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A B S T R A C T

Human monkeypox (MPX) is a rare zoonotic infection characterized by smallpox-like signs and symptoms. It is
caused by monkeypox virus (MPXV), a double stranded DNA virus belonging to the genus Orthopoxvirus. MPX was
first identified in 1970 and mostly prevailed in the rural rainforests of Central and West Africa in the past. Outside
Africa, MPX was reported in the United Kingdom, the USA, Israel, and Singapore. In 2022, the resurgence of MPX
in Europe and elsewhere posed a potential threat to humans. MPXV was transmitted by the animals-human or
human-human pathway, and the symptoms of MPXV infection are similar to that of smallpox, but in a milder form
and with lower mortality (1%–10%). Although the smallpox vaccination has been shown to provide 85% pro-
tection against MPXV infection, and two anti-smallpox virus drugs have been approved to treat MPXV, there are
still no specific vaccines and drugs against MPXV infection. Therefore it is urgent to take active measures
including the adoption of novel anti-MPXV strategies to control the spread of MPXV and prevent MPX epidemic.
In this review, we summarize the biological features, epidemiology, pathogenicity, laboratory diagnosis, and
prevention and treatment strategies on MPXV. This review provides the basic knowledge for prevention and
control of future outbreaks of this emerging infection.
1. Introduction

Monkeypox (MPX) is a rare zoonotic infectious disease caused by the
monkeypox virus (MPXV). The earlier outbreaks happened mostly in
Central and West Africa, commonly known as “monkey smallpox”. Its
symptoms are similar to that of smallpox, but the disease is milder,
mainly manifested as high fever, headache, lymphadenopathy, and sys-
temic blisters and pustules, with a case fatality rate of about 1%–10%
(Doshi et al., 2019; Ogoina et al., 2019). Recently, MPX has occurred in
Europe and North America. Since MPX cases were first reported in
Europe in early May 2022, more than 400 confirmed or suspected cases
have emerged in at least 20 non-African nations (Kozlov, 2022b). The
UK's first case of MPV in 2022 had traveled to Nigeria before its diag-
nosis, but many of the new confirmed cases had no history of travel to
Nigeria or Africa, suggesting that MPXV had begun community trans-
mission (Mahase, 2022). The continuous emergence of theMPX epidemic
has attracted widespread attention around the world and has been sus-
pected to be a potential threat to wider populations. Although smallpox
vaccine has been reported to provide 85% protection against MPXV (Fine
et al., 1988), the smallpox virus vaccination has been discontinued since
1980 (Jezek et al., 1987), when the WHO announced the eradication of
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smallpox virus. And there is a lack of specific drugs and vaccines to
MPXV. Therefore, to curb the spread of MPX epidemics, it is necessary to
have an in-depth understanding of the biological characteristics and
pathogenicity of MPXV. Here, we reviewed the current research progress
of MPXV and provided clues for prevention and control of MPX outbreak.

2. Biological features of MPXV

MPXV belongs to the genus Orthopoxvirus, family Poxviridae. The
virus particles are oval or brick-shaped and approximately 200� 250 nm
in size (Cho and Wenner, 1973). Poxvirus produces two infectious viral
particles during replication: intracellular mature virus (MV) and extra-
cellular enveloped virus (EV). The outer layer of MV has a lipoprotein
envelope that encloses the viral core and lateral body containing some
proteins. MV is released upon cell lysis and it is relatively stable in the
external environment. It is mainly used for transmission between ani-
mals. EV is released by exocytosis and formed by a lipid membrane
wrapped around MVs. It is derived from the transport Golgi apparatus or
endosomes (Pickup, 2015). The MPXV genome is a linear,
double-stranded DNA, approximately 197 kb (Kugelman et al., 2014),
with inverted terminal repeats (ITRs) at its ends, and more than 190
i Communications Co. Ltd. This is an open access article under the CC BY-NC-ND
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ORFs were encoded by some MPXV strains (e.g. Congo_2003_358). The
non-conserved genes of the virus are generally located in ITRs at both
ends, which are poxvirus species and host-specific. They are mostly
associated with the immune escape of the poxvirus, such as inhibiting
apoptosis, interfering with antigen presentation and recognition, and
overcoming interferon (IFN) influence and disturbing with other signal
paths (Esposito and Knight, 1985), etc. Like all orthopoxviruses, genes
encoding viral replication enzymes and structural proteins are relatively
conservative, mostly located in the central region of the genome. They
encode all the proteins needed for viral DNA replication, transcription,
assembly, and release (Kugelman et al., 2014).

