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a b s t r a c t

Background: The end of smallpox in 1980 and the subsequent stopping of vaccination against smallpox was 
followed by the emergence of monkeypox (mpox), a viral disease of animal origin, meaning that it is 
transmitted from animal to human. The symptoms of mpox are similar to smallpox, except that they are less 
severe in terms of clinical features. In the case of public health, the mpox virus is one of the most important 
orthopoxviruses (such as variola, cowpox, and vaccinia) that come from the family Poxviridae. Mpox occurs 
mostly in central Africa and sometimes in tropical rainforests or some urban areas. Also, there are threats 
other than COVID-19, that must be addressed and prevented from spreading, as there has been an outbreak 
of mpox cases since May 7, 2022, throughout the USA, Europe, Australia, and part of Africa.
Objectives: In this review, we will discuss mpox between the past, the present and during the COVID-19 
pandemic. Also, it offers an updated summary of the taxonomy, etiology, transmission, and epidemiology of 
mpox illness. In addition, the current review aims to highlight the importance of emerging pandemics in the 
same era such as mpox and COVID-19.
Methods: A literature search was done for the study using online sources like PubMed and Google Scholar. 
Publications in English were included. Data for study variables were extracted. After the duplicate articles 
were eliminated, full-text screening was performed on the papers’ titles and abstracts.
Results: The evaluation included a series documenting mpox virus outbreaks, and both prospective and 
retrospectiveinvestigations.
Conclusions: monkeypox is a viral disease caused by the monkeypox virus (MPXV), which is primarily found 
in central and western Africa. The disease is transmitted from animals to humans and presents symptoms 
similar to those of smallpox, including fever, headache, muscle aches, and a rash. Monkeypox can lead to 
complications such as secondary integument infection, bronchopneumonia, sepsis, and encephalitis, as well 
as corneal infection that can result in blindness. There is no specific clinically proven treatment for mon-
keypox, and treatment is primarily supportive. However, antiviral drugs and vaccines are available for cross- 
protection against the virus, and strict infection control measures and vaccination of close contacts of af-
fected individuals can help prevent and control outbreaks.
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Introduction

Since the start of the COVID-19 pandemic at the end of 2019, the 
world has been trying to control the rapid spread of the SARS-COV-2 
virus and developing a vaccination dose against this virus and its var-
iants. At the beginning of 2022, the world started recovering from the 
COVID-19 pandemic and also began to think about the mistakes that 
occurred, which did not contain the SARS-COV-2 virus in the global 
health system, as there are still threats from infectious diseases due to 
the movement of people worldwide [1,2]. Unfortunately, the repeated 
warnings and continuous calls for the prevention of these infectious 
diseases have gone unheeded, and this was demonstrated by the out-
break of human smallpox cases since May 7, 2022, throughout Europe, 
the Americas, Australia, and part of Africa [3,4]. During the ongoing 
outbreak of mpox in humans, the first mpox case was reported by 
Health Security in the United Kingdom on May 7, 2022, and was found 
that they had a travel history to Nigeria, Africa. A week later on May 14, 
2022, two other cases were discovered living in the same area, but they 
have no travel history in or outside of the United Kingdom. At the same 
time, it was confirmed that they had no contact with the case that was 
discovered on May 7 that traveled to Africa [5]. Over time, new cases of 
mpox were continuously reported from 12 World Health Organization 
(WHO) member countries in three different regions. As of May 21, 2022, 
there were 92 laboratory-confirmed cases and 28 suspected mpox 
cases, as these cases were reported to the WHO from the United 
Kingdom, the United States of America, Canada, Portugal, France, Spain, 
Germany, Sweden, Belgium, and Australia. Generally, there is an 

expectation of increasing cases. We urgently need to identify the epi-
demiological links between these cases that are not known at the 
moment. While mpox is mostly unknown to medical professionals, 
especially front-line healthcare staff in prehospital, emergency depart-
ments, hospitals, and acute care/sexually transmitted disease clinics, 
there is an urgent need for fast access to clear, concise, fact-based in-
formation [6]. Currently, no deaths have been reported, but at the same 
time, many unusual and uncomfortable aspects of these outbreaks need 
to be studied closely [4]. In the weekly report from 13 to 19 February, 
the number of new cases worldwide decreased by 55.1% when com-
pared to the previous week (111 cases, 06 Feb - 12 Feb). The vast ma-
jority of cases were reported in both the Americas (86%) and Africa 
(6.4%). Brazil (n = 10,808), the United States of America (n = 29,987), 
Mexico (n = 3828), Peru (n = 3752), Spain (n = 7538), Colombia 
(n = 4080), Germany (n = 3692), France (n = 4128), The United Kingdom 
(n = 3735), and Canada (n = 1460) were the top ten globally affected 
nations, accounting for 84.9% of all reported cases worldwide.[7]. This 
review summarizes the history, biology, epidemiology, risk factors, pa-
thogenesis, and clinical presentation of the Monkey Pox Virus (MPV). In 
addition to highlighting the current knowledge about available treat-
ments and vaccines against this virus in the COVID-19 era.

