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Abstract: In May 2022, WHO reported an outbreak of Mpox in several European countries which
were previously Mpox free. Mpox (formerly known as monkeypox) is a zoonotic viral disease
endemic in Central and West Africa. The sudden emergence of Mpox outside Africa and its
subsequent rapid spread lead the WHO to declare the outbreak as Public Health Emergency of
International Concern. As of May 15, 2023, a total of 87,704 confirmed cases and 140 deaths had been
reported from 111 countries and territories worldwide. Looking back on this outbreak one year later,
several important questions have arisen. Here, we address these questions using the classic five Ws:
What, When, Where, Who and Why? We discuss these questions and outline what needs to be done
to prevent, or at least minimize, outbreaks from emerging and re-emerging viral infection.
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1. Introduction

Emerging and re-emerging viral infections have plagued humans for centuries. They remain a
constant threat and a stark reminder to our weakness in preventing outbreaks from these infections
[1]. The 1918 influenza pandemic, the so called ‘Spanish Flu,’ and the more recent COVID-19
pandemic, serve as striking examples of the impact these infections can have on a society. It is
estimated that the Spanish Flu killed in excess of 50 million people, whilst the COVID-19 killed almost
7 million before it was brought under control [2]. We had hardly recovered from COVID-19
pandemic, when in early May 2022, another virus re-emerged; the monkeypox virus (MPOX virus)
[3-5].

Monkeypox virus was not a new virus, but its sudden emergence and rapid spread in countries
not previously known to have the virus was alarming and prompted the WHO to declare the
outbreak as Public Health Emergency of International Concern (PHEIC) [6]. In an effort to control the
outbreak, WHO issued numerous recommendations, including, enhance disease surveillance,
diagnosis and reporting, training and education, engagement and awareness campaigns targeting
high risk groups, and prophylactic use of smallpox vaccine for high risk groups [7,8]. These measures
helped in eventually controlling and ending the outbreak. Monkeypox, renamed Mpox by WHO,
peaked in August 2022 and thereafter gradually declined, eventually leading to the lifting of the 10-
month long Public Health Emergency on 11t May 2023 (Figure 1a) [9]. In this concise review, we
address the re-emergence of the Mpox pandemic in the context of the 5 Ws, namely, What is Mpox?
When did Mpox make its debut? Where did Mpox spread to? Who was most at risk of Mpox? and
finally, Why did Mpox reemerged? By discussing these questions, we hope to reflect on what we
have learnt from this outbreak and how we can be better prepared in the future.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. (A) Weekly confirmed cases of Mpox, and (B) Cumulative confirmed cases from 2"d May
2022 to 15™ May 2023 (based on WHO data)[10].

2. What is Mpox?

Monkeypox (Mpox) is a viral disease caused by the monkeypox virus (Mpox virus) [11]. Mpox
virus is a large, enveloped, dsDNA virus belonging to the genus Orthopoxvirus from the Poxviridae
family. The most notable members of this family that can cause disease in humans, include, variola
virus, vaccinia virus, molluscum contagiosum virus, orf virus, cowpox, and Mpox virus [12]. A
common feature of these viruses is that they typically cause some form of skin infection, but with
varying presentation and degree of severity. Moreover, with the exceptions of variola, the cause of
the deadly smallpox, and molluscum contagiosum virus, the cause of molluscum contagiosum [12],
all others commonly infect animals, with man being an incidental host [13,14].

Mpox is a relatively uncommon zoonotic disease with many clinical features similar to human
smallpox, but typically milder [11]. The disease was first identified in laboratory monkeys and later
discovered to also affect humans. Contrary to its name, neither monkeys or humans are the natural
reservoir for the virus. The virus has been shown to infects a range of different animals, particularly
rodents found in countries in Central and West Africa [15,16]. Two stains of Mpox virus have been
identified to be circulating in different animal populations in the endemic countries in Africa; Congo
Basin clade, and the West African clade. These clades have recently been renamed as Clade I and
Clade II respectively [17]. Clade II is further divided into two subclades referred to as Ila and IIb. In
the 2022 outbreak, sequence analysis of nearly 700 isolates from different countries around the world,
revealed that all the sequences belonged to Clade IIb (Figure 2) [10]. It appears that this outbreak was
not due to multiple zoonotic spillover events, but primarily due the sustained human-to-human
transmission of lineage B.1 of the Clade IIb virus [10]. Although both clades, I and II, can be
transmitted to humans through close contact with infected animals, or through consumption of their
meat [18,19], Clade I appears to be associated with more severe diseases [20-22]. Person to person
transmission usually occurs through close contact with infected bodily fluids, respiratory droplets,
or contact with contaminated objects such as bedding or clothing [23-25]. In endemic countries, small
isolated outbreaks are frequently reported. In most cases, these outbreaks are linked to contact with
animals [24,26].

