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Preface

Monkeypox (Mpox) is an infectious disease, caused by the monkeypox
virus, which led to an outbreak in non-endemic region in 2022, after about
80 years of its identification in endemic regions. It shows the importance of
being updated on poxviruses, not only the pathogenesis and characteristics,
but also the diagnosis and treatment.

Poxviruses are oval-shaped viruses with large double-stranded DNA
genomes, which could lead to infections in humans and mainly present with
skin lesions and nodules, or disseminated rash.

Orthopoxvirus (smallpox virus, vaccinia virus, cowpox virus, and mon-
keypox virus), Parapoxvirus (orf virus, pseudocowpox, bovine papular sto-
matitis virus), Yatapoxvirus (tanapox virus, yaba monkey tumor virus), and
Molluscipoxvirus (molluscum contagiosum virus) are four genera of poxvi-
ruses that can infect humans.

As of importance of Mpox, the book starts with a chapter on history of
Monkeypox from the past to the future. Chapter 2 explains the concept of One
Health in poxviruses. Evolution and characterization of poxviruses are dis-
cussed in Chaps. 3 and 4. Zoonotic and Zooanthroponotic potential of Mpox
is the subject of Chap. 5. Molecular immunobiology of Mpox, vaiola, mol-
luscum contagiosum, and orf are explained in Chaps. 6—11. Chapter 12 is
focused on poxviridae pneumonia, while Chap. 13 is about poxviruses in chil-
dren. Laboratory diagnosis and potential challenges is the subjects of Chaps.
14-16. Poxvirus (Mpox) Vaccines are explained in details in Chaps. 17-20.
Potential antiviral bioactive compounds and complementary therapy for pox-
viruses are discussed in Chaps. 21 and 22, respectively. Chapters 23 and 24
are discussed the case of Mpox outbreak 2023 for travellers and in cancer
therapy, respectively. Finally, stigma, and the importance of ethical standards
for research on poxviruses are discussed on the final Chaps. 25 and 26.

I hope that this on time book will be cogent and of special value for
researchers and clinicians, especially for virologists, immunologists, infec-
tious disease specialists as well as those who are working in public health
who wish to extend their knowledge on poxviruses.

Stockholm, Sweden Nima Rezaei, MD, Ph.D.

Acknowledgment I would like to express my gratitude to the Editorial Assistant of this
book series, Dr. Amene Saghazadeh.
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Monkeypox: Past, Present,

and Future

Gulfaraz Khan and Nighat Perveen

Abstract

Monkeypox (Mpox) is a zoonotic dis-
ease caused by a virus (monkeypox virus-
MPV) belonging to the Poxviridae family.
In humans, the disease has an incubation
period of 5-21 days and then progresses in
two phases, the prodromal phase and the rash
phase. The prodromal phase is character-
ized by non-specific symptoms such as fever,
muscle pain, malaise, lymphadenopathy,
headache, and chills. Skin lesions appear in
the rash phase of the disease. These lesions
progress through different stages (macules,
papules, vesicles, and pustules). In May
2022, WHO reported an outbreak of human
Mpox in several countries which were previ-
ously Mpox-free. As per the CDC report of
March 01, 2023, a total of 86,231 confirmed
cases of Mpox and 105 deaths have been
reported from 110 countries and territories

across the globe. Notably, more than 90% of
these countries were reporting Mpox for the
first time. The phylogenetic analysis revealed
that this outbreak was associated with the
virus from the West African clade. However,
most of the cases in this outbreak had no evi-
dence of travel histories to MPV-endemic
countries in Central or West Africa. This out-
break was primarily driven by the transmis-
sion of the virus via intimate contact in men
who have sex with men (MSM). The chang-
ing epidemiology of Mpox raised concerns
about the increasing spread of the disease in
non-endemic countries and the urgent need to
control and prevent it. In this chapter, we pre-
sent all the documented cases of Mpox from
1970 to 2023 and discuss the past, present,
and future of MPV.
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1.1 Introduction

ege of Science,
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Remarkable success in the development of anti-
biotics and vaccines in the mid-twentieth cen-
tury gave the impression that we could control
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and eventually eliminate infectious diseases (Jos
and van der 2013; Morse 1991). However, the
emergence and re-emergence of various infec-
tious diseases over the last few decades have
proved that controlling or eliminating infec-
tious diseases is a much bigger challenge than
we assumed (Morens et al. 2004; Perveen and
Khan 2022; Reperant and Osterhaus 2017). We
live in a world in which we interact with not
only ourselves but also with animals and the
environment. Additional factors such as wide-
spread travel, pathogens mutating, civil unrest
and wars, and changing human behaviors, pro-
vide ample opportunity for the emergence and
re-emergence of infectious diseases (Church
2004; Costello et al. 2022; Morens et al. 2004;
Reperant and Osterhaus 2017). The recent
pandemic of the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) is an
example of the devasting impact emerging path-
ogens can have on all aspects of a society. As
the world was battling to control SARS-CoV2,
another viral disease reemerged, monkeypox
(Mpox). On 23rd July 2022, the WHO declared
its highest-level alert for the Mpox outbreak.
The re-emergence of monkeypox virus (MPV)
raised serious global health concerns. Mpox
is related to smallpox, one of the most feared
human diseases with a 30% case fatality rate and
high virulence (Xiang and White 2022). After the
eradication of smallpox in 1980, routine small-
pox vaccination was stopped and vaccine-derived
immunity waned. Since smallpox vaccine also
provided approximately 85% protection against
MPV infection or/and reduction in disease sever-
ity (Di-Giulio and Eckburg 2004; Jezek etal.
1988a), waning immunity to smallpox, increased
the proportion of people living in the endemic
areas in Central and West Africa susceptible to
Mpox (Arita et al. 1985; Brown and Leggat 2016;
Fine et al. 1988). The first MPV outbreak outside
of Africa occurred in 2003 in the USA when small
mammals, such as rope squirrels, giant pouched
rats, and dormice, were shipped from Ghana
to Texas (Hutson etal. 2015; Sale etal. 2006).
Infected rodents were kept with native prairie dogs
and the latter became the source of the monkeypox
outbreak in the different states (Sale et al. 2006).