The origin of the mpox virus (history and epidemiology)

MPV, a virus that belongs to the orthopoxvirus genus and comes 
from the family Poxviridae, was first recognized in infected monkeys 
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in a Danish laboratory in 1958, many years before it became a 
human-relevant disease [8,9]. In 1970, during a decline in the in-
cidence of smallpox, the first human mpox case was identified in the 
Democratic Republic of the Congo (DRC) in a nine-month-old child 
who was admitted to the hospital. The boy had a smallpox-like 
disease from which the MPV-like virus was isolated [10]. In the 
period from October 1970 to May 1971, 6 cases of MPV were detected 
in Sierra Leone, Liberia, and Nigeria. The first case was recorded in 
Nigeria in 1971, and time did not pass before 10 more cases were 
reported from 1971 to 1978. Since that time, the number of people 
infected with mpox has reached thousands, and it has been dis-
tributed in 15 countries worldwide, including 11 African countries. 
Since the emergence of mpox in 1970; most reported cases have 
been based in Western and Central Africa, with the highest pre-
valence being in the Democratic Republic of the Congo [11]. From 
1970–1979, 47 cases were reported to have MPV, all originating in 
Western and Central Africa [12]. These areas were known to be oc-
cupied by large rainforests, surrounded by small villages with a 
population of fewer than 1000 citizens at most. The residents of 
these rural areas practiced wild hunting as part of their daily lives 
and cultures, exposing them to different wild species [13–15]. The 
causative agent of smallpox would be thought to be the variola virus, 
as it adapted to the human host over 3000 years ago. Vaccination 
against smallpox has been practiced in China for over a thousand 
years, according to some records [16,17]. Because the vaccine is 
made from a virus that is transmitted to humans by host animals 
and may cause mild disease, rational vaccine manufacturing began 
with Jenner’s 1796 cowpox vaccine [18]. The official vaccination 
journey to eradicate smallpox began in 1980 [19]. It is believed that 
the occurrence of moderate and intermittent human disease due to 
orthopoxviruses, including the mpox virus, occurred before the in-
vention of vaccination against smallpox [20]. These viruses remain in 
host animals, with a periodic appearance in human populations. The 
variola virus is less common and genetically distinct compared to 
the smallpox virus [21], and the death rate in smallpox was in the 
range of 30–50% of the proportion of infected people, while the rate 
of variola was less than one percent. Vaccination and preventive 
exposure to smallpox have contributed to the eradication of 
smallpox, and it is also possible to reduce the number of infections in 
human orthopoxviruses [22]. Similar to the smallpox virus, which 
evolved into two different groups, the mpox displays two distinct 
species: the Congo Basin and West Africa. The Congo Basin bloc has 
reported a mortality rate of up to 10% from mpox, but it is as high as 
1% in the West African clade, and this rate is much higher in HIV 
patients [23,24].

The international spread of the human mpox virus before the COVID- 
19 era

The most significant outbreak of MPV was in the US in 2003; 
when an infected Gambian giant pouched rat was shipped with 800 
small animals from Ghana to Texas, and these animals transmitted 
the virus to adjacent prairie dogs where they were sent [25].

The West African virus implicated in the US outbreak had dif-
ferent characteristics from the African original. All cases in the US 
had contact with the infected animals, so tracing strategies and 
detections were clearer and more practical. Moreover, no proven 
data was found to suggest human-to-human transmission. The in-
cubation period slightly differed from what was known, being 14.5 
days on average [26]. No deaths were reported, and no gender pre-
ferences were found. What makes the American version distinct is 
the morphology and number of skin lesions, which have a more 
haphazard course [25].

