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ARTICLE INFO ABSTRACT
Artic{e history: Background: Monkeypox viral infection is considered as global public health and a rare disease caused by
Received 22 July 2022 Monkeypox virus (MPXV), which is caused by smallpox-like virus and it causes pustules all over the body. MPV is
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an emerging zoonotic infection with sporadic occurrence globally and multiple outbreaks have been reported in
African regions. The story of MPXV has been started since 1970 in Democratic republic of Cargo. The high cases of

MPXV was majorly detected in Congo Rain Forest region in Africa. Animal-human (Zoonotic) transmission oc-

ﬁgr‘ﬁfg;sl;ox Virus (MPXV) curred, although the individual infected animal was not recognized. Human-human transmission occurs and is
Monkey Pox (MPX) difficult until bodily fluids or respiratory droplets are exchanged. If a specific individual uses an infected person's
Diagnostics towels or bed sheets, infection may occur.

Vaccines and smallpox Aim: The aim of this review is to document the methods of diagnosis, treatments (vaccines) and future role

of MPXV in human population.

Output: The diagnosis is confirmed mainly through clinical diagnosis and then laboratory diagnosis such as

cell-culture, serological and Polymerase Chain Reaction tests. Presently, there is no vaccine for MPXV but

the smallpox vaccine will protect. The old vaccine includes antivirals approved for use against

Orthopoxvirus, such as tecovirimat, which can treat up to 85 % of MPXV in humans. MPXV is now con-

sidered as transmission virus which affects from human to humans. The fatality rate was documented to be

3-10 % in children and in adults it is very low.

Conclusion: This review concludes MPXV is not as contagious as COVID-19 but proper measures should be

taken as mentioned in this review to avoid MPXV. Presently, controlling MPXV presents unique challenges,

and future prospective global studies in antivirals for this disease, as well as an MPXV vaccines, are re-

commended to eliminate this virus.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-

censes/by-nc-nd/4.0/).
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A. Farasani
Introduction

Poxviruses are members of a large and diverse family of viruses.
Poxviridae is a family of double-stranded DNA viruses that replicate
in the cytoplasm of infected cells. Poxviruses have been observed
with electron microscopy to have brick-shaped or oval structures
measuring 200-400 nm. To some extent, poxviruses' wide host
range and successful evolution can be explained by their ability to
regulate and modulate their hosts' immune responses. Poxviruses
are also known as ancient viruses because they have been detected
in insects, reptiles, birds, and mammals. According to common be-
lief, these viruses produced a visible "pox" before invertebrates and
vertebrates split. When poxvirus enters host cells via endocytosis or
direct fusion with the plasma membrane, an organized sequence of
events occurs that leads to viral replication [4,22]. The details and
classification of Poxviruses was shown in Table 1.

The discovery of a closely related pox diseases in monkeys is
called monkeypox virus (MPXV) [8]. MPXV is related to the smallpox
virus and it’s a viral zoonosis [38]. The first MPXV cluster was
identified in the United States in the second trimester of 2003 [15].
MPXV and other Orthopoxvirus viruses are massive double-stranded
DNA viruses. Monkeypox (MPX) is a zoonotic disease that was first
discovered as a human infection in the Democratic Republic of the
Congo (DRC, previously Zaire) in 1970 [26]. MPXV is responsible for
causing monkeypox. Animal-to-human transmission of the disease
is possible because of its viral nature. It can also be transmitted from
person to person [34]. The MPXV is a member of the Orthopoxvirus
genus that causes human monkeypox family Poxviridae, subfamily
Chordopoxvirinae. Variola virus, which causes smallpox, and vac-
cinia virus, which causes vaccinia, are also part of this category (the
virus used in the smallpox vaccine) [41]. Because of the abundance
of tropical rainforests and animals that might spread the virus,
Central and Western Africa are hotspots for monkeypox. Monkeypox
has undoubtedly occurred in sub-Saharan Africa for thousands of
years, since humans acquired the virus through direct contact with
diseased animals. The reservoir for MPXV is currently unknown.
According to the research, primates serve as accidental hosts, and
the reservoir is likely to be one or many species of rodents and
squirrels that live in the secondary forest of central Africa [23].

