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Monkeypox 2022: Gearing Up for Another
Potential Public Health Crisis
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Abstract
Monkeypox virus, a member of the Orthopoxvirus genus, was ﬁrst identiﬁed as the etiology of monkeypox in 1970 in the Democratic Republic of Congo and remains endemic in regions of Central and
West Africa. Following the most recent outbreak of monkeypox in multiple countries throughout
Europe and North America, the infection has been declared a public health emergency by the Centers
for Disease Control and Prevention. Within this report, we aim to provide clinicians with a focused
overview of the epidemiology, clinical manifestation, diagnosis, and approaches to treat and prevent
monkeypox infection amidst the global outbreak.
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A

s health care systems continue to
adjust to the ongoing coronavirus
disease
2019
(COVID-19)
pandemic, multiple cases of monkeypox
have been reported in nonendemic countries.
Investigations are in progress to identify the
source of infection and to characterize transmission routes and spread. With this report,
we attempt to provide clinicians with a
focused overview of monkeypox, emphasizing pearls needed while establishing preparedness strategies, and a summary of
relevant epidemiologic and clinical considerations. Approaches and strategies will have to
consider not only what is known about monkeypox, but also the system changes needed
to cope with the ongoing COVID-19
pandemic.
VIROLOGY
Monkeypox virus is a member of the Orthopoxvirus genus within the Poxviridae family.
Members of this family are large, enveloped
viruses with a double-stranded DNA genome.
The genus also includes variola virus, the
causative agent of smallpox, and vaccinia virus, the foundation of the smallpox vaccine.
The smallpox vaccine program was discontinued in the United States in 1972 and in Africa in 1977 after global eradication of the
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disease. Smallpox vaccination confers immunity to other orthopoxviruses, including
monkeypox virus. As it has been several decades since routine smallpox vaccination
anywhere in the world, there has been
concomitant decrease in population-wide immunity to monkeypox virus in endemic
regions of Africa and elsewhere.1,2 This is,
at least in part, a reason for the increasing
number of human cases of monkeypox.
There are 2 clades of the virus associated
with human disease: the West African clade,
which is associated with mortality of 1% to
4%; and the Congo Basin (Central African)
clade, which is associated with higher
mortality of 10%.3
As monkeypox possesses a DNA genome,
it is less prone to high mutation rates
compared with RNA viruses, such as SARSCoV-2. However, the increased rate of
human-to-human spread during the 2022
outbreak has raised questions about whether
the currently circulating virus has acquired
traits that enhance transmission. In May
2022, the ﬁrst draft sequence of the circulating virus was generated and demonstrated
that the 2022 virus belongs to the West African clade. Phylogenetic analysis revealed
that the 2022 virus is most closely related
to a strain exported from Nigeria in 2018,
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which led to isolated cases in the United
Kingdom, Israel, and Singapore. To date,
sequencing has not revealed any signiﬁcant
genetic differences in the 2022 virus that
may suggest increased transmissibility or
disease severity.4
EPIDEMIOLOGY
Monkeypox has primary rodent reservoirs in
Central and Western Africa. Human monkeypox was ﬁrst identiﬁed in 1970 in Zaire
(now the Democratic Republic of the
Congo).1,5,6 Since then, outbreaks have
been reported in countries in Central and
Western Africa. Although monkeypox has
only now come into the global forefront,
this has been a prevalent concern in endemic
regions in Africa; monkeypox cases have
been reported in the Democratic Republic
of the Congo (>1000 cases per year) and
the Central African Republic (19 cases),
and there is an active, ongoing outbreak in
Nigeria (>80 cases).7 In the Western world,
monkeypox has been associated with localized outbreaks in the United States in
2003, with the source being infected prairie
dogs that became ill after being housed
with imported rodents shipped from
Ghana.2,5 There have also been imported
cases in Israel, the United Kingdom, and
Singapore.
Transmission of monkeypox virus can be
animal-to-human
or
human-to-human
through direct contact with infected lesions
or body ﬂuids.8,9 In this report, we focus
on human-to-human transmission. Historically, the virus has not spread efﬁciently between humans, requiring direct contact with
infected body ﬂuids or fomites (ie, bed
sheets) or sustained respiratory droplet
exposure within 6 feet for 3 hours or
more.10 The unusual nature of the current
outbreak is that most of the recently reported cases have not had a direct travel
link to an endemic area. Cases have been primarily identiﬁed among men who have sex
with men.11 The mechanism of transmission
likely reﬂects transmission secondary to
direct contact with body ﬂuids and exposed
skin lesions. However, further epidemiologic
investigation of transmission will be
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required to evaluate the question of whether
sexual transmission represents a plausible
mechanism as this has not been previously
reported with monkeypox.8 Most important,
however, this outbreak highlights the importance of avoiding stigmatization and promoting evidence-based response to an epidemic
or pandemic as all communities and individuals are at risk.12
CLINICAL FEATURES
The incubation period for monkeypox is
usually between 6 and 13 days but can be
up to 21 days. The World Health Organization clinically deﬁnes monkeypox infection
in 2 phases: (1) an initial invasive period
(lasting 0 to 5 days), including fever, headache, lymphadenopathy, myalgia, asthenia,
and malaise; followed by (2) the skin eruption phase, occurring 1 to 3 days after onset
of fever.13 The characteristic pleomorphic
rash begins on the face and trunk as macules
and papules measuring 0.5 to 1 cm, with
progressive evolution into vesicular and pustular rash, often with umbilication by day 5
to 7 (Figure).14,15 The rash then spreads
centrifugally to involve extremities, palms,
and soles of feet. Importantly, involvement
of oropharyngeal mucous membranes, genitalia, conjunctivae, and cornea is frequently
noted. During a period of 2 to 4 weeks, the
rash resolves with scabbing and desquamation.13 Notably, all skin lesions are relatively
the same size and often in the same phase of
development, in contrast to chickenpox, in
which lesions tend to be in different phases.
Severe illness due to monkeypox was deﬁned
by Huhn et al9 as temperature of 38.3  C or
higher and a rash composed of 100 or more
lesions at any point during illness.
During the 2003 outbreak in the United
States involving a cluster of 37 patients, the
predominant symptom was rash, followed
by fever, chills, lymphadenopathy, headache,
and myalgia. The median duration of fever
was 8 days (range, 2 to 13 days), and rash
lasted for 12 days (range, 7 to 24 days).9 In
the present outbreak, however, “phase 1”
prodromal symptoms have not always been
present, with rash being the primary symptom at onset.11 In addition, several patients
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FIGURE. Clinical manifestations of monkeypox rash. (From Centers for Disease Control and
Prevention.14)

