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Abstract

Monkeypox is a zoonotic disease caused by the monkeypox virus (MPXV), which
is a potential biological warfare agent of bioterrorism and poses the greatest threat to
the world’s public biosafety and health after variola virus (VARV). While the
coronavirus disease 2019 (COVID-19) pandemic has not ended yet, Monkeypox is
spreading menacingly. The first case of monkeypox in a nonendemic country was
confirmed on May 6%, 2022, while the first imported case from Asia was found on June
215, There were more than 16 thousand reported cases as of July 231, the day the World
Health Organization (WHO) declared the global monkeypox outbreak a public health
emergency of international concern (PHEIC) at the same level as smallpox and COVID-
19; while there were more than 53 thousand cases as of September 1%. Therefore, we
will propose relevant biosafety prevention and control strategies after analyzing the
etiology of the 2022 multi-country monkeypox outbreak from the biological feature,
transmissibility, epidemic, and variability of MPXV.

Keywords: Monkeypox virus; re-emerging infectious disease; biological
characteristics; biosafety strategy.

1 Biological feature
1.1 Classification

Monkeypox virus (MPXV), as a double-stranded DNA (dsDNA) virus, belongs to
the Poxviridae family, Chordopoxvirinae subfamily, and Orthopoxvirus genus (OPXV)
and is closely related to variola virus (VARYV), vaccinia virus (VACV) and cowpox
virus (CPXV) [1]. There are two distinct phylogenetic clades of MPXV, Clade I (Congo
Basin/Central African clade, C.B. clade) and Clade I (West African clade, W.A. clade).
Clade II consists of two subclades, Clade Ila and Clade IIb. It showed an overall
nucleotide identity of 99 % in the same region while only 95 % nucleotide identity across
different geographical groupings [2].
1.2 Pathogenic features

MPXV and other OPXVs, such as VARV, have high similarity in biological
characteristics, morphological structure, and antigenicity [3] (Table 1). With the brick
shape and typical size of other known poxviruses (200 by 250 nm), MPXV has two
infectious forms, intracellular mature virion (MV) and extracellular enveloped virion



(E.V)) [3, 4]. Microscopely, the core of MPXYV is described as biconcave, and there is
a lateral body (L.B.) on each side [3, 4] (Fig. 1). Meanwhile, the genomes are ~ 197 kb
long, containing approximately 190 non-overlapping open reading frames (ORFs) and
encoding >200 proteins [5, 6]. Moreover, the outer membrane of MV contains 20
proteins. Like other OPXVs, MPXV has a highly conserved and flanked central coding
region sequence (CRS) for replication and assembly machinery, and the proteins
encoded by CRS are from CI10L to A25R. The variable ends containing 6397 kb long
inverted terminal repeats (ITRs) [6] that cover genes involved in host range
determination and virulence [7, 8] (Fig.2). While ITRs composed of short tandem
repeats (54 bp/ repeat), hairpin loops (80 bp long, and situated in both side terminal),
NR1 and NR2 regions, and some ORFs [9, 10]. In addition, a comparative analysis of
genomes between MPXV and VARV has shown that the CRS of these two viruses are
nearly identical, whereas the ITRs are substantially different, and MPXV exhibits
considerable differences in virulence genes from VARV finally [10]. MPXV shares
common antigens, such as soluble antigens, nucleoprotein antigens, and hemagglutinins
(H.A.), with VARV, VACV, and CPXV, such that cross-reactivity on the challenge
should be observed [3]. In terms of physical and chemical properties, MPXV placed
them in an intermediate position between VARV and VACV. MPXV is resistant to
drying and can be quickly inactivated by formalin, SDS, chloroform, methanol, phenol,
and other chemical reagents. Moreover, 20 minutes of heating at 50 or 56 °C can cause
complete loss of infectivity, and it can be stored stably at 4 °C or -70 °C for a long time

[3].

