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ARTICLE INFO ABSTRACT

Article history: The monkeypox virus (MPXV) is the cause of a zoonotic infection similar to smallpox. Although it is en-
Received 10 August 2022 demic to Africa, it has recently begun to circulate in other parts of the world. In July 2022, the World Health
Received in revised form 13 September 2022 Organization declared monkeypox an international public health emergency. This review aims to provide an

Accepted 20 September 2022 overview of this neglected zoonotic pathogen. MPXV circulates as two distinct clades, the Central African

and West African, with case fatality rates of 10.6% and 3.6%, respectively. The risk of infection is greater for

Iéel‘}t}fvl‘gj[:g)s(i/iruses those who work with animals or infected individuals. The virus’ entry into the human body provokes both
Smallpox virus natural and acquired immunity. Although natural killer cells, CD4 + T cells, and CD8 + T cells play an es-
Epidemiology sential role in eradicating MPXV, there is still a gap in the understanding of the host immune response to
Immune evasion the virus. Currently, there are no specific therapeutic guidelines for treating monkeypox; however, some
Disease outbreaks antiviral drugs such as tecovirimat and cidofovir may help to abate the severity of the disease. The use of

nonpharmaceutical interventions and immunization can reduce the risk of infection. Increased surveillance
and identification of monkeypox cases are crucial to understand the constantly shifting epidemiology of this
resurging and intimidating disease. The present review provides a detailed perspective on the emergence
and circulation of MPXV in human populations, infection risks, human immune response, disease diagnosis
and prevention strategies, and future implications, and highlights the importance of the research com-
munity engaging more with this disease for an effective global response.

© 2022 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction we searched PubMed, Google Scholar, WHO bulletins, and the Cen-

The monkeypox virus (MPXV), a double-stranded DNA virus, is a
member of the genus Orthopoxvirus in the family Poxviridae. It is
responsible for a rare zoonotic disease in humans and animals that is
similar to smallpox caused by the smallpox virus (SPXV), also an
orthopoxvirus [1]. A containment strategy, a very effective vaccine,
and the absence of animal or environmental reservoirs led to the
eradication of smallpox in 1977 [2]. Following the global eradication
of smallpox, monkeypox came to be regarded as one of the most
critical orthopoxvirus infections [3]. Monkeypox was first identified
in 1958 from lesions on crab-eating monkeys (Macaca fascicularis)
kept as laboratory animals in Copenhagen, Denmark. The first case of
a human infected with MPXV was identified in the Democratic Re-
public of the Congo (DRC) in 1970; although the disease was initially
thought to be confined to tropical rainforest areas of Africa, new
cases were later recorded in Sudan and nearby countries [4]. The
active surveillance program for monkeypox ended in 1986, and
MPXV infections remained unknown for an extended period. Mon-
keypox was disseminated outside Africa in 2003 with rodents that
were imported from Africa to the midwestern United States [5]. It is
difficult to determine the true geographic range of the reservoirs, but
zoonotic reservoir species are likely to be associated with the disease
and are the primary candidates for disease transfer [G].

Infected animals and humans are the sources of the MPXV
transmitted among humans. The virus is transmitted through large
respiratory droplets, direct skin-to-skin contact, contaminated fo-
mites, respiratory secretions, and vertical transmission. Although
sexual transmission of MPXV through seminal or vaginal fluids is not
well established, there is a potential risk of its transfer during sex
due to direct body contact [7]. The most common clinical pre-
sentation is lymphadenopathy and rash. There is no specific course
of treatment against MPXV infections; however, the smallpox vac-
cination is valuable in preventing the disease [8]. Since 2021, new
cases of monkeypox have been reported outside Africa in new
countries where a robust surveillance system is required to manage
the risk of this disease. The World Health Organization (WHO) has
declared the current monkeypox outbreak a high priority and a
global health emergency. More than 16,000 confirmed cases and five
deaths were reported to the WHO by 75 countries between January
and July 2022 [9]. However, not enough attention has been paid to
preventing monkeypox outbreaks from growing into an epidemic,
despite MPXV being the second most pathogenic poxvirus after
SPXV. This review will consider various aspects pertaining to this
neglected zoonotic pathogen that have been seldom discussed. It
will help to grasp a complete picture of the emergence and spread of
human monkeypox in past and recent outbreaks, associated risks,
current diagnosis, prevention strategies, therapeutic options, and
future implications. In addition, the crosstalk between MPXV and
the host immune response will also be discussed in the context of
MPXV immunoevasion mechanisms. To ensure that data soundness,
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ters for Disease Control and Prevention (CDC) national public health
agency of the United States, using the keywords monkeypox, or-
thopoxviruses, smallpox virus, epidemiology, immune evasion, im-
mune-modulatory, zoonotic, public health problem, vaccinia virus,
host cell response, multi-country outbreaks, and disease outbreaks.
Our review did not include duplicate data or studies from preprints.

