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Abstract

Monkeypox (MPX) has long been a problem for many nations, particularly African nations, with recurring
outbreaks in specific areas. The pathogenicity-dependent genetic variations, the mode of transmission, the
lifestyle of the population, the growth in the number of viable hosts, alterations to their habitats, and the
vaccination profile of humans are all directly related to the rate at which MPX spreads. Despite having a
minimal potential for global transmission, it should be remembered that in today's globalized society, an
unexpected breakout is always possible. One of the constant dangers to humanity is the advent of new
diseases. New infections have the chance to develop as a result of ongoing environmental and human
intervention. Human activity, international travel, and business frequently contribute to the spread of disease.
The dynamics of mpox transmission and the progression of the disease are poorly understood. Controlling
such outbreaks is mostly the responsibility of central organizations like the World Health Organization.
However, maintaining good personal cleanliness, avoiding contact with used objects, and avoiding animal
feces are the best ways to be safe. In 2022, the endemic disease status of MPX was revised to worldwide
outbreak. This is the main cause for the condition's prevalence outside of Africa: it was deemed a worldwide
health emergency, independent of travel restrictions. Clinical indications that are typical and serve as an
indicator for the initial stage of diagnosis include fever, headache and muscle discomfort, enlarged lymph
nodes, and skin rashes in certain body locations. The most popular and reliable diagnostic techniques are
clinical symptoms and laboratory tests such as real-time PCR (RT-PCR) or traditional polymerase chain
reaction (PCR). For symptomatic treatment, antiviral medications such as tecovirimat, cidofovir and
brincidofovir are utilized. Although there isn't a vaccination specifically for MPXV, the smallpox vaccines
that are now on the market increase the immunization rate. A greater understanding of MPXV transmission
mechanisms by the general public could enable early identification of the spread of new cases to other
populations. [Journal of Current and Advance Medical Research, January 2024;11(1):41-49]
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Introduction

Monkeypox (MPX) is a zoonotic viral disease
caused by the Monkeypox virus (MPXV), a double-
stranded DNA virus. According to the most recent
International Committee on Taxonomy of Viruses
(ICTV) update from August 2022,' monkeypox
(MPX) is an enveloped DNA virus and is a member
of the Poxviridae family of the genus
Orthopoxvirus. Its genome is between 180 and 220
kilobase pairs (kb) in size and encodes about 200
genes. The size of the virions is around 250 nm x
220 nm. The viral core is released into the
cytoplasm by a low-pH-dependent macro-
pinocytotic uptake, which permits viral entry into
the cell. The viral core is where early gene
expression and virus uncoating start?. This leads to
the intermediate and late stages of gene expression,
which is followed by DNA replication. Mature viral
particles are created by the assembly of structural
proteins, viral enzymes and DNA molecules®.

Its primary host is unknown*®, Initially identified in
a monkey during vaccination research in 1958, it
has been documented in a number of reservoirs,
particularly in rodents and other small mammal
species®’. However, the disease was not termed
MPX until 1970, when the first human case, a
Congolese child was documented®®. All of the
earliest instances which were documented, were
endemic and registered in African nations;
nevertheless, human-to-human transmission became
serious between 1996 and 19974, Long-term close
contact, respiratory droplets, contaminated personal
belongings and direct touch with rash sites are some
of the mediators for transmission®.

Approximately thirty years later, the first MPX case
outside Africa, due to virus infection via zoonotic
transmission from an infected animal, was recorded
in the U.S. The key factors in the disease outbreak
were travelling from African countries and animal
importation. MPX cases were then periodically
reported all across the world. But in 2022, the MPX
pandemic spread internationally, and as a result, it
was deemed a global health emergency apart from
travel-related concerns'?>. The World Health
Organization (WHO) recommended substituting the
term "mpox" for "monkeypox" on November 28,
2022. "Monkeypox" is being phased out, and both
terms will be used for a year®.

The WHO's "2022 Mpox Outbreak™ report, released
on January 16, 2023, stated that 110 countries,
regions, or territories reported MPX cases. Among
them, 103 spoke for the first time®*3, As of January
16, 2023, the overall number of confirmed cases
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was 84,716; the United States had the most cases,
with 29,980.

So far, 80 deaths have been documented worldwide;
the leading nations are the United States (21),
Brazil (14), Peru (12), Nigeria (7), Mexico (4) and
Spain (3) (Fig. la). Global cases since the outbreak’s
beginning reached their greatest value in August
2022; afterward, they steadily dropped and are
currently stable. (Figure Ib).

We perform phylogenetic analysis on known
MPXV genomes and present a narrative overview
of previously available material regarding MPXV in
light of the recent rise in mpox cases. We focus on
the evolution of MPXV in humans as new cases are
discovered.
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Figure I: The number of confirmed MPX or mpox
cases globally. (a) The top 20 countries have the
highest cases as of 16 January 2023. The death tolls
are indicated in parenthesis (the World Health
Organization, 2022 Mpox Outbreak?%) (b) Weekly
distribution of the global cases from the beginning
of the outbreak (OurWorldIinData4) Note: For the
WHO European region, confirmed and probable
cases are included within confirmed case counts.