2. Clinical characteristics and pathogenicity

An exanthemata disease, both in humans and other animals, induced by MPXV is
named monkeypox disease, and several monkeypox outbreaks have been reported,
whereby Monkeypox is just considered an emergent zoonotic viral disease. As a self-
limiting disease, most of the clinical characteristics of human monkeypox mirror those
of smallpox, where both can cause severe systemic diseases, such as fever, headache,
myasthenia, and fatigue, accompanied by skin lesions that are distinguished from the
diseases caused by other OPXVs [12]. The specific lesions of rashes often present as
macular initially; then as papules, blisters, and pustules; and finally, as scabs that fall
off [4, 13-15]. The rashes often grow on the face and limbs first and extend to the human
body. However, the rashes appeared in untypical positions, like sexual contact positions
[16]. In addition, the clinical presentation of lymphadenopathy is a notable feature of
Monkeypox that differentiates it from smallpox, chickenpox, and measles [4]; hence,
lymphadenopathy can be used for clinical diagnosis.

In the past, the case fatality ratio (CFR) of VARV, which caused smallpox to be
considered the most frightening disease, reached 30%, while the average CFR of
MPXYV was approximately 8.7%. Two clades of MPXV exhibit distinguish characters
in pathogenicity. The CFR of Clade I/CB clade and Clade II/WA clade are 10.6% and
3.6%, respectively [17, 18]. Death due to MPXV infection is mainly related to
complications, including secondary infection, sepsis, and encephalitis. Complications
during pregnancy may result in congenital fetal Monkeypox or stillborn fetuses via the
placenta. In the first half of 2022, five Monkeypox deaths were reported, all in Africa
[19], with a CFR of approximately 0.03%. The much lower CFR of the Clade [I/WA
clade has been regarded as being associated with the lower overall CFR (= 1%) in



African youth. In addition, the contribution to lower CFR and slight disease than
smallpox may be due to the presence of the IL-1B-binding protein in MPXV. It has been
found that IL-1B-binding protein is correlated with fever and pathogenicity in VACV
[20]. MPXV encodes a secreted IL-1B-binding protein and 3-B-hydroxy-9-5-steroid
dehydrogenase [21, 22], while VARV does not have intact versions of these CDS [10].
Some genome-region deletions in the MPXV clade also can affect viral replication and
pathogenicity [23]. Thus, although inducing unusual clinical symptoms, the
pathogenicity of MPXV is still low because of some virulence-related genes and
proteins.

3 Epidemiology and transmissibility
3.1 Host tropism

Host tropism significantly affects the distribution and transmission of viruses
among infected hosts. If a virus can infect more hosts or has an adaptive mutation to
humans, it will spread widely and even influence public health globally once it crosses
the host barrier efficiently. Even though the reservoir natural host and intermediate host
of MPXV have not been recognized thus far [13], the virus is maintained in various
mammalian species in endemic areas, including humans, nonhuman primates, and
rodents (such as rope squirrels, tree squirrels, Gambia kangaroos, and dormouse) [24,
25]. With a variable host spectrum, it seems like that MPXV is provided with the
potential to threaten human health.

Since rodents were reported to be the source of many monkeypox outbreaks [26,
27], they are most likely to be the natural host and play a crucial role in the transmission
and infection of MPXV. Besides, MPXV is presumed to have a broader range of animal
hosts; for example, the first monkeypox case of a dog that might have been acquired
through human transmission was reported recently and demonstrated that domesticated
dogs could be a vector for MPXV [28]. Additionally, based on currently available data,
it appears that VACV and MPXV both have a broad host range, while VARV exhibits
a very restricted host tropism (Table 2). The reason for such a difference remains
mysterious. However, it is suggested that the answer might lie in the genetic diversity
of those viruses, namely, host range genes. Compared with VARV infecting humans
exclusively, MPXV has a broader host tropism and an increasing latent ability of
widespread transmission genetically.
3.2 Transmission

In the past 50 years, Monkeypox has never been considered to spread among
human beings. However, at the second meeting of the International Health Regulations
(2005) (IHR) Emergency Committee [19], the concept changed when the World Health
Organization (WHO) regarded the global monkeypox outbreak as the highest-level
warning event of public global health emergency of international concern (PHEIC)
because that monkeypox has spread to many nonendemic countries on a large scale
from May 2022. Respiratory droplets, close contact with body fluids, a contaminated
environment or items, skin lesions or ulcers of infected persons, and mother-to-child
transmission are associated with interpersonal transmission [14, 29-31]. Infected
animals can also infect people by biting, scratching, and even using or eating
contaminated animal products [32]. Transmission via respiratory droplet particles
usually requires prolonged face-to-face contact. In addition, the predominance of rising
cases in many countries could suggest the possibility of community transmission, such



as through family gatherings [1, 33, 34].

