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Abstract

Monkeypox is zoonotic disease caused by the Monkeypox (MPOV) virus infect primate, rodents, and human. This enveloped virus is a large oval-
shaped with double-stranded DNA, belongs to the genus Orthopoxvirus of the family Poxviridae. Monkeypox disease was first detected in 1970s
in Central and West Africa. The infection usually spread from person-to-person contact or from the anhelation of infected person's lesions. These
lesions found on the skin, eyes, mouth, throat, genitalia, and rectum. Monkeypox disease symptoms developed after the infection within five to
twenty days incubation period and include rashes on faces that spread later across the body. Real-time Polymerase Chain Reaction (PCR) assay
is the only reliable method to identify monkeypox virus infection. There are no special treatments for MPOX virus infection, but due to genetic
similarity between Monkeypox (MPOX) virus, Smallpox (SPX) virus, and Vaccinia (VAC) virus, antiviral drugs for Smallpox (SPX) virus, and
vaccinia (VAC) virus infections are used for the treatment from MPOX virus infection. In addition, the, developed vaccines for the protection from
Smallpox (SPX) virus, and vaccinia (VAC) virus infection are used for the protection from Monkeypox (MOPX) virus infection. The global outbreak
outside Africa occurred in the year 2022, and World Health Organization (WHO) declared endemic outbreaks of MPOX disease outside Africa after
over 91,000 confirmed MPOX cases occurred in about 116 non-African countries with small number of deaths.
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Introduction

The infection with Monkeypox (MPOX) virus was first identified in the year
1958 from two monkeys kept for research at the Staten’s Serum Institute in
Copenhagen. The first human case of MPOX disease was emerged in 1970s
occurred in two African countries (Central and West African). Later and after
over 50 years from the first case in Africa, MPOX disease was detected as
endemic outbreaks in Europe and, United States of America [1]. Various
epidemiology studies indicated that monkeypox disease clinically manifests
as fever, fatigue, and a rash of smallpox-like lesions. Plus, the virus can cause
various complications from second infection; include pneumonia, encephalitis,
and sepsis, which might lead to death if the infection did not properly treat [2].

MPOX virus belongs to the genus Orthopoxvirus of the family Poxviridae
and is related to the eradicated Smallpox (SPX) virus [3]. MPOX virus is a
large, oval-shaped enveloped virus (Figure 1) comprising of a double strand
DNA (dsDNA) genome. There are two distinct genomic types (groups) that
were identified in Africa [4]. These are Clade I, present in Central Africa (Congo
Basin) and Clade Il, present in West Africa. Clade Il is divided into two subleases
Clade lla and Clade Ilb. Clade | that is present in Central Africa (Congo Basin)
and is recognized to induce serious infection and can spread among humans
with higher fatality rate that reached to about 11%. While Clade lla, and Clade

Figure 1. MPOX as a large, oval-shaped enveloped virus belongs to orthopoxvirus
genus of the poxviridae family.

lIb present in West Africa displays lower fatality rate of infection less than 1%
[6]. The early sign of MPOX virus infection (symptom) is the increase of the
body temperature that is dangerous (pyrexia), followed by severe headache,
myalgia, swelling of lymph nodes (lymphadenopathy), and fatigue (lethargy).
After three days of these early symptoms dermal characteristics are developed
such as rashes on facial region, and later spread on the chest, the back, the
shoulders, and on the abdomen. These MPOX symptoms are quite similar
to the eradicated Smallpox (SPX) virus symptoms [6]. MPOX symptoms are
frequently self-determining disease; symptoms usually last for two to four
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weeks. Owing of MPOX disease originated in Africa, global outbreaks in the
year 2022 with highest number of cases were detected at high rate in United
States and Europe. Understanding the MPOX virus morphology, structure,
mechanism of infection are important factors in developing special therapeutic
drugs and vaccines to avoid future MPOX disease outbreaks.
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Virus morphology and structure

MPOX virus is like other poxviruses morphology, it is oval-shaped highly
complex virus that is not yet fully understood. In general, the virus structure
has four components (Figure 2). These four components are outer lipoprotein
envelop [7] outer membrane, lateral bodies, and the core. Outer lipoprotein,
and outer membrane protects virus enzymes, DNA, and transcription
factors from outside environments. The core which is the central part of the
virus encompassed by core fibrils and double strand DNA (dsDNA) that are
encircled by a rigid structure called the palisade layer [8]. The outer membrane
accommodates the palisades layer, lateral bodies, and the central core [9]. On
the surface on the outer membrane located a structure known by the name
surface tubules.