Although symptoms of Mpox can vary from person to person, most individuals typically present
with prodromal symptoms of fever, headache, myalgias and lymphadenopathy. These symptoms
generally last for 1-4 days before the appearance of a rash [27,28]. The rash may appear on the face,
mouth, palms of the hands, soles of the feet, groin, genital and/or anal regions. Mpox can be confused
with varicella (chickenpox) [29]. However, the latter is primarily a childhood disease in which the
patients do not normally develop lymphadenopathy and the appearance of the rash on the palms
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and soles is rare [30]. The rash in Mpox progresses through different stages, from macular-papular
to vesicular-pustular and finally to crusts (scabs), before falling off [31]. The disease is usually self-
limited, with symptoms lasting for 2-4 weeks. Individual remaining infectious from the onset of
clinical symptoms until the scabs fall off [11,31]. In healthy immunocompetent individuals, Mpox
complications are uncommon, but can include rectal or perianal pain, secondary bacterial skin
infections, pneumonia, and severe ocular problems [28,32].
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Figure 2. Phylogenetic tree of Mpox virus isolates from the 2022 outbreak [10].

3. When did Mpox make its debut?

Monkeypox was first identified in 1958 in a laboratory in Copenhagen, Denmark in monkeys
imported from Singapore [33]. Subsequently, several other laboratories, including from the US, the
Netherlands, and France reported outbreaks of Mpox in captive primates [34-37]. The outbreak in
Philadelphia in 1959 was particularly notable since it involved a colony of some 2000 monkeys, at
least 10% of which contracted the infection [35]. It was suspected that virus originated from a source
in Africa, and subsequent studies confirmed that the virus was indeed present in some countries in
Africa. Assessment of the prevalence of the virus in small mammals in the Democratic Republic of
Congo (DRC), indicated that several animal species, such as the African striped squirrel, Lorrain
dormouse, Emin's pouched rat, Red-legged sun squirrel, Rufous-nosed rat, and the Four-toed
elephant shrew, were positive for anti-orthopoxvirus IgG antibodies [26,38]. Although the natural
reservoir of Mpox virus still remains unknown, rodents are believed to be the most likely candidates
[38]. During epidemiologic and clinical studies of Mpox virus in the DRC, other animals such as the
Redless tree squirrel, Congo rope squirrel, and wild boar were also found to be positive [39,40].
Moreover, several different species of non-human primates have also been shown to be seropositive
[41]. However, the seroprevalence in these animals is fairly low, and they are not the natural
reservoir.

The first human case of monkeypox was reported in 1970 in the DRC in 9 month-old-boy [42].
In addition to the rash, which lasted for about 2-weeks, the boy also developed otitis and enlarged,
painful cervical nodes [42]. According to the boy’s father, the family ate monkeys from time to time.
Monkey meat was considered a delicacy. Between 1970 and 1971, a total six cases of human Mpox
were reported in Central and West African countries [43]. These countries are endemic for Mpox and
sporadic outbreaks continue to be regularly reported [44,45]. The first largest outbreak outside of
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Africa occurred in the United States in 2003, and involved 71 confirmed or probable cases [46]. The
outbreak was traced to infected animals (rope squirrels, giant pouched rats and dormice) that were
imported from Ghana to Texas animals [18,47]. The infected animals had been housed with native
prairie dogs, which subsequently became the source of the multi-state human Mpox outbreak in the
United States [18,47]. The most recent outbreak of Mpox outside Africa occurred in May 2022 [3-5].
This was the largest outbreak of human Mpox in history and involved over 87000 cases. In contrast
to the previous outbreaks, the pattern of spread of this outbreak was very different. Who was most
affected and the factors which probably contributed this outbreak will be discussed in subsequent
sections.

