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Abstract

Although mpox is rare among children in the United States, pediatric cases are being reported 

during the 2022 multinational mpox outbreak. Vaccines and antiviral medications developed for 

other orthopoxviruses have recently become widely used to prevent and treat mpox in both 

children and adults in the United States. Although scientific literature regarding mpox in children 

and adolescents is scant, prior case reports can provide valuable information about the clinical 

features and potential complications of untreated clade II mpox in these age groups. In this review, 

we summarize the epidemiology and clinical features of mpox in children and adolescents and 

provide recommendations for clinicians regarding its diagnosis, management, and prevention. 

Robust, dedicated surveillance of pediatric exposures and cases in the current outbreak, including 

the use of vaccines and `therapeutics, are needed to guide clinical management and public health 

strategies.

In May 2022, an unprecedented global outbreak of mpox (formerly known as monkeypox) 

was recognized; since the beginning of the outbreak, over 80 000 cases have been identified 

in nonendemic countries including over 29 000 cases in the United States. Although the 

current multinational outbreak has primarily affected adults, there have been over 500 

laboratory confirmed cases in children and adolescents worldwide,1 and many more children 

and adolescents exposed to mpox virus (MPXV).2

There are 2 well-described clades of MPXV with differing clinical features: clade I 

(formerly known as Congo Basin Clade) and clade II (formerly known as West African 

Clade). The majority of published literature, including most pediatric case reports, describes 
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infection with clade I MPXV, which has been associated with greater severity and a higher 

case fatality rate than clade II.3 Because of its relevance to the current outbreak, this review 

emphasizes outbreak reports and pediatric case reports of infection with clade II MPXV.

As the outbreak evolves, pediatricians and other healthcare providers caring for children and 

adolescents should be prepared to recognize, diagnose, and treat mpox and its complications 

and assist with prevention efforts. This review article summarizes scientific literature on 

mpox in children and adolescents, provides recommendations for clinicians on diagnosis, 

management, and prevention of mpox, and discusses current research gaps.

EPIDEMIOLOGY

MPXV is an orthopoxvirus endemic to West and Central Africa that can infect humans and 

animals. Although the virus was originally named “monkeypox” following its identification 

in captive primates, small ground rodents are the most likely reservoir species. MPXV is 

most often transmitted through close skin-to-skin contact or mucosal contact with lesions, 

and less commonly, is believed to spread through respiratory secretions or transplacentally.4 

People are most commonly infected through contact with infected humans or animals; 

fomite-facilitated transmission, such as through linens, towels, or other household items, can 

also occur.5 The incubation period for MPXV is 3 to 17 days.6 The clinical manifestations 

and severity of disease can vary depending on the route of acquisition.7

The first documented human case of mpox was reported in 1970 in the Democratic Republic 

of Congo.8 During 1970 and 1971, 6 cases were reported in 3 West African countries; 

5 cases were among children.8 Following the discovery of mpox as a zoonosis that can 

infect humans, subsequent cases were reported in Central Africa during the 1970s and 

1980s.9–12 Most cases were sporadic or occurred in small clusters following a common 

animal exposure, and children constituted a majority of cases.9,12,13 It was originally thought 

that there was limited capacity for extended person-to-person spread.14 More recently, 

during a 2003 outbreak of clade II MPXV in the United States, children and adolescents 

comprised 26% of confirmed or probable cases (12 of 47); illness was associated with 

exposure to pet prairie dogs that had been cohoused with imported small mammals from 

Africa.7

Smallpox vaccination provides crossprotection against mpox. As decades have elapsed 

since routine smallpox vaccination ended in 1972, adults have been rendered increasingly 

susceptible to MPXV; the median age of documented cases increased from 4 years in the 

1970s to 21 years in the 2010s.3,15 It is unknown whether there are age-related physiologic 

differences in susceptibility to MPXV independent of vaccination status.