Outbreaks and re-emergence of monkeypox

The first human case of MPXV was reported in 1970 in a nine-
month-old child who had not been vaccinated against SPXV.
Between 1972 and 1978, 35 new cases were reported [10,11]. Sub-
sequently, the WHO reported 338 confirmed cases of MPXV with 33
deaths between 1981 and 1986 in Africa [12]. A major cluster of 511
cases of monkeypox was reported in 1996-1997 in an outbreak in
the Lodja and Katako-Kombe health zones of the DRC [13]. Smaller
numbers of cases continued to emerge after 1998, but a considerable
outbreak involving 1265 cases was observed between 1998 and
2002, mostly in the equatorial forest regions of the DRC [14]. The
first outbreak of MPXV outside Africa occurred in 2003 in the United
States following importation of infected animals from Ghana. This
outbreak resulted in 47 cases, but without any deaths and person-to-
person transmission [8]. From 2005-2007, 760 cases of the disease
were confirmed in the most significant forest coverage zones in the
DRC and another major outbreak of 587 cases occurred between
2014 and 2016 [15]. The data on the monkeypox cases from 1970 to
2021 reflects the suspected and/or laboratory-confirmed cases. Most
of the cases reported in DRC from 2000 to 2021 were suspected
cases without any laboratory confirmation (Fig. 1). There were hu-
manitarian crises in the Democratic Republic of the Congo, such as
armed conflicts, tensions between communities, political instability,
and population displacement, which resulted in poor surveil-
lance [16,17].

The WHO reported 244 cases of monkeypox resulting in six
deaths in 25 Nigerian states between 2017 and 2018. In 2018, 2845
suspected cases were reported in the first 24 weeks of the year in the
DRC, with 36 deaths [18]. Monkeypox cases were recorded in the
United Kingdom in December 2019, May 2021, and May 2022; in the
United States in July and November 2021; and in Singapore in May
2019 [19]. The WHO reported 16,016 confirmed monkeypox cases
and five deaths across 75 regions, including 301 cases from Africa,
3772 from the Americas, 21 from the Eastern Mediterranean, 11,865
from Europe, 3 from South-East Asia, and 54 from the Western Pa-
cific region from January 1 to July 25, 2022 during the current out-
break [9]. Data for the 2022 outbreak are presented in Fig. 2.

Epidemiology

MPXV is transmitted from animals to humans and causes
symptoms similar to those of smallpox (Fig. 3). The usual incubation
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Fig. 1. Suspected/confirmed cases of human monkeypox reported worldwide from 1970 to 2021. The total number of suspected/confirmed monkeypox cases reported during
1970-2021 from each country is given at the top of each bar. The different colors of each bar indicate the percentages of cases in different years in the same country [16,17,20-24].

period of monkeypox is 7-14 days, but a variation of 3-20 days
(median 7 days) has also been observed [7,25]. Several animal spe-
cies have been identified as reservoirs of the virus, which appears to
occur as two distinct clades. The Congo Basin clade causes more
severe disease, with a 10.6% case fatality rate (CFR) compared to the
West African clade with a 3.6% CFR [19]. A total CFR of about 8.7% has
been observed worldwide, while no deaths have been reported
outside of Africa [26]. A total of 63 deaths were reported in Africa,
with 100% of the deaths in children under 10 years of age in the
1970-1990 s period, whereas 37.5% of the deaths were in children in
the same age group in 2000-2019 [27]. Furthermore, a mean age of
27 years was identified for cases of mortality in 2017-2018 in Ni-
geria [28].

