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Abstract

Monkeypox (mpox), is a disease from the Poxviridae family that can cause several
serious medical issues. This mini-review sought to analyze the existing literature
regarding the current mpox outbreak with a focus on the prevalence, diagnostics, and
containment measures. Mpox cases have been reported to WHO from 85 Member States
in all six WHO regions during the period of January 1, 2022, through August 3, 2022.
Standardized or optimized guidelines for the clinical care of patients with mpox are
limited, particularly in low-resource settings. In an effort to achieve guidance and meet
standards, special attention should be paid to this outbreak in order to eradicate such a
rare infectious disease by analyzing prevention and control measures. Patient outcomes
may also be poor, and their illnesses may last for a long time. The spectrum of clinical
symptoms, including complications and sequelae, as well as aspects of the illness may
be indicators of sickness severity and complications; therefore, its clinical presentation
must be better understood to improve containment measures. In addition, it is
important to create and evaluate a standard of care that takes a variety of parameters
into account, including antiviral, immune therapies, and clinical metrics that are
particular to mpox. The global emergence of mpox has presented new challenges for
public health and has called for further investigation into its epidemiological profile

across international contexts.




INTRODUCTION

The illness known as monkeypox (mpox) is brought on by a mpox virus infection. The
mpox virus is a DNA virus of the Orthopoxvirus genus in the Poxuviridae family, of which
smallpox is also a member [1I. As a result of smallpox eradication in 1980 and the
ceasing of smallpox vaccination, mpox is presently the major Orthopoxvirus to affect
public health [2l. Mpox, which primarily affects Central and Western Africa regions, has
recently started to spread globally [2l. Microscopically, the mpox virus presents as a
brick-like virion in its structure. Two distinct strains of mpox have been found in
various regions of Africa. Clade 1 has been responsible for spreading illness in the
Congo Basin, whereas Clade 2 was isolated in West Africa Bl The 2022
European/North American outbreak may have revealed a third strain that is related to
Clade 2 and has been labeled Clade 3 Bl and is comprised of the hMPXV-1A clade, as
well as the following lineages: Al, Al.1, A.2, and B.1 [*l. Initial sequence data from 15
isolates show that the DNA genome has more mutations than expected, suggesting that
the circulating virus may be rapidly adapting to humans Pl. It needs to be considered
that the orthopoxviral genome is plastic and that it has experience with the deletion of
rge regions which may allow the virus to spread faster and become more virulent [51.

The majority of mpox patients during the global outbreak in 2022 were symptomatic.
Infections without symptoms seem to be uncommon. Traditional cases of mpox have a
systemic sickness that includes fevers, chills, myalgias, and lymphadenopathy, a key
differentiating sign, as well as a distinctive rash that must be distinguished from other
vesicular eruptions (e.g., herpes simplex, varicella, and smallpox) Bl. However, some
individuals have presented with vaginal, rectal, and/or oral lesions without the initial
prodrome during the mpox epidemic outbreak that began in May 2022 [3].

Several studies of mpox have reported complications, including secondary infections,
bronchopneumonia, sepsis, encephalitis, and corneal infections with subsequent vision

loss [31. Transmission can occur from animal-to-human, human-to-human, and even




human-to-animal as evidenced in a human-to dog-transmission reported by Seang et al
[]. The possibility of human-to-animal transmission is of current concern since domestic
animals and new wild animals may become animal reservoirs of the rﬁjox virus.
Zoonotic viruses can transfer from one or more non-human animal species to humans,
such as the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 7l It is
believed that non-human primates, such as monkeys and African rodents, served as the

virus's hosts before progressively spreading to humans and making them contagious L.

In endemic countries of Africa, only wild animals including rodents and primates have
been identified as animal reservoirs [ 8]. Nonetheless, prairie dogs in the USA and
captive primates in Europe have been identified as new animal reservoirs [¢l. The virus
that causes mpox is primarily spread through a bite, scratch, or contact with the bodily
fluids of an infected animal Bl. Additionally, it can be obtained by preparing bush
meat Bl. Mpox virus transmission from person-to-person can happen in several ways:
direct contact with infectious sores, scabs, or bodily fluids; indirect contact through
objects that have picked up the infection, such as clothing or linens that have come into
touch with contaminated body fluids or sores . Though prolonged face-to-face contact
might be necessary for transmission to occur via this method, the mpox virus is also
thought to be spread by respiratory secretions [*l. Because the mpox virus can pass via
the placenta from the mother to the fetus, it is also believed to be transmitted through
vertical transmission . This paper aims to review the prevalence, diagnostics, and

containment of mpox.
Methodology

A mini-review was conducted to narrate the epidemiological aspects associated with
the current monkeypox outbreak. An electronic literature review was carried out
primarily using Med Line Plus, Google Scholar, and Pub Med. For the compiled data,

the search was not only restricted to peer-reviewed articles released between January 1,




2014, and August 4, 2022. Grey literature sources were also visited to learn more about
monkeypox cases. Keywords like the monkeypox virus, its prevalence globally,
diagnostic approaches, and containment, respectively were taken into consideration
when choosing articles or manuscripts. The topic’s relevance was then considered while

deciding which articles to include (Figure 1).