In contrast to prior outbreaks, children and adolescents less than 18 years of age have 

accounted for 0.3% of cases to date in the United States during the ongoing 2022 

outbreak.16 In addition to lack of immunity among most adults, the relatively low proportion 

of MPXV infections among children in 2022 is likely attributable to a substantial shift in 

transmission: mpox is now spreading predominantly (though not exclusively) through close, 

intimate human-to-human contact. In particular, it has proliferated in sexual networks of gay, 
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bisexual, and other men who have sex with men.17 Therefore, it is essential that pediatricians 

remain alert to the possibility of mpox when caring for adolescent or young adult males who 

have sex with male partners, though mpox can affect people of all ages, gender identities, 

and sexual orientations.

CLINICAL FEATURES

Mpox is characterized by a rash with lesions that are firm or rubbery, well-circumscribed, 

deep-seated, and often umbilicated in later stages. The rash progresses through macular, 

papular, vesicular, and pustular stages before scabbing over and desquamation (Fig 1).6 

The rash can be localized or diffuse, can involve the palms of hands and soles of feet, 

and can present in different areas of the body at different times. Lesions are often painful 

or pruritic. Fever, chills, myalgias, or malaise may occur at any time during the illness. 

Lymphadenopathy is also commonly observed.

The severity, complications, and case fatality ratios (CFR) of mpox may differ in children 

compared with adults. Children are known to be at risk for severe complications from other 

orthopoxviruses, including variola virus and vaccinia virus.18–21 Historical reports of the 

severity of clade I mpox in children and adolescents suggest greater severity in children. 

Outcome data from a review of mpox cases caused by clade I MPXV in the Democratic 

Republic of Congo during 1980 to 1985 demonstrated greater severity in children less than 

8 years of age, and particularly those ≤4 years of age, with a CFR of up to 15% for this 

group.11 However, a later analysis suggested that the mortality rate attributed to clade I 

mpox in the Democratic Republic of Congo is lower than previously reported because of 

likely underreporting of cases and misattribution of death from mpox.22,23 Ultimately, of 92 

possible cases included in the latter analysis, 3 deaths occurred that were attributed to mpox; 

all 3 occurred in patients under 3 years of age.

Clinical Descriptions of Clade II Mpox Before 2022 Outbreak

Detailed descriptions of clade II mpox, its complications, and severity in children and 

adolescents are limited. For this review of clade II mpox before the current outbreak, 

we performed a literature search in multiple databases to identify articles in English 

that included a pediatric age-related term (eg, “NICU,” “preschool,” or “teenager”) and 

a term related to mpox or mpox vaccines or therapeutics (eg, “monkeypox,” “MPXV,” 

“JYNNEOS,” or “tecovirimat”). We summarized articles containing individual case-level 

data for patients less than 18 years of age with confirmed or probable mpox (Table 1). Cases 

were limited to those caused by clade II MPXV, determined by molecular genotyping or 

inferred based on location in West Africa. We included cases from outbreaks during 1970–

1979 in Nigeria, Sierra Leone, Ivory Coast, and Liberia, the 2003 outbreak in the United 

States, an outbreak in Nigeria that began in 2017, and 1 additional 2019 case from Sierra 

Leone. These data are supplemented with previously unpublished case data from the 2003 

US outbreak, provided by the US Centers for Disease Control and Prevention (CDC).

We identified 22 confirmed or probable cases (Table 1). Of these, 13 (59%) were male, and 

median age was 7 years (range 28 days–17 years old). All patients developed a rash. Of 

the 22 patients, 17 (77%) had additional clinical data available. Consistent with descriptions 
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of infections caused by clade II MPXV in adults, the rash was most commonly described 

as papular, vesicular, pustular, or umbilicated.24 Commonly reported locations of lesions 

included trunk, palms or soles, arms or hands, back, and legs or feet. All cases for which 

rash distribution was described reported a generalized rash. The most common additional 

features included fever, chills, or sweats in 12 (71%) of 17 cases, lymphadenopathy in 8 

(47%) (cervical lymphadenopathy was most common), sore throat in 7 (41%), headache in 7 

(41%), and myalgias in 4 (24%) cases.

One 12-year-old child with mpox had recently received Dryvax, a live vaccinia virus 

vaccine, as postexposure prophylaxis (PEP). Symptoms developed 7 days after vaccination. 

He did not require hospitalization. The role of vaccination in attenuating symptoms for this 

patient is uncertain. No others received vaccines or MPXV-directed therapeutics.

Hospitalization status was known in 13 (59%) cases; 9 (69%) of these were hospitalized. 

