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The ongoing 2022 multicountry outbreak of monkeypox is the largest in history to occur outside of Africa. Monkeypox is an 
emerging zoonotic disease that for decades has been viewed as an infectious disease with significant epidemic potential because 
of the increasing occurrence of human outbreaks in recent years. As public health entities work to contain the current outbreak, 
healthcare professionals globally are aiming to become familiar with the various clinical presentations and management of this 
infection. We present in this review an updated overview of monkeypox for healthcare professionals in the context of the 
ongoing outbreaks around the world.
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The 2022 outbreak of monkeypox involving multiple countries 
in both endemic and nonendemic regions has generated signif-
icant international interest [1, 2]. A once-neglected zoonotic vi-
rus endemic to West and Central Africa, monkeypox virus was 
first identified in 1958 [3] in nonhuman primates kept for re-
search in Denmark [3]. The first case in humans was reported 
in 1970 in the Democratic Republic of Congo [4]. Over the past 
50 years, sporadic outbreaks have been reported mainly in 
African countries, with several thousand human cases recorded 
to date. Occasional cases and limited outbreaks linked to travel 
or importation of animals harboring the virus have also been 
described in nonendemic countries [5]. It has long been a the-
oretical concern that monkeypox virus and other zoonotic pox-
viruses could over time expand to fill the ecological niche once 
occupied by the closely related variola virus [6, 7]. The com-
bined effects of deforestation, population growth, encroach-
ment on animal reservoir habitats, increasing human 
movement, and enhanced global interconnectedness have 
made this possibility more real in the last 20 years [6–8].

With increasing case numbers being reported in the current 
outbreak, it is important for clinicians everywhere to update their 

knowledge of this zoonotic infection, including its prevention, 
clinical management, prophylaxis, and basics of infection control, 
to understand the broader implications of the current outbreak. In 
this review, we provide an overview of monkeypox virus infection 
to serve as a primer for healthcare professionals who may encoun-
ter this condition in their practice.

VIROLOGY

The Poxviridae family are double-stranded deoxyribonucleic 
acid viruses which infect a range of animals including birds, 
reptiles, insects and mammals. The family consists of 2 subfam-
ilies: Chordopoxvirinae (with 18 genera and 52 species) and 
Entomopoxvarinae (with 4 genera and 30 species). 
Monkeypox belongs to the Poxviridae family, the 
Chordopoxvirinae subfamily, and the genus Orthopoxvirus 
[9–11]. Several poxvirus species have been shown to cause hu-
man infections including Variola (smallpox), Cowpox, 
Monkeypox, Vaccinia, Camelpox, Alaskapox, Yaba monkey tu-
mor virusTanapox virus, Orf virus, Pseudocowpox virus, Bovine 
papular stomatitis virus, Buffalopox and Molluscum contagio-
sum. Humans are the reservoir host of Variola and 
Molluscum contagiosum viruses [11]. Monkeypox virus 
(MPXV) has a wide range of potential host organisms, which 
has allowed it to circulate in wild animals for a prolonged peri-
od of time while sporadically causing human disease through 
spillover events [9]. More importantly, Orthopoxviruses 
(OPXV) exhibit immunological cross-reactivity and cross- 
protection, and infection with any member of the genus confers 
some protection from infection with any other members of the 
same genus [12, 13].

Orthopoxviruses are large (size range:140–450 nm) viruses 
with a brick-like structure and a genome consisting of 
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approximately 200-500kbp kb [6, 9, 10] that codes for over 200 
genes. Many of the genes encoded by the OPXV genome are 
not essential for virus replication in cell culture but might play im-
portant roles in the host antiviral response [10, 14]. All poxviruses 
complete their replication cycle in the cytoplasm of infected 
cells via complex molecular pathways [10, 15]. This intracellular 
replication cycle has been well characterized for Vaccinia virus, 
which was used to develop the vaccine that helped to eradicate 
smallpox globally; key features of this replication cycle are 
similar for all poxviruses [10, 15]. The infection cycle can be 
initiated by two distinct forms of the virus: the intracellular 
mature virion and the extracellular enveloped virion, which differ 
in their expression of surface glycoproteins. Glycosaminoglycans, 
which are ubiquitously expressed on the surface of mammalian 
cells, are thought to be crucial for binding of the virion to the 
cell membrane, although all cellular receptors have not been fully 
characterized [10, 15]. A detailed description of the replication 
cycle is beyond the scope of this review but has been described 
previously [10, 15].

Smallpox is estimated to have caused millions of fatalities 
worldwide [13] and was one of the most dreaded infectious dis-
eases in human history. The impact of smallpox serves as a re-
minder that OPXV can be formidable pathogens. Although the 
origins of smallpox are not known, there is some evidence 
which suggests that Variola virus may have evolved from an an-
cient rodent poxvirus thousands of years ago [16]. The increas-
ing danger of zoonotic OPXV infections such as MPXV has 
been recognized for a long time [17, 18]. As a consequence of 
immunization programs against smallpox ending over 40 years 
ago, a significant proportion of the global population does not 
have immunity against smallpox and zoonotic OPXV. All of 
this raises the possibility that given the right conditions, such 
as increasing incidence of human infections and long-term ab-
sence of vaccine immunity, a zoonotic orthopoxvirus like 
MPXV could acquire the ability to more efficiently transmit be-
tween humans and cause larger outbreaks [17].