In contrast to the 2003 outbreak, the charac-
teristics of the 2022 multi-country Mpox out-
break were very different. The outbreak was
first recognized in May 2022 when Mpox cases
were reported to WHO from almost 12 non-
endemic countries (WHO 2022c¢). On June 23,
2022, the Committee for International Health
Regulations (IHR) held an emergency meeting
to discuss the outbreak. The WHO Secretariat
discussed the global epidemiological situa-
tion and reported 3040 cases from 47 coun-
tries since the beginning of the outbreak. The
number of cases continued to rise rapidly and
by 14 July, 66 countries reported confirmed
cases, totaling 11,188, with two deaths, one in
Nigeria and one in the Central African Republic
(WHO 2022d). Notably, 80% of the cases were
reported from the European Region, followed
by 18% from the America Region. African,
Eastern Mediterranean, and the Western Pacific
Regions reported less than 2% of the cases
(WHO 2022d). Virtually all (99%) of the con-
firmed cases were in males, 79% of whom were
in the age group 25-45 years. Furthermore,
the cases in Western countries had no epide-
miological links to the areas where Mpox was
endemic. Moreover, most of the cases were
among gay, bisexual, and men who have sex
with men (MSM) living in urban areas in clus-
tered social and sexual networks (WHO 2022a).
However, after the second committee meeting,
on July 23, 2022, the Director-General (WHO)
declared Mpox a Public Health Emergency of
International Concern (PHEIC).

In this chapter, we discuss the past and pre-
sent multi-country Mpox outbreak, with empha-
sis on epidemiology, classification, natural
reservoirs, transmission route, clinical features,
diagnosis, vaccines and drugs, and preven-
tion and control strategies to circumvent future
human infections. Furthermore, monkeypox
viruses, group into two clades, the Congo Basin
and the West African clade. We retrieved MPV
genome data from the GenBank and performed
the phylogenetic analyses of genome sequences
from the 2022 outbreak and found that this
outbreak was associated with the spread of the
West African clade. This clade is associated
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with milder disease with known human-to-
human spread. We also document all human
cases of Mpox from 1970 to 2023 country-wise
(Table 1.1) and also in various regions.

1.2  Past
1.2.1 Epidemiology
of Monkeypox Virus

The last human case of smallpox occurred in
1977 in Somalia (Deria et al. 1980). However,
total eradication was not confirmed until 1980.
With the subsequent ending of smallpox vac-
cination, monkeypox emerged as an important
Orthopoxvirus pathogenic to humans. The first
human Mpox case was reported in August 1970
in the Democratic Republic of Congo (DRC)
in a 9-month-old child admitted to hospital on
suspicion of smallpox (Ladnyj etal. 1972).
WHO Smallpox Reference Centre, Moscow,
confirmed the causative agent to be monkey-
pox and not smallpox virus (Marennikova et al.
1972). The child’s family members denied con-
tact with any person who had a pox-like rash
and there were no other cases reported in the
area. The patient’s father however revealed that
monkeys were eaten by the family from time
to time. The MPV was first identified in mon-
keys from Asia in a laboratory in Copenhagen,
Denmark, in 1958 (Von Magnus et al. 1959). It
was believed that primates caught the virus from
an African source. The virus was detected in
numerous animals in Africa, including Gambian
rat, shrew, sooty mangabey monkey, and rope
squirrel. However, antibodies to the virus were
most prevalent in African squirrels (Falendysz
etal. 2015; Hutin etal. 2001; Khodakevich
et al. 1986; Radoni¢ et al. 2014; Reynolds et al.
2019). In 1964, an outbreak of MPV occurred
in a Zoo in Rotterdam, Netherlands. During this
outbreak, the virus infected several different
types of animals, including, gorillas, chimpan-
zees, gibbons, giant anteaters, orangutans, and
marmosets (Wachtman and Mansfield 2012).
However, not all animals are susceptible to

MPV. For example, chickens, rabbits, hamsters,
and guinea pigs showed no detectable infection
when these animals were intentionally infected
in the lab (Crandell 1969).

Until the 2022 outbreak, Mpox in humans
was fairly uncommon, only sporadic cases were
reported in tropical rainforest regions of Central
and Western Africa, most often as a result of ani-
mal-to-human transmission. Secondary human-
to-human spread accounted for only about
28% of the cases (Shchelkunov etal. 2001).
Furthermore, in DRC, during the surveillance
for human Mpox from 1981 to 1986, the virus
was identified in 338 cases. The case fatality
rate was around 10% in individuals not vacci-
nated with vaccinia (the smallpox vaccine virus)
(Hutin et al. 2001).

The first case of Mpox outside of Africa was
reported in 2003 in the USA when a 3-year-
old girl was diagnosed with the disease after
being bitten by her pet, prairie dog (Reed et al.
2004). The prairie dog contracted the infection
when housed together with rodents imported
from Ghana. This outbreak resulted in the girl’s
parents and 69 others contracting the infec-
tion. However, survey of wild animals in USA,
especially in Wisconsin and Illinois, indicated
that there was no spillover of the virus into wild
animals (Cohen 2022a). Furthermore, infected
humans did not pass on the disease to others.
Therefore, the disease was contained and the
fear of a major outbreak quickly disappeared.