MPXV completes its replication process in the cytoplasm. The inva-
sion of host cells by poxvirus is mainly completed by three steps:
adsorption, membrane fusion and core invasion. Specific cell receptors
for poxvirus have not been identified, but for vaccinia virus (VACV),
which is most in likely MPXV, four viral proteins (D8, A27, A26 and H3)
were found to mediate MV adsorption on the cell surface. D8 binds to
chondroitin (Matho et al., 2018), A27 and H3 bind to heparan (Singh
et al., 2016), and A26 binds to laminin (Chiu et al., 2007). Knockout of
genes encoding A27 and H3 significantly reduces the infectivity of VACV.
MPXV E8, A29, A28 and H3 proteins are the VACV D8, A27, A26 and H3
orthologs respectively, which share the same functions as those in VACV
(Hughes et al., 2014). For VACV, membrane fusion and core invasion of
MV are mediated by 11 viral proteins, including A16, A21, A28, F9, G3,
G9, H2, J5, L1, L5, and O3, which together form an entry fusion complex
(EFC) mediating the invasion of MV and EV after viral adsorption (Schin
et al., 2021; Senkevich et al., 2005). Except for the O3 protein, the
remaining 10 proteins are necessary for poxvirus replication, but the
deletion of the gene encoding O3 protein can also seriously affect VACV
replication. EFC is known to have three subcomponents, A28-H2,
A16-G9, and G3-L5. A16-G9 sub-complex interacts with the viral
A56-K2 complex to inhibit cell fusion under repeated infections and
neutral pH conditions, and can also interact with A26 proteins on the
surface of MV to prevent fusion under neutral pH conditions after
adsorption (Chang et al., 2012). L1 and A28 are VACV envelope proteins
which are essential for cellular entry (Foo et al., 2009). A28 binds to the
H2 protein and its immunogenicity is enhanced (Kaever et al., 2014).
After the membrane of MV is fused with cytomembrane or the membrane
of endosome, the viral core enters the cytoplasm and is de-hulled under
the action of several viral proteins, such as A16L, A21L, A28L, F9L, G3L,
G9R, H2R, J5L, and L5R, initiating the process of viral biosynthesis
(Brown et al., 2006; Senkevich et al., 2005). Due to the high homology
between the genome of MPXV and VACV, they may share the same
features in virus entry-fusion step (Senkevich et al., 2005).

Poxviruses encode host range factor (Hrf) that regulates certain cell-
specific antiviral responses to ensure the virus can replicate in some cells.
The gene encoding Hrf is generally located in a reverse repeat sequence
at both ends of the poxvirus genome, called host range gene (Hrg). MPXV
encodes a variety of host range proteins, such as the virulence protein BR-
203, which exerts antiviral-infected apoptosis effects, and BR-209 pro-
tein is an IL-1β-binding protein that inhibits IL-1β and IL-1 receptor
binding. These two proteins are not present in smallpox virus (Weaver
and Isaacs, 2008). In addition, MPXV F3 protein encoded by host genes
F3L, a homologue of the VACV E3 protein, was shown to inhibit the
cellular antiviral immune response (Arndt et al., 2015). MPXV A29L,
M1R and B6R, the orthologous to A27L, L1R and B5R VACV antigens
respectively, were selected as MPXV vaccine candidates and were shown
to be able to elicit a protective immune response against lethal MPXV
challenge (Franceschi et al., 2015). MPXV has a wide range of tissue
tropism. Osorio et al. found that in severe combined immunodeficiency
(SCID) mice infected with MPXV, MPXV antigens were detected in
multiple tissues such as ovarian, brain, heart, kidney, liver, pancreas, and
lung; and the viral titer in ovarian tissue was higher than other tissues,
suggesting that ovarian was highly sensitive to MPXV (Osorio et al.,
2009). Histopathological studies by Zaucha et al. on Macca fasillaris have
shown that lymphoid tissue is the principal target for MPXV, and viral
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antigens have been detected in salivary epithelium, follicles, lip seba-
ceous tissue, and many other tissues (Zaucha et al., 2001).

