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ABSTRACT

Received: Monkeypox virus is a DNA virus classified under the family Poxviridae and the genus
Orthopoxvirus. Monkeypox is usually restricted to the Central and Western zones of the African
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Received in revised form: continent. In 2022, many monkeypox cases were reported from non-endemic countries in North
' America, Europe, Asia, and Australasia. On 23rd July 2022, the Chief of the World Health
14 Dec 2022 Organization (WHO) declared the 2022 monkeypox epidemic as a public health emergency of
Accepted: international concern (PHEIC). It announced recommendations to curb the transmission of the
16 Dec 2022 disease around the globe. Monkeypox is a zoonotic disease, but human-to-human transmission can
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occur through direct or indirect contact with body fluids, skin lesions, and respiratory droplets. The

28 Dec 2022 recent outbreak was noticed commonly in homosexual men. A pregnant mother infected with
monkeypox resulted in congenital monkeypox, resulting in miscarriage. Clinical manifestation of
monkeypox lesions follows four stages: macules, papules, vesicles, and pustules, followed by
crusts/scabs. There have been some cases of complications like septicemia, bronchopneumonia,
ocular involvement, and central nervous system manifestations. There are effective antiviral agents
like tecovirimat (TPOXX), cidofovir, and brincidofovir, which are all available for treatment. The
vaccines which are administered for monkeypox are LC16, MVA-BN (JYNNEOS in the United
States of America), and ACAM2000.
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Introduction

After the eradication of smallpox in West Africa and Central Africa, monkeypox (MPX) infections in humans were discovered
in these regions in the early 1970s [1]. Prior to this, it was first found in captive monkeys in 1958. While there is no primary
reservoir for the virus, it can be found in various types of rodents, shrews, and small mammals [2]. This initial case was found
in Bukenda, the Democratic Republic of Congo, in a 9-month-old baby with a vesicular eruption. Between 1970-1971, cases
were found in Ivory Coast, Liberia, Sierra Leone, as well as Nigeria.

The most cases have been reported from the Democratic Republic of Congo with 6000 cases, and Nigeria with 3000 cases.
Since September 2017, there have been many monkeypox cases reported in Nigeria. Before this, Nigeria’s last confirmed case
was in 1978 [3].

Outside of Africa, an outbreak occurred in May 2003 in the USA in the Midwest, where 72 cases were found in 2 months, 42
of which were confirmed cases. It was believed to have been passed on from prairie dogs that were with an animal distributor
to whom several African rodents had been imported from Ghana. A ban on importing and breeding African rodents was then
put into place, as genomic analysis showed identical sequences from a person, a prairie dog, and two rodents [4].

The monkeypox virus (MPXV) is classified under the genus Orthopoxvirus of the subfamily Chordopoxvirinae and the family
Poxviridae. It is closely related to other Orthopoxviruses, mainly variola, which causes smallpox. Both diseases show similar
symptoms and are difficult to distinguish through laboratory tests. The main structural elements in the monkeypox virus are
the core, lateral bodies, outer membrane, and envelope [5]. The core contains viral DNA and proteins, and lateral bodies are
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on either side of the core (Figure 1). They are enclosed within an outer membrane with a ridged surface. The virions are
enveloped by a lipoprotein membrane, which includes polypeptides such as orthodox hemagglutinin.
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Figﬁre 1. Electron micrograph of monkeypox4virus particles — CDC

Monkeypox Epidemic in 2022

In early May 2022, along with the usual reports of cases of Monkeypox from endemic countries, cases started being reported
from various geographical areas which were not endemic to it [1] (Figure 2). Most of such confirmed cases had a travel history
to countries in Europe and North America. Men who have sex with men were mainly affected, and most cases were identified
through primary and secondary healthcare facilities during sexual health services and other health services. Although it is not
a sexually transmitted disease, this raises the possibility of transmission during intercourse due to direct contact, as the rash
often involves the anogenital region.
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Figure 2. Countries affected by monkeypox virus in the current epidemic - adapted from WHO

According to the latest update by WHO on 27th June 2022, there were a total of 3413 confirmed cases and one death from 50
different countries. The European region was the most severely affected, with 86% of cases, followed by the Region of
Americas (11%), African region (2%), Eastern Mediterranean Region (<1%), and Western Pacific Region (<1%). The death
was reported in Nigeria [6].