The number of monkeypox cases has increased in African and
other countries over time. In the 1970s, six African countries,
Liberia, Sierra Leone, Cameroon, the DRC, Nigeria, and Céte d’Ivoire,
reported 48 cases, with the highest number in the DRC [1]. A nine-
fold increase in monkeypox cases was observed in the DRC and four
other African countries, with the DRC reporting 511 cases and Gabon
9 cases during 1990-1999 [29,30]. Only three African countries,
South Sudan, the Republic of the Congo (ROC), and the DRC, reported
cases of monkeypox during 2000-2009, but a resurgence of the
disease was seen in the next decade, with seven countries, Ca-
meroon, Central African Republic, the DRC, ROC, Liberia, Nigeria, and
Sierra Leone, reporting cases during 2010-2019 [21]. The recent
outbreak of monkeypox infection has led to five deaths in African
countries [9].

Between the periods 1970-1980 s and 2000-2010 s, more males
were affected by monkeypox (250%) than females in Africa [20].
Between 2014 and 2016, all suspected monkeypox cases in the DRC
were males younger than 15 years old, with 57.8% aged 15-18 years.
In the ROC, 60% of the infected were children below the age of 15
years, while 51% were females [22]. The WHO data on the outbreak
in 2022 indicate that 99% of the infected cases are male, with a

1158

median age of 36 years [9]. The disease is most prevalent among
adult males due to their outdoor activities, and they are most likely
to be carriers of the disease to females. Male children between the
ages of 15 and 18 engaging in outdoor play are also affected by the
disease.

Animal reservoirs of MPXV

The definite animal reservoir of MPXV is still unknown, but small
mammals, such as African dormice (Graphiurus spp.), sun squirrels
(Heliosciurus spp.), rope squirrels (Funisciurus spp.), and giant pou-
ched rats (Cricetomys spp.), are thought to spread the virus to hu-
mans in Central and West Africa [31]. MPXV is transmitted from
animals to humans during trapping, hunting, processing infected
animals, and dealing with their body fluids (Fig. 3). Non-human
primates can become infected with MPXV and fall ill, while small
mammals can be asymptomatic carriers of the virus [32]. Domes-
ticated prairie dogs in the United States also become infected with
the virus when they share caging and bedding with infected mam-
mals from West Africa [32]. Rodents, squirrels, and non-human
primates have been found with monkeypox infection on serological
examination in Africa. Wild animals from forest habitats are more
likely to become infected. MPXV was isolated from Thomas’s rope
squirrel (Funisciurus anerythrus) in 1985 in the DRC and the sooty
mangabey (Cercocebus atys) in 2012 in Cote d’Ivoire, thus suggesting
that these species may be reservoirs of the virus [33].

Several primate (Cercocebus atys, Macaca mulatta, M. fascicularis)
and rodent (Cricetomys gambianus, Heliosciurus, Jaculus) species have
been identified as susceptible to MPXV infection [31]. Since it is not
yet known which animal species are prone to illness from mon-
keypox, as a precautionary measure, it is best to assume that all
mammals are susceptible to the disease. Transmission from one
animal to another or to humans can occur through the animal's re-
spiratory droplets, inhalation of aerosolized virus or organic matter
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Fig. 2. Human monkeypox cases from January 1 to July 25, 2022. The radial tree shows a hierarchy of 75 countries in the current monkeypox outbreak and the number of cases in

each country. The deaths in two African countries are shown separately in the box.

containing virus particles, skin or eye abrasions, or ingestion of in-
fected animal tissue [31,32]. Animal-to-animal and animal-to-
human transmission highlights the importance of separating af-
fected or exposed individuals and infected animals to limit the
danger of secondary infections to and from animals.