Origin and Classification of MPXV

There are 22 genera and 83 species in the
Poxviridae family, which is further divided into two
subfamilies: Entomopoxvarinae (4 genera and 31
species) and Chordopoxvirinae (18 genera and 52
species)!. There are 12 known members of the
genus Orthopoxvirus, which affects both humans

January 2024 | Volume 11 | Number 1



Mpox Virus (MPXV): A Narrative Review

Mahmud et al

and animals. In addition to MPXV, vaccinia virus
(smallpox vaccine virus), Abatino macacapox virus,
Akhmeta virus, Camelpox virus, Cowpox virus,
Ectromelia virus, Raccoonpox virus, Skunkpox
virus, Taterapox virus, and Volepox virus?, the most
well-known member is the variola virus, which
causes smallpox.

There are two known viral clades: the Central
African (Congo Basin) clade and the West African
clade.” Viruses from Central Africa are more
virulent than those from West Africa'®’. Compared
to the West African clade (4%), the central African
clade is said to be more severe and exhibit a greater
death rate (10%)!%8, Variabilities in genome
organization brought on by deleted gene sections
and gene fragmentation in open reading frames are
the source of the variations in virulence®.
Therefore, gathering samples from various regions,
people, and clades is essential for figuring out the
MPXV's genetic characteristics as well as
validating the cases and research facilities®.

Transmission of MPXV

It is believed that rodents make up the majority of
the reservoirs, with humans and monkeys serving as
inadvertent hosts?°. Despite its name, MPXV is not
derived from monkeys. There are other ways that
MPXV might spread, including from animal to
human, animal to animal, and human to human
(Fig. I1). Direct contact with an infected animal or
bodily fluids is the most frequent way that the
disease is spread from animal to person®. Animal
contact has been linked to infections in humans.
However, because of rodent infestations in
dwellings and the hunting or preparation of
bushmeat from other species, it is difficult to
pinpoint the precise way in which a human
individual was exposed in areas where animal
contact occurs often?t. There have been reports of
human-to-human transmission in West Africa and
Nigeria®2. Living in the same house or using the
same dishes, close contact, fomites, or coming into
direct contact with an infected person's skin sores
can all spread the infection?!. Furthermore, the CDC
updated new outbreaks to include potential
transmissions such kissing, embracing, and oral,
anal, and vaginal sex, which may be linked to
genetic alterations that facilitate the MPXV's
human-to-human spread*®. Robust data additionally
indicates that the primary mode of MPXV
transmission at this time is sexual; this can occur
through intimate contact or directly through animal-
to-human and human-to-human contact. Sexual
transmission, particularly between men who have
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sex with males, gained significance during the
global outbreak of 2022

TRANSMISSION OF MPXV
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Figure Il: The transmission of the MPXV is
animal-to-animal, animal-to-human, and human-to-
human'!

Certain symptoms are frequently seen, even though
the disease's incidence and severity vary with age
and gender. In comparison to earlier clades, the
current  circulating  variant  may  exhibit
presymptomatic transmission, have milder clinical
presentations, and be more prevalent among men
who have sex with men (MSMs). These factors all
point to the possibility that mpox has evolved a
unique clinical phenotype that has increased its
transmissibility.

Epidemiology

In September 2018, the MPXV was spread from a
patient to a healthcare worker in the United
Kingdom as a result of tainted bedding?®. According
to Vivancos et al?, there has been a persistent
MPXYV infection outbreak in the UK since May
2022. Additionally, visiting Nigeria was a factor in
the MPX cases that were found in Singapore and
Israel?®. The West African lineage was the source of
the majority of the identified cases in the 2022
outbreak in Europe®?’, After two outbreaks of a
nonfatal rash disease in captive Singaporean
cynomolgus macaques, MPXV was first isolated in
Copenhagen, Denmark, in 1958%,  Similar
outbreaks were noted in American and European
primate colonies in the ensuing decade®. At the
time of initial human identification, 282 cases were
documented in Zaire between 1980 and 1985.
Ninety percent of them were under fifteen, and their
ages ranged from one month to 69 years.
Vaccinated patients showed no death, whereas
unvaccinated cases had an average fatality rate of
11%, with higher rates in children (15%)%. (Table
). Previously, vaccinia was used to develop
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protection against the MPXV; however, the
elimination of smallpox and the ensuing reduction
in the vaccination effort prevented the development
of immunity against MPX. The underestimation of
the dangerous potential of this contagious virus was
a result of the paucity of reporting from rural
Africa®’. The fact that MPXV outbreaks have
occurred outside of Africa shows how widespread
the virus is! Programs those support MPXV
surveillance and diagnosis are therefore essential to
understanding the infectious disease's shifting
epidemiology®’. MPXV spread to industrialized
nations but did not halt in Africa. In July 2021, two
MPX cases were recorded in the United States in
individuals returning to Texas from Nigeria. On 6%
May 2022, a British man's case was reported after
his trip to Nigeria. Approximately 1500 cases have
been documented in over 43 countries, including
North America and Europe, as of June 2022. While
the MPXV is prevalent in central and western
Africa, there have also been reports of MPX
symptoms spreading globally in the industrialized
world. All incidences of infection were linked to
either animal shipping or travel to Africa. With
29,980 cases and 80 fatalities, the United States is
the new outbreak hub. This poses a worldwide risk,
which makes it imperative to develop a strategic
plan to stop MPXV from spreading like wildfire®.