have been described to have predominant
genital or perianal lesions as well as signs
of proctitis, initially misclassiﬁed as sexually
transmitted infections including herpes,
varicella zoster, and syphilis.16
Monkeypox is a self-limited disease lasting
between 2 and 4 weeks. However, the clinical
course can be severe in children, pregnant
women, and patients with immunocompromising conditions.6 It would be important for organizations to include speciﬁc guidance to
these speciﬁc patient populations. This should
include infection prevention and control measures, like avoiding contact with persons with
active infection as well as reinforcing masking
in those exposed or infected.
DIAGNOSIS
Diagnostic testing is currently performed at
the Centers for Disease Control and Prevention (CDC) or state health departments. The
primary method for diagnosis is polymerase
chain reaction analysis of specimens collected
from infected lesions. Appropriate specimens
include skin/crust from the surface of the
lesion or a swab obtained from the vesicular
lesion.6 Electron microscopy of samples
collected from skin lesions may reveal a characteristic poxvirus, but this is not typically
1696
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performed for diagnostic purposes. Serologic
testing is not recommended because of
cross-reactivity between orthopoxviruses and
the possibility for false-positive results in
those with prior smallpox vaccination.6
To facilitate diagnostic testing in suspected cases, 2 swabs of skin lesions should
be collected (1 used for screening, the second for additional testing at the CDC). If
skin/crust from the surface of the lesion is
collected, it must be submitted along with
a paired swab of the lesion. A sterile, dry
polyester or Dacron swab should be used
to vigorously sample the lesion. The swab
should then be placed in viral transport medium or in a sterile, dry container and shipped at refrigerated temperature (4  C) to a
testing laboratory. Initial testing at a participating laboratory will include screening polymerase chain reaction analysis for
orthopoxviruses; if the response is positive,
the second swab may be sent to the CDC
for additional testing.
INFECTION CONTROL AND PUBLIC HEALTH
CONSIDERATIONS
The disease is transmitted through direct
contact with infected material or exposure
of mucous membranes to large droplets.
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There is also a potential risk of aerosolization of viral particles from certain procedures. Hence, for hospitalized patients, the
CDC recommends a combination of contact
precautions (gowns and gloves), droplet precautions (protective eyewear in addition to
gowns and gloves), and airborne precautions
(placement of the patient in a negative air
room with adequate air exchanges and an
N-95 respirator or higher respiratory protection). However, owing to the evolving nature
of this outbreak, infection prevention and
control recommendations from public health
organizations may change and we encourage
readers to refer to these organizational resources for the most up-to-date recommendations. Nevertheless, patients should
remain in isolation until all skin lesions
have crusted over, which may take up to 4
weeks.17
As we gain additional understanding of
transmission dynamics, it is likely that these
recommendations will change. The public
health impact of this current outbreak is uncertain. There has been limited person-toperson transmission in the past, largely
because the infection is frequently symptomatic, and persons are infectious to others
only after the onset of symptoms. It is unclear whether this still holds true as there
are suggestions that there may be subclinical
infections promoting ongoing transmission.
Whereas it is unlikely that we will see widespread transmission as with COVID-19, even
relatively small outbreaks could further
burden a health care system that is already
stressed by COVID-19.
APPROACH TO A SUSPECTED CASE AND
DIAGNOSIS
In evaluating a suspected case of monkeypox, the focus should be on establishment
of a diagnosis, prevention of spread, and
appropriate personal protective equipment
for health care workers. Currently, cases
have been limited to those with direct contact with known cases, and therefore obtaining an accurate history with a suspected case