In 2005, there was an outbreak in Sudan, which was not in 
Western or Central Africa. The reason is not quite known, but it is 
thought to be the expansion of the infection from surrounding 

endemic regions or from migrating infected animals [27,28]. The 
Sudan outbreak did not differ from the west and central African 
outbreaks in regards to signs and symptoms, but notably showed no 
case fatality rates similar to the American outbreak [27,29].

In 2017, a Nigerian outbreak yielded many confirmed cases of 
MPV [30]. From there, three people transmitted the disease outside 
of Africa to the UK after being exposed to the virus. One healthcare 
worker had contact with one of the patients, making four cases in 
total. This was the second outbreak outside of Africa after its spread 
in the US [31].

The international spread of the human mpox virus after the COVID- 
19 era

During COVID-19 years, Mpox cases have been reported to WHO 
since January 1, 2022, from 42 member states in five WHO regions 
(the Americas, Africa, Europe, the Eastern Mediterranean, and the 
Western Pacific). Moreover, 2103 laboratory-confirmed cases and 
one probable case, which also included one death, had been reported 
to the WHO as of June 15th, 2022. Men who have intercourse with 
other men who have recently reported having sex with new partners 
or multiple partners are still largely affected by the mpox outbreak.

While epidemiological investigations are ongoing, the majority of 
cases in the recent outbreak have been reported through sexual 
health or other health services in primary or secondary healthcare 
facilities, with a history of travel that has been primarily to 
European, North American, or other countries rather than countries 
where the virus has not previously been known to exist, and in-
creasingly, recent local travel or no travel at all. An outbreak of mpox 
is defined as one confirmed case within a nation. The sudden 
emergence of mpox in several locations, despite an initial lack of 
epidemiological links to previously reported mpox regions, suggests 
that there may have been long-term undetected transmission.

Given that, this is the first time that a lot of mpox cases and 
clusters have been reported at the same time in a lot of different 
countries in different WHO regions. Despite the fact that mortality 
has remained low during the current outbreak, WHO rates the risk at 
the global level as moderate [32].

MPV biology and morphology

MPV has the same shape as other orthopoxviruses, which are 
made up of oval or sometimes brick-shaped particles covered on the 
outside by a lipoprotein membrane with geometrically wavy lines. 
Usually, the size of MPV viruses is approximately 200 × 250 nm 
[33,34]. The outer membrane protects the membrane bond as well as 
the densely packed core containing enzymes, a double-stranded 
DNA genome, and transcription factors. The core is described as bi-
concave, with lateral bodies on each side, due to an electron mi-
croscopy fixation artifact [35–37]. The MPV double DNA is bound by 
covalent bonds at its end through symmetric hairpins and also 
contains inverted terminal repeats [38]. These inverted terminal 
repeats consist of a hairpin, tandem repeats, and open reading 
frames. As we said earlier, the life cycle of the MPV virus occurs 
inside the cytoplasm of the infected cell, although it is a DNA virus. 
The MPV virus genome encodes proteins required for viral DNA re-
plication, transcription, and virus assembly. Encodings related to the 
essential functions of the virus are located in the central region of 
the MPV genome, and genes related to virus-host interactions are 
located in the peripheral region of the genome [34, 39, 40].

The mpox virus is an orthopoxvirus, which is one of the 
Poxviridae family [41]. Poxviridae viruses are double-stranded DNA 
viruses with very large genomes as they contain more than 150 
genes per genome [42]. The group entomopoxvirinae, which infects 
insects, and the group chordopoxvirinae, which infects vertebrates, 
constitute the two main groups of poxviridae [43]. The mpox and 
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smallpox viruses prevent the host from using its nuclear enzymes 
and force it to encode the virus’s enzymes to replicate its DNA be-
cause the virus replicates in the cytoplasm. Virus-specific virion 
proteins result from a delayed transcription process that is regulated 
by virus DNA replication, which provides a DNA template that ulti-
mately expresses virion proteins [44]. The occurrence of one step in 
the life cycle of the poxvirus group is sufficient to produce a distinct 
type of virus that has the characteristics of the entire group of eu-
karyotic viruses with large nucleic acids.