Viral

Genome Organization and

Mechanism of MPXV

Entry

The MPXV's double-stranded DNA (dsDNA)
genome is approximately 197.2 kb in size and
contains more than 190 open reading frames
(ORFs), which encode 181 proteins®*®, The
genome's highly conserved central coding region is
flanked by various ends containing inverted
terminal  repeats. Poxvirus replication and
morphogenesis require a minimum of 90 open
reading frames (ORFs). Many so-called non-
essential ORFs contribute to variances in poxvirus
host tropism, immunomodulation, and
pathogenicity, and many ORFs have yet to be
functionally identified®. MPXV virions have an
average size of 280 nm to 220 nm and are shaped
like barrels or ovals®’. Poxvirus mature particles
have a unique dumbbell-shaped nucleoprotein core
that houses a huge genome. The core region of the
MPXV genome contains genes that are known to be
critical for orthopoxviruses®**38, However, unlike
other orthopoxvirus genomes, a small number of
ORFs are deleted or shortened in the MPXV
genome®*°40, The linear genome has covalently
closed hairpin ends. The 10 kb inverted terminal
repeats (ITR) are found at both ends of the genome
(Figure 111). Genes are densely packed; intergenic
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regions greater than 100 bp are unusual. The
conserved center  section encodes  the
"housekeeping” genes required for transcription,
replication, and virion assembly. The genes encoded
in the terminal domains differ between poxviruses,
resulting in proteins with simplified disease and
host ranges. The first complete MPXV genome of
the current MPXV epidemic (isolate name
MPXV_U.S. 2022 _MAO001) was released in the
GenBank database with an accession ID of
ON563414 on May 30, 2022*. The Oxford
nanopore technologies indicated that MPXV's
genome size is 197,205 bp as linear dsDNA. The
average size of the MPXV is between 200 and 250
nm. The MPXV replicates in the infected host cell's
cytoplasm and consists of a core area with lateral

bodies, double-stranded deoxyribonucleic acid
(dsDNA), and a lipoprotein  envelope.
Micropinocytosis, viral endocytosis, and cell

membrane fusion all help viral entrance through the
nasopharyngeal, oropharyngeal, subcutaneous,
intradermal, and intramuscular pathways.

MPXV replication at the inoculation triggers
inflammatory  immune-mediated  phagocytosis,
which spreads the virus to the blood, lymph nodes,
tonsils, bone marrow, spleen, and other organs.
MPXV mature virions (MV) and enveloped virions
(EV) regulate the release of the MPXV genome and
proteins into host cells. Following MPXV mRNA
transcription and translation, intracellular mature
virions (IMV) containing viral DNA encoding the
virus are formed. IMVs wrapped in Golgi
apparatus-derived membranes produce intracellular
enveloped virions (IEVs), which fuse with the host
inner cell membrane to form cell-associated virions
(CEVs) before being released into extracellular
spaces to form extracellular enveloped virions
(EEVs) “.
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Clinical Symptoms

The most common signs and complications are
respiratory distress, sepsis, gastrointestinal and oral
ulcers, fever, lymphadenopathy, ocular infection,
and skin infection like scarring, cellulitis or other
skin lesions™. 96% of the cases have rashes, and
69% have flu-like symptoms®®. Clinical indications
that last two to four weeks can appear abruptly and
progress slowly*®. Nonetheless, the severity and
course of the MPX disease vary by individual. In
December 2016, a four-year-old boy from the
Democratic Republic of the Congo was admitted to
the hospital on the third day of symptomatic illness
with fever, rhinitis, conjunctivitis, cough, one-sided
cervical lymphadenitis, and vesiculopapular rashes
covering his entire body and face. These symptoms
were considered to be measles or chickenpox; but,
due to a lack of diagnostic equipment, no tests
could be performed on the patient. Supportive
therapy began early, although they were ineffective
in preventing the symptoms from deteriorating. On
the 12th day of admission, the child died, and a
blood test for measles was also negative®. In
Nigeria outbreak of 2017-2018, 122 confirmed
MPX cases aged 2 days to 50 years were
investigated. All patients experienced
vesiculopustular rashes all over their bodies,
particularly on their faces, as well as other typical
symptoms like fever, pruritus, headache, and
lymphadenopathy*. Although no studies have been
conducted on sexual transmission of MPX, the 2022
outbreak mentions new symptoms and a population
via that routel. During the 2022 London outbreak,
197 recorded cases were all male, with 196 being
gay, bisexual, or having sexual intercourse with
another man, according to a study from the London
HCID Center. These findings differ significantly
from past outbreaks. All individuals exhibited
mucocutaneous lesions, particularly in the vaginal
and perianal areas. In contrast, rectal pain and
penile edema (swelling) were newly and often
reported during this outbreak. In the latest
outbreaks, lesions were heavily localized in the
genitals and perianal regions, whereas in earlier
cases, the distribution of lesions concentrated on the
trunk, face, leg, head, and arms*3, In past epidemics,
a greater percentage of illnesses were in children,
and the majority of the population had received a
smallpox vaccination. Children and adults,
particularly men, have been affected by recent MPX
outbreaks of the West African and Basin clades.

