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Abstract The emergence of the monkeypox outbreak in early 2022 has posed a new global
health threat. As of July 8, 2022, 9069 laboratory-confirmed cases have been reported, and
most of them are from non-endemic countries. The monkeypox virus is an enveloped
double-stranded DNA virus, and preliminary genetic data suggest that the 2022 monkeypox vi-
rus belongs to the West African clade. In the current outbreak, human-to-human transmission
has been the primary transmission mode. Although direct skin-to-skin contact with lesions dur-
ing sexual activities can spread the virus, it remains unclear whether monkeypox can spread
through sexual contact, specifically through contaminated body fluids. The typical presenta-
tion of monkeypox includes prodromal symptoms, followed by a rash that usually begins within
1e3 days of symptom onset, and the skin lesions can last for 2e4 weeks and then gradually
resolve. However, the monkeypox outbreak in 2022 may exhibit atypical features. A definite
diagnosis of monkeypox virus infection requires nucleic acid amplification testing via the poly-
merase chain reaction method. Supportive care is essential, and antiviral therapy is not
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considered for all affected patients, but recommended for those at highrisk for severe dis-
eases. The mitigation of monkeypox outbreaks include enhanced case detection, case isola-
tion, contact tracing, and post-exposure vaccination. In conclusion, the current monkeypox
outbreak is a new threat during the COVID-19 pandemic. Clinicians should be aware of this
new situation, which presents a different scenario from those of prior outbreaks. Global health
systems should develop effective strategies to mitigate the spread of monkeypox.
Copyright ª 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

As of 18 July, 2022, more than 559 million cases of corona-
virus disease (COVID-19) have been reported since the first
outbreak of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection in China. This outbreak has caused
more than 6 million deaths globally.1,2 However, the impact
of COVID-19 has been mitigated via the development of
effective vaccines, antiviral agents, and other
treatments.3e9 The emergence of the monkeypox outbreak
in 2022 has posed another global health threat.10 Between
January 1 and June 22, 2022, a total of 3413 laboratory-
confirmed cases and 1 death have been reported to the
World Health Organization (WHO) from 50 countries or ter-
ritories in five WHO Regions.11 As of July 8, the cumulative
confirmed case numbers increased to 9069.12 Because the
rapid increase of monkeypox cases, WHO declared the
escalating global monkeypox outbreak a Public Health
Emergency of International Concern on Juy 23, 2022.

Monkeypox was first identified in colonies of monkeys in
1958. It was later detected in a 9-month child in a remote
village in the Democratic Republic of Congo in 1970.13

Before the current outbreak, monkeypox was typically
found in central and west Africa, where rodents live in
tropical rainforests and may carry the virus. Occasionally,
monkeypox was found in countries outside central and west
Africa, owing to travel from regions where monkeypox is
endemic. Notably, monkeypox in non-endemic areas not
linked to travel from endemic countries is atypical, and
these atypical cases have become increasingly prevalent.

Monkeypox is not typically highly contagious because it
requires close physical contact with someone carrying the
virus. Although the risk to the general public was consid-
ered low previously, the WHO is responding to this outbreak
as a high priority to avoid further spread.11 In the 2022
outbreak, the reported cases did not have apparent links to
travel history from endemic countries, or contact history
with infected animals. Therefore, as the current outbreak
is atypical and different from previous cases, a compre-
hensive understanding of monkeypox, including causative
pathogen, possible transmission modalities, current epide-
miology, risk factors, clinical manifestations, treatment,
and prevention, is urgently needed. Hence, this review
aims to provide updated information.