Prevalence and incidence

The mpox epidemiological prevalence as reported to the World Health Organization
(WHO) on August 3, 2022, is analyzed in this paper [°l. The study's focus is depicted
from laboratory-confirmed cases 7. These data points are from patients who had both
confirmed and probable cases that were reported to the WHO European region [l
Furthermore, mpox cases have been reported to WHO from 85 Member States in all six
WHO regions from January 1, 2022, through August 3, 2022 [°l. Over 25,000 Laboratory-
confirmed cases and 122 suspected cases, including 11 fatalities, had been reported to
WHO as of August 3, 2022 [, Most of these cases since May 13, 2022, have come from
nati where there has never been evidence of mpox transmission Pl Alternatively
put, this is the first time that sustained chains of transmission and cases have occurred
in countries without any immediate or direct epidemiological connections to West or

Central Africa [9].

As depicted in Figure 2, the United States of America (USA) leads with 5,825 or 23.2% of
the confirmed cases of mpox, followed by Spain which accounted for 18.3% (4,577), and
the United Kingdom (UK) with 11.0% (2,759) [9]. Additionally, 88.9% of all cases
recorded globally are from the top ten impacted nations which also include France with
8.2% (2,054), Brazil with 5.9% (1,474), the Netherlands with 3.7% (927), Canada with
3.2% (803), Portugal with 2.5% (633), and Italy with 2.0% (505) Pl. Twenty nations have
noted an increase in the weekly number of cases over the last week of July, with the

USA reporting the largest increase [9]. As of August 3, 2022, 14 countries have reported




no new cases in the past 21 days. In contrast, seven new nations (e.g., the Philippines,
Uruguay, Montenegro, Sudan, Liberia, Cyprus, and Bolivia) have reported their first

case within the last week [9].

Diagnostic approaches with signaling pathways, viral genomics, and laboratory

testing

The signaling pathway is a series of chemical processes in which a collection of
components in a cell cooperate to regulate a cell's function. Host protection against
mpox depends on type I and type II interferon signaling, natural killer (NK) cell
activity, and serologic immunity [121. Mpox can suppress interferon signaling and elude
host viral detection, which can result in case fatality rates of up to 11.0% [10.
Intriguingly, analytical findings also showed that the mpox-infected rhesus monkey
(Macaca mulatta) kidney epithelial (MK2) cell line model was primarily regulated by a
cluster of differentiation 40 (CD40), plasmin, and histamine, whereas the mpox-infected
human HelLa cell line model was primarily regulated by interferons (IFNs),
macrophages, and neutrophil-related signaling pathways [''l. It was also seen to have
several highly significant expressed genes that were ess:antial for the development of
mpox infection in both monkey and human models, including CXCL1, TNFAIP3,
BIRC3, IL6, CCL2, ZC3H12A, IL11, CSF2, LIF, PTX3, IER3, ADORA2A, and DUOX1 '],
These genes include several epigenetic regulators, including members of the histone

cluster family, HISTIH3D, and HIST1H [11l.

Comprehensive diagnostic approaches for mpox may help to reduce the outbreak [12-14].
Each lesion is assumed to be clonal in generalized rashes brought on by Orthopoxvirus
species [151. As a result, a genome sequence obtained from a single lesion may not
accurately represent the patient's population, albeit this is not always_the case for

gore of these

lesions that are the main sites of infection [151. It is speculated that finding

parental sequences will be recovered from secondary rash lesions and a larger




proportion of adaptive changes in genomes recovered from initial rash lesions of
a'ruses closer to the zoonotic parent are more suited for disseminated infection [151.
Sequencing genomes from several lesions from both the primary and secondary rash of
specific individuals is necessary to fully understand the evolution and adaptation of the
mpox virus in this global outbreak ['5l. By amplifying DNA fragments, a polymerase
chain reaction (PCR) test of skin lesions or fluid can verify a diagnosis [1¢. A patient's
mpox virus status can be determined by a positive Orthopoxvirus PCR in the case of an
individual who is suspected of having mpox 6. Additionally, seminal fluid, upper
respiratory fluid, blood, and urine may contain the virus nucleic acid ['7191, Table 1
further depicts the possible diagnostic tests for identifying mpox or the Orthopoxvirus