1.2.2 Natural Reservoirs of MPV

Mpox is a zoonotic disease. However, the natu-
ral reservoir remains unknown. Assessment
of MPV prevalence in small mammals at the
human—animal interface in the DRC, indi-
cated that several animal species were posi-
tive for anti-orthopoxvirus IgG antibodies,
including Funisciurus spp. (African-striped
squirrel), Graphiurus lorraineus (Lorrain dor-
mouse), Cricetomys emini (Emin’s pouched rat),
Heliosciurus rufobrachium (Red-legged sun
squirrel), Oenomys hypoxanthus (Rufous-nosed
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rat), and Petrodromus tetradactylus (Four-
toed elephant shrew) (Doty et al. 2017; Hutson
et al. 2007). Rodents are considered to be the
most likely host reservoir (Doty etal. 2017).
Similarly, other species of African-striped
squirrel, redless tree squirrel (Funisciurus
anerythrus), Congo rope squirrel (Funisciurus
congicus), and wild boar (Sus scrofa), were
also found to be positive for anti-orthopoxvirus
antibodies in the DRC during epidemiologic
and clinical studies of MPV (Hutin et al. 2001;
Khodakevich et al. 1986). Although several dif-
ferent species of non-human primates have also
been shown to be seropositive for MPV, they
are unlikely to be the natural reservoir because
the seroprevalence in these animals is fairly low.
The MPV has also been isolated from Ivory
Coast from sooty mangabey (Cercocebus atys)
(Radonic¢ et al. 2014).

1.2.3 Whatls MPV?

Poxviruses cause infections in both vertebrates
and invertebrates. MPV belongs to the genus
Orthopoxvirus in the family Poxviridae. The
Poxviridae family is divided into two subfami-
lies, Chordopoxvirinae and Entomopoxvirinae.
Poxviruses of the subfamily Chordopoxvirinae
cause infections in vertebrates, whereas the
Entomopoxvirinae cause infections in insects
(Sklenovska 2020). The Chordopoxvirinae sub-
family consists of 11 genera, and Orthopoxvirus
is one of them. Most of Orthopoxviruses are
zoonotic pathogens and are sustained in nature
in animal reservoirs (Sklenovska 2020). MPV
is one of the five species of Orthopoxvirus.
Members pathogenic to humans include vari-
ola virus (the causative agent of smallpox),
cowpox virus, camelpox virus, and vaccinia
virus (Marennikova and Moyer 2005). The
Orthopoxvirion comprises four main com-
ponents, namely the core, the lateral bodies,
the inner membrane, and the outer protein
cover. The central core contains the viral dou-
ble-stranded DNA (dsDNA) and associated
enzymes. The central core and the lateral bod-
ies are surrounded by the outer membrane that is

composed of surface tubules (Sklenovska 2020)
(Fig. 1.1). For binding to receptors on its target
cells, the virus uses proteins on its surface. The
MPYV genome is a large (197 kbp) single linear
molecule of dsDNA, which is among the largest
of all viral genomes (Moss and Damon 2013).
However, unlike other DNA viruses, MPV is
unique in that it replicates in the cytoplasm
instead of the nucleus. Moreover, MPV does not
require a particular host receptor, and hence, it
can infect a number of different types of mam-
malian cells (Sklenovska 2020).

1.2.4 Transmission Route of MPV
to Humans

MPYV is a zoonotic infection, usually transmit-
ted from animals to humans. Human-to-human
spread can be due to nosocomial (Adler et al.
2022) and household transmission (Nolen et al.
2015). Humans become infected when there
is direct physical contact with an infected ani-
mal or person or their body fluid (Bernard and
Anderson 2006; Jezek etal. 1988a). Infected
surfaces, tools, or bedding/clothing in hospitals
and houses can also be the source of transmis-
sion (Nakoune et al. 2017; Nolen et al. 2015)
(Fig. 1.2). Another source of transmission can be
the virus shed in urine and feces (Hutson et al.
2015).

Animal hosts of MPV include rodents and
primates, and the risk of the virus transmis-
sion from animals can be prevented by avoid-
ing contact with sick or dead animals, especially
in endemic countries. MPV can also spread
by handling or consuming bush meat from
infected animals or monkeys (Alakunle et al.
2020; Brown and Leggat 2016). Furthermore,
MPV-infected individuals should avoid touch-
ing their pets, livestock, and wildlife. The natu-
ral route of transmission of MPV in animals
can include ingestion of viral particles or via
respiratory transmissions when healthy animals
are caged together. MPV infections in children
have been associated with severe disease and a
high mortality compared to adults (Mbala et al.
2017; Yinka-Ogunleye etal. 2019). Vertical
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Fig. 1.1 The structure of poxvirus. The figure was created with BioRender (https://Biorender.Com/)
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Fig. 1.2 Transmission routes of monkeypox virus. The figure was created with BioRender (https://Biorender.Com/)

transmission of MPV from infected mother to
her fetus has also been reported during Mpox
outbreak in the DRC (Mbala et al. 2017).