The reason for hospitalization is not known for all cases, but includes severe disease, 

quarantine, and travel for medical care. Two (9%) cases had ocular involvement. Five of 

22 cases (23%) developed severe illness: a 6-year-old female who developed encephalitis 

leading to seizures and coma (case 12); a 9-year-old male who had a pustular corneal lesion 

with subsequent corneal scarring and a submaxillary abscess (case 4); a 4-year-old female 

who was hospitalized because of toxic appearance and inability to stand (case 5); a 10-year-

old female who developed a retropharyngeal abscess that led to shortness of breath and 

airway compromise (case 9); and a 28-day-old female who developed bronchopneumonia 

and encephalitis that led to seizures and death (case 21).

Clinical Descriptions of Clade II Mpox During 2022 Outbreak

Pediatric and adolescent cases of mpox have been described in multiple countries in 2022. 

The severity and rate of complications appears to be less than in previous outbreaks of clade 

II mpox, which may be attributable to timely diagnosis, access to medical care, provision 

of antiviral treatment, or other factors. A summary of US pediatric cases in 2022 described 

83 cases: 22% received antiviral treatment, 11% were hospitalized, none required ICU-level 

care and no deaths were reported; complications included conjunctivitis, pain, and secondary 

skin infections. In a report of 16 cases in Spain ranging from ages 7 months to 17 years, 

none received antiviral treatment, 1 had a minor complication (secondary skin infection), 

and none required hospitalization.25

Several clinical case reports of clade II mpox in infants have been published in 2022. A 

report from the United Kingdom described a diffuse rash and respiratory failure in a neonate 

infected with both MPXV and adenovirus.26 A report from Florida described an infant <2 

months old who was hospitalized because of concern for secondary skin infection and mpox 

lesions near the eye, received tecovirimat, vaccinia immune globulin intravenous (VIGIV), 

and prophylactic ophthalmic trifluridine, and subsequently recovered fully.27 Finally, a 7-

month-old infant in Spain had a mild course and recovered fully without treatment.28

Adult cases of mpox in the current outbreak have been characterized by relatively 

localized disease, often involving the genitals, though a variety of dermatologic and 

other manifestations have been reported. Reported complications of mpox in adults in 
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the current outbreak have included proctitis, urethritis, phimosis, balanitis, secondary 

bacterial skin infections, conjunctivitis, and other ocular complications, and rarely, 

encephalomyelitis.24,29,30 Children or adolescents who acquire mpox during the current 

outbreak may also be at risk for these complications. In particular, sexually active 

adolescents with anogenital lesions are likely at risk for anal or genitourinary complications.

Severe manifestations of mpox, including death, have occurred in immunocompromised 

adults with HIV and clade II mpox in the current outbreak. Children and adolescents with 

immunocompromising conditions are at increased risk of severe mpox.

DIAGNOSIS

When mpox is being considered in children and adolescents, the differential diagnosis is 

likely to include other conditions that cause rashes, such as varicella (chickenpox); herpes 

zoster (shingles); hand, foot, and mouth disease; scabies; molluscum contagiosum; impetigo; 

measles; herpes simplex virus; syphilis; allergic skin rashes; drug eruptions; and a variety 

of congenital infections in neonates. In contrast to the lesions associated with varicella, 

which display regional pleomorphism, mpox lesions in 1 region of the body are typically 

at the same stage of evolution.31 Although the rash of mpox progresses over approximately 

2 to 4 weeks, many other rash illnesses, including varicella, typically evolve more rapidly. 

The unique characteristics of lesions, gradual evolution, and painful or pruritic quality 

can aid in distinguishing the rash of mpox from other systemic rashes. In sexually active 

adolescents with genital lesions, other sexually transmitted infections (STIs), including 

syphilis, chancroid, herpes simplex virus, and lymphogranuloma venereum, should also be 

considered.

CDC maintains a list of epidemiologic criteria used for defining cases of mpox (Fig 2). 