Apart from what was mentioned above, the transmission pattern of MPXV seems
to be multiple and distinctive. Whether Monkeypox can be disseminated by sexual
transmission through semen or vaginal discharge, as seen in human immunodeficiency
virus (HIV), or transmitted by sexual contact, as seen in human papillomavirus (HPV),
remains a mystery. Recently, some study reports on monkeypox cases in the UK,
Portugal, Italy, and Australia were published in Euro Surveillance [16, 35-37]. It
suggested that MPXV is equipped with the potential transmission pattern by sexual
contact [38]. For instance, Australian researchers found that rash symptoms first
appeared at the sexual contact position in male patients [16], and four patients traced
by Italian researchers reported that the rash and skin damage was limited to genital
organs and perianal areas [35]. Furthermore, although the infectious pathogen had not
been isolated at the time of reporting, it was the first time to be detected the MPXV
nucleic acid in semen [35], showing that MPXYV is very likely to have a pattern of sexual
transmission as a sexually transmitted disease (STD).

On the other hand, many monkeypox patients are coinfected with HIV [12, 39,
40]; for example, 14 of 27 MPXV-positive individuals had a confirmed HIV infection
[36], and one tested sample in an investigation in Spain was identified as having co-
infection with HIV [41, 42]. These HIV patients may be acquired MPXV through
sexual transmission, but this speculation needs tracing and investigation to support in
the future. Overall, MPXV should no longer be considered a rare disease geographically
limited to western and central Africa, and the transmission pattern through sexual
transmission and sexual contact might answer why the 2022 monkeypox outbreak has
specific features that have not been seen before.

3.3 Transmissibility

The contact between infected and susceptible persons in the population leads to
the transmission of infectious diseases. If infectious transmission does not occur, the
pathogen infections will progressively disappear from the population. Thus, the concept
of "basic case reproduction number (R)", the average number of secondary cases that
contract an infection from an infected population, has been proposed by Macdonald
[43]. As an indicator to evaluate the contagiousness of pathogens, Ry can reflect the
biological mechanism of transmission and the rate of contact or interaction between
members of the host population [44] and is estimated at mass action equations.
Therefore, Ry can be used to describe the spreading potential for an infection in a
population, and infectious period, contact rate, and mode of transmission are the main
factors when estimating Ry (Fig.3). The transmissibility, spread of infections and
impact on the global public health in the occurrence of the epidemic can be observed
via Ry. If Ry > 1, the disease will spread interpersonal transmission and become an
epidemic. According to statistics previously, Ro of MPXV is estimated to be in the range
of 0.6-1.0 [45, 46] as the result of appearing to be a self-limited transmission.
Meanwhile, the Ry of VARV reaches 5-7 [44], and the related SARS-CoV-2 Omicron
B.A. 4/5 strain is much higher [47]. In sum, MPXYV is not considered to have the same
high infectivity and transmissibility as VARV because of its limiting transmission
routes and the lower Ry. Therefore, monkeypox represents a minor threat to humans in
terms of its transmissibility, infection rate, and influence. Additionally, the
epidemiology and transmissibility of MPXV are compared with VARV (causes
smallpox, the most threatening disease in the 16" - 18" centuries) and SARS-CoV-2



(induces COVID-19 that has still been affected human public health around the world
nowadays). As a result, a more intuitive understanding of the transmissibility of MPXV
can be found (Table 2).

Seemingly, the transmissibility of infectious pathogens is also related to hosting
tropism. Moreover, the spillover of pathogens often follows the more vital transmission
ability and broader host range. In recent years, the study of viral host range genes and
the interactions of their products with host cells have provided an outlook on the nature
of poxvirus tropism [48]. Some proteins encoded by ankyrin repeats which comprise
the most prominent OPXVs gene family, have been identified as important host range
factors in MPXV (like D7L and C1L) [7, 49]. In addition, some deletion or truncation
in this gene family could be investigated between VARV and MPXV, such as DIL,
D6L, D7L, CIL, and O3L in VARV and B19R in MPXV [10], which might affect host
range and transmissibility of the virus. However, the presence or absence of host range
genes does not determine the host tropism in poxvirus [50]; thereby, the host range
genes may be related to different means of evolution molecularly and culminate in
different pathogenesis, host tropism, transmissibility and immunoregulation ultimately.