MPOX replication, is known by the name Poxvirus replications, this
replication occurs in the host cytoplasm in specific structures called Guarnieri
bodies (also called factories) obtained from host infecting particles. The
Guarnieri bodies (factories) are the site where virus dsDNA transcription,
translation, and the assembly of virions are occurred [10]. Assembled MPOX
Mature Virion (MV) inside the infected host cells cytoplasm form two separate
infectious viral types (Figure 3). These infectious viral types are Intracellular
Mature Virus (IMVs) and Extracellular Enveloped Virus (EEVS). Intracellular
Mature Virus (IMVs) has single membrane, and Extracellular Enveloped Virus
(EEVs), have additional outer membrane that is cleaved before the virus
fusion into new host cell cytoplasm for new cell infection [11]. Both Intracellular
Mature Virus (IMVs) and Extracellular Enveloped Virus (EEVs) are capable to
infect human cells and hijack the host cell machinery.

Mechanism of infection

MPOX virus spreads from person-to-person when a healthy person
contacts infected person by touching, kissing, sex, or via touching contaminated
materials such as sheets, clothes, or needles. This virus can also spread
via person contacts with infected animals, or through infected slaughtered
animals skinning or cooking [12]. The infection initiated via the host skin
cell, or as sometimes happened the virus inters the host body via respiratory
tract to infect the epithelial cells such as ciliated cells [13]. There are a total
of four viral proteins on the MPOX virus outer membrane surface helps the
attachment of MPOX virus (EEV, and IMV) to the host cell [14]. These four
virus proteins attached to non-glycosylated transmembrane proteins located
on the host skin cells for the virus fusion into the host cell cytoplasm (Figure 4).
MPOX replication (Provirus) occurs in the host cell cytoplasm inside specific
structure known by the name Guarnieri bodies or factories that are obtained
from host infected particles [15]. These Guarnieri bodies (factories) are the
site where MPOX virus (virions) transcript, translate, and assemble is taken
place. When the assembled MPOX became Mature Virion (MV) also known
by the name Intracellular Mature Virus (IMV) enclosed within an endosomal
membrane or trans-Golgi apparatus of the host infected cells, it is wrapped
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Figure 2. The virus contains four components of outer lipoprotein envelop, outer
membrane (outer, and inner membranes), lateral bodies, and core. The core contains a
linear double-stranded DNA (dsDNA) encodes the majority of proteins required for the
virus replication inside host cell cytoplasm (Graphic created using BioRender).
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Figure 3. Poxvirus particles have two mature infection forms, Extracellular Enveloped
Virus (EEV) and the Intracellular Mature Virus (IMV) that are released during infected
host cell lysis. The most difference between IMV and EEV is IMV lack the additional
outermost membrane layer that known by the name envelope [35].
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Figure 4. Monkeypox EEV and IMV virions (virus) bind to the unknown host cell
receptors or to extracellular matrix components. MPOX replication involves viral mMRNA,
and protein synthesis, followed by the assembly of infectious virions (EEV and IMV).
IMV is wrapped by a double membrane derived from the host cell Golgi to form an
Intracellular Enveloped Virus (IEV). Developed IEV lose its outer membrane wrappings
by Actin-tall and subsequently fuse with the host cell membrane to form Cell-associated
Enveloped Viruses (CEVs). These CEVs can be released from infected host cell in the
form of the infectious EEV [36].

by a double membrane derived from the host cell Golgi apparatus to form
an Intracellular Enveloped Virus (IEV). Golgi-wrapped Intracellular Enveloped
Virus (IEV) loses its outer membrane wrappings by Actin-tall and subsequently
fuses with the cell membrane to form Cell-Associated Enveloped Virus (CEV).
CEV is eventually released from infected host cell in the form of Extracellular
Enveloped Virus (EEV). The unenclosed IMV outside endosomal membrane
or trans-Golgi apparatus of the infected host cells remain free until the infected
host cell is lysed [16]. Both released EEV and IMV is infectious virus that can
spread the disease form person- to- person [17]. The stable EEV transmits
the infection between hosts based on person-to-person contact, while the
fragile IMVs spread the disease within the infected host cells. This stable
EEV is capable to infect and replicate in the host lymph nodes, and cause
viraemia causing the infection of the host large organs such as spleen and liver
allowing EEVs to infect and replicate in distance organs such as lungs [18].
EEV also Infect host Antigen-Presenting Cells (APCs) such as dendritic cells
and macrophages (Mg) present in the host blood calculation. It is important
to highlight, that the developed virion inside host cell cytoplasm known by the
name Cell-Associated Enveloped Virus (CEV) stays affixed to the infected cell
surface. This CEV cannot spread into neighboring cells before developing
actin tails below the plasma membrane to form sable EEV to be release from
infected host cell surface to infect neighboring cells, plus causing viraemia,
infect distance host organa, and spread form person-to-person contact.

