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SUMMARY
Monkeypox is a rare viral infection, endemic in many central and western African countries. The

last international outbreak of monkeypox reported outside Africa occurred back in 2003.
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However, monkeypox has reemerged at a global scale with numerous confirmed cases across the
globe in 2022. The rapid spread of cases through different countries has raised serious concerns
among public health officials worldwide prompting accelerated investigations aimed to identify
the origins and cause of the rapid expansion of cases. The current situation is reminiscent of the
very early stages of the still ongoing COVID-19 pandemic. Overlapping features between these,
two seemingly alike viral entities include the possibility for airborne transmission and the
currently unexplained and rapid spread across borders. Early recognition of cases and timely
intervention of potential transmission chains are necessary to. contain further outbreaks.
Measures should include, rapid and accurate diagnosis of cases meeting case definitions, active
surveillance efforts, and appropriate containment of confirmed cases. Governments and health
policymakers must apply lessons learned from previous outbreaks and start taking active steps
toward limiting the recent global spread of monkeypox..Herein, we discuss the status of the
current monkeypox outbreaks worldwide, the epidemiological and public health situation at a
global scale and what can be done to<keep. at bay. its further expansion and future global

implications.

Keywords: monkeypox; outbreak; Orthopoxvirus; global; infection; human.

INTRODUCTION

Human monkeypox (MPX) is a zoonotic viral disease caused by the monkeypox virus (MPXV).
MPXYV is a double-stranded DNA virus of the genus Orthopoxvirus of the family Poxviridae
known< for over half a century but geographically restricted to a limited number of endemic
countries throughout Central and West Africa. However, during the last two decades, sporadic
reports of imported cases have emanated from North America, Europe, and the Middle East.
More recently, in 2022, a multicountry outbreak has determined great concern as the disease is
rapidly spreading, especially among young men who have sex with men (MSM), causing the
classic vesicular-pustular rash along with other clinical manifestations [1,2]. Multiple studies
have been published in the last few weeks (May through June 2022), in an attempt to decipher
the diverse aspects driving the current expansion of the disease. Because it is critical to
summarize all available medical information about this reemerging viral zoonosis and make it

available for healthcare workers, we have developed the current rapid review article including a
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comprehensive literature search and analysis to aid in the dissemination of knowledge about this
disease [1-107].

Historical background

Monkeypox virus was first isolated and identified in captive cynomolgus monkeys (Macaca
fascicularis) in 1958 at a lab in Copenhagen, Denmark, while working on poliovirus vaccine
research and development [64,65]. However, it wasn’t until 12 years later (1970) that the first
human case was reported in a pediatric patient from the Democratic Republic of the Congo
(DRC) [1,2]. The zoonotic and epidemiological aspects of MPXV.are not well characterized yet
partly due to a lack of research, especially before 2003 [3,64-68]. MPX is common.in Central
and Western Africa across multiple countries where the virus is endemic. This zoonosis had not
been reported outside Africa previous to 2003 [4]. Yet, there are still some doubts as to its true
origin, given that the originally infected monkeys described in Denmark back in 1958 were
shipped from Singapore and not from Africa [64,65,69]. This ariginal report also refers to an
earlier outbreak in 1922 in Alto Uruguay, Brazil, that occurred amongst Mycetes seniculus and
Cebus capucinus monkeys, who developed typical pustules and died in large numbers during a
concurrent pox outbreak, considered at the moment to.be smallpox [64,65,69,70]. These studies
raise many questions about the natural origin of MPXV both, in animals and humans.

So far, two unigue clades have been identified in Africa: the West African clade and the Congo
Basin or Central African clade [5,71]. Qutside Africa, zoonotic transmission has become one of
the main sources of human infection. In“2003, prairie dogs previously infected by rodents,
imported from Ghana caused a major‘outbreak of the disease affecting 71 human subjects. The
infection was. therefore transmitted to humans, exclusively in a zoonotic route (animal-to-
humans), without confirmed human-to-human transmission [72].

Sporadic cases and clusters have also been reported outside Africa between 2003 and 2021
[64,73]. In 2003;.an outbreak of 53 human monkeypox cases was reported in the United States of
America (USA) [6]. Singapore reported one suspected case in a returning traveler from Nigeria
in May 2019 [7]. Three relatives from the same family who had traveled from Nigeria to the
United Kingdom (UK) were also confirmed infected in May 2021 [8]. An additional case of a
man who moved from Nigeria to Texas, USA and developed human monkeypox was reported in
July 2021 [9]. At that same time infection was identified in another patient who had recently

moved from Nigeria to Maryland, USA, that same year [10]. A recent systematic review showed
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a rise in confirmed cases, particularly in highly endemic regions including Benin, Cameroon,
Central African Republic (CAR), DRC, Liberia, Nigeria, Gabon, Ivory Coast, and South Sudan.
This rise may correlate with the halting of smallpox vaccination ending the 1970s in multiple
countries, which is thought to confer cross-protection against monkeypox [4,71].

In a recent meta-analysis, the pooled case fatality rate (CFR) worldwide reached 8.7% (95%ClI
7.0%-10.8%), which was remarkably higher for the Central African clade as compared to the
western clade (10.6% [95%CI 8.4%-13.3%] vs. 3.6% [95% 1.7%-6.8%]), respectively. The
highest CFR was reported among children (<10 years of age) from 1970 to 1990; however,
within the past two decades, the CFR decreased to 37.5%<[4]. According to a clinical and
epidemiological report during Nigeria's human monkeypox outbreak in 2017-2018, seven deaths
occurred among 122 probable or confirmed cases with a mean age of 27 years [12]. Recently,
some studies have suggested that the actual burden of MPX in endemic African countries has
been poorly characterized. Also, the diversity and.extent of animal.reservoirs remains unknown.
However, the synanthropic rodent population.has probably increased in recent years in Africa,
leading to more human-rodent interactions and thus increased transmission of MPXV [74,75].
Background about the virus structure