EPIDEMIOLOGY AND HISTORICAL OUTBREAKS

Monkeypox is endemic in the tropical rainforest regions of 
Central and West African countries, notably Cameroon, 
Central African Republic, Cote d’Ivoire, Democratic 
Republic of the Congo (DRC), Gabon, Liberia, Nigeria, 
Republic of the Congo and Sierra Leone. Most cases arise 
sporadically or occur in the context of localized outbreaks 
[6–8]. Cases outside of endemic countries are typically 
linked to international travel or importation of animals in-
fected with MPXV [5, 19]. Before 2022, cases outside of 
Africa had previously been reported in the United States, 
United Kingdom (UK), Israel, and Singapore [7]. There 
are 2 distinct genetic clades of the MPXV: the Central 
African clade and the West African clade [8]. Infection 

with the West African clade typically results in a more self- 
limited disease, with case-fatality ratios estimated to be ap-
proximately 3–6%, whereas the Central African (Congo 
Basin) clade has historically been associated with higher 
transmissibility and case-fatality ratios as high as 10% [8]. 
Cameroon is the only country where both clades 
have been confirmed [20, 21]. Cumulatively, more 
suspected cases of the Central African clade have been re-
ported to date than cases due to the West African clade 
due to the high number of cases recorded in historical and 
ongoing outbreaks in the DRC [21]. The West African clade 
of MPXV has been isolated from cases in newly affected 
countries in the 2022 multi-country outbreaks

The transmission of monkeypox in endemic and nonendemic 
settings is summarized in Figure 1. Animal-to-human transmis-
sion occurs via bites and scratches from infected animals. 
Preparation and handling of infected animal products (bush-
meat [22]) may also result in transmission. The definitive animal 
reservoir of MPXV has not been identified. The virus has been 
isolated from several animal species including small mammals 
and nonhuman primates. In the reported instances in which 
MPXV has been isolated from wild animals, the animals demon-
strated pox-like lesions consistent with active infection [23–26]. 
It is not known whether asymptomatic carriage of MPXV occurs 
in animal reservoir. Serological surveys have been conducted 
on wild mammals in endemic regions. These studies have found 
several  animal species with detectable antibodies to OPXV in the 
absence of detectable viremia on polymerase chain reaction 
(PCR) testing. This suggests exposure to and circulation of 
zoonotic OPXV in many wild animal species [27]. 
Human-to-human transmission is thought to occur via direct 
skin-to-skin contact with lesions on the skin, as well as through 
indirect contact with contaminated fomites, such as bedding or 
clothing [8]. Transmission can also occur at close proximity 
through exchange of respiratory secretions containing live virus.

In the last 5 decades, the DRC has been most affected by 
monkeypox outbreaks, whereas the second and third most af-
fected countries have been Nigeria and Republic of the 
Congo, respectively. Table 1 shows a timeline of outbreaks of 
human monkeypox cases reported since 1970, when the first 
human case was detected in a 9-months-old patient in a remote 
village in the DRC [4]. After the historical success of the global 
eradication of smallpox during the 1970s, surveillance for pox- 
like diseases was enhanced in tropical rainforest areas, which 
has aided in identifying monkeypox outbreaks as they have oc-
curred over time. More importantly, smallpox vaccination, 
which stopped being universally administered in the 1970s, 
confers cross-protection against MPXV infection. It is possible 
that the progressive loss of immunity against smallpox over 
time combined with the other factors described above has con-
tributed to the increase in sporadic cases and outbreaks globally 
over the last 15 years [18].
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CLINICAL PRESENTATION

In the context of exposure and in the sylvatic setting persons are 
at increased risk for developing monkeypox if they live in forested 
areas and are male gender, are less than 15 years of age, and are 
not immune to smallpox [18]. Historically, patients have typically 
presented with prodromal symptoms, including fever, headaches, 
chills, malaise, and lymphadenopathy, followed by development 
of a characteristic rash (Figure 2). The rash usually starts in the 
mouth, and then spreads to the face and extremities, including 
the palms and soles. Each lesion begins as a macule and then pro-
gresses to papules, vesicles, pustules, and scabs (Figure 3). Pain 
can be prominent, but it is not universally present, and pruritus 
can occur when the lesions are in the healing stage. Unlike chick-
enpox, skin lesions due to monkeypox tend to be similar in size 
and typically present at the same stage. The number of lesions 
can range from 10 to 150 and can persist for up to 4 weeks 
[72]. Patients are infectious from the time symptoms start (pre-
sumed to include prodromal symptoms before the appearance 
of the rash) until the lesions scab and fall off, with a new layer 
of skin being formed [8]. In rare instances, patients can experi-
ence complications of monkeypox, such as bacterial superinfec-
tion, encephalitis, pneumonitis, and conjunctivitis/keratitis 
[8, 40]. The timeframe for developing complications and their 
rates have not been systematically determined [73].