Therapeutic Options and Prevention

The approach to treating an Orthomyxovirus
infection is quite similar to that used to prevent and
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treat mpox“¢. The epidemic in 2022 made clear how
urgent it is to stop the spread of mpox because it
poses a risk in many nations*’. The condition is not
treated with drugs that are specific to MPXV; there
is currently no known treatment for mpox infection,
however patients can manage their moderate
symptoms and prevent more complications with
supportive care*“°, Research has shown that people
with minor symptoms get better on their own>°*2,
However, smallpox and mpox share a lot of clinical
similarities, mpox can be effectively treated with

smallpox treatment methods. These include
antiviral medications  including  cidofovir,
tecovirimat, and brincidofovir, as well as the

vaccinia vaccine and vaccinia immune globulin
(VIG)®.  Furthermore, because the present
medications have major side effects and their
therapeutic efficacy is yet unknown, the CDC
advises using the potential treatment options based
on the severity of the illnesses and for serious
emergency cases®’. The FDA has licensed VIG
(vaccinia  immunoglobulin), a hyperimmune
globulin, to lessen the side effects of live vaccines
(such ACAM2000)%3. Although VIG should be used
in accordance with the investigational new drug
(IND protocol), its effectiveness against smallpox
and MPX has not been established. Protective
antibodies are seen in the hyperimmune plasma
obtained from live vaccine recipients. Antiviral
medications are a therapy option for
immunocompromised  patients, people  with
complex lesions, pregnant women with mpox,
nursing mothers, and children®. First-line antiviral
medication advised for smallpox treatment is
tecovirimat; it prevents the virus's last stages of
maturation and escape from infected cells by
blocking the viral envelope protein, which stops the
virus from spreading. According to CDC guidelines,

tecovirimat may be used for compassionate
purposes in emergency situations to treat
Orthopoxvirus infections, including mpox®,

Commonly prescribed medications for smallpox
therapy include cidofovir and its oral counterpart
brincidofovir; both work by blocking viral DNA
polymerase.

The effectiveness of brincidofovir against
Orthopoxvirus infections has been assessed in a
number of trials®”. There has been modest success
in evaluating the effects of cidofovir and
brincidofovir for mpox in studies®®’. Pre-exposure
smallpox immunization has been recommended for
veterinarians, monkey pox contacts, healthcare
workers, researchers, and field investigators in
accordance with the CDC's recommended
standards®®. Three smallpox vaccines are currently
available in the US national stockpile:
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JYNNEOSTM, ACAMZ2000, and the most recent,
Aventis Pasteur Smallpox Vaccine (APSV), which
has a 2007 smallpox license and may be used for
mpox on an as-needed basis under an
investigational new drug (IND) protocol. The
modified vaccinia Ankara-Bavarian Nordic is used
to make JYNNEOSTM, a third-generation live viral
vaccine®®®l, JYNNEOSTM is an attenuated non-
replicating orthopoxvirus that was licensed in 2019.
It is currently recommended for adults to avoid
smallpox and mpox. Additionally, during the
outbreak, ACAMZ2000, a second-generation
vaccination made of live vaccinia virus, is permitted
for mpox. These vaccinations can be administered
both before and after therapy to either prevent
infection and disease or to worsen infection and
disease, according to research findings>+62-63,

Research has shown that antiviral therapy is
preferable to  immunization for immune-
compromised patients, pregnant women, and
children under the age of eight. Despite being
licensed, these vaccines have caused a number of
local and systemic side effects, including fever,
headache, weariness, muscle and back discomfort,
lymphadenopathy, and more®*%, The necessity of
upholding suitable social barriers, such as avoiding
intimate contact with afflicted individuals and
avoiding touch with skin lesions of MPXV-infected
individuals, has also been emphasized by
researchers®®-%, Although there is little information
regarding its efficacy in treating mpox, vaccine
immune globulin intravenous (VIGIV) is a therapy
option in cases of severe infection. Therefore,
depending on the severity of instances and the
patients” immunological status, therapeutic options
and vaccine repurposing must be evaluated case-by-
case® (Figure V).
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New Variety in the Current Outbreak

A novel lineage B.1, categorized as clade 11b due to
its strong ties to clade Il, has been found in the
current outbreak in 2022578, The present strain of
MPXYV in the UK exhibits 48 single changes in its
genome when compared to strain sequencing from
2018, despite the fact that the novel B.1 lineage has
been linked to strains that were circulating in
Nigeria during the 2017 outbreak®-"°. This indicates
a mutation rate that is 6-12 times greater than what
was previously thought®’.

The circulating MPXV appears to have originated
from the clade sampled in patients from Nigeria,
Singapore, Israel, and the UK between 2017 and
2019, according to sequencing by Isidro and
colleagues™. An open-source project called Next
strain, which enables real-time tracking of pathogen
evolution, conducted a molecular clock analysis of
this virus and revealed a great deal of variation in
the descendent lineages of MPXV (A.1, A.2, A.1.1,
and B.1)"2 It was noted that these fast mutations
might be caused by a cytosine deaminase known as
the  apolipoprotein B editing  complex
(Apolipoprotein B mRNA Editing Catalytic
Polypepide-likee3, APOBEC3)".

Future Perspective

In order to unravel MPX, it is essential to analyze
both present and future examples. For example,
nothing is known about the effects of human
interaction, animal population, and area on MPX.
Furthermore, there are still unanswered problems
regarding the identification of possible reservoirs,
the impact of season on disease incidence, travel
status, and age distribution at MPX infection. In
order to lower the incidence of transmission and
offer medical assistance, governments, research
institutions, and authorized organizations should all
agree on early diagnosis indicators. More
importantly, they should design various strategies
for immunization programs. Therefore, a wide
range of studies and additional study are required to
stop other potential hazards to public health and
global issues.