Poxviruses synthesize their DNA and RNA in the cytoplasm of the infected cell. Poxviridae is a
virus family containingsmany essential viruses that divided into two groups. There are 16 genera
and 16 families (Figure 1). Their host range separates the two sub-families: Entomopoxvirinae,
infecting insects, and.Chordopoxvirinae, which infects vertebrates. Many viruses in the second
group, such as monkeypox, cowpox, and tanapox, cause human sickness. MPXV was discovered
in 1958 (described as a pox-like disease in monkeys) and given its name in 1971 [64,65]. Years
later, it was placed in the Orthopoxvirus genus and Poxviridae family. MPXV is a brick-shaped
virus with an‘encapsulated double-stranded DNA genome of about 190 kb and a dumbbell-
shaped pleomorphic core of 140-260 nm. Both ends of the genome have tight hairpins. They can
create the necessary proteins for transcription and subsequent replication as opposed to many
DNA viruses [11]. Viral entry is dependent on cell types and viral clades, and happen following
an primary attachment to the cellular surfaces via interactions among different viral ligands and
the cellular receptors, for example chondroitin sulfate or the heparan sulfate. Posterior passage
through cell membrane is facilitated by a viral fusion effect with cell membrane, or by

endosomal uptake through a macropinocytosis-like mechanism involving actin [108,109].
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Genomic surveillance

Traditionally, MPXV genomic studies have implemented the use of two clades known as the
‘West African’ and the ‘Central African or Congo basin’ clades. However, in order to implement
a non-discriminatory and non-stigmatizing nomenclature system, some authors suggest the use of
alphanumerical clades, nomenclature already implemented by Nextstrain (Figure 2). Genome
sequences from the current 2022 outbreak have now been made publicly available from different
countries such as Portugal, Spain, France, Switzerland, Italy, Slovenia, Netherlands, Germany,
United Kingdom, Israel, United States of America, Canada<and Brazil. The molecular
epidemiology landscape of the current multi-country outbreak-suggests most likely a dual origin,
most of the sequences cluster on the B.1 and A.2 clades, the B.1 clade seems to be an emergent
clade that diverged from A.1l. (2018-2019 outbreak) with representatives from most of the
countries with MPXV cases (Figure 2). The A.2 clade with only three represented genomes, is a
clade that diverged from the hMPXV-1A ancestral clade circulating in 2018-2021 (Figure 2).
Interestingly, all of the B.1 genomes show the APOBEC3 induced mutations. These mutations
are unique or shared in the emergent lineage, warning for future studies to examine if this is the
source of variations from the recent.outbreak. Large-scale genomic surveillance needs to be
strengthen in order to help discern the origin‘and potential transmission routes leading to the
spread of the of the virus in the current.outbreak [100-105].

Animal hosts in naturalinfection

MPXYV is infective in.a wide range of lab animals, and various species and exposure modalities
have been implemented to create several animal models. MPXV is one of the poxviruses heavily
employed to generate little animal models through various exposure routes due to the variola
virus's inability to develop animal models and the subsequent illness symptoms shared with
humans. Different exposure routes make inbred wild-derived mice, STAT1-deficient C57BL/6
mice, prairie dogs, African dormice, and ground squirrels vulnerable to the MXPV [12].

The range of genera, species, families, and orders of mammals affected by MPXV is wide (Table
1), including non-human primates, arboreal and terrestrial rodents (Figure 3), and other animals.
Among them, spillover between different families seems to be shared, especially in specific
ecological settings. Therefore, the list of affected species probably will be higher and needs in-
depth assessment under the current outbreak conditions to understand if other non-African

rodents are susceptible to MPXV. Some of the susceptible listed species (Table 1) are already
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present outside Africa, and the risk of infection and enzootic cycle establishment is critical at the
moment [64-66].

Infection and transmission routes

Skin is considered the primary source of infection (Figure 3) [13]. Although respiratory droplets
are thought to transmit disease from person to person, the US Centers for Disease Control and
Prevention (CDC) states that this approach needs prolonged face-to-face contact due to the
droplets' inability to travel a long distance (Figure 3). While monkeypox is not sexually
transmitted through sperm or vaginal secretions, authorities say the.maost recent outbreak is due
to male-to-male sexual intercourse [14]. Recently, MPXV has been detected in seminal fluid,
genital and rectal lesions, and feces and saliva from confirmed cases.in Italy [78]. Monkeypox
spreads through bites from rodents to humans and intimate. contact with infected dead, live
animals, or bodily fluids (Figure 3). Human-to-human transmission occurs by close contact with
infected lesions, respiratory droplets, or bodily. fluids (Figure 3). The precise MPXV host
reservoir species is not known, however it is thought to be. small rodents like prairie dogs,
squirrels, rabbits, and others, with primates (monkeys and humans) considered as accidental host
(Table 1) [15]. Congenital infection-may occur in Africa, but there is a lack of confirmatory
studies (Figure 3) [66,79].

Clinical findings

Monkeypox is a self-limiting disease, and the duration of symptoms is approximately 2 to 4
weeks [31]. The incubation period of monkeypox is usually 6-13 days but can range from 5 to 21
days in some cases (Figure 4). Short after the incubation period, monkeypox infection undergoes
two phases or.periods (Figure 4); the invasion phase and skin eruption (rash phase) (Figure 5).
Initial clinical findings of human monkeypox are very alike those of smallpox, chickenpox, and
measles. It begins with a prodromic phase, that can include fever, headache, myalgia, and severe
asthenia (Table.2). Early in the disease, lymphadenopathy caused by monkeypox is what
differentiates it from smallpox. Splenomegaly and hepatomegaly can also be found in these
patients, as MPXV replicates in different lymphatic tissues and other organs (Figure 4) [81,82].
The rash begins on face and extremities, including palms and soles in 75% of cases within 1 to 3
days of fever appearance (Figure 4) [83]. Subsequently, during the cutaneous rash phase, oral

mucous membranes, genitalia, conjunctivae, cornea, and the lungs may also be involved [13].
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Additionally, cutaneous lesions may evolve into raised bumps and papules, which subsequently
blister, resembling chickenpox [16,17]. Lesions can be filled with a white fluid and develop into
pustules an abscesses, which later breakoff and scab [18]. Pustular lesions remain for 5 to 7 days
before crust formation, in which a second febrile period along deteriorating conditions may
follow. Finally, crusts develop and desquamate after 1-to-2 weeks (Table 2) [13]. One of the
most important clinical characteristics that differentiates monkeypox from other entities in the
differential diagnosis is that all the skin lesions evolve monomorphically during each phase, as
opposed to Varicella for example, which can present with asynchrenous lesions such as papules,
vesicles and crusts at the same time [91]. It its worthy to note.iS apparently seem that 2022 cases
may present beginning just with genital ulcers [90,106].