Transmission and risk factors

In the 1980 s, 72.5% of monkeypox cases in the DRC were due to
viral transmission by animals, while 27.5% were due to transmission
by humans [12]. However, this trend was reversed in the 1990 s, with
78% of the reported cases being infected with the virus through
human-to-human contact, and 22% cases through non-human
transmission [34]. In the Nigerian outbreak of 2017-2018, 78.3% of
the cases were a result of human-to-human contact and 8.2% due to
animal-to-human transmission [28]. All monkeypox cases outside
Africa prior to the current outbreak occurred as a result of animal-to-
human transmission, except in the UK, where human-to-human
transmission of the disease was confirmed in healthcare workers
taking care of monkeypox-infected patients [35]. Females are at risk
of the disease because of the virus being transmitted by their chil-
dren, while males are infected because they tend to come into
contact with rodents and carcasses of rodents in the field. The risk of
congenital monkeypox is associated with vertical transmission of
the virus to the fetus through the placenta or at birth [19]. During
the 1970s and 1980s, individuals vaccinated against smallpox
showed a lower incidence of infection with MPXV, and in one study,
only 13% of individuals with monkeypox had a history of smallpox
vaccination [12].
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Several risk factors are associated with contracting monkeypox.
Human-to-human transmission of the virus occurs while sleeping in
the same room or bed, drinking or eating from the same dish, and
living in the same household [36]. Of 5561 monkeypox cases re-
ported to the WHO for which sexual orientation was known, 98%
were men who had sex with men; in addition, of the 4614 mon-
keypox-infected patients with known HIV status, 41% were HIV-
positive. Apart from African nations, monkeypox primarily affects
gay, bisexual, and other men who have sex with other men and have
recently had sex with one or more partners [9]. Several cases of
monkeypox have been documented without any previous travel
history to endemic countries, and many of the patients had histories
of homosexuality with males, which may be related to direct contact
with lesions and secretions [37]. Animal-to-human transmission of
MPXV is a risk for people who sleep outside, live near or work in
forests, deal with rodents, or care for animals [38]. The 2003 out-
break in the United States indicated that people dealing with sick
animals or cleaning their bedding or cages were at risk of infection.
Almost all cases in that outbreak were as a result of viral transmis-
sion from animals to humans except for some healthcare workers
who became infected after treating patients with monkeypox [39].
Moreover, a scratch or accidental touching of serum from an infected
animal may also be risk factors as both could lead to the transmis-
sion of MPXV (Fig. 3).

Clinical characteristics of monkeypox infection

Severe lesions on the skin, which last for 2-4 weeks, are the
characteristic clinical manifestation of the disease [19]. Symptoms in
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Fig. 3. Emergence and circulation of monkeypox virus (MPXV). The figure illustrates MPXV transmission from animal to human, human to human, and via fomites; clinical
presentations; treatment; and preventive measures.

the early phase of infection (0-5 days) include back pain, intense Transportation of animals, such as Graphiurus spp., Funisciurus
asthenia, myalgia, lymphadenopathy, intense headache, and fever spp., and Cricetomys spp., is the primary route of transmission of the
(Fig. 2). Although monkeypox may initially appear similar to virus from Africa to the United States, and genetic analysis has
smallpox, measles, or chickenpox, a distinctive characteristic of the confirmed that the pathogen belongs to the West African clade and
disease is lymphadenopathy, the swelling of lymph nodes [8]. After does not cause mortality [40]. Four distinct lineages have been
1-3 days of continuous fever, skin eruption begins; in 95% of cases identified within the Central African clade based on the viral
lesions appear on the face, in 75% on soles and palms, in 70% on oral genomic diversity of 60 samples obtained from humans with pri-
mucous membranes, in 30% on the genitalia, and in 20% on con- mary and secondary infections in Sankuru District, DRC. A gene loss
junctivae and cornea [19]. In severe rashes, vesicles, papules, ma- was also detected in 17% of the samples, which appeared to be linked
cules, pustules, and sometimes crusts form, which vary in number to human-to-human transmission [42]. The monkeypox strains
from person to person; they rarely coalesce until a large area of the isolated in Sudan have close genetic relationships with those iso-

skin is affected, at which point the skin is sloughed off [40]. lated in the Congo Basin, where the virus is known to be endemic