When considering evaluation for mpox in a child or adolescent, assessment using current 

epidemiologic criteria is paramount; the presence of 1 or more of these criteria greatly 

increases the likelihood that a compatible rash illness is caused by MPXV.32

Testing for MPXV should be performed if epidemiologic criteria are present or if there is 

a strong suspicion based on clinical features. The preferred modality is polymerase chain 

reaction (PCR) testing for orthopoxviruses, which is currently available at public health 

laboratories and some commercial laboratories. Sample collection should include vigorous 

swabbing, but unroofing or aspirating the lesion is not necessary nor recommended. Testing 

the crust is also possible.33,34 Caution is needed when interpreting single laboratory test 

findings in patients with low risk of mpox.32 Serologic testing for MPXV might be 

considered as an adjunct in patients who have not been vaccinated against orthopoxviruses if 

there is concern for false positive testing or if testing the rash is not possible.

Concurrent testing for other infections should be considered if there is clinical suspicion. 

False positive orthopoxvirus testing has been described in children who were ultimately 

diagnosed with other viral illnesses that can cause similar lesions, and coinfections with 

MPXV have been described.32,35–37

Beeson et al. Page 5

Pediatrics. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MANAGEMENT

Mpox Treatment

As of this writing, there are no medications to treat mpox approved by the US Food 

and Drug Administration (FDA), nor are there clinical trial data to guide therapeutic 

decisions. Investigational drugs can be considered to treat children and adolescents who 

have severe illness (eg, sepsis, encephalitis); those with involvement of anatomic areas 

which might result in serious sequelae, such as scarring or strictures; and those who may 

be at increased risk for severe illness, such as children less than 1 year of age, those with 

immunocompromising conditions, and those with eczema or any other condition leading to a 

break in the skin.

Tecovirimat is an antiviral medication originally developed to treat smallpox that is 

currently being used as the first-line medication to treat mpox under an Expanded Access 

Investigational New Drug protocol in the United States. Tecovirimat appears to be well 

tolerated in adults, though its efficacy is unknown; outcome data from the current outbreak 

are being collected, including data from randomized controlled trials. Tecovirimat has been 

given to infants, children, and adolescents in at least 18 cases in the United States, including 

8 children under 5 years old, and to an infant as young as 10 days old in the United 

Kingdom.16,26 Dosing for infants and children under 13 kg is not yet established, and the 

challenge of achieving accurate dosing and adequate absorption with enteral tecovirimat 

must be weighed against the potential for nephrotoxicity from intravenous tecovirimat.38

The use of other therapeutics can be considered as adjuncts or alternatives to tecovirimat in 

consultation with specialists and public health authorities. VIGIV is licensed for treatment of 

vaccinia virus vaccine complications and has been used historically for this purpose; it has 

also been given to young infants in the current outbreak without reported adverse events.27 

Other antiviral medications, including cidofovir and its prodrug, brincidofovir, have shown 

in vitro activity against orthopoxviruses, but their use is limited by potential renal and 

hepatic toxicity.39,40

The cases described in Table 1 highlight complications of clade II mpox that have been 

described in children. Treatment teams should be vigilant for signs of encephalitis in 

children with mpox. Lesions should be covered and kept clean to decrease risk of secondary 

skin infection, and care should be taken to prevent children from scratching or picking 

lesions or touching their eyes after touching lesions.41 Ocular infections with MPXV can 

lead to permanent corneal scarring and can be sight-threatening. Topical trifluridine can be 

used in consultation with ophthalmology both to treat ocular manifestations of mpox and 

as prophylaxis for lesions near the eye or on the eyelid, given the risk of autoinoculation. 

Lastly, pain at the sites of mpox lesions can be severe. Patients with mpox may benefit from 

supportive care and pain control that is implemented early in the illness.

Managing MPXV Exposures in Children and Adolescents

Vaccines developed primarily for the prevention of smallpox are being used in the current 

outbreak to prevent or lessen the severity of mpox following a known exposure to MPXV. 

Although no vaccine products are yet licensed to prevent mpox, postexposure vaccination is 
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being provided to children and adolescents in many countries, including the United States. 