MPXV can be cultured in a variety of cells such as Vero (Realegeno
et al., 2017), A549 (Realegeno et al., 2017), HAP1 cells (Lopera et al.,
2015), HeLa (Arndt et al., 2016), RK-13 (Arndt et al., 2015), and typical
inclusion bodies are visible in the cytoplasm of infected cells. Several
small animals such as rabbits, rats, squirrels, prairie dogs (Hutson and
Damon, 2010), mice (Earl et al., 2015; Sergeev et al., 2016) and
non-human primates (NHPs) are all susceptible to MPXV. Rabbits chal-
lenged with MPXV by intravenous route will develop acute illness and
generalized rash (Hutson and Damon, 2010). The prairie dog model is
remarkably similar to human MPXV incubation/presentation, so it is
widely utilized in the characterization of MPX disease and evaluation of
medical countermeasures (MCMs) against MPXV (Hutson et al., 2011,
2015, 2021). NHPs aerosol challenged with MPXV can produce expected
disease progression and 67%–100% lethality (Nalca et al., 2010; Zaucha
et al., 2001). Infected-NHPs such as rhesus and cynomolgus macaques
with MPXV can serve as models to study MPXV pathogenesis and to test
vaccines and antiviral drug candidates (Barnewall et al., 2012; Hatch
et al., 2013; Russo et al., 2020).

MPXV is not heat-resistant, and can be inactivated after 30 min of
treatment at 56 �C. The virus is easily inactivated by organic solvents
such as formaldehyde, methanol, sodium dodecyl sulfonate (SDS),
phenol, and chloroform. MPXV is resistant to drying and low tempera-
ture, and it can maintain vitality for a long time at 4 �C (Cho andWenner,
1973).

3. Epidemiologic characteristics of MPXV

MPXV currently has evolved into two distinct clades: West African
and Congo Basin (Likos et al., 2005). The epidemiological and clinical
features of the disease caused by the two MPXV clades are different.
Congo Basin has a case fatality rate of up to 10% (Doshi et al., 2019),
while West African has a case fatality rate of about only 1%, with a higher
mortality rate in patients with HIV co-infection (Ogoina et al., 2019).
MPXV was first identified in 1958, and the first human MPX case was
found in Democratic Republic of the Congo (DRC) in 1970 (Breman et al.,
1980). Since then, MPX has become endemic to DRC and has spread to
other African countries, mainly in Central and West Africa. From 1970 to
1979, there were 47 human MPX cases reported in five Central and West
African countries, of which 38 cases were reported from DRC, all
occurring in tropical rain forest areas and associated with animal contact
(Breman et al., 1980). After the extinction of smallpox, a total of 338
cases of human MPX were found in DRC from 1981 to 1986. The mor-
tality rate is as high as 9.8% in people who have not been vaccinated
against smallpox. Seventy two percent of the cases are zoonotic trans-
mission and most of the cases occur in children, with an average age of
4.4 years (Damon, 2011). Since the end of theWHOmonitoring project in
1986, reports of persistent occurrence of MPX in human have decreased.
From 1986 to 1992, only 13 cases were reported, and no cases were
reported from 1993 to 1995 (Heymann et al., 1998). However, in 1996,
there was a sudden increase in the number of human MPXV infected
cases reported in DRC, and by 1997, a total of 88 people had been
confirmed to have MPX infection (Heymann et al., 1998; Hutin et al.,
2001). In 2003, MPX broke out in the United States. This is the first re-
ported MPX outbreak outside Africa and has been related to the carriage
of MPXV by marmots imported from Africa in the United States, resulting
in a total of 47 people being diagnosed in five states (Reed et al., 2004;
Sale et al., 2006). In 2005, an outbreak of MPX in Sudan reported a total
of 10 confirmed cases and 9 suspected cases of MPXV from September to
December 2005 (Formenty et al., 2010). Between 2006 and 2007,
Human MPX infection was found again in DRC. MPX transmission had
increased 20-fold since the 1980s, and smallpox-vaccinated people have
a 21-fold lower risk of infection than unvaccinated people (Rimoin et al.,
2010). Zoonotic transmission occurred in most cases. Since September
2017, MPX have broken out in Nigeria, with a total of 183 confirmed
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cases reported in 18 states as of November 2019. The outbreak was also
the largest epidemic on record in West African (Alakunle et al., 2020;
Nguyen et al., 2021; Yinka-Ogunleye et al., 2018). Subsequently, im-
ported cases of MPXwere reported in Israel (Erez et al., 2019), the United
Kingdom (Vaughan et al., 2018), Singapore (Ng et al., 2019) and other
countries. Up to May 2022, MPX outbreaks have occurred in several
countries around the world, which has aroused the strong vigilance of
scientists in many countries (Kozlov, 2022a).

