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Abstract 

Monkeypox is a DNA virus that belongs to the orthopox virus family with two distinct clades known as West Afri-
can and Congo Basin. This virus was initially discovered in crab-eating Macaques in 1958 and in 1970s it spread 
among people in the Democratic Republic of the Congo. Initially, there were several outbreaks of the disease reported 
in Africa and other regions of the world. The simultaneous spread in 19 countries in 2022 prompted severe worries. 
The monkeypox virus is closely related to smallpox, which was responsible for the highest fatality rate in human his-
tory, and a preconceived thought combined with fear is enough to make us shiver. Furthermore, the virus is often 
mistaken for a sexually transmitted infection or the Varicella zoster virus. The emergence of outbreaks outside of Africa 
is indicative of the disease’s global footprint. Increased detection and monitoring of monkey pox cases as well 
as understanding the disease’s ever-changing epidemiology is critical. Furthermore, intensive research is yet to 
identify the exact small mammal reservoir for monkeypox virus. Identifying the exact reservoir may aid in the identi-
fication of previously unknown high-risk activities for getting orthopoxvirus infections. Finally, a better understand-
ing of the potential/suspected monkeypox viral transmission pathways is required so that public health officials can 
develop and implement interventions to lower the risk of human infection. This review focuses on the genetic, clini-
cal, molecular, diagnostic, and therapeutic perspectives of monkeypox.
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Introduction
Monkeypox virus (MPXV) is an etiological agent of mon-
keypox that is thought to have originated in Central/West 
Africa [1]. MPXV is an orthopoxvirus, which is related to 

the variola virus [2]. It is a pathogen of medical impor-
tance due to its increasing occurrence [1]. The MPXV’s 
genome, which is around 197 kbp long, is nearly identi-
cal to the smallpox variola virus. MPXV is a cytoplasmic 
virus that is brick-shaped and enveloped. MPXV enters 
host cells through binding to glycosaminoglycans [3]. As 
an enveloped virus, it is thought to use the typical apop-
totic mimicking method for entry into host cells. How-
ever, despite being closely related, neither the MPXV nor 
the variola virus appear to be the ancestor of the other 
[4]. The detection of MPXV infection, however, is difficult 
due to similarities between smallpox and varicella-zoster 
viruses [5]. This is due to the fact that the pathophysio-
logic process and clinical symptoms are nearly compara-
ble to those of smallpox. Generally, orthopoxviruses are 
large in size, double-stranded DNA viruses that include 
various species such as vaccinia virus, MPXV, variola 
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virus, cowpox virus, and other discovered species (e.g., 
Akhmeta virus and Alaskapox virus) [6–9].

MPXV was first discovered in 1958 during an outbreak 
in an animal facility in Copenhagen, Denmark [10–13]. 
Despite its name, monkeypox is actually a misnomer 
since it most commonly infects small African mammals 
and rodents. The virus got its name after being discov-
ered in 1958 when 2 outbreaks of a pox-like disease were 
discovered in colonies of crab-eating macaques that 
were being used for research purposes [3, 14]. However, 
the first human case actually came from the Democratic 
Republic of Congo (DRC) in 1970 [5, 15, 16]. Following 
that, it became endemic in Central Africa (Congo) and 
West Africa (Nigeria), with periodic cluster outbreaks 
[17]. The 2017–2019 outbreak in Nigeria was the most 
severe [15, 18]. Then, in 2022, cluster epidemics resur-
faced in Europe, US, and in the Middle East [3, 18].

The MPXV is classified into two genetically distinct 
clades: the Congo Basin (CA) clade and the West Afri-
can (WA) clade [19]. The Congo Basin clade is more 
virulent than the West African clade, with a case fatality 
rate of 10.6% vs 3.6% for the West African clade [20, 21]. 
Comparative genomic investigations found a 0.55–0.56% 
nucleotide difference between the two strains [22], with 
the CA strain containing 173 functionally distinct genes 
compared to 171 in the West African strain. The two 
strains were determined to be 99.4% similar, with 170 
protein orthologs shared and no substantial changes in 
transcriptional regulatory sequences [22, 23]. In both 
strains, 53 of the 56 virulence genes were discovered, 
with 61 conserved, 93 non-conserved, and 121 silent 
amino acid alterations [22].

