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Monkeypox virus was first isolated in late 1958 in Copenhagen 
during two outbreaks of a smallpox-like disease in a colony of cynomol-
gus monkeys.1 No clinical signs were noted before the eruptive phase of 

the disease, which was characterized by a maculopapular rash. The virus was 
named monkeypox virus because of its close similarity to other known poxviruses.1

Between 1960 and 1968, several other outbreaks of monkeypox were reported in 
colonies of captive monkeys in the United States and the Netherlands.2 No cases 
were detected in humans during these outbreaks, despite the deaths of many af-
fected animals, which suggested that humans were not susceptible to monkeypox.2

The first case of monkeypox in a human was reported in 1970,3 as part of the 
national smallpox surveillance and eradication program then under way in Africa. 
This case occurred in a 9-month-old boy, in whom fever developed, followed 2 days 
later by a centrifugal rash (i.e., a rash with the majority of lesions on the arms and 
legs). On September 1, 1970, he was admitted to a hospital in Basankusu, in the 
Democratic Republic of Congo (DRC). The patient presented with otitis, mastoid-
itis, and painful cervical lymph nodes, and monkeypox virus was isolated from his 
skin lesions. He recovered from monkeypox, but before discharge, measles devel-
oped, which led to his death.3 Between September 1970 and March 1971, six ad-
ditional cases of monkeypox were identified in humans in West African countries. 
Most of these patients were young children, and none had been vaccinated against 
smallpox.4

Monkeypox in humans remained an exclusively African disease, with sporadic 
cases diagnosed in forested areas of Central or West Africa and small outbreaks 
mainly in the DRC,5,6 until 2003, when the first cases outside Africa were reported. 
These cases occurred in the United States and were linked to the importation of 
Gambian pouched rats from Ghana to Texas. The rodents transmitted the virus to 
prairie dogs housed in the same exotic-animal facility, and the prairie dogs then 
infected humans, mostly young adults and children.7 In 2018, five infected patients 
were identified: three in the United Kingdom, one in Israel, and one in Singapore.6,8 
These imported cases were linked to persons from Nigeria, where a large outbreak 
occurred in 2017–2018.9-11 The disease has continued to be common in Africa, with 
very rare sporadic cases in the United Kingdom and the United States.12,13

In May 2022, a series of monkeypox cases was identified in the United Kingdom, 
Portugal, and Italy, mostly involving men who have sex with men (MSM).14-16 Health 
authorities rapidly established that this series was the start of a new outbreak.17

V irol o gy

Monkeypox virus belongs to the family Poxviridae, subfamily Chordopoxvirinae, 
and genus orthopoxvirus18,19 (Fig. 1). The genus encompasses many other poxvi-
ruses, including the smallpox, vaccinia, cowpox, and camelpox viruses, as well as 
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more recently isolated poxviruses.18,20 These dou-
ble-stranded DNA viruses are very similar geneti-
cally and antigenically, which accounts for cross-
immunity. Vaccination against smallpox generally 

provides some protection against monkeypox.21,22

Since the cessation of smallpox vaccination in 
1980, herd immunity has steadily declined. This 
phenomenon is one of the factors favoring the 

Figure 1. Viral Structure, Geographic Distribution in Africa, and Nomenclature of Monkeypox Viral Lineages.

An electron micrograph of several monkeypox viruses (Panel A, left) shows their characteristic rectangular or ovoid, bricklike shape. The 
monkeypox virus is a large, enveloped virus (Panel A, right). Each virion encapsulates a core that contains a linear, doublestranded DNA 
(dsDNA) genome of 200 kilobase pairs encoding about 200 proteins, including the various enzymes required for replication, viral assembly, 
control over host range, and pathogenesis. The viral cycle takes place exclusively in the cytoplasm of infected cells. The virion contains two 
lipoprotein envelopes: an internal envelope surrounding the capsid and an external envelope covered with viral surface proteins for attach
ment to the cell surface. The map (Panel B) shows regions of Africa with reported sporadic cases and outbreaks of monkeypox. The lav
ender spots denote Central African (clade 1) viral strains and the green spots West African (clade 2) viral strains. The spots range in size 
from smaller to larger, with larger spots indicating more cases of monkeypox. The table next to the map shows the original and newly 
proposed taxonomies and epidemiologic features of the three clades of monkeypox virus. CAR denotes Central African Republic, and 
DRC Democratic Republic of Congo. The electron micrograph is courtesy of the Centers for Disease Control and Prevention.
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emergence of monkeypox.22 There are two ge-
netic clades, with genomes differing by less than 
1%. The first clade is endemic in Central Africa, 
and the second in West Africa.23,24 With the 
emergence of monkeypox viruses outside Africa 
and the need to destigmatize the disease and 
prevent discrimination, discussions about a pos-
sible name change and the definition of three 
clades are under way (Fig. 1).25 We use this re-
vised nomenclature here. The monkeypox ge-
nome sequences of the 2022 cases (which we 
refer to as clade 3) originated from the West 
African clade (lineage B.1).