In 1970, six human cases of MPV infection were recorded from
the Democratic Republic of Congo, Liberia, and Sierra Leone [1]. A
smallpox diagnosis was made on the basis of the clinical symptoms
of each patient's sickness. They were tested extensively by numerous

Table 1
A classification of Poxviruses of veterinary significance.
Family Sub-Family Genus Virus
Poxviridae ~ Chordopoxvirinae Orthopoxvirus Vaccinia virus
Poxviridae Chordopoxvirinae Orthopoxvirus Cowpox virus
Poxviridae Chordopoxvirinae Orthopoxvirus Variola virus
Poxviridae ~ Chordopoxvirinae Parapoxvirus Orf virus
Poxviridae ~ Chordopoxvirinae Parapoxvirus Bovine popular stomatitis
virus
Poxviridae ~ Chordopoxvirinae Parapoxvirus Pseudo cowpox virus
Poxviridae Chordopoxvirinae Parapoxvirus Parapox virus of
red deer
Poxviridae ~ Chordopoxvirinae Unassigned Squirrel pox virus
Poxviridae Chordopoxvirinae Capri pox virus Goat pox virus
Poxviridae ~ Chordopoxvirinae Capri pox virus  Sheep pox virus
Poxviridae ~ Chordopoxvirinae Capri pox virus ~ Lumpy skin disease
virus
Poxviridae Chordopoxvirinae Avipoxvirus Fowl pox virus
Poxviridae ~ Chordopoxvirinae Avipoxvirus Pigeonpox virus
Poxviridae ~ Chordopoxvirinae Avipoxvirus Turkey pox virus
Poxviridae ~ Chordopoxvirinae Avipoxvirus Other species-specific
poxviruses
Poxviridae Chordopoxvirinae Suipoxvirus Swinepox virus
Poxviridae Chordopoxvirinae Leporipoxvirus Myxoma virus
Poxviridae ~ Entomopoxvirinae - Poxviruses of insects
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reference laboratories, and each one was identified as MPV. In the
Democratic Republic of Congo, a 9-month-old baby was the first
victim. They were between the ages of four and nine in Bouduo,
Liberia. Rashes appeared on the skin of three of the children's
playmates on consecutive days, indicating a possible shared ex-
posure. This boy lived 12 kilometers away from the rest of his sib-
lings. The patient, a 24-year-old male from Sierra Leone, had
removed the stomach and intestines from a "red monkey" three to
four weeks before to the commencement of disease in the sixth
episode. Monkeypox had no fatal effect on any of the patients. These
patients’ families were also spared from the sickness. A new case has
been detected since the last report, according to Henderson [8]. In
2022, a 35-year-old man acquired the second phase of the virus in
the form of MPXV, presenting clinical symptoms such as low-grade
fever and myalgia, and a second incidence was established in a 21-
year-old male, displaying clinical symptoms such as dysuria and
genital swelling. Both cases were recorded in male persons residing
in the UAE in the first week of July 2022 [43].

Monkeypox is mostly found in central and west Africa, and it is
more and more common in urban areas as well. Rodents and other
non-human primates are examples of animal hosts [42]. MPXV has a
genomic sequence of 96. 3 % is identical, cross-neutralizing immune
responses between the viruses have been established [17].