The virus

The monkeypox virus is a member of the Orthopoxvirus
genus of the Poxviridae family. In the Orthopoxvirus genus,
788
only four pathogens, including monkeypox virus, cowpox
virus, vaccinia virus, and the eradicated variola virusdthe
causative agent of smallpoxdhave reportedly caused
human infection.14

The monkeypox virus is an enveloped double-stranded
DNA virus that comprises two genetic clades: Central Afri-
can (Congo Basin) clade and West African clade. These two
clades are divided geographically by Cameroon, the only
country with both virus clades. The West African clade has
been found in outbreaks in Nigeria, Liberia, Ivory Coast,
Sierra Leone, and the USA (imported from Ghana). The
Central African clade has been found in Gabon, Cameroon,
the Republic of Congo, Central African Republic, Sudan,
and the Democratic Republic of Congo.15e18 In addition to
geographical differences, these two clades significantly
differ in epidemiologic and clinical characteristics. The
Central African clade, endemic in the Democratic Republic
of Congo, where more than 2000 suspected cases are re-
ported yearly, is more prevalent than the West African
clade.19 Compared with the West African clade, the Central
African strain could be associated with more severe disease
and higher transmissibility. The West African clade is
associated with a low case fatality rate (CFR) of <1%, and
no human-to-human transmission has ever been docu-
mented. In contrast, the CFR of the Congo Basin clade could
be up to 11%, and documented human-to-human trans-
missions up to six sequential events have been reported.15

Similarly, a systematic review found a significant differ-
ence in CFR between the Central African clade (10.6%; 95%
confidence interval [CI]: 8.4%e13.3%) and West African
clade (3.6%; 95% CI: 1.7%e6.8%).20

Isidro et al. showed the first genome sequence of a case
recently detected in Portugal. The authors used shotgun
metagenomics for rapid reconstruction and phylogenomic
characterization.21 Preliminary genomic data suggest that
the 2022 monkeypox virus belongs to the West African
clade21e23 and is most closely related to monkeypox viruses
that spread from Nigeria to the UK, Israel, and Singapore in
2018 and 2019.21,24,25

Definition of the reported monkeypox

According to the WHO case definition, the criteria for a
suspected case of monkeypox include (1) A person of any
age presenting since 01 January 2022 with an unexplained
acute rash or one or more acute skin lesions; (2) one of the
prodromal symptom or symptoms of monkeypox infec-
tiondheadache, acute onset of fever, lymphadenopathy,
myalgia, back pain, and asthenia; and (3) the clinical
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picture cannot be fully explained by the common causes of
an acute rash or skin lesions.26 A probable case is defined
as a person meeting the case definition for a suspected
case and one of the following criteria: (1) has an epide-
miological link to a probable or confirmed case of mon-
keypox in the 21 days before symptom onset; (2) has had
multiple or anonymous sexual partners in the 21 days
before symptom onset; (3) has detectable levels of anti-
orthopoxvirus IgM antibody or a four-fold rise in IgG anti-
body titer based on acute (up to days 5e7) and convales-
cent (day 21 onwards) samples but without recent
smallpox or monkeypox vaccination or other known
exposure; or (4) has a positive test result for orthopoxviral
infection.26 A confirmed case was defined as a patient with
a laboratory-confirmed monkeypox infection on polymer-
ase chain reaction (PCR) testing or sequencing.26,27

Transmission

Many animal species are susceptible to the monkeypox
virus, including rope squirrels, tree squirrels, Gambian
pouched rats, dormice, and non-human primates. Although
rodents are considered a potential natural reservoir of the
monkeypox virus, the most important natural reservoir re-
mains to be identified. The animal-to-human transmission of
the monkeypox virus can occur through direct contact with
an infected animal’s blood, body fluid, skin, or mucosal le-
sions. In addition, consuming inappropriately cooked meat
or products of infected animals could be another possible
transmission route. Close physical contact is the main route
of human-to-human transmission, which may require pro-
longed close contact. Transmission may occur through con-
tact with skin lesions of infected patients, contaminated
objects, and respiratory droplets. Rarely, congenital mon-
keypox results from viral transmission through the placenta.
Because there are strict protocols for screening blood do-
nations, there have been no reports of monkeypox spreading
through blood transfusions. In the current outbreak, mon-
keypox rashes are commonly found in the genital area and
likely contribute to transmission during sexual contact. In
addition, monkeypox rashes can resemble those of sexually
transmitted diseases, including herpes and syphilis. This
may explain why several cases in the current outbreak have
been identified among men seeking care in sexual health
clinics.22,28e30 Although direct skin-to-skin contact during
sexual activities can spread the virus, it remains unclear
whether the monkeypox virus can spread through sexual
contact, specifically through semen or vaginal fluids.