The sudden spread of Monkeypox to non-endemic areas is peculiar, raising several questions about why it is spreading now.
One proposed theory is that the lockdowns enforced due to the COVID-19 pandemic may have controlled the spread. As travel
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bans were lifted, international travel to endemic areas may have facilitated the spread to non-endemic areas [7]. Another
contributing factor could be diminishing herd immunity to smallpox as vaccination rates fall.

Monkeypox Variants

There are two distinct clades of the monkeypox virus; the Congo Basin and the West African clade. The Congo Basin is
centered in the Democratic Republic of Congo, while the West African clade lies mostly between the Equator and the South
of the Sahara [8]. The former Congo Basin (Central African) clade is now referred to as Clade one (1), and the former West
African clade is referred to as Clade two (1), which consists of two subclades; Clade Ila and Clade I1b. Clade | is known to
cause more severe diseases and is more contagious. There is ongoing research to identify the genes responsible for this. One
of the differences between Clade | and Il is the N2R, and N3R deletion, responsible for human-to-human transmission,
observed in Clade 1. Clade Ilb is the variant largely circulating in the 2022 global outbreak [9].

Modes of Transmission

Although the exact mode of transmission is not established, based on other poxviruses, it is suggested that animal-to-human
transmission may be from infected animals, such as non-human primates, terrestrial rodents, antelope, gazelle, or tree squirrel,
biting or scratching humans. It may also be transmitted through humans eating uncooked, infected meat [10].
Human-to-human transmission may occur through respiratory droplets, direct or indirect contact with bodily fluids, skin
lesions, or recently contaminated surfaces or material. The respiratory droplets are more than 5mm, making them heavy. Hence,
it requires close contact for the transmission of these virus particles [8]. The virus can cross the placenta, resulting in vertical
transmission. They may result in miscarriages in the first trimester. Newborns may also be infected during delivery or soon
after birth [11]. Many cases have been reported in men who have sex with men, which suggests direct contact with lesions
during sexual contact.

Clinical Features

The incubation period lasts for 6 to 13 days. The clinical manifestation of monkeypox appears in two stages [12]. In the first
stage, which lasts up to 5 days, the patient may suffer from fever, intense headache, backache, myalgia, severe asthenia, and
cervical, axillary, and inguinal lymphadenopathy. The second stage starts one to three days after the onset of fever, in which
exanthema and a typical poxviral lesion develop [13] (Figure 3). The lesions seen in monkeypox are firm or rubbery, well-
circumscribed, deep-seated, and often develop umbilication, which resembles a dot on the top of the lesion [14]. The clinical
presentation in the ongoing epidemic is atypical and unusual, characterized by anogenital lesions and rashes that relatively
spare the face and extremities. In previous outbreaks, itchy and painful lesions are reported mostly in the face, limbs, and oral
mucosa [15]. The lesions progress through four stages, macular, papular, vesicular, and pustular, before it starts scabbing over
and desquamation occurs [16] (Figure 4). This process is self-limiting within 4-6 weeks. Only around 2% of the cases need to
be hospitalized [17].

Figure 3. Skin lesions of monkeypox — courtesy from WHO
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Figure 4. Stages of monkeypox rashes - UK Health Security Agency

Complications

Complications may include secondary infections due to bacterial colonization of the open lesions; septicemia, from a systemic
spread of secondary bacteria; bronchopneumonia, as the frequent entry route is respiratory [18]. Around 20% of patients were
also affected by conjunctivitis and corneal lesions, which may lead to scarring and blindness [19]. CNS manifestations of
monkeypox are most commonly a generalized or frontal headache associated with asthenia, myalgia, and neuralgia. Although
rarely, monkeypox can also lead to encephalitis, along with seizures. Three such cases have been reported during the current
outbreak [20].