should raise clinical suspicion for monkeypox. However, this may change if the
infection becomes more widespread.
Mayo Clin Proc. n September 2022;97(9):1694-1699
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There remain many unknowns with regard to the current outbreak. The exact
source of infection, incubation period, and
transmissibility compared with past outbreaks are not well deﬁned. From the current outbreak, most transmission seems to
be through the contact route. Although
transmission has historically been thought
to be from large respiratory droplets, the
COVID-19 pandemic has demonstrated that
the distinction between airborne and droplet
transmission is not as clear as it once
appeared. Therefore, adequate personal protective equipment for health care workers
is important. It is also important to review
proper disposal of contaminated waste,
contaminated laundry, patient care equipment, and surfaces in the patient care
environment.
TREATMENT
Most patients with monkeypox infections
have a self-limited course and recover
without medical interventions. The primary
management involves supportive, symptomdirected care until clinical resolution of
illness. Clinicians should be alert to secondary bacterial infections and provide early
direct antibiotic therapy as appropriate.9
Certain patients may beneﬁt from speciﬁc
therapies; these include children, pregnant
or breastfeeding women, the immunosuppressed, and those with widespread skin or
mucosal involvement. These therapies
include 2 antiviral agents, tecovirimat
(TPOXX) and brincidofovir.
Tecovirimat is an antiviral medication
that inhibits the major envelope protein of
orthopoxvirus and was approved by the
Food and Drug Administration for treatment
of smallpox.18 It has been found to prevent
lethal infection from monkeypox virus in
nonhuman primate models.18,19 Cidofovir
and brincidofovir, which inhibit viral replication through selective blocking of viral
DNA polymerase, have been found to have
in vitro activity against monkeypox in animal models.20 Brincidofovir was also
approved in June 2021 for treatment of
smallpox.21 Adler et al,22 in a retrospective
study, described efﬁcacy of tecovirimat in
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reducing duration of viral shedding and clinical disease (n¼1), whereas brincidofovir
failed to demonstrate similar efﬁcacy and
was discontinued early because of adverse effects (n¼3). At this time, tecovirimat represents the primary treatment of choice.
However, the decisions on therapy should
be made in consultation with local departments of health and the CDC, given paucity
of data on efﬁcacy. Safety data in pregnancy
are limited to animal reproductive studies,
with no adverse events observed with tecovirimat but fetal toxic effects and adverse
pregnancy
outcomes
reported
with
18
brincidofovir.
POSTEXPOSURE MANAGEMENT
Because of the relatively long incubation
period of monkeypox, the disease can be prevented with vaccination in those thought to
have been exposed. In the response to orthopoxvirus outbreaks, an approach of “ring
vaccination” is used to vaccinate those with
contact with known cases to stop the
outbreak. Vaccination with ACAM2000 confers protection against orthopoxvirus diseases
including smallpox and monkeypox. As a live
virus vaccine, ACAM2000 is not recommended for immunocompromised hosts.23 In
addition, as skin lesions that form because of
vaccination with ACAM2000 can spread the
vaccine virus to others in contact with ﬂuid
from the lesions (including from fomites),
those with close household contact with
immunocompromised hosts should also not
receive this vaccine.23
A newer vaccine, JYNNEOS (also known
as Imvamune or Imvanex), is a replicationdeﬁcient viral vector vaccine that confers immunity against orthopoxvirus and can be
safely used in immunocompromised patients. JYNNEOS is the preferred postexposure vaccine for the prevention of
monkeypox.24,25 Although still investigational, vaccinia immune globulin can be
considered for use in postexposure prophylaxis for highly immunocompromised patients who may not mount a sufﬁcient
immunologic response to JYNNEOS and
for whom ACAM2000 is contraindicated.25
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Mayo Clin Proc.