Epidemiology

Before the current monkeypox outbreak

Since the first report of human monkeypox in 1970,13 the
number of human monkeypox cases has been on the rise,
with the most dramatic increase occurring in the Demo-
cratic Republic of Congo. Before 2020, the incidence of
monkeypox reportedly ranged from 0.64 per 100,000 in
2001 to as high as 50 per 10,000 in 2016.20 A systemic review
involving 66 articles before September 2020 found that
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human monkeypox has been reported in 10 African coun-
tries, including the Democratic Republic of Congo, Nigeria,
Côte d’Ivoire, Liberia, Cameroon, Sierra Leone, Gabon,
Central African, Congo, and South Sudan and four non-
African countries including Singapore, Israel, the UK, and
the USA.20 Among these countries, the Democratic Republic
of Congo is the most affected country.20

Index case of the current monkeypox outbreak

The current outbreak initiated from the first reported case
in May 2022.31 The patient developed a rash on April 29,
2022, in Nigeria; departed Nigeria on May 3; and arrived in
the UK on May 4. Monkeypox (West African clade) was
confirmed on reverse transcriptase (RT)-PCR testing of a
vesicular swab on May 6. Although extensive contact tracing
has been undertaken to identify exposed contacts in
healthcare settings, the community, and on international
flights, no compatible symptoms have been reported as of
May 11. Meanwhile, the patient did not report contact with
anyone with a rash illness or known monkeypox in Nigeria;
thus, the source of infection remains unknown.31

Current monkeypox outbreak

Several days after the index case was reported, two
laboratory-confirmed and one probable case were identified
within the same household on May 13. Four additional
confirmed cases were reported among Sexual Health Service
attendees (men who have sex with men) presenting with a
vesicular rash illness on May 15 in the UK.32 As in the first
case, the source of infection could not be identified, and
local transmission in the UK was suspected.32 As of May 21,
92 laboratory-confirmed cases and 28 suspected cases of
monkeypox were reported in 12 non-endemic countries,
including Australia, Belgium, Canada, France, Germany,
Italy, the Netherlands, Portugal, Spain, Sweden, the UK, and
the USA.28 Although these cases had no direct travel links to
an endemic area, many of them were identified among men
who have sex with men seeking care in primary care and
sexual health clinics.28 A similar finding was reported by
other studies.21,23,29,30,33e35 Among 86 monkeypox cases re-
ported during May 7e25 in the UK, only 1 case is known to
have a travel history to a monkeypox endemic country; 79
patients were men and 66 of them reported being gay,
bisexual, or other men who have sex with men.30 In Italy,
four young adult men were reported to have a condomless
sexual intercourse, and seminal fluid samples were positive
for monkeypox viral DNA.29 In the USA, one investigation
identified 17 cases, and most cases (n Z 16) were gay,
bisexual, or men who have sex with men.23 Although most
current outbreaks occurred in European regions, more and
more cases have been reported in the American, African,
Eastern Mediterranean, and Western Pacific regions
(Fig. 1).12

First case of monkeypox in Taiwan

In addition to Western countries, Africa, and the Eastern
Mediterranean region, monkeypox cases have been



Figure 1. Global distribution of confirmed monkeypox cases (as of July 8, 2022).
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reported in several Asian countries, including South Korea,
Singapore, and Taiwan.12 In Taiwan, the first case was a
young man who was studying in Germany and developed
symptoms on June 20, 4 days after he arrived in Taiwan.36

His symptoms included fever, sore throat, muscle pain,
swollen lymph nodes in the groin, and rash. On June 24,
2022, he tested positive for monkeypox, which was re-
ported as a confirmed case. Thus, he was admitted to a
negative pressure room and isolated until symptom reso-
lution. Meanwhile, 19 people were listed as close con-
tacts, including 10 medical workers and 2 relatives.
Although none developed any symptoms, close observa-
tion was required to monitor their health for 21 days
following exposure.36