R eservoir for Monk e y pox 
Tr a nsmission t o Hum a ns

Monkeypox is a zoonotic disease, but its animal 
reservoir remains unknown. Various rodent spe-
cies from Central and West African tropical 
rainforests, including tree squirrels and Gambi-
an pouched rats, are currently considered to be 
strong candidates26-29 (Fig. 2). African apes and 
monkeys can be infected and are thought to be 
intermediate hosts.28 Many animals, such as rab-
bits, prairie dogs, other rodents, and monkeys, 
are susceptible to infection in captivity, includ-
ing laboratory animals.30,31

Ou tbr e a k s in A fr ic a n Coun tr ies

Clinical Features

These data are based primarily on the descrip-
tion of cases from the 1980 epidemic in the 
DRC,32,33 the 2017–2018 epidemic in Nigeria,10,11 
and epidemics in the Republic of Congo34,35 and 
Central African Republic since 2000.36-38 Monkey-
pox epidemics frequently occur in small, remote 
villages in forested rural areas that are difficult 
to reach. Several epidemics have occurred in the 
context of armed conflict or population move-
ments. These conditions are often associated 
with an inadequate medical infrastructure and 
limited public health and health care staff, 
which lead to poor patient care and follow-up. 
The available clinical and epidemiologic data are 
therefore often obtained retrospectively and may 
be incomplete.

Monkeypox affects both children and adults 
and typically has three phases: incubation, pro-
drome, and the eruptive stage.32,33,39-41 After pri-
mary infection, which may be difficult to date 

precisely, especially in the context of a zoonotic 
origin, the mean incubation period is 13 days 
(range, 3 to 34). The prodromal phase lasts for 
1 to 4 days and is characterized by a high tem-
perature, headache, fatigue, and often, lymph-
adenopathy, especially in the cervical and maxil-
lary regions (Table 1). The lymphadenopathy 
distinguishes monkeypox from chickenpox. 
During the eruptive phase, which lasts for 14 to 
28 days, skin lesions appear in a centrifugal 
distribution and progress through several stages: 
macules, papules, vesicles, and finally, pustules. 
The lesions are firm and well delimited and dis-
play umbilication (Fig. 3).

The lesions develop crusts that desquamate, 
leaving areas of hypopigmentation, followed by 
hyperpigmentation. A patient may have from a 
few to several thousand lesions, located princi-
pally on the face, trunk, arms, and legs (Fig. 3). 
Lesions frequently occur on the palms and soles, 
a feature that distinguishes monkeypox from 
chickenpox. More rarely, skin lesions affect other 
areas, such as the genitals, or are associated 
with oral ulcers and conjunctival damage. Usu-
ally, all lesions are at the same stage of develop-
ment, another feature that differentiates monkey-
pox from other illnesses with skin manifestations, 
such as chickenpox. Patients often have pruritus 
and myalgia.

Symptom severity and disease duration are 
proportional to the density of skin lesions. The 
disease is most severe in children and pregnant 
women. Monkeypox usually follows a self-limit-
ing course, but clinical sequelae, including pitted 
facial scars, are common. Corneal ulceration 
may occur, followed by scarring and opacities, 
which lead to vision loss. The most frequent 
complications are cutaneous bacterial infections. 
Bronchopneumonia and respiratory distress may 
occur, particularly late in the course of the dis-
ease. In case series from the 1980s in the DRC, 
complications were less common in patients 
who had been vaccinated against smallpox than 
in unvaccinated patients.32,33 Monkeypox appears 
to be more severe in immunocompromised pa-
tients infected with human immunodeficiency 
virus (HIV) than in patients without HIV infec-
tion. Four of the seven people who died in the 
2017–2018 epidemic in Nigeria had HIV coinfec-
tion and were not receiving antiretroviral ther-
apy.11 The overall case fatality rate appears to be 
lower among patients infected with West African 
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strains (clade 2) than among those infected with 
Central African strains (clade 1). The case fatal-
ity rate was 6% in Nigeria but ranges from 10 to 

15% in the DRC and the Central African Repub-
lic, depending on the study considered.11,32,38,39

The main infection in the differential diagno-

Figure 2. Natural History of Monkeypox.

