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Abstract: Monkeypox virus (MPOV), formerly known as MPOX, is a zoonotic disease
agent belonging to the Orthopoxvirus family.. First discovered in monkeys in 1970, the
virus was later detected in humans and became endemic in Central and West African
countries. In 2022, MPQV turned into a global pandemic and was declared a Public
Health Emergency of International Concern by the World Health Organisation. This
review article comprehensively examines the current status of MPQOV, its transmission
routes, prevention strategies and implications for global health. The study highlights
areas for future research and emphasizes the importance of global collaboration against
this emerging health threat. With the aim of raising awareness about MPOV, supporting
informed decision-making and developing intervention strategies to reduce transmission,
this review aims to contribute to efforts to protect public health.

Maymun Cicegi Viriisii: Giincel Durum ve Kiiresel Saghk Etkileri

Anahtar kelimeler:
Maymun ¢icegi viriisii
(MPOV),

Zoonotik hastalik,
Kiiresel pandemi,

Halk saglig1 acil durumu,
Kontaminasyon dnleme

Ozet: Onceden MPOX olarak bilinen Maymun ¢igegi viriisii (MPOV), Ortopoksviriis
ailesine ait zoonotik bir hastalik etkenidir. {lk olarak 1970 yilinda maymunlarda
kesfedilen viriis daha sonra insanlarda tespit edildi ve Orta ve Bat1 Afrika {ilkelerinde
endemik hale geldi. 2022 yilinda MPOV kiiresel bir pandemiye doniistli ve Diinya Saglik
Orgiitii tarafindan Uluslararas1 Endise Verici Halk Saglig1 Acil Durumu ilan edildi. Bu
derleme makalesi, MPOV'un mevcut durumunu, bulagma yollarini, dnleme stratejilerini
ve kiiresel saglik iizerindeki etkilerini kapsamli bir sekilde incelemektedir. Calisma,
gelecekteki aragtirma alanlarini vurgulamakta ve bu ortaya ¢ikan saglik tehdidine karst
kiiresel ig birliginin 6énemini vurgulamaktadir. MPOV hakkinda farkindaligi artirma,
bilingli karar vermeyi destekleme ve bulagmayi azaltmak igin miidahale stratejileri
gelistirme amaciyla bu derleme, halk sagligini koruma ¢abalarina katkida bulunmay1
amacglamaktadir.

1. INTRODUCTION

Monkeypox viriis (MPOV) is a zoonotic disease caused
by a virus in the Orthopoxvirus family. The disease was
first discovered in monkeys in 1970 in countries where
cases of monkeypox were monitored, hence the name [1].
The virus was later found in humans and has since become
endemic in Central and West African countries.
Monkeypox virus can cause significant morbidity and
mortality in humans and there is currently no specific
treatment [2]. In 2022, monkeypox became a global
epidemic when a large number of cases were reported in
several countries where the disease had previously been
rare or absent. The World Health Organisation declared

monkeypox a Public Health Emergency of International
Concern as it continued to spread rapidly around the world
and public health measures failed to prevent it [3].

It is important to provide a comprehensive overview of
MPOV to raise awareness and inform informed decision-
making and intervention strategies to reduce transmission
and protect public health. In this study, we examined the
current status of monkeypox virus, transmission routes,
prevention strategies, and global health impacts. Potential
areas for future research and the importance of global
collaboration to counter this emerging health threat are
highlighted.
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1.1. History and First Cases of Monkeypox Virus

Monkeypox virus was first discovered in laboratory
monkeys at a research center in Copenhagen in 1958, but
the first case in humans was detected in 1970 in a 9-year-
old boy in the Demaocratic Republic of Congo (then Zaire)
[4]. After this discovery, sporadic cases were reported in
Central and West Africa throughout the 1970s. In the
1980s, the incidence of the disease increased and in 2003,
the United States experienced an outbreak outside the
African continent for the first time [1] and may have
arisen as a result of transmission from infected prairie
dogs to humans [5].

The geographical distribution and sociocultural
implications of monkeypox virus form an important
complement to understanding the global health impact of
the disease. The virus has historically been endemic in the
rainforest regions of Central and West Africa, but has
become particularly widespread in the Democratic
Republic of Congo, Nigeria and Cameroon [6]. Due to
globalization and increased international travel, in recent
years, cases have also been seen in Europe, North
America and Asia [7]. Thus, geographical spread has also
affected the approach of different cultures to the disease.
For example, in some African societies, traditional
medical practices and the consumption of wild animal
meat (bushmeat) play a role in the spread of the disease,
while in Western societies the disease is generally
perceived as an exotic threat [8]. Misperceptions due to
the name of the disease and the conditions under which it
was first discovered (in laboratory monkeys) have led to
some discriminatory attitudes such as stigmatization in
some societies [9].