Many features of monkeypox are similar to smallpox [74]; 
however, in contrast to smallpox, monkeypox is often milder 
and presents with lymphadenopathy, which was typically ab-
sent in smallpox infection. It is also important to note that 
the cutaneous manifestations of monkeypox can be confused 

with other infections, including chickenpox, molluscum conta-
giosum, herpes simplex virus, syphilis, impetigo, measles in the 
early stages, and rickettsial diseases.

In the current 2022 outbreak, the presentation of monkey-
pox has had atypical features in many patients. For example, 
the characteristic rash is still present, but it can be limited to 
the genital, perigenital, and perianal areas and present at differ-
ent stages of development [75]. In addition, patients may pre-
sent with only mild or absent prodromal symptoms which may 
begin afteerr onset of a localised rash [75]. Therefore, it is cru-
cially important to consider a wide spectrum of disease presen-
tations as clinicians aim to accurately diagnose patients while 
the world attempts to contain the outbreak.

DIAGNOSIS

It is important to have a high index of suspicion for monkeypox 
infection and to be aware of the sometimes atypical presenta-
tions of the infection that have been described in the ongoing 
2022 outbreak. When there is clinical suspicion for monkey-
pox, clinicians should ask about travel and sexual history and 
about any close contacts with people with a similar rash or sus-
pected or confirmed monkeypox infection. Behaviors associat-
ed with close contact include sleeping in the same room, 
drinking or eating from the same container, living in the 
same residence, etc [7]. More importantly, absence of travel 
history or absence of a specific known close contact with a 
rash or with suspected or confirmed monkeypox infection 
should not exclude the possibility of this diagnosis. A thorough 
skin examination should also be performed.

Figure 1. Transmission of human monkeypox. In endemic countries, spillover events occur from zoonotic animal reservoirs into humans, potentially leading to limited 
outbreaks usually facilitated by close human contact. Outbreaks can also occur in nonendemic regions through introduction of the virus via human travel or importation 
of animals harboring the virus. Subsequent human-to-human transmission can then occur via household contacts and via other close contacts.
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The optimal diagnostic procedure for a patient with suspect-
ed active monkeypox infection is to obtain a specimen from a 
skin lesion to send for molecular testing by PCR. Ideally, 
more than 1 specimen should be obtained from 2 separate le-
sions on different parts of the body, and lesions should be un-
roofed to adequately sample virus containing secretions. 
Certain laboratories can perform direct PCR testing for 
MPXV specifically, whereas others perform generic OPXV test-
ing that requires confirmatory testing for MPXV at a reference 
laboratory. However, in the context of the current outbreak, a 
positive OPXV test can reasonably be concluded to represent 
a diagnosis of monkeypox infection before results from confir-
matory testing are available. Testing plans should ideally be co-
ordinated with public health authorities in advance of specimen 
collection.

Cell culture provides virus strains for further characteriza-
tion, but it is restricted to accredited biosafety level 3 reference 
laboratories [76]. Serological testing can potentially be helpful 
in epidemiologic investigations, retrospective diagnosis of 
past infections, and diagnosis of late clinical manifestations, 
such as encephalitis. MPXV serology can cross-react with prior 
smallpox vaccination, but this is not a concern in unvaccinated 
individuals [77].

CLINICAL MANAGEMENT

The mainstay of clinical management for typical monkeypox 
infection is supportive care [73] (Figure 2). Supportive care 
[73] includes maintenance of adequate fluid balance (because 

of the possibility of increased insensible fluid losses from the 
skin, decreased oral intake, and vomiting or diarrhea). Other 
measures such as hemodynamic support, supplemental oxygen, 
or other respiratory support and treatment of bacterial superin-
fections of skin lesions should be considered where indicated. 
Another aspect of supportive care that has been described 
with previous OPXV infections is management of ocular infec-
tion/complications, specifically resulting in corneal scarring 
and/or loss of vision [78]. Potential approaches to consider in 
this situation include early involvement of ophthalmology ex-
perts, application of lubricants, topical antibiotics, and possibly 
topical antivirals such as trifluridine [78].

At the present time, there are no US Food and Drug 
Administration (FDA)-approved treatments specifically for 
monkeypox. However, there are antiviral agents that have ac-
tivity against MPXV [79], including cidofovir, brincidofovir 
(a lipid-conjugate prodrug of cidofovir), and tecovirimat [80]. 
In addition to antiviral agents, vaccinia immune globulin intra-
venous (VIGIV) has been previously approved by the FDA for 
treatment of complications due to vaccinia vaccination, such as 
progressive vaccinia and severe generalized vaccinia [81]. A 
summary of these treatment options is presented in Table 2.

Currently, tecovirimat, cidofovir, and VIGIV are available 
from the Strategic National Stockpile under Expanded Access 
Investigational New Drug (EA-IND) protocols held by the 
Centers for Disease Control and Prevention (CDC) for treat-
ment of OPXV infections in an outbreak scenario [88]. In the 
United States, these medications can be accessed through the 
CDC via requests from state and territorial health departments. 