4 Epidemics
4.1 History

Monkeypox has been known for 64 years since the first identification of MPXV.
Because of geological limitations, it has existed on the African continent narrowly for
an extended period, but there were also several monkeypox outbreaks before 2022
(Fig.4). Monkeypox was first recognized in cynomolguses in 1958 [56, 57].
Nevertheless, it was not until 1970 that the first human case infected with MPXV was
recorded in the Democratic Republic of the Congo (DRC) [58, 59]. With consideration
of regional limitations and low CFR, several monkeypox outbreaks and sporadic cases
were reported only in central and western African countries after that [32], and there
were 511 cases occurred in the DRC between 1996 and 1997 [60]; hence, the public
gave little attention to Monkeypox for a long time. However, this situation did not last
long. Monkeypox emerged in the United States of America (USA) in 2003, with 81
confirmed and suspected MPXV cases in six states, and the source was determined to
be imported African rodents [61]; these cases were the first human MPXV cases
occurring outside of the African continent and reported in the western hemisphere. Then,
an outbreak associated with travel to Nigeria was transported to many countries, namely,
the UK, Israel, and Singapore, from 2017 to 2019 [17, 18], with cases still being
reported through 2022. Although MPXV has never disappeared, the multi-national
transmission of MPXV demonstrated that the virus could adapt to new ecological and
geographical circumstances.
4.2 Epidemic development of the multi-country monkeypox outbreak in 2022

A monkeypox outbreak has been spread across many countries worldwide since
May 2022, with a more comprehensive transmitted range, more extensive geographical
distribution, more confirmed cases, and atypical symptoms, which are different from
departed monkeypox outbreaks. The earliest case in this outbreak was identified in the
United Kingdom (U.K.) on May 6%, and as of September 2"4, Monkeypox has spread
across 100 countries and regions around six continents, with 53,027 confirmed cases
and 15 deaths [62]. The highest numbers of cases mainly prevailed over Europe and
North America (Fig. 5A-B), including the United States, Spain, Brazil, France,



Germany, the United Kingdom, Peru, Canada, Netherlands, and Portugal. Meanwhile,
the number of cases in these ten countries accounts for 85.4% of the total number (Fig.
5C). Compared with the period of July, when the number of cases increased to >10,000,
the period of August presented a threefold-larger growth rate and saw an increase
to >30,000 cases. Notably, many infected people are men, especially those who have
sex with men (MSM) [32, 61]. For example, almost all 27 people surveyed in Portugal
consider themselves MSM [36], and the Centers for Disease Control and Prevention in
the United States pointed out that gay, bisexual, and MSM account for most male
patients [61]. Moreover, there remain the difficulties of uncertain infectious origin and
unconfirmed transmission patterns.

5 Heredity and variation
5.1 Heredity of muti-country monkeypox outbreaks in 2022

Mature sequencing technology and the rich experience of COVID-19 have enabled
scientists to address emerging and re-emerging infectious diseases more easily and
quickly. Although sequencing could be completed within five days after sample
acquisition [63], it took one month to release the first SARS-CoV-2 sequence after
COVID-19 broke out [64]. Meanwhile, two weeks after the first MPXV case was
reported, Dr. Jodo Paulo Gomes, whose research group is from the National Institute of
Health (Portugal), published the first draft genome sequence of MPXV on
virological.org (https://virological.org/) on May 19% [42  65]. The first rapid
phylogenetic analysis of the draft genome indicated that the virus belongs to the Clade
II/WA clade and is most closely related to viruses associated with the exportation of
MPXYV from Nigeria to several countries in 2018 and 2019 [17, 18]. On May 20™, the
Institute of Tropical Medicine team in Antwerp, Belgium, released the first complete
MPXV genome and reached a consistent conclusion as Dr. Jodo Paulo Gomes [66],
supporting the speculation about the existence of community transmission in Europe.
Additionally, accounting for the relatively divergent branch detected within the U.S.,
there is likely to be another evolutionary branch that currently prevails in Europe and
the United States [42].

5.2 Genetic diversity of muti-country monkeypox outbreaks in 2022

With the sharply rising number of confirmed MPXV cases, whole-genome
sequencing has been attempted to analyze the genetic diversity of viruses, and many
nonendemic countries with cases have performed sequencing analysis in succession.
As a result, 1,592 human MPXV genome sequences have been uploaded to GISAID
(https://gisaid.org/) by September 1%, 2022, of which 1,453 are associated with this
outbreak [67]. In addition, 607 MPXV whole-genome sequences have been uploaded
to the nucleoside database on National Center for Biotechnology Information (NCBI)
(https://www.ncbi.nlm.nih.gov/) [68].