The occurrence of zoonotic infectious disease out-
breaks poses a serious public health concern. Again, a 
number of viral infections with pandemic potential pose 
a threat to global health security. Zoonotic viruses, in 
particular, have been the source of multiple outbreaks in 
recent years, resulting in significant morbidity and mor-
tality. The COVID-19 pandemic demonstrated that any 
virus epidemic capable of transmitting human-to-human 
or cross-species transmission might pose a major risk 
and contribute to a worldwide pandemic [24].

Although it is still a relatively rare virus, the growing 
number of MPXV cases in non-endemic countries and 
across Europe is causing concern around the world. Epi-
demiological studies, transmission dynamics, and illness 
ecology are not fully understood and require more atten-
tion. To deal with emerging or re-emerging viral threats 
in a sustainable manner, awareness campaigns, promot-
ing precautionary measures, educating health care work-
ers, and advancing public health preparedness through 
proactive continuous extensive surveillance, rapid risk 
assessments, response activities, early detection, and 

contact tracing should be prioritized [24]. This review 
focuses on the genetic, clinical, molecular, diagnostic, 
and therapeutic perspectives of monkeypox.

Overview of outbreak trends
The United Kingdom (UK) reported an imported case 
of MPXV in a person traveling from Nigeria on May 7, 
2022 [3, 25]. The subject reported a rash-like disease on 
April 29, 2022, and traveled from Lagos to London on 
May 3–4, 2022. On May 6, 2022, the UK Health Security 
Agency Rare and Imported Pathogens Laboratory veri-
fied the diagnosis using MPXV polymerase chain reac-
tion (PCR) on a vesicular swab [3, 26]. Since then, more 
than 1500 cases in 45 countries have been suspected and/
or confirmed (as of June 11, 2022), prompting the World 
Health Organization (WHO) to organize an emergency 
meeting to combat the virus’ uncontrolled spread [3].

On May 13, 2022, the UK recorded two new cases of 
MPXV that were not related to the single imported case 
from Nigeria that was reported on May 7, 2022. PCR test-
ing on vesicle swabs verified the cases [16]. A third fam-
ily member had previously suffered a rash but had totally 
healed. None of the people in this cluster had traveled or 
had contact with somebody who had traveled [26]. On 
May 15, 2022, the UK recorded four new cases of mon-
keypox (MPX), which were verified by PCR. There were 
no known epidemiological linkages between any of these 
patients and the imported case from Nigeria (announced 
on May 7, 2022) or the family cluster (announced on May 
13, 2022). The four cases included males who had inter-
course with men and developed a vesicular rash-like 
condition [27]. They were discovered while attending 
genitourinary medical clinics. The cases were treated at 
high-risk infectious disease units in the UK [26].

In general, episodes of MPXV continue to be docu-
mented in West and Central African countries [8]. Cam-
eroon reported an MPXV epidemic in December 2021, 
and 3 confirmed and 25 suspected cases, including 2 
deaths, were reported as of February 17, 2022. Again, 
multiple cases have been recorded from countries in 
the continent’s central, northwestern, and southwestern 
areas. Moreover, cases of MPXV have been reported in 
Cameroon on an irregular basis, with more than 50% of 
Africa’s geographical areas reporting at least one incident 
during 2020 and 2022 [26].

In 2003, the US experienced an epidemic of 47 veri-
fied and likely cases associated with a shipment of ani-
mals from Ghana [28]. Everyone afflicted with MPXV 
became unwell after coming into contact with con-
taminated pet prairie dogs housed near the imported 
small mammals [3, 25, 29]. Seven previous instances of 
MPX had been documented in the UK (in 2018, 2019, 
and 2021), primarily among people who had traveled to 
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endemic countries [30]. The first MPXV epidemic out-
side of Africa was discovered in the United States (US) 
in 2003, following the importation of infected animals 
from Ghana [24, 25, 31, 32]. Surprisingly, due to the 
spread of COVID-19 and Lassa fever, no instances of 
MPX were reported in 2020. The COVID-19 pandemic 
caused a lockdown and social isolation, which may have 
contributed to the MPVX spreading slowly or not at all 
[25].