Children and adults with compromised immune systems are [41]. A genome sequence of 10.8 kb shows one mutation in the entire
most likely to be affected by monkeypox. The smallpox vaccination genome suggesting that northern DRC is the ultimate source of the
has proven successful in controlling monkeypox. However, in- virus for the Congo Basin clade [14,43]. The virus has continued to
dividuals less than 40-50 years of age are more susceptible to mutate, and the strains isolated in the ROC in 2010 are similar to
monkeypox attacks since the smallpox vaccination program ended those isolated in 2003, with fewer similarities to those isolated in
after the global eradication of the disease. Several secondary infec- 1979 and 1996 [44]. Moreover, a strain isolated in 2010 in the Central
tions, such as sepsis, bronchopneumonia, and encephalitis, may African Republic was identical to the strain isolated during an out-
cause complications in monkeypox. Monkeypox is regarded as a self- break of the disease at the border between the Central African Re-
limited disease, with a CFR of 0-11% in children and 3-6% in public and the DRC in 2001; the disease was contracted as a result of
adults [19]. hunting and eating bemba (a wild rodent) [45]. In 2017, the ROC

reported another outbreak of monkeypox, and a phylogenetic ana-

lysis showed that the isolates from this outbreak were related to the

The evolution of MPXV two Nigerian isolates from the 1971 outbreak [46]. Based on the first
MPXV genome sequences derived from monkeypox cases in 2022, it

One of the factors contributing to the resurgence of monkeypox  was determined that these MPXV descended from a clade sampled
may be the genetic development of MPXV. MPXV exists as two  from monkeypox cases between 2017 and 2019 [47]. These data
distinct clades—the West African clade and the Congo Basin clade. indicate that each disease outbreak of monkeypox began with the
Most people in South Sudan, the DRC, and Central African Republic  anijmal-to-human transmission of the virus with limited human-to-

are infected with the COHgO Basin clade [41 ] In contrast, the 2003 human‘ which appears to have accumulated mutations' thereby
outbreak in the United States and the 2017 outbreak in Nigeria were complicating the problem.

caused by the West African clade [28], which has also been found in
Israel, Sierra Leone, the United Kingdom, and Singapore as a result of
transmission by travelers [26,35].
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The monkeypox virions are ovoid or brick-shaped, 200-250 nm
in size, and have a corrugated lipoprotein outer membrane [48]. The
outer membrane protects the enzyme-packed core, double-stranded
DNA, and transcription factors. Due to an artifact of fixation, electron
microscopy images show the core of the MPXV as similar to that of
SPXV, biconcave, and with lateral bodies on each side [31]. The
monkeypox viral genome is a linear double-stranded DNA (197 kb)
covalently connected at its ends by palindromic hairpins. The in-
verted terminal repeats consist of hairpin loops, tandem repeats, and
some open reading frames.

Monkeypox is similar to smallpox, but its life cycle occurs within
infected cells [31]. The viral genome encodes all proteins needed for
DNA replication, transcription, virion assembly, and egress. The
genes encoding housekeeping tasks are highly conserved in SPXV
and MPXV and are in the genome's core region. Those encoding for
virus-host interactions are less conserved and are in the termini
regions [49]. The internal mature virus (IMV) and the extracellular-
enveloped virus (EEV) are two infectious virions formed in poxvirus-
infected cells. These virions are found in both SPXV- and MPXV-in-
fected cells. It is believed that the rapid and long-distance dis-
semination of the viruses within an infected host is due to the fact
that IMV is released during cell lysis, and EEV is released from cells
via contact with actin tails. Both of these events take place si-
multaneously. Even though the characteristics mentioned above are
of SPXV, all orthopoxviruses probably share them [50].

Monkeypox virus battles with the human immune system

The replication of viruses inside host cells acts as viral propa-
gation since viruses are host-dependent and target cell development
and immunoregulation. MPXV inhibits or delays apoptosis, sup-
presses antiviral host defense, and exploits the host cell machinery
[51]. The elimination of viral infections requires both arms of the
immune system—innate and adaptive immune responses. Never-
theless, research on the strategies of MPXV to modulate effector host
immune defenses to promote survival within the host remain in its
infancy. MPXV can suppress macrophage response to chemokines in
in-vivo and ex-vivo models. Viral chemokine binding protein is se-
creted extracellularly from MPXV-infected cells and can repress the
chemotactic function of macrophage inflammatory protein-1 [52].
Transcriptomic data for an in vitro infection model showed that
MPXV can negatively regulate the expression of innate immune
signaling components such as the mitogen-activated protein kinase
(MAPK-ERK) pathway [51]. Likewise, a tissue section from a rhesus
monkey infected with MPXV was found to reduce the phosphor-
ylation of extracellular signal-regulated kinases 1/2 (ERK1/2) (Fig. 4)
[53]. However, MPXV can induce high cytokine production, including
granulocyte-monocyte colony-stimulating factor (GM-CSF), inter-
leukin 10, and interleukin 2 receptors, in severely ill patients [54].
Type-I interferon is a crucial innate antiviral cytokine that interferes
with viral replication by mediating viral mRNA degradation and in-
hibiting translation [55]. MPXV can repel antiviral activity of type-I
interferon by hindering phosphorylation of the protein kinase R
pathway (Fig. 4) [56]. Moreover, MPXV compromises protein kinase
R pathway activation by synthesizing a lower amount of double-
stranded RNA than that produced by Vaccinia virus [57]. The virulent
Congo Basin MPXV strain induces imbalance of host signaling unlike
the avirulent West African strain. It can increase phosphorylation of
p38 MAPK and the Akt pathway, which reduces phosphorylation of
p53 (Fig. 4), thereby leading to the suppression of cell apoptosis [58].
This evidence thus suggests that MPXV modulates innate immune
signaling via the phosphorylation process.