4. Where did Mpox spread to?

For more than 50 years (1970-2020), human Mpox remained primarily restricted to Africa. Most
cases occurred in Central and West African countries, notably in DRC, Nigeria, Central African
Republic, and the Republic of the Congo [44,48]. Cases usually occurred in rural or forested areas,
typically involving animal-to-human transmission, and children under 15 years were most
commonly affected [27,48]. Secondary human-to-human spread accounted for less than a third of the
cases [49]. Although occasional sporadic cases were detected in a few countries outside Africa, they
were primarily exported cases who contracted the infection in endemic countries before travelling
[50,51]. Hence, these sporadic cases did not draw widespread attention and the disease remained
largely neglected. However, all this change in the 2022 Mpox outbreak. There was a clear shift in the
speed, pattern of transmission, and the demographics of the disease [52]. There was a sudden surge
in cases in countries in the European and American continents, men were mostly affected, cases had
no connection to endemic countries in Africa and the mode of transmission was human-to-human
[5,11,52]. The first cases in this outbreak were reported on 7t May 2022 from UK in an individual
who had returned from Nigeria [53]. The patient had developed a rash on the 29 April and flew
back to London on 3-4t May [53]. By the 315t May, UK had 179 confirmed cases, whilst 17 EU member
states reported 321 cases [54]. Highest number of cases were reported from Spain (120 cases), Portugal
(96 cases), Netherlands (26 cases), Germany (21 cases) and Italy (14 cases) [54]. During this same
period, the virus had also spread to several countries outside the EU, including Canada (26 cases),
United States (15 cases), UAE (15 cases), Australia (2 cases), and Mexico (2 cases) [54].

Over the next 1-2 month, the virus continued to spread rapidly to countries which had
previously been Mpox free. By 23t July 2022 (less than 3 months into the outbreak), a total of 16,836
cases were reported from 76 countries worldwide, triggering the Director-General of the WHO to
declare the Mpox outbreak a Public Health Emergency of International Concern [55]. The outbreak
peaked by the end of August 2022 and gradually started declining. By 15% May 2023, 1 year after the
outbreak, over 87,000 cases had been reported from 111 countries [56]. In terms of mortality, a total
of 140 deaths had been reported, and 113/130 (87%) of the deaths were in 104 locations with no
previous evidence of Mpox infection in the population. More than 80% of 87,000 confirmed cases
were reported from just 10 countries (Figure 1B); United States (30,243 cases), Brazil (10,948), Spain
(7,555), France (4,146), Colombia (4,090), Mexico (4,020), Peru (3,800), United Kingdom (3,753),
Germany (3,691), and Canada (1,496). The highest number of deaths were also from the Americas
(117 cases) [10].

5. Who was at risk of getting Mpox?

Although everyone is potentially susceptible to infection with the Mpox virus, survey of
confirmed or suspected cases over the last 50 years, indicated that certain groups were primary
affected. People at highest risk tended to be those living in endemic rural communities [44,48], those
in close contact with infected animals [27,48], people who hunted, ate, or handled infected wild
animals [42,46], those who travelled to endemic regions [50,51], people who had not received the
smallpox vaccine (which provides cross-protection) [57,58], and healthcare workers involved in
diagnosing, treating, and caring for Mpox patients [59,60]. By contrast, in the 2022 Mpox outbreak,
individuals in the European and American continents were primarily affected (Figure 1B). They had
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little or no connection with endemic regions or contact with infected animals. Notably, more than
95% (78,106/81,154) of cases were men with median age of 34 years (IQR: 29-41) [10]. Women
accounted for less than 4%, and pregnant women accounted for only 58 cases [10]. The infection in
this global outbreak was sustained by human-to-human transmission, resulting from sexual or
intimate close contact with respiratory sections and mucocutaneous skin lesions of infected
individuals [10]. Most of the cases were in gay, bisexual or men who have sex with men (MSM) living
in urban areas in clustered social and sexual networks [10,61]. Sex workers and those engaged in
high-risk behaviors, such as multiple sexual partners and having sex without using a condom were
disproportionally affected. These individuals were also often infected with other sexually transmitted
infections, including syphilis, gonorrhea and HIV [62,63].