Table 1. Outbreaks of Monkeypox: 1970–2021

Decade 1970–1979 1980–1989 1990–1999 2000–2009 2010–2019 2020–2021
Total Cases Deaths ReferencesEndemic Countries Number of Cases Reported* by Decade

Cameroona 1 1 —b — 16 — 18 N/A [28–32]

Central African Republic — 8 — — 61 — 69 0 [7, 21, 33–38]

Côte d’Ivoire 1 — — — — — 2 0 [4, 39]

DRC* 38 343 511 10 027 18 788 7374 37 081 N/A [4, 18, 22, 39–50]

Gabon — 4 9 — — — 13 N/A [51–53]

Liberia 4 — — — 6 — 10 N/A [54, 55]

Nigeria 4 — — — 228 42 274 N/A [6, 56, 57]

Republic of the Congo — — — 73 24 — 97 N/A [58–60]

Sierra Leone 1 — — — 2 — 3 0 [61–64]

South Sudan — — — — 19 — 19 0 [65]

Nonendemic Countries

Israel — — — — 1 — 1 0 [66]

Singapore — — — — 1 — 1 0 [67]

United Kingdom — — — — 4 — 4 0 [68, 69]

United States — — — 47 — 2 49 0 [5, 19, 70, 71]

Abbreviations: DRC, Democratic Republic of the Congo; N/A, data not available or unclear.  

*Reported cases include confirmed, probable, and/or suspected. All DRC cases from 2000 to 2009 and 2010 to 2019 were suspected cases. .  
aCameroon is the only country where both viral clades have been reported in humans.  
bDash denotes a period without reported outbreaks.
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Figure 2. Clinical protocols and infection control during monkeypox outbreaks. Recognizing the clinical presentation and having a high index of suspicion are crucial for 
identifying potential cases. Rapid confirmation through testing and isolation of individuals with suspected or confirmed disease are necessary. These actions should be taken 
alongside notification of public health authorities for contact tracing and other components of the public health response. Although treatment for monkeypox infection is 
primarily supportive, antiviral agents and immune therapies could be considered for individuals with moderate to severe symptoms or who are at high risk for progression to 
severe disease. Vaccinating close contacts with high-risk exposures and at-risk individuals is also important for interrupting transmission chains and containing monkeypox 
outbreaks. Appropriate personal protective equipment (PPE) for medical settings consists of gown, gloves, a fit-tested N-95 or equivalent, and eye protection.
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As of this writing, the CDC is developing EA-IND for use of 
brincidofovir for treatment of OPXV infections [88]. The opti-
mal clinical management of human MPXV infection is not 
clearly established. Large-scale, randomized controlled trials 
of antivirals for the treatment of OPXV infections are not avail-
able. Current drug approvals and treatment approaches are 
based on in vitro data, animal studies, human pharmacokinetic 
and pharmacodynamic data, case reports, and case series [80, 
81, 89–92]. The historical clinical use of available therapeutic 

agents in the context of human OPXV infections is reviewed be-
low and summarized in Table 3.

Cidofovir

Cidofovir was approved by the FDA in 1996 for the treatment 
of patients with retinitis caused by cytomegalovirus (CMV) in 
patients with the acquired immunodeficiency syndrome. 
Cidofovir has broad antiviral activity against viruses from dif-
ferent families, including herpes viruses, adenovirus, and 

Figure 3. Stages of skin presentation and progression of monkeypox rash.

Table 2. Potential Treatment Options for Monkeypox Infection

Therapy Mechanism of Action Typical Dosing Formulation FDA Approval Status
Side Effects and Adverse 

Events

Cidofovir Blocks viral DNA synthesis through 
competitive inhibition of DNA 
polymerase

5 mg/kg per dose once 
weekly for ≥2 doses 
(with concomitant 
probenecid)

IV; off-label: 
topical, 
intravesicular

CMV retinitis in patients 
with AIDS [82] (1996)

Nephrotoxicity; neutropenia; 
decreased intraocular 
pressure, nausea, vomiting

Brincidofovir Lipid conjugate prodrug of cidofovir 4 mg/kg once weekly for 
2 doses (max 200 mg/ 
dose)

Oral Smallpox (2021) [83] Abdominal pain, nausea, 
vomiting, diarrhea, elevated 
liver transaminases and 
bilirubin

Tecovirimat Inhibits activity of the protein VP37, 
which prevents creation of 
virions that can be released from 
an infected host cell, thereby 
preventing replication and 
dissemination within the host

IV: 35 to <120 kg: 
200 mg q12 hours 
≥120 kg: 300 mg q12 
hours 
Oral: 40 to <120 kg: 
600 mg q12 hours 
≥120 kg: 600 mg q8 
hours 
All regimens for 14 
days

IV and oral 
(off-label 
topical) [84]

Smallpox (2018) [85] IV: pain and swelling at infusion 
site; extravasation at infusion 
site; headache [86] 
Oral: headache, abdominal 
pain, nausea, vomiting