A few decades after the cessation of smallpox
vaccination, the number of human Mpox cases
in DRC was observed to have increased signifi-
cantly (Breman et al. 1980; Rimoin et al. 2010).
It was believed that this surge was due to a num-
ber of contributing factors, such as increasing
proportion of people unvaccinated for small-
pox and waning immunity (Breman et al. 1980;

Rimoin et al. 2010). Moreover, increased con-
tact between humans and animals or their body
fluids, brought about by deforestation, urbani-
zation, destruction of natural habitats, changes
in farming practices, and consumption of wild
animals, are also believed to facilitate spillo-
ver events (Magouras et al. 2020; Zhang et al.
2008). However, the 2022 multi-country Mpox
outbreak had a different pattern; Mpox clusters
were reported primarily in men who have sex
with men (MSM).
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1.2.5 Clinical Picture of Mpox

Symptoms of Mpox can include fever, headache,
muscle aches, backache, and lymphadenopathy
(Sklenovska 2020; Tack and Reynolds 2011).
However, symptoms vary from person to per-
son. The disease appears with the development
of a characteristic rash of varying severity, with
an incubation period ranging from 5 to 21 days
(Al-Tammemi et al. 2022). MPV lesions pro-
gresses through different stages, from macules
to papules, to vesicles and pustules, and finally
to scabs, before falling off. The illness persists
for 2-4 weeks (Al-Tammemi etal. 2022). In
the 2022 outbreak, most patients presented with
lesions less than 100 in number, often localized
to a few regions of the body (Mitja et al. 2023b).
The clinical presentation has some resemblance
to several other viral exanthems, such as small-
pox, bacterial skin infections, scabies, measles,
syphilis, and most notably, chickenpox (Moore
etal. 2023). However, patients with advanced
HIV infection, having CD4 counts less than 100
cells per pl, tend to present with more severe,
disseminated, necrotizing skin lesions, as well as
involvement of lungs, secondary infections, and
sepsis (Mitja etal. 2023a). These individuals
have a poor prognosis compared to non-immu-
nosuppressed individuals. Due to the similarities
in the clinical presentation between chickenpox
and Mpox in healthy immunocompetent indi-
viduals, without laboratory testing, the two dis-
eases can be misdiagnosed (Jezek et al. 1988b;
Sklenovskd 2020). Early detection of MPV
infection and the application of appropriate pre-
ventive measures are important in reducing the
transmission of virus. Delays in confirming the
infection can lead to inappropriate treatment and
prolonged recovery (Tack and Reynolds 2011).

1.3 Present

1.3.1 The 2022 MPV Outbreak

In the 2022 outbreak, most of the infected
cases were outside of Africa. The demograph-
ics of this outbreak were very different from the

previous outbreaks that occurred in Africa; more
than 95% of the cases in the 2022 outbreak were
in MSM with a median age of 37 years (Angelo
et al. 2023). By contrast, the outbreaks in Africa
were sporadic, usually restricted to one location,
and often seen in children less than 15 years of
age (Jezek etal. 1987). Moreover, in the 2022
outbreak, the virus spread very quickly and to
multiple countries. By 20th July, 2022 (less than
3 months into the outbreak), a total of 16,836
cases were reported worldwide; 99% of which
were in countries that did not previously have
MPV. This led to the Director-General of WHO
to declare the Mpox outbreak a Public Health
Emergency of International Concern (PHEIC)
(WHO 2022e). According to the most recent fig-
ures, by March 1, 2023, a total of 86,231 cases
had been reported from 110 locations world-
wide, 103 of which were reporting MPV for the
first time (CDC 2023). In terms of mortality, a
total of 105 deaths had been reported from 18
areas, and 89/105 deaths were in 14 locations
with no previous evidence of MPV infection
in the population. The highest number of cases
(30,225) were reported from the USA, followed
by Brazil (10,846 cases) and Spain (7543 cases).
The highest number of deaths was also from the
USA (38 deaths), followed by Brazil (15 deaths)
and Peru (15 deaths) (CDC 2023).

1.3.2 MPV Reservoirs and Zoonosis

MPV was first reported in 1958 in a monkey, but
it became clear that the virus could infect many
different kinds of animals, including gorillas,
chimpanzees, marmoset, squirrels, and Gambian
rats. Although no wild animal reservoir has been
reported outside of Africa, the 2022 MPV out-
break raised the possibility that wildlife outside
the African continent could in future serve as a
reservoir for MPV. Our direct and indirect con-
tact with animals increases the risk of spillovers
from animals to humans, and occasionally from
humans to animals. This can lead to the estab-
lishment of new reservoirs and potentially pave
the way for the evolution of new variants with
higher virulence. Indeed, the SARS-CoV-2,
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the cause of COVID-19 pandemic which killed
nearly 7 million people within its first 3 years,
is believed to be the result of a spillover of the
virus from bats (Perveen et al. 2021; Ye et al.
2020). Moreover, reverse zoonoses for SARS-
CoV-2 have also been reported in a number of
different animals, including cats, dogs, and
minks (Prince et al. 2021). Based on such obser-
vations, with the 2022 Mpox outbreak, public
health officials in several countries instructed
people to avoid contact with their pets if they
had contracted MPV infection. At the time of
writing this chapter, only one case of reverse
zoonosis for MPV was reported (Seang et al.
2022). The spillover was reported to have
occurred between two MSM and their 4-year-
old dog who shared their bed. These reports,
albeit anecdotal, clearly indicate that human-to-
animal transmission can occur, and such spillo-
vers could potentially lead to the establishment
of new animal reservoirs (Cohen 2022b). Thus,
surveillance, monitoring, and close collabora-
tion between human and veterinary public health
authorities is essential in controlling such out-
breaks (Yuan et al. 2023).

1.3.3 Phylogenetic Analysis

Following the isolation and characterization of
MPYV in humans, efforts continued in an attempt
to eradicate Mpox by vaccination and control
strategies. Advances in biotechnology and the
development of new techniques such as whole
genome sequencing (WGS), allowed research-
ers to compare different strains of the virus cir-
culating in different regions of the world and
identify causes of virulence. However, the use
of these novel technologies in molecular epi-
demiology studies is costly. In this context, the
availability of viral genome data in open-access
GenBanks has allowed more researchers to
study the evolution and molecular epidemiol-
ogy of emerging viruses, such as SARS-CoV-2
and MPV. By analyzing the phylogenetic tree,
the origin of MPV was identified to the Central
African Republic (CAR) and the Democratic
Republic of the Congo (DRC) (Fig. 1.3).