The reservoir of the monkeypox virus has yet to be clearly identified. Rodents, including various species of squirrels and rats living in the 
rainforests of Central and West Africa, are among the most likely candidates. Monkeypox virus is transmitted through contact between 
the biologic fluids, lesions, or both of a reservoir animal or an incidentally infected host, such as a monkey, and a human being, the index 
patient. The precise conditions of this viral spillover remain unclear, but contamination is thought to be most likely during hunting, as 
a result of bites from an infected animal, and during the transport, butchering, or consumption of infected animals. Humantohuman 
transmission subsequently occurs, primarily among family members, but it may also occur in a nosocomial setting, at a clinic or hospi
tal. This humantohuman transmission can lead to sporadic cases of infection or epidemics, generally of moderate magnitude, which 
die out naturally within a few weeks or months, given the relatively low transmissibility of the virus in regions where it is endemic. On 
rare occasions, the monkeypox virus has emerged outside Africa. The first time this is known to have occurred was in 2003, as a result 
of the importation into the United States of various rodents, including Gambian rats, from Ghana. The rodents infected prairie dogs, 
which then infected young persons (young adults and children) in the United States. Since 2017, the virus has again been escaping from 
Africa, this time in infected people, which resulted in the introduction of the virus into the gay, bisexual, and MSM community in 2022. 
The rapid and extensive spread of monkeypox in this community, due to multiple contacts in the context of connected sexual networks, 
has contributed to the occurrence of the largest monkeypox epidemic ever observed.
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sis is chickenpox.42 Chickenpox and monkeypox 
epidemics can occur simultaneously, and coin-
fections are frequent.43,44 In a study in the DRC 
from 2009 to 2014, of 1107 suspected monkey-
pox cases, 134 were found to be monkeypox and 
chickenpox coinfections.45

Epidemiologic Features

Human monkeypox infection has been reported 
in 10 African countries, with a very large increase 
in case numbers over the past three decades.5,6,22 
The DRC is, by far, the most affected country, 
with national surveillance data showing a steady 
increase in suspected cases from fewer than 500 
cases in 2001 to more than 2500 in 2018.6,46 
Nigeria, Republic of Congo, and the Central Af-
rican Republic are the other countries most af-
fected, each with a few hundred cases reported.

The median age at diagnosis has increased 
significantly over time.6 In the 1970s and 1980s, 
most cases occurred in young children, whereas 
the median age at diagnosis was 29 years in the 
2017–2018 epidemic in Nigeria.11

In Africa, both animal-to-person and person-
to-person transmissions have been documented 
(Fig. 2). Zoonotic transmission occurs through 
contact with the lesions or biologic fluids of an 
infected animal. Several African studies have 
reported contact between the index patient and 

an animal thought to be the source of interspe-
cies transmission (a rodent in most cases).47 
These contacts occur during hunting, butcher-
ing, or game consumption. However, there has 
been no virologic confirmation of interspecies 
transmission to date. Human-to-human trans-
mission occurs primarily through contact with 
the biologic fluids and infected skin lesions of 
patients. Contaminated materials, such as bed-
ding, can also be infectious. In Africa, the ori-
gin of transmission is often unknown, and the 
suspected proportions of person-to-person and 
animal-to-person transmissions vary consider-
ably among studies. In Nigeria, 36 of 122 patients 
had contact with people with similar skin lesions, 
and 10 had contact with animals.11 Intrafamilial 
and nosocomial transmissions have been report-
ed for viral clades 1 and 237,38,48 (Fig. 2). Sexual 
transmission has been documented in rare cases 
in African countries.49 The household attack rate 
is highly variable, ranging from 3 to 11% on the 
basis of historical data to 50% in more recent 
studies.48 This increase may reflect waning im-
munity to smallpox. Transmission chains are 
generally short, but up to seven transmission 
events within a single family have been report-
ed.48 The reproduction number (R0) is estimated 
to be between 0.6 and 1 for the Central African 
clade but is lower for West African viruses.21,50

Table 1. Features of the Classic Form of Monkeypox and the New Clinical–Epidemiologic Form.