Although the phylogenetic analysis showed that the MPXV belongs to the Clade
II/WA clade, the fact that the pandemic monkeypox outbreak is unusual gave rise to the
conjecture that some genetic mutations have occurred. Gregorio Marafion University
Hospital in Spain identified 46 single-nucleotide polymorphisms (SNPs) shared by 129
sequences and three amino acid changes (D209N, P722S, and M17411) in the surface
glycoprotein B21, which were not detected in the genomes of previous 2018 and 2019
strain [41]. The mutation of B21 is conducive to virus immune evasion and transmission.
Researchers have also found signs of sustained microevolution of MPXV [42], and
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mutations occurring at important sites can enable the virus to obtain higher adaptability
to the human host and stronger transmissibility to spread widely. Significantly, fewer
than 6 SNPs were detected in past MPXV-related cases, and 21 SNPs were seen in
unrelated samples [17]. The evolutionary rate of VARV has previously been estimated
to be approximately 9x 10 substitutions per site per year [69]; that is, VARV translates
into approximately 1-2 nucleotide changes per year [70]. Therefore, it seems
theoretically impossible to make approximately 50 substitutions unexpectedly in 3-4
years. Notwithstanding, the research group from France conducted the most profound
sequencing (950 mean depth) through I[llumina, and 56 mutation differences and three
deletions were measured [71]. However, the meanness of these genetic changes needs
to be analyzed later, which might favor adaptation to a human host and increase
transmissibility.

Moreover, a deaminase editing of the apolipoprotein B mRNA-editing catalytic
polypeptide-like 3 (APOBEC3) enzyme might drive hypermutation and evolution of
MPXYV, presenting a dinucleotide change bias from T.C.> T.T. or G.A.> A.A. [42, 70].
The antiviral activity of upregulated APOBEC3 can be identified with some viruses,
such as HIV, hepatitis B virus (HBV), human papillomavirus (HPV), herpes simplex
virus (HSV), and Epstein-Barr virus (EBV) [72]. Moreover, the expression of
APOBEC3 is remarkably upregulated after HIV infection [73]. The variations mediated
by APOBEC3 may not destroy the virus but increase the possibility of producing
hypermutations with altered biological characteristics of transmission, infection, and
pathogenicity in some cases [70]. A few adaptive mutations have already been
discovered in the genomes of recent MPXV strains, but as a DNA virus, MPXV does
not represent substantial variability as SARS-CoV-2 does and will not frequently
mutate theoretically.

6 Biosafety requirements

Based on relative pathogenicity and the extent of harm to human health, etiologic
agents are categorized into four risk groups (RG) for laboratory use recommended by
WHO in the Laboratory Biosafety Manual [74]. MPXV has been assigned to be a Risk
Group 4 (RG4) etiologic agent because that MPXV can pose a high individual risk of
aerosol-transmitted laboratory infections and life-threatening disease. Moreover, four
biosafety levels (BSLs) represent combinations of laboratory practices and techniques,
safety equipment, and laboratory facilities, and MPXV should be conducted in
biosafety level 3 and animal biosafety level (BSL-3/ABSL-3) 3 laboratories but not in
biosafety level 4 or animal biosafety level 4 (BSL-4/ABSL-4) laboratories, including
manipulations of virus culture, animal infection and uncultured material operation.
While other pathogens assigned to RG4, such as VARV, are required to conduct in
BSL-4/ABSL-4 laboratories [74].

The experimenters acquire MPXV laboratory infections mainly through needle
stabbing, animal scratching or biting direct contact with infectious materials, and
inhalation of aerosols. Therefore, laboratory personnel should wear personal protective
equipment according to the corresponding biosafety level, such as a buoyant pressure
personnel suit. In addition, all procedures should be conducted in biosafety containment
devices carefully to minimize the production of aerosols and avoid the risk of infection.
Furthermore, laboratory workers engaged in primate experiments are encouraged to be
inoculated against MPXV.