MPV genome

The variola virus (VARV), mpox virus (MPXV), cowpox virus 
(CPXV), and the vaccinia virus (VACV). are all in the family 
Poxviridae, genus Orthopoxvirus. All of these can cause infections in 
humans. The genomes of these viruses are 200 kilobase (kb) or less 
long, and they have genes involved in pathogenesis and figuring out 
which hosts to infect. They also have highly conserved core sections 
that code for replication and assembly machinery. Orthopoxviruses 
share genetic makeup and antigens. However, they differ in their 
host range and virulence characteristics. According to comparative 
genomics research, the evolution of orthopoxviruses is ongoing and 
can be influenced by selective pressure from a host species. 
Progressive gene loss, particularly at the ends of the genome, has 
been theorized to be a major factor in the evolution of these viruses. 
CPXV has the largest genome of all sequenced orthopoxviruses 
(220 kb), encodes 223 open reading frames (ORFs), and has a wide 
host range that includes rodents, humans, felids, bovids, and voles. It 
only causes a mild infection in humans. The smallpox virus, VARV, 
has the smallest genome of all naturally occurring orthopoxviruses 
(186 kb), is predicted to encode 20% fewer functional proteins than 
CPXV, and only infects humans. In contrast, VARV is highly patho-
genic, its case-fatality rate was 30%, and its host range is limited to 
humans. Similar to VARV, MPXV is a highly virulent orthopoxvirus 
that has a case-fatality rate of 10% and results in high levels of dis-
ease and mortality [44–46]. Naturally occurring VARV infections, on 
the other hand, were deemed exterminated in 1979, and naturally 
occurring MPXV infections occur in areas of Africa where MPXV is 
endemic, such as in the Democratic Republic of the Congo (DRC) and 

the Republic of the Congo. Human infection with MPXV is riskier 
when exposed to animal reservoirs, such as squirrels, of the species 
Funisciurus and Heliosciurus. According to recent reports, MPXV 
transmission from person to person is growing. Seven generations of 
unbroken human transmission were documented in 2003 in the 
DRC. It is anticipated that the introduction and spread of MPXV 
among humans would significantly rise with increasing suscept-
ibility and declining herd immunity. A mpox outbreak in the mid-
western United States in 2003 demonstrated the likelihood of 
transmission to MPXV-uninfected populations. The MPXV strain in 
question belonged to the Western African clade, which has less 
virulent strains than the Central African strains found in the DRC 
[26,47]. MPXV has a 197 kb linear DNA genome with 190 non-
overlapping ORFs that are longer than 180 nucleotides. The central 
coding region sequence (CRS) of MPXV is highly conserved, like that 
of all orthopoxviruses, and is flanked by variable ends that include 
inverted terminal repeats (ITRs). Most VACV homologs of genes in 
the terminal ends of the MPXV genome are involved in im-
munomodulation and have either been predicted or are known to 
affect pathogenicity and host range determination. In contrast to 
VARV, which lacks ORFs in the ITR region, MPXV has at least 4 ORFs. 
The development of short-read, high-throughput sequencing tech-
nology has made it possible to conduct genomic surveys on en-
ormous populations. It has been proposed that a highly adapted 
virus that causes significant illness and is capable of effective and 
quick human-to-human transmission emerged as a result of the 
gradual loss of genes not required for pathogenesis in humans. Gene 
copy number variation may be a key element in modifying virus 
fitness [48–50].

Transmission of mpox virus

MPV is transmitted in two ways, either from humans to animals 
or from humans to humans. The spread of infection in humans is 
associated with the presence of a skin lesion, as the infection is 
transmitted through respiratory droplets, the patient’s contaminated 
environment, or contact with body fluids (Fig. 1). It is believed that 
the Congo Basin clade virus is more severe and powerful than that of 
West Africa, and that is why the Congo Basin clade spreads more 

Fig. 1. The route of MPV transmission and spreading. Animal-human transmission and human-human transmission are the two potential MPV transmission pathways. Human-to- 
human transmission has been linked to respiratory droplets and contact with bodily fluids, contaminated patient settings or objects, and skin lesions from an infected person. As 
well as inoculation through the mucocutaneous lesions of an infected animal, direct contact with or eating of one of the natural viral hosts are other ways that zoonotic 
transmission can happen.
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from person to person [29, 51–53]. The spread from animal to 
human occurs through direct contact with any of the virus hosts, and 
this type of transmission is called zoonotic transmission. Animal 
transmission can also occur through contact with the blood or fluids 
of an infected animal [54–56]. The results of thorough investigations 
and continuous tracing revealed that the family of the 9-month-old 
was found to eat monkeys periodically, which suggested that mon-
keys are heavily contributing to the disease. Although the virus was 
first isolated from captive monkeys in 1958 [9,28], a quite variable 
range of animals was postulated to be the main reservoir, examples 
include rodents, squirrels, and bats [57,58]. Many studies were car-
ried out to investigate the definite reservoir, but none yielded any 
relevant results. Since mpox outbreaks occurred in rural villages and 
near rainforests, the primary method to contract MPV was direct 
contact with infected animals, either by consumption or hunting 
[59,60]. The virus can indeed be transmitted from human to animal, 
but to this moment, it has not been proven that the virus can be 
transmitted from human to animal. The reproduction number (R0) 
in the Congo Basin clade is much higher than that of the West 
African clade, so the rate of human-to-human transmission, sec-
ondary attack rates (SARs), and serial transmission events are much 
higher. The virus will not only be transmitted quickly between hu-
mans, but it will also remain present and persistent among 
them [61,62].