VIGIV Passive immunity through 
OPXV-specific antibodies 
collected from pooled human 
plasma of persons immunized 
with smallpox vaccine

6000 units/kg as a single 
dose (up to 9000 units/ 
kg) Dose can be 
repeated depending 
upon symptoms

IV Complications of vaccinia 
vaccination (progressive 
vaccinia, severe 
generalized vaccinia, 
etc) (2005) [87]

Infusion reaction; local 
injection-site reaction 
(contraindicated in persons 
with IgA deficiency and 
possible IgA 
hypersensitivity)

Abbreviations: AIDS, acquired immunodeficiency syndrome; CMV, cytomegalovirus; DNA, deoxyribonucleic acid; FDA, US Food and Drug Administration; IgA, immunoglobulin A; IV, 
intravenous; Max, maximum; VIGIV, vaccinia immunoglobulin intravenous.
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OPXV. With regards to its use in OPXV infections, cidofovir 
was used as part of the treatment regimen for a 28-month-old 
boy with refractory atopic dermatitis who developed severe ec-
zema vaccinatum after being in contact with his father, who 
had received smallpox vaccination [94]. The child survived 
without long-term sequelae [94].

Brincidofovir

Brincidofovir was approved by the FDA for the treatment of 
smallpox infection in June 2021 [83]. It has previously been 
used in patients with CMV infection [104], adenovirus 
[105], and OPXV infections. Brincidofovir was used as 
part of a combination therapy regimen for a patient who re-
ceived smallpox vaccination and was diagnosed with acute 
myeloid leukemia (AML) shortly thereafter [84]. After in-
duction chemotherapy, the patient developed progressive 
Vaccinia and was treated with multiple drugs, including 6 
doses of brincidofovir. This agent was also used in the treat-
ment of a 17-year-old kidney-transplant recipient with ulti-
mately fatal disseminated cowpox virus infection [97]. In 
May 2022, Adler et al [89] described clinical management 
of 7 patients with MPXV infection in the UK. In this case se-
ries, 3 patients received brincidofovir and all of 3 patients 
developed elevated liver enzymes, a well described side effect 
associated with brincidofovir use, which led to cessation of 
treatment [89].

Tecovirimat

Tecovirimat was approved by the FDA in 2018 for the treat-
ment of smallpox infection [106]. It was also approved by the 
European Medicines Agency in January 2022 for treatment of 
smallpox and cowpox [107]. It has been used in several case re-
ports for the treatment of disseminated and ocular infections 
with cowpox [96, 97, 102] and Vaccinia infection as part of a 
multidrug treatment regimen [84, 94, 100]. Tecovirimat was 
also used as prophylaxis to prevent development of progressive 
Vaccinia in a 19-year-old man who had received smallpox vac-
cination and was diagnosed with AML soon after vaccination 
[98]. In this case, tecovirimat was used continuously for 61 
days specifically as prophylaxis while the patient was receiving 
chemotherapy for leukemia. The patient developed skin lesions 
due to inadvertent autoinoculation after vaccination, without 
progression or dissemination. Tecovirimat has also been used 
in a patient with keratoconjunctivitis due to cowpox, although 
a detailed clinical description of this case is not available [100]. 
Tecovirimat was also used in a laboratory worker who had a 
needlestick exposure to Vaccinia virus [101]. Other instances 
in which tecovirimat has previously been used are outlined in 
Table 3. With regards to MPXV infections specifically, tecovir-
imat was used to treat a patient with a travel-associated case of 
monkeypox in the United States in 2021 [19]. In July 2021, an 
expanded access protocol was announced for the Central 
African Republic, with a plan for 500 courses of tecovirimat 

Table 3. Clinical Use of Antiviral Agents and Vaccinia Immunoglobulin for Treatment of Orthopoxvirus Infections

Type of 
OPXV Year Clinical Scenario Cidofovir Brincidofovir Tecovirimat VIGIV Reference

Vaccinia 1987 Progressive vaccinia in a patient with undiagnosed HIV/AIDS (−) (−) (−) (+) (given 
IM)

[93]

Vaccinia 2008 28-month-old with severe eczema vaccinatum after contact with 
family member who received smallpox vaccination

(+) (−) (+) (+) [94]

Vaccinia 2012 Progressive vaccinia in a patient with undiagnosed AML (−) (+) (+) (also 
administered 

topically)

(+) [84]

Vaccinia 
virus

2013 Cluster of cases with secondary and tertiary transmission after 
sexual contact with a recipient of smallpox vaccination (2 total 
cases)

(−) (−) (−) (+) [95]

Cowpox 2015 Severe ocular infection in a patient with underlying atopic dermatitis (−) (−) (+) (−) [96]

Cowpox 2016 17-year-old with a kidney transplant with fatal disseminated infection (+) (+) (−) (+) [97]

Vaccinia 2019 Prophylactic treatment of potential severe vaccinia infection in a 
patient with undiagnosed AML

(−) (−) (+) (+) [98]

Vaccinia 2019 Patient with Crohn’s disease with secondary vaccinia lesions (−) (−) (+) (+) [99]