7 Biosafety prevention and control strategies

Due to the increasingly frequent international communication, infectious
pathogenic microorganisms can be transmitted to humans remotely by only one flight.
Therefore, emerging and re-emerging infectious diseases are not just a public health
concern for one country or continent but also a concern to global health by implication,
such as Ebola in 2014 [75] and COVID-19 [76]. For this reason, humankind should
keep high vigilance and give close attention to them. Currently, many countries have
biosafety prevention and control measures for different infectious diseases. For instance,
the Chinese government has proposed relative prevention and control strategies for
COVID-19, like quarantine and dynamic zero-COVID policies, which extensively
protect human health. Although the CFR of MPXV is lower than VARV, and the
variability is not as substantial as SARS-CoV-2, Monkeypox poses a threat to global
health and biosecurity. However, whether it will become another infectious disease
causing a worldwide pandemic is difficult to know, and great effort must be directed at
the supervision, research, and prevention of Monkeypox such that biosafety prevention
and control strategies can stay one step ahead of the virus. Therefore, some biosafety
prevention and control strategies are proposed following.

7.1 Establishment and improvement of the global biosafety network for
Monkeypox

Although naturally occurring smallpox was eliminated through the efforts of the
WHO Global Eradication Program by 1980, the public does not pay close attention to
MPXYV subjectively. The biosafety monitoring networks of Monkeypox in many
countries are fragile or have been imperfect for a long time, resulting from the limitation
of MPXV transmission, moderate symptoms of infection, and the lack of data on
potential reservoir species. The biosafety monitoring network can be a form of disease
reporting system; many countries have their reporting systems for some diseases, such
as the National Electronic Disease Surveillance System (NEDSS) Base System (NBS)
in the USA, the national monitoring information system for infectious diseases and
public health emergencies in China, a new global hub (for pandemic and epidemic
intelligence, data, surveillance, and analytics innovation) established by WHO and
Germany in 2021. The hard work to monitor the epidemics of emerging and re-
emerging infectious diseases has been done by WHO, but it lacks a mature global
biosafety monitoring system network for rare infectious diseases. Thus, longer-term
surveillance for Monkeypox is required.

Based on previous serological data, the persons born after the cessation of
smallpox vaccination within southeastern Sierra Leone had high OPXV-specific IgG
values and positive IgM responses, suggesting that OPXV has circulated in this region
consistently [77]. Given that the average number of SNPs between genomes is higher
than that observed among previous outbreak strains [41, 71], MPXV may have evolved
and undergone evolutionary adaptation in West Africa, Nigeria, and other countries
through long-term concealed transmission. With no clear MPXV source pool identified
to account for a large number of exported patients in the 2022 monkeypox outbreak,
the naturally adaptive evolution of Monkeypox also seriously threatens the health and
life of humans. In summary, heightened public awareness and the initiation of
monkeypox surveillance for the first time could help to establish and improve the global
biosafety network for Monkeypox. Meanwhile, some crucial behaviors are beneficial



for the establishment and improvement of biosafety networks, including strengthening
the monitoring, insisting on the detection of MPXV in customs, airports, and other
points of entry and exit, reducing the number of imported animals, and enhancing the
supervision and control of imported animals

7.2 Increasing efforts on the research of MPXYV variability, pathogenicity, and
transmissibility

Although the infection biology, epidemiology, and immune response of MPXV
have been widely studied [78-80], there are few studies on the multiple functions of
genes. Furthermore, evidence or possible explanations for unimaginable rapid mutation,
pathogenic infection mechanisms, and human-to-human transmission are lacking.
Zheng et al. reported the structural predictions of the whole proteomes of three
monkeypox variants, with the current annotation of potential small-molecule-binding
regions of the proteins [81]. In terms of genetic evolution, some researchers have traced
the origin and molecular evolution of OPXV [82], and other research has shown that
the more potent virulence and infectivity of the Clade II/WA clade may be related to
the interaction of multiple gene products, such as monkeypox inhibitor of complement
enzymes (MOPICE) [80]. However, reasons for the diversity of pathogenicity between
the two clades of MPXV, the regularity of the epidemic and transmission mechanisms
of MPXYV, and the relationship between the virus and the host are still unclear, which
aggravated the difficulty of drug and vaccine research and development.