Risk factors and highly susceptible patients for MPV infection

In many reports, the highest age group affected was shown to be 
younger than 15 years old [63]. Since the smallpox vaccine provided 
cross-protective immunity, or herd immunity, against mpox too, the 
affected age group has been increasing since the eradication and the 
ending of smallpox vaccination around the 1980 s [64–66]. Needless 
to say, vaccinated people showed fewer severe presentations and 
minor complications, with lower mortality rates [63]. Adult men 
accounted for the majority of primary cases because they are more 
exposed to wild animals and hunting practices. However, females 
and children represented the majority of secondary cases [59]. 
Mentioning secondary cases, human–human transmission mainly 
occurred via large droplets expelled by coughing or sneezing, body 
fluids, or contaminated household materials [13, 14, 67]. Although 

they occur rarely, nosocomial infections with the virus have been 
documented, meaning that prolonged exposure to patients puts 
healthcare workers at a higher risk of contracting the disease 
[68,69]. Also, vertical transmission (through the placenta) and in-
oculation of the virus through open wounds or scratches, using the 
same household utensils, and sleeping in the same room with a 
patient seemed to increase the risk of contracting the disease [28, 67, 
70]. Surprisingly, people with light skin were detected earlier be-
cause the lesions were easily apparent compared to patients with a 
darker skin complexion. This risk factor somehow affected mortality 
and morbidity [25].

Clinical presentation

Recent travel to endemic areas, contact with wild animals 
brought in from endemic areas, and caring for an infected animal or 
person are all historical signs of mpox infection, but the symptoms 
are what really matter.

The mpox virus replicates at the inoculation site after entering 
via any route (oropharynx, nasopharynx, or intradermal). It subse-
quently travels to local lymph nodes. Following then, viral propa-
gation and seeding of other organs occur as a result of initial viremia. 
This is the incubation period, which can last anywhere from 7 to 14 
days with a maximum of 21 days (Fig. 2). Symptom onset is linked to 
secondary viremia, which causes prodromal symptoms including 
fever and lymphadenopathy for 1–2 days before lesions emerge. At 
this time, infected patients may be contagious. Lesions begin in the 
oropharynx and progress to the skin, by the time lesions emerge, 
serum antibodies are frequently detected [3]. Fever, headache, 
myalgia, weariness, and lymphadenopathy are among the first signs 
of mpox, which distinguishes it from smallpox. Mucosal lesions in 
the mouth appear 1–2 days later, followed by centrifugally con-
centrated skin lesions on the face and extremities (including the 
palms and soles). The rash may or may not spread to other parts of 
the body, and the number of lesions can range from a few to thou-
sands [71].

Also, lymphadenopathy in the inguinal, axillary, or cervical areas 
is common and can happen before or after the rash appears [72]. The 
skin lesions progress through macular, papular, vesicular, and pust-
ular phases during the next 2–4 weeks in 1- to 2-day increments. 
Lesions are firm, deep-seated, and 2–10 mm in size, and they alter 
synchronously. Before crusts form, lesions are in the pustular phase 
for 5–7 days. Crusts form and desquamate over the next 7–14 days, 
and in most cases, the condition cures in 3–4 weeks following the 
symptom’s beginning. After all the crusts have fallen off, the patient 
is no longer considered contagious [73].