Symptoms

Fever, severe headache, muscle aches, back discomfort, low en-
ergy, swollen lymph nodes, and a skin rash or lesions are typical
symptoms of monkeypox. One to three days after a fever develops is
when most people begin to notice a rash. Clear or yellowish fluid fills
the lesions, which may or may not crust over and eventually fall off.
From a few to several thousand lesions may be found on one person.
The face, palms, and soles of the feet are the most commonly af-
fected areas. The lips, genitals, and eyeballs are also common places
to find them. For the most part, symptoms subside on their own
within two to four weeks. Consult your doctor if you suspect that
you have monkeypox-like symptoms. Inform them if you've had
close contact with somebody who has been infected with mon-
keypox, whether it was suspected or proven [39]. Until now, the
majority of MPX symptoms have disappeared within a few weeks;
nevertheless, in a few cases, severe complications have resulted in
death ranging from newborns to adults, including immune defi-
ciencies [ 16]. The symptoms are similar to those of smallpox, with an
incubation period of 8 days (4-14 days) followed by fever and a
distinctive rash. In adults, the case fatality rate is often low, but in
children, it can reach well over 10 % [25].

Shape of MPXV

An examination of the morphology of MPXV shows that virions
are brick-shaped and encased by geometrically corrugated lipopro-
tein outer membranes, just like other Orthopoxvirus. It is well-
known that the MPXV size ranges between 200 and 250 nm. Fig. 1
describes the shape of MPXV. The linear double-stranded DNA of the
MPXV genome (~197 kb) is made up of hairpin loop, tandem, and
open reading frames and is covalently coupled at the ends by pa-
lindromic hairpins. Despite the fact that MPXV is a DNA virus, its
whole life cycle takes place in the cytoplasm of infected cells. All of
the proteins required for viral DNA replication, transcription, virion
assembly, and egress are encoded by the MPXV genome. A high
number of oral polioviruses vaccines (OPVs) share the central area of
their genome with genes encoding housekeeping functions, while a
far lower number of OPVs share the termini region with genes en-
coding virus-host interactions [12,18,20,24,29,32,37,6].
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Fig. 1. Monkeypox virus cell.

Pathogen

The monkeypox virus has two separate genetic clades: one from
central Africa (the Congo Basin) and the other from west Africa. In
the past, the Congo Basin clade was supposed to produce more se-
vere disease and was considered to be more transmissible.
Cameroon is the only country where both viral clades have been
discovered. The present MPX infection in non-endemic regions
should serve as a wake-up call, as it demonstrates how little or no
focus has been placed on the transmission of the virus inside en-
demic areas. Unless the virus is contained in endemic locations, it is
a warning that in present interconnected and globalized society, no
region or country is immune from zoonotic viruses like MPXV.
Outbreaks of MPX in endemic regions of sub-Saharan Africa must be
given top priority by global health response measures. Sexually
transmitted diseases, a history of syphilis, and MPXV can all be
considered risk factors, but existing measures are insufficient, and
only future studies will be able to confirm this hypothesis [5,14].

Expansion of MPVX

An outbreak of monkeypox occurred in United States of America
(USA) in 2003 that was linked to contact with monkeypox infected
pets. The rats and dormice were brought to USA from Ghana, where
they shared a cage with the pets. Over 70 cases of monkeypox were
reported in USA as a result of this outbreak. Nigerian tourists visiting
Israel, the United Kingdom, Singapore, and USA have all been diag-
nosed with monkeypox, as have those from Nigeria to Israel and the
United Kingdom. Several non-endemic nations reported instances of
monkeypox in May 2022. Studying the epidemiology of disease,
sources of infection, and transmission patterns is ongoing. Some
recent cases were reported in the UAE on May 31, 2022. The source
of monkeypox infection is still a mystery. It's possible, though, that
non-human primates (like monkeys) from Africa and other regions
could carry the virus and spread it to humans. Additionally, trans-
mission can actually occur via placenta (which might result in
congenital monkeypox), as well as through intimate contact be-
tween mother and child after birth. Although close physical contact
is a well-known risk factor for transmission, it is not yet apparent if
monkeypox can be transferred especially through sexual transmis-
sion channels. The second innings of MPV has been started in since
13th may and till now 780 MPVX has been identified from laboratory
analysis. Fig. 2 describes the infected MPXV from different regions.
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Diagnosis