The exploration of the possibility of MPXV not having a temporary natural
reservoir (s) but rather circulating in a wide variety of natural animal host species and
to investigate the epidemiological factors that maintain and sustain the virus in
ecosystems, a potential molecular mechanism for stepwise accumulation of genetic
alterations, and the viral and host factors that modulate animal-to-human transmission
and human-to-human transmission extensively are necessary. Moreover, scientists
should drive a considerable effort to study the variability, pathogenicity, and
transmissibility of MPXV prospectively.

7.3 Urgent need for effective prevention and control measures

As the global smallpox eradication and vaccination were terminated, the
opportunity for other OPXVs infections and the risk of human-to-human transmission
is increasing, the magnitude of the epidemic is further escalating, and human
monkeypox infection has probably been exacerbated. Meanwhile, many mild infections
or asymptomatic patients might not have been identified. Under the situation of no
specific treatment or medicine for monkeypox infection, antiviral drugs used to treat
smallpox can achieve a certain degree of treatment effects. These antiviral drugs include
tecovirimat (TPOXX, ST-246), Tembexa (brincidofovir), Cidofovir (Vistide), and
Vaccinia Immune Globulin Intravenous (VIGIV) [61], but some of them still lack
clinical data to support their therapeutic effect on Monkeypox effectively. Currently,
the vaccines used for preventing Monkeypox are second-generation and third-
generation smallpox vaccines, including ACAM200 and MVA-BN (the only
monkeypox vaccine approved by the Food and Drug Administration of the United
States).

Although a retrospective study on the effectiveness of the smallpox vaccine during
Monkeypox in Congo during 1980-1984 showed that the protective efficacy of the
smallpox vaccine against MPXV was 85% (not standard clinical data) [45]; while other
studies approved the effectiveness of smallpox vaccine against Monkeypox [83-86].



Moreover, antiviral antibodies against MPXV can exist stably for 75 years, while the
half-life of protective antibodies is 8-15 years [87]. Some studies showed that
vaccination could relieve symptoms to a certain extent; for example, the general CFR
decreased to 0.101% after COVID-19 vaccination in Singapore, which was the same as
that of influenza virus infection [88]. The lessons learned from the epidemic outbreak
in recent years have made humans aware that preparing and storing vaccines and drugs
to handle emerging and re-emerging infectious diseases are of great importance.
Effective prevention and protective measures are urgently needed to eliminate the
further spread of Monkeypox in this multi-country outbreak and reduce the impact on
human health. In addition to focusing on the susceptible population, carrying out
screening tests on time and reinforcing immunization campaigns, strengthening basic
research, improving detection technology, and promoting vaccine and drug research
and development are essential. Awareness about MPXV transmission should be raised,
and the possible epidemiological links between cases should be explored to elucidate
the factors that might have contributed to the exportation of MPXV from the African
continent, whereby the prevalence has shifted to many more non-endemic countries.

8. Conclusion and discussion

Along with the mobilization of populations and international cooperation,
emerging and re-emerging infectious diseases appear more frequently, spread to many
nonendemic countries, and constitute a significant threat to human health and global
biosafety. For example, the multi-country outbreak of monkeypox in 2022 has already
“invaded” 6 continents and over 100 countries, with more than 53,000 people from
different nations infected. MPXV, causing the 2022 multi-country monkeypox outbreak,
is equipped with a faster speed of microevolution and multi-patterns of transmission
between humans and animals. Presently, many countries are carrying out vaccination,
and the research of therapeutic drugs to prevent and control MPXV infection is
accelerating. Cutting off human-to-human transmission is our essential goal for
preventing and controlling the monkeypox outbreak by keeping surveillance reservoirs
and cases, improving detection technology, and tracing the evolution of MPXV. Our
glorious vision is prevention preceding treatment, and strategy before the virus's
evolution.
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Figure legends

Fig. 1 Schematic diagram of monkeypox virus (MPXYV) structure. A) The
structure of intracellular mature virion (MV). B) The structure of extracellular
enveloped virion (EV).

Fig. 2 Genomic organization of monkeypox virus (MPXYV).

Fig. 3 The assumption diagram of transmissibility. The primary case reproduction
number (Ry) is presumed to be 5.

Fig. 4 The historical outbreaks of mokeypox virus (MPXV).

Fig. 5 The global situation of Monkeypox confirms cases. A) The proportion of
Monkeypox confirmed cases of different continents. B) Confirm cases and deaths of
Monkeypox on different continents. C) Top ten countries with the highest monkeypox
cases. The source of data statistics from CDC in the United States
(https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html) as of
September 24, 2022.