Over time, with the increase in travel and trade,
monkeypox cases have started to be seen in different parts
of the world. The patterns of spread of MPOV in different
geographical regions reflect the complex interactions
between the ecology of the virus, human behaviour and
global health systems. These patterns can be summarised
as follows:

1.2. Endemic Regions in Africa

MPOV was first detected in the Democratic Republic of
Congo (DRC) in 1970 and remained endemic in Central
and West Africa for many years [10]. Regular outbreaks
have been observed in DRC, Congo Basin and Nigeria. In
these regions, the virus is usually spread through zoonotic
transmission and is more prevalent in rural areas [11].

1.3. West African Strain and Congo Basin Strain

MPOQV has two main genetic clades: West African (WA)
and Congo Basin (CB) strains. The CB strain is
considered more virulent and infectious [12]. While the
WA strain is usually seen in West African countries, the
CB strain is more common in Central Africa.

1.4. First Outbreaks Outside Africa

The 2003 outbreak in the USA showed that the virus could
spread outside Africa. This outbreak was associated with
infected rodents imported from Ghana [5].

1.5. 2022 Global Pandemic

The 2022 pandemic, which started in 2022 and spread
rapidly, represents a significant change in the spread
patterns of the virus. In this outbreak, the virus emerged
simultaneously in  many countries, especially in
previously non-endemic regions [7].

a) Europe: Cases were seen in many European
countries, especially in the UK, Spain, Portugal and
Germany [13].

b) North America: A significant number of cases have
been reported in the USA and Canada [14].

c) Latin America: Cases have also been detected in
countries such as Mexico and Argentina, [15].

d) Asia and Oceania: The number of cases has been
relatively low in these regions, but cases have also
been reported in countries such as Japan, Australia
and New Zealand [16].

1.6. New Propagation Dynamics

In the 2022 outbreak, the spread of the virus occurred
mostly through human-to-human transmission. High
transmission rates were observed especially in the men
who have sex with men (MSM) community [15].

1.7. Global Mobility and Spread

International travel and migration have been effective in
the rapid spread of the virus to new regions [6].

1.8. Spread in Urban Areas

Unlike previous outbreaks, the virus was more prevalent
in urban areas in the 2022 outbreak [17].
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Figure 1. Current global monkeypox (MPOV) infection patterns as of August 5, 2022 [16].

2. BIOLOGICAL STRUCTURE AND
TRANSMIiSSION ROUTES OF MONKEYPOX
ViRUS

MPOQV is an enveloped DNA virus belonging to the genus
Orthopoxvirus of the family Poxviridae. Its genetic
structure includes a double-stranded DNA genome of
approximately 197 kb in length, characterised by inverted
repeat sequences at the ends [18]. The MPOV genome
contains approximately 190 protein-coding genes and
these genes encode structural proteins, enzymes and
immune modulators of the virus [19].

The protein components of the virus are structurally and
functionally diverse. Chore proteins package the DNA
genome and form the nucleoprotein complex. Membrane
proteins are located in the envelope of the virus and play
a role in binding to cell receptors. In addition, enzymes
encoded by the virus (e.g. DNA polymerase, RNA
polymerase) are critical in the replication process [20].
The central core consists of core fibril and viral double-
stranded DNA (dsDNA) and is surrounded by the palisade
layer, a tightly arranged rod-shaped structure [21](Figure
2).

Core

Surface tubules
Outer membrane

Inner membrane

Palisade layer

DNA genome

Lateral body Viral enzymes

Figure 2. Structure of MPOV [21]

The replication mechanism of MPQOV, similar to other
poxviruses, occurs entirely in the cytoplasm. This process
includes the following steps [22]:

1. Entry of the virus into the cell: This occurs via
membrane fusion or endocytosis.

2. Early gene expression: Partial unfolding of viral
DNA and transcription of early genes.

3. DNA replication: Replication of viral DNA is
carried out by virus-encoded DNA polymerase.

4, Middle and late gene expression: Synthesis of
structural proteins and enzymes.

5. Virion assembly and maturation: Formation of
new virus particles and their release from the cell.

It covers virus identification, isolation and laboratory
diagnostic methods. Identification and isolation of MPOV
is usually done with samples taken from lesions. These
samples are collected in viral transport medium and
processed in biosafety level 3 (BSL-3) laboratories [23].
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Virus isolation is performed in cell culture using Vero E6
or BSC-40 cell lines [24]. Laboratory diagnostic methods
include polymerase chain reaction (PCR), real-time PCR
(RT-PCR), electron microscopy and
immunohistochemistry [25]. PCR, especially RT-PCR, is
the preferred method due to its high sensitivity and
specificity and targets specific gene regions of the virus
[26]. Serological tests, especially ELISA and Western
blot, are used to detect previous infections, but should be
interpreted with caution due to cross-reactivity [27]. Next-
generation sequencing technologies are increasingly used
for genomic characterisation of the virus and outbreak
monitoring [28]. These methods enable rapid and accurate
diagnosis of monkeypox infections, which is critical for
disease control and management.