When PEP is provided after a known exposure, timely vaccination (ideally within 4 days) 

likely maximizes effectiveness.42

There are 2 vaccines that can be used as PEP: ACAM2000, which contains a 

live, replication-competent vaccinia virus vaccine, and JYNNEOS, which contains a 

nonreplicating vaccinia virus and is administered in a 2-dose series.43,44 The use of 

ACAM2000, which must occur under an Expanded Access Investigational New Drug 

protocol, is limited by numerous contraindications and precautions, including age less than 

12 months, immune deficiency, history of eczema or other active exfoliative skin conditions, 

pregnancy, cardiac disease, and others. Because it is nonreplicating, JYNNEOS lacks these 

contraindications and can currently be provided via subcutaneous route to children and 

adolescents of all ages exposed to MPXV under an Emergency Use Authorization from the 

FDA.45 Notably, the intradermal route of administration available to adults is not authorized 

for those under 18 years of age.

There have been no clinical trials of JYNNEOS in children. FDA authorized JYNNEOS 

for emergency use in children citing safety and immune response data from adults as well 

as historical data from the use of live vaccinia virus vaccine in children.46 The safety of 

JYNNEOS in children is also supported by clinical trials in which the vaccine (Modified 

Vaccine Ankara) was used as a platform for other investigational vaccines, including those 

for tuberculosis, malaria, measles, and Ebola.47–50 These studies included children as young 

as 5 months. The first doses of JYNNEOS have been administered to over 1000 children 

and adolescents in the United States during the current outbreak without any serious adverse 

events identified by October 21, 2022.51

Limited published observational data regarding JYNNEOS effectiveness in adults suggest 

that a single dose provides some protection against mpox.52,53 Its effectiveness to prevent 

mpox in children before or after exposure is unknown. Limited animal data suggest that 

preexposure vaccination with JYNNEOS may be immunogenic even at a young age.54

There are also other modalities for prevention or attenuation of mpox infection in children, 

including VIGIV, which (despite a lack of efficacy data) may be preferred to vaccination 

in young infants for whom safety data for JYNNEOS is relatively lacking. Like other 

PEP modalities, VIGIV is likely most effective when administered as close to the time 

of exposure as possible. At least 2 infants in the United States have received VIGIV for 

PEP during the current 2022 outbreak.27, 32 Antiviral medications have not been studied for 

efficacy as PEP.

PREVENTION

Primary Prevention of Mpox in Children and Adolescents

Pediatric health providers have an important role in mpox prevention. Crucially, adolescent 

patients who are sexually active, particularly males having sex with other males, are likely 

to benefit from enhanced counseling about mpox, including behavioral prevention strategies, 

signs and symptoms of mpox, and vaccination as preexposure prophylaxis (PrEP).55,56 
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Where minor consent laws allow, or with parental consent, adolescents and young adults 

should be offered mpox PrEP if they are determined to be at increased risk for mpox, eg, 

gay, bisexual, or other MSM, transgender, or nonbinary people with more than one sexual 

partner in the last 6 months, or those diagnosed with an STI in the last 6 months; sexual 

partners of people with the above risks; and people who anticipate experiencing the above 

risks.57

Proactive screening of sexually active adolescents for STIs other than mpox should continue, 

and people who acquired mpox following sexual activity should be screened for other STIs 

such as syphilis, HIV, gonorrhea, and chlamydia, even if they do not have symptoms.58,59 

Condom use has not been studied as a prevention strategy for mpox during the current 

outbreak, and alone, is unlikely to be effective for mpox prevention since condoms do not 

prevent all skin-to-skin contact with lesions. Condom use should nevertheless continue to be 

encouraged to prevent the transmission of other STIs.

Current US recommendations state that people with mpox should isolate from others for 

the duration of their illness, from the time symptoms begin until lesions have healed, 

the scabs have fallen off, and a new layer of skin has formed.60,61 People with mpox 

should avoid cuddling, hands-on caregiving, or bed-sharing with others who are uninfected, 

including children. There is also evidence from the current outbreak that substantial surface 

contamination in the home may occur, highlighting the possibility of transmission via 

fomites.62 Surface disinfection is encouraged in homes where people with mpox have been 

living, and clothing and other linens used by people with mpox should be laundered.63

Because of the risk of transmission through direct contact and the potential for severe illness 

in newborns, parents and caregivers in isolation for mpox should be advised to isolate 

from their newborns after delivery.64 If isolation is not possible, precautions should be 

taken to minimize exposure to lesions and respiratory secretions from the infected parent 

or caregiver. It is unknown whether MPXV is detectable in human milk or whether mpox 

can be acquired through breastfeeding or feeding of expressed human milk. The risk of 

parent-to-child MPXV transmission during childbirth is not well described, and specific 

prevention strategies during childbirth (such as cesarean delivery) have not been evaluated.