The vesicular-pustular rash is the clinical hallmark feature of monkeypox;. largely impacting the
infected individual (Table 2) (Figure 4). Lesions are characterized by progressive ulceration,
necrosis, and epithelial hyperplasia (Figure 4)..Dermal. healing. generally proceeds through
inflammation, proliferation, and remodeling phases. Risks for secondary infection have not been
the subject of focus, but they can further contribute to the development of cellulitis or sepsis
[19,20]. Any rash developing in the genital or perianal area and presumed to be monkeypox
should be thoroughly assessed since it may owverlap and mimic a variety of other sexually
transmitted diseases [21]. More recently, corneal scarring has been reported to be one of the most
common complications of monkeypox infection in the US. In the province of Tshuapa (DRC),
about 25% of confirmed MPXV cases reported “conjunctivitis" as a disease symptom [22-25].
Another recent consideration i1s the possibility of coinfections (e.g., Human Immunodeficiency
Virus [HIV], syphilis, and other sexually transmitted infections) and how this may influence the
clinical course of disease.[80].

Anyone with.a fever and subsequent pustular rash after visiting an endemic area of monkeypox,
such as the DRC or Nigeria, should be screened for monkeypox (Figure 6). The laboratory-
confirmed infected patient should immediately be isolated. Additionally, the CDC should be
notified to begin investigations and trace close contacts exposed to the index case, either after
arrival or during travel in the USA [15]. Same scenario applies to other local center for disease
control. The World Health Organization (WHQO) has recommended that patients suspected of
infection with MPXV should be investigated, confirmed, and isolated until lesions resolve,

meaning have crusted and the scab has fallen off. Re-epithelization usually forms underneath
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scabbed tissue. It is recommendable covering the lesions with a bandage, sheet, or gown so that
others can avoid potential contact with the lesions (Figure 5).

Severe forms can be observed in the pediatric population, people living with HIV/AIDS
(PLWHA), and other immunosuppressed patients [78,80,84-86]. Complications are secondary
infections, pneumonia, sepsis, encephalitis, and keratitis associated with vision loss, among
others [32,88].

Monkeypox and HIV

Even though it is reasonable to assume that due to underlying immunosuppression, the course of
monkeypox should be more severe in PLWHA, the effects of monkeypox in this patient
population are yet to be determined. Reports emanating from Africa during several local
outbreaks, particularly in Nigeria, where cases of coinfection have been described show variable
results [92-94]. In one study, including 118 cases of MPXV.in which there were seven casualties,
four of these were HIV patients (three cases cited as advanced HIV without ART). Another study
including 40 MPXV patients noted that-at least nine patients.had HIV (of which seven had at
least a high viraemia and low CD4 counts) [2,95]. Outside Africa, evidence is unreliable, as HIV
status was not recorded in most.past outbreaks [87]. However, after reviewing these studies, one
could assume that an uncontrolled or advanced HIV infection could pose a risk factor for
prolonged MPXV shedding, severe disease, and/or mortality [96]. As of this date, there are no
specific recommendations regarding managing HIV patients with risk of exposure to MPXV
beyond vigilance regarding clinical presentation and history of exposure. However, one could
advise caution in patients with low CD4 counts (<200 cellsymm?), (e.g. AIDS diagnosis in the
prior six menths), and persistent HIV viremia (e.g. >200 copies/mL) [97]. Regarding
immunization, non-replicating smallpox vaccines could be used in this population. For example,
the Imvanex. (Bavarian Nordic) MVA-BN vaccine has been studied in PLWHA with CD4 counts
greater than 100.cellss/mm®. However, vaccine efficacy is yet to be ascertained in patients with
uncontrolled viremia o low (<100) CD4 counts. As such, it is recommended to seek specialized
advice to evaluate the need for immunization in this population [98]. As more detailed
information becomes available, more solid recommendations would be developed regarding this
vulnerable population.

Differential diagnoses of monkeypox
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The differential diagnosis of monkeypox includes a wide range of non-infectious and infectious
conditions, in particular those DNA and RNA viruses that may exhibit cutaneous manifestations
(Table 3). This large list includes smallpox, cowpox, tanapox, molluscum contagiosum (Pox
viruses); herpesviruses, such as HSV-1, HSV-2, chickenpox (varicella), zoster (shingles) (Figure
7), exanthem due to CMV or EBV, HHV-6, -7 and -8; adenovirus, human papillomavirus (HPV)
and parvovirus B19 (Table 3) among others. Also, RNA viruses may course with rash and other
cutaneous manifestations, including paramyxoviruses such as measles/(Figure 7), mumps, AIDS
dermatitis, hand-foot-mouth disease (HFMD) (also compromising buttocks) (Figure 7), and
exanthems due to enterovirus and Coxsackie viruses (Figure .7), echoviruses, and rubella.
Bacterial diseases, such as syphilis, should always be considered (Figure 7). Across tropical
countries, multiple arboviruses may display rashes, with or without pruritis, with dengue,
chikungunya, Zika, yellow fever, West Nile virus, Japanese encephalitis, tick-borne encephalitis
being the most common of these. Other rodent-borne viruses, such as.mammarenaviruses, may
also exhibit skin manifestations, e.g., South American hemorrhagic fevers: Argentinian (Junin),
Bolivian (Machupo and Chapare viruses), Brazilian (Sabia), and Venezuelan (Guanarito) [83].
Ectoparasitic diseases, such as scabies.and cutaneouslarva migrans coursing with serpiginous or
serpentine papules and / or multiple erythematous.papules can be a challenging disease mimicker
(Figure 7). Some ofthese conditions may also present as coinfections [80,99]. Drug
hypersensitivity / Stevens-Johnsen syndrome should be entertained in the right clinical scenario
(Figure 7).