When the epidemiological characteristics, transmission
routes, host range and spread dynamics of the virus are
considered, a complex picture emerges. The routes of
transmission of MPOV are diverse: Direct contact with
infected animals, close physical contact with infected
persons, and contact with contaminated objects are among
the main routes [29]. The virus can be transmitted through
respiratory droplets, body fluids and material from
lesions. Sexual contact has also been identified as an
important route of transmission, especially in the global
outbreak in 2022 [15]. In terms of host range, MPOV can
infect a wide range of mammalian species. The natural
reservoir host is thought to be rodents, but primates,
squirrels and other small mammals can also be infected
[30]. Humans are considered intermediate hosts and are
usually infected through contact with infected animals.
However, human-to-human transmission is also possible
and this type of transmission has come to the fore in recent
outbreaks [6]. In terms of spread dynamics, the R, value
(basic reproduction number) of MPOV is generally
estimated to be below 1, indicating that continuous
human-human transmission is limited [31]. However, in
certain populations and conditions, this value may be
higher. For example, in the 2022 outbreak, higher
transmission rates were observed within some
communities [32]. In terms of geographical distribution,
MPOV has historically been endemic in Central and West
Africa, but in recent years, cases have been observed in
other continents [33]. Factors such as globalization, travel
and climate change cause the virus to spread to new
regions [34]. In addition, factors such as human
behaviour, social networks and the response capacity of
health systems also affect the dynamics of spread.
Epidemiological surveillance, contact tracing and early
warning systems are critical to control the spread of
MPOV [35]. In conclusion, the epidemiology of MPOV
reflects complex interactions between the ecology of the
virus, human behaviour and global health systems, and a
holistic understanding of these factors is required to
develop effective control strategies.

3. CLINICAL SYMPTOMS iN MONKEYPOX
CASES

Monkeypox infection usually presents a clinical picture
with two distinct stages: the prodromal period and the rash
period. The prodromal period follows an incubation

period lasting an average of 6-13 days (sometimes 5-21
days) after contact with the virus [24]. During this initial
phase, patients typically experience high fever, severe
headache, lymphadenopathy (swelling of the lymph
nodes), back pain, myalgia (muscle aches) and intense
weakness [15]. Lymphadenopathy is an important feature
that distinguishes monkeypox from smallpox [36].

The lesions seen in monkeypox infection are remarkable
for their characteristic features. They are typically hard or
rubbery, well circumscribed and deep-seated. They often
develop a punctate structure at the apex of the lesions,
which is called an umbilication. The evolution of the
lesions occurs in four stages: macular, papular, vesicular
and pustular, followed by crusting and shedding. The
current global outbreak has revealed some variation in the
clinical presentation of monkeypox infection. Lesions are
frequently seen on the genital and anorectal areas or in the
mouth. Contrary to the classical description, the rash does
not always spread to many parts of the body, sometimes
limited to only a few lesions or a single lesion. In addition,
the appearance of a rash on the palms of the hands and
soles of the feet is not observed in all cases in this
outbreak [37] (Figure 3).

Figure 3. Mpox Rash [37]

Despite this variable presentation, the development of the
lesions usually follows a similar pattern. The lesions start
as a maculopapular rash and rapidly progress to vesicular
and pustular stages, finally culminating in crusting and
shedding [29]. A patient may have lesions in different
stages at the same time. The number of lesions may vary
from a few to thousands [38]. The clinical course usually
lasts 3-4 weeks and most cases heal spontaneously.
However, a more severe course may be seen in
immunocompromised individuals, young children and
pregnant women [6]. In severe cases, skin lesions may
coalesce and cover large areas, leading to peeling of the
skin [24]. Rare but serious complications include
secondary bacterial infections, sepsis, pneumonia,
encephalitis and vision loss, especially due to corneal
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infection [39]. In recent outbreaks, atypical presentations
have also been reported, especially in patients infected
with the strain of West African origin. These include
localised lesions without prodromal symptoms, a single
lesion in the anogenital region and oral/perineal lesions
suggestive of secondary sexual transmission [40].

The lesions are usually described as painful until the
healing phase, when they become itchy [41]. Although
fever and other prodromal symptoms (e.g. chills,
lymphadenopathy, malaise, myalgia or headache)
classically precede the rash, in this outbreak they may also
occur after the rash or not at all [42,43].