Variable Classic Form, 1970s to the Present New Clinical–Epidemiologic Form, 2022

Location Central and West Africa Countries where monkeypox is not endemic (Europe, 
North and South America, Middle East, Australia)

Affected population Children and young adults (age at diagnosis increasing  
since 1980)

Young men who have sex with men (age, 31–40 yr)

Epidemiologic features Sporadic cases and epidemics Pandemic under way since May 2022

Transmission Contact with infected animal reservoir (probably rodents), 
followed by humantohuman transmission

Exclusively humantohuman transmission

Dissemination Mostly intrafamilial and limited nosocomial dissemination Mostly sexual networking, condomless sex with  
multiple male partners

Clinical phase Incubation, prodromal stage, eruption phase with skin  
lesions

Incubation, prodromal stage (not always present), 
eruption phase with lesions in an unusual distribu
tion, especially on the genitals

Symptoms Lesions on the face and extremities, with centrifugal  
distribution, often associated with cervical or axillary 
lymphadenopathy

Penile rash, perianal lesions, ulcerative lesions and 
vesicular rash, painful inguinal lymphadenopathy, 
pharyngitis, proctitis

Viruses Central African and West African clades (clades 1 and 2, 
respectively)

West African variant (clade 3)

Case fatality rate (%) 1–15 0.025
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 Cur r en t Ou tbr e a k

The first monkeypox case in the current multi-
country outbreak was confirmed in the United 
Kingdom on May 6, 2022, in a man traveling 

from Nigeria. Extensive contact tracing identi-
fied other cases in his household. However, over 
the next few days, unlinked cases with no docu-
mented history of travel to countries where 
monkeypox is endemic were reported in the 

Figure 3. Characteristic Cutaneous and Mucosal Manifestations of Monkeypox.

Panel A shows numerous skin lesions with umbilicated papules on the left hand of a young girl with confirmed monkeypox infection in 
the Central African Republic. In Panel B, extensive, disseminated papular lesions are present on the hands, arms, and face of a young 
girl. Panel C shows disseminated skin lesions at different stages of evolution, including papules and crusts, on the abdomen of a young 
girl. In Panel D, numerous skin lesions with hyperpigmentation, crusts, and desquamation are evident on the left hand of a woman with 
confirmed monkeypox infection. Panel E shows synchronous skin lesions on the right hand of a man who had sex with a man with con
firmed monkeypox infection. A fresh pustular lesion is present, as well as an umbilicated papule with progressive central ulceration. 
Panel F shows penile edema in a man who had sex with a man who had confirmed monkeypox infection; erythema and swelling extend 
to the left inguinal region. In Panel G, genital lesions, including scrotal and penile lesions, are present in a man who had sex with a man. 
Panel H shows pharyngitis in a man who had sex with a man.
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United Kingdom, suggesting undetected local 
transmission. New cases were rapidly detected 
in Portugal and the United States, as well as 
several other countries. The first confirmed case 
in the United Kingdom was initially considered 
to be the likely index case, but this hypothesis 
was rejected as earlier symptom-onset dates, in 
late April, were reported for other confirmed 
cases in Portugal and the United Kingdom. Fur-
thermore, the detection of monkeypox in appar-
ently unconnected persons suggests asymptom-
atic spread.51 Given the unusual geographic 
distribution of cases, the World Health Organi-
zation (WHO) and other public health institu-
tions raised the alert as early as May 16, 2022. 
The current outbreak is due to what we have 
termed clade 3 monkeypox viruses (derived from 
the West African clade).52 The WHO declared a 
global health emergency on July 23, 2022.

Epidemiologic Features

By October 7, 2022, a total of 71,096 cases of 
monkeypox infection had been reported in 107 
locations worldwide, with 70,377 of the cases in 
countries that have not historically reported 
monkeypox.53 The largest numbers of cases have 
been reported in the United States, followed by 
Brazil and Spain. An analysis of 24,677 cases of 
monkeypox performed by the European Centre 
for Disease Prevention and Control (ECDC) and 
the WHO, as of October 4, 2022, showed dispro-
portionate numbers of cases in men (24,235 of 
24,616 cases, 98.5%) and especially men be-
tween the ages of 31 and 40 years (9725 of 
24,638, 39.5%) (https://monkeypoxreport . ecdc 
. europa . eu/  ). Sexual orientation was known for 
10,729 of the male patients, of whom 10,300 
(96.0%) identified themselves as MSM.

As of this writing, the current monkeypox 
outbreak appears to be mainly transmitted in 
defined gay, bisexual, or MSM sexual networks, 
although there is some evidence of transmission 
beyond these groups. Indeed, an increasing 
number of cases have been reported in women 
and children. A large proportion of cases have 
links to health services providing preexposure 
prophylaxis for HIV infection (74% of HIV-nega-
tive cases in the United Kingdom),54 and patients 
frequently report a history of a sexually trans-
mitted infection (STI) in the past year (54.2% of 
patients in the United Kingdom) and have had 
10 or more sexual partners in the past 3 months 

(31.8% of patients in the United Kingdom), sug-
gesting that until now, monkeypox has been 
transmitted mainly in interconnected sexual 
networks that sustain STI transmission. How-
ever, an ascertainment bias cannot be ruled out 
because of the established relationship between 
this population and clinical providers with ro-
bust services and a broad knowledge of infec-
tious diseases. Thus, the epidemiologic determi-
nants of the outbreak may change markedly in 
the coming months.

