criticality of the mpox epidemiology evolution and its
prominent role in public health.

There are particular challenges related to the
re-emergence of monkeypox in both endemic and
non-endemic regions. It continues to spread global-
ly post COVID-19 pandemic, and this puts pressure
upon the already strained healthcare systems, which
also reveal the weaknesses in terms of preparation in
the world. Such combinations raise important ques-
tions about whether mpox will continue its role as an
endemic with occasional increases or whether it has
the potential to become a pandemic-level emergency.

The aim of this review, which is to investigate the
parallels and distinctions between COVID-19 and
mpox in terms of their origins and evolution, clinical
challenges, transmissions methods, in addition to ac-
cessibility to treatments and vaccines. Through inves-
tigating these dimensions, the review attempts to cap-
ture important lessons to improve preparations in the
future against emerging and re-emerging threats from
viruses.

Origins

The new coronavirus, SARS-CoV-2, which first
appeared in Wuhan, China, in late 2019, causes
COVID-19. It is thought that the virus has zoonot-
ic origins; it may have originated in bats and passed
through an intermediate host before infecting humans
(Ye et al. 2020). The virus spread quickly around the
world, partly because it could persistently infect even
asymptomatic people through respiratory droplets and
aerosols.

By contrast, the monkeypox virus, which is a
member of the Orthopoxvirus genus, causes mon-
keypox (Karagoz et al. 2023). In 1958, the virus was
first identified in research monkeys (hence the name).
However, it is predominantly found in rodents (Kara-
goz et al. 2023). In 1970, the Democratic Republic of

Congo reported the first-ever human case of the virus.
It is spread to humans through close contact with in-
fected animals or from other humans through respi-
ratory droplets, contaminated materials, and bodily
fluids. Monkeypox did not spread as fast or widely as
COVID-19 in the early stages (Bryer et al. 2022).

Structure and genome

The monkeypox virus (MPXV) is a large, dou-
ble-stranded DNA orthopoxvirus. Its major clades are
Clade I (Central Africa) and Clade II (ITa/IIb) (West
Africa). The recent global outbreak is mainly caused by
the Clade IIb lineage B.1, which stems from Nigerian
outbreaks between 2017 and 2018 (Centers for Disease
Control and Prevention 2025; World Health Organiza-
tion 2025).

Compared to SARS-CoV-2, MPXV has a signifi-
cantly different structure. SARS-CoV-2 is an enclosed
single-stranded RNA virus, much like all coronavi-
ruses. It is round, tiny (about 100 nm in diameter),
and coated with a porcupine-like sheath of spike (S)
proteins (Wang et al. 2020). Angiotensin-converting
enzyme 2 (ACE2) enables S proteins to bind to host
cells. This protein is ubiquitously expressed in organs
throughout the human body, ultimately leading to in-
fection (Ni et al. 2020; Zhang et al. 2021).

On the other hand, MPXV is a large virus, mea-
suring 220-450 nm. It is also enveloped and belongs
to the Poxviridiae family (Verma and Gangwar 2024).
Its double-stranded DNA genome is contained in a
core composed of enzymes that play a critical role in
facilitating replication and immune evasion (Verma
and Gangwar 2024). The virus that causes monkeypox
belongs to the Orthopoxvirus genus within the Pox-
viridae family. Only four pathogens (i.e., the vaccinia
virus, monkeypox virus, cowpox virus, and the extinct
variola virus, the causative agent of smallpox) have
supposedly infected humans within the Orthopoxvirus
genus (Elsayed et al. 2022; Kumar et al. 2022).

As with SARS-CoV-2, the surface proteins of
MPXYV enable the virus to enter host cells (Realegeno
et al. 2017). Nonetheless, poxviruses use 11-12 trans-
membrane proteins rather than a single protein to bind
to host cells. In turn, this likely causes glycosamino-
glycans or laminin on the cell surface to bind to one
another (Duchoslav and Boura 2023).
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Evolution and variants

The evolutionary implications of the discrepancies
between the genomes of SARS-CoV-2 and MPXV are
significant. RNA viruses can replicate haphazardly, as
seen with SARS-CoV-2. Replication errors are neither
detectable nor correctable by RNA polymerase, which
replicates the viral genome (Pachetti et al. 2020). In
contrast to other RNA viruses, Coronaviruses possess
an enzyme (exoribonuclease) that has some proofread-
ing capabilities (Wright et al. 2022). This does not com-
pletely prevent mutations in SARS-CoV-2, although it
can slow the process down (Khailany et al. 2020). Ran-
dom mutations consequently emerge and can replicate
rapidly if they promote viral fitness (Chen et al. 2020).
This was evident throughout the COVID-19 outbreak.
The SARS-CoV-2 Delta strain has dominated the pan-
demic scene in 2021. At the start of 2022, Omicron (a
strain that is highly contagious) became the dominant
variant, and now, all currently circulating variants are
related to Omicron (Kannan et al. 2021; Fernandes
et al. 2022). The high transmissibility of Omicron is
thought to be associated with a series of S protein mu-
tations that enable binding to ACE2 and help the virus
evade host antibodies (Vitiello et al. 2022).

RNA viruses mutate more freely and quickly than
DNA viruses such as MPXV. Compared to RNA vi-
ral replication, DNA polymerase and other enzymes
involved in DNA viral replication are more suited for
mistake correction and proofreading (Domingo et al.
2021). On average, Poxviruses mutate once or twice
a year. By contrast, the MPXV strain that spread in
2022 mutated 50 times, which is far more than the
strains identified in 2018-2019 (Desingu et al. 2022;
Yu et al. 2023). The mutations indicated that the virus
was spreading between humans in Europe and Africa
for many years prior to the 2022-2023 surge in cas-
es (Chakraborty et al. 2022). This is different from the
mutation patterns that are evident in SARS-CoV-2,
which are significantly associated with replication er-
rors that may become fixed in certain populations.

The double-stranded DNA virus monkeypox con-
sists of two genetic clades: the Central African (Congo
Basin) clade and the West African clade (Kugelman et
al. 2014; Altindis et al. 2022). These two clades occur
together only in one country, Cameroon, and are geo-
graphically divided (Nakazawa et al. 2015). Outbreaks
of the West African clade have been reported in several
neighboring countries, including Liberia, Nigeria, Si-
erra Leone, and the Ivory Coast. It has also been im-

ported into the USA from Ghana (Forni et al. 2023).
Meanwhile, the Central African clade has been iden-
tified primarily in Cameroon, Gabon, the Republic of
Congo, Sudan, the Central African Republic, and the
Democratic Republic of Congo (Velavan and Meyer
2022; Forni et al. 2023). It is important to note that
these two clades differ substantially, not just in terms of
geographical differences, but also in epidemiologic and
clinical characteristics. The Central African clade is en-
demic in the Democratic Republic of Congo, with over
2,200 cases reported each year. Thus, it appears to be
more prevalent than the West African clade (Forni et
al. 2023). Moreover, the Central African strain is likely
related to more severe disease and higher transmissi-
bility than the West African clade, the latter of which
tends to have a lower case fatality rate (CFR) of < 1%,
and there have never been any reported cases of hu-
man-to-human transmission (Forni et al. 2023).

