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Abstract:

The current monkeypox outbreak is a public health emergency of international concern and is coming in the wake
of the SARS-CoV-2 pandemic. Human monkeypox is a viral zoonotic infection caused by monkeypox virus, an
enveloped double-stranded DNA virus of the genus Orthopoxvirus and family Poxviridae that also contain
smallpox, cowpox, Orf, and vaccinia viruses. Online databases including PubMed, Google Scholar and Web of
Science were searched to obtain relevant publications on the epidemiology, treatment, vaccines and the economic
impacts of the current monkeypox (Mpox) outbreak.
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Résumeé:

L'épidémie actuelle de monkeypox est une urgence de santé publique de portée internationale et survient dans
le sillage de la pandémie de SRAS-CoV-2. Le monkeypox humain est une infection zoonotique virale causée par
le virus du monkeypox, un virus a ADN double brin enveloppé du genre Orthopoxvirus et de la famille des
Poxviridae qui contient également les virus de la variole, du cowpox, de I'Orf et de la vaccine. Des bases de
données en ligne, notamment PubMed, Google Scholar et Web of Science, ont été consultées pour obtenir des
publications pertinentes sur I'épidémiologie, le traitement, les vaccins et les impacts économiques de I'épidémie
actuelle de monkeypox (Mpox).

Mots clés: monkeypox, épidémiologie, vaccins, traitement, impact économique

Introduction: eloped double-stranded DNA virus of the genus
Orthopoxvirus belonging to the family Poxviri-

Human monkeypox is a viral zoonotic dae which contains smallpox, cowpox, Orf,
infection caused by monkeypox virus, an env- and vaccinia viruses (1,2). The virus is made
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up of two genetic clades; the Central African
(Congo Basin) clade, which is now known as
clade 1 and more transmissible and causes
more severe disease, and the West African
clade (clade 2), which is thought to cause mild
disease (1,3).

With the recent increase in monkey-
pox cases, changes in the geographic location
of cases, with majority of infections occurring
in regions that have not previously reported
cases, and changes in the demography of
infected persons, it has become imperative to
review the epidemiology, diagnosis, treatment
modalities, current vaccines available for pre-
vention and the economic impact of monkey-
pox outbreak. This will enable researchers to
understand the disease trends, shifts in geo-
graphical spread and changes in the epide-
miological characteristics as a result of evolu-
tion of monkeypox virus and adaptation to the
human immunity, thereby aiding the develop-
ment of innovative surveillance systems, dia-
gnostic techniques, treatment modalities and
preventive measures including vaccines that
will enable prevention and management of fut-
ure outbreaks. This knowledge will also guide
policy makers in making well informed deci-
sions that will positively impact the economy.

The objective of this review is to des-
cribe the epidemiology of human monkeypox,
diagnosis, available treatment options, current
vaccines approved for use, and the economic
impacts of the current human monkeypox
outbreak.

Methodology and Results:

Online electronic databases including
PubMed, Google Scholar and Web of Science
were searched for primary source articles inc-
luding original reports, case series studies,
case reports, seroprevalence studies and epi-
demiological reports on human monkeypox.
Secondary search was also conducted using
references of the primary articles reviewed.
Inclusion criteria for selecting studies for the
review were studies that provided information
on human monkeypox history, diagnosis, clini-
cal features, treatment, vaccination and eco-
nomic impacts. Search words used include
'human monkeypox' OR 'monkeypox' AND
'monkeypox origin' OR 'history' AND 'monkey-
pox epidemiology’ AND 'monkeypox treat-
ment' AND/OR 'management' AND 'monkey-
pox vaccines', AND 'monkeypox economic
impact'. Studies on reviews and systematic
reviews of monkeypox were excluded.

Using the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis
(PRISMA) guide, initial search produced 2310
articles on Google Scholar, 1097 articles from
PubMed and 2593 from Web of Science. Follo-
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wing de-duplication, 1090 article titles and ab-
stracts were screened, followed by assess-
ment of 207 full text publications to determine
eligibility, and 158 publications were further
excluded, leaving 49 eligible articles. A further
28 eligible articles were obtained from secon-
dary searches, giving a total of 77 eligible pub-
lications for the review (Fig 1).