Figure  1 depicts the progression of MPXV infection 
[20].

Genetic history
MPXV was isolated and identified in 1958 in cynomolgus 
monkeys in a laboratory environment in Copenhagen, 
Denmark [2, 4, 33]. This was the world’s first encoun-
ter with a human orthopox virus other than smallpox, 
prompting public health professionals to wonder where 
and when MPXV would occur next. The first human case 
was reported in 1970 in the DRC’s Basankusu area in a 
9-month-old boy who presented with symptoms simi-
lar to smallpox but was later confirmed as MPXV [25, 
34–36]. This incidence served as an early warning sign to 

Fig. 1 The progression of MPXV infection. The number of confirmed, probable, and/or potential MPX cases is shown by decade [20]
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public health professionals that the virus had the poten-
tial to infect more people [1].

As the number of MPXV cases increased, it became 
obvious that humans were a particularly susceptible host 
to MPXV infection. During this period, scientists discov-
ered two MPXV strains: a WA and a CA strain [3, 37]. 
This was the first sign that MPXV had mutated and was 
developing to a more infectious disease, alerting pub-
lic health professionals to the gravity of this emerging 
zoonotic virus and the need for intensified surveillance. 
Previous research findings suggested that MPXV is nat-
urally maintained in rodent populations and, to a lesser 
extent, non-human primates, but the true reservoir host 
for the virus was unknown [1, 2, 5, 38]. Rodents are most 
likely the MPXV reservoir [4, 24]. African rodents and 
nonhuman primates may harbor the virus and infect peo-
ple [15]. According to the findings of a study conducted 
by Mary Walker, the Giant Gambian Rat, the African 
Rope Squirrel, and various other squirrels (as a group) 
were the most likely to be identified as prospective reser-
voir hosts for MPXV. These species were cited in 26.80%, 
19.59%, and 15.46% of the papers that proposed a poten-
tial reservoir host, respectively [1].

In September 2017, Nigeria saw the greatest WA MPX 
outbreak in history [25]. For the first 11.5 months of the 
outbreak, no exported cases were documented; however, 
from September 2 to September 23, 2018, three unrelated 
visitors afflicted with MPXV left Nigeria and landed in 
two countries. In Singapore, a Nigerian national became 
ill from MPX 7 months later [25]. These exportations 
were the first reported instances of a human host trans-
ferring MPXV from the African continent; nevertheless, 
since its discovery in 1958, there had been a few cases of 
MPX outbreaks in animals in laboratories and zoos with 
no clearly established source of infection [8]. The source 
of the 2003 MPX outbreak in the US was identified as a 
shipment of rodents from West Africa [8].

Molecular pathogenesis
The molecular process involves viral entrance, fusion, 
replication, and release, during which the virus creates 
two infectious forms: extracellular enveloped virions 
(EV) and intracellular mature virions (MV). While MV 
are single-membrane bound virions that are only released 
upon host cell lysis, EV are specialized intracellular 
mature virions that are bound by an antigenically unique 
triple membrane [39, 40]. In fact, it has been established 
that vaccines and antibodies that do not create or target 
extracellular wrapped virions antigens provide less pro-
tection than those that do [41, 42].