Immune system response to MPOX virus infection

MPOX virus infection, trigger host cytokines response such as T-helper
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cells (Th2) response, and a weakened T-helper cell (Th1) response. This result
in the elevation of anti-inflammatory cytokines (IL-5, and IL-6, IL10) linked to
Th2-mediated immune response, while down regulate cytokines (TNF-q,
IFN-c, IFN-v, and IL-2) linked to Th1 mediated immune response. In general,
this virus has special mechanism to evade the host innate and adaptive
immunity system. In addition, this virus has a set of modulated proteins
encoded by the virus virulence genes to avoid the host immune response [19].
These modulated proteins are classified based on its function into intracellular
proteins, and extracellular proteins (Figure 5). Intracellular proteins include
viotransducers protein interfere with the infected host cell to respond to the
infection, and virostealth protein decrease the virus detection by the host
immune response via downregulating the function of immune molecules such
as MHC class | and T cells-CD4 in recognizing the virus infection. Extracellular
virus modulated proteins include two types of viremic proteins (viroeceptors,
and virokines). Viroreceptors protein secreted as cell surface glycoproteins
competitively bind to the host cytokines and chemokines of the infected host,
while, Virokines protein mimic, the host cytokines, chemokines, and growth
factors. In summary, this MPOX virus modulated proteins allow the virus to
replicate while evading the host immune response. It is important to highlight
that without this MPOX virus modulated proteins the virus will not be able to
avoid the host immune response [20].

Infection symptoms

MPOX virus infection leads to skin lesions followed by sepsis, deep tissue
abscess, severe respiratory disease, and injuries to immune organs such as,
bone marrow, thymus, lymph nodes, spleen, tonsils, and mucous membranes
[21]. Infection symptoms are usually started with fever, and rashes. The
common site for first rashes is on the face (Figure 6). These rashes can
also develop on the palm of hands, soles on the feet, mouth, genitalia, and
eyes (conjunctivae and cornea). Other common symptoms are sore throat,
headache, muscle aches, back pain, low energy, and, swollen lymph nodes.
Most of the time the patient recovers from these symptoms on his/ her own
within few weeks. But in some cases, a patient with week immunity became
very sick and could die from the infection.

Infection diagnostics

Real-time Polymerase Chain Reaction (PCR) is regarded to be the best
technique for accuracy and sensitivity in MPOX virus species differentiation.
There are several PCR protocols that are available in the market to identify
and differentiate between Smallpox (SPOX) virus, vaccinia (VAC) virus, and
Monkeypox (MPOX) virus from other poxviruses family [22]. Serological and
antigen detection methods do not provide reliable specific confirmation for MPOX
virus infection due to cross-reactivity with another genus of Orthopoxviruses.
These serological and antigen detection methods are not recommended for
the diagnostic of MPOX virus infection [23]. Enzyme-linked immunosorbent
assay (ELISA) methods for the detection of IgM and IgG antibodies in the
infected host serum after 5 to 8-days of MOPX virus infection also does not
provide reliable diagnostics due to antigenic cross reactivity between MPOX
virus and other Orthopoxviruses. Therefore, these ELISA methods are not
recommended for MPOX virus infection diagnostics as well. The only reliable
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Figure 5. MPOX virus modulatory proteins can be classified into extracellular and
Intracellular proteins. Extracellular proteins include viroreceptors and virokines.
Intracellular proteins include virotransducers and virostealth [37].
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Figure 6. Common site for skin lesions (rashes) is on the face, but gradually spread
over the infected person’s body to cover the palm of hands, soles on the feet, mouth,
genitalia and eyes.