Literature identified through online database
search:

Google Scholar (n=2310}

PubMed (n=1097)
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Fig. 1: Process of selection of publications (PRISMA guide) used for the review
Discussion:

Historical background:

Monkeypox was first identified in 1958
in captive monkeys that developed vesicular
disease while being transported from Africa to
Copenhagen, Denmark for research (4). Alth-
ough this discovery earned the disease its
name, the largest animal reservoirs of the vir-
us are rodents including squirrels and giant
pouched rats (4). The World Health Organiza-
tion (WHO) recently renamed monkeypox as
'Mpox"' following reports from countries and
individuals of racist and stigmatized language
being used in various settings and communi-
ties (5). The natural host reservoir is still
unknown but the animal hosts are varied and
include squirrels, Gambian pouched rats, dor-
mice and non-human primates (1,6-10).

There is plethora of information on
monkeypox that remains unknown, which inc-
lude its mode of transmission from animal to
human host, pathogen-host associations, fac-
tors that enable the virus to persist in nature,
environmental factors that influence the virus
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geographical shift are research questions to be
answered to help in controlling and preventing
monkeypox virus spread. The drivers of trans-
mission to humans are aerosol transmission,
documented in animal transmission (11,12) as
well as direct and indirect contact with infected
live or dead animals (1,13-15). Human-to-
human transmission occurs through close con-
tact with respiratory secretions, skin lesions of
infected persons and contaminated objects
(1,15), placental transmission and close cont-
act during and after birth (1,16). Sexual trans-
mission has not been confirmed and requires
further investigation.

Clinical monkeypox virus infections:

Human monkeypox was first diagno-
sed in the Democratic Republic of the Congo
(DRC) in a 9-month-old boy following the ces-
sation of smallpox vaccination, after smallpox
eradication in the late 1970s (1,17). The clini-
cal manifestations of human monkeypox are
indistinguishable from those of smallpox, but
severity and mortality are much lower with
monkeypox. The disease is characterized by
fever, headache, myalgia, tiredness and mar-
ked lymphadenopathy involving the cervical
and inguinal lymph nodes, and differs from
smallpox and chickenpox in this respect.

The symptoms of monkeypox are mil-
der because of previous immunization with
vaccinia virus vaccine during the smallpox
eradication programme, at which time indivi-
duals developed cross immunity against mon-
keypox (18). Monkeypox is endemic in Central
and West Africa with more cases being seen in
rural tropical rainforest regions, where contact
with animal hosts is more frequent, although
there has been increasing spread to urban
areas with urbanization encroaching into the
rural areas (7,19). In addition, political insta-
bility and insecurity in some of these endemic
areas leads to displacement of large humbers
of people who then live close to these animal
hosts. The practice of many inhabitants hun-
ting wild animals for food, is also a predis-
posing factor. Other African countries that
have reported cases of human monkeypox
include Benin, Cameroon, Central African Rep
ublic, Céte d'Ivoire, Gabon, Liberia, Nigeria,
the Republic of Congo, Sierra Leone and South
Sudan.

Epidemiology of monkeypox

There have been several outbreaks of
human monkeypox after it was first identified
in 1970. The 1970-79 outbreaks affected indi-
viduals in DRC, Sierra Leone, Nigeria, Liberia
and Ivory Coast resulting in 47 cases, with the
majority (n=38) from Zaire and the DRC (20).
Although cases are seen all year round, the
outbreak occurred most often in the dry sea-
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son and clustering was noted within families,
localities and countries (20,21). Children un-
der 10 years of age (range of 7 months to 35
years) were most affected. The sex ratio was
similar with 26 males and 21 females affected.
Among females, adult females were more at
risk. Incubation period was about 12 days
(approximately 7-14 days) (20,22). The onset
of symptoms was within 24 hours to five days
while onset of rash was between 9 to 17 days.
Symptoms ranged from mild to severe and
mostly observed among unvaccinated indivi-
duals. Mode of transmission was either directly
from contact with animals carrying the virus or
secondarily through person-to-person trans-
mission (usually milder and atypical) (20).

The DRC had another outbreak bet-
ween 1981 to 1986 with 338 cases (67%
confirmed by virus culture), 182 male and age
range of 3 months to 69 years (23). Majority
of the cases (86%) were children below 10
years of age and 13% of all cases had vaccina-
tion scar. Among cases identified, 72.5% had
primary infection and 93 patients were consi-
dered to be secondary cases. Attack rates (AR)
among unvaccinated persons was 7.47% while
AR among unvaccinated individuals living in
the same household with cases was 9.3% (7
times higher than AR for vaccinated household
contacts) (23). Case fatality rate (CFR) was
below 10% which was significantly lower than
for smallpox. It was also noted that trans-
mission beyond secondary infection was rare
and it was established that repeated reintro-
duction of the virus was necessary to sustain
the disease outbreak (24). In 1984, an out-
break was also reported in the Central African
Republic. Six cases were identified among
unvaccinated individuals in a pygmy commu-
nity (25).