Estimated burden

Bisanzioa et al. established a projected model based on a
simulated population of 50 million people with socioeco-
nomic and demographic characteristics typical of a high-
income European country. They estimated that the intro-
duction of 300 cases could result in 402 secondary cases
without interventions. The median duration of these out-
breaks for this scenario would be 37 (95% CI: 19e121) weeks
following the introduction of 300 cases.37 Contact tracing
with isolation of symptomatic cases would reduce the
number of secondary cases by 68.9%. Moreover, adding ring
vaccination to contact tracing would further reduce the
number of secondary cases by 86.1%.37 This projection of
monkeypox burden was compatible with the WHO’s risk
assessment of overall public health risk at a global level as
currently moderate.38
790
Association between COVID-19 and monkeypox
outbreaks

The rise in the number of monkeypox cases during the
COVID-19 pandemic makes the situation more complicated.
The clinical manifestations of SARS-CoV-2 infections are
protean, including respiratory and extra-respiratory symp-
toms.39 COVID-19 may occasionally present with skin man-
ifestations, such as an erythematous maculopapular rash,
erythema multiforme, vesicular rash, vascular livedo
reticularis, figurate erythema, or a flexural rash.40 Because
COVID-19 and atypical monkeypox in the current outbreak
may share a similar clinical picture, clinicians should
remain alert to these two diseases during this period. In
addition, co-infection with SARS-CoV-2 and other viruses is
not uncommon.41 Therefore, the potential for co-infection
of SARS-CoV-2 and the monkeypox virus cannot be neglec-
ted. However, the changes related to infectivity patterns,
severity, management, or response to vaccination in one or
both diseases are unknown. Therefore, further investiga-
tion is warranted to determine the association between
COVID-19 and monkeypox outbreaks.

Risk factors

In addition to those who have close contact with patients
with monkeypox or contact with an infected animal,
immunocompromised patients may also be at risk of
acquiring monkeypox.15,42e44 In the current outbreak, a
small series of 27 confirmed cases in Portugal found more
than half (n Z 14) had human immunodeficiency virus (HIV)
infection.22 Several studies also reported the development
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of monkeypox in patients with HIV during this outbreak.45

The main reason could be those HIV cases carry the same
risk as men who have sex with men. Moreover, a recent
analysis of 124 cases identified several preliminary risk
factors, including being a young man, having sex with other
men, engaging in risky behaviors and activities such as
condomless sex, and HIV positivity.46 Finally, healthcare
workers could have a higher risk owing to a longer duration
of virus exposure.47

Clinical manifestations

The mean incubation period of monkeypox was 8.5 (95% CI:
4.2e17.3) days.48 Prodromal symptoms of monkeypox
include fever, chills, sore throat, cough, headache,
myalgia, blepharoconjunctivitis, lethargy, and adenopathy,
followed by rashes that usually begin within 1e3 days of
symptom onset. The rash typically appears on the face and
then becomes generalized with the involvement of the
palms and soles. Rashes can also be found in the mouth,
genitals, and eyes. These lesions can be flat or slightly
raised; filled with clear or yellowish fluid; and then crust,
dry, and fall off. The number of skin lesions can range from
a few to several thousands. The evolution of rashes is
similar to that of smallpox, from macules, to papules,
vesicles, pustules and scabs evolving over 2e4 weeks. Skin
lesions typically last 2e4 weeks and gradually resolve
without treatment. These dermatological characteristics of
monkeypox with lymphadenopathy are different from those
of chickenpox and smallpox and help clinicians make a
differential diagnosis (Table 1). However, the current
monkeypox outbreak in 2022 can have atypical features,
including (a) only a few or even single lesions or the
absence of skin lesions in some cases; (b) lesions mostly
located in genital and perianal sites and presenting with
anal pain and bleeding; (C) skin lesions restricted to geni-
tal, perineal or perianal areas; (D) asynchronous lesions,
ranging from single or clustered spots to umbilicated pap-
ules with progressive central ulceration, and, finally, to
scabs; (E) absence of prodromal symptoms, such as fever,
malaise, and headache before the development of a rash;
(F) presence of herald skin lesions at the point of sexual
contact in some patients (Table 2).11,22,29,46,49
Table 1 Clinical manifestations of typical monkeypox, chicken