First, the general population's waning immunity
following  the  termination  of  smallpox
immunization is probably the reason why MPXV
transmission has grown over time. Second, a large
portion of the infections in the present outbreak are
caused by direct contact between young MSMs. As
a result, the environment in which the virus is now
spreading (high rates of close contact) may increase
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the number of onward transmissions per patient.
Likewise, there may be varying degrees of
variability in the quantity of secondary
transmissions per index instance.

These figures will be affected by the number of
home contacts, awareness of the disease, and any
public health measures used. According to Beer and
Rao's 2019 comprehensive assessment of prior
epidemics in Central and West Africa, secondary
attack rates among household contacts who were
not vaccinated against smallpox ranged from 0% to
11.0%™,

Secondary attack rates among vaccinated household
contacts were significantly lower; according to a
1988 study, the secondary attack rate among
unprotected household contacts was 9.0%, while the
rate for vaccinated contacts was 1.0%. Additionally,
Beer and colleagues observed that between 1981
and 2005, the "crude" secondary attack rates rose,
most likely as a result of a rise in the population's
percentage of unvaccinated people.

Conclusion

There is a paucity of routine illness surveillance in
mpox endemic areas. This also entails encouraging
financing for the capacity building needed for
disease surveillance, research, and testing facilities.
However, the control methods are significantly
impacted when health bodies such as WHO
guidelines and laws are not followed. To stop
outbreaks in the future, it is crucial to accelerate the
development of vaccines and efficient medications.
Additionally, as new plant-derived products may
have less adverse effects when used to treat mpox,
they could be encouraged and further explored.
Social gatherings were made possible by the
reduction of sickness rates brought about by new
medications and immunizations. However, it must
be recognized that these diseases still affect human
lives and the decisions will influence how things
turn out.

Acknowledgements
None

Conflict of Interest
The authors have no conflicts of interest to disclose

Financial Disclosure and Funding Sources
Not Applicable

Contributions to authors: Conception and design: Mahmud S,
Tamanna RK; Acquisition, analysis, and interpretation of data:
Mahmud S, Tamanna RK; Manuscript drafting and revising it
critically: Yusuf MA, Jahan T; Approval of the final version of

J Curr Adv Med Res 47

the manuscript: Mahmud S. All authors reviewed and approved
the final manuscript.

Data Availability

Any inquiries regarding supporting data availability of this
study should be directed to the corresponding author and are
available from the corresponding author on reasonable request.

Ethics Approval and Consent to Participate
Not Applicable

Copyright: © Mahmud et al. 2024. Published by Journal of
Current and Advance Medical Research. This is an open access
article and is licensed under the Creative Commons Attribution
Non-Commercial 4.0 International License (CC BY-NC 4.0).
This article is published under the Creative Commons CC BY-
NC License (https://creativecommons.org/licenses/by-nc/4.0/).
This license permits use, distribution and reproduction in any
medium, provided the original work is properly cited, and is
not used for commercial purposes. To view a copy of this
license, please See: https://creativecommons.org/licenses/by-
nc/4.0/

Cite this article as: Mahmud S, Tamanna RK, Yusuf MA,
Jahan T. Origin, Epidemiology, Transmission, Clinical
Symptoms, and Future Perspectives on Mpox Virus (MPXV):
A Narrative Review. J Curr Adv Med Res 2024;11(1):41-49

ORCID

Shahriar Mahmud: https://orcid.org/0009-0000-4399-0831
Rumana Kaniz Tamanna: https://orcid.org/:0009-0006-9755-2654
Md. Abdullah Yusuf: https://orcid.org/0000-0002-8551-7185
Tarana Jahan: https://orcid.org/0000-0002-9405-6990

Avrticle Info

Received: 7 October 2023
Accepted: 3 December 2023
Published: 1 January 2024

References

1. International Committee on Taxonomy of Viruses,
https://ictv.global/taxonomy; 2022 [accessed 8 August 2022].

2. Kilcher S, Schmidt FI, Schneider C, Kopf M, Helenius A,
Mercer J. siRNA screen of early poxvirus genes identifies the
AAA+ ATPase D5 as the virus genome-uncoating factor. Cell
host & microbe. 2014;15(1):103-12.

3. Moss B. Poxvirus entry and membrane fusion. Virology.
2006;344(1):48-54.

4. Alakunle E, Moens U, Nchinda G, Okeke MI. Monkeypox
virus in Nigeria: infection biology, epidemiology, and
evolution. Viruses 2020;12:1257.

5. Heymann DL, Szczeniowski M, Esteves K. Re-emergence
of monkeypox in Africa: a review of the past six years. Br Med
Bull 1998;54:693-702.

6. Reed KD, Melski JW, Graham MB, Regnery RL, Sotir MJ,
et al. The detection of monkeypox in humans in the Western
Hemisphere. N Engl J Med 2004;350:342-50.

7. Magnus PV, Andersen EK, Petersen KB, et al. A pox-like
disease in cynomolgus monkeys. Acta Pathol Microbiol Scand
1959;46:156-76.