Based on the 2022 WHO recommendations,
the Cong Basin (Central African) variant of
the virus is now referred to as Clade I and the
West African clade as Clade II (WHO 2022f).
The latter consists of two subclades referred to
as Ila and IIb. The 2022 MPV outbreak, which
spread across the globe, was associated with
the West African Clade IIb (Fig. 1.3). A recent
study assessing the virulence differences of the
MPV clades using a mouse animal, indicated
that Clade I was the most virulent and Clade
IIb the least (Americo etal. 2023). Thus, it
appears that as MPV was spreading across the
globe, it was adapting and becoming less viru-
lent. Almost all MPV genomes submitted to the
GenBank were from the 2022 outbreak (iso-
lated from May—June 2022). The exceptions
were the isolates from Nigeria (KJ642615.1;
2014), Russia (AF380138.1; 2001), CAR
(MN702453.1; 2001 and MN702445.1; 2017),
and DRC (JX878408.1; 2006 and JX878420.1;
2007) which were submitted prior to 2022.
The cladogram revealed that there was a close
relationship between the West African Clade
(from Nigeria), and the variants reported from
the American Region, European Region, and
Western Pacific Region. However, the MPV
from Russia grouped with virus from CAR and
DRC (Clade I).

1.3.4 Comparing MPV with SARS-
CoV-2 Outbreak

MPV is not like SARS-CoV-2 (Table 1.2).
SARS-CoV-2 is a ssRNA virus while MPV
is a dsDNA virus. Due to the low fidelity of
the RNA polymerase required for viral repli-
cation, RNA viruses have a high propensity
to mutate and give rise to new variants. Such
variants can escape immune surveillance and
limit the effectiveness of vaccines. Indeed,
this is what was observed with SARS-CoV-2
outbreak. Within a short period of two years,
numerous variants emerged with varying char-
acteristics, both in terms of biology and dis-
ease pathogenesis (Barouch 2022). By contrast,
DNA viruses use DNA polymerase for the
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Fig. 1.3 Phylogenetic tree of monkeypox virus (MPV).
Representative MPV genomes were selected from both the
Congo basin and the West African clades. The sequence
dataset (n=30 sequences) containing all MPV genomes
from Homo sapiens in different countries was downloaded
from the GenBank database (http://www.ncbi.nlm.nih.gov/
accessed on March 10, 2023). Unique sequences in 2022
outbreak were obtained by filtration according to (De la
Cruz et al. 2020) and information including year of virus
collection/isolation, country, and host was also extracted.

replication of their genome. This enzyme has
high fidelity, and hence, DNA viruses are rela-
tively more stable and less likely to result in
the emergence of new variants (Kozlov 2022).
In terms of clinical presentation of primary
infection, SARS-CoV-2 is associated with res-
piratory infection, with or without symptoms,
while MPV infection is associated with vis-
ible skin lesions. MPV is much less contagious
than SARS-CoV-2. SARS-CoV-2 can efficiently
spread through small respiratory droplets. By
contrast, MPV is predominantly transmitted by
close or intimate contact with actively infected
persons. This includes oral, anal or vaginal sex,
and kissing or touching lesions, and sharing
contaminated material such as bedding. MPV
infection typically presents with fever, lym-
phadenopathy, and the development of distinct
fluid-filled lesions, most often appearing on the
face and genitalia (Angelo et al. 2023; Bragazzi
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Multiple Sequence Alignment (MSA) was performed
using CLUSTAL format alignment by Multiple Alignment
Fast Fourier Transform (MAFFT) software (FFT-NS-2,
v7.505) (Katoh et al. 2019; Kuraku et al. 2013). The online
version is freely available at https://mafft.cbrc.jp/align-
ment/server/ (accessed on March 15, 2023). A Neighbor-
Joining (NJ) phylogenetic tree was computed using Jukes—
Cantor method to calculate distances from conserved sites
in sequence alignment by selecting 1000 replicates of
bootstrap in the MAFFT program

et al. 2022). Preliminary analysis of the genetic
sequence of MPV indicated that the strain in
the 2022 outbreak was related to the strain pre-
viously detected in West Africa and associ-
ated with milder disease and lower mortality
rate. However, the epidemiological pattern of
the 2022 virus differed from the West African
isolate in that the 2022 virus was primarily
transmitted via close contact in MSM commu-
nity and mainly affected men in the age group
20-50 years (Kozlov 2022).

1.4 Future

1.4.1 Vaccines and Drugs

Vaccination against smallpox provides cross-
protection against other poxviruses. According
to the currently available statistics, about 90%
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Table 1.1 Number of confirmed cases of human monkeypox from 1970 to 2023