diagnostic protocol for MPOX virus infection detection is the real-time PCR.
This real-time PCR method is capable to identify the two MPOX virus types
(Clade I, and Clade II), but does not differentiate between the two subleases of
Clade Il (Clade lla and Clade Ilb). The only differentiation between these two
subclasses is by DNA sequencing. It is important to highlight that epidemiolocal
studies demonstrated that 2022 -2023 MPOX virus infection outbreaks in U.S.
and Europe were identified and classified by PCR, and DNA sequencing
methods to be from type Clade I, specifically, from Clade IIb subclass that is
rarely fatal. However, patients with weakened immune system, and a history
of eczema, pregnant women, and one year of age children, are more likely
to have serious illness from MPOX infection that could end to death. Other
accepted method for this virus diagnostic for characterization at the level of
subclasses is cell culture method. This cell culture methods are only restricted
for the use of biosafety level 3 reference laboratories [24]. Clinical specimens
for MPOX virus infection diagnostics are by skin lesion swab. Skin lesion from
infected patient contains high MPOX virus titer for real-time Polymerase Chain
Reaction (PCR), and for DNA sequencing methods. In some rare cases the
patient does not develop external skin lesion, and in such cases the MPOX
lesion is internal and clinical specimens are usually from nasopharyngeal, and
oropharyngeal swabs [25].

Infection treatments

There are no special treatments for MPOX virus infection, and during the
2022-2023 MPOX outbreaks, antiviral drugs to treat MPOX virus infection
became urgently needed. Monkeypox (MPOX) virus and Smallpox (SPX) virus
are genetically similar, suggested that antiviral drugs used for the treatment
from SPX virus infection, and vaccines used for the protection from POX
virus infection can be used for the treatment from MPOX virus infection,
and for vaccination for protection from MPOX virus infection [26]. Antiviral
drug Tecovirimat (trade name TPOXX) used for SPX infection treatment
demonstrated to have strong inhibition efficacy on MPOX virus infection
[27]. Tecovirimat mechanism is the inhibition of virus envelops proteins that
are essential for the virus assembly. Such virus envelop proteins inhibition
preventing the virus from assembly and release from infected cell, hindering the
virus spread to infect more healthy cells in the infected host. In addition, antiviral
drug Cidofovir that has a broad-spectrum as antiviral agent to treat a variety
of viral infections include poxviruses family demonstrated to provide treatment
efficacy against MPOX virus infection. This antiviral drug Cidofovir acts through
the selective inhibition of viral DNA polymerase resulted in the inhibition of virus
DNA synthesis [28]. In the case of vaccination for the protection from MPOX
virus infection, Smallpox (SPX) vaccine ST-246, and vaccinia (VAC) immune
globulin (VIG) are currently used for vaccination to control MPOX virus infection
outbreaks [29]. In addition, there are two vaccinia (VAC) virus vaccines that
are available in United States to reduce the risk and severity of MPOX virus
infection. These two vaccines are JYNNEOSTM (live, replication-incompetent
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vaccinia virus), and ACAM2000° (live, replication-competent vaccinia virus).
These two vaccines used in U.S. are made from vaccinia (VAC) virus which
is a poxvirus related to MPOX virus [30]. Centers for Disease Control and
Prevention (CDC) recommend the use of JYNNEOSTM as the primary
vaccine to protect from MPOX virus infection. This JYNNEOSTM vaccine is
less associated with potential side effects comparing to ACAM2000° vaccine.
This JYNNEOSTM vaccine is recommended for people vaccination within 4 to
14 days after the exposure to MPOX virus. This window of vaccination after
exposure to MPOX virus can help the person to prevent the infection. All these
approved vaccines for the protection from MPOX virus infection are strongly
recommended to vaccinate specially gays, and bisexual groups of people, that
are considered to be at high risk for this virus infection [31].

Infection prevention

The first priority of prevention is to treat infected patient by approved
antiviral drugs and vaccinate high risk groups of people for the protection from
MPOX virus infection. This first priority of treatment and infection prevention
will prevent MPOX virus from infecting and spreading into large population
causing serious outbreaks. The second priority for infection prevention is to
educate people and increase population awareness to these virus methods of
infection and symptoms. Such education will minimize virus infection rates and
reduce future outbreaks [32].

General steps for the prevention from MPOX virus infection and spreading
through the large population are:

< Avoid close contact with patients have rashes that looks like MPOX
virus infection symptoms.

« Avoid handling clothes and other materials that have been used with
infected person.

« Wash hands with disinfectants if contacted with infected person.

» Isolate patients that are infected with MPOX and showed symptoms
from the community.