Pathogen detection is essential in the clinical care of patients
with infectious diseases. Conventional methods of determining in-
fectious disease etiologies such as microscopic examination; antigen
detection; serology; cultures; biochemical reactions; and micro-
scopy are still utilized. However, because of the time-consuming
nature of these conventional procedures. Since the 1950 s, screening
for infectious diseases has been conducted using cell-culture, ser-
ological, and molecular techniques. In comparison to serological and
molecular analysis, cell culture is the most prevalent technique. One
of the disadvantages of cell-culture is its time-consuming nature.
However, serological tests are reliable and measure a patient's im-
mune system, but neither directly measure the disease nor cause it.
Molecular approaches have transformed infectious diseases diag-
nostics, primarily through the use of polymerase chain reaction
(PCR). The PCR has found significant usage in science due to its high
sensitivity, specificity, and ease of use in detecting known genetic
sequences. Real-time PCR (RT-PCR), multiplex PCR, LAMP-PCR, and
digital PCR are some of the most often used quantitative and qua-
litative molecular techniques. A variety of clinical diseases, such as
arboviruses, COVID-19, chlamydia trachomatis, cytomegalovirus,
hepatitis B Virus, hepatitis C virus, tuberculosis, human papilloma
virus, enterovirus, sexually transmitted infections, and bacterial in-
fections, could be detected using these assays to detect infectious
agents and nucleic acid [28,41,44,45]. Due to the pandemic of
COVID-19 infectious disease, PCR, namely RT-PCR, is now well-
known in the year 2020 [13].

Returning to MPXV, previous studies has reported some of the
diagnostic procedures used to diagnose MPXV/Orthopoxvirus in-
fection in clinical specimens. When accompanied with clinical and
epidemiological data, such as a patient's immunization history, these
tests are most effective. Viral culture or viral isolation is one of the
diagnostic techniques for MPXV/Orthopoxvirus in which live virus
produced from a patient's specimen is observed and characterized,
which is one of the strengths of this technique. It is also useful since
patient specimens from lesions are more consistent. One major
drawback of this procedure is that it is time consuming; bacteria can
be contaminated within the patient's sample, and viral identification
must be performed for its Characterisation. Another diagnostic
technique for MPXV is electron microscopy. It is possible to visually
classify poxviruses other than Para poxvirus using negative staining,
which provides a picture of a brick-shaped particle. Viral particles in
biopsy samples, skin scabs, vesicular fluid, and viral cultures can all
be detected using this method. It can spot the difference between an
Orthopoxvirus and a Herpesvirus. The morphological differences
between Orthopoxviruses are indistinguishable. One disadvantage of
this technique is the need for an electron microscope and highly-
trained workers at a major laboratory. PCR, specifically RT-PCR, will
detect the existence of MPX-specific DNA markers. MPXV-2022
strains are related to the MPXV strain that was identified in 2018.
Still, the MPXV-2022 strains showed 46 novel consensus mutations,
including 24 nonsynonymous ones, when compared to the MPXV
strain in 2018. The MPXV genome encodes 187 proteins; however,
only 10 of these proteins—the D2L-like, OPG023, OPG046, OPGO071,
OPG105, OPG109, A27L-like, OPG153, OPG188, and OPG210 pro-
teins—are more prone to mutation. Both OPG105 and OPG210 have
three and four nucleotide changes in MPXV2022 [19,40]. Anti-Or-
thopoxvirus IgG and IgM serological assays can be performed to
detect Orthopoxvirus antibodies in infected patients. The advantages
of IgG and IgM testing include the ability to assess prior exposure to
Orthopoxvirus, which includes smallpox vaccine and a pathogen.
The main disadvantages of this test are the requirements for blood
collection and serum extraction. A professional technician requires
to perform these tests at a prominent laboratory, one more main
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Fig. 2. Global Prevalence of MPXV affected in2022.

cons of these tests will be results can be obtained for previous
chickenpox vaccination rather than MPXV. Tetracore Orthopox Bio-
Threat Alert tests are the last tests for MPXV identification using
Orthopoxvirus antigens. The major advantage of this tests is a point-
of-care diagnostic technique that can also be conducted at ambient
temperature with little skill and can quickly identify an active case
from a patient's lesion material. In this test, MPXV is not a specified
target. An endemic test is required. It is less sensitive than PCR [27].