Available treatments and vaccines for monkeypox

No licensed treatment or proper evidence-based guideline is currently available for treating
human monkeypox. Thus, clinical management aims to provide symptomatic treatment, manage
complications, and prevent long-term sequelae (Table 4). Recently, the WHO has published an
interim guideline for clinical management [88].

The US FDA has approved tecovirimat and brincidofovir for smallpox treatment [27-29]. None
of these drugs has been tested on humans in phase 3 efficacy trials, but both have shown efficacy
against other orthopoxviruses in animal models, including monkeypox [29]. JYNNEOS®, also
known as Imvamune® or Imvanex®, has been approved in the USA to prevent monkeypox and
smallpox and is currently used in context of occupational exposure [30,89]. Previous data from

Africa shows that this smallpox vaccine is 85% effective in preventing monkeypox [30];
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nevertheless, this needs further assessment. Another vaccine, the vaccinia Ankara has also been
modified for clinical use. Unlike live vaccine preparations, it does not have a risk of spreading
either locally or disseminated [19]. Clinical efficacy trials have also highlighted the safety of this
vaccine by stimulating antibody production in patients with atopy and compromised immune
systems [20].

Antiviral drugs such as tecovirimat, cidofovir, and brincidofovir can be considered mainly for
those with severe symptoms or who may be at risk of poor outcomes, such as those with immune
suppression. In addition, vaccines such as JYNNEOS® and vaccinia Ankara® can be used for
monkeypox, but they are not yet widely available. The WHO. also recommends that some
countries may hold smallpox vaccine products for use according to national guidance [31]. For
example, in a recent report from the UK, brincidofovir (200'mg, 1-2 doses) and tecovirimat (600
mg twice daily for two weeks) were used in confirmed cases attended between 2018 and 2021
[29]. Potential drug-drug interactions can occur in patients on antiretrovirals (e.g., cidofovir has
high nephrotoxic potential, so its use should be avoided with hephrotoxic antiretrovirals, such as
tenofovir-disoproxil), therefore, and should be encouraged.to check interactions with HIV drugs

in the Liverpool site: https://www:hiv=druginteractions.org/checker.

In cases of ocular involvement, steroid drops utilized to manage inflammation may worsen
disease course and further contribute to corneal damage and viral persistence; however, simple
local therapies such as enhanced lubrication or topical antibiotics could be considered [21]. In
the lungs, bronchopneumonia is a rare complication of MPXV. Many studies reported the
accumulation of virus-infected aerosols in the trachea leading to respiratory infection and even
death..This has been‘studied in a large cohort of animals, in which secondary bacterial infection
was noted in one animal unlike the rest [22,23].

Early detection of the disease will help enhance public health control measures. In absence of
currently available licensed and effective drugs for monkeypox, immediate vaccination is the
most effective intervention for public health protection once diagnosis has been confirmed.
During the 2003 outbreak in the United States, the CDC published case definition criteria to
accurately diagnose human monkeypox. The confirmed human monkeypox case requires
laboratory evidence, unlike the clinical and epidemiologic criteria, which may differ by situation
and geographic location [24,25]. PCR analysis of vesicle fluid or scabs can be performed for

laboratory confirmation during disease activity. After disease resolution, testing for varicella
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virus IgM can be performed [32]. The CDC has also crafted a protocol to differentiate between
human monkeypox infection and smallpox to determine whether patients will require additional
investigations [19,33].

Monkeypox is usually a self-limited disease, and most conditions resolve in around 3-4 weeks
after the onset of symptoms. Patients do not risk infecting others after all crusts desquamate [34].
The infected individual should wear a surgical mask, be isolated, and cover the lesions until all
crusts desquamate and the formation of a new skin layer ensues [19]. For individuals exposed to
the virus or who have close contact with infected patients, their temperature and symptoms
should be assessed twice daily for three weeks. In some cases, post-exposure vaccination is
recommended, especially if the contact was between .nfected injured skin, scabs, mucous
membranes, body fluids, or respiratory droplets. All are at a high-risk exposure, and vaccination
is required. Within four days after exposure, vaccination-may halt the onset and progression of
disease. Within 14 days, vaccination may reduce disease severity, according to data from the
CDC [35,36].

The current situation during the ongoing COVID-19 pandemic

A number of well-documented monkeypox cases have been reported throughout the COVID-19
pandemic. One case, a returning traveler from Canada to Massachusetts was reported as the first
case in the US in May<2022. Two cases within the same family whom had been infected and
later confirmed in the UK on May 14, 2022 followed. These two cases had no apparent contact
with any previously imported case from Nigeria. Since then, many other clusters of human
monkeypox have been reported worldwide, many of them with no travel link to endemic
countries. As.of May 25, 2022, 219 monkeypox cases from non-endemic countries worldwide
have been reported, with.a total of 118 confirmed cases from twelve European Union/European
Economic (EU/EEA) Member States. These numbers increased to 2525 confirmed cases up to
June 18, 2022 in.37 countries (Table 5) [37]. The reported cases are mainly but not exclusively
represented by young men who have sex with men [31]. Interestingly, no deaths have been
reported until now, but fatal case was investigated by June 18, 2022 in Brazil [37]. It is important
to remember that in Africa deaths associated with MPX infection have been reported over the
time. Up to June 18, 2022, there has been a rapid and broad geographic distribution of
monkeypox cases worldwide (Figure 6).
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The CFR of monkeypox ranged from 0 to 11 % in the past. Recently it has been around 3-6%
[38]. The Johns Hopkins University data has reported that the COVID-19 CFR is 1.2% in the
USA only, but it is different worldwide [37]. CFR is considered higher in children but needs
further definition. However, the COVID-19 preventive measures are helpful against monkeypox
transmission [31]. There is a potentiality of the coinfection between MXPV and SARS-CoV-2,
especially during the ongoing COVID-19 pandemic [39,40].