A third outbreak occurred in the DRC
between 1996-1997. In 1996, Katako-Kombe
health zone, Kasai Oriental, DRC was consi-
dered the epicenter of the outbreak with 71
cases identified and mode of transmission was
predominantly person - to - person (7). From
February 1996 to February 1997, 88 clinical
cases were identified in nine of 12 villages (AR
of 22 per 1000), of which 50 were males. The
median age of onset was 10 years (range from
1 month to 62 years). In keeping with its
occurrence mainly in the dry season, cases
increased from February 1996, peaked in
August 1996 and subsequently declined. This
trend was the same in 1997 when there was a
resurgence in February 1997 with AR being
similar in males and females and ranging from
0-105 per 1000 in Akungula (7). By age, child-
ren less than 15 years of age were mostly
affected (AR of 146 per 1000). As of October
1997, 419 cases were identified; 344 in Kat-
ako-Kombe health zone (AR of 1.1 per 1000)
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and 75 in Lodja health zone (AR of 0.3 per
1000). Five deaths were reported among
children 4 to 8 years of age in Katako-Kombe
(1.5% case fatality ratio). Majority of the
cases were in individuals less than 16 years
and 78% of cases were secondary infections.
Among the cases, only 6% had previously
received vaccinia vaccine putting the secon-
dary AR at 8% (7). With each outbreak, there
have been an increasing number of cases. This
has been attributed to the waning cross-
immunity among those vaccinated with the
smallpox virus, increasing number of young
unvaccinated individuals and increasing hu-
man contact with small animals that could
serve as hosts for monkeypox virus.

In 2003, 11 cases were detected in the
Republic of Congo among children below 18
years of age, which resulted in one death and
one individual with profound sequelae. It was
during this outbreak that sustained person-to-
person transmission was initially observed
(26). The DRC also experienced an outbreak
during this period (2001-2004) with over 2000
suspected cases reported and clinical samples
obtained from 136 individuals as a result of
the civil unrest which hindered surveillance
activities. Fifty-one cases were confirmed from
136 suspected case samples collected, male-
to-female ratio was approximately equal and
age ranged from 2 months to 54 years with
majority of cases occurring in children below
10 years (27). Human monkeypox was also
first reported in the United States in 2003
(28). A total of 50 cases were identified in
Wisconsin, Illinois, Indiana and New Jersey.
Fifty-five percent were females, age ranged
between 1 - 59 years (median - 28 years) with
most being primary infections from contact
with infected prairie dogs. Diagnosis was
through culture or DNA amplification of skin
lesion samples and antibody neutralization
assay. There were no deaths reported during
this outbreak (28).

Sudan experienced an outbreak in
2005 with 10 confirmed cases and 9 probable
cases (29,30). Surveillance data from the DRC
between 2005 to 2007 revealed 760 labora-
tory-confirmed monkeypox cases with pre-
ponderance for people living close to forested
areas, males, below 15 years of age and un-
vaccinated (31). Between 2000 and 2009, the
Republic of Congo reported 27 cases while the
DRC reported 10,027 suspected cases (32,
33). From 2010 to 2019, 2 cases were repor-
ted in Sierra Leone, 6 in Liberia, 3 in Came-
roon, 24 in Congo, 61 in Central African Repu-
blic, 181 in Nigeria and over 8,700 suspected
cases in the DRC (33-46).

The outbreak in Nigeria was as a result
of the West African clade in 2017-2018 with
122 confirmed cases across 17 States (45).
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Male individuals were mostly affected (n=84)
and the age range of infected persons was
between 2 days to 50 years, with median age
being 29 years. Seven deaths were reported
with a case fatality rate of 6%. Transmission
was through primary zoonosis and secondary
person-to-person. All the cases had rash and
other common symptoms including lymph-
adenopathy, fever, itching and headache. By
January 2019, there were 311 suspected
cases across 26 States, of which 132 cases
were confirmed. Most cases were between 21
and 40 years (median age of 31 years). Seven
deaths were also reported (46). In 2018, three
cases were identified in the United Kingdom,
two travelled from Nigeria and one was a
health worker (46,48). In October of the same
year, another case from Nigeria was identified
in Israel. In 2019, a case was imported to
Singapore while in 2021, another was detec-
ted in the USA (49,50,51). In the UK, cases
were subsequently detected in 2019, 2021
and 2022 (52,53). The 2021 outbreak in Nige-
ria was not widespread and the reported num-
ber of cases were 32 with no deaths (54).