Vaccinia 2019 Patient with acne and secondary vaccinia lesions (−) (−) (+) (+) [98, 100]

Cowpox 2019 Severe keratoconjunctivitis due to cowpox (−) (−) (+) (−) [98, 100]

Vaccinia 2019 Laboratory worker who had a needlestick exposure (−) (−) (+) (+) [101]

Cowpox 2021 Severe orbital infection due to contact with an infected cat (−) (−) (+) (−) [102]

MPXV 2022 Travel-associated case of MPXV infection in the United States (−) (−) (+) (−) [19]

MPXV 2022 MPXV infection in travelers returning to the United Kingdom 
(7 total patients)

(−) (+) (3 of 7 
patients)

(+) (1/7 patients) (−) [89]

MPXV 2022 Initial report on cases related to 2022 outbreak of MPXV infections in 
the United States (17 total patients)

(−) (−) (+) 
(1/ 17 patients)

(−) [103]

Abbreviations: AIDS, acquired immunodeficiency syndrome; AML, acute myeloid leukemia; HIV, human immunodeficiency virus; MPXV, monkeypox virus; IM, intramuscular; VIGIV, vaccinia 
immunoglobulin intravenous; (+), medication used; (−), medication not used.
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to be used for treatment of monkeypox [108]. In the recent case 
series by Adler et al [89], 1 of 7 patients received tecovirimat for 
2 weeks. The patient experienced no adverse effects and had a 
shorter duration of viral shedding and illness [89]. Finally, in 
the CDC’s report on the initial 17 patients with confirmed 
MPXV infection in the United States during the ongoing 
2022 outbreak, 1 patient received tecovirimat [103].

Vaccinia Immune Globulin Intravenous

Vaccinia immune globulin intravenous was approved by the 
FDA in 2005 for treatment of complications due to vaccination 
with the Vaccinia virus [109]. Before this, Vaccinia immune 
globulin was administered as an intramuscular (IM) injection. 
The historical use of IM Vaccinia immune globulin has been ex-
tensively reviewed and summarized [110]. The FDA approval of 
the intravenous formulation of vaccinia immunoglobulin 
(VIGIV) has been used in several published reports for human 
OPXV infections. Many of the patients described in the case re-
ports outlined in Table 3 also received VIGIV in combination 
with antivirals for treatment of their OPXV infections [84, 94, 
95, 98–101]. Vaccinia immune globulin administered  intrave-
nously was additionally used in a patient with inflammatory 
bowel disease who developed infection after eexposureee to 
a vaccinia-rabies glycoprotein recombinant virus used in animal 
bait to help control the spread of rabies in the animal popula-
tion. It was also used to treat two patients who developed 
symptomatic Vaccinia infection through secondary and tertiary 
transmission after initial sexual contact between a smallpox vac-
cine recipient and one of the case-patients [95].

Overall, the natural history of MPXV infection in humans is 
mild to moderate disease with a self-limited course for many pa-
tients. Antiviral therapy should be considered for the following; 
severe illness requiring hospitalization; ocular, oral, and/or perine-
al involvement; and in patients considered at higher risk for pro-
gression to severe disease (immunocompromised, children <8 
years of age, pregnant or breastfeeding persons, and the presence 
of atopic dermatitis or other active exfoliative skin conditions) 
[88]. The most practical clinical experience is with tecovirimat, 
which is the preferred antiviral drug. Treatment for MPXV infec-
tion should ideally be given in the context of a clinical trial where 
feasible, to generate long-term evidence that could inform on how 
best to treat patients in the future. Clinicians are encouraged to co-
ordinate treatment plans and approaches with infectious disease 
experts and public health authorities.

IMMUNIZATION

Infection with OPXV can confer immunological cross- 
protection between viruses of the same genus [9, 12, 13]. 
There are no vaccines specifically designed to protect against 
monkeypox infection and disease. The vaccines being consid-
ered for use (Vaccinia virus-based vaccines) to prevent 

MPXV were developed for smallpox. In a study conducted in 
the DRC in the late 1980s [111], the unvaccinated household 
contacts of individuals with MPXV disease had a secondary at-
tack rate of 9.28% compared to 1.31% for vaccinated contacts. 
This yielded a rough estimate of 85% protection conferred by 
prior smallpox vaccination against monkeypox [15, 111].

Before 2019, ACAM2000 was the only OPXV vaccine avail-
able in the United States. ACAM2000 is made from a live, 
replication-competent Vaccinia virus, a member of the 
OPXV genus. Due to its replication competent property, there 
is a risk for serious adverse events associated with use of 
ACAM2000 (eg, progressive vaccinia [84, 112], eczema vacci-
natum [113], and myopericarditis [114, 115]).Vaccinia can 
also be transmitted from a vaccinated person to unvaccinated 
individuals through close contact with the vaccination site.