Varicella zoster virus (VZV) infection looks a lot like herpes 
simplex virus (MPV) infection, so the two are often mixed up in 
places where MPV is common. However, various characteristics of 
illness distinguish one infection from another. VZV patients, for ex-
ample, usually have a brief, moderate febrile prodrome, or none at 
all, followed by a rapidly growing (1–2 day) pleomorphic rash (i.e., a 
rash in which neighboring lesions may be at different stages of de-
velopment). Also, VZV lesions frequently have uneven borders and 
are located on the skin’s surface (relative to those of MPV). Varicella 
lesions also tend to form in a centripetal pattern on the body. Lesions 
on the palms of the hands and soles of the feet are not typical in VZV 
infections, however, they have been observed in rare cases. Because 
VZV patients rarely exhibit severe lymphadenopathy, the presence of 
lymphadenopathy is one distinguishing feature that can separate 
MPV from both smallpox and varicella. Other herpetic diseases (in-
cluding VZV), drug eruptions, syphilis, yaws, scabies, and rickettsia 
pox are all conditions that might be misdiagnosed for MPV. In MPV- 
endemic areas, specimen collection and laboratory testing can be 
challenging to complete for all suspected cases, enabling more ac-
curate and expedient case discovery, the collection of higher-quality 

Fig. 2. Timeline for monkeypox infection clarifying the pathogenesis through the first 
12 days of infection. The initial replication occurs around the second day at the pri-
mary site of inoculation. After day seven of infection, the initial symptoms (secondary 
viremia) of monkeypox happened and seeding to additional tissues, this includes a 2- 
to 3-day febrile illness, usually occurring from 10 to 14 days after initial exposure. 
Also, the characteristic skin lesions developed.
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surveillance data, and improved patient treatment; and a clinical 
case definition capable of strengthening the differentiation between 
MPX and other disorders would be valuable [72].

Diagnosis

During the 2003 outbreak in the United States, the Centers for 
Disease Control and Prevention (CDC) created case definition criteria 
for human mpox. However, the same criteria may not be as useful in 
endemic locations. As the population’s potential exposure to in-
fected mammals or people grows, the specificity of epidemiological 
criteria becomes lower. Furthermore, as the prevalence of identical 
disorders increases, the specificity of clinical criteria decreases, 
which is the same with chickenpox in Africa due to the lack of a 
routine varicella-zoster vaccine [74].

Diagnosis by clinical features

Although the main reservoirs of mpox animals have not yet been 
identified, it is believed that rodents such as Gambian giant rats and 
snake squirrels represent a reservoir [75]. Close contact with in-
fected animals and cuts in the skin from handling or eating infected 
animals are thought to be the sources of infection from animals to 
humans. Respiratory transmission from an infected animal to a 
human was discovered in some cases of human mpox in the United 
States. In addition, respiratory droplets are believed to be involved in 
some human-to-human transmissions [73].

There is an incubation period of 10–14 days after exposure and 
infection, followed by a prodromal period of 2 days. During this time, 
infected people may have a fever, chills, malaise, headache, back 
pain, sore throat, shortness of breath, and swollen lymph nodes 
(lymphadenopathy). About 90% of all human mpox infections have 
lymphadenopathy in the submandibular, neck, or groin areas. It is a 
characteristic feature and can distinguish human MPV infection 
from smallpox infection [76]. The mpox maculopapular rash has 
diameters ranging from 0.2 to 1 cm, which develop gradually after 
the prodrome stage. This period is considered the most contagious 
and can spread the virus to others. Moreover, these skin lesions 
begin on the face and trunk and then spread to the extremities in-
cluding the palms and soles. During a two- to four-week period, 
lesions advance through multiple and different stages, from macules 
to papules, vesicles, and pustules (Fig. 3). Finally, desquamation and 
scabbing, which were part of the crusting phase, can cause dyspig-
mented scars in some situations [73,77].

Laboratory diagnosis

The importance of laboratory diagnosis came from the similarity 
in clinical features of smallpox and mpox. To distinguish between 
these viruses, reference labs can develop a variety of laboratory tests 
based on differences in host immune responses to orthopoxviruses, 
even with the high degree of similarity in the genomes. Molecular 
techniques like a real-time polymerase chain reaction (PCR) assay 
can identify two genes that are targeted by the MPV. In one of the 
PCR assays, it can detect about thirteen different Eurasian ortho-
poxviruses by targeting the DNA polymerase gene (Copenhagen 
(COP) E9L gene). Another assay targets the single nucleotide poly-
morphisms in the MPV (COP-B5R gene), which codes for the virus’ 
envelope protein, which makes this assay specific and sensitive to 
MPV [78].