In 2022, monkeypox became an infec-
tion with global impact as it became the larg-
est monkeypox outbreak observed in many
countries where it had not previously been
seen and declared a public health emergency
of international concern (1,55-61). As of Sept-
ember 23 2022, about 106 countries have
reported cases, with over 65000 cases globally
and majority of cases (approximately 64,800
in 99 locations) have been reported in coun-
tries outside Africa (62). The highest numbers
have been seen in North America and Europe.
Deaths have been equally split between coun-
tries where monkeypox is endemic (10 deaths
in 3 locations) and locations that have not
previously reported cases (10 deaths in 8
locations) (62). Majority (~99%) of cases
have been among males, with men who have
sex with men (MSM) being disproportionately
affected (60,61,66). This has raised the ques-
tion as to whether it should be termed a sex-
ually transmitted infection (STI) (63-65). Alth-
ough all age groups are affected, adult males
between 26-40 years are worse hit. At the
beginning of the outbreak, majority of cases
(67%) were seen among Whites but as the
outbreak progressed, cases increased among
individuals in the minority ethnicity (Hispanics
-27% and African Americans-41%) while the
number of cases among White reduced (26%)
(66). These demographics in the UK were sim-
ilar (60,61).

While monkeypox is not an STI, it spr-
eads rapidly through sexual and close contact.
Person-to-person transmission through close
contact with lesions, respiratory droplets,
body fluids and contaminated materials are
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the major drivers of this outbreak (60,61,66)
Other risk factors include eating inadequately
cooked infected meat and animal products.
Incubation period is from five to 21 days and
there are two phases of illness. Invasive (pro-
drome) phase which is 0-5 days where infec-
ted persons experience fever, lymph node enl-
argement, malaise, headache, itching, chills
and myalgia. Lymphadenopathy is a distingui-
shing sign of monkeypox which differentiates
it from other infections with similar signs and
symptoms. Skin eruption phase lasts 1-3 days
after fever onset and is associated with rash
that is predisposed to the face and extremi-
ties; 95% of cases have reported facial rash
and 75% have experienced rash on the palms
of hands and soles of feet (61,62,66). Without
treatment, the symptoms usually clear within
2-4 weeks and mortality is between 3-6%, pre
dominantly among children and immunocom-
promised persons.

Diagnosis of monkeypox:

Confirmatory diagnosis of monkeypox
has been through polymerase chain reaction
(PCR) testing of samples taken from skin les-
ions because of its high sensitivity and accu-
racy (60,67). Genomic sequencing is also used
as a diagnostic tool (3,68). Serological and
antigen detection are not recommended due
to cross-reactivity between the different ortho
poxviruses.

Treatment of monkeypox:

Treatment of human Monkeypox is
mainly symptomatic as there are no drugs de-
veloped specifically for monkeypox treatment.
Due to the cross sensitivity among the ortho-
poxviruses, an antiviral drug, tecovirimat, de-
veloped for management of smallpox is used
in @ small percentage of cases, specifically in
individuals who have or are prone to develo-
ping severe form of the disease including
immunocompromised persons and individuals
with skin conditions such as eczema (69,70).
Cidofovir is also used for treatment in some
infected persons (60).

Targeting viral protein p37, a highly
conserved domain found in all orthopoxviru-
ses, tecovirimat is able to inhibit the formation
of the envelopes of monkeypox virus. It is nor-
mally given twice daily as oral capsules for
fourteen days. The US FDA has recently appro-
ved the intravenous form of the drug (on May
19, 2022), which has been found effective in
treating primates (71). The 2022 global mon-
keypox outbreak is different from previous
outbreaks in the mode of transmission, at risk
groups and geographic spread, which could
well be as a result of viral mutations and wan-
ing immunity. People engaging in same sex
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practices have shown higher incidence in
Europe and North America (60,61,62)

Vaccines against monkeypox:

Infection by any of the orthopoxviru-
ses can confer immunity against infection from
other species in the family. This is beneficial
as people who were immunized with the vacci-
nia virus vaccine during the smallpox eradica-
tion are protected from the smallpox, monkey-
pox and cowpox diseases. With the eradication
of smallpox, immunity has waned leading to
resurgence of infections by orthopoxviruses
especially among unvaccinated individuals.