On the other hand, the Congo Basin clade may have
a CFR of up to 11%, and reports have documented up
to 6 consecutive human-to-human transmissions. By
comparison, a comprehensive study found a substan-
tial difference in CFR between the West African clade
(4.0%; 95% CI: 1.9%-6.9%) and the Central African
clade (11.0%; 95% CI: 8.7%-13.7%) (Bunge et al. 2022).

The first genomic sequence of a case recently found
in Portugal was reported by Isidro et al. (2022). For
phylogenomic characterization and quick reconstruc-
tion, the scientists employed shotgun metagenomics.
Based on preliminary genetic evidence, the 2022 mon-
keypox virus is most closely related to the viruses that
moved from Nigeria to the UK, Israel, and Singapore
between 2018 and 2020. It is thought to belong to the
West African clade (Caria et al. 2022; Isidro et al. 2022).

Transmission

The respiratory virus SARS-CoV-2 can linger in
the air for minutes or even hours. It is transmitted
through virus-laden aerosols, which are tiny droplets
produced during breathing (Ranga 2021). An infection
can spread to other people if they inhale these aero-
sols. SARS-CoV-2 is particularly difficult to contain
because it spreads quickly through the air; one infect-
ed person can infect many others simply by breathing.
Furthermore, even if a person has no symptoms, they
can still transmit COVID-19 (Cevik et al. 2020; Patel
et al. 2020).
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MPXV is not a respiratory virus, even though it
can still be transmitted through saliva and respirato-
ry secretions (Venkatesan 2022). However, it is pre-
dominantly spread through direct contact with the
rash, scabs, or bodily fluids of an infected individual.
Alternatively, it can be spread congenitally or by using
objects/touching surfaces used by an infected person.
Nonetheless, the risk of contracting the disease by
bumping into someone or trying on clothes at a store
is relatively low.

Extended contact with clothing that had already
been handled by a person with prolonged contact with
mpox sores would be required to cause infection (Kaler
et al. 2022). Thus, the disease is more likely to be con-
tracted by living with an individual diagnosed with it,
where contact tends to be more regular and prolonged.
Furthermore, sexual contact can promote the transmis-
sion of the virus. In fact, this played a significant role in
the spread of the virus during the 2022-2023 outbreak
and continues to be a primary transmission route in af-
fected African countries (Sah et al. 2022; Venkatesan
2022). As MPXV is primarily spread through close,
prolonged contact, its transmissibility is much lower
than that of COVID-19.

Mpox global spread and mutation risk

Since 22" May 2022, transmissions between indi-
viduals have spread beyond Central and West Africa.
The initial outbreak was related to Clade IIb (B.1 lin-
eage), which has spread across the Middle East, Asia,
Europe, and America. Despite Clade I mpox cases be-
ing predominantly confined to Central Africa, increas-
ing genetic diversity and heightened mobility raise
concerns about potential dissemination. Ongoing ge-
nomic and epidemiological monitoring is thus import-
ant (Centers for Disease Control and Prevention 2025;
World Health Organization 2025)

Genomic surveillance reveals that the Clade IIb B.1
lineage has accumulated an unusually high number of
APOBEC3-associated mutations despite the slow mu-
tation rate of orthopoxviruses (Edet et al. 2023). This
aligns with human-to-human transmission. Recent
analyses have revealed enrichment of APOBECS3 signa-
tures in 2022-2025 sequences and documented co-cir-
culating sublineages within B.1 (Otieno et al. 2025).

In terms of Clade I (Ib), CDC has revealed low
overall diversity but clear APOBEC3-signature chang-
es in addition to ~1.1-kb deletion, meaning the loss

of complement-control protein gene (Jakobsdottir
et al. 2022). This is clade Ja—molecular indication of
adaption when it is transmitted between humans (Ja-
kobsdottir et al. 2022). In 2025, WHO reported the
rapid expansion of Clade Ib within East and Central
Africa (World Health Organization 2025).

Genomic surveillance reveals that the Clade IIb B.1
lineage has accumulated an unusually high number of
APOBEC3-associated mutations despite the slow mu-
tation rate of orthopoxviruses (Edet et al. 2023). This
aligns with human-to-human transmission. Recent
analyses have revealed enrichment of APOBECS3 signa-
tures in 2022-2025 sequences and documented co-cir-
culating sublineages within B.1 (Gaba et al. 2021).

Genetic variability and its implications
for evolution, transmission, and control

Despite slower evolution in DNA viruses than in
RNA viruses, MPXV has demonstrated accelerated
microevolution during sustained human-to-human
transmission. Analysis of genome isolates conducted
between 2022 and 2025 has revealed the significant
strength of the APOBEC3-mediated mutational sig-
nature (GA->AA, TC>TT), demonstrating that it is
capable of host-driven editing during replication in
humans (Delamonica et al. 2023). The mutations have
generated dozens of single-nucleotide polymorphisms
within lineage B.1, consistent with the hypothesis of
continuous adaptation to human hosts. The few piec-
es of evidence pertaining to intra-host diversity and
co-infection (=4-6%) have supported the notion of a
continuous evolutionary process (Delamonica et al.
2023; O’Toole et al. 2023).

The distribution and transmissibility are dependent
on clade-specific variability (Okwor et al. 2023). Clade
I and its Ib sublineage have reemerged in Central and
Eastern Africa, despite Clade IIB being the predomi-
nant strain in global outbreaks, with greater spread
and alleged higher transmission efficiency between
humans compared with historical trends (Okwor et al.
2023; Satheshkumar et al. 2025). The diversification of
this clade suggests the potential for distinct epidemio-
logical trajectories.

From an immunological perspective, most antigen-
ic regions targeted by smallpox vaccines remain highly
conserved. JYNNEOS (MVA-BN) has demonstrated its
efficacy in protection, with two doses providing 66% to
86% protection against symptomatic infection (Sultana
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et al. 2024; Taha et al. 2024). Breakthrough infections
remain especially common among partially vaccinat-
ed individuals, driven by vaccine escape resulting from
genetic drift that has not been determined (Papukash-
vili et al. 2022).

Antiviral resistance is the immediate challenge. The
prominent treatment, tecovirimat, targets the F13L
gene product (VP37), which is critical for viral egress.
Immunocompromised patients receiving long-term
therapy have revealed resistance-associated mutations
in VP37 (e.g., E353K and related substitutions), which
confer decreased susceptibility (Smith et al. 2023;
Chenchula et al. 2025). This highlights the need for
routine resistance genotyping to address persistent and
severe cases, in conjunction with the development of
other therapies.

In comparison, SARS-CoV-2 exhibits rapid anti-
genic evolution due to its vulnerability to RNA-depen-
dent RNA polymerase errors, short generation times,
and a large global host population. Since the end of
2022, Omicron and its sublineages have led the evolu-
tionary process (Telenti et al. 2022).