The early stages of infection might differ based on the 
infectious form of the virus, virus strain, and host target 
cell type, among other considerations [43]. Virus proteins 

target host cell glycosaminoglyans or laminins during the 
initial attachment process [44–46]. After EV binding, the 
outer membrane allows the entry of fusion complex on 
the MV membrane to engage with host membrane pro-
teins, resulting in viral fusion [47, 48]. Following this, 
viral cores are released into the cytoplasm, where virus 
replication occurs. The GARP (Golgi-associated retro-
grade protein) and COG (conserved oligomeric Golgi) 
complexes are essential for the viral infectious cycle to be 
completed [40]. The GARP complex, which is responsible 
for retrograde endosomal transport, is made up of four 
vacuolar protein sorting genes: VPS51, VPS52, VPS53, 
and VPS54, all of which were found to be enriched in 
both CA and WA strains (with the exception of VPS53, 
which is only found in the CA strain) [49]. Infected with 
MPXV, VPS52 and VPS54 mutant cells showed a signifi-
cant decrease in EV yield, demonstrating their important 
role in virus egress and cell-to-cell spread [49]. The COG 
complex is necessary for the maintenance of Golgi struc-
ture and the regulation of intra-Golgi traffic.

The differences in virulence between the CA and WA 
strains are thought to be due to changes in the gene 
orthologs BR-203 (virulence protein), BR-209 (IL-1 bind-
ing protein), and COP-C3L (inhibitor of complement 
enzymes) [22, 50]. Other possible gene orthologs include 
the WA strain-specific COP-A49R (unknown function) 
and COP-A52R (bifunctional Toll-IL-1-receptor pro-
tein). Candidates for CA strain-specific orthologs include 
BR-19 and BR-20 (unknown function) [23]. Another key 
gene responsible for strain differences in virulence is the 
D14R gene, which codes for the inhibitor of complement-
binding protein (MOPICE), a critical anti-inflammatory 
component that is missing in the MPXV WA strain 
[22, 51, 52]. However, these genes are not the only ones 
involved in virulence as many other candidates have not 
been identified.

Transmission dynamics
MPXV is primarily transmitted by close contact, 
although it can as well be spread through droplets or aer-
osols [15, 27, 53]. It is a zoonotic illness since it is mostly 
a wild animal disease, but it can also be passed from one 
individual to another [5, 18, 54–56]. The cell surface-
binding protein E8L plays a central role in the transmis-
sion of the virus. It is located on MPV virion membranes 
and it enhances attachment of virion to host cells, ren-
dering it a potential vaccine target [17, 57]. Since 2003, 
outbreaks have occurred as a result of import and travel 
related spread outside of Africa [58]. Frequent interac-
tions with infected animals or persons are other risk fac-
tors associated with the acquisition of MPXV [15, 58].

Human-to-human transmission occurs via respira-
tory droplets, bodily fluids, contact with lesioned or 
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contaminated surfaces, or other materials such as bed-
ding and clothing [53, 59]. The following behaviors 
increase the likelihood of developing MPXV infection: 
sharing beddings and sharing of utensils with the primary 
patient [60]. Close contact during close sexual intimacy, 
such as oral, anal, and vaginal sex, hugging, massage, 
mutual masturbation, kissing, and embracing, can result 
in viral transmission between humans. Other means of 
transmission include handling textiles and objects used 
by MPXV-infected individuals during intercourse [25].

Majority of studies suggests that MPXV enters the 
human population through contact with infected wild-
life, most commonly through eating or handling infected 
meat [7]. Similar investigations have indicated that the 
primary mode of transmission is via cutaneous, mucocu-
taneous, or airborne droplets [61–63]. Each year, a few 
thousand cases are reported throughout Africa, particu-
larly in the continent’s western and central regions. How-
ever, outside of Africa, cases were previously limited to a 
few that were linked to travel to Africa or the importation 
of infected animals [57].

Unlike SARS-CoV-2, which spreads by tiny airborne 
droplets known as aerosols, MPXV is suspected to spread 
via direct contact with human fluids such as saliva. That 
indicates that someone infected with MPXV is capable 
of infecting fewer close contacts as compared to some-
one infected with SARS-CoV-2 [15, 57]. However, both 
viruses can have the potential of inducing influenza-like 
symptoms, but MPXV causes swollen lymph nodes as 
well as unique fluid-filled sores on the hands, face, and 
feet. Without treatment, most individuals recover from 
MPXV within a few weeks [57]. In contrast to SARS-
CoV-2, MPXV rarely goes unreported when it infects 
a person, owing to the skin sores it creates. It would be 
especially concerning if MPXV could spread asympto-
matically, as this would make the virus more difficult to 
track and report [57].