4. EPIDEMIOLOGICAL SURVEILLANCE AND
CONTROL STRATEGIES

Epidemiological surveillance and control strategies for
MPQOV encompass various methods used to monitor,
prevent and control the spread of the disease. These
strategies can be analysed under the following main
headings:

4.1. Epidemiological Surveillance: a) Case Definition
and Notification: Using standardized case definitions,
suspected, probable and definite cases are rapidly
identified and notified [44]. b) Active Surveillance:
Active case searches are carried out through health
institutions and community-based surveillance systems
[45]. c) Laboratory Surveillance: Verification of cases and
monitoring of virus strains are ensured by using methods
such as PCR tests and genomic sequencing [46]. d)
Animal Reservoir Surveillance: Monitoring of potential
animal reservoirs and assessment of zoonotic
transmission risks [30].

4.2. Control Strategies: a) Case lIsolation: Rapid
isolation of detected cases and provision of appropriate
medical care [47]. b) Contact Tracing: Identifying and
monitoring the contacts of the cases and quarantining
them when necessary [48]. ¢) Vaccination: Vaccination of
high-risk groups and post-contact cases (e.g. smallpox
vaccine or newly developed MPOV vaccines) [49]. d)
Risk Communication and Community Engagement:
Raising public awareness, informing the public about risk
factors and encouraging preventive behaviors [50]. €)
Border Controls: Screening and informing international
travellers [51].

4.3. Epidemic Management: a) Early Warning Systems:
Analysing and interpreting surveillance data for early
detection of potential outbreaks [51]. b) Outbreak
Response Teams: Formation and deployment of trained
teams for rapid response [52]. c) Mobilization of
Resources: Rapid mobilization of necessary medical
equipment, personnel and financial resources in case of an
outbreak [53].

4.4. International Cooperation: a) Data Sharing:
Sharing surveillance data between countries and
international organizations [7]. b) Capacity Building:
Strengthening surveillance and control capacity in low-
and middle-income countries [2]. c¢) Research

Collaborations: Coordination of vaccine and antiviral
drug development studies [54].

4.5. Technological Innovations: a) Digital Surveillance
Tools: Use of mobile applications and artificial
intelligence-supported systems [55]. b) Genomic
Surveillance: Monitoring virus evolution through the use
of next-generation sequencing technologies [56].

Effective implementation of these strategies is critical for
early detection, rapid response and effective control of
MPOV outbreaks.

5. EVOLUTIONARY BiOLOGY OF MPOV

The origin of the virus, its evolutionary relationship with
other poxviruses and its genetic changes over time reflect
a complex evolutionary process. Although the exact
origin of MPOV is unknown, molecular clock analyses
suggest that the virus emerged approximately 70,000
years ago [57]. MPOV is genetically closely related to
smallpox virus (Variola virus) and phylogenetic analyses
suggest that these two viruses evolved from a common
ancestor approximately 3000-4000 years ago [58]. The
relationship of MPOV to other poxviruses shows
similarities in terms of genomic structure and gene
content. For example, the MPOV genome, like other
orthopoxviruses, consists of linear double-stranded DNA
containing inverted repeat sequences at the ends and is
approximately 200 kb in length [18]. In terms of genetic
changes over time, two major genetic clades of MPOV
have been identified: West African (WA) and Congo
Basin (CB) clades. There are significant genetic
differences between these two clades and the CB clade is
thought to be more virulent [12]. Recent genomic
analyses have shown that the rate of evolution of MPOV
may be higher than previously thought. In particular, the
strains seen in the 2022 pandemic were found to
accumulate much more mutations than expected [56].
This rapid evolution may increase the adaptation of the
virus to new hosts and potentially increase its
infectiousness. Furthermore, its increased circulation in
human populations may affect the evolutionary trajectory
of the virus and lead to the emergence of new variants
[59]. Understanding the evolutionary biology of MPOV is
critical for predicting the future behaviour of the virus,
developing vaccine and antiviral strategies, and assessing
potential zoonotic threats.

6. EFFECTS OF MONKEYPOX VIRUS ON PUBLIC
HEALTH AND PUBLIC HEALTH MEASURES

The monkeypox virus outbreak has led to significant
social impacts and behavioural changes. Firstly, as with
HIV/AIDS virus [60], the faster spread of MPOV among
certain groups will increase stigma and discrimination
against these groups. Studies of the monkeypox outbreak
in 16 countries showed that 98 per cent of cases were gay
or bisexual men, 75 per cent of whom were white and 41
per cent were HIV positive [15]. Sexual transmission has
emerged as an important route of transmission because
lesions are usually seen in the genital and perianal areas
and most patients are men who have sex with men [39,61].
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However, these data may lead to the association of the
disease with certain groups and potentially lead to
stigmatization. Jaiswal et al. (2020) highlighted the
harmful consequences of labelling the disease as a ‘gay
virus’ [62]. This stigmatization can affect not only at-risk
groups but also the general population, as people may
avoid getting tested or seeking treatment for fear of being
stigmatised. Therefore, when presenting and discussing
this data, health authorities and the media should use
careful language to avoid social stigmatization and make
clear that the disease is not limited to any sexual
orientation or identity.