Another interesting aspect for epidemiological purposes is the discussion regarding the basic
reproductive number. Previous analyses, using data from the DRC(1980-1984) suggested for the
Congo basin clade of monkeypox at that time a Ry of 0.32 (uncertainty bounds 0.22-0.40) [107].
However, using 85% for vaccinia efficacy (meaning effective coverage) against monkeypox and
the model, authors suggested that the calculated Ry for monkeypox would be 2.13 (uncertainty
bounds 1.46-2.67). Currently, with the 2022 global estimations of elderly population, the one to
be covered (in an assumed ~85% for monkeypox.due to smallpox-vaccination before 1980), of
9.77% (776.9 million people), the Ry for monkeypox in 2022 would be between 1.7-2.2,
explaining the current spreading. Ro in‘influenzais 1.3, COVID-19 2-3, and measles 15-18.
Possible causes and risk factors behind the 2022 monkeypox multicountry outbreak
Monkeypox is the most common cause of human Orthopoxvirus infection, after the eradication
of smallpox in the 1980s, with mast cases reported from West and Central Africa. Therefore,
identifying key risk factors is crucial to prevent amplification of the current outbreak. Studies
have shown that living in the same household, sharing the same bed or room, and eating or
drinking from the same dish were risk factors for human-to-human transmission of the virus
[4,11]"In contrast, ‘outdoor sleeping, visiting or living nearby a forest are risk factors for
zoonotic. transmission of monkeypox [41,42]. Intriguingly, assisting with hygiene and clothes
washing of an infected patient has failed to correlate with an increased risk of transmission of
monkeypox [18]. According to the WHO, close contact with infected persons is the most
significant risk factor for monkeypox infection [38]. Thus, the infected person's healthcare
workers and household members are at greater risk of contracting the disease. WHO has also
reported that unprotected contact with sick or dead animals, including their meat, blood, or other
parts, can also be a potential risk factor for transmission of this virus [38]. In a study published in

1988, most of the cases corresponded to children under ten years of age [43,44].
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The halting of smallpox vaccination may be a risk factor for monkeypox infection [45]. Data
suggests that males are at higher risk of the disease, but this may be explained by the frequent
contact of males with wild animals in endemic regions [45]. Smallpox and MPXV are closely
related [46]. Vaccination against smallpox shows about 85% cross-protection against the MXPV
[30]. The Global Commission for the Certification of Smallpox Eradication (GCCSE) did not
support the smallpox vaccine continuation for monkeypox zoonosis prevention after finishing the
campaign for the smallpox eradication, based on the epidemiological data at that time [47,48].
Current data confirms that this incidence has increased after the discontinuation of smallpox
vaccination [5,45]. Monkeypox cases' resurgence may be promoted by other factors, including
waning immunity and rapid deforestation of endemic regions [49,50].

Furthermore, the virus's genetic evolution might contribute to.monkeypox zoonosis resurgence.
The monkeypox's viral genome analysis showed a gene.loss in.17% of 60 different human
samples, variation that may be tied to human-to-human transmission [51].

Current situations of health care systems and expected response to monkeypox

Our current knowledge on monkeypox.is mainly limited to the sporadic case and outbreak
reports. Therefore, the response.t0 the current:Situation is challenging. While efforts on genomic
surveillance are still ongoing, results from a wider collection of genomes would help experts to
identify and understand the chains. of transmission worldwide [49]. Furthermore, response
strategies against the resurgence of MPXV have not been well documented. In general,
multidisciplinary efforts should be implemented to enhance public health preparedness and
establish active. surveillance initiatives, mainly in low-income countries. Infection control
policies should be promoted.in public hospitals. Healthcare providers' training should also be
encouraged to manage individuals with possible monkeypox infection [52]. It is also necessary to
provide vaccinations, diagnostic tests, and antiviral drugs. However, such precautions can be
hard to implement in resource depleted settings.

The previous experience in the USA facing monkeypox is limited but demonstrated the
importance of infection control principles, including index patient isolation and contact tracing
[52]. The Nigerian CDC's response to the monkeypox outbreak may also serve as an example of
implementing human-animal disease surveillance and response systems [53]. In addition, this

experience may improve surveillance capacity, disease prevention, clinical practice, data
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collection, preparedness, and laboratory diagnostics implementation in other African countries,
particularly those suffering from a lack of resources [54].

Monkeypox defies public health authorities, particularly in regards to laboratory capacities,
surveillance, disease treatment, and the lack of knowledge and experience among health care
workers to recognize, diagnose, and treat monkeypox; makes disease control even more
challenging [55]. Monkeypox cases are occasionally more severe than usual, with some deaths
reported in Central and West Africa. However, authorities have emphasized that the risks to the
public are very low, and we are not facing a serious outbreak. Severe cases are common among
children and are related to patients' low immunity, health status, nature of complications, and the
extent of virus exposure. Today, scientists seek to understand how a less-lethal virus relative to
smallpox has cropped up in many populations worldwide. The severity of the monkeypox virus
lies in its broad ability to spread. Suppose a more virulent strain of monkeypoxwas introduced to
a population with no previous exposure and immunity to Orthopoxviruses. In that case, this
would provide an opportunity to breach.into the population, leading to an expansion of cases at
epidemic proportions; which is why scientists are alert [38,55,56]. Many authorities are
discussing available preventive.measures given the disease's alarming spread. For example, in
Canada, regular meetings are organized by territorial, provincial, and federal chief medical
officers of health to discuss the current situation of this emerging zoonosis [54]. There are also
growing efforts to build a global research agenda for monkeypox [54]. Furthermore, the WHO
appeals to experts to.study and release recommendations about the vaccination necessity for
monkeypox, Which may be helpful for vulnerable populations, close contacts, and healthcare
providers.