Interestingly, MPXV is not easily transmitted between 
persons. Close contact with infectious material from an 
infected person’s skin lesions, respiratory droplets in 
prolonged face-to-face contact, and fomites all contrib-
ute to human-to-human transmission. The outbreak’s 
prevalence of identified human MPX cases among homo-
sexuals, as well as the pattern of the presenting lesions in 
some instances, suggest that transmission took place dur-
ing sexual intercourse [26]. Recently, MPX was detected 
in a dog most likely as a result of human to animal trans-
mission following close direct contact with its owners 
who were symptomatic with the disease. This was the 
first documented case of human to animal transmission 
of the virus [64].

In other circumstances, transmission between indi-
viduals happens mostly via large respiratory droplets, 

implying prolonged physical contact. However, the virus 
can also be transmitted by bodily fluids. Some of the 
transmission incidents have primarily involved men who 
have sex with men (MSM) [30]. Although MPXV has 
not previously been identified as a sexually transmitted 
infection, the UK Health Security Agency reported that 
it can be transferred through direct contact during sexual 
activity [30]. According to Mary Walker’s research, direct 
contact was most frequently reported as the most likely 
transmission method for MPXV. Direct contact induces 
MPXV spillover from zoonotic hosts to humans, accord-
ing to approximately 83.33% of papers including a com-
ment concerning transmission possibilities [1].

Another investigation on the transmission and patho-
genesis of MPXV in prairie dogs discovered that both 
respiratory and direct mucocutaneous exposures are 
potentially relevant routes of MPXV transmission 
between rodents and humans. MPXV was detected in 
two prairie dogs using PCR, and pathologic examination 
indicated necrotizing bronchopneumonia, conjunctivi-
tis, and tongue ulcers. In addition, immunohistochemis-
try studies for orthopoxviruses revealed numerous viral 
antigens in surface epithelial cells of conjunctival and 
tongue lesions, with smaller quantities in surrounding 
macrophages, fibroblasts, and connective tissues. Viral 
antigens were prevalent in bronchial epithelial cells, mac-
rophages, and fibroblasts in the lung. Virus isolation and 
electron microscopy revealed that the virus was actively 
replicating in the lungs and tongue [28]. The incubation 
period for MPXV is usually between 6 and 13 days, but 
it can range between 5 and 21 days, and the duration of 
symptoms and signs is estimated to be 2 to 5 weeks [2, 5, 
7, 24].

Clinical presentation
Historically, patients with MPX present with a distinc-
tive rash preceded by mild to severe prodromal symp-
toms (fevers, malaise, generalized lymphadenopathy). 
Lesions are confined, deep entrenched, and frequently 
have umbilication. These lesions are frequently com-
parable in size and evolution on a single place of the 
body (pustules in face or vesicles in legs). Before the 
rash, the virus causes fever (malaise, headache, sore 
throat, cough, widespread lymphadenopathies) [16, 
65, 66]. This is accompanied by lesions in the mouth 
(enanthem), torso (especially the palms and soles), 
and feet (exanthem: macule, papule, vesicles, pustules, 
scab). The sores are uncomfortable until they heal and 
become crusty. The patient is no longer contagious 
once the rash has healed and the scabs have gone off 
[15, 67]. When a suspected or confirmed new case 
is identified, proper isolation with supportive care 
and quarantine procedures should be prioritized. It is 
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evident that the discontinuation of smallpox immuni-
zation in 1980, as well as diminishing immunity among 
the population and a growing number of unprotected 
individuals, resulted in an increase in MPXV incidence 
[36].