Highlights

* The article reviews monkeypox virus characteristics, including pathogenicity,
transmissibility, epidemic, and variability.

* Monkeypox virus is equipped with a faster speed of microevolution and muti-
patterns of transmission between humans and animals.

* The biosafety prevention and control strategies for the 2022 multi-country outbreak

of monkeypox are discussed.

Table 1 The biological characteristics of VARV, MPXV, and VACV
OPXVs Structure Genomes Antigenicity Resistance  Reference
s



https://doi.org/10.1016/S1473-3099(22)00320-6
https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html

VARV  brick-
shaped,
with 300 x
200 nm in

size

MPXV  brick-
shaped,
with 200
by 250 nm

in size

VACV  brick-
shaped,
with 350 x
250 nm in

size

~ 186 kb long,
encodes > 65
proteins but
lacks ORFs in
the ITR region

~ 197 kb long,
>200
and

encodes
proteins
contains at least
4 ORFs in the
ITR region

~ 192 kb long,
>200
and

encodes
proteins
contains at least
9 ORFs in the
ITR region

some proteins are
similar to  other
OPXVs, and cross-
reactivity with other
OPXVs be

observed because of

can

hemagglutinins
(H.A)

some proteins are
similar to  other

OPXVs, and cross-
reactivity with other

OPXVs can be
observed

some proteins are
similar to  other

OPXVs, and cross-
reactivity with other
OPXVs be
observed

can

stronger
than MPXV,
resistant to
drying and
hypothermia
between
VARV and
VACV
weaker
than
MPXV

[3, 10, 11]

[3, 6, 10]

(3, 8]

Abbreviations: OPXV = Orthopoxvirus; VARV = variola virus; VACV = vaccinia
virus; MPXV = monkeypox virus.

Table 2 The comparison of VARV, MPXV, and SARS-CoV-2 in epidemiology
and transmissibility



Host tropism Transmission Ry References
route
VARV Narrow (humans Respiratory route 5-7 [11,44]
are the sole host) and contact
transmission
MPXV  Broder (infects Close contact with 0.6-1.0 [14, 24, 25,
mammalian infectious 29-31, 45,
species like substances or via 46]
humans, respiratory  droplet
nonhuman particles to
primates, and transmission
rodents)
SARS- Broder (including Close contact, Original strain is [47,51-55]
CoV-2 humans and a respiratory route, between 1.4 and 3.9;
variety of animals, and aerosol Delta strain is 5.1;
like bats, transmission Omicron BA.1 is 9.5;

pangolins, minks,
or other animals)

BA.21is13.3, and B.A.

4/5 is much higher (18
is not a correct
estimation)

Abbreviations: Ry = the primary case reproduction number. VARV = variola virus;
MPXYV = monkeypox virus; SARS-CoV-2 = severe acute respiratory syndrome
coronavirus 2.
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MPXV was first recognized The USA reported 81 confirmed
in cynomolguses and suspected MPXV cases
WHO declared smallpox As of Sep. 2", monkeypox has spread across
had been eradicated more than 100 countries and over 53,000 cases
1958 1970 1980 1996 2003* 2017 2022
First human infected case The outbreak associated with Nigeria
was recorded in the DRC has still being reported through 2022

511 MPXV cases occurred in
the DRC during 1996 and 1997

*: Monkeypox occurred in nonepidemic country outside of the African continent for the first time.



ournal Pre-proofs

A Asia; 327;0.6% B Deaths Cases
Oceania; 130;0.2% 10 25,000
s
8 20,000
7
6 15,000
5
4 10,000
3
2 5,000
1
0 _ . 0
Europe A’:::i’e‘a ::'::; Africa Asia Oceania
m—Cases 22432 21,764 7,847 527 327 1B
Deaths 2 1 2 [ 1 N

 Europe &« North America = South America = Africa = Asia m Oceania & -

C

Portugal W 871
Netherlands W 1,166
Canada W 1,251
Peru i 1,531
United Kingdom Bl 3,413
Germany [N 3,493
France N 3,558
Brazil W 5,037
Spain NN 6,543
United States IE— 19,961
Tt e 53,027

0 10,000 20,000 30,000 40,000 50,000 60,000
Cases