4. Pathogenicity

4.1. Transmission of MPXV to humans

The host reservoir of MPVX is not fully defined, and to date, MPXV
has only been isolated from Funisciurus anerythrus (Khodakevich et al.,
1986) and Cercocebusatys (Radonic et al., 2014). A variety of rodents such
as squirrels, Gambian rats, and other primates are considered to be the
natural hosts for MPVX (Durski et al., 2018). MPVX is usually transmitted
from animals to humans. Human infection with MPVX is mainly caused
by bites from infected animals or direct contact through blood, body
fluids, and MPX lesions of infected animals, and eating infected animals
improperly cooked can also lead to the spread of the virus to human (Ellis
et al., 2012; Ihekweazu et al., 2020). After the eradication of smallpox,
the population's immunity to orthopoxvirus is gradually reduced, and
occasional human-to-human transmission of MPVX can occur, usually in
direct, long-term face-to-face contact, or through a large number of res-
piratory droplets containing the virus. It can also be transmitted through
direct contact with the infected person's body fluids or
virus-contaminated items, such as clothing and bedding (Hutson et al.,
2011), and transmitted from mother to fetus through the placenta. In
addition, there is a possibility of sexual transmission of MPVX (Alakunle
et al., 2020; Ogoina et al., 2019). In the recent outbreak, most cases were
among young man who have sex with man (MSM) with genital lesions
which may constitutes close contact (Kozlov, 2022b). People who have
not been vaccinated against smallpox are generally susceptible to MPXV.
Workers slaughtering wild game, pet lovers, staff at animal breeding
facilities, and the direct contacts of MPX patients may be at high risk
(Fig. 1).
4.2. Clinical features of monkeypox

The symptoms of MPX are very similar to those of smallpox patients,
but not as severe. The incubation period for MPX is usually 7–14 days,
with a maximum of 21 days. Sufferers often have a history of exposure to
animals or people infected with MPXV, initially showing symptoms
similar to “influenza”, followed by herpes on the skin, experiencing
pustules, and scarring after scabs. The process of MPVX infection is
Fig. 1. Schematic illustration of the transmission, infection of monk

479
mainly divided into two phases: the prodromal phase (lasting about 0–2
days): fever, fatigue, severe headache, lymphadenopathy, muscle aches,
and the rash phase (lasting 7–21 days). The rash usually begins to appear
within 1–5 days after fever, and the patient is contagious when the rash
appears. The rash is concentrated on the face and extremities, affecting
the face (95%), palms and soles of the feet (75%), oral mucosa (70%),
genitals (30%) and conjunctiva (20%). The rash lasts about 2–4 weeks
and evolves from plaque to papules, blisters, pustules, scabs and then
shedding. Lesions can occur in locations ranging from a few to several
thousands (Petersen et al., 2019c). In severe cases, the areas of lesions
can merge and cause large patches of skin to fall off. Patients often pre-
sent with characteristic lymphadenopathy, most commonly in the groin,
and may also be accompanied by a range of complications such as sec-
ondary bacterial infection, respiratory distress, bronchopneumonia, en-
cephalitis, corneal infection with vision loss, and dehydration due to
vomiting and diarrhea (Brown and Leggat, 2016; Petersen et al., 2019c).
MPX is a self-limiting disease, and the severity of the disease is related to
the degree of exposure to the virus, the patient's health conditions and
the nature of its complications. Severe cases occur more commonly in
children, and also lead to death, with a case fatality rate of 1%–10%
(Doshi et al., 2019; Ogoina et al., 2019) (Fig. 1).

5. Laboratory diagnosis

Rapid diagnosis plays an essential role in controlling the outbreak and
epidemic of MPX. The clinical manifestations of MPXV infection are
difficult to distinguish from the other poxvirus caused diseases. Hence,
laboratory tests are critical for diagnosing MPXV infection (Di Giulio and
Eckburg, 2004; Macneil et al., 2009).
5.1. Nucleic acid testing