Recommendations and future implications

Message to policymakers

When facing ‘a potential monkeypox outbreak, we must learn from history, like the recent
COVID-19 pandemics. Despite the decreasing number of cases and deaths, the COVID-19
pandemic continues to evolve as it transits to what appears to be an endemic fate for the SARS-
CoV-2 virus. Halting an outbreak before bursting out of control, notably an outbreak with an
unexplained widescale spread like monkeypox, should always be a priority when such a risk is
looming on the horizon. Discovering cases of monkeypox in many countries without identifying

an apparent cause should be a wakeup call for governments and policymakers to start setting
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plans and taking serious steps toward handling this outbreak [56]. That begins by raising
awareness about the disease and establishing educational campaigns to the general public and
healthcare workers regarding disease manifestations, transmission, and prevention. In addition, it
is vital to support the healthcare professionals in providing the means of protection, whether by
providing personal protective equipment (PPE) or vaccinations, especially in the underserved
areas. Governments should also double their research efforts on finding an explanation for the
unprecedented and widescale spread of the virus. Whether it is caused by genetic mutations
leading to the emergence of a novel lineage or because of an increased trade of exotic animals, it
is imperative to identify the causes of the problem if we want to tackle it before things wreak
havoc. Affected countries should also consider implementing vaccination campaigns for those
most vulnerable groups [31].

Veterinarians also have a critical role in the current outbreak asanimals actas reservoirs for the
virus [52,57-59]. Therefore, implementing screening programs for-animals, particularly the ones
imported from monkeypox hotspots like countries of central and western Africa, can prove
effective in preventing animal-to-human transmission.

Message to healthcare professionals

Healthcare professionals have a daunting challenge on their hands facing that virus. They are
responsible for diagnosing and treating infection, educating their patients about the symptoms
and how the virus can transmit-from one patient to another, and keeping themselves protected
from infection..Monkeypox, being such a rare disease, was rarely the first probability to come to
mind when seeing a patient with a rash. As a result, very few physicians have hardly seen a case
of monkeypox in their life. However, with the current situation where many countries have an
unexplained surge of cases, all in a matter of days, physicians should take care that cases of rash
could be monkeypox. A group that has been particularly vulnerable to monkeypox is MSM,
PLWHA, and the LGBTQI+ community [60]. However, medical personnel should be alert to any
case of rash and consider the possibility of monkeypox regardless of the gender or sexual
orientation of the patient.

Healthcare workers must familiarize themselves with the clinical presentation of this recently
reemerging virus and be able to act accordingly. Physicians and nurses must commit to
protecting themselves in case of a monkeypox case because any morbidity to the healthcare team

will only burden the healthcare system further in a time when every medical professional is
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needed in battling a potential outbreak in their community. Every medical team should feel
responsible and appreciate their role in these circumstances, which might not be much different
from the COVID-19 pandemic.

Preventive strategies

Preventive strategies need to be deployed to further combat the spreading of the virus. That can
be done by raising public awareness about the topic, offering protective equipment to medical
personnel terms as gloves, masks, and protective clothing, isolating infected individuals,
preferably in unfavorable pressure rooms, and providing immunizations for high-risk groups like
healthcare personnel who encounter cases of monkeypox, laboratory workers, veterinarians, and
contacts of monkeypox patients.

Improving the diagnostic capabilities

Improving diagnostic capabilities is also a significant. aspect. that should be thought of.
Previously, in similar circumstances to the eurrent outbreak; educational seminars and
workshops have proven helpful for healthcare professionals [61]. Especially since monkeypox is
rarely seen in many countries currently affected, medical personnel should be able to recognize
the clinical presentation of the disease, its routes of transmission, differential diagnosis, and its
management. In addition, they should be trained.on sample collection and transportation while
maintaining appropriate infection control measures. Polymerase chain reaction (PCR) is a
reliable diagnostic tool .for the MXPV [4]. Implementing a screening program targeting
vulnerable groups like patients’ contacts and MSM individuals can contribute to limiting the
spread. Thus, it.is imperative to-have PCR-ready units available in the event of suspecting a
monkeypox case in @ community, especially the underserved ones where there is poor medical
care and.transportation.

Surveillance and reporting

Surveillance programs should be set on high alert with a clear action plan for dealing with
reported monkeypox cases. Healthcare workers should actively report any suspected case with
sufficient details so contacts can be tracked and the source of infection can be identified. The
general public should also be encouraged to report any suspected case of monkeypox to their
local healthcare units and seek medical help. Furthermore, molecular surveillance of the
monkeypox virus can help develop and monitor public health interventions. The currently

circulating virus clade in Europe appears to be from West Africa; however, further studying of
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the virus genome can help identify the causes of this outbreak, describe the local transmission
networks, and investigate the connection, if any, between this outbreak and other outbreaks like
COVID-19 [62].

Hospital hygiene practice

Hospitals admitting monkeypox patients should follow strict infection control measures to
prevent the spread of the virus and infecting other patients or medical personnel. If possible, a
patient with monkeypox should be isolated. Patient movement out of the isolated place should be
minimized, wear a face shield and have any skin lesions covered-with a gown or a sheet while
outside. Healthcare staff should have their full PPE on whenever they are inside the patient's
room or interacting with the patient. Wet cleaning is the preferred method of cleaning the
patient's room. Other methods like dry dusting and vacuumingshould be avoided [63].
Take-home messages

The reemergence of the MXPV and its widespread across borders is concerning. Raising
awareness of the healthcare professionals and the .general. public, establishing surveillance
programs, and providing early diagnosis and management are critical in facing this outbreak.
History has taught some valuable lessons in handling such outbreaks, and we must learn from
them. Early and severe steps must be taken to identify the causes of this outbreak and halt its
transmission before things burst out of control.

Conclusions

The recent rapid spread and emergence of Monkeypox outside Africa is a cause of global
concern. Many guestions remain unanswered and under intense scrutinity by clinical and basic
research and science community. Nevertheless, this disease must be adequately contained in
multiple aspects, prioritize high-risk populations, and increase the investment in control, research
and development in endemic African countries and those affected since 2022. In addition,
education and prevention, mainly direct to vulnerable population like MSM are critical under the
current circumstances of considering this an infection that can be transmitted during the personal

and sexual contact, and other contagious routes.
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Table 1. Some animal species are susceptible and naturally infected by the monkeypox virus.