n

Ensuring timely and protocolized access to
JYNNEOS or vaccinia immune globulin
should be a priority for management of
infection in immunocompromised patients
should widespread case prevalence become
an issue.
CONCLUSION
It is essential to implement the lessons
learned during the COVID-19 pandemic.
The evidence and understanding are rapidly
evolving with the present monkeypox
outbreak. Moving forward, focus on preparedness should include plans for infection
prevention and control, diagnostics, and
management.
POTENTIAL COMPETING INTERESTS
The authors report no competing interests.
Dr Sampathkumar, associate editor of the
journal, had no role in the editorial review
of or decision to publish this article.
Abbreviations and Acronyms: CDC, Centers for Disease
Control and Prevention; COVID-19, coronavirus disease
2019
Correspondence: Address to Nischal Ranganath, MD,
Mayo Clinic Division of Public Health, Infectious Diseases,
and Occupational Medicine, 200 1st St SW, Rochester,
MN 55905 (ranganath.nischal@mayo.edu).
ORCID
Nischal Ranganath:
https://orcid.org/0000-0001-95386214; Pritish K. Tosh:
https://orcid.org/0000-00027518-3329; John O’Horo:
https://orcid.org/0000-00020880-4498

REFERENCES
1. Heymann DL, Szczeniowski M, Esteves K. Re-emergence of
monkeypox in Africa: a review of the past six years. Br Med
Bull. 1998;54(3):693-702.
2. Reed KD, Melski JW, Graham MB, et al. The detection of monkeypox in humans in the Western Hemisphere. N Engl J Med.
2004;350(4):342-350.
3. Chen NH, Li GY, Liszewski MK, et al. Virulence differences between monkeypox virus isolates from West Africa and the
Congo basin. Virology. 2005;340(1):46-63.
4. Isidro J, Borges V, Pinto M, et al. First draft genome sequence
of Monkeypox virus associated with the suspected multicountry outbreak, May 2022 (conﬁrmed case in Portugal).
May 19, 2022. Accessed May 25, 2022. https://virological.
org/t/ﬁrst-draft-genome-sequence-of-monkeypox-virus-assoc
iated-with-the-suspected-multi-country-outbreak-may-2022conﬁrmed-case-in-portugal/799
5. Multistate outbreak of monkeypoxdIllinois, Indiana, Kansas, Missouri, Ohio, and Wisconsin, 2003. July 11, 2003. Accessed May

September 2022;97(9):1694-1699

n

https://doi.org/10.1016/j.mayocp.2022.07.011
www.mayoclinicproceedings.org

MONKEYPOX GUIDE

6.

7.

8.

9.

10.

11.

12.

13.
14.

15.

16.