The main disadvantage of these DNA tests is the necessity of 
being active in infection while the virus is still present to collect the 
specimen. This means it cannot be used in mpox diagnosis after the 
infection has cleared. This made scientists develop other techniques 
based on the host’s immune response to the MPV. However, cross- 
reactive immune responses that resulted from previous smallpox 

vaccination complicate the development of a standard antibody test 
for mpox. Notwithstanding, the previous smallpox vaccination 
cannot induce anti-vaccinia IgM antibodies, instead, use an im-
munoglobulin M (IgM) antibody assay to diagnose MPV infection 
[79]. A whole-virus enzyme-linked immunosorbent assay (ELISA), is 
another approach that investigates diffused antigenic variations 
among the viruses, in which the antibody titers to the mpox and 
vaccinia viruses are measured and their ratios determined. ELISA 
was used to distinguish between prior smallpox vaccination and 
recent mpox infection using a peptide from the protein encoded by 
the mpox ortholog of the cowpox virus strain Brighton Red (BR) 219 
gene. On the other hand, cellular immune responses that depend on 
antibody responses to specific pathogens could be a new diagnostic 
target that is better than the previous assays. The measurement of 
several orthopoxvirus-specific T cells is one such technique in de-
velopment [80].

Complications

Patients are at risk for a variety of complications, including sec-
ondary integument infection, bronchopneumonia (development of 
cellular necrosis along with the lung tissues that cause pulmonary 
consolidation), sepsis, and encephalitis. Also, corneal infection is one 
of the most significant complications of mpox, even if it’s not a 
common complication, maybe it can lead to permanent corneal 
scarring and blindness even with the use of eye lubricants. Likewise, 
it can cause hyperpigmentation, hypopigmentation, a skin rash, 
dehydration, and sometimes death [81–84].

Treatment

Mpox infection currently has no specific clinically proven treat-
ments. The treatment is supportive symptom management, as with 
most viral illnesses. However, some measures can be taken to help 
prevent an outbreak. Until all lesion crusts have naturally fallen off 
and a new skin layer has formed, the infected individual should be 
kept in isolation, wearing a surgical mask, and keeping lesions 
covered as much as possible [85].

Role of antiviral treatment

Several compounds have shown promise as antiviral therapeutics 
against orthopoxvirus species, and three of the most promising are 
listed in. Cidofovir inhibits viral DNA polymerase and thus has an-
tiviral activity against a variety of viruses. It is administered in-
travenously with hydration and probenecid. Cidofovir may cause 
nephrotoxicity, but CMX-001, the modified compound of cidofovir, 
does not cause nephrotoxicity. Also, it has antiviral activity against 
different species of orthopoxvirus. The intracellular virus released is 
inhibited by ST-246, this compound is administered orally and 
shows promising results against different types of orthopoxvirus, 
including the Variola virus. These compounds have been used in 
various combinations, including with vaccinia immune globulin, 
which treats severe vaccine-related adverse events in clinical trials. 
The development of strategies for using these drugs to treat diseases 
in endemic areas is needed [86].

Vaccines against MPV

Smallpox vaccines are made up of fully replicative vaccinia 
viruses and are not currently used in mpox-endemic areas due to 
concerns about severe adverse events in a population with an un-
known immunocompromised status. The risk of pathogenic mpox 
disease must be measured against the possibility of side effects from 
replicative vaccines like the live virus vaccine (ACAM 2000). A vac-
cine that does not contain this risk and can be easily administered to 
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children would be ideal for use in mpox-endemic areas. There is no 
single vaccine that meets all of these requirements, but some next- 
generation vaccines get us closer to that goal [86].

Live smallpox virus vaccine (ACAM2000)

The main advantage of this vaccine is that it can be administered 
as a single dose. However, as with all live vaccines, it is contra-
indicated to be given to immune-compromised people due to its 
ability to replicate in the cells of those high-risk patients. Also, it 
should be avoided by people with a history of eczema, atopic der-
matitis, or a current pregnancy. Otherwise, in a minority of people, 
these vaccines can cause cardiac complications after administration. 
A raised lesion at the vaccination site is common and can be an 
indication of successful vaccine administration [86]. The ACAM2000 
vaccine produced by Sanofi Pasteur Biologics Co. and the JYNNEOS 
vaccine produced by Bavarian Nordic A/S and marketed as Jynneos in 
the United States and Imvanex in Europe both demonstrated efficacy 
for cross-protection against the MPXV. Both vaccines were licensed 
for use against smallpox by the Food and Drug Administration (FDA) 
authorities. If infectious cases are quickly identified, ring vaccina-
tions, or immunizing close contacts of confirmed cases, can be ef-
fective. The size and length of controlled outbreaks can vary greatly 
since epidemic outbreaks are fundamentally unpredictable in 
nature. The Ebola virus had previously been eradicated using a ring 
vaccination method. The spread of the MPX infection can be stopped 
by immunizing close contacts of an affected person. The United 
States of America (USA) and other European nations have put the 
plan into practice. To limit infectious illnesses, the Union Ministry of 
Health and Family Welfare in India has decided to use the ring 
vaccination technique [87].