from clinical samples [2°].
Containment through medications and vaccinations

Comprehensive measures to combat the mpox virus, including increasing vaccine
production and distribution, development and testing of new antiviral drugs, making
testing more accessible and convenient, and collaborating with local health departments
and trusted messengers in communities may mitigate the spread of the virus [12-14. To
alleviate symptoms, manage complications, and prevent long-term sequelae, clinical
care for mpox should be fully optimized [221]. Treatment mostly focuses on reducing the
effects because there are no specific drugs available for the management of mpox [22 2.
Although there are presently no therapies specifically approved against human mpox,
two orally bioavailable medications, brincidofovir, and tecovirimat, have been shown to
be relatively effective against Orthopoxviruses (including mpox) in animal models ['7].
These two antivirals are currently recommended therapeutics in humans and may be
beneficial against mpox [21]. The European Medical Association (EMA) has authorized
the antiviral tecovirimat, marketed under the name TPOXX, which was initially created
for smallpox treatment in both children and adults [22]. Tecovirimat interacts with the

F13L gene product, which codes for a phospholipase responsible to produce a protein




complex that facilitates the envelopment of intracellular mature viral particles, to

prevent the generation of extracellular viruses [17 241,

Despite the limitation of antiviral medication for mpox, smallpox vaccination can
prevent mpox epidemics (approximately 85.0% efficient in eradicating mpox) [2°]. Given
worries of severe side effects in a population with an unclear immunocompromised
profile, smallpox vaccinations, which are made of completely replicative vacciniﬁvirus,
are not currently used in monkeypox-endemic locations [2 21, In 2019, a newer vaccine
based on the Ankara strain of the modified attenuated vaccinia virus was authorized for
the prophylaxis of mpox [2. Moreover, JYNNEOS is the live vaccination created from
the attenuated, non-replicating Orthopoxvirus strain Modified Vaccinia Ankara-Bavarian
Nordic (MVA-BN) [26]. There is still a limited supply of this two-dose vaccination,
despite its apgoval and mainstay vaccine usage for mpox from many governmental
agencies 2. Due to the cross-protection provided for the immune response to
Orthopoxviruses, smallpox and mpox vaccines are created based on the vaccinia virus [2.
Lastly, under the Expanded Access Investigational New Drug (EA-IND) procedure, the
ACAM2000 vaccine is also made available in some countries for use against mpox in

addition to smallpox [2,
Discussion

Special attention should be given to this outbreak to accomplish guidance, satisfy
standards, and eradicate such a rare iﬁectious illness by examining preventative and
control techniques [2I. Transmission by respiratory droplet particles usually necessitates
lengthy face-to-face contact, putting health workers, household members, and other
close contacts of active cases at greater risk (7. Due to the infectious nature of mpox, the
Centers for Disease Control and Prevention (CDC) recommends that healthcare
providers take the necessary steps to reduce transmission and protect themselves by

using standard personal protective equipment (PPE) such as gloves, eye guards, gowns,




and an NO95 filter when treating patients ['6l. Close contact with respiratory secretions,

skin lesions of an infected individual, or contaminated things such as garments and

beddings can result in human-to-human transmission 1271,

In an outpatient setting, patients who have mpox or are showing signs of infection need
to be isolated and have their lesions covered up. Patients, two years of age and older,
need to wear face masks, while those who do not require hospitalization, particularly
children and adolescents, are advised to self-quarantine at home [°l. In-patient care
should include the considerations mentioned above and arrange a designated room and
bathroom for the patient ['¢l. Infected patients must avoid contact with healthy
individuals and pets until the scabs have fallen, a new layer of skin has formed, and the
wounds are no longer open [16l. Healthcare providers should use a negative pressure
room for situations that could cause the patient to generate oral secretions, such as

intubation and extubation, with aerosol production requiring special air handling [16],

Additional guidelines also recommend bypassing actions such as sweeping, dusting,
vacuuming, and fans as they can all recirculate dried particles from mpox lesions into
the air [, There are a limited number of disinfectants approved and designated for use
against specific pathogens; to counter this, the United States Environmental Protection
Agency (EPA) developed EVP guidance to evaluate the efficacy of disinfectants based
on data submitted by manufacturers 2%l In the case of viral disease outbreaks, the CDC
recommends sterilization and using high-grade disinfectants with emerging viral
pathogens (EVP) claims, a list of which can be found in the EPA’s List Q [1¢l. Medical
waste contaminated with mpox virus, including PPE, needles, and bandages that need
to be changed is considered Category A waste and should be treated as regulated
medical waste (RMW) [19l. The CDC, along with the EPA, the Department of Labor, the
Department of Transportation, the Department of Defense, and the Assistant Secretary

for Preparedness and Response (ASPR) classify Category A waste as any substance that




can cause permanent injury or a life-threatening illness in healthy individuals after

exposure (2.