Interestingly, atypical presentations of MPXV are 
possible including cases with very few cutaneous 
lesions or without detectable cutaneous lesions. For 
instance, in a study conducted in Genoa, Italy, it was 
found that one of the patients had an atypical cutane-
ous manifestation as well as perianal superficial ulcers 
and erythematous vesicles. In addition, the patient 
developed a faint urticarial eruption on the legs and 
trunk [68]. A separate study conducted in Milan, Italy, 
found two cases of human MPX with a single cutaneous 
lesion and no evidence of systemic involvement. Patient 
1 was a 35-year-old Italian MSM living with HIV who 
was on antiretroviral medication and had an undetect-
able viral load, whereas patient 2 was an HIV-negative 
Italian MSM aged 29. Both presented to Milan’s STI 
Centre with complaints of a single genital lesion. Both 
had a history of syphilis, and patient 2 reported having 
previously been treated for gonorrhea [69].

Figure  2 Shows the maculo-popular vesicular-pustu-
lar lesions of varying sizes on the face [15].

Diagnostic perspectives
Globally, there has been a rise in the incidence of sexu-
ally transmitted infections (STIs) following MPXV out-
break in May 2022. Therefore, it is recommended that 
patients with MPX undergo screening for sexually trans-
mitted infections (STIs) in order to diagnose other sexu-
ally transmitted diseases (STDs), particularly in patients 
with rectal involvement. In a study conducted in Madrid, 
Spain, 36 pathogens were detected in 30 patients rang-
ing from Chlamydia trachomatis (13.8%), herpes simplex 
virus (33.3%), Neisseria gonorrhoeae (25%), Treponema 
pallidum (11.1%), Chlamydia trachomatis-lymphogran-
uloma venereum (8.3%), and Mycoplasma genitalium 
(8.3%) [70]. Moreover, a study of 16 MPX-infected men 
in Genoa, Italy, found a significant prevalence of STIs 
such as gonococcal/nongonococcal proctitis and anal 
high-risk human papillomavirus infections [68]. To curb 
this, all healthcare providers, not only those serving STI 
patients, should receive specific training to recognize 
and manage MPX infection and to recommend vacci-
nation for the prevention of MPX disease in vulnerable 
populations.

Various assays can be employed in the diagnosis of 
MPXV. These tests include PCR, viral culture/isolation, 
immunohistochemistry test, electron microscopy, anti-
orthopoxvirus IgG test, Tetracore Orthopox Bio threat 

Fig. 2 The maculo-popular vesicular-pustular lesions of varying sizes on the face [15]
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alert test, and anti-orthopoxvirus IgM tests [5, 25, 53, 66]. 
These tests check for the presence of several biomarkers. 
All of these tests must be carried out in a large laboratory 
by well-trained and competent laboratory technologists 
[15, 16]. For instance, MPXV-specific DNA fingerprints 
are detected by PCR [5, 71]. Using lesion material col-
lected from a patient, the PCR method can be utilized to 
diagnose an active case. The assay employs viral DNA, 
which is usually stable when stored in a dark, cool envi-
ronment. The assay is highly specific, but the cost of the 
reagents, consumables, and equipment required is signif-
icantly high [16, 25].

The second technique involves the detection of ortho-
poxvirus IgG antibodies using anti-orthopoxvirus IgG 
testing. The assay determines prior exposure to an ortho-
poxvirus, including pathogens, or smallpox immuniza-
tion. The obstacles associated with this assay include 
the need for blood collection and subsequent cold chain 
transit. Furthermore, past smallpox immunization has 
an influence on the results generated. Moreover, the 
duration of the response is frequently variable [16, 25]. 
Thirdly, in viral culture technique, a live culture is often 
generated from a patient specimen. This technique can 
produce a pure, live viral culture for species identifica-
tion. In this assay, orthopoxviruses leave characteristic 
“pocks” on the chorioallantoic membrane. The assay, 
however, takes a couple of days to complete. Further-
more, patient specimens may have bacteria, making cul-
ture attempts difficult. Again, further characterization is 
required for definitive viral isolation [25].