Natural killer cells are essential players in the innate host defense
against viral infections and contribute to the augmentation of cell-
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mediated immunity through cytokine secretion. MPXV infection in
rhesus macaque enhanced natural killer cell proliferation and in-
creased natural killer cell count in blood and lymph nodes. Despite
the high number of natural killer cells, the early response to che-
mokines, secretion of tumor necrosis factor alpha and interferon
gamma, and cytotoxic activity (Fig. 4) were severely compromised
[59]. A recent study demonstrated that administration of interleukin
15 to MPXV-susceptible CAST mice promoted interferon gamma
expression and the killing capabilities of natural killer cells [60].

The cell-mediated immune response involves helper T lympho-
cytes (CD4 + T cells), and cytotoxic T lymphocytes (CD8 + T cells) are
the leading eradicator of viral infections, including poxvirus infec-
tions [61]. A previous study showed that MPXV can subvert CD4 +
and CD8 +T cells responses and inflammatory cytokine production
[62]. MPXV encodes B22 protein, which can interfere with the T cell
receptor response to the MHC complex and other stimuli, accel-
erating viral replication and disease severity in a non-human pri-
mate model (Fig. 4) [63]. Further studies are needed to understand
the host immune response against MPXV and explore the im-
munomodulatory molecules of MPXV, which will open avenues for
the development of antiviral drugs and vaccines.

Diagnosis of monkeypox

Monkeypox is characterized by lesions and rashes on the skin
with mild fever at the beginning of the disease. Other rash disorders
that must be investigated in the differential diagnosis include
chickenpox, measles, bacterial skin infections, scabies, syphilis, and
medication-associated allergies. Lymphadenopathy in the prodromal
stage of sickness can be used to differentiate monkeypox from
chickenpox and smallpox. Swabs taken from two to three lesions on
the skin or genitals are typically used to confirm laboratory diag-
nosis of monkeypox. The use of throat or nasopharyngeal swabs and
the testing of blood are less common. Collection of anal swabs is
recommended from patients who present with proctitis. MPXV DNA
has also been detected in the semen of 90.6% of cases tested; how-
ever, the replication competence of the DNA is not confirmed [25].
The specimens for laboratory testing should be handled at least at
Biosafety Level 2 (BSL-2) and more stringently in a BSL-3 laboratory,
while a BLS-3 facility is recommended for MPXV cultures [7].

In routine diagnostic laboratories, real-time polymerase chain
reaction (RT-PCR) is recommended as the most reliable method of
detecting MPXV DNA. RT-PCR is a highly sensitive technique and
shows positivity from 2 to 20 days (median 5 days) after the onset of
clinical symptoms [25]. MPXV is characterized by whole-genome
sequencing, but next-generation sequencing is expensive, and
downstream processing requires massive computing power [31].
MinION nanopore sequencing technology has produced sufficient
sequence quality for complete sequencing of MPXV directly from
lesions [64]. It is not possible to confirm monkeypox by antigen or
antibody detection methods because orthopoxviruses are ser-
ologically cross-reactive [19]. The detection of IgM and IgG anti-
bodies in a patient's serum usually takes > 8 days after the onset of
symptoms. A positive IgM finding indicates recent exposure to or-
thopoxviruses in both vaccinated and unvaccinated people, whereas
a positive IgG indicates previous exposure to orthopoxviruses from
either immunization or infection [31]. The presence of IgM in vac-
cinated individuals living in MPXV-endemic areas suggests recent
infection.