8. Farahat RA, Sah R, El-Sakka AA, Benmelouka AY, Kundu
M, Labieb F, et al. Human monkeypox disease (MPX). Infez
Med 2022;30(3):372-91.

9. Breman JG, Kalisa R, Steniowski MV, Zanotto E, Gromyko
Al, Arita I. Human monkeypox, 1970-79. Bull World Health
Organ 1980;58:165-82.

10. The World Health Organization (WHO). 2022 Mpox
Outbreak: Global Trends. 2023.

January 2024 | Volume 11 | Number 1


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0009-0000-4399-0831
https://orcid.org/:0009-0006-9755-2654
https://orcid.org/0000-0002-8551-7185
https://orcid.org/0000-0002-9405-6990
https://ictv.global/taxonomy

Mpox Virus (MPXV): A Narrative Review

Mahmud et al

https://worldhealthorg.shinyapps.io/mpx_global/ [accessed 19
January 2023].

11. Kaler J, Hussain A, Flores G, Kheiri S, Desrosiers D.
Monkeypox: a comprehensive review of transmission,
pathogenesis, and manifestation. Cureus 2022;14(7).

12. Farasani A. Monkeypox virus: Future role in Human
population. Journal of Infection and Public Health.
2022;15(11):1270-5.

13. Patel A, Bilinska J, Tam JCH, Fontoura DDS, Mason CY,
Daunt A, et al. Clinical features and novel presentations of
human monkeypox in a central London centre during the 2022
outbreak: descriptive case series. BMJ 2022;378:e072410.

14. Mathieu E, Spooner F, Dattani S, Ritchie H, Roser M.

Mpox (monkeypox). Our WorldinData. 2023.
https://ourworldindata.org/monkeypox [accessed 16 January
2023].

15. Likos AM, Sammons SA, Olson VA, Frace AM, Li Y,
Olsen-Rasmussen M, et al. A tale of two clades: monkeypox
viruses. J Gen Virol 2005;86:2661-72.

16. Chen N, Li G, Liszewski MK, Atkinson JP, Jahrling PB,
Feng Z, et al. Virulence differences between monkeypox virus
isolates from West Africa and the Congo Basin. Virology
2005;340:46-63.

17. Hutson CL, Abel JA, Carroll DS, Olson VA, Braden ZH, et
al. Comparison of West African and Congo Basin Monkeypox
Viruses in BALB/c and C57BL/6 Mice. PLOS ONE
2010;5(1):e8912.

18. Sah R, Abdelaal A, Reda A, Katamesh BE, Manirambona
E, Abdelmonem H, et al. Monkeypox and its possible sexual
transmission: where are we now with its evidence? Pathogens
2022;11(8):924.

19. Thornhill JP, Barkati S, Walmsley S, Rockstroh J, Antinori
A, Harrison LB, et al. Monkeypox virus infection in humans
across 16 countries—April-June 2022. New Eng. J Med
2022;387(8):679-91.

20. Nolen LD, Osadebe L, Katomba J, Likofata J, Mukadi D,
Monroe B, Doty J, Malekani J, Kabamba J, Bomponda PL,
Lokota JI. Introduction of monkeypox into a community and
household: risk factors and zoonotic reservoirs in the
Democratic Republic of the Congo. The American journal of
tropical medicine and hygiene. 2015;93(2):410-415.

21. McCollum AM, Damon IK. Human monkeypox. Clin
Infect Dis 2014;58(2):260-7.

22. Sklenovska N, Van Ranst M. Emergence of monkeypox as
the most important orthopoxvirus infection in humans. Front
Public Health 2018;6:241.

23. Vaughan A, Aarons E, Astbury J, et al. Human-to-human
transmission of monkeypox virus, United Kingdom, 2018.
Emerg Infect Dis 2020;26:782-5.

24. Vivancos R, Anderson C, Blomquist P, Balasegaram S, Bell
A, Bishop L, Brown CS, Chow Y, Edeghere O, Florence I,
Logan S. Community transmission of monkeypox in the United
Kingdom, April to May 2022. Eurosurveillance.
2022;27(22):2200422.

25. Erez N, Achdout H, Milrot E, Schwartz Y, Wiener-Well Y,
Paran N, et al. Diagnosis of imported monkeypox, Israel, 2018.
Emerg Infect Dis 2019;25:980-3.

26. Alakunle EF, Okeke MI. Monkeypox virus: a neglected
zoonotic pathogen spreads globally. Nat Rev Microbiol
2022;20(9):507-8.

27.Dye C, Kraemer MU.
outbreak. Bmj. 2022;377.

28. Von Magnus, P.; Andersen, E.K.; Petersen, K.B.; Birch-
Andersen, A. A pox-like disease in cynomolgus monkeys. Acta
Pathol. Microbiol. Scand. 2009; 46: 156-176.

29. Cho CT, Wenner HA. Monkeypox virus. Bacteriological
reviews. 1973;37(1):1-8.

30. Jezek Z, Szczeniowski M, Paluku KM, Mutombo M.
Human monkeypox: clinical features of 282 patients. J Infect
Dis 1987;156(2):293-8.

Investigating the monkeypox

J Curr Adv Med Res 48

31. Moore M.J., Rathish B., Zahra F. Monkeypox. StatPearls.
Treasure Island (FL): StatPearls Publishing; 2022. PMID:
34662033.