The epidemiologic characteristics of this out-
break are particularly unusual. Not only does the 
number of monkeypox cases far exceed the num-
bers previously detected outside areas where the 
disease is endemic, but also transmission is not 
linked to travel to such areas and is mostly 
human-to-human transmission. A pattern of 
transmission linked to sexual contact is cur-
rently predominant in newly affected countries. 
Higher rates of infection among persons report-
ing multiple sexual partners and an unusual 
distribution of lesions, frequently in genital, 
anal, and perianal areas, may reflect viral trans-
mission through close contact during sex or ac-
tual sexual transmission. Finally, monkeypox DNA 
has been detected in the seminal fluid of affected 
persons.14,55 This finding cannot be considered 
definitive evidence of infectivity, but it does in-
dicate viral shedding that could potentially con-
tribute to transmission. It remains unclear wheth-
er these unusual characteristics reflect changes in 
the transmission of monkeypox virus.

The potential genetic evolution of the virus 
was considered even before the current out-
break. An analysis of viral genome diversity in 
60 samples from primary and secondary infec-
tions in patients from Sankuru District, DRC, 
led to the detection of four distinct lineages 
within the Central African clade and revealed 
gene loss in 17% of the samples that appeared 
to be correlated with human-to-human trans-
mission.6,56 Isidro et al. performed phylogenomic 
characterization of the first monkeypox viral 
genome sequences obtained in this epidemic.52 
They found that the monkeypox virus (lineage 
B.1) responsible for the epidemic clustered with 
2018–2019 cases linked to a country where the 
infection is endemic (Nigeria) but that the lin-
eage segregated to a different phylogenetic 
branch, probably reflecting continuous acceler-
ated evolution.
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Clinical Features

It is probably too early to provide a precise de-
scription of the clinical aspects of this monkey-
pox outbreak. However, they seem to mostly 
match the clinical features of classic outbreaks, 
described above, with some differences, a com-
bination that has led to a new pattern. A U.K. 
Health Security Agency analysis of national 
cases in this outbreak estimated the mean incu-
bation period at 9.22 days.54 An ECDC-WHO 
analysis of data from 660 patients with at least 
one type of classic prodromal symptoms showed 
that 71.4% of the patients presented with sys-
temic symptoms (e.g., fever and headache), and 
49.0% had a localized lymphadenopathy. In the 
same analysis, 97.7% of the patients had a rash 
during the eruptive phase, 70.5% had anogenital 
skin and mucosal lesions, and 7.0% had oral 
skin and mucosal lesions (Table 1). In the cur-
rent outbreak, however, lesions are also being 
observed without a prodromal phase in a large 
proportion of patients.57 In one analysis, 13.7% 
of patients presented with mucocutaneous man-
ifestations in the absence of systemic features.58

The number of skin lesions is highly variable, 
with some patients presenting with only a few 
painless lesions. The skin lesions also appear to 
be asynchronous, ranging from single or clus-
tered spots to umbilicated papules with progres-
sive central ulceration and, finally, scabs,14 in 
contrast to the previously described pattern of 
simultaneous progression (Fig. 3). In addition, 
the pattern of skin lesions is unusual, often in 
genital, anal, and perianal areas, without the 
typical centrifugal distribution15,55,57-60 (Table 1), 
and cases of proctitis and pharyngitis have also 
been described (Fig. 3). In one study, mucosal 
lesions were reported in 41% of the patients.55 
Involvement of the anorectal mucosa was re-
ported as the presenting symptom in 12% of 
cases, with anorectal pain, proctitis, tenesmus, 
diarrhea, or a combination of these symptoms. 
Rectal pain or pain on defecation is commonly 
reported. Oropharyngeal symptoms, including 
pharyngitis, odynophagia, epiglottitis, and oral 
or tonsillar lesions, were reported as the initial 
symptoms in 5% of cases in that study. In an-
other study,61 reported from Spain, 43.1% of pa-
tients had lesions in the oral and perioral region.

Previous studies have shown that the clade 2 
monkeypox virus causes mild disease, with a 
case fatality ratio of less than 1%,62 which is 

consistent with the low rates of hospitalization 
and death reported to date in this outbreak. The 
hospitalization rate is estimated to be 5 to 10%.58 
Hospitalizations are related to cellulitis, in par-
ticular involving the genital and perineal region; 
severe anal