Infection Control in Clinical Settings

In addition to standard precautions, additional precautions should be implemented when 

treating or evaluating children and adolescents with known or suspected mpox. Patients 

should be placed in individual rooms (not common waiting areas), and any healthcare 

personnel entering the room should wear a gown, gloves, eye protection, and a National 

Institute for Occupational Safety and Health-approved particulate respirator equipped with 

N95 filters or higher. People with confirmed or suspected mpox should be placed in 

isolation; asymptomatic people who have been exposed do not need to be placed in isolation 

but should be monitored for symptoms.
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DISCUSSION

Mpox has historically affected children disproportionately to adults. The opposite is true in 

the current outbreak; however, the growing number of pediatric cases worldwide serves as 

a reminder that the epidemiology of mpox is not static. Mpox can affect anyone. With the 

ease of global travel, very little residual population immunity from smallpox vaccination,65 

the potential for MPXV to become established in mammalian reservoir hosts, and the ever-

present threat of viral variants, children and adolescents remain at risk for mpox infection 

during the ongoing 2022 outbreak and future outbreaks.

Although the majority of adults and children with mpox in the 2022 outbreak have 

experienced self-limited disease and have not required hospitalization, our review of 22 

untreated cases of clade II mpox in children and adolescents before the current outbreak 

revealed 5 cases of severe illness or complications (23%) and 1 death (5% CFR), all among 

patients without documented comorbidities. There are important limitations to the summary 

provided here, including missing data and potential bias toward diagnosis and publication of 

severe cases, but this case summary nonetheless highlights that pediatric patients, especially 

young infants, may be at risk for severe disease or complications from infection with clade II 

MPXV.

Continued robust, dedicated surveillance and documentation of pediatric cases—including 

exposure types, diagnosis, coinfections, and clinical course—are urgently needed to 

guide public health communication and interventions, such as preventive messaging, PEP 

strategies, and the use of therapeutics for mpox. Systems for collecting data on the outcomes 

of expanded-access and emergency-use therapeutics are especially important in infants 

and young children for whom dosing and pharmacokinetic data are relatively lacking. 

Additionally, pediatricians should work with public health authorities to develop research 

protocols to answer outstanding questions, such as whether MPXV can be transmitted in 

human milk. Mpox has been documented in Africa since the 1970s, but resources for its 

surveillance, treatment, and prevention have been scarce. Although there are differences 

in the epidemiology of clade I and clade II mpox infections, both can infect children 

and adolescents, and both have potential to cause substantial morbidity and mortality, 

including hospitalization, visual impairment, critical illness, and death. Vaccines and 

antiviral medications have become widely used to prevent and treat mpox for the first 

time during the 2022 outbreak, but much remains unknown about their efficacy in pediatric 

patients. These tools should be rigorously evaluated in the current outbreak and implemented 

not only in the United States, but globally, particularly in countries where mpox is endemic, 

to reduce the morbidity and mortality children and adolescents face from infection with 

MPXV throughout the world.
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ABBREVIATIONS

CDC Centers for Disease Control and Prevention

CFR case fatality ratio

DRC Democratic Republic of Congo

FDA Food and Drug Administration

MPXV mpox virus

PCR polymerase chain reaction

PEP postexposure prophylaxis

PrEP preexposure prophylaxis

STI sexually transmitted infection

VIGIV vaccinia immune globulin intravenous
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FIGURE 1. 
Mpox photos. Clinical photographs depicting an early vesicle (1A), umbilicated pustule 

(1B), ulcerated lesion (1C), and diffuse pustular rash (1D). 1A, 1B, 1C image credit: UK 

Health Security Agency. 1D image credit: NHS England High Consequence Infectious 

Diseases Network.
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FIGURE 2. 
Epidemiologic criteria. See https://www.cdc.gov/poxvirus/monkeypox/clinicians/case-

definition.html for Case Definitions for Use in the 2022 Mpox Response.
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