Treatment

There are currently no specialized vaccines available for MPXV,
although other previous vaccines for small chicken pox virus were
found to be 85 % effective against MPXV [2]. The gunshot treatment
for MPXV is not yet accessible, but it can be controlled by smallpox
vaccination, cidofovir, ST-246, and vaccinia immune globulin (VIG) to
control a monkeypox epidemic [31]. Those who had previously re-
ceived a smallpox vaccination had an 85 % protection rate against
MPXV [7,30]. Compounds that show potential as antiviral treatments
against Orthopoxvirus species are summarized in Fig. 3.

When an individual is afflicted or exhibits common symptoms, a
diagnosis is recommended, and as shown in Fig. 3, or any sort of
smallpox vaccination is recommended to control the disease, as does
quarantine. Based on previous studies the fatality rate was docu-
mented in children under 10 % and there is low fatality rate in adults.

1273

In this figure, three effective vaccines that were studied for smallpox
vaccines were included. Furthermore, the pros and cons of the three
vaccinations, as well as the licensed countries, were thoroughly
described. It is important to consider both the risks of pathogenic
monkeypox disease and the potential of adverse effects from vac-
cines like ACAM2000 [9]. Mammalian cells are unable to completely
replicate the modified Ankara virus (MVA), an attenuated vaccinia
virus. Primate models exposed to fatal amounts of monkeypox virus
were protected by MVA. But in primates with substantially depleted
T-cell activity, this vaccine could not provide protection [10,11,35,36].
The LC16m8 vaccination has been found to protect nonhuman pri-
mates from severe monkeypox disease after it was genetically en-
gineered to limit viral replication. More than 50,000 Japanese
youngsters were immunized with LC16m8 with little evidence of
side effects [21,33].

Future role of MPXV

Monkeypox is a rising global health issue that is capable of cross-
border transmission and subsequent dissemination. The MPXV is not
a complicated infectious disease like COVID-19, which was earlier
declared a pandemic and decimated human health and global
wealth. This potentially lethal pathogen's optimal infection man-
agement and treatment options have yet to be found. MPXV is often
a mild virus that resolves on its own within a month, and according
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Fig. 3. List of smallpox vaccines can be used for MPXV.

to the WHO, children are at greater risk than adults, with a 3-10 %
fatality rate. However, Adler et al. confirmed the first use of antiviral
medications in monkeypox patients, with three patients receiving
brincidofovir and one receiving tecovirimat. Brincidofovir was
shown to have no clinical benefit and was always associated with
abnormal liver function tests. There are no adverse effects were
reported before discharge in the patient treated with tecovirimat,
which had a shorter duration of symptoms than other patients in the
study. Extensive hospitalization was necessary for several in-
dividuals due to viral overgrowth and subsequent upper respiratory
tract viral shed that occurred after crusting of all skin lesions [3].
Avoiding the handling of clothes, blanket exchange, and other
clothing material that might be utilized for contact with an infected
person or animal, as well as isolating the infected person, can pro-
vide protection against MPXV.

Conclusion

This review concludes with the prevalence of MPXV transmission
growing globally. New vaccines, diagnostics, and antiviral treat-
ments are being developed to assure global preparedness in the
event for reappearance of smallpox. These new discoveries may
potentially help with monkeypox prevention and control. WHO has
declared MPXV is not as infectious as other viruses, but it can impact
anyone who come into touch with afflicted humans or animals.
Based on prior reports, this review concludes that MPXV is not yet
pandemic, however, more epidemiological and prospective studies
are required, as well as study into antivirals for this disease. This
review also recommends to discover 100 % accurate vaccine for
MPXV to control the global infection.
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