» Avoid contact with animals that are susceptible to carry this virus.

Discussion

Monkeypox (MPOX) virus is a rare skin infection disease caused by a
dsDNA enveloped virus belongs to Proxviridae family, and to the genus
Orthopoxvirus. This Proxviridae family include Smallpox (SPX) virus, Cowpox
(CPX) virus, and Vaccinia (VAC) virus. Monkeypox (MPOX) virus is Zoonotic
diseases Infect primates, rodents, and humans. The infection spread from
person-to-person contact or from the anhelation of infected person's lesions.
These lesions may be located on the skin or as mucous on the surface of
eyes, mouth, throat, genitalia, and rectum. Symptoms after the infection with
MPOX virus usually developed within five to twenty days and include fever,
headaches, muscle or back aches, swollen lymph nodes, and exhaustion.
These symptoms followed by rashes on the face that quickly spread across the
body. This enveloped dsDNA monkeypox virus is quite similar in mechanism of
infection, treatments, and vaccination to viruses belongs to Proxviridae family.
Mechanism of infection by these viruses require first the uncoating of virus
envelop after fusing in the host cell, and reaching host cell cytoplasm for DNA
replications, virus proteins synthesis, and new viruses’ assembly steps to be
released from infected host cell cytoplasm to infect neighboring host cells, or
to infect new person via person-to-person contact. Developed antiviral drugs
mechanism for these Proxviridae family are based on blocking the uncoating
of the virus envelope inside infected host cell cytoplasm, or inhibiting virus
DNA synthesis (replication) inside the host infected cell cytoplasm. Currently
there are no specific antiviral drugs for the treatment of Monkeypox (MPOX)
virus infection. However, due to the similarity in mechanism of infection for
Smallpox (SPX) virus, and Vaccinia (VAC) virus to Monkeypox (MPOX) virus,
FDA approved antiviral drugs used for the treatment from Smallpox (SPX)
virus infection, and antiviral drugs for the treatment from vaccinia (VAC)
virus infections to be used for the treatment from Monkeypox (MPOX) virus
infection. Also, FDA approved vaccines used for the protection from Smallpox
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(SPX) virus infection, and from vaccinia (VAC) virus infection to be used for
vaccination from Monkeypox (MPOX) virus infections.

For over 50 years MPOX virus infection and disease were restricted to
Africa especially in West and Central Africa, plus to a rare case outside Africa
linked to international travel to these African countries or through import animals
from these countries. African rodents and primates such as monkeys believed
to be the initial source of infection to the people in West and Central Africa.
Global outbreaks outside Africa were declared by World Health Organization
(WHO) in the year 2022 after over 91,000 confirmed MPOX virus infection
cases in about 116 non-African countries with small numbers of death [33]. The
most affected countries by these global outbreaks are UK, Australia, Belgium,
Canada, France, Germany, Italy, Netherlands, Portugal, Spain, Sweden, and
U.S. The most MPOX virus type circulated in these global outbreaks is belong
to the clade Ilb type that has lower fatality rate of infection (less than 1%).
Due to the low rate of Monkeypox virus infection World Health Organization
declared on May 2023 an end to MPOX disease endemic outside Africa citing
steady progress in controlling the spread of the disease. It is important to
highlight as of 20 January 2024, there have been a total of 93,275 confirmed
cases and 177 deaths in over 113 countries outside Africa [34]. This rate of
infection is concern that ending MPOX disease endemic on May 2023 was
too early.

Conclusion

The risk from the infection with Monkeypox (MPOX) virus is still moderate.
However, it appears that this zoonotic monkeypox virus is adaptive to be suited
globally to human. Developing specific antiviral drugs and vaccines especially
for monkeypox virus infection are in demand for potential new outbreaks
outside Africa in years to come.

Acknowledgement

None.

Conflict of Interest

None.

References

1. World Health Organization (WHO) Outbreaks and Emergencies Bulletin. (2022).

2. Xiang, Yan and Addison White. "Monkeypox virus emerges from the shadow of its
more infamous cousin: Family biology matters." Emerg Microbes Infect 11 (2022):
1768-1777.

3. Harapan, Harapan, Youdiil Ophinni, Dewi Megawati and Andri Frediansyah, et al.
"Monkeypox: A comprehensive review." Viruses 14 (2022): 2155.

4. Okwor, Tochi, Placide K. Mbala, David H. Evans and Jason Kindrachuk. "A
contemporary review of clade-specific virological differences in monkeypox
viruses." Clin Microbiol Infect (2023).