The fourth assay is tetracore orthopox Bio Threat Alert 
which detects the presence of orthopoxvirus antigens and 
can quickly diagnose an active case using patient lesion 
material. It can be performed at room temperature by a 
trained, competent laboratory technologist. The assay, 
however, is less sensitive than PCR and is not selective for 
MPX [25]. In contrast, anti-orthopoxvirus IgM antibod-
ies are used to detect the existence of orthopoxvirus anti-
bodies. This technique can determine a recent exposure 
to an orthopoxvirus. However, the assay has some limita-
tions including the need for blood collection and subse-
quent cold chain transit [16, 25].

Other techniques employed in the MPXV diagnosis 
include electron microscopy in which negative staining 
gives a distinct appearance of a brick-shaped particle in 
an electron microscopy test, enabling for visual classifi-
cation of a poxvirus other than parapoxvirus. The assay 
can detect viral particles in a biopsy sample, scab mate-
rial, vesicular fluid, or viral culture. The assay easily dis-
tinguishes orthopoxvirus from Herpesviridae. The sole 
flaw is that orthopoxviruses are morphologically indis-
tinguishable from one another [25, 61]. Lastly, the immu-
nohistochemistry assay checks for orthopoxvirus-specific 

antigens. This method can rule out or identify additional 
suspicious agents [15, 25].

Therapeutic perspectives
Majority of the treatment is symptomatic and supportive, 
including the prevention, treatment, and management of 
bacterial infections. Smallpox vaccination is often rec-
ommended for post-exposure prophylaxis of close con-
tacts at high risk of severe disease; however, a rigorous 
benefit/risk evaluation for the exposed individuals should 
be undertaken. Furthermore, antivirals may be used as a 
therapeutic option in extreme situations [26]. According 
to data from African outbreaks, previous smallpox vacci-
nation provides 85% protection against MPXV. Immuni-
zation efficacy was found to be sustained, with protection 
observed even a couple of years after vaccination, and the 
occurrence of sequelae was significantly reduced [5].

In general, MPXV cases are mild, and individuals usu-
ally feel better within a few weeks. However, the death 
rate is variable based on variant type. According to 
reports, the WA clade, the kind seen so far in Europe, 
has a case fatality rate of roughly 3.6%. Children, young 
adults, and immunocompromised people are more likely 
to die [30, 66]. Although no particular treatments exist 
for MPXV, the smallpox vaccine, which has been demon-
strated to be approximately 85% effective in preventing 
MPX, as well as the antivirals cidofovir and tecovirimat, 
can be employed to suppress outbreaks. According to 
reports, the UK government purchased thousands of vac-
cine doses and distributed them to affected people’s close 
contacts [30].

There are several drugs available, including tecoviri-
mat, vaccinia immune globulin intravenous (VIGIV), 
brincidofovir, and cidofovir [71]. Tecovirimat is an anti-
viral medicine licensed by the Food and Drug Adminis-
tration (FDA) to treat human smallpox illness in adults 
and children weighing 3 kg and above. TPOXX or ST-246 
are other names for the antiviral medication [16, 72]. On 
the other hand, the FDA approved VIGIV is used for 
the treatment of vaccinia vaccination problems such as 
severe generalized vaccinia, eczema vaccinatum, progres-
sive vaccinia, vaccinia infections in people with skin dis-
orders, and aberrant infections caused by vaccinia virus 
[15].

On November 3, 2021, the Advisory Committee on 
Immunization Practices (ACIP) recommended the 
immunization of certain individuals at risk of occu-
pational exposure to orthopoxviruses. These included 
research laboratory staff, clinical laboratory personnel 
performing orthopoxvirus diagnostic tests, and desig-
nated emergence response members who were at risk 
of occupational exposure to the viruses [9]. In addition, 
healthcare staff administering ACAM2000 or care for 
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patients infected with replication competent orthopox-
viruses based on shared clinical decision-making were 
included in the category [15].

Currently, two vaccines are recommended for use 
worldwide. These are ACAM2000 and JYNNEOS [21, 53, 
55]. JYNNEOS is a live vaccine derived from the strain 
modified vaccinia Ankara-Bavarian Nordic (MVA-BN), 
an attenuated, non-replicating orthopoxvirus [16]. This 
vaccine, also known as IMVAMUNE, IMVANEX, and 
MVA, was approved by the FDA in September 2019. The 
vaccine is approved for the prevention of smallpox and 
MPX disease in individuals 18 years and above who have 
been assessed to be highly susceptible to smallpox or 
MPX infection [15]. It is given as two-dose subcutaneous 
injectable series 28 days apart [9].