There is a noticeable increase of BA.2.86 (“Pirola”
that contains more than 30 spike mutations in com-
parison to its precursor of BA.2 (Esmaeilzadeh et al.
2024). JN.1, which is its descendant, has received a
further L455S receptor-binding domain (RBD) sub-
stitution. It maintains infectivity while enhancing
immune escape (Lu et al. 2024). Through early 2025,
the dominant strains worldwide are JN.1 and its deriv-
atives (e.g., KP.2) (Feng et al. 2025). Practical studies
have shown that these mutations have improved ACE2
receptor binding and resistance to neutralizing anti-
bodies, thereby balancing transmissibility and immune
evasion (Feng et al. 2025).

The epidemiological impact of this continuous ge-
netic turnover is clear: successive replacement waves
of Omicron sublineages, each an improvement over its
predecessors through enhanced immune escape (Shi-
raz and Tripathi 2023). SARS-CoV-2 has continuously
restructured its global presence, which is dissimilar to
MPXYV, that restricts to mainly clade-bound.

The effectiveness of vaccines was challenged but not
completely disproved. The latest vaccines in 2024-2025
target JN.1/KP.2 antigens. CDC data have revealed a
33% decrease in emergency visits, while hospitaliza-
tions among older adults have decreased by 45-46%
(Trilla et al. 2025). Despite the frequency of break-
through infections, it remains protective against severe
disease, and its efficacy against death has been main-

tained, demonstrating that spike variability has mini-
mal impact on the preservation of T-cell-mediated im-
munity (Riou et al. 2021). It is a different scenario from
mpox from a therapeutic standpoint. The spike drift
causes a widespread spread of monoclonal antibodies;
however, oral antivirals such as nirmatrelvir and ri-
tonavir maintain their general efficacy, as evidenced by
less prevalent resistant mutations at the current time
(Akinosoglou et al. 2022). Despite such positive de-
velopment, it is still essential to maintain continuous
monitoring.

The genetic implications necessitated the develop-
ment of tailored surveillance strategies. Priority should
be placed on clade-aware genomic monitoring and
mpox resistance testing. Meanwhile, variant tracking
and vaccine antigen updating are critical for SARS-
CoV-2. The two aforementioned scenarios highlight
the broader principle that, despite pathogens evolving
at different rates and scales, genomic surveillance must
remain central to outbreak preparedness.

Symptoms and disease severity

The symptoms of COVID-19 typically appear be-
tween 2- and 14-days following exposure to SARS-
CoV-2. These symptoms include fever, chills, sore
throat, headache, runny or congested nose, and loss
of smell or taste (Alimohamadi et al. 2020). For most
people, it takes a few days to a few weeks to recover,
though some experience longer-lasting symptoms
(long COVID) for more than 3 months (long-lasting
COVID) for more than three months. COVID-19 can
also be fatal, with over 7.75 million deaths reported
globally as a result of the disease since 2020. Nonethe-
less, there has been a decline in the death rate, which is
partially due to the accessibility of treatments and vac-
cinations (Yong 2021). A persons age, immunization
history, number of infections, the SARS-CoV-2 variant
responsible for the infection, and other factors can all
impact the risk of developing severe COVID-19 (Ali-
mohamadi et al. 2020; Yong 2021).

After exposure to MPXYV, it can take up to 3 weeks
for mpox symptoms to emerge (McFarland et al. 2023).
Although every case is different, the symptoms are of-
ten similar to those that are present in the early stages
of COVID-19 (e.g., headache, fever, and chills) (Yon
et al. 2023). Furthermore, mpox is clinically distinct
from COVID-19 because it typically presents with a
painful, itchy rash that spreads over the face, genitals,
and extremities (Maronese et al. 2023).
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Mpox typically subsides in 2-4 weeks, although
it can be quite serious and sometimes even fatal. The
type of MPXV causing the infection impacts the sever-
ity of the disease (clade I viruses (Li et al. 2023; Yon et
al. 2023). The severity of the disease is also influenced
by factors such as age (young children are more prone
to developing severe disease), health status (e.g., peo-
ple with HIV are at a greater risk of developing severe
mpox), and access to medical care and vaccinations
(Musuka et al. 2024).

Diagnosis

There are now quick antigen tests available, so any-
one may check their own COVID-19 status. However,
for COVID-19 diagnosis, nucleic acid amplification
tests (NAATs)—such as polymerase chain reaction
(PCR) assays—are generally more sensitive. These tests
can be performed at point-of-care settings, such as
pharmacies, or in labs. To identify SARS-CoV-2 RNA,
the assays isolate and amplify the viral RNA from
patient samples. Other NAATs may be used at home
(Yiice et al. 2021).

Testing using nucleic acid amplification can be spe-
cific for either monkeypox virus or orthopoxviruses.
NAAT, using real-time or traditional PCR, is necessary
for the definitive diagnosis of monkeypox virus infec-
tion (Altindis et al. 2022). It is recommended that skin
lesions be employed as clinical samples for laboratory
testing. This involves providing swabs of the lesion’s
surface or exudate, roofs from many lesions, or lesion
crusts (Jain et al. 2024). Paired acute and convalescent
samples are needed for serological testing for IgG,
which is usually detectable 8 days after symptom onset.
IgM antibodies for monkeypox virus usually become
detectable 5 days after symptoms first appear. None-
theless, it is important that a monkeypox diagnosis not
be based solely on the presence of antibodies in serum
or plasma (Stefano et al. 2023).

Prevention and treatment

When the COVID-19 disease first emerged, no
vaccines were available. This was because the virus was
new and only discovered in late 2019. However, several
vaccines have now been approved for use in the USA.
The COVID-19 vaccine, approved by the U.S. Food
and Drug Administration (FDA), protects individuals

against severe disease and hospitalization. It can be ad-
ministered to people aged six months and over (Wang
et al. 2021). Several antivirals (e.g., Paxlovid) have also
been developed to treat COVID-19, although they can
only be effective if administered within 5 days of symp-
tom onset (Hashemian et al. 2023).

In the early months of 2020, when COVID-19 ini-
tially appeared, there were no vaccines available. How-
ever, this is not the case with mpox, as vaccinations
are already available. The most popular vaccine is live
attenuated and sold under the trademark JYNNEOS.
In addition to preventing mpox in people aged 18 and
over, JYNNEOS was developed to prevent smallpox
(Behera et al. 2023). The manufacturer of JYNNEOS,
Bavarian Nordic, is presently examining the vaccine’s
safety and effectiveness for use in children and adoles-
cents (2-12 years old) (12-17 years old) (Poland et al.
2022).

Individuals who have previously been vaccinated
against smallpox may have some protection against
monkeypox (Simpson et al. 2020). Nonetheless, as the
original smallpox vaccines no longer exist, it is unlikely
that individuals aged < 40-50 years will have been vac-
cinated. In 2019, JYNNEOSTM (also known as IMVA-
MUNE, IMVANEX, and MVA-BN) was approved by
the US FDA for use in adults aged > 18 years with a high
risk of severe smallpox or monkeypox. Furthermore,
this vaccine has also been approved for use in Europe
to protect against smallpox. It has also been used in the
United Kingdom on an off-label basis against mon-
keypox. Another vaccine used to prevent smallpox is
ACAM2000’, which was licensed by the FDA in August
2007 and can be used to prevent smallpox in individ-
uals at high risk of infection. The Centers for Disease
Control and Prevention have emergency access to in-
vestigational new drugs. They also permit ACAM2000°
to be used to protect individuals against non-variola
Orthopoxvirus infections (including monkeypox).