The effects of outbreaks can have more devastating
effects on vulnerable segments of the population [63].
Without urgent action, they pose a significant risk to
immunocompromised groups and families. The health
system faces challenges related to diagnosis, treatment
and disease prevention during an outbreak. The lives of
healthcare workers are at significant risk, especially when
the supply chain of healthcare equipment is disrupted
[64]. If health workers or their family members become
ill, their ability to provide care is also reduced as they will
have to look after each other. An outbreak of MPOV could
further increase the burden on the health system, which is
already facing numerous other problems [65].

Outbreaks of MPQOV can lead to lower tax revenues and
increased expenditure, causing fiscal stress, especially in
low-middle-income countries (LMICs) where fiscal
constraints are high and tax systems need to be improved.
Therefore, the MPOV outbreak could have short-term
fiscal and long-term economic impacts on nations. All
efforts to contain the virus will cost a significant amount
of resources and will significantly affect the national
economy. The productivity of the population is
significantly affected, affecting national economies and
overall development [65]. In the labour market, there may
be productivity losses due to sick or quarantined
employees, and increased pressure on health systems may
increase the cost of testing and treatment, while the
tourism and leisure sectors may also be adversely affected
by travel restrictions.

7. CONCLUSION

MPOQOV has become a global health threat in recent years
and has attracted the attention of the international
community. This review comprehensively examined the
current status of MPQV, its transmission routes, and its
impact on global health. The rapid spread of the virus and
the inadequacy of existing public health measures
highlight the need for an urgent and coordinated global
response.

The following important steps need to be taken to be

successful in combating MPOV in the future:

e Research and Development: More resources should
be devoted to research to develop effective treatments
and vaccines against MPOV. In particular, the focus
should be on the development of broad-spectrum
antiviral drugs and next-generation vaccines.

e Strengthening Surveillance Systems: Surveillance
systems should be improved for early detection and
monitoring of MPOV cases globally, especially in
high-risk areas.

e International Co-operation: International co-
operation should be increased to share information
between countries, develop joint research projects
and coordinated response strategies.

e Community Education and Awareness:
Comprehensive education programmes should be
implemented to inform the public about the
transmission routes, symptoms and prevention
methods of MPOV.

e Strengthening Health Systems: Health systems
should be strengthened to diagnose, treat and isolate
MPQV cases, especially in resource-limited areas.

e Prevention of Zoonotic Transmission: The risk of
zoonotic transmission should be minimised through
measures such as reducing human-animal contact and
regulating wildlife trade.

o Developing Global Health Security Policies: Global
health security policies should be reviewed and
strengthened to ensure rapid and effective response to
emerging infectious diseases such as MPOV.

To be prepared for similar outbreaks in the future, lessons
learnt from the fight against MPOV should be carefully
considered and applied.

REFERENCES

[1] CDC. About Mpox [Internet]. 2024 [cited 2024 Sep
3]. Available from:
https://www.cdc.gov/poxvirus/mpox/about/index.ht
ml

[2] Durski KN. Emergence of monkeypox—west and
central Africa, 1970-2017. MMWR Morb Mortal
Wkly Rep [Internet]. 2018 [cited 2024 Sep 5];67.

Available from:
https://www.cdc.gov/mmwr/volumes/67/wr/mm671
0a5.htm

[3] Lamptey E, Yaidoo S, Asiedua E, Boakye EO,
Banoya M tia, Senkyire EK. Monkey pox:
Rethinking COVID-19 to project future strategies
against emerging and evolving pathogens. Health
Care Sci. 2022;1(2):129-33.

[4] WHO. Mpox [Internet]. 2024 [cited 2024 Sep 3].
Available from: https://www.who.int/news-
room/fact-sheets/detail/mpox

[5] Reed KD, Melski JW, Graham MB, Regnery RL,
Sotir MJ, Wegner MV, et al. The Detection of
Monkeypox in Humans in the Western Hemisphere.
N Engl J Med. 2004 Jan 22;350(4):342-50.