Following immunization with JYNEOS, there is no 
substantial cutaneous reaction, often known as a “take” 
and hence no risk of unintentional inoculation or auto-
inoculation. The JYNNEOS immunogenicity in clinical 
investigations and efficacy data from animal challenge 
experiments were used to determine its effectiveness. 
Because JYNNEOS is a replication-deficient viral vaccine, 
serious adverse effects are unlikely. However, because 
the mechanism for myopericarditis after ACAM2000 
administration is thought to be immune-mediated, it 
is unknown if the antigen or antigens that precipitate 
autoantibodies are also detectable in JYNNEOS [9]. 
ACAM2000, on the other hand, is a live vaccinia virus 
vaccine that was approved by the FDA in August 2007. 
This vaccine replaced Dryvax, whose producer revoked 
its license and destroyed the leftover vaccine. The 
ACAM2000 vaccine is recommended for active vaccina-
tion against smallpox infection in people who have been 
assessed to be highly susceptible to infection [15].

In 2015, ACIP recommended the use of ACAM2000, 
the only orthopoxvirus vaccine available in the US at 
the time [73]. From 2020 to 2021, ACIP considered evi-
dence for employing JYNNEOS, a replication-deficient 
vaccinia virus vaccine, as an alternative to ACAM2000. 
In November 2021, ACIP unanimously authorized JYN-
NEOS as an alternative to ACAM2000 for initial vac-
cination and booster doses. With new JYNNEOS use 
recommendations, ACAM2000 and JYNNEOS were 
recommended for preexposure prophylaxis against 
orthopoxvirus infection in people who are at risk of such 
exposures [9]. Because ACAM2000 is replication-com-
petent, there is a danger of serious side effects including 
progressive vaccinia and dermatitis vaccinatum. Further-
more, incidences of myopericarditis were documented, 
with an estimated rate of 5.7 per 1000 primary vaccinees 
based on clinical trial data [74].

Scientifically, either infection with an orthopoxvirus 
or immunization with an orthopoxvirus vaccine offers 

immunologic cross-protection against other viruses in 
the same genus [2, 73]. Reports indicate that until 1971, 
children in the US received orthopoxvirus vaccine as part 
of their mandatory childhood immunizations. However, 
after the World Health Organization (WHO) declared 
the elimination of smallpox in 1980, immunization was 
discontinued [9]. With an efficiency rate of 85%, small-
pox vaccination has been shown to be protective against 
MPXV [2, 7, 53]. In this regard, the discontinuation of 
smallpox vaccination as a result of smallpox eradication 
in 1980 has been postulated as one of the likely causes of 
the rapid rise in cases in Africa and outbreaks outside the 
continent [24, 75].

Conclusion
MPXV outbreaks in Europe, Australia, and  US generated 
serious concerns. The fact that it expanded to 19 nations 
reveals that it is a disease of medical importance. As part 
of the lessons learnt from the COVID-19 pandemic, 
nations must prioritize early detection, monitoring, 
contact mapping, and reporting of MPX cases. Moreo-
ver, contact tracing methods should be updated and the 
effectiveness of diagnostic and therapeutic technologies 
assessed. Additionally, proactive risk communication and 
community involvement efforts should be implemented 
to raise awareness, provide updates, and support to per-
sons at high risk and the wider public. Because of the risk 
posed by human-to-animal transmission, intensive inter-
sectoral collaboration between human and veterinary 
public health agencies operating from a “One Health” 
viewpoint is required to manage exposed pets and curb 
disease transmission in wildlife. Moreover, future scien-
tific research must concentrate on integrative method-
ologies that combine human, animal, and environmental 
efforts to better understand the various components of 
this disease system and give suitable remedies to protect 
public health.
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