Treatment and outcomes

At present, no highly effective treatments have
been developed for SARS-CoV-2. However, some drug
classes used include antiviral agents, anti-inflammato-
ry agents, plasma, low-molecular-weight heparins, and
hyperimmune immunoglobulins. Clinical researchers
are testing several potential treatments based on the
pathological features and different clinical stages of
COVID-19. Antiviral agents have been shown to pre-
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vent disease progression in the early stages of SARS-
CoV-2, and immunomodulatory agents combined
with antivirals may lead to better clinical outcomes in
patients with severe COVID-19.

At present, no highly effective treatments have
been developed for SARS-CoV-2. However, some drug
classes used include antiviral agents, anti-inflammato-
ry agents, plasma, low-molecular-weight heparins, and
hyperimmune immunoglobulins. Clinical researchers
are testing a number of potential treatments based on
the pathological features and different clinical stages of
COVID-19. Antiviral agents have been shown to pre-
vent disease progression in the early stages of SARS-
CoV-2, and immunomodulatory agents combined
with antivirals may lead to better clinical outcomes in
patients with severe COVID-19 (Bloch et al. 2022).

Although monkeypox tends to be a self-limiting
disease, some individuals have a higher risk of devel-
oping more serious illness or even dying from the dis-
ease. Such individuals include newborns, children, and
those with underlying immune deficiencies (Hasan and
Saeed 2022; Singhal et al. 2022; Zardi and Chello 2022).

Severe monkeypox can lead to a number of compli-
cations, including skin infections, pneumonia, altered
sensorium, and eye infections (which can ultimately
cause vision loss). A systematic review performed be-
fore the current outbreak revealed an overall CFR of
approximately 8.7%. Nonetheless, the findings also re-
vealed that CFR differed across regions, ranging from 0
to 11%. It is possible, however, that this figure is over-
estimated due to the limited surveillance in endemic
countries. Only one death was reported in the most re-
cent outbreak, and this occurred in Nigeria during the
second quarter of 2022. Meanwhile, the estimated CFR
was approximately 0.03% (1/3413).

Global impact and public health responses

COVID-19 has had a significant impact around the
world. In fact, the impacts have been unprecedented
in modern history. Millions of people have died as a
result of the pandemic, healthcare systems have been
overwhelmed, and many countries have experienced
rapid economic downturns. Many countries were un-
prepared for the scale of the virus and its rapid trans-
mission, which resulted in protracted lockdowns, travel
restrictions, and interruptions to daily life. The devel-
opment of variations such as Delta and Omicron made
it much more difficult to control the pandemic, despite

the record-breaking speed at which vaccinations were
produced.

The response to COVID-19 has involved a combi-
nation of public health measures, including widespread
testing, contact tracing, quarantine, social distancing,
and eventually, mass vaccination campaigns. Even
though COVID-19 vaccines were developed and ad-
ministered on an unprecedented scale, the global re-
sponse has been largely unequal, and significant dis-
parities have been seen in vaccine access between high
and low-income countries.

On the other hand, monkeypox outbreaks have
generally been more regionally contained, despite
alarming rises in cases in areas where the virus had
not previously been endemic. Monkeypox has not dis-
rupted the world as much as COVID-19, even though
it is dangerous, especially in immunocompromised in-
dividuals. The spread of monkeypox has been slowed
down in part by the limited human-to-human trans-
mission of the virus and the availability of smallpox
vaccination, which provides some protection against
the disease.

Most public health responses to monkeypox con-
centrate on containing the virus and providing vac-
cinations in affected regions. Although no specific
treatments have been developed for monkeypox, it is
possible to treat the disease with antiviral drugs devel-
oped for smallpox. Examples of public health efforts in-
clude educating at-risk populations, increasing surveil-
lance, and administering vaccines to control outbreaks.

Furthermore, the outbreak of COVID-19 high-
lighted that pandemics are both biomedical matter and
psychosocial crises. The psychological toll occurs from
various and related factors such as fear of transmission,
uncertainty, misinformation and the social conse-
quences of infection status (Bhola et al. 2022; Aljaberi
et al. 2023). The aforementioned factors influence the
public’s response towards containment strategies in-
cluding vaccination, quarantine and isolation.

There is insufficient understanding, clinical results,
and widespread fear and anxiety as a result of mortality
reports during the initial period of the COVID-19 pan-
demic. Such responses are also common with mpox
within regions with little exposure to this disease. Indi-
viduals were very worried about severe illness or death
in addition to graphical display of pustular rashes,
which has further increased the public’s distress (Jesse
and Obohwemu 2024; Liu et al. 2025). The uncertainty
contributed to helplessness, which resulted in anxiety
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disorders, depression and even few reported cases of
individuals exhibiting symptoms related post-traumat-
ic stress.

COVID-19 pandemic has highlighted the adverse
impact of “infodemic”. This means the rate of misinfor-
mation being spread is higher than factual information
(Caceres et al. 2022). Panics ensued as a result of false
narratives related to transmission, origins or vaccine
safety. It resulted in individuals rebelling against public
health guidance and distrustful of institutions (Caceres
et al. 2022; Vasconcellos-Silva and Castiel 2020). Mpox
has experienced similar challenges especially when
connecting the disease to particular social or sexual
group of individuals (Smith et al. 2024). This misrep-
resents the risks perception in addition to individuals
being less likely to get medical attention.

Stigma is present in both of the aforementioned
diseases, which worsen the negative psychological
consequences. Individuals diagnosed with COVID-19
and healthcare workers have to avoid social interaction
(Bagcchi 2020). Mpox on the other end experience
stigma based on individuals’ sexual orientation within
certain communities, which exhibit similar stigma of
HIV/AIDS. Such stigma exacerbate isolation, encour-
ages secrecy in addition to resistance towards vaccina-
tion and testing (Orsini et al. 2024). It also results in
psychological harm in the long term, which increases
the stigma experienced by vulnerable populations.

Fear, stigma and misinformation have a direct
adverse impact upon compliance with critical pub-
lic health measures (Wasim et al. 2023). During
COVID-19, distrust and psychological exhaustion,
also known as pandemic fatigue result to individuals
against quarantine or vaccination campaigns (Islam et
al. 2021). Mpox exhibits parallel challenge in terms of
individuals may refuse to quarantine and/or they may
not vaccinate themselves due to stigma (Nerlich and
Jaspal 2025). Therefore, mental health burden becomes
an epidemiological driver, which plays a role in the
spread and control of the disease.

The comparison of the two pandemics has revealed
that mental health must be integrated into outbreak
response planning. There is an equal significance in
diagnostic testing and vaccination campaigns along
with clear communication, community engagement
and prior distribution of information that is accurate
as well as psychosocial support. Messaging and pro-
tecting vulnerable group would decrease the level of
stigma, which is critical to ensure more intervention
compliance by individuals.