Continent/ | Country Year No. of confirmed
region cases References
African Democratic Repub- | 1970-1986 386 Jezek and Fenner (1988)
Region lic of the Congo
1997 181 WHO (1997b, ¢)
1997 5117 WHO (1997a)
2019 1739 (37 deaths) | WHO (2019b)
2020 4594 WHO (2020)
2022-2023 | 395 CDC (2023)
Central African 1984 Durski et al. (2018) and Khodakevich et al. (1985)
Republic 2001 Durski et al. (2018)
2010 2 Berthet et al. (2011) and Durski et al. (2018)
2015 12 Durski et al. (2018)
2016 11 Durski et al. (2018) and WHO (2016)
2017 8 Durski et al. (2018)
2018 6 Besombes et al. (2019)
2019 25 WHO (2019b)
2022-2023 | 27 (1 death) CDC (2023)
Cameroon 1979 1 Durski et al. (2018) and Sadeuh-Mba et al. (2019)
1989 1 Durski et al. (2018) and Tchokoteu et al. (1991)
2018 1 Sadeuh-Mba et al. (2019)
2018 16 WHO (2018a)
2022-2023 18 (3 deaths) CDC (2023)
Egypt 2022-2023 |3 CDC (2023)
Ghana 2022-2023 121 (4 deaths) CDC (2023)
Nigeria 1971 2 Breman et al. (1980)
1978 1 Durski et al. (2018)
2017-2018 122 Yinka-Ogunleye et al. (2019)
2022-2023 | 800 (8 deaths) CDC (2023)
Ivory Coast 1971 1 Breman et al. (1980)
1981 1 Merouze and Lesoin (1983)
Liberia 1970 4 Durski et al. (2018) and Lourie et al. (1972)
2017-2018 |2 (2 deaths) WHO (2018b)
Liberia 2022-2023 |7 CDC (2023)
Mozambique 2022-2023 1 (1 death) CDC (2023)
Sierra Leone 1970 1 Durski et al. (2018) and Lourie et al. (1972)
2014 1 Durski et al. (2018) and Reynolds et al. (2022)
2017 1 Durski et al. (2018) and Ye et al. (2019)
Gabon 1987 5 Durski et al. (2018)
Benin 1978 1 Breman et al. (1980)
2022 3 WHO (2022b)

(continued)
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Table 1.1 (continued)

Continent/ | Country Year No. of confirmed
region cases References
Republic of Congo | 2003 3 Learned et al. (2005)
2009 2 Reynolds et al. (2013)
2017 6 Doshi et al. (2018)
2019 2 WHO (2019b)
2022-2023 |5 CDC (2023)
South Africa 2022-2023 |5 CDC (2023)
South Sudan 2005 10 Formenty et al. (2010)
Sudan 2022-2023 18 (1 death) CDC (2023)
Regional 1970-2023 9072 (57 deaths)
total
American | USA 2003 37 Reed et al. (2004)
Region
2022-2023 | 30,225 (38 deaths)| CDC (2023)
Canada 2022-2023 | 1460 CDC (2023)
Argentina 2022-2023 1099 (2 deaths) | CDC (2023)
Aruba 2022-2023 |3 CDC (2023)
Bahamas 2022-2023 |2 CDC (2023)
Barbados 2022 1 CDC (2022)
Bermuda 2022-2023 1 CDC (2023)
Bolivia 2022-2023 | 265 CDC (2023)
Brazil 2022-2023 | 10,846 (15 deaths)| CDC (2023)
Chile 2022-2023 1431 (2 deaths) | CDC (2023)
Costa Rica 2022-2023 | 188 CDC (2023)
Colombia 2022-2023 | 4081 CDC (2023)
Cuba 2022-2023 | 8 (1 death) CDC (2023)
Curacao 2022-2023 |3 CDC (2023)
Dominican Republic| 2022 3 CDC (2022)
Ecuador 2022-2023 | 512 (3 deaths) CDC (2023)
El Salvador 2022-2023 |96 CDC (2023)
Guatemala 2022-2023 | 390 CDC (2023)
Guyana 2022-2023 2 CDC (2023)
Honduras 2022-2023 18 CDC (2023)
Jamaica 2022-2023 |18 CDC (2023)
Mexico 2022-2023 | 3877 CDC (2023)
Martinique 2022-2023 7 CDC (2023)
Panama 2022-2023 160 CDC (2023)
Paraguay 2022-2023 | 109 CDC (2023)
Peru 2022-2023 | 3752 (15 deaths) | CDC (2023)
Puerto Rico 2022 4 PAHO (2022)
Uruguay 2022-2023 |19 CDC (2023)
Venezuela 2022-2023 12 CDC (2023)

(continued)
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Table 1.1 (continued)

Continent/ | Country Year No. of confirmed

region cases References

Regional 2003-2023 | 58,629 (76)

total

European | The UK 2018 2 Vaughan et al. (2018)

Region

2019 3 WHO (2021a, b)
2022-2023 | 3735 CDC (2023)

Andorra 2022-2023 |4 CDC (2023)
Austria 2022 327 CDC (2022)
Bosnia and Herze- | 2022-2023 9 CDC (2023)
govina
Belgium 2022 793 (2 death) CDC (2023)
Bulgaria 2022-2023 |6 CDC (2023)
Croatia 2022-2023 |33 CDC (2023)
Czechia 2022-2023 | 71 (1 death) CDC (2023)
Estonia 2022 11 ECDC (2022)
Denmark 2022-2023 196 CDC (2023)
Dominican Republic| 2022-2023 | 52 CDC (2023)
Finland 2022-2023 |42 CDC (2023)
France 2022-2023 | 4128 CDC (2023)
Germany 2022-2023 | 3692 CDC (2023)
Gibraltar 2022-2023 |6 CDC (2023)
Greece 2022-2023 | 86 CDC (2023)
Georgia 2022-2023 CDC (2023)
Greenland 2022-2023 |2 CDC (2023)
Guadeloupe 2022-2023 1 CDC (2023)
Hungary 2022-2023 |80 CDC (2023)
Iceland 2022-2023 16 CDC (2023)
Ireland 2022-2023 | 228 CDC (2023)
Italy 2022-2023 | 957 CDC (2023)
Latvia 2022-2023 |6 CDC (2023)
Lithuania 2022-2023 |5 CDC (2023)
Luxembourg 2022-2023 |57 CDC (2023)
Malta 2022-2023 |33 CDC (2023)
Moldova 2022-2023 |2 CDC (2023)
Monaco 2022-2023 |3 CDC (2023)
Montenegro 2022-2023 2 CDC (2023)
Netherlands 2022-2023 1261 CDC (2023)
Norway 2022-2023 |95 CDC (2023)
Poland 2022-2023 | 215 CDC (2023)
Portugal 2022-2023 | 951 CDC (2023)