Currently, a variety of methods have been developed for MPXV
nucleic acid detection, among which real-time PCR (RT-PCR) is the
preferred method for routine diagnosis. Generally, the conserved regions
of extracellular envelope protein gene (B6R), DNA polymerase gene E9L
(Li et al., 2006; Yinka-Ogunleye et al., 2019), DNA-dependent RNA po-
lymerase subunit 18 (RPO18) gene (Orba et al., 2015), and complement
binding protein C3L (Li et al., 2010), F3L and N3R (Kulesh et al., 2004)
genes are usually selected as targets for PCR amplification. The whole
genome sequencing is the gold standard for distinguishing MPXV from
other orthopoxvirus (Cohen-Gihon et al., 2020; Farlow et al., 2010). At
present, the genome sequencing of the current MPXV that caused the
global outbreak has been carried out. Phylogenetic analyses from the first
genome sequence of the current MPX outbreak suggest the virus from this
outbreak belongs to the mild West African clade and is closely related to
the MPX virus isolated from the 2018–2019 UK, Singapore, and Israel
eypox virus (MPXV) and clinical features of monkeypox (MPX).
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outbreak (Thakur et al., 2022). Compared with the 2018–2019 viral
genome, an average of 50 single-nucleotide diversity locus (SNPs) mu-
tations appeared (Isidro et al., 2022). However, due to the high cost, the
sequencing technology is limited in some areas. In addition, recombinase
polymerase amplification (RPA) (Davi et al., 2019), loop-mediated
isothermal amplification (LAMP) technology (Iizuka et al., 2009) and
restriction length fragment polymorphism (RFLP) (Dumont et al., 2014)
have all been developed for MPXV DNA detection.

5.2. Serological testing

Enzyme-linked immunosorbent assay (ELISA) can be used to detect
the specific IgM and IgG antibodies in the serum of MPX patients after 5-
and 8-days infection, respectively. A 4-fold increase in serum antibodies
at both acute and convalescent stages can be used in the diagnosis of
MPXV infection. Due to the antigenic cross reaction between MPXV and
other poxvirus, the specificity is insufficient. Therefore, this method
cannot accurately identify MPXV and is often used in epidemiological
investigation (Alakunle et al., 2020).

5.3. Electron microscope observation

Electron microscopy could be used to assist diagnosis according to the
morphological characteristics of MPXV. Since, MPXV and other poxvi-
ruses are not distinguishable in morphology, this method can't confirm
the diagnosis, and can only provide clues that the virus belongs to
poxvirus family. Moreover, the sensitivity of electron microscope is not
high, and the preparation electronic sample is complicated and the
period is long. Meanwhile, the electron microscopy is expensive and the
operation is extremely complex, which limit its application in the prac-
tical detection.

5.4. Other tests

Immunochemistry analysis and multiplexed immunofluorescence
imaging could be used for MPXV antigen detection (Doellinger et al.,
2015). Viral isolation and culture that live virus is grown and charac-
terized from a patient specimen are also required to establish a definitive
diagnosis (Petersen et al., 2019c).

6. Prevention and treatment

6.1. Vaccines

At present, there is no specific vaccine against MPXV infection.
Smallpox vaccination has been reported to provide 85% protection
against MPXV (Brown and Leggat, 2016; Nasir et al., 2018). Epidemio-
logical investigations indicated that approximately 90% of confirmed
Table 1
Candidate of vaccines and antiviral drugs for prevention and treatment of human po

Categories Names Features

Vaccines ACAM 2000 Second-generation vaccine

IMVAMUNE Third-generation vaccine

Antiviral
drugs

Tecovirimat (ST-246) Small molecule virus inhibitor

Cidofovir
Brincidofovir 289 derivative
(CMX001)

Viral DNA polymerase inhibitor

Nioch-14 Nucleoside analogues inhibitor

Ribavirin, Tiazofurin Inosine monophosphate dehydr
inhibitors

C-CA3-ADO, C3-NPC A S-adenosylhomocysteine hydrol
HPMA, Adenosine N1 oxide (ANO) DNA polymerase inhibitors
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MPXV cases had not been infected with other poxviruses, and most cases
were born after the end of the smallpox virus eradication program, very
likely having not been vaccinated with smallpox vaccine (Brown and
Leggat, 2016). There are currently two approved vaccines for preventing
smallpox virus and MPXV: the second-generation vaccine ACAM 2000
and the third-generation vaccine IMVAMUNE. During the MPXV
epidemic in the United States in 2003, ACAM 2000 was demonstrated to
reduce the symptoms of MPX (Brown and Leggat, 2016), but side effects
may occur in patients with atopic dermatitis and immunocompromised
persons. This vaccine is not available to the public and is not used in
MPXV endemic areas. IMVAMUNE is a replication-deficient, attenuated,
third-generation modified vaccinia Ankara (MVA) vaccine that has also
been approved by the Food and Drug Administration (FDA) and the
European Medicine Agency (EMA) for the prevention of smallpox virus
and MPXV in adults aged 18 years or older of high-risk population. Un-
like ACAM 2000, IMVAMUNE can be used in patients with atopic
dermatitis and immunodeficiency persons (Petersen et al., 2019a). So far,
neither ACAM2000 nor IMVAMUNE is approved for use in the general
population. Therefore, whether these approved smallpox vaccines could
be effective in preventing MPX diseases in the MPXV endemic areas re-
mains to be determined (Brown and Leggat, 2016; McCollum and
Damon, 2014; Petersen et al., 2019b) (Table 1).