Treatment

Most monkeypox infections need supportive care and sympto-
matic treatment. Patients should drink plenty of fluids and have a
nutritious diet. There is no particular treatment available for mon-
keypox, although cidofovir and vaccinia immune globulin can help in
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Fig. 4. Manipulation of the host immune response by the monkeypox virus. MPXV can escape from the protein kinase R pathway through reduction of mRNA synthesis and
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the MAPK/ERK1/2 pathways. It suppresses cell apoptosis by increasing phosphorylation of the ATK pathway. MPXV can prevent natural killer cells from killing virus-infected cells
and secreting inflammatory cytokines. MPXV can also interfere with the adaptive immune response by hindering T cell receptor trans-signaling.

better patient recovery [25]. The antivirals initially developed for
treating patients with smallpox might be helpful in treating mon-
keypox [7]. Tecovirimat is an antiviral drug originally formulated
against smallpox and has been licensed in the European Union for
treatment of monkeypox patients, particularly those who are im-
munocompromised [7,19]. It is important to treat secondary bac-
terial infections according to their severity with empirical
antibiotics.

Nonpharmaceutical interventions: a smart preventive strategy

Nonpharmaceutical interventions (NPIs) are actions, other than
vaccination and medication, to prevent an infection. During the
COVID-19 pandemic, NPIs were widely implemented as the only
option available to diminish the spread of the virus in the population
[65]. However, monkeypox does not require the implementation of
the very stringent NPIs (e.g., closure of offices and educational in-
stitutions) put in place in the first wave of the COVID-19 pandemic.
The mainstay of monkeypox prevention is to adopt NPI strategies in
daily life. During an outbreak, NPIs should be applied routinely at
home and work, while traveling, in the community, and at social
gatherings. The first important step is to educate individuals and
communities to decrease the risk of exposure to MPXV.

Effective handwashing practices and social distancing play a
crucial role in protecting against several infections, including mon-
keypox. Viruses can stick to surfaces and inanimate objects for
several hours and can be transmitted to people after touching the
objects (Fig. 2). Orthopoxviruses have been observed to survive on
environmental surfaces for several weeks. Environmental surface
cleaning is one of the most effective forms of NPI [7]. Most human
infections result through direct animal-to-human transmission over
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time. Contact with wild animals, especially the sick or dead and their
meat, blood, and other body components, must be avoided [36].

Every infected individual does not require admission to hospital
and can be isolated at home. Infected individuals can transmit MPXV
to pets during close contact. It is important that pets are kept away
during a person’s infectious period. MPXV can be transmitted from
person to person by direct contact with lesions, infected body fluids,
or by exposure to respiratory secretions. Infected individuals should
avoid all sexual activity, including touching and kissing, during the
infectious period. An individual is considered infectious until all
scabs have separated and a fresh layer of skin has formed. Infected
people living in communal settings should be isolated and in-
dividuals they come into contact with should be medically mon-
itored [7]. WHO advised bisexuals and homosexuals to isolate
themselves if they have symptoms and avoid skin contact with those
suffering from symptoms. It is important to improve hygiene, avoid
sexual activity, physical contact, and wear masks. A person should
not be stigmatized for having a disease. It is possible for anyone,
regardless of their sexual orientation, to contract monkeypox or
spread it to others [66]. In order to prevent infection with MPVX,
healthcare workers and those caring for monkeypox patients should
follow the standard infection control precautions.

Immunization

Researchers are currently investigating the suitability and feasi-
bility of vaccination for monkeypox prevention and control. Some
countries have policies in place or are in the process of adopting
policies to provide vaccines to people who are at risk, including la-
boratory personnel, rapid response teams, and health workers [19].
The smallpox vaccine suppresses MPXV infection, and it is
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recommended that vaccinated individuals provide care for mon-
keypox patients while taking all other precautions [67]. Routine
vaccination against smallpox with vaccinia-based vaccines has been
discontinued in every country for at least the last 40 years. Since
immunization also protects against monkeypox in West and Central
Africa, individuals who have not been vaccinated are now more
likely to be infected by MPXV [20].