[6] Bunge EM, Hoet B, Chen L, Lienert F, Weidenthaler
H, Baer LR, et al. The changing epidemiology of
human monkeypox—A potential threat? A
systematic review. PLoS Negl Trop Dis.
2022;16(2):e0010141.

[71 Kraemer MU, Tegally H, Pigott DM, Dasgupta A,
Sheldon J, Wilkinson E, et al. Tracking the 2022
monkeypox outbreak with epidemiological data in
real-time. Lancet Infect Dis. 2022;22(7):941-2.

213




Tr. J. Nature Sci. Volume 14, Issue 1, Page 208-216, 2025

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Bonwitt J, Dawson M, Kandeh M, Ansumana R,
Sahr F, Brown H, et al. Unintended consequences of
the ‘bushmeat ban’ in West Africa during the 2013-
2016 Ebola virus disease epidemic. Soc Sci Med
1982 [Internet]. 2018 Mar [cited 2024 Sep 4];200.
Available from:
https://pubmed.ncbi.nlm.nih.gov/29421463/

WHO. Monkeypox: public health advice for gay,
bisexual and other men who have sex with men
[Internet]. 2022 [cited 2024 Sep 4]. Available from:
https://www.who.int/news/item/25-05-2022-
monkeypox--public-health-advice-for-gay--
bisexual-and-other-men-who-have-sex-with-men
Breman JG, Steniowski MV, Zanotto E, Gromyko
Al, Arita I. Human monkeypox, 1970-79. Bull
World Health Organ. 1980;58(2):165.

Rimoin AW, Mulembakani PM, Johnston SC, Lloyd
Smith JO, Kisalu NK, Kinkela TL, et al. Major
increase in human monkeypox incidence 30 years
after smallpox vaccination campaigns cease in the
Demaocratic Republic of Congo. Proc Natl Acad Sci.
2010 Sep 14;107(37):16262-7.

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 Oct
1,86(10):2661-72.

Vivancos R, Anderson C, Blomquist P, Balasegaram
S, Bell A, Bishop L, et al. Community transmission
of monkeypox in the United Kingdom, April to May
2022. Eurosurveillance [Internet]. 2022 Jun 2 [cited
2024 Sep 4];27(22). Available from:
https://www.eurosurveillance.org/content/10.2807/
1560-7917.ES.2022.27.22.2200422

CDC. Centers for Disease Control and Prevention.
2023 [cited 2024 Sep 4]. Monkeypox Technical
Reports. Available from:
https://www.cdc.gov/poxvirus/mpox/cases-
data/technical-report/report-3.html

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. N Engl J Med. 2022 Aug 25;387(8):679—
91.

Khan S, Akbar SMF, Yahiro T, Mahtab MA,
Kimitsuki K, Nishizono A. Unprecedented rise of
monkeypox in Europe and America: Are Asian
countries ready for a new outbreak during the
ongoing COVID-19 pandemic? J Glob Health
[Internet]. 2022 [cited 2024 Sep 4];12. Available
from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC94
25425/

Vaughan A, Aarons E, Astbury J, Brooks T, Chand
M, Flegg P, et al. Human-to-human transmission of
monkeypox virus, United Kingdom, October 2018.
Emerg Infect Dis. 2020;26(4):782.

Alakunle E, Moens U, Nchinda G, Okeke MI.
Monkeypox virus in Nigeria: infection biology,
epidemiology, and evolution. Viruses.
2020;12(11):1257.

Esposito JJ, Sammons SA, Frace AM, Osborne JD,
Olsen-Rasmussen M, Zhang M, et al. Genome
Sequence Diversity and Clues to the Evolution of

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Variola (Smallpox) Virus. Science. 2006 Aug
11;313(5788):807-12.

Moss B. Poxviridae: the viruses and their
replication. 2001 [cited 2024 Sep 5]; Available from:
https://www.cabidigitallibrary.org/doi/full/10.5555/
20023085623

Begum JPS, Ngangom L, Semwal P, Painuli S,
Sharma R, Gupta A. Emergence of monkeypox: a
worldwide public health crisis. Hum Cell. 2023 May
1;36(3):877-93.

McFadden G. Poxvirus tropism. Nat Rev Microbiol.
2005;3(3):201-13.

CDC. Biosafety Laboratory Guidance for Handling
and Processing Mpox Specimens [Internet]. 2024
[cited 2024 Sep 5]. Available from:
https://www.cdc.gov/poxvirus/mpox/lab-
personnel/lab-procedures.html

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

Gul I, Liu C, Yuan X, Du Z, Zhai S, Lei Z, et al.
Current and Perspective Sensing Methods for
Monkeypox  Virus.  Bioengineering. 2022
Oct;9(10):571.