(continued)
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Table 1.1 (continued)

Continent/ | Country Year No. of confirmed
region cases References
Romania 2022-2023 |47 CDC (2023)
San Marino 2022-2023 1 CDC (2023)
Serbia 2022-2023 |40 CDC (2023)
Slovenia 2022-2023 |47 CDC (2023)
Slovakia 2022-2023 14 ECDC (2022) and CDC (2023)
Spain 2022-2023 | 7543 (3 deaths) | CDC (2023)
Sweden 2022-2023 | 260 CDC (2023)
Switzerland 2022-2023 | 551 CDC (2023)
Ukraine 2022-2023 |5 CDC (2023)
Israel 2018 1 Erez et al. (2019)
2022-2023 262 CDC (2023)
Turkey 2022-2023 12 CDC (2023)
Russia 2022-2023 |2 CDC (2023)
Regional 2018-2023 25,897 (6 deaths)
total
Western Singapore 2019 1 WHO (2019a)
Pacific
Region
2022-2023 |21 Akhmetzhanov et al. (2022) and CDC (2023)
New Zealand 2022-2023 41 Akhmetzhanov et al. (2022) and CDC (2023)
South Korea 2022-2023 |4 Akhmetzhanov et al. (2022) and CDC (2023)
Taiwan 2022-2023 4 Akhmetzhanov et al. (2022) and CDC (2023)
Australia 2022-2023 144 CDC (2023)
New Caledonia 2022 1 CDC (2022)
Regional 2019-2023 216 (0 deaths)
total
Eastern Bahrain 2022-2023 1 CDC (2023)
Mediter-
ranean
Region
Cyprus 2022-2023 |5 CDC (2023)
Iran 2022-2023 1 CDC (2023)
Jordan 2022-2023 1 CDC (2023)
Lebanon 2022-2023 |26 CDC (2023)
Morocco 2022-2023 |3 CDC (2023)
Qatar 2022-2023 |5 CDC (2023)
Saudi Arabia 2022-2023 8 ArabNews (2022), Reuters (2022) and CDC (2023)
United Arab 2022-2023 16 CDC (2023)

Emirates




1 Monkeypox: Past, Present, and Future 13

Table 1.1 (continued)

Continent/ | Country Year No. of confirmed

region cases References

Regional 2022-2023 | 66 (0 deaths)

total

South-East | China 2022-2023 1 CDC (2023)

Asian

Region

(SEAR)
Hong Kong 2022-2023 1 CDC (2023)
India 2022-2023 |22 (1 death) Dutt (2022) and CDC (2023)
Indonesia 2022-2023 1 CDC (2023)
Japan 2022-2023 |22 CDC (2023)
Philippines 2022-2023 |4 CDC (2023)
Sri Lanka 2022-2023 CDC (2023)
Thailand 2022-2023 15 CDC (2023)
Vietnam 2022-2023 |2 CDC (2023)

Regional 2022-2023 70 (1 deaths)

total

World total 93,950 (140

deaths)

We retrieved literature published from 1970 to January 2023 on Mpox or MPV across the world to document con-
firmed human cases of Mpox. We used various search engines such as Google Scholar, Web of Science, PubMed,
Scopus, and Science Direct to retrieve the data. Additionally, we searched information on the virus transmission route,
clinical diagnosis, vaccines, and treatment. Keywords for retrieving and screening the data were “monkeypox”, “mon-
keypox virus”, “country name”, “monkeypox update”, “monkeypox transmission route”, “natural host reservoir of
monkeypox”, “monkeypox and wild mammals”, “monkeypox symptoms”, “monkeypox structure”, etc. For updates
on Mpox case reports, we also searched the WHO website, the Centers for Disease Control and Prevention (CDC)

website, African CDC, the Pan American Health Organization (PAHO) website, the European Centre for Disease Pre-

LLIT3

vention and Control (ECDC), and various news web pages continuously

of the identified cases have been in individuals
who have not received the smallpox vaccine and
were naive to poxviruses (Alakunle et al. 2020;
Brown and Leggat 2016). Interestingly, individu-
als vaccinated for smallpox, had 85% protection
against MPV. Although the original first-gener-
ation smallpox vaccines are no longer available
for the general population, second- and third-
generation vaccines have been developed and
approved (Brown and Leggat 2016). However,
the degree of efficacy of these vaccines to protect
against MPV infection remains to be fully evalu-
ated (Alakunle et al. 2020). In the 2022 MPV
outbreak, public health authorities suggested ring
vaccination, that is vaccinating close contacts
of the infected person to limit and control the

outbreak. Since MPV infections were primarily
seen in MSM population, this strategy had mer-
its. There is currently no universally approved
antiviral for the treatment of Mpox (Adler et al.
2022). Two drugs, brincidofovir and tecoviri-
mat, approved by the US FDA for the treatment
of smallpox (in preparation for any potential
bioterrorism event), have been investigated for
their activity against MPV (Chittick et al. 2017;
Grosenbach etal. 2018; Siegrist and Sassine
2023). However, these drugs have not been stud-
ied in human efficacy trials, and their effective-
ness in preventing MPV remains to be verified.
The compassionate use of tecovirimat against
monkeypox has been reported without any com-
plications (Adler et al. 2022).
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Table 1.2 Comparison of some of the features of MPV and SARS-CoV2