Treatment Options Available for Monkeypox

Currently, no treatment is specifically approved for the monkeypox virus. However, antiviral drugs that have been developed
for the treatment of smallpox have been licensed to be used against monkeypox as well [21, 22]. Tecovirimat, TPOXX, is an
antiviral that acts by inhibiting the activity of the orthopoxvirus VP37 protein, which blocks its interaction with the cellular
Rab9 GTPase and TIP47, preventing the formation of virions required for the dissemination of the virus [23]. Tecovirimat is
approved to be used in adults and pediatric populations weighing a minimum of 3 kg, although TPOXX injection is
contraindicated in patients with severe renal impairment, with a creatinine clearance below 30 mL/min [24]. The most common
adverse reactions reported with TPOXX capsules were headaches, nausea, abdominal pain, and vomiting, while those
administered with TPOXX injection reported administration site reactions and headaches [25]. The European Medicines
Agency first licensed TPOXX for the use of monkeypox in January 2022 [26]. As data is unavailable on the effectiveness of
Tecovirimat in patients with monkeypox, the Centers for Disease Control and Prevention allows the use of stockpiled
tecovirimat to treat monkeypox during an outbreak under the New Investigational Drug protocol.

Cidofovir is an antiviral medication used to treat cytomegalovirus retinitis in patients with acquired immunodeficiency
syndrome. CDC currently holds an expanded protocol that allows the use of stockpiled cidofovir for treating orthopoxviruses,
including the monkeypox virus, in an outbreak [27].

Brincidofovir is a lipid conjugate of cidofovir, which is designed to resemble a natural lipid, resulting in endogenous uptake
by the cells. Endogenous Brincidofovir is cleaved to produce phosphorylated cidofovir to yield the active antiviral. This is
incorporated into multiplying DNA chains, resulting in a reduction in the rate of DNA synthesis. Brincidofovir is approved by
the FDA for use in patients with smallpox. Although data on the effectiveness against monkeypox in humans has not been
demonstrated, it is shown to be effective against orthopoxviruses in vitro and animal studies. CDC is developing an EA-IND
to facilitate this drug’s use for monkeypox treatment [28].

Treatment Using Immunoglobulins

FDA has approved two preparations of vaccinia immunoglobulins; VIGIV Cangene and VIGIV Dynport [29]. It is prepared
with purified 1gG antibodies extracted from the plasma of healthy individuals that have been immunized with a live vaccinia
virus, using an anion-exchange column chromatography method. Minimal amounts of IgA can also be found in the solution.
They are followed by sterilization and stabilization. Vaccinia immunoglobulins are used to counteract the adverse effects, such
as progressive vaccinia seen after smallpox vaccination or in those who are contraindicated to get the smallpox vaccinations
before or after exposure. The efficacy data for use against smallpox is limited, but small studies have shown favorable
pharmacokinetic profiles [30]. They have been shown to cause anaphylactic reactions and some local stiffness, nausea &
headaches. This is contraindicated for those with vaccinia keratitis due to the risk of corneal scarring, a history of systemic
reactions to any parenteral immunoglobulin preparations, and those with a history of IgA hypersensitivity.
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Vaccines
Vaccination is one of the public health measures currently being implemented against monkeypox [31]. Three vaccines have
been approved for use against monkeypox- LC16, MVA-BN (JYNNEOS in the United States of America) & ACAM2000.
The former two are newer generations of the smallpox vaccine that have been developed to be safer & are also believed to be
efficacious against monkeypox. Unfortunately, data on the efficacy of these vaccines are limited, especially in the context of
the current outbreak. Vaccines are not recommended for the whole population but for those at risk, with priority given to those
at higher risk of infection, determined through thorough case investigation & contact tracing [32].
High-risk groups are recommended to have primary preventive (or pre-exposure) vaccination include, but are not limited to,
men who have sex with men, individuals with multiple sexual partners, research laboratory personnel that handle cultures or
animals that can cause infection in humans, and designated response team members [33]. Post-exposure preventive vaccination
is recommended for those with high or medium exposure risk. High risk for exposure is defined as direct exposure of the skin
or mucous membranes to skin or respiratory secretions, body fluids, or potentially infectious material of a person with
confirmed, probable, or suspected monkeypox. In contrast, the medium risk is posed with a proximity in the same room or
indoor physical space as a symptomatic patient with confirmed monkeypox if they were not wearing appropriate personal
protective equipment.