Neubauer H, Reischl U, Ropp S, Esposito JJ, Wolf
H, Meyer H. Specific detection of monkeypox virus
by polymerase chain reaction. J Virol Methods.
1998;74(2):201-7.

Karem KL, Reynolds M, Braden Z, Lou G, Bernard
N, Patton J, et al. Characterization of Acute-Phase
Humoral Immunity to Monkeypox: Use of
Immunoglobulin M Enzyme-Linked
Immunosorbent Assay for Detection of Monkeypox
Infection during the 2003 North American Outbreak.
Clin Vaccine Immunol. 2005 Jul;12(7):867-72.
Otieno JR, Ruis C, Onoja BA, Kuppalli K, Hoxha A,
Nitsche A, et al. Global genomic surveillance of
monkeypox virus. medRxiv. 2024;2024-08.

ECDC. Factsheet for health professionals on mpox
[Internet]. 2024 [cited 2024 Sep 5]. Available from:
https://www.ecdc.europa.eu/en/all-topics-
z/monkeypox/factsheet-health-professionals

Doty JB, Malekani JM, Kalemba LN, Stanley WT,
Monroe BP, Nakazawa YU, et al. Assessing
monkeypox virus prevalence in small mammals at
the human-animal interface in the Democratic
Republic of the Congo. Viruses. 2017;9(10):283.
Grant R, Nguyen LBL, Breban R. Modelling
human-to-human transmission of monkeypox. Bull
World Health Organ. 2020;98(9):638.

Endo A, Murayama H, Abbott S, Ratnhayake R,
Pearson CAB, Edmunds W), et al. Heavy-tailed
sexual contact networks and  monkeypox
epidemiology in the global outbreak, 2022. Science.
2022 Oct 7;378(6615):90-4.

Petersen E, Kantele A, Koopmans M, Asogun D,
Yinka-Ogunleye A, lhekweazu C, et al. Human
monkeypox: epidemiologic and clinical
characteristics, diagnosis, and prevention. Infect Dis
Clin. 2019;33(4):1027-43.

214




Tr. J. Nature Sci. Volume 14, Issue 1, Page 208-216, 2025

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Ullah M, Li Y, Munib K, Zhang Z. Epidemiology,
host range, and associated risk factors of
monkeypox: an emerging global public health threat.
Front Microbiol. 2023;14:1160984.

Meena RK. Monkeypox: A New Global Threat
[Internet]. Springer India 7th Floor, Vijaya Building,
17, Barakhamba Road, New Delhi ...; 2022 [cited
2024 Sep 5]. Available from:
https://www.indianpediatrics.net/july2022/585.pdf
Harapan H, Ophinni Y, Megawati D, Frediansyah A,
Mamada SS, Salampe M, et al. Monkeypox: A
Comprehensive Review. Viruses. 2022 Sep
29;14(10):2155.

CDC. Clinical Recognition [internet]. 2023 [cited
2024 Sep 6]. Availablefrom:
https://www.cdc.gov/poxvirus/mpox/clinicians/clini
cal-recognition.html

Carvajal A, Gracia PVD. Monkeypox and
pregnancy. Am J Obstet Gynecol Mfm. 2022
Nov;4(6):100746.

Antinori A, Mazzotta V, Vita S, Carletti F, Tacconi
D, Lapini LE, et al. Epidemiological, clinical and
virological characteristics of four cases of
monkeypox support transmission through sexual
contact, Italy, May 2022. Eurosurveillance
[Internet]. 2022 Jun 2 [cited 2024 Sep 6];27(22).
Available, from:
https://www.eurosurveillance.org/content/10.2807/
1560-7917.ES.2022.27.22.2200421

Patel A, Bilinska J, Tam JC, 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 [Internet]. 2022 [cited 2024 Sep
6];378. Available from:
https://www.bmj.com/content/378/bmj-2022-
072410.abstract

Obermeier PE, Buder SC, Hillen U. Poxvirus
infections in dermatology — the neglected, the
notable, and the notorious. JDDG J Dtsch Dermatol
Ges. 2024 Jan;22(1):56-93.

Azzi A. Unusual Monkeypox virus outbreak in
2022: Phenotypic and molecular characteristics. Asp
Mol Med. 2023;1:100001.

Sardana K, Sachdeva S, Narula S, Gogate S.
Triaging cases of fever with vesicular rash relevant
to the monkeypox epidemic. Trop Doct. 2023
Oct;53(4):481-8.

WHO. Surveillance, case investigation and contact
tracing for Monkeypox: Interim guidance [Internet].
2022 [cited 2024 Sep 5].

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.

Altindis M, Puca E, Shapo L. Diagnosis of
monkeypox virus—An overview. Travel Med Infect
Dis. 2022;50:102459.