Conclusion

Mpox COVID-19 pandem-
ic highlights the continuous challenges faced by the
health systems in the world to address emerging and
re-emerging infectious diseases. Despite mpox distinct

emergence post

clinical presentation in comparison to other pustular
skin disorders, the outbreaks have demonstrated that
physicians from a wide range of disciplines such as
primary care, sexual health, dermatology and emer-
gency medicine need to constantly remain attentive
towards diagnosis and managing cases. Disregarding
the awareness may results to delayed diagnosis and in-
creased transmission.

Essentially, the various experiences of mpox and
COVID-19 have highlighted the critical role of pre-
paredness. The exponential spread of COVID-19 was
the result of initial poor immunity coupled with its
airborne transmission and emergence of variance that
are highly transmissible. In comparison, despite the
in-depth understanding of its characteristics and low-
er transmissibility, it remains a prominent pathogen
in specific regions such as Africa. This is due to lim-
ited healthcare resources and access to vaccine. Such
variance in global response indicates an imbalanced
equality in the health care preparation. Higher in-
come countries have a higher responds rate to address
outbreaks by deploying vaccines quickly. Meanwhile,
lower income countries are met with challenges and
burdens.

The mpox outbreak reveals that despite its trans-
missibility does not reach pandemic level, it could
still potentially have an adverse impact upon health,
social and economy if ignored. Biomedical solutions
are needed to contain the spread. This necessitates
equitable vaccine distribution, strong diagnosis capa-
bility, detecting case in a rapid manner and efficient
communication within the community in order to
fight against misinformation and any stigmas. Com-
placency must be eliminated within the global health
systems. COVID-19 has taught us the critical nature of
early intervention, streamlined communications and
international co-operations, all of which must be taken
into consideration when developing strategies related
to outbreak preparation.

The conclusion is that priorities must be placed on
mpox rather than treating it as a second or localized
priority. It is a test for the world to be able to respond
to its outbreak by drawing the difficult COVID-19 les-
sons. The development of equitable, responsive public
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health infrastructure and resilience are critical, and
these are not limited to mpox but also other outbreak
that is deemed inevitable.

From a significant standpoint, the threat by
COVID-19 and mpox should not be regarded as equal.
The world was not prepared for the transmissibility of
COVID-19 and its mortality rate has made its pan-
demic to become historical case. Meanwhile, mpox
limited its transmission between humans and majority
of its transmission is confined into specific regions and
risk groups. However, the resurgence of clade I within
Africa and continuous transmission of clade II within
non-endemic countries highlight the risk of underes-
timating the capability of zoonotic pathogens that cir-
cumvent diagnosis, vaccination and the resilience of
the health system.

There are two essential conclusions that can be
drawn from the aforementioned differences. Firstly,
despite mpox does not have the capability to result in
COVID-19 pandemic equivalent threat, international
attention is still necessary to avoid entrenched trans-
mission in the wider population. The second is the les-
sons that were drawn from the COVID-19 pandemic

pertaining to the importance of preparation such as
genomic surveillance, early case detection, equitable
distribution of vaccines as well as investment into the
health system capacity. Negate of such preparation in-
creases the risk of mpox evolution into a more serious
strain that may result in significant challenge to public
health.

To summarize, despite mpox is not classified as
the equivalent of COVID-19 in terms of threat level,
it remains essential to be prepared globally. The com-
parison of the two pathogens has revealed the current
progress while vulnerabilities are still present. Im-
proving preparation will limit the spread of mpox as
well as develop the collective capacity to address any
future threats from the emergence of infectious dis-
ease, which is inevitable. Future research must empha-
size improved genomic surveillance of mpox variants,
comprehensive investigations of zoonotic reservoirs
and transmission mechanisms, and assessments of
vaccine immunogenicity and cross-protection against
new clades. Table I represents comparative difference
between COVID-19 and mpox.

Table I
Comparative table between COVID-19 and Mpox.

Feature COVID-19 (SARS-CoV-2)

Mpox
(Monkeypox virus, MPXV)

Causative agent
virus (SARS-CoV-2)

Novel coronavirus (SARS-CoV-2), Coronaviridae fami-
ly. Single-stranded RNA virus, enveloped, novel corona-

Monkeypox virus (MPXV) (Orthopoxvirus genus,
Poxviridae family) Double-stranded DNA virus

First identification | China’s Wuhan (December 2019)

Central and West Africa (Democratic Republic of
Congo, 1970, first human case)

Transmission . .
surfaces, and seldom via fomites

Aerosols, respiratory droplets, intimate touch, infected

bodily fluids, breathing droplets from extended con-
tact, infected items, close skin-to-skin contact, and
zoonotic overflow from wild animals

Incubation period | 2-14 days (median 5 days)

5-21 days (median 7-14 days) (median 7-14 days)
5-21 days

Clinical presenta-

Fever, cough, sore throat, dyspnea, loss of taste or smell,
and exhaustion can all lead to pneumonia, acute respira-

Headache, fever, lymphadenopathy (a crucial distin-
guishing factor), and rash that develops from mac-

viduals)

tion
tory distress syndrome, and multi-organ failure. ules to papules to vesicles to pustules to scabs
Myocarditis, ARDS, thromboembolism, and extended . . .
) Sepsis, encephalitis, bronchopneumonia, secondary
— COVID syndromes around 0.5-2% overall (greater in . . . . .
Complications bacterial infection, and corneal infection (visual

older, immunocompromised, and unvaccinated indi-

impairment)

Case fatality rate

~0.5-2% overall (higher in elderly, immunocompro-

Clade I (Congo Basin) is more severe than Clade II

wide.

(CFR) mised, unvaccinated) (West African); historically, 1-11%
WHO declared a public health emergency of interna- A public health emergency of international concern
. tional concern in January 2020, with over 770 million was declared in July 2022; since then, over 110 na-
Global impact

confirmed illnesses and over 7 million fatalities world-

tions have been impacted, with thousands of cases
beyond endemic areas. Since 2022
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Variants/Clades and
its Transmissibility
impact

Omicron, Delta, Gamma, Beta, and Alpha (with sublin-
eages)

The variant waves cycle rapidly throughout the world
with a lineage dominance by JN.1 between 2024 and
2025

Specific variants have risen within immune escape or
transmissibility, which resulting in replacement waves.

Many sublineages of Clades I (Congo Basin, greater
virulence) and II (West Africa, lesser severity) have
been identified.

The global trend is Clade ITb while Clade LIb is lim-
ited to Central and East Africa. It is being exported
due to individual travels to other countries.

Average transmissions between humans. The change
in the genetics do not produce explosiveness that is
similar to COVID-18.