Characteristic Monkeypox

Causative virus Monkeypox virus
Fever before rashes 1e3 days
Dermatologic presentation One stage in slow

development
Initial site(s) Face
Involvement of palms and

soles
Yes

Lymphadenopathy Yes
Appearance of symptoms

post-exposure
5e21 days

Duration of illness 2e4 weeks
Vaccination Smallpox vaccine
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Laboratory diagnosis

Nucleic acid amplification testing can be generic to ortho-
poxvirus or specific to monkeypoxvirus. Definite diagnosis
of monkeypox virus infection requires nucleic acid ampli-
fication testing using real-time or conventional PCR for the
detection of viral DNA. Skin lesions, including swabs of the
lesion surface or exudate, roofs from more than one lesion,
or lesion crusts, are recommended clinical specimens for
laboratory test. Serological testing for IgG, which may
become detectable 8 days after symptom onset, requires
paired acute and convalescent sera. Anti-monkeypox virus
IgM may be positive within 5 days of presentation. However,
antibody detection in plasma or serum should not be used
alone to diagnose monkeypox.50,51

Treatment and outcomes

Currently, there is no standard-of-care treatment for
monkeypox except supportive care.52,53 Although smallpox
antivirals with poxvirus activity, such as cidofovir, brinci-
dofovir, and tecovirimat, are active against the monkeypox
virus, these antivirals would most likely be reserved for the
treatment of severe cases or immunocompromised per-
sons.53 Additionally, vaccinia immune globulin, a hyperim-
mune globulin licensed by the Food and Drug Administration
of the United States (US FDA) for the treatment of certain
complications of vaccinia vaccination, may be recom-
mended for severe cases.53

Monkeypox is usually a self-limiting disease; however,
newborns, children, and people with underlying immune
deficiencies may be at risk of more serious illness and
death.20,46,54,55 Complications from severe cases of mon-
keypox include skin, pneumonia, altered sensorium, and
eye infections that can lead to loss of vision. A systematic
review conducted before the current outbreak reported
that the overall CFR was approximately 8.7% but CFR was
different in different areas, ranging from 0 to 11%. How-
ever, this may be overestimated because surveillance in
endemic countries is limited.20 In the current outbreak,
only one death was reported in Nigeria in the second
quarter of 2022, and the estimated CFR was only 0.03% (1/
3413).11
pox, and smallpox.

Chickenpox Smallpox

Varicella-zoster virus Variola virus
1e2 days 2e4 days
Multiple stages in rapid
development

Multiple stages in rapid
development

Chest, back, and face Tongue and moth
No Yes

No No
10e21 days 7e19 days

4e7 days Up to 5 weeks
Chickenpox vaccine Smallpox vaccine



Table 2 Atypical pictures of the current monkeypox outbreak, 2022.

Epidemiology

CAbsence of epidemiological links to traveling to endemic countries
COutbreak in non-endemic countries
CSexual transmission via semen/vaginal fluids (uncertain)
Prodromal symptom

CAppearance of rashes before the onset of fever, malaise, and other constitutional symptoms or even absence of a prodromal
period

Skin lesions

CLimited skin lesions or the absence of skin lesions
CMostly located in genital and perianal sites
CNo further spread from genital or perineal/perianal lesions
CAsynchronous lesions, ranging from single or clustered spot to umbilicated papule with progressive central ulceration, and,

finally, to scabs
CAppearance of herald skin lesions at sexual contact points
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Prevention and vaccination

Monkeypox can spread to people when they come into phys-
ical contact with infected animals. The animal hosts include
rodents andprimates. The risk of zoonotic transmission canbe
reduced by avoiding unprotected contact with wild animals,
especially those sick or dead (including theirmeat and blood).
In endemic countries, where animals may carry monkeypox,
food containing animal meat or parts should be cooked thor-
oughly before eating.

Individuals with monkeypox are infectious and have
symptoms. Rashes, bodily fluids (such as fluid, pus, or blood
from skin lesions), and scabs are particularly infectious.
Clothing, bedding, towels, or objects such as eating uten-
sils/dishes that have been contaminated with the virus
from an infected person can also infect others. Ulcers, le-
sions, and sores in the mouth can also be infectious,
meaning that the virus can spread through saliva and res-
piratory droplets. Because close physical contact is the
primary route for human-to-human transmission, limiting
contact with people who have suspected or confirmed
monkeypox is the key to prevention. People with multiple
sexual partners, including those living with HIV-infected
patients, are encouraged to reduce their risk of exposure to
monkeypox by avoiding close contact with anyone with
symptoms. Reducing the number of sexual partners also
reduces the risk of infection.