Currently, there are no vaccination mandates for health care providers; however, CDC
recommends those 18 years and older with a risk of direct exposure to mpox get the
JYNNEOS, ACAM2000, or LC16m8 vaccine [16, 30]. Post-exposure prophylaxis for
those with unprotected direct contact with mpox is available with vaccinia immune
globulin or tecovirimat if the vaccine is contraindicated [16]. Vaccinia immune globulin
can also be used for post-exposure prophylaxis in children less than 6 mo old [16]. The
effectiveness of tecovirimat as post-exposure prophylaxis and of vaccinia immune
globulin to prevent mpox are still being researched [16]. There are presently no effective
treatments available for mpox; although the condition is self-limiting, persons with
immune system disorders, inflammatory or exfoliative skin problems, pregnancy, and
children under the age of eight are at greater risk [16]. The Strategic National Stockpile
(SNS) has made available smallpox antivirals such as tecovirimat and brincidofovir as
they may be effective for treating mpox. Tecovirimat is a first-line mpox treatment;
however, its effectiveness is currently based on animal models, and brincidofovir
efficacy is still being studied [16]. Vaccinia immune globulin is also a possible
treatment; however, its effectiveness has yet to be determined [16]. Cidofovir, another
antiviral used for Cytomegalovirus (CMV) retinitis, is also being allowed access for
treatment; however, both cidofovir and brincidofovir also have high toxicity profiles

[16, 31].

The coronavirus disease of the 2019 (COVID-19) pandemic effects is still being felt
today, particularly in Latin America. The pandemic has made it essential to rapidly
respond to and examine viral outbreaks in patients by taking multiple samples and
various body fluids to determine where the virus resides and identify the virus and its
genome B2l The COVID-19 pandemic has also demonstrated the need to differentiate

the characteristics of a viral outbreak such as mpox from other disease processes of the




region in Latin America, including smallpox, cowpox, chickenpox, measles, syphilis,
and the Peruvian wart [32. Furthermore, the COVID-19 pandemic also forced healthcare
providers to reconsider the potential for co-infection with other infections or conditions

local to Latin America, such as carrying the human immunodeficiency virus (HIV) [321.

The smallpox vaccine is approximately 85.0% effective in its protection against mpox;
however, the original vaccine has not been readily available since smallpox was
eliminated in 1980 (2. Therefore, another approach implemented to reduce
transmission and contain the outbreak is to vaccinate close contacts of infected patients
[22]. While a single source of infection has yet to be determined, there have been cases
worldwide indicating a trend in sexually transmitting mpox to the community [22. Even
though mpox is not considered a sexually transmitted disease, recent cases reported
from England to the UK Health Security Agency (UKHSA) revealed an increase in
prevalence among those who deny traveling to endemic areas, are gay and bisexual,

and men who have sex with other men [22],

Concerns regarding the geographic distribution and continued return of mpox are
growing 13334, Mpox outbreaks have been documented during the past 50 years in over
10 African nations and 4 non-African nations [¥l. In the African region where mpox is
endemic, both the weakness of surveillance and laboratories in African countries have
been identified as major challenges. Many suspected cases presently exist in Africa.
Democratic Republic of Congo (DRC) and Nigeria have the greatest burden of mpox in
the African Region accounting for 92.0% of all cases with the DRC having 80.0% of
cases. Although the report of mpox cases is lower in Africa compared to the current
global outbreak, it is still a public health concern due to the limited supply of vaccines.
The most prevalent explanation for the rise in mpox cases has been diminishing
immunity 3], while deforestation may also be a contributing factor or possibly operate

as a potentiator 331,




The characteristics of the current outbreak must be defined to determine how to best
use the available tools to contain mpox B5l. Implementing screening tools in healthcare
settings and maintaining a high level of suspicion with emerging clinical case
definitions will aid in the identification of cases and the delineation of the outbreak’s
scope B5 361 Thus, promoting epidemiology, integrated surveillance programs, and

laboratory diagnosis is crucial in affected African countries 7],

CONCLUSION

Following the eradication of smallpox, ongoing human-to-human transmission in many
nations exposes the mpox virus as an emergent Orthopoxvirus infection. Moreover, the
waning population immunity caused by the discontinuation of smallpox vaccination
may have created a favorable environment for the resurgence of monkeypox. This study
highlights the global prevalence, diagnostics, and containment measures of mpox
considering the current re-emergence of cases. Scientific findings underline the
significance of unusual clinical manifestations of human mpox and the demand for
additional and ongoing clinico-epidemiological studies. As human-to-non-human
transmission has been evidenced, the isolation of pets from mpox virus-infected

individuals should be included in the control measures.
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