5. Forni, Diego, Cristian Molteni, Rachele Cagliani and Manuela Sironi. "Geographic
structuring and divergence time frame of monkeypox virus in the endemic region."
J Infect Dis 227 (2023): 742-751.

6. Hraib, Munawar, Sarah Jouni, Mhd Mustafa Albitar and Sara Alaidi, et al. "The
outbreak of monkeypox 2022: An overview." Ann Med Surg 79 (2022): 104069.

7. Gupta, Kajal. "In silico structural and functional characterization of hypothetical
proteins from Monkeypox virus." J Genet Eng Biotechnol 21 (2023): 1-8.

8. Hyun, Jaekyung. "Poxvirus under the eyes of electron microscope." Appl Microsc
52 (2022): 1-9.

9. Karagoz, Aysel, Huseyin Tombuloglu, Moneerah Alsaeed and Guzin Tombuloglu,
et al. "Monkeypox (mpox) virus: Classification, origin, transmission, genome
organization, antiviral drugs, and molecular diagnosis." J Infect Public Health
(2023).


https://www.who.int/westernpacific/emergencies
https://www.tandfonline.com/doi/abs/10.1080/22221751.2022.2095309
https://www.tandfonline.com/doi/abs/10.1080/22221751.2022.2095309
https://www.mdpi.com/1999-4915/14/10/2155
https://www.sciencedirect.com/science/article/pii/S1198743X23003373
https://www.sciencedirect.com/science/article/pii/S1198743X23003373
https://www.sciencedirect.com/science/article/pii/S1198743X23003373
https://academic.oup.com/jid/article-abstract/227/6/742/6643513
https://academic.oup.com/jid/article-abstract/227/6/742/6643513
The outbreak of monkeypox 2022: An overview
The outbreak of monkeypox 2022: An overview
https://jgeb.springeropen.com/articles/10.1186/s43141-023-00505-w
https://jgeb.springeropen.com/articles/10.1186/s43141-023-00505-w
https://appmicro.springeropen.com/articles/10.1186/s42649-022-00080-3
https://www.sciencedirect.com/science/article/pii/S1876034123000345
https://www.sciencedirect.com/science/article/pii/S1876034123000345

Ibrahim OO.

Virol Curr Res, Volume 08:02, 2024

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Teale, Alastair, Stephanie Campbell, Nick Van Buuren and Wendy C. Magee, et al.
"Orthopoxviruses require a functional ubiquitin-proteasome system for productive
replication." J Virol 83 (2009): 2099-2108.

Yu, Xi, Huicheng Shi and Gong Cheng. "Mpox virus: Its molecular evolution and
potential impact on viral epidemiology." Viruses 15 (2023): 995.

Ligon, B. Lee. "Monkeypox: A review of the history and emergence in the Western
hemisphere." Semin Pediatr Infect Dis 15 (2004): 280-287.

Wang, Xue and Wenhui Lun. "Skin manifestation of human monkeypox." J Clin
Med 12 (2023): 914.

Kaler, Jasndeep, Azhar Hussain, Gina Flores and Shehreen Kheiri, et al.
"Monkeypox: A comprehensive review of transmission, pathogenesis, and
manifestation." Cureus 14 (2022): e26531.

Rampogu, Shailima, Yongseong Kim, Seon-Won Kim and Keun Woo Lee. "An
overview on monkeypox virus: Pathogenesis, transmission, host interaction and
therapeutics." Front Cell Infect Microbiol 13 (2023): 1076251.

Moss, Bernard. "Membrane fusion during poxvirus entry." Semin Cell Dev Biol 60
(2016): 89-96.

Moss, Bernard. "Poxvirus cell entry: How many proteins does it take?" Viruses 4
(2012): 688-707.

Malik, Shiza, Amna Ahmed, Omar Ahsan and Khalid Muhammad, et al. "Monkeypox
Virus: A comprehensive overview of viral pathology, immune response, and antiviral
strategies." Vaccines 11 (2023): 1345.

Johnston, Sara C., Joshua C. Johnson, Spencer W. Stonier and Kenny L. Lin, et al.
"Cytokine modulation correlates with severity of monkeypox disease in humans." J
Clin Virol 63 (2015): 42-45.

Johri, Nishant, Deepanshu Kumar, Priya Nagar and Aditya Maurya, et al. "Clinical
manifestations of human monkeypox infection and implications for outbreak
strategy." Health Sci Rev (2022): 100055.