32. Bunge EM, Hoet B, Chen L, Lienert F, Weidenthaler H,
Baer LR, Steffen R. The changing epidemiology of human
monkeypox-A potential threat? A systematic review. PLoS Negl
Trop Dis 2022;16(2):0010141.

33. Kumar N, Acharya A, Gendelman HE, Byrareddy SN. The
2022 outbreak and the pathobiology of the monkeypox virus.
Journal of autoimmunity. 2022 Jul 1;131:102855.

34. Shchelkunov SN, Totmenin AV, Babkin IV, Safronov PF,
Ryazankina Ol, Petrov NA, Gutorov VV, Uvarova EA,
Mikheev MV, Sisler JR, Esposito JJ. Human monkeypox and
smallpox viruses: genomic comparison. FEBS letters. 2001
Nov 30;509(1):66-70.

35. Kugelman JR, Johnston SC, Mulembakani PM, Kisalu N,
Lee MS, Koroleva G, McCarthy SE, Gestole MC, Wolfe ND,
Fair JN, Schneider BS. Genomic variability of monkeypox
virus among humans, Democratic Republic of the Congo.
Emerging infectious diseases. 2014;20(2):232.

36. Seet BT, Johnston JB, Brunetti CR, Barrett JW, Everett H,
Cameron C, Sypula J, Nazarian SH, Lucas A, McFadden G.
Poxviruses and immune evasion. Annual review of
immunology. 2003;21(1):377-423.

37. Reed KD, Melski JW, Graham MB, Regnery RL, Sotir MJ,
Wegner MV, Kazmierczak JJ, Stratman EJ, Li Y, Fairley JA,
Swain GR. The detection of monkeypox in humans in the
Western Hemisphere. New England Journal of Medicine.
2004;350(4):342-50.

38. Shchelkunov SN, Totmenin AV, Safronov PF, Mikheev MV,
Gutorov VV, Ryazankina Ol, Petrov NA, Babkin IV, Uvarova
EA, Sandakhchiev LS, Sisler JR. Analysis of the monkeypox
virus genome. Virology. 2002;297(2):172-94.

39. Chen N, Li G, Liszewski MK, Atkinson JP, Jahrling PB,
Feng Z, Schriewer J, Buck C, Wang C, Lefkowitz EJ, Esposito
JJ. Virulence differences between monkeypox virus isolates
from West Africa and the Congo basin. Virology.
2005;340(1):46-63.

40. Weaver JR, Isaacs SN. Monkeypox virus and insights into
its immunomodulatory proteins. Immunological reviews.
2008;225(1):96-113.

41. Gigante CM, Korber B, Seabolt MH, Wilkins K, Davidson
W, Rao AK, et al. Multiple lineages of Monkeypox virus
detected in the United States, 2021-2022. Science
2022;378(6619):560-5.

42. Paharia T., Paharia P.T. Insights into the biology of the
monkeypox virus. NewsMedical. 2022. https://www.news-
medical.net/news/20220823/Insights-intothe-biology-of-the-
monkeypox-virus.aspx. [accessed 19 January 2023].

43. Patel A, Bilinska J, Tam JCH, Fontoura DDS, Mason CY,
Daunt A, et al. Clinical features and novel presentations of
human monkeypox in a central London centre during the 2022
outbreak: descriptive case series. BMJ 2022;378:e072410.

44. Eltvedt AK, Christiansen M, Poulsen A. A case report of
monkeypox in a 4-yearold boy from the DR Congo: challenges
of diagnosis and management. Case Rep Pediatr 2020:8572596.
45. Yinka-Ogunleye A, Aruna O, Dalhat M, Ogoina D,
McCollum A, Disu Y, et al. Outbreak of human monkeypox in
Nigeria in 2017-18: a clinical and epidemiological report.
Lancet Infect Dis 2019;19(8):872-9.

46. Titanji BK, Tegomoh B, Nematollahi S, Konomos M,
Kulkarni PA. Monkeypox: a contemporary review for
healthcare professionals. InOpen forum infectious diseases
2022 Jul 1 (Vol. 9, No. 7, p. ofac310). Oxford University Press.
47. Harapan H, Ophinni Y, Megawati D, et al. Monkeypox: a
comprehensive review. Viruses. 2022;14(10):2155.

48. Patel M, Adnan M, Aldarhami A, et al. Current insights into
diagnosis, prevention strategies, treatment, therapeutic targets,
and challenges of monkeypox (mpox) infections in human
populations. Life (Basel). 2023;13(1):249

January 2024 | Volume 11 | Number 1


https://www.news-medical.net/news/20220823/Insights-intothe-biology-of-the-monkeypox-virus.aspx
https://www.news-medical.net/news/20220823/Insights-intothe-biology-of-the-monkeypox-virus.aspx
https://www.news-medical.net/news/20220823/Insights-intothe-biology-of-the-monkeypox-virus.aspx

Mpox Virus (MPXV): A Narrative Review

Mahmud et al

49. Treatment information for healthcare professionals. Mpox
Health Professionals Clinical Guidance. 2023.
https://www.cdc.gov/ poxvirus/mpox/clinicians/treatment.html.
Accessed 18 2023.