Attenuated smallpox virus vaccine

LC16m8 vaccine
This Japanese vaccine showed fewer side effects and a safer 

profile than the live vaccine ACAM2000, also with a single dose 
administration. Although this virus is attenuated, it still can replicate 
inside human cells [86].

Modified vaccine (IMVAMUNE or IMVANEX)
This live attenuated vaccine, which is administrated in two doses, 

is known as IMVAMUNE in the US and IMVANEX in European 
countries. Interestingly, the main advantage of this vaccine is that 
the attenuated virus has a limited ability to replicate inside cells, 
which makes it appropriate for all adults, including immune-com-
promised persons. Unlike the live ACAM2000 vaccine, there is no 
skin lesion at the vaccination site even if it is injected in two 
doses [86].

Infection control and prevention

A group of scientists from all over the world worked hard on their 
research, which led to a number of important findings that helped 
ease these worries to a large extent. Based on historical information 
and lab research, scholars found that the variola virus would make 
people less likely to get sick and less likely to spread the disease. 
Furthermore, they discovered that the protective effects of smallpox 
vaccination generally transferred to mpox, implying that well-vac-
cinated populations would be disease-free for the most part. A de-
tailed epidemiologic analysis of the virus’s inter-human, In addition 
to the evidence, they compared it with smallpox and found that the 
efficiency of transmission was lower by 10-fold among household 
members. Indeed, stochastic mathematical simulations examining 
worst-case scenarios of probable mpox epidemics unmistakably 
pointed to the need for continual zoonotic introductions to feed 
ongoing outbreaks. Based on what was known at the time about the 
disease’s epidemiologic parameters inter-human contact rates, virus 
transmissibility, and vaccine effectiveness mpox was believed to be 
unable to cause sustained epidemics in human populations in the 
absence of a proximate source of the virus in animal popula-
tions [88].

Conclusion

MPV may have been able to come back in Nigeria and other 
countries in the tropical rainforest belt because smallpox vaccina-
tions were stopped, people had more contact with animals that 
could be reservoir hosts for MPV because of climate change and 

Fig. 3. The classical MPV rash with lesions on the face, arms, and palms for African females. 
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deforestation, people ate more bush meat, and health and research 
infrastructure were not as good as they could have been. Since tra-
velers recently brought MPX from Nigeria and Ghana to the United 
States, the United Kingdom, and Singapore, MPX is no longer only 
found in endemic areas. Due to its global reach, MPV is a very 
dangerous re-emerging pathogen, especially in the COVID-19 era. 
National and international research efforts should be increased to 
identify virulence markers of disease, host and viral factors that 
modulate MPV evolution, human behaviors that support zoonotic 
spillover events, surrogates for asymptomatic infection, as well as 
virus and host determinants of immunity, to stop MPV from occu-
pying the ecological niche vacated by Variola major Virus (VARV) 
and potentially evolving into a much deadlier pathogen than it is at 
present. Preventive epidemiological surveillance for the MPV virus 
should be carried out in endemic and high-risk areas, including 
Nigeria in particular. This means that it should be done regularly 
rather than only in response to an epidemic. We support the in-
tegration of routine, periodic epidemiological surveillance for MPV 
in humans and animals into the Surveillance Outbreak Response 
Management and Analysis System (SORMAS) for the MPX outbreak.

Paper context

In the last few decades, there have been a lot newer and re- 
emerging viral and zoonotic diseases. Epidemics like these can teach 
us how to better track and watch for diseases, which will stop them 
from spreading. In the tropical rainforests of Central and West Africa, 
mpox may no longer be endemic. The present mpox outbreak in 
nonendemic nations is most likely the result of decades of persistent 
outbreaks making it unable to stop the disease’s spread in endemic 
African areas. This review paper offers an updated summary of the 
taxonomy, etiology, transmission, and epidemiology of mpox illness.
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