6.2. Antiviral drugs

Until now, there are no specific antiviral drugs for the treatment of
MPX, and most of the treatments are symptomatic and supportive ther-
apies. Anti-smallpox virus drugs can play a role in anti-MPXV.

Tecovirimat (ST-246) is a small molecule virus inhibitor, which has a
strong activity against orthopoxvirus, such as smallpox virus, MPXV, and
cowpox virus. It can prevent virus spread by inhibiting the function of the
major envelope protein (F13L), thereby preventing the virus from leaving
an infected cell (Yang et al., 2005). It was approved in Europe in 2022 for
the treatment of MPX (Thakur et al., 2022). Cidofovir and Brincidofovir
derivative (CMX001) are both viral DNA polymerase inhibitors. Cidofo-
vir is an acyclic nucleoside phosphate. When the CMX001 is ingested by
the host cells, the lipid wrap of the drug can be cleaved to release free
Cidofovir, which will be phosphorylated into Cidofovir-diphosphate
(CDV-PP). CDV-PP inhibits the synthesis of viral DNA polymerase in
the form of a substitute matrix, and eventually blocks viral DNA synthesis
at the DNA polymerase level (Magee et al., 2005, 2008). Both Cidofovir
and Brincidofovir have demonstrated that they can inhibit MPXV repli-
cation in vitro and in vivo (Delaune and Iseni, 2020). The nucleoside an-
alogues inhibitor, Nioch-14, has strong antiviral activity against many
orthopoxviruses, and its anti-MPXV and VACV effects are comparable to
those of Tecovirimat. Nioch-14 is considered as a potential anti-MPXV
drug since it can be easy produced (Delaune and Iseni, 2020). Riba-
virin and Tiazofurin are inosine monophosphate dehydrogenase (IMP)
xvirus.

Anti-poxvirus Reference

Smallpox virus, MPXV Brown and Leggat
(2016)

Smallpox virus, MPXV Petersen et al. (2019a)

Smallpox virus, MPXV, and cowpox
virus.

Yang et al. (2005),
Thakur et al. (2022)

s MPXV Magee et al. (2008)
Magee et al. (2005)
Delaune and Iseni
(2020)

MPXV and vaccinia virus Delaune and Iseni
(2020)

ogenase All of poxviruses Baker et al. (2003)

ase inhibitors All of poxviruses Baker et al. (2003)
All of poxviruses Baker et al. (2003)
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inhibitors, that can reduce the replication of all poxviruses, and variola
virus (VARV) and MPXV are more sensitive to them (Baker et al., 2003).
S-adenosylhomocysteine (SAH) hydrolase inhibitors C-CA3-ADO and
C3-NPC A, DNA polymerase inhibitors HPMA and adenosine N1 oxide
(ANO) all showed well anti-poxvirus activity and could be used as po-
tential anti-MPXV drugs (Baker et al., 2003) (Table 1).

7. Conclusions

The outbreak of MPX has become endemic in more than 20 countries
since May 2022. The infectivity of MPXV is relative low andMPXmay not
become a pandemic as stated by WHO officer (Centor and Adalja, 2022).
However, as the largest and most widespread MPX epidemic outside
Africa so far, this international outbreak with an infrequently high
number of cases has raised the alarms of international health authorities
(Cabanillas et al., 2022). Therefore, we should pay high attention to
scientific arrangement, strengthen the basic research on zoonotic
poxvirus disease. To control the spread of MPX, it is critical to strengthen
awareness and surveillance. The early diagnosis is key to prevent the
epidemic of MPX, and the technical international cooperation is essential
to reduce the risk of MPX.
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