Healthcare workers who take care of patients with
monkeypox should encourage them to self-isolate and
cover any skin lesions. A medical mask is essential when
physically close to the patient, especially if the patient is
coughing or has lesions in the mouth. Avoid skin-to-skin
contact whenever possible, and use disposable gloves while
directly contacting skin lesions. Hand hygiene with soap
and water or an alcohol-based hand rub is needed, espe-
cially after contact with infected people and their clothes,
bed sheets, towels, and other items or surfaces they have
touched or that might have come into contact with their
rash or respiratory secretions. Nörz et al. examined sur-
faces in rooms occupied by two monkeypox patients on
their fourth hospitalization day. Contamination with up to
105 viral copies/cm2 on inanimate surfaces was detected.56

Regarding the concern of possible fomite transmission,
792
thoroughly cleaning and disinfecting any potentially
contaminated surfaces and disposing contaminated waste
are essential.

People vaccinated against smallpox in the past may have
some protection against monkeypox and its associated
manifestations.57,58 However, original smallpox vaccines
are no longer available, and people aged <40e50 years are
unlikely to have been vaccinated. The US FDA approved
JYNNEOSTM (also known as IMVAMUNE, IMVANEX, MVA-BN)
in 2019 to prevent monkeypox in adults aged �18 years at
high risk for smallpox or monkeypox.59 In addition, this
vaccine has been approved in Europe for smallpox,
although the UK has used it off-label in response to mon-
keypox cases. ACAM2000�, another smallpox vaccine, was
licensed by the FDA in August 2007 and has been indicated
for active immunization against smallpox disease for per-
sons determined to be at high risk for smallpox infection.
Because the Centers for Disease Control and Prevention has
the emergency access to investigational new drugs, it al-
lows the use of ACAM2000� for non-variola Orthopoxvirus
infections, such as monkeypox, during an outbreak.60

Given the experience of combating COVID-19, all
healthcare authorities are well versed in effectively miti-
gating an infectious disease.5,61e64 Many infection control
and prevention measures have been adopted to contain the
current monkeypox outbreak. These policies include early
identification of cases, contact tracing, travel and gath-
ering restrictions according to the risk of infection, estab-
lishment of an adequate quarantine window, appropriate
personal protective equipment provision for healthcare
workers, avoidance of stigmatizing messaging circulating
online related to monkeypox, and development of effective
vaccines and postexposure prophylaxis.65,66

Unknowns

As of July 8, 2022, 9069 laboratory-confirmed cases have
been reported, and most of them are from non-endemic
countries (Supplemental Table). This indicates that person-
to-person transmission occurred, with most cases seemingly
unlinked to travel from an endemic country and the
appearance of multiple unlinked clusters. This suggests
that undetected chains of transmission occurred. Another
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unusual characteristic is that many cases of monkeypox are
recognized among men who have sex with men. Many of
these cases were diagnosed at sexually transmitted infec-
tion clinics. The virus may or may not spread sexually in this
group and may be transmitted through skin-to-skin contact
or respiratory droplets. Another unresolved issue is the
cause of this outbreak, which is much larger and more
widespread than previous monkeypox outbreaks outside
Africa. Studies are underway in affected countries to
determine the source of infection for each identified case.
Actions were taken to provide medical care and limit the
further spread of the disease.

Conclusion

The current monkeypox outbreak has become a new threat
during the COVID-19 pandemic. Clinicians should be aware
of this new situation, which has clinical features different
from dermatological diseases with pustular or “pox” lesions
(Table 1). Primary care physicians, urgent care physicians,
emergency medicine physicians, dermatologists, and those
working in sexually transmitted infection clinics may be
most likely to encounter new patients with monkeypox
should they continue to appear. Global health systems
should develop effective strategies to mitigate the spread
of monkeypox. However, precedence should be given to
containment efforts that should rely on enhanced case
finding, case isolation, contact tracing, and vaccination.
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