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

Kaler J, Hussain A, Flores G, Kheiri S, Desrosiers
D. Monkeypox: a comprehensive review of

[49]

[50]

[51]

[52]

[53]

[54]

[58]

[56]

[57]

[58]

[59]

transmission, pathogenesis, and manifestation.
Cureus [Internet]. 2022 [cited 2024 Sep 5];14(7).
Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC93
45383/

Petersen BW. Use of vaccinia virus smallpox
vaccine in laboratory and health care personnel at
risk for occupational exposure to orthopoxviruses—
recommendations of the Advisory Committee on
Immunization Practices (ACIP), 2015. MMWR
Morb Mortal WKly Rep [Internet]. 2016 [cited 2024
Sep 5];65. Available from:
https://www.cdc.gov/mmwr/volumes/65/wr/mm651
0a2.htm

WHO. Risk communication and community
engagement (RCCE) for monkeypox outbreaks:
interim guidance, 24 June 2022 [Internet]. World
Health Organization; 2022 [cited 2024 Sep 5].
Available from:
https://apps.who.int/iris/bitstream/handle/10665/35
7184/WHO-MPX-RCCE-2022.1-
eng.pdf?sequence=1

Rao AK. Monkeypox in a traveler returning from
Nigeria—Dallas, Texas, July 2021. MMWR Morb
Mortal WKly Rep [Internet]. 2022 [cited 2024 Sep
5];71. Available from:
https://www.cdc.gov/mmwr/volumes/71/wr/mm711
4al.htm

Kmiec D, Kirchhoff F. Monkeypox: A New Threat?
Int J Mol Sci. 2022 Jul 17;23(14):7866.

WHO. Monkeypox  Strategic  Preparedness,
Readiness, and Response Plan (SPRP) [Internet].
2022 [cited 2024 Sep 5]. Awvailable from:
https://www.who.int/publications/m/item/monkeyp
ox-strategic-preparedness--readiness--and-
response-plan-(sprp)

Titanji BK, Tegomoh B, Nematollahi S, Konomos
M, Kulkarni PA. Monkeypox: a contemporary
review for healthcare professionals. In: Open forum
infectious diseases [Internet]. Oxford University
Press; 2022 [cited 2024 Sep 5]. p. ofac310.
Available from:
https://academic.oup.com/ofid/article-
abstract/9/7/0fac310/6615388

Jenkins ZN. Understanding Monkeypox. 2022 [cited
2024 Sep 51; Available,from:
https://digitalcommons.cedarville.edu/pharmacy_m
edia_contributions/314

Isidro J, Borges V, Pinto M, Sobral D, Santos JD,
Nunes A, et al. Phylogenomic characterization and
signs of microevolution in the 2022 multi-country
outbreak of monkeypox virus. Nat Med.
2022;28(8):1569-72.

Babkin 1V, Babkina IN. The origin of the variola
virus. Viruses. 2015;7(3):1100-12.

Hendrickson RC, Wang C, Hatcher EL, Lefkowitz
EJ. Orthopovirus genome evolution: the role of gene
loss. Viruses. 2010;2(9):1933.

Happi C, Adetifa I, Mbala P, Njouom R, Nakoune E,
Happi A, et al. Urgent need for a non-discriminatory
and non-stigmatizing nomenclature for monkeypox
virus. PLoS Biol. 2022;20(8):3001769.

215




Tr. J. Nature Sci. Volume 14, Issue 1, Page 208-216, 2025

[60] Deacon H. Towards a sustainable theory of health-
related stigma: lessons from the HIV/AIDS
literature. J Community Appl Soc Psychol. 2006
Nov;16(6):418-25.

[61] Raccagni AR, Candela C, Mileto D, Canetti D,
Bruzzesi E, Rizzo A, et al. Monkeypox infection
among men who have sex with men: PCR testing on
seminal fluids. J Infect. 2022;85(5):573.

[62] Jaiswal J, LoSchiavo C, Perlman DC.
Disinformation, Misinformation and Inequality-
Driven Mistrust in the Time of COVID-19: Lessons
Unlearned from AIDS Denialism. AIDS Behav.
2020 Oct;24(10):2776-80.

[63] Manirambona E, Wilkins L, Lucero-Prisno Il DE.
COVID-19 and its threat to refugees in Africa.
Health Promot Perspect. 2021;11(3):263.

[64] Shang Y, Li H, Zhang R. Effects of pandemic
outbreak on economies: evidence from business
history  context. Front  Public Health.
2021;9:632043.

[65] Manirambona E, Musa SS, Shomuyiwa DO, Salam
FA, John OO, Dinyo DGA, et al. The monkeypox
virus: A public health challenge threatening Africa.
Public Health Chall. 2022;1(4):e33.

216