By contrast, Jynneos (also known as Imvamune and 
Imvanex) is a nonreplicating modified Vaccinia Ankara virus 
vaccine. It was licensed for both prevention of monkeypox 
and smallpox in the United States in 2019. Unlike 
ACAM2000, Jynneos does not lead to the production of live vi-
rus in vaccinated individuals and, as such, is considered safer 
for use in immunocompromised individuals. It is important 
to note, however, that the immune response to Jynneos vaccine 
can be diminished in immunocompromised patients; therefore, 
protection might not be as robust as in immunocompetent in-
dividuals [116]. Both vaccines are authorized for use in individ-
uals older than 18 years. There are limited data on the efficacy 
of Jynneos in preventing MPXV in humans. Its efficacy is in-
ferred from vaccine efficacy studies using animal models (prai-
rie dogs and cynomolgus macaques) [117, 118] and safety and 
immunogenicity studies in humans [119]. A third vaccine, 
Aventis Pasteur Small Pox Vaccine, is an experimental small-
pox vaccine made from replication-competent Vaccinia virus, 
similar to ACAM2000. It may be used in the United States un-
der Investigational New Drug protocol or via emergency use 
authorization in circumstances where the other 2 vaccines are 
not available.

ACAM2000 and Jynneos have been studied as postexposure 
prophylaxis (PEP) using intranasal challenge animal models 
[118]. Both vaccines conferred some degree of protection against 
monkeypox at lower inoculum doses. Administration of vaccine 
at 1 day postexposure was more effective than administration at 
3 days postexposure for Jynneos, but ACAM2000 was similarly ef-
fective at either postexposure vaccination timepoint [118]. 
Vaccination of healthcare workers against monkeypox in the 
DRC was safely conducted as part of real-world feasiibility  and 
immunogenicity studies with ongoing follow-up [120].

Classification of Exposure Risk and Use of Immunization as Pre-Exposure 
or Postexposure Prophylaxis

In the current outbreak happening in nonendemic countries, 
vaccination administered as post-exposure prophylaxis 
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(PEP) for close contacts with high-risk exposures and exposed 
healthcare workers is underway in several European Union 
countries the UK, the United States, and Canada and being 
considered in others [72, 121, 122]. Exposure risk can be clas-
sified into three categories: high, intermediate, and low/uncer-
tain [19]. High-risk exposures include direct contact between 
the exposed person’s broken skin or mucous membranes and 
“materials, skin, lesions, or body fluids” of a patient [19]. 
Being in close contact to a patient during an aerosol-generating 
procedure while not wearing respiratory protection is also con-
sidered a high-risk exposure [19]. Intermediate-risk exposures 
include direct contact between the exposed person’s intact skin 
and “materials, skin, lesions, or body fluids” of the index patient 
[19]. Intermediate-risk exposures also include being within six 
feet of a case-patient for more than three hours or delivering 
medical care to patients with the infection without appropriate 
personal protective equipment (PPE). A low-risk exposure in-
cludes providing medical care to patients while wearing appro-
priate PPE [19]. More importantly, there are many unique 
exposure situations that do not clearly fit into one of these cat-
egories. In these instances, individual risk assessment should be 
determined in collaboration with public health authorities.

Vaccination as PEP is recommended for persons who have 
had high-risk exposures to case-patients during their infectious 
period. It is additionally recommended on a case-by-case basis 
for individuals who have had intermediate-risk exposures. 
Postexposure prophylaxis is not generally recommended for 
low/uncertain risk exposures. In countries where vaccination 
has been deployed as PEP, public health officials recommend 
administering vaccines as soon as possible within four days 
after an exposure to prevent or attenuate infection [123]. In 
the United States and UK, vaccination as PEP has been used 
up to 14 days postexposure given the theoretical possibility 
that it could still attenuate infection even if it occurs towards 
the end of the incubation period [122, 123].

Vaccination as pre-exposure prophylaxis (PrEP) is currently 
recommended by the CDC for laboratory personnel who per-
form testing for OPXV including MPXV, personnel who han-
dle OPXV cultures or animals infected with OPXV, and certain 
public health response team members who may require vacci-
nation for preparedness purposes [122, 123]. In the context of 
the ongoing outbreaks, emerging epidemiologic information 
identifying groups that may be at higher risk of exposure has 
led to the expansion of vaccination as PrEP to include gay, bi-
sexual, and other men who have sex with men (MSM) in 
Montreal, Canada [124].

CONTACT TRACING, ISOLATION, AND WASTE 
MANAGEMENT

Contact tracing is crucial to controlling the spread of monkey-
pox (Figure 2). Patients with monkeypox should be interviewed 

to identify contacts for tracing. Types of contact include 
face-to-face contact, direct physical contact (including sexual 
contact), and contact with contaminated fomites such as bed-
ding or other objects with shared use. In the healthcare setting, 
anyone who has had contact with the patient (staff, roommates, 
visitors) should be identified. If someone is exposed to a person 
with monkeypox, they should be monitored for symptoms such 
as fevers, chills, rash, and lymphadenopathy for 21 days after the 
last exposure and offered vaccination as PEP where appropriate. 
Individuals with suspected or confirmed monkeypox should be 
isolated in a private room in the emergency department or in a 
hospital room (if admitted) or in a separate area from other fam-
ily members and pets (if at home). They should also avoid close 
contacts with others while they are infectious. Isolation should 
continue until all lesions have resolved and a new layer of skin 
has formed underneath. Waste from monkeypox is considered 
a Category A substance (pathogen that is life-threatening or 
causes permanent disability [125]). As such, handling and man-
agement of clinical waste should be done in accordance with US 
Department of Transportation Hazardous Materials 
Regulations. With regards to pets, the highest concern for 
human-to-animal transmission is with pet rodents. Although 
it is possible that transmission can occur to other pets such as 
dogs and cats, this risk is not clearly defined and should be fur-
ther evaluated. Current recommendations are to quarantine pet 
rodents for 21 days and to exclude infection through testing.