There are two vaccines currently app-
roved for prevention of monkeypox. The first
is Jynneos (Imvamune or Imvanex), a non-
replicating live virus vaccine which is being
used to prevent monkeypox and smallpox
disease by administration four days before
exposure is the primary vaccine approved for
use (72). Two doses taken 28 days apart are
required to provide optimal immune response.
Immunity is conferred 14 days after the
second dose. It is approved for use in all ages.
Although Jynneos has been shown to be
effective in animal and clinical studies, more
information is being gathered on its effective-
ness, side effects and long-term protective
effects. It is also recommended for use in add-
ition to other preventive measures in place.
Most common side effects reported include
redness, swelling and itching at the injection
site, headache, tiredness, muscle aches, chills
and nausea (72).

The second vaccine, called ACAM2000
was developed to protect against smallpox but
expected to be effective in preventing monkey
pox. Therefore, it is approved as an alternative
to Jynneos. ACAM2000 is a live vaccinia virus
vaccine (73) and a single dose vaccine admini-
stered by giving multiple pricks to the upper
arm with a special needle. Special care is
needed for the lesion. Optimal immune resp-
onse is expected 28 days after administration.
ACAM2000 is contraindicated in persons with
weakened immune system including people
with HIV, persons on chemotherapy; pregnant
and breastfeeding women; individuals with
heart conditions and skin conditions such as
psoriasis, eczema, dermatitis; infants below
12 months and individuals who will be unable
to self-isolate from persons who have these
conditions (73). Unlike Jynneos that can be
administered with other vaccines, ACAM2000
cannot be administered with other live injecta-
ble vaccines and it is recommended that other
vaccines be administered 4 weeks after
receiving ACAM2000. Side effects are similar
to Jynneos but in addition, a rash may develop
and swollen glands may be observed. It is also
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associated with more frequent side effects
(73).

Other preventive measures recomm-
ended include avoiding close or skin-to-skin
contact with people who have a rash that looks
like monkeypox, avoid touching surfaces, obj-
ects and materials used by infected persons
and frequent hand washing (74). For those at
high risk of infection, limiting activities that
increase chances of exposure, limiting number
of sex partners and engaging in safer sexual
practices (75). Pet animals can be infected and
transmit monkeypox therefore, measures sho-
uld be taken to prevent infection and spread
of the virus (76). Preventive measures should
also be taken in congregate settings to pre-
vent spread of the virus and in a situation
where a monkeypox case is detected, the
staff, residents and local authorities should be
notified, isolate infected individual and ensure
other preventive measures are adhered to so
as to avoid the spread of the virus (77).

Economic impacts of monkeypox outbreaks:

With the monkeypox outbreak being a
public health emergency of international con-
cern and coming in the wake of SARS-CoV-2
pandemic, the already stretched thin resour-
ces have to be further diversified to conduct
robust surveillance, research, develop and
deploy new vaccines, diagnostic tools and
treatment drugs to prevent further spread of
the disease. The vaccinia vaccine has proven
to be effective but there are limited supplies
and production of more vaccines have to be
expedited and equitable distribution implem-
ented.

In addition, although monkeypox is
regarded as a public health emergency of int-
ernational concern, it has not affected trade or
travel unlike SARS-CoV-2 infection. With the
emergence of monkeypox globally at a time
the world is still grappling with SARS-COV-2
and with young individuals, that make up the
majority of the workforce, being affected, this
will negatively impact GDP of different coun-
tries in losses due to sick days taken off work,
cost of treatment and strain on health care
services and personnel.

Conclusion:

The current global pandemic of mon-
keypox reminds us that infectious diseases
know no borders. Responses should therefore
protect everyone, leaving no country behind.
It is recommended that there should be equi-
table contributions from countries, with each
country taking responsibility for providing so-
lutions to the outbreaks at the national level.
By applying resources responsibly, countries
where these diseases are endemic can gradu-
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ally move away from depending on richer coun
tries, and effectively contribute to both natio-
nal and global efforts to control pandemics.
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