Many (inactivated vaccinations, viral vectors, and

Cross-protection is offered by smallpox vaccinations

Vaccines . (JYNNEOS/Imvamune, ACAM2000); ring vaccina-
mRNA) extensively used . .
tion techniques are employed.
Treatment Antivirals (molnupiravir, nirmatrelvir-ritonavir, and For severe instances, supportive care and antivirals

Remdesivir) and supportive care

(tecovirimat, brincidofovir, and cidofovir)

Prevention and
control

Lockdowns, mask use, mass vaccination, testing, track-
ing, and cleanliness

Public awareness, targeted immunization, contact
tracking, infection prevention, and case isolation

Long-term concerns

Immunoevasive variations emerging, vaccine reluc-
tance, and prolonged COVID

Stigma, possible endemicity outside of Africa, and
restricted access to vaccines in low-income areas

Vaccine escape

There is a marked immune escape during infection level.
The updated vaccine of JN.1/KP.2 remains effective

Insufficient evidence pointing towards antigenic
escape with JYNNEOS remains protective. The pro-

against severe disease

tection is higher if 2 doses are administered.

Availability of data and materials
The datasets used and/or analyzed during the study are avail-

able from the corresponding author on reasonable request

Funding
Hashemite university (Jordan) provide the funding source for
this research; the grant that the author received from Hashemite

university did not cover publication costs, however

Authors’ contributions
H.Al-Momani, A.A, H.A - resources, conceptualization, orig-
inal draft writing. H. Al-Momani, D.A, LO,ALK,H.T and AM.Z

- review and editing.

Conflict of interest

The authors do not report any financial or personal connec-
tions with other persons or organizations, which might negative-
ly affect the contents of this publication and/or claim authorship

rights to this publication.

Literature

Akinosoglou K, Schinas G, Gogos C. 2022. Oral antiviral treat-
ment for COVID-19: a comprehensive review on nirmatrelvir/ri-
tonavir. Viruses 14(11):2540.

Alimohamadi Y, Sepandi M, Taghdir M, Hosamirudsari H. 2020.

Determine the most common clinical symptoms in COVID-19
patients: a systematic review and meta-analysis. ] Prev Med Hyg
61(3):E304.

Aljaberi MA, Al-Sharafi MA, Uzir MUH, Sabah A, Ali AM, Lee
K-H, Alsalahi A, Noman S, Lin C-Y. 2023. Psychological toll of the
COVID-19 pandemic: an in-depth exploration of anxiety, depres-
sion, and insomnia and the influence of quarantine measures on
daily life. Healthcare 11:2418.

Altindis M, Puca E, Shapo L. 2022. Diagnosis of monkeypox virus:
an overview. Travel Med Infect Dis 50:102459.

Andrei G, Snoeck R. 2023. Differences in pathogenicity among the
mpox virus clades: impact on drug discovery and vaccine develop-
ment. Trends Pharmacol Sci 44(10):719-739.

Bagcchi S. 2020. Stigma during the COVID-19 pandemic. Lancet
Infect Dis 20(7):782.

Behera JK, Mishra P, Jena AK, Behera B, Bhattacharya M. 2023.
Human health implications of emerging diseases and the current
situation in India’s vaccine industry. Sci One Health 1:100046.
Bhola S, Trisal J, Thakur V, Kaur P, Kulshrestha S, Bhatia
SK, Kumar P. 2022. Neurological toll of COVID-19. Neurol Sci
43(4):2171-2186.

Bloch EM, Sullivan DJ, Shoham S, Tobian AAR, Casadevall A,
Gebo KA. 2022. The potential role of passive antibody-based thera-
pies as treatments for monkeypox. mBio 13(6):e02862-22.

Bryer J, Freeman EE, Rosenbach M. 2022. Monkeypox emerges
on a global scale: a historical review and dermatologic primer. ] Am
Acad Dermatol 87(5):1069-1074.



1 COVID-19 versus Monkeypox 30

Bunge EM, Hoet B, Chen L, Lienert F, Weidenthaler H, Baer LR,
Steffen R. 2022. The changing epidemiology of human monkeypox:
a systematic review. PLoS Negl Trop Dis 16(2):e0010141.

Caceres MMF, Sosa JP, Lawrence JA, Sestacovschi C, Tidd-John-
son A, Rasool MHU, Gadamidi VK, Ozair S, Pandav K, Cue-
vas-Lou C. 2022. The impact of misinformation on the COVID-19
pandemic. AIMS Public Health 9(2):262.

Caria J, Pinto R, Leal E, Almeida V, Cristovao G, Gongalves AC,
Torres M, Santos MB, Pinheiro H, Pévoas D. 2022. Clinical and
epidemiological features of hospitalized and ambulatory patients
with human monkeypox infection: a retrospective observational
study in Portugal. Infect Dis Rep 14(6):810-823.

Centers for Disease Control and Prevention. 2025. Mpox: 2022
global outbreak - situation summary. Available from: https://www.
cdc.gov/poxvirus/mpox/

Cevik M, Kuppalli K, Kindrachuk J, Peiris M. 2020. Virology,
transmission, and pathogenesis of SARS-CoV-2. BMJ 371:m3862.
Chakraborty C, Bhattacharya M, Sharma AR, Dhama K. 2022.
Evolution, epidemiology, geographical distribution, and muta-
tional landscape of newly emerging monkeypox virus. Geroscience
44(6):2895-2911.

Chen J, Wang R, Wang M, Wei G-W. 2020. Mutations strength-
ened SARS-CoV-2 infectivity. ] Mol Biol 432(19):5212-5226.
Chenchula S, Atal S, Ghanta MK, Uppugunduri CR, Karuna-
karan S, Amerneni KC, Sarma P, Prakash S, Amerneni LS, Pad-
mavathi R. 2025. Emerging variants of mpox virus and tecovirimat
resistance: genomic insights and implications for treatment strate-
gies. Virology 608:110532.

Delamonica B, Davalos L, Larijani M, Anthony SJ, Liu J, Mac-
Carthy T. 2023. Evolutionary potential of the monkeypox genome
arising from interactions with human APOBEC3 enzymes. Virus
Evol 9(2):vead047.

Desingu PA, Rubeni T, Sundaresan NR. 2022. Evolution of mon-
keypox virus from 2017 to 2022 in light of point mutations. Front
Microbiol 13:1037598.

Domingo E, Garcia-Crespo C, Lobo-Vega R, Perales C. 2021.
Mutation rates, mutation frequencies, and proofreading-repair ac-
tivities in RNA virus genetics. Viruses 13(9):1882.

Duchoslav V, Boura E. 2023. Structure of monkeypox virus poxin:
implications for drug design. Arch Virol 168(7):192.

Edet U, Clement M, Mkpuma N, Ehiakhamen O, Umar Y, Shittu
I, Adedeji A. 2023. Emergence and diversity of monkeypox virus
clade IIb sub-lineages in Nigeria (1971-2023) and its role in the
2022 global outbreak. SSRN Preprint. Available from: https://ssrn.
com/abstract=5293482.

Elsayed S, Bondy L, Hanage WP. 2022. Monkeypox virus infec-
tions in humans. Clin Microbiol Rev 35(4):00092-22.
Esmaeilzadeh A, Ebrahimi F, Jahani Maleki A, Siahmansouri A.
2024. EG.5 (Eris) and BA.2.86 (Pirola) subvariants of SARS-CoV-2:
a new face of old COVID-19. Infection 52(2):337-343.