Monkeypox virus SARS-CoV2 References

Year/place of 1970/Democratic Republic of the 2019/China Heymann et al. (1998)

initial outbreak | Congo and Jiang et al. (2020)

Suspected natu- | Monkeys/rodents Bats Aghajani et al. (2020),

ral host Heymann et al. (1998),
Hutson et al. (2007, 2015)
and Perveen et al. (2021)

Case mortality | <1 <1 Vogel (2022)

rate (%)

Classification Orthopoxvirus/Poxviridae Coronavirus/Coronaviridae Al-Tammemi et al. (2022)
and Fehr and Perlman
(2015)

Type of virus Double-stranded DNA (dsDNA) Single-stranded RNA genome Fehr and Perlman (2015)

and Sklenovska (2020)

Main mode of
transmission

Close/intimate contact: sex, kissing,
touching infected lesions

Respiratory droplets: direct/indirect

Al-Tammemi et al. (2022)
and Fehr and Perlman
(2015)

Incubation period 5-21 2-7 Al-Tammemi et al. (2022)

(days) and Cortés Martinez et al.
(2022)

Genome size 197 30 Fehr and Perlman (2015),

(kb)

Haller et al. (2014) and
Shchelkunov et al. (2001)

Fever, headache, muscle aches, back
pain, low energy, and swollen lymph
nodes, rash

Typical symp-
toms

Fever, cough, tiredness, loss of taste/
smell, sore throat, headache, aches
and pains, diarrhea, shortness of
breath, chest pain

Al-Tammemi et al.
(2022), Bragazzi et al.
(2022), Chen et al. (2020),
Hui et al. (2020) and Jiang
et al. (2020)

1.4.2 One Health Perspective

In Africa, especially in disease endemic area
such as the DRC, several wild animals have
been recognized as susceptible to MPV infec-
tion (Doty et al. 2017). Some animals may have
asymptomatic infection, while others such as
non-human primates, show skin rashes similar
to what is seen in humans. Poxviruses have been
documented in domestic cats, sheep, goats, and
cattle (Tack and Reynolds 2011). In the 2022
MPV outbreak, human-to-human transmission
was the main driving force for the global spread
of the virus. As with many zoonotic infections,
there is an intricate connection between humans,
animals, and the environment. Thus, the One
Health approach is crucial for control strate-
gies (Hassani and Khan 2020; Reynolds et al.
2019). There is a need for joint investigations

of human and animal health teams to study the
sources of infection, risk factors, and modes
of transmission (Eteng etal. 2018). The role
of environmental factors is yet to be explored.
Institutional collaboration for information shar-
ing with regard to wider scientific research inter-
est would also help in identifying the origin of
zoonosis and causes of an outbreak. Moreover,
there are massive gaps in our understanding of
the dynamics MPV emergence, epidemiology,
and ecology. Without information sharing, it is
hard to verify data to support active surveillance
programs (Sklenovskd and Van Ranst 2018).
The communication teams can alleviate public
fear and anxiety by providing correct and timely
information and curtail misinformation. Human,
animals, and environmental health experts
should address health advisories, key messages,
press releases, and frequently asked questions to
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guide public to best practices in reducing trans-
mission and spread of infection (Eteng et al.
2018).

1.4.3 Control Strategies

For developing and implementing control strate-
gies for human Mpox, it is crucial to understand
the epidemiology of virus, natural reservoirs,
modes of transmission, and best methods for
rapid and accurate diagnosis. In African coun-
tries where MPV is endemic in the animal popu-
lation, sporadic spillovers occur from time to
time, resulting in clusters of infections in human
(Table 1.1). Such infections could be prevented
by focusing on surveillance of MPV in the ani-
mal population, better public awareness of the
disease and its mode of transmission, and vac-
cinating individuals working with livestock and
wild animals (Bernard and Anderson 2006). By
contrast, the pattern of spread of MPV in the
global 2022 outbreak which resulted in over
80,000 cases within 6 months of the outbreak
was driven by a sustained human-to-human
transmission. The infection was primarily seen
in the MSM community. The risk to the general
population was minimum. Control and preven-
tion of this pattern of spread requires a focus
on adopting and implementing different sets
of strategies. These include raising awareness
among healthcare professionals, availability and
access to sexual health services, early detec-
tion, testing, contact tracing and management of
confirmed cases. Educational campaigns aimed
at high-risk groups and focusing on addressing
risky behaviors are also necessary.

1.5 Conclusion

The threat of emerging and re-emerging viral
infections with pandemic potential is real. The
1918 Flu pandemic, famously known as the
“Spanish Flu”, claimed an estimated 17-50 mil-
lion deaths worldwide (Spreeuwenberg et al.
2018; Taubenberger and Morens 2006), and the
recent COVID-19 pandemic which has claimed

nearly 7 million deaths within 3 years, are stark
reminders. Thus, it is not a question of whether
we are going to have another pandemic or not,
but rather when this will happen next. Viruses,
such MPV and H5N1 (bird flu) which are cur-
rently prevalent in certain high-risk groups,
could mutate and become highly transmittable
in the general population and lead to large-scale
outbreaks. The world needs to be better prepared
for such events. More investment in pandemic
preparedness and building health capacity, bet-
ter international cooperation and data sharing,
continued surveillance and monitoring of patho-
gen dynamics, understanding human—animal
interactions, rapid diagnosis and containment,
and developing effective antivirals and vaccines,
are all key tools for preventing and controlling
future outbreaks.
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