Order Family Genus Species Common name Reference
Eulipotyphla Erinaceidae Atelerix sp. African hedgehogs 77
Macroscelidea Macroscelididae Petrodromus tetradactylus Four-toed.elephant shrew-or-four-toed sengi 76,77
Primates Cercopithecidae Cercocebus atys Sooty mangabey 74,76,77
Primates Cercopithecidae Macaca fascicularis ~ Cynomolgus macaque 77
Primates Cercopithecidae Macaca mulatta Rhesus macaque 77
Rodentia Sciuridae Heliosciurus Sp. Sun squirrels 76,77
Rodentia Dipodidae Jaculus sp. Jerboas 77
Rodentia Hystricidae Atherurus africanus Porcupines 77
Rodentia Muridae Oenomys hypoxanthus Common rufous-nosed rat 76
Rodentia Nesomyidae Cricetomys gambianus . Gambian pouched rat 65,77
Rodentia Nesomyidae Cricetomys emini Emin's pouched rat 76
Artiodactyla Suidae Sus scrofa Domestic pig 77
Didelphimorphia Didelphidae Didelphis marsupialis. »Southern opossum 77
Didelphimorphia Didelphidae Monodelphis domestica Shot-tailed opossum 77
Pilosa Myrmecophagidae Myrmecophaga  tridactyla Giant anteaters 77
Rodentia Sciuridae Cynomys spp. Prairie dogs 65,77
Rodentia Sciuridae Funisciurus anerythrus Homas's rope squirrel or redless tree squirrel 74,7577
Rodentia Gliridae Graphiurus spp. African dormice 77
Rodentia Gliridae Graphiurus lorraineus Lorrain dormouse 76
Rodentia Sciuridae Marmota monax Woodchucks 77
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Table 2. Reported clinical findings in monkeypox and smallpox.

Characteristic

monkeypox

Smallpox

Period
Incubation phase
Prodromal phase

Rash phase (from the appearance of

the lesion to desquamation)
Signs and Symptoms
Fever, severity

Muscle pain, severity
Headache, severity
Lymphadenopathy
Skin Lesions

Depth (mm)
Distribution
Evaluation

Lesion appearance

Lesion progression

Often 6-13 days
1-3 days
14-28 days

Usually between 38.5°C
and 40.5°C

Moderate

Moderate

Moderate

Superficial to deep; 4-6.days
Centrifugal; mainly
Homogenous rash

Hard, well-circumseribed,
deep,.and umbilicated

Slow progression, each stage
lasts about 1-2 days

Usually, 6-13 days
1-3 days
14-28 days

Usually, >40°C

Moderate
Severe
No

Deep, 4-6 days
Centrifugal

Homogenous rash

Hard, well-circumscribed,
deep, and umbilicated
Slow progression, each
stage lasts about 1-2 days
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Table 3. Clinical features of the main differential diagnoses.

Disease Aectiology Incubation Prodromal Period Period Other symptoms Contagious period Complications
Varicella Varicella zoster virus ~ 10-21 days 1-2 days. There may  5-6 days. Pruritic From the prodromal Bacterial
be a fever rash with period until one superinfection,
simultaneous week after the arthritis, hepatitis,
macules, papules, appearance of the pneumonia,
and vesicles. Fever first vesicles encephalitis
Herpes zoster Varicella zoster virus ~ 10-21 days 3-4 days. There may  Painful rash As long as active Immunocompromise
be a fever localized to lesions remain d disseminated
metameres disease
Herpes simplex HSV-1 and HSV-2 Two days-2 weeks Not described Grouping of Satellite lymph node © Three days-One Encephalitis,
vesicles, sometimes inflammation week. It can be meningitis
painful spread during the
asymptomatic period
Hand-Mouth-Foot Coxsackie AB 3-6 days Not described Vesicular. lesions in Fever, respiratory, Faecal shedding for Aseptic meningitis
Syndrome Echovirus, the mouth, hands and  "gastrointestinal several weeks
Enterovirus feet. Sometimes symptoms Respiratory shedding
buttocks one week
Steven Johnson Mycoplasma Target-shaped
syndrome pneumoniae, Herpes macules with bullous
simplex components Mucous
membranes are
involved
Molluscum Genus 2-7 weeks, tan Not described Whitish papules with Not described

contagiosum

Molluscipoxvirus
(Family Poxviridae)

prolonged as six
months

central umbilication
on trunk, face,
extremities
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Table 4. Clinical management of monkeypox [26].

System affected

Treatment (developed
country)

Treatment (lower
resource setting)

Follow-up

Respiratory tract

Sepsis

Gastrointestinal
system sores

Gastrointestinal,
diarrhoea, vomiting

Fever

Skin exfoliation

Superinfection skin

Inflammation or
lymphadenopathy

Ocular infection

Airway and nasopharynx
suctioning and chest
physiotherapy, spirometry,
bronchodilation, antibiotics,
nebulisers, noninvasive
ventilation, and bronchoscopy

Antibiotics, hemodynamics
support such as vasopressors and
intravenous fluids),
supplementary oxygen,
corticosteroids, and insulin
Analgesic treatments

Antidiarrheal and antiemetic
drugs, intravenous or oral fluids

Antipyretic drugs, outer cooling

Wash with soap and water,
moisturised dressings, topical
antibiotics, skin grafts, surgical
removal

Incision drainage, antibiotics,
and wound.management such as
wound negativepressure
treatment

An analgesic or anti-
inflammatory treatments

Antiviral drugs, ophthalmic
antibiotics and corticosteroids

Airway and
nasopharynx
suctioning,
spirometry,
bronchodilation, chest
physiotherapy, and
antibiotics
Antibiotics,
intravenous fluids

Analgesic treatments

Antidiarrheal and
antiemetic drugs,
intravenous or oral
fluids

Antipyretic drugs,
external cooling
Wash with water and
soap, moisturised
dressings, topical
antibiotics