Wang, Xue and Wenhui Lun. "Skin manifestation of human monkeypox." J Clin
Med 12 (2023): 914.

Li, Yu, Victoria A. Olson, Thomas Laue and Miriam T. Laker, et al. "Detection of
monkeypox virus with real-time PCR assays." J Clin Virol 36 (2006): 194-203.

Grossegesse, Marica, Daniel Stern, Natalie Hofmann and Rebecca Surtees, et
al. "Serological methods for the detection of antibodies against monkeypox virus
applicable for laboratories with different biosafety levels." J Med Virol 95 (2023):
€29261.

Kim, Jin-Won, Minji Lee, Hwachul Shin and Chi-Hwan Choi, et al. "Isolation and
identification of monkeypox virus MPXV-ROK-P1-2022 from the first case in the
Republic of Korea." Osong Public Health Res Perspect 13 (2022): 308.

Coppens, Jasmine, Fien Vanroye, Isabel Brosius and Laurens Liesenborghs, et
al. "Alternative sampling specimens for the molecular detection of mpox (formerly
monkeypox) virus." J Clin Virol 159 (2023): 105372.

Page 5 of 5

26.

21.

28.

29.

30.

3L

32.

33.

34.

35.

36.

371.

Siegrist, Emily A. and Joseph Sassine. "Antivirals with activity against mpox: A
clinically oriented review." Clin Infect Dis 76 (2023): 155-164.

Sherwat, Adam, John T. Brooks, Debra Birnkrant and Peter Kim. "Tecovirimat and
the treatment of monkeypox—past, present, and future considerations." N Engl J
Med 387 (2022): 579-581.

Magee, Wendy C., Karl Y. Hostetler and David H. Evans. "Mechanism of inhibition
of vaccinia virus DNA polymerase by cidofovir diphosphate." Antimicrob Agents
Chemother 49 (2005): 3153-3162.

Lederman, Edith R., Whitni Davidson, Harold L. Groff and Scott K. Smith, et al.
"Progressive vaccinia: Case description and laboratory-guided therapy with vaccinia
immune globulin, ST-246, and CMX001." J Infect Dis 206 (2012): 1372-1385.

Hung, Yuan-Pin, Ching-Chi Lee, Jen-Chieh Lee and Chun-Wei Chiu, et al. "A brief
on new waves of monkeypox and vaccines and antiviral drugs for monkeypox." J
Microbiol Immunol Infect 55 (2022): 795-802.

Petersen, E., A. Zumla, D. S. Hui and L. Blumberg, et al. "Vaccination for monkeypox
prevention in persons with high-risk sexual behaviours to control on-going outbreak
of monkeypox virus clade 3." Int J Infect Dis 122 (2022): 569-571.

Nyame, Jennifer, Saranya Punniyakotti, Kanav Khera and Rashmi Saxena Pal,
et al. "Challenges in the treatment and prevention of Monkeypox infection; a
comprehensive review." Acta Tropica 245 (2023): 106960.

Azzi, Alberta. "Unusual Monkeypox virus outbreak in 2022: Phenotypic and
molecular characteristics." Mol Aspects Med 11 (2023): 100001.

Lee, Shui-Shan, Moses John Bockarie and Jaffar A. Al-Tawfig. "Was the public
health emergency status of mpox ended too soon?" Int J Infect Dis 134 (2023):
301-302.

Kmiec, Dorota and Frank Kirchhoff. "Monkeypox: A new threat?" Int J Infect Dis 23
(2022): 7866.

Heng Li, Qi-Zhao Huang, Hong Zhang and Zhen-Xing Liu, et al. "The land-scape of
immune response to monkeypox virus." E BioMedicine 87 (2023).

Kataria, Raghav, Simardeep Kaur and Rakesh Kaundal. "Deciphering the complete
human-monkeypox virus interactome: Identifying immune responses and potential
drug targets." Front Inmunol 14 (2023): 1116988.