Feng Z, Huang J, Baboo S, Diedrich JK, Bangaru S, Paulson JC,
Yates JR, Yuan M, Wilson IA, Ward AB. 2025. Structural and func-
tional insights into the evolution of SARS-CoV-2 KP3.1.1 spike
protein. Cell Rep 44(7):113201.

Fernandes Q, Inchakalody VP, Merhi M, Mestiri S, Taib N,
Moustafa Abo El-Ella D, Bedhiafi T, Raza A, Al-Zaidan L,
Mohsen MO. 2022. Emerging COVID-19 variants and their impact
on diagnosis, therapeutics, and vaccines. Ann Med 54(1):524-540.
Forni D, Molteni C, Cagliani R, Sironi M. 2023. Geographic
structuring and divergence time frame of monkeypox virus in the
endemic region. ] Infect Dis 227(6):742-751.

Gaba A, Flath B, Chelico L. 2021. Examination of the APOBEC3
barrier to cross-species transmission of primate lentiviruses. Virus-
es 13(6):1084.

Gong Q, Wang C, Chuai X, Chiu S. 2022. Monkeypox virus: a
re-emergent threat to humans. Virol Sin 37(4):477-482.

Hasan S, Saeed S. 2022. Monkeypox disease: an emerging public
health concern in the shadow of the COVID-19 pandemic. Trop
Med Infect Dis 7(10):283.

Hashemian SMR, Sheida A, Taghizadieh M, Memar MY, Ham-
blin MR, Baghi HB, Nahand JS, Asemi Z, Mirzaei H. 2023. Pax-
lovid (nirmatrelvir/ritonavir): a new approach to COVID-19 thera-
py. Biomed Pharmacother 162:114367.

Isidro J, Borges V, Pinto M, Sobral D, Santos JD, Nunes A, Mixido
V, Ferreira R, Santos D, Duarte S. 2022. Phylogenomic charac-
terization and signs of microevolution in the 2022 multi-country
outbreak of monkeypox virus. Nat Med 28(8):1569-1572.

Islam A, Pakrashi D, Vlassopoulos M, Wang LC. 2021. Stigma
and misconceptions during COVID-19: a field experiment in India.
Soc Sci Med 278:113966.

Jain N, Umar TP, Sayad R, Mokresh ME, Tandarto K, Siburian
R, Liana P, Laivacuma S, Reinis A. 2024. Monkeypox diagnosis in
clinical settings: a comprehensive review of best laboratory practic-
es. In: Poxviruses. p. 253-271.

Jakobsdottir GM, Brewer DS, Cooper C, Green C, Wedge DC.
2022. APOBEC3 mutational signatures are associated with genom-
ic instability across tumour types. BMC Biol 20:117.

Jesse O, Obohwemu KO. 2024. The growing prevalence of
mpox and the impact on mental health. Am J Soc Sci Educ Innov
6(11):129-133.

Kaler J, Hussain A, Flores G, Kheiri S, Desrosiers D. 2022. Mon-
keypox: a comprehensive review of transmission, pathogenesis and
clinical features. Cureus 14(7):€26756.

Kannan SR, Spratt AN, Cohen AR, Naqvi SH, Chand HS, Quinn
TP, Lorson CL, Byrareddy SN, Singh K. 2021. Evolutionary anal-
ysis of the Delta and Delta Plus variants of SARS-CoV-2. ] Autoim-
mun 124:102715.

Karagoz A, Tombuloglu H, Alsaeced M, Tombuloglu G, Al-
Rubaish AA, Mahmoud A, Smajlovi¢ S, Cordi¢ S, Rabaan AA,

Alsuhaimi E. 2023. Monkeypox virus: classification, origin, trans-


https://www.cdc.gov/poxvirus/mpox/
https://www.cdc.gov/poxvirus/mpox/
https://ssrn.com/abstract=5293482
https://ssrn.com/abstract=5293482

31 Al-Momani H. et al. 1

mission, genome organization, antiviral drugs, and diagnosis. J In-
fect Public Health 16(4):531-541.

Khailany RA, Safdar M, Ozaslan M. 2020. Genomic characteriza-
tion of a novel SARS-CoV-2. Gene Rep 19:100682.

Kugelman JR, Johnston SC, Mulembakani PM, Kisalu N, Lee MS,
Koroleva G, McCarthy SE, Gestole MC, Wolfe ND, Fair JN. 2014.
Genomic variability of monkeypox virus among humans, Demo-
cratic Republic of the Congo. Emerg Infect Dis 20(2):232-232.
Kumar R, Nagar S, Haider S, Sood U, Ponnusamy K, Dhingra
GG, Anand S, Dua A, Singh M, Sengar M. 2022. Monkeypox
virus phylogenomics and host-pathogen interactions. bioRxiv.
2022.07.25.501367.

LiP,Li]J, Ayadal, Avan A, Zheng Q, Peppelenbosch MP, de Vries
AC, Pan Q. 2023. Clinical features, antiviral treatment, and patient
outcomes in the 2022 mpox outbreak. J Infect Dis 228(4):391-401.
Liu J, Wang X, Wang Z, Chen S. 2025. Psychological crisis and
emergency response in public health emergencies: a case study of
the mpox epidemic. BMC Psychol 13:956.

LuY, Ao D, He X, Wei X. 2024. The rising SARS-CoV-2 JN.1 vari-
ant: evolution, infectivity, immune escape, and response strategies.
MedComm 5(8):e675.

Maronese CA, Avallone G, Aromolo IF, Spigariolo CB, Quattri
E, Ramoni S, Carrera CG, Marzano AV. 2023. Mpox: an updated
review of dermatological manifestations. Br ] Dermatol 189(3):260-
270.

Martinez-Fernindez DE, Fernandez-Quezada D, Casil-
las-Muiioz FAG, Carrillo-Ballesteros FJ, Ortega-Prieto AM,
Jimenez-Guardefio JM, Regla-Nava JA. 2023. Human monkey-
pox: an overview of epidemiology, pathogenesis, diagnosis, treat-
ment, and prevention. Pathogens 12(7):947.

McFarland SE, Marcus U, Hemmers L, Miura F, Martinez JI,
Martinez FM, Montalban EG, Chazelle E, Mailles A, Silue Y.
2023. Estimated mpox incubation period distributions among fes-
tival-associated cases. Euro Surveill 28(27):2200806.

Musuka G, Moyo E, Tungwarara N, Mhango M, Pierre G, Saram-
ba E, Iradukunda PG, Dzinamarira T. 2024. Mpox outbreaks, risk
factors, and prevention efforts in Africa. IJID Reg 1:100402.
Nakazawa Y, Mauldin MR, Emerson GL, Reynolds MG, Lash
RR, GaoJ, Zhao H, Li Y, Muyembe J-J, Mbala Kingebeni P. 2015.
A phylogeographic investigation of African monkeypox. Viruses
7(4):2168-2184.