CURRENT TRENDS AND FUTURE DIRECTIONS

On May 14, 2022, a familial cluster of 2 cases of monkeypox was re-
ported in the UK; the case-patients had no history of travel to an en-
demic region. Since then, thousands of cases have been reported in 
multiple countries in Europe, South America, the Middle East, 
Canada, and the United States [1, 2]. A majority of cases have 
been in young men between the ages of 25–35 years, many of 
whom self-identify as gay, bisexual, or other MSM [1, 2]. The clinical 
picture has  sometimes been characterized by atypical presentations 
including genital, perigenital, and perianal lesions, suggesting that 
close intimate contacts during sex might play an important role in 
transmission [1, 126, 127]. Whether or not monkeypox can be sex-
ually transmitted in the traditional sense is being actively investigat-
ed. For example, small amounts of virus have been isolated from 
patient semen in Italy [126] and Germany [127]. Until more clarity 
is gained on the role of sexual transmission, abstinence during active 
infection and for up 8 weeks after recovery has been recommended 
by public health authorities in the UK as an additional precaution 
[128]. Prioritized vaccination of close contacts of case-patients 
(known as ring-vaccination) as PEP and pre-exposure vaccination 
of gay/bisexual and other MSM are strategies [124] being advanced 
currently in some countries to contain the outbreak.

The ongoing global outbreak of monkeypox is one of the larg-
est in history, with chains of transmission chains occurring in 
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multiple countries occurring outside of regions where monkey-
pox is known to be endemic. This suggests that local transmission 
leading to sizeable clusters may have gone unnoticed for some 
time, likely facilitated by the relatively long incubation of 
MPXV and an initially low index of suspicion by clinicians not 
familiar with the infection. With the world still in a global pan-
demic caused by another emerging zoonotic virus, severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), and a gene-
ral public primed by its devastation, parallels have been drawn be-
tween the early days of the coronavirus disease 2019 (COVID-19) 
pandemic and the multicountry outbreaks of monkeypox. The 
current situation with monkeypox, although serious, is different. 
It is unlikely that the ongoing monkeypox outbreaks will lead to a 
global pandemic on the scale of COVID-19. MPXV is not a novel 
virus, and there is experience from previous outbreaks regarding 
how to prevent propagation of the infection. More importantly, 
the transmission of monkeypox is also substantially different 
from SARS-CoV-2. However, monkeypox is new to many clini-
cians, who understandably do not have extensive experience in 
identifying or treating cases of the disease.

Defining the characteristics of the current outbreak will be 
key in determining how best to utilize the available tools to con-
tain it. Implementing screening tools in healthcare settings and 
maintaining a high level of suspicion using emerging clinical 
case definitions will help identify cases and delineate the scope 
of the outbreak. Early isolation of suspected and confirmed cas-
es and closely monitoring and vaccinating their close contacts 
and healthcare workers with high-risk exposures as appropriate 
will be important for limiting new infections and disrupting 
transmission chains. Monkeypox has a wide host range, and 
if the ongoing outbreak is prolonged, there is reasonable con-
cern that it could establish new ecological niches in wild ani-
mals in geographies outside of Africa, thus broadening its 
enzootic and endemic range.

Similar to the early days of the human immunodeficiency vi-
rus (HIV)/acquired immune deficiency syndrome pandemic, 
clustering of cases in gay/bisexual and other MSM has sadly 
led to unacceptable stigma directed towards this group of peo-
ple. The infectious disease community continues to lead in fight-
ing stigma and discrimination in response to HIV and other 
infectious diseases. We are once again called upon to do the 
same in the current outbreak. Although resources should be fo-
cused on identifying cases in social networks emerging as having 
a higher risk for exposure, the core of our public health messag-
ing should be supportive and free of judgment. We should con-
tinually remind colleagues and the public that infectious 
pathogens do not care about race, gender, or sexual orientation.

CONCLUSIONS

In the coming months, we will gain more clarity on the magni-
tude of the current outbreak as case finding intensifies. Acting 

quickly and proactively will be crucial for containing it. 
Ensuring that we learn from recent epidemics and share avail-
able resources early and quickly will be the key to success. The 
warning signals on monkeypox becoming a global public health 
concern have been present for many years. Now is the time to 
adopt a truly global approach that addresses this problem defin-
itively not only in wealthy countries but also, critically, in the 
endemic countries that have been responding to monkeypox 
for decades.
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