Incision drainage,
antibiotics

An analgesic or anti-
inflammatory
treatments

Antiviral drugs,
ophthalmic antibiotics
and corticosteroids

Pulse oximetry and
respiratory rate

Hemodynamic
assessments such as
pulse oximetry and
blood pressure
assessment

Lesion size, pain
assessment, fluid or
food intake
Volume and
frequency of
diarrhoea and
emesis, fluid intake
and output, body
weight

Steady temperature
assessment

Rash outline, fluid
intake and output
body, weight

Fever, pain,
erythema,
tenderness, warmth,
oedema, exudate
Lymphadenopathy
size, tenderness or
pain

Vision investigation
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882 Table 5. Number of confirmed cases in non-endemic countries as of June 18, 2022.
Country* Cases Country* Cases
United Kingdom 574 Israel 6
Spain 497 Mexico 5
Germany 338 Austria 4
Portugal 276 Norway 4
France 183 Romania 4
Canada 168 Argentina 3
United States 112 Finland 3
Netherlands 95 Hungary 3
Italy 71 Iceland 3
Belgium 62 Greece 2
Switzerland 31 Latvia 2
Ireland 14 Georgia 1
United Arab Emirates 13 Gibraltar 1
Sweden 10 Luxembourg 1
Australia 8 Malta 1
Denmark 8 Morocco 1
Slovenia 7 Poland 1
Brazil 6 Venezuela 1
Czechia 6 Total 2525

883 *37 Countries. Source: https://www.edc.gov/poxvirus/monkeypox/response/2022/world-map.html
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886 Figure 1. Poxviruses taxonomy, showing the ubication of monkeypox virus according to the
887 International Committee on Taxonomy of Viruses (ICTV).
888

= Realm: Vandnavina 2 kingdoms

= Kingdom: Bamfordvirae Realm: Varidnavina 2 phyla, 1 family

= Phylum: Nucleocytoviricota Kingdom: Bamfordvirae 2 classes

+ Order: Asfuvirales Class: Pokkesviricetes 1 family

= Subfamily: Chordopoxvirinae Family: Poxvindae 18 genera
+ Genus: Avipoxvirus Subfamily: Chordopoxvirinae 12 species
+ Genus: Capripoxvirus Subfamily: Chordopoxvirir 3 species
+ Genus: Centapoxvirus Subfamily: Chordopoxvinnae 2 species
+ Genus: Cenvidpoxvirus Subfamily: Chordopoxvirinae 1 species
+ Genus: Crocodylidpoxvirus Subfamily: Chordopoxvirinae 1 species
=+ Genus: Leporipoxvi Subfamily: Chordopoxviri 4 species
+ Genus: Macropopoxvirus  Subfamily: Chordopoxvirinae 2 species
+ Genus: Molluscipoxvirus Subfamily: Chordopoxvirir 1 species
+ Genus: Mustelpoxvirus Subfamily: Chordopoxvinnae 1 species
= Genus: Orthopoxvil Subfamily: Chordopoxvin 12 species
Species: Abati pox virus  Genus: Orthopoxvirus

Species: Akhmeta virus Genus: Orthopoxvirus
Species: Camelpox virus Genus: Orthopoxvirus
Species: Cowpox virus Genus: Orthopoxvirus
Species: Ectromelia virus Genus: Orthopoxvirus
Species: Monkeypox virus  Genus: Orthopoxvirus
Species: Raccoonpox virus Genus: Orthopoxvirus
Species: Skunkpox virus Genus: Orthopoxvirus
Species: Taterapox virus Genus: Orthopoxvirus
Species: Vaccinia virus Genus: Orthopoxvirus
Species: Variola vius Genus: Orthopoxvirus
Species: Volepox virus  Genus: Orthopoxvirus

+ Genus: Oryzopowvirus  Subfamily: Chordopoxviri 1 species
+ Genus: Parapoxvirus Subfamily: Chordopoxviri 5 species
+ Genus: Pteropopoxvirus Subfamily: Chordopoxviri 1 species
+ G Salmonpoxvirus Subfamily: Chordopoxviri 1 species
+ G Sciuripoxvirus Subfamily: Chordopoxviri 1 species
+ G Suipoxvirus - Subfamily: Chordopoxvirit 1 species
+ Genus: Vespertilionpoxvirus Subfamily: Chordopoxvirinae 1 species
+ Genus: Yatapoxvirus Subfamily: Chordopoxvirinae 2 species
+ G Alphaentomopoxvi Subfamily: Entomopoxvirinae 7 species
+ G Betaentomopoxvi Subfamily: Entomopoxvinir 16 species
+ G Deltaentomopoxvi Subfamily: Entomopoxviri 1 species
+ G tomopoxvir Subfamily: Ei POXVIrit 6 species
889 Species: Diachasmimarpha enfomopois  Sublamiy: Enfomoporvi

890



891

892
893
894
895

Figure 2. Genomic epidemiology of monkeypox virus (145 genomes sampled between 2017 and
2022). Built with nextstrain/monkeypox, maintained by Nextstrain team, and enabled by data
from GenBank. Source: https:/nextstrain.org/monkeypox/hmpxv1
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Figure 3. Transmission routes of monkeypox.
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909 Figure 5. Cutaneous lesions in a patient with confirmed MPXYV infection from Prague, Czech
910 Republic [80]. Patient has HIV and syphilis coinfection.
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914 Figure 6. Geographical distribution of monkeypox cases in 2022, up to June 18, 2022. From:
915 https://ourworldindata.org/monkeypox
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Figure 7. Clinical differential diagnosis of monkeypox; Varicella (panels A and B), Herpes simplex, disseminated (panel C) and
herpetic gingivostomatitis (panel D), foot-and-mouth disease due to Coxsackievirus (panels E, F, G and H), secondary syphilis (panels
I, J and K), scabies (panel L), measles (panels M, N, and O), metameric Herpes zoster«(panel P), and Stevens-Johnson syndrome
(panel Q) (Photos took by Dr. J. A. Suérez, with consent).