Nerlich B, Jaspal R. 2025. Mpox in the news: social representa-
tions, identity, stigma and coping. Med Humanit 51(1):161-171.
Ni W, Yang X, Yang D, Bao J, Li R, Xiao Y, Hou C, Wang H, Liu
J, Yang D. 2020. Role of ACE2 in COVID-19. Crit Care 24:1-10.
O’Toole A, Neher RA, Ndodo N, Borges V, Gannon B, Gomes JP,
Groves N, King DJ, Maloney D, Lemey P. 2023. APOBECS3 editing
in mpox virus suggests sustained human transmission since 2016.
Science 382(6670):595-600.

Okwor T, Mbala PK, Evans DH, Kindrachuk J. 2023. Clade-spe-

cific virological differences in monkeypox viruses. Clin Microbiol
Infect 29(12):1502-1507.

Orsini D, Sartini M, Spagnolo AM, Cristina ML, Martini M.
2024. Mpox stigma: historical, social, and ethical issues. ] Prev Med
Hyg 64(4):E398.

Otieno JR, Ruis C, Onoja AB, Kuppalli K, Hoxha A, Nitsche A,
Brinkmann A, Michel J, Mbala-Kingebeni P, Mukadi-Bamule-
ka D. 2025. Global genomic surveillance of monkeypox virus. Nat
Med 31(1):342-350.

Pachetti M, Marini B, Benedetti F, Giudici F, Mauro E, Storici P,
Masciovecchio C, Angeletti S, Ciccozzi M, Gallo RC. 2020. SARS-
CoV-2 mutation hot spots and a novel RdRp variant. ] Transl Med
18:1-9.

Papukashvili D, Rcheulishvili N, Liu C, Wang X, He Y, Wang PG.
2022. Nucleic acid-based universal monkeypox vaccine candidates.
Front Immunol 13:1050309.

Patel KP, Vunnam SR, Patel PA, Krill KL, Korbitz PM, Gallagher
JP, Suh JE, Vunnam RR. 2020. Transmission of SARS-CoV-2: an
update. Eur J Clin Microbiol Infect Dis 39:2005-2011.

Poland GA, Kennedy RB, Tosh PK. 2022. Prevention of monkey-
pox with vaccines: a rapid review. Lancet Infect Dis 22(12):e349-
e358.

Ranga U. 2021. SARS-CoV-2 aerosol and droplets: an overview.
Virusdisease 32(2):190-197.

Rani I, Joshi H, Sharma U, Kaur J, Sood S, Ramniwas S, Chau-
han A, Abdulabbas HS, Tuli HS. 2024. Potential use of cidofovir,
brincidofovir, and tecovirimat in fighting monkeypox infection.
Naunyn Schmiedebergs Arch Pharmacol 397(4):2055-2065.
Realegeno S, Puschnik AS, Kumar A, Goldsmith C, Burgado
J, Sambhara S, Olson VA, Carroll D, Damon I, Hirata T. 2017.
Monkeypox virus host factor screen identifies essential role of
GARP complex. J Virol 91(11):e00011-17.

Riou C, Keeton R, Moyo-Gwete T, Hermanus T, Kgagudi P, Ba-
guma R, Valley-Omar Z, Smith M, Tegally H, Doolabh D. 2021.
Escape of SARS-CoV-2 variants from T-cell recognition. Sci Transl
Med 14(631):eabj6824.

Rizk JG, Lippi G, Henry BM, Forthal DN, Rizk Y. 2022. Preven-
tion and treatment of monkeypox. Drugs 82(9):957-963.

Sah R, Abdelaal A, Reda A, Katamesh BE, Manirambona E, Ab-
delmonem H, Mehta R, Rabaan AA, Alhumaid S, Alfouzan WA.
2022. Monkeypox and possible sexual transmission. Pathogens
11(8):924.

Satheshkumar PS, Gigante CM, Mbala-Kingebeni P, Nakazawa
Y, Anderson M, Balinandi S, Mulei S, Fuller J, McQuiston JH,
McCollum AM. 2025. Emergence of clade Ib monkeypox virus:
current evidence. Emerg Infect Dis 31(8):1516.

Shchelkunova GA, Shchelkunov SN. 2022. Smallpox, monkeypox,
and other human orthopoxvirus infections. Viruses 15(1):103.
Shiraz R, Tripathi S. 2023. Enhanced recombination among Omi-

cron subvariants contributes to viral immune escape. ] Med Virol



1 COVID-19 versus Monkeypox 32

95(2):€28519.

Simpson K, Heymann D, Brown CS, Edmunds W], Elsgaard J,
Fine P, Hochrein H, Hoff NA, Green A, Thekweazu C. 2020. Hu-
man monkeypox: an unintended consequence of smallpox eradica-
tion. Vaccine 38(33):5077-5081.

Singhal T, Kabra S, Lodha R. 2022. Monkeypox: a review. Indian |
Pediatr 89(10):955-960.

Smith AK, Storer D, Lancaster K, Haire B, Newman CE, Papa-
rini S, MacGibbon J, Cornelisse V], Broady TR, Lockwood T.
2024. Mpox illness narratives: stigma and recovery. Qual Health Res
34(12):1161-1174.

Smith TG, Gigante CM, Wynn NT, Matheny A, Davidson W,
Yang Y, Condori RE, O’Connell K, Kovar L, Williams TL. 2023.
Resistance to tecovirimat during the 2022 mpox outbreak in the US.
medRxiv. 2023.05.16.23289856.

Stefano J§S, e Silva LRG, Kalinke C, de Oliveira PR, Crapnell RD,
Brazaca LC, Bonacin JA, Campuzano S, Banks CE, Janegitz BC.
2023. Human monkeypox virus: detection methods and perspec-
tives. TrAC Trends Anal Chem 167:117226.

Sultana A, Sultana A, Shawon NJ, Kabir S, Chowdhury AA, Am-
ran MS. 2024. Monkeypox: in quest of effective vaccines. Indo Glob-
al ] Pharm Sci 14:11-24.

Taha AM, Mahmoud AM, Abouelmagd K, Saed SAA, Khalefa
BB, Shah S, Satapathy P, Shamim MA, Sah S, Serhan HA. 2024.
Effectiveness of a single dose of [YNNEOS vaccine: a systematic re-
view and meta-analysis. Health Sci Rep 7(9):e70069.

Telenti A, Hodcroft EB, Robertson DL. 2022. The evolution and
biology of SARS-CoV-2 variants. Cold Spring Harb Perspect Med
12(5):a041390.

Trilla A, Trilla G, Aldea M, Vilella A. 2025. What is next for
COVID-19 vaccination? In: Semin Respir Crit Care Med. Thieme
Medical Publishers.

Vasconcellos-Silva PR, Castiel LD. 2020. COVID-19, fake
news, and communicative risk narratives. Cad Saude Publica
36:€00101920.

Velavan TP, Meyer CG. 2022. Monkeypox 2022 outbreak: an up-
date. Trop Med Int Health 27(7):604-605.

Venkatesan P. 2022. Monkeypox transmission: what we know so
far. Lancet Respir Med 10(11):e101.

Verma RK, Gangwar A. 2024. Characterization of fowlpox virus.
In: Poxviruses. p. 55-74.

Vitiello A, Ferrara F, Auti AM, Di Domenico M, Boccellino M.
2022. Advances in Omicron variant development. ] Intern Med
292(1):81-90.