How to cite this article: Ibrahim, Osama O. “Introduction to Monkeypox (MPOX)
Virus Infection, Symptoms and Treatments.” Virol Curr Res 8 (2024): 231.



https://journals.asm.org/doi/abs/10.1128/jvi.01753-08
https://journals.asm.org/doi/abs/10.1128/jvi.01753-08
https://www.mdpi.com/1999-4915/15/4/995
https://www.mdpi.com/1999-4915/15/4/995
https://www.sciencedirect.com/science/article/pii/S1045187004000767
https://www.sciencedirect.com/science/article/pii/S1045187004000767
https://www.mdpi.com/2077-0383/12/3/914
https://www.cureus.com/articles/100707-monkeypox-a-comprehensive-review-of-transmission-pathogenesis-and-manifestation.pdf
https://www.cureus.com/articles/100707-monkeypox-a-comprehensive-review-of-transmission-pathogenesis-and-manifestation.pdf
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1076251/full
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1076251/full
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1076251/full
https://www.sciencedirect.com/science/article/pii/S1084952116302105
https://www.mdpi.com/1999-4915/4/5/688
https://www.mdpi.com/2076-393X/11/8/1345
https://www.mdpi.com/2076-393X/11/8/1345
https://www.mdpi.com/2076-393X/11/8/1345
https://www.sciencedirect.com/science/article/pii/S1386653214004636
https://www.sciencedirect.com/science/article/pii/S2772632022000447
https://www.sciencedirect.com/science/article/pii/S2772632022000447
https://www.sciencedirect.com/science/article/pii/S2772632022000447
https://www.mdpi.com/2077-0383/12/3/914
Li, Yu, Victoria A. Olson, Thomas Laue, Miriam T. Laker, and Inger K. Damon. %22Detection of monkeypox virus with real-time PCR assays.%22 Journal of Clinical Virology 36, no. 3 (2006): 194-203.
Li, Yu, Victoria A. Olson, Thomas Laue, Miriam T. Laker, and Inger K. Damon. %22Detection of monkeypox virus with real-time PCR assays.%22 Journal of Clinical Virology 36, no. 3 (2006): 194-203.
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.29261
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.29261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9468686/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9468686/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9468686/
https://www.sciencedirect.com/science/article/pii/S1386653222003043
https://www.sciencedirect.com/science/article/pii/S1386653222003043
https://academic.oup.com/cid/article-abstract/76/1/155/6651596
https://academic.oup.com/cid/article-abstract/76/1/155/6651596
Sherwat, Adam, John T. Brooks, Debra Birnkrant, and Peter Kim. %22Tecovirimat and the treatment of monkeypox
Sherwat, Adam, John T. Brooks, Debra Birnkrant, and Peter Kim. %22Tecovirimat and the treatment of monkeypox
https://journals.asm.org/doi/abs/10.1128/AAC.49.8.3153-3162.2005
https://journals.asm.org/doi/abs/10.1128/AAC.49.8.3153-3162.2005
Lederman, Edith R., Whitni Davidson, Harold L. Groff, Scott K. Smith, Tyler Warkentien, Yu Li, Kimberly A. Wilkins et al. %22Progressive vaccinia: case description and laboratory-guided therapy with vaccinia immune globulin, ST-246, and CMX001.%22 The Journal of infectious diseases 206, no. 9 (2012): 1372-1385.
Lederman, Edith R., Whitni Davidson, Harold L. Groff, Scott K. Smith, Tyler Warkentien, Yu Li, Kimberly A. Wilkins et al. %22Progressive vaccinia: case description and laboratory-guided therapy with vaccinia immune globulin, ST-246, and CMX001.%22 The Journal of infectious diseases 206, no. 9 (2012): 1372-1385.
https://www.sciencedirect.com/science/article/pii/S1684118222001451
https://www.sciencedirect.com/science/article/pii/S1684118222001451
https://www.ijidonline.com/article/S1201-9712(22)00378-2/abstract
https://www.ijidonline.com/article/S1201-9712(22)00378-2/abstract
https://www.ijidonline.com/article/S1201-9712(22)00378-2/abstract
https://www.sciencedirect.com/science/article/pii/S0001706X2300147X
https://www.sciencedirect.com/science/article/pii/S0001706X2300147X
https://www.sciencedirect.com/science/article/pii/S2949688823000011
https://www.sciencedirect.com/science/article/pii/S2949688823000011
https://www.ijidonline.com/article/S1201-9712(23)00648-3/abstract
https://www.ijidonline.com/article/S1201-9712(23)00648-3/abstract
Kmiec, Dorota, and Frank Kirchhoff. %22Monkeypox: a new threat?.%22 International journal of molecular sciences 23, no. 14 (2022): 7866.
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(22)00606-5/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(22)00606-5/fulltext
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1116988/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1116988/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1116988/full