Vaccine - X; JYNNEOS

MVA-BN or JYNNEOS is a live, non-replicating vaccine. This means that the vaccine contains an attenuated form of the pox
virus that can mimic the infection caused by the virus to train the body’s immune system to fight future infections [34]. This
vaccine is administered subcutaneously or intradermally (for those who are 18 years or older) in 2 doses, 28 days apart. It is
preferred that the second dose is completed no more than 35 days after the first one. The efficacy of only one dose of the
vaccine is unknown. Subcutaneous administration can be painful, whereas intradermal is less so. However, the latter can cause
side effects of redness, firmness, itching & swelling at the site of injection [35]. Live vaccines are usually contraindicated for
the immunosuppressed; nevertheless, they have also been deemed safe for immunocompromised individuals. Due to a lack of
data, safety is not confirmed for pregnant & lactating individuals as well as pediatric populations; however, its use can be
considered based on clinical judgment. FDA has approved its use for those under the age of 18 years [36].

Vaccine - Y; ACAM2000

ACAM2000 is a live replicating vaccine with more known side effects and contraindications than JYNNEOS. It contains the
vaccinia virus that, is of the same family as the smallpox virus & hence can provide immunity against it [37]. This vaccine is
administered percutaneously in a single dose with a special two-pronged needle that pricks the skin multiple times. A localized
infection will follow this at the site of inoculation called a “take.” It is normal for this sore to take multiple weeks to heal.
Side effects of this vaccine include pain & swelling at the inoculation site, lymphadenitis & symptoms such as malaise, fever,
myalgia & headache, as well as urticaria & folliculitis. Myocarditis, pericarditis, progressive vaccinia & post vaccinal
encephalitis have also been reported as possible adverse events [38]. This vaccine is contraindicated for anyone who is
immunosuppressed, pregnant or lactating, under the age of 1 year or has cardiac conditions, skin conditions such as eczema
and psoriasis, and a history of allergic reactions to the vaccine. Those who cannot isolate themselves from those with the
conditions mentioned above should also not get the vaccine.

Results and Discussion

Clade Ilb is currently the predominant variation of Monkeypox circulating in the 2022 global outbreak. Although it is less
severe and the transmission rate is low, healthcare workers still need to be vigilant about the disease, as it can lead to severe
neurological and ocular complications and septicemia [16]. Stricter screening policies before travel to & from endemic areas
to non-endemic areas is a possible, important step that can be taken to control & prevent future outbreaks. This is because
some international spread has been attributed to people who traveled to endemic regions or animals imported from these areas
[4].

There is a lot of room for further development of antivirals that can be used to manage those infected with the virus while
minimizing side effects & increasing availability. The primary, secondary & tertiary preventive measures for smallpox should
be available to everyone at increased risk of infection [39]. The implementation of vaccination as a public health measure is
limited for the population due to a lack of data on efficacy and side effects. Clinical trials on an international level are required
to use immunization as effectively as possible [40]. This is an important step as one of the causes of the recent outbreak may
have been due to diminishing herd immunity to smallpox. While a suitable solution for vaccination is sought, educating the
public about preventive measures is integral to preventing future outbreaks. This may include limiting contact with those
affected by isolation, ensuring that meat is properly cooked before ingesting, as well as using personal protective equipment
such as masks. Regular screening programs targeted toward those at high risk may also prove to be beneficial [41]. The diagram
depicting clinical features, complications, treatment, and prophylaxis is given (Figure 5).
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Figure 5. Clinical features, complications, treatment, and prophylaxis
Conclusion

Monkeypox, an endemic in certain parts of Africa, exhibited an exponential rise in cases in 50 countries in 2022. The infection
that is believed to be transmitted among humans through the respiratory route as well as direct & indirect with bodily fluids
has a Clade | & Clade Il variant, with the latter being further divided into Clade Ila & Ilb. Infected persons can have
manifestations that happen in 2 stages. The first one has systemic manifestations such as fever, headaches & lymphadenopathy,
while the second one presents with the skin lesions characteristic of the monkeypox infection. The infection can progress to
cause septicemia, pneumonia, conjunctivitis, corneal scarring, encephalitis, and other CNS manifestations as well. The
infection can be treated with antivirals such as Tecovirimat, which has been approved for smallpox infections, as well as
cidofovir & brincidofovir. Vaccinations have been developed for pre-exposure prophylaxis as well as post-exposure
prophylaxis & they are LC-16, JYNNEOS & ACAM2000. Passive immunity with vaccinia immunoglobulins is also one
available option currently.
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