25, 2022. https://www.cdc.gov/mmwr/preview/mmwrhtml/
mm5227a5.htm
Nalca A, Rimoin AW, Bavari S, Whitehouse CA. Reemergence
of monkeypox: prevalence, diagnostics, and countermeasures.
Clin Infect Dis. 2005;41(12):1765-1771.
Durski KN, McCollum AM, Nakazawa Y, et al. Emergence of
monkeypoxdWest and Central Africa, 1970-2017. MMWR
Morb Mortal Wkly Rep. 2018;67(10):306-310. Published correction appears in MMWR Morb Mortal Wkly Rep. 2018;67(16):
479.
Reynolds MG, Yorita KL, Kuehnert MJ, et al. Clinical manifestations of human monkeypox inﬂuenced by route of infection.
J Infect Dis. 2006;194(6):773-780.
Huhn GD, Bauer AM, Yorita K, et al. Clinical characteristics of
human monkeypox, and risk factors for severe disease. Clin
Infect Dis. 2005;41(12):1742-1751.
Potential exposure to person with conﬁrmed human monkeypox
infectiondUnited States, 2021. July 17, 2021. Accessed May 25,
2022. https://emergency.cdc.gov/han/2021/han00446.asp
World Health Organization. Multi-country monkeypox
outbreak in non-endemic countries. May 21, 2022. Accessed
May 23, 2022. https://www.who.int/emergencies/diseaseoutbreak-news/item/2022-DON385
Infectious Diseases Society of America. IDSA/HIVMA statement on monkeypox outbreak: stigma has no place in public
health. Accessed May 25, 2022. https://www.idsociety.org/
news–publications-new/articles/2022/idsahivma-statement-onmonkeypox-outbreak-stigma-has-no-place-in-public-health/
World Health Organization. Monkeypox. Accessed May 23, 2022.
https://www.who.int/news-room/fact-sheets/detail/monkeypox
Centers for Disease Control and Prevention. Monkeypox
graphics. Accessed July 7, 2022. https://www.cdc.gov/poxvirus/
monkeypox/resources/graphics.html
Centers for Disease Control and Prevention. Clinical recognition.
Updated June 24, 2022. Accessed July 7, 2022. https://www.cdc.
gov/poxvirus/monkeypox/clinicians/clinical-recognition.html
Centers for Disease Control and Prevention. Monkeypox virus
infection in the United States and other non-endemic

Mayo Clin Proc. n September 2022;97(9):1694-1699
www.mayoclinicproceedings.org

n

17.

18.

19.

20.

21.

22.

23.

24.

25.

countriesd2022. Updated May 20, 2022. Accessed May 23,
2022. https://emergency.cdc.gov/han/2022/han00466.asp
Infection prevention and control of monkeypox in healthcare
settings. Accessed May 25, 2022. https://www.cdc.gov/poxvirus/
monkeypox/clinicians/infection-control-hospital.html
Grosenbach DW, Honeychurch K, Rose EA, et al. Oral tecovirimat for the treatment of smallpox. N Engl J Med. 2018;379(1):
44-53.
Huggins J, Goff A, Hensley L, et al. Nonhuman primates are
protected from smallpox virus or monkeypox virus challenges
by the antiviral drug ST-246. Antimicrob Agents Chemother.
2009;53(6):2620-2625.
Hutson CL, Kondas AV, Mauldin MR, et al. Pharmacokinetics
and efﬁcacy of a potential smallpox therapeutic, brincidofovir,
in a lethal monkeypox virus animal model. mSphere. 2021;
6(1):e00927-e01020. Published correction appears in mSphere.
2021;6(1):e00126-21.
US Food and Drug Administration. FDA approves drug to treat
smallpox. June 4, 2021. https://www.fda.gov/drugs/news-eventshuman-drugs/fda-approves-drug-treat-smallpox
Adler H, Gould S, Hine P, et al. Clinical features and management of human monkeypox: a retrospective observational
study in the UK. Lancet Infect Dis. Published online May 24,
2022. https://doi.org/10.1016/S1473-3099(22)00228-6. Published correction appears in Lancet Infect Dis. 2022;22(7):
e177.
Petersen BW, Harms TJ, Reynolds MG, Harrison LH. Use of
vaccinia virus smallpox vaccine in laboratory and health care
personnel at risk for occupational exposure to orthopoxvirusesd
recommendations of the Advisory Committee on Immunization
Practices (ACIP), 2015. MMWR Morb Mortal Wkly Rep. 2016;65:
257-262.
JYNNEOS smallpox and monkeypox vaccine, live, non-replicating. June 21, 2021. Accessed May 25, 2022. https://www.
fda.gov/vaccines-blood-biologics/jynneos.
Vaughan A, Aarons E, Astbury J, et al. Human-to-human transmission of monkeypox virus, United Kingdom, October 2018.
Emerg Infect Dis. 2020;26(4):782-785.

https://doi.org/10.1016/j.mayocp.2022.07.011

1699