In HIV patients, particularly those with CD4 T cell count less than 200/uL (i.e. AIDS stage of the
disease), Mpox infection was reported to be more severe and associated with higher mortality [64,65].
These patients exhibited atypical features compared to the immunocompetent individuals in whom
the disease was generally mild, self-limiting and rarely fatal. Although initial symptoms were similar
all patients and included fever, headache, muscle aches and fatigue, followed by skin lesions and
lymphadenopathy, in HIV patients, the skin lesions were more extensive, persistent, and prone to
secondary infections (Figure 3) [66,67]. Additionally, these patients also frequently had disseminated
infection involving other organs and tissues, including the lungs, oral/rectal mucosa, and eyes [65,66].
Thus, timely diagnosis, supportive care, and management of complications was essential for
improving outcomes. Moreover, emphasizing on the importance of preventive measures, including
adherence to anti-retroviral therapy and infection control practices, was helpful in reducing the risk
of Mpox in this vulnerable population.

Figure 3. Mpox infection in: (A) Non-HIV patient [68], (B) Treated and well-controlled HIV-positive
patient [69]. (C) Undiagnosed and advanced HIV-positive patient [67].

6. Why did Mpox reemerged?

The world is effectively one global village and neglecting an outbreak in one part of the world,
however remote and isolated, is not an option. The consequences of such neglect can be disastrous.
The 2014 Ebola outbreak which infected over 28,000 individuals and claimed over 11,000 lives is a
recent example [70]. Prior to the global 2022 Mpox outbreak, there were indications that the incidence
of Mpox was increasing in some countries of Africa [58,71]. So, what contributed to its re-emergence
and rapid spread outside Africa? Several factors are likely to be involved. (1) Increased human-
animals contact: As human populations expand and encroach into previously uninhabited areas,
there is increased contact with wild animals, increasing the risk of transmission. Some of the initial
cases in the 2022 outbreak had travel history to endemic countries in Africa [53]. (2) Decreased
vaccination coverage: Vaccination against smallpox, which provided some cross-protection against
monkeypox, was discontinued in 1980 after smallpox was declared eradicated [72]. As a result, a large
proportion of the population under the age of 45 became susceptible to Mpox, which in turn explains
the increase in incidence of the disease observed in some African countries [57,58]. (3) Increase global
travel: The ease and speed with which one can travel from one part of the world to another can
facilitate the spread of infectious diseases. For the 2022 Mpox outbreak, travelling to and from large


https://doi.org/10.20944/preprints202306.1856.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 June 2023 doi:10.20944/preprints202306.1856.v1

gatherings such Gay pride events or sex-on-site parties is believed to have played a role in the global
spread of the infection [62,73]. Individuals in the LGBTQ communities was primarily affected. (4) The
phylogenetic analysis of the Mpox virus indicated that the global 2022 Mpox outbreak was primarily
driven by the B.1 stain from the Clade IIb lineage [74]. This particular strain of the virus appears to
have evolved from the strain that caused an outbreak in Nigeria in 2018-2019 [75,76]. A number of
single-nucleotide polymorphisms (SNPs) have been detected in this strain, which may account for its
higher rate of human-to-human transmission [75].

7. Conclusion

The threat of emerging and re-emerging viral infections with pandemic potential is real [77,78].
It is not a question of if, but when the next pandemic will occur. We need to be prepared. The 2022
Mpox outbreak was brought under control within three months of its reemergence by advocating
and implementing a combination of socio-behavioral changes and public health interventions [8,79].
These included, strategies involving public awareness and education, social and behavior campaigns
aimed at high risk groups, rapid diagnosis and surveillance, and vaccinating those at high-risk and
their contacts [80,81]. Although these strategies were effectively implemented in affluent Western
countries, the same was not the case for most of the countries in the African continent. The mortality
rate in the African continent was more than 300 times higher than the rest of the world [71]. It is
essential to have sustainable and equitable global plans and policies which should include not only
education and information sharing, but also equitable distribution of drugs and vaccines. The health
disparities between the rich and poor countries are startling and if not addressed, will inevitably lead
to further spillover of infectious diseases to other countries.
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