Properly administered prior vaccination against smallpox has
nearly 85% efficacy in preventing monkeypox [19]. Currently, two
approved brands of vaccine against orthopoxviruses are available
that protect against monkeypox. ACAM2000 is derived from calf
lymph and is a type of active immunization; it is manufactured by
Sanofi Pasteur Biologics, LLC (Cambridge, United States) and is ad-
ministered as a single dose. JYNNEOS (Imvanex/Imvamune in the
European Union) is manufactured by Bavarian Nordic (Tuborg Havn,
Denmark) and is approved in the United States and Canada as a
Modified Vaccinia Ankara (MVA) vaccine, which is a live attenuated
vaccine, and is recommended as two doses. A limited supply of
vaccines is available for people at risk [7]. Even though naturally
occurring smallpox is no longer a threat, new vaccinations, diag-
nostics, and antiviral medications are now being developed to
guarantee that the whole world is prepared in the event that
smallpox reappears. Such products may also provide effective pro-
tection against monkeypox.

Future prospects and strategies

The basic method of disease control in infectious disease epi-
demics is to prevent further transmission. It is possible to lower the
risk of transmission of animal infections to humans with even the
simplest of biosecurity measures and social distancing of infected
people. The advice during both the 2009-2010 H1N1 pandemic and
the COVID-19 pandemic cautioned people to “cough hygienically”
into their sleeves.

The possibility that MPXV circulates among various naturally
occurring and incidental animal species without a natural reservoir
should also be explored in future studies. The evolutionary diver-
gence of the two MPVX clades should be investigated because they
may have different reservoir species [31]. The smallpox vaccine
confers immunity against MPXV despite the difference in several
proteins produced by MPXV. Vaccines against these specific proteins
may more efficiently target MPXV and develop monkeypox-specific
immunity [49].

As a result of globalization, contagious diseases are becoming
more prevalent and pose a threat to public health. Consequently,
humans and animals are exposed to new diseases against which
they have little or no natural immunity. The advances in transpor-
tation and increased freedom of movement have resulted in the
unprecedented spread of monkeypox. There is no way to predict the
next newly emerging infection; however, it is apparent that we have
lessons to learn from previous outbreaks, and the implementation of
routine infection control practices may serve to reduce the impact of
such an outbreak. It is evident from this review that data on mon-
keypox epidemiology is still limited and fragmented, which will
cause outbreaks of the disease to be underestimated. There is an
urgent need for the research community to engage more with this
disease, follow up on it, and conduct more research on the topic.

Conclusion

A decline in immunity against smallpox due to the cessation of
smallpox vaccination has paved the way for the resurgence of
monkeypox and its dissemination in non-endemic parts of the
world. MPXV is a serious reemerging pathogen that is circulating
globally and jeopardizing public health. The incubation period of
7-14 days after exposure to MPXV in a natural setting underlines the
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need to sharpen our understanding of the risk of transmission of the
virus, effective mechanisms for disease surveillance, and measures
for prevention such as isolation. MPXV is generally transmitted by
infected animals, but human-to-human transmission has come to
prevail in recent outbreaks. There is a significant increase in the
number of individuals infected with monkeypox in the current
outbreak, with the highest rates among males. Globally, the com-
bined CFR of the West African and Congo Basin MPXV clades is ap-
proximately 8.7%. The most apparent and common presentations are
skin lesions and lymphadenopathy. The human immune system
elicits both innate and adaptive immunity against MPXV, but the
role of immunomodulatory molecules has not yet been explored in
depth. The identification of IgM and IgG does not add much value to
the diagnosis of MPXV cases, while RT-PCR is the standard technique
of choice. Antiviral therapy with tecovirimat or cidofovir is helpful
for rapid recovery of patients with weak immune systems. The use of
NPIs is a smart strategy to prevent the population from circulating
MPXV. The two smallpox vaccines, JYNNEOS (Imvanex/Imvamune)
and ACAM2000, provide 85% efficacy in preventing monkeypox. The
attack rate should be reduced by implementing measures such as
family-based education in hygiene and isolation of patients. Global
implementation of comprehensive strategies to deal with mon-
keypox is crucial in order to strengthen health systems over the long
term to respond to large-scale outbreaks of the disease.
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