50. Adler H, Gould S, Hine P, et al. Clinical features and
management of human monkeypox: a retrospective
observational study in the UK. Lancet Infect Dis.
2022;22(8):1153-62

51. Shamim MA, Padhi BK, Satapathy P, et al. The use of
antivirals in the treatment of human monkeypox outbreaks: a
systematic review. Int J Infect Dis. 2023;127:150-61

52. Johri N, Kumar D, Nagar P, Maurya A, Vengat M, Jain P.
Clinical manifestations of human monkeypox infection and
implications for outbreak strategy. Health Sci Rev (Oxf).
2022;5:100055

53. Rizk John G, Lippi Giuseppe, Henry Brandon M, Forthal
Donald N, Rizk Youssef. Prevention and treatment of
monkeypox. Drugs 2022;82:957-63

54. Highlights of prescribing information dosage forms and
strengths TPOXX. U.S. Food and Drug Administration. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2018/20862
7s000I1bl.pdf. Accessed 25 March 2023.

55. Desai AN, Thompson GR 3rd, Neumeister SM, Arutyunova
AM, Trigg K, Cohen SH. Compassionate use of tecovirimat for
the  treatment of  monkeypox infection. JAMA.
2022;328(13):1348- 50

56. Lanier R, Trost L, Tippin T, et al. Development of CMX001
for the Treatment of Poxvirus Infections. Viruses.
2010;2(12):2740-62

57. Durski KN, McCollum AM, Nakazawa Y, et al. Emergence
of monkeypox - West and Central Africa, 1970-2017. Centers
for Disease Control and Prevention. 2018.
https://www.cdc.gov/mmwr/volumes/67/wr/mm6710a5.htm.
Accessed 30 March 2023.

58. Jiang RM, Zheng YJ, Zhou L, et al. Diagnosis, treatment,
and prevention of monkeypox in children: an experts'
consensus statement. World J Pediatr. 2023;19(3):231-42

59. Petersen E, Kantele A, Koopmans M, et al. Human
monkeypox. Infect Dis Clin North Am. 2019;33(4):1027-43
60. Poland GA, Kennedy RB, Tosh PK. Prevention of
monkeypox with vaccines: a rapid review. Lancet Infect Dis.
2022;22(12):e349-58

61. Saied AA, Dhawan M, Metwally AA, Fahrni ML,
Choudhary P, Choudhary OP. Disease history, pathogenesis,
diagnostics, and therapeutics for human monkeypox disease: a
comprehensive review. Vaccines. 2022;10(12):2091.

62. Hemati S, Farhadkhani M, Sanami S, Mohammadi-

J Curr Adv Med Res 49

Moghadam F. A review on insights and lessons from COVID-
19 to the prevent of monkeypox pandemic. Travel Med Infect
Dis. 2022;50:102441

63. Nadar S, Khan T, Omri A. Reemergence of monkeypox:
prevention and management. Expert Rev Anti Infect Ther.
2022;20(11):1425- 33

64. Di Gennaro F, Veronese N, Marotta C, et al. Human
monkeypox: a comprehensive narrative review and analysis of
the public health implications. Microorganisms.
2022;10(8):1633

65. Rajsri KS, Rao M. A review of monkeypox: the new global
health emergency. Venereology. 2022;1(2):199-211

66. Haller SL, Peng C, McFadden G, Rothenburg S. Poxviruses
and the evolution of host range and virulence. Infect Genet
Evol 2014;21:15-40.

67. Elde NC, Child SJ, Eickbush MT, Kitzman JO, Rogers KS,
Shendure J, et al. Poxviruses deploy genomic accordions to
adapt rapidly against host antiviral defenses. Cell
2012;150:831-41.

68. Brennan G, Kitzman JO, Rothenburg S, Shendure J,
Geballe AP. Adaptive gene amplification as an intermediate
step in the expansion of virus host range. PLoS Pathog
2014;10:€1004002.

69. Chen N, Li G, Liszewski MK, Atkinson JP, Jahrling PB,
Feng Z, et al. Virulence differences between monkeypox virus
isolates from West Africa and the Congo basin. Virology
2005;340:46-63.

70. Patel A, Bilinska J, Tam JCH, Fontoura DDS, Mason CY,
Daunt A, et al. Clinical features and novel presentations of
human monkeypox in a central London centre during the 2022
outbreak: descriptive case series. BMJ 2022;378:e072410.

71. Michael G, Anderson Jd, Lawrence D, Homann FS, Guffey
J. A case of severe monkeypox virus disease in an American
child: emerging infections and changing professional values.
Pedia Infect Dis J 2003;22:1093-6.

72. O'Toole A, Rambaut A Initial observations about putative
APOBEC3 deaminase editing driving short-term evolution of
MPXC since
2017. 2022. https://www.thelancet.com/journals/lanmic/article/
P11S2666-5247(22)00200-2/fulltext

73.Beer EM, Rao VB. A systematic review of the
epidemiology of human monkeypox outbreaks and implications
for outbreak strategy. PL0S Neglected Trop Dis.
2019;13(10):e0007791

74. Jezek Z, Grab B, Szczeniowski MV, Paluku KM, Mutombo
M. Human monkeypox: secondary attack rates. Bull World
Health Organ. 1988;66(4):465-470.

January 2024 | Volume 11 | Number 1


https://www.cdc.gov/
http://www.accessdata.fda.gov/drugsatfda_docs/label/2018/20862
https://www.cdc.gov/
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(22)00200-2/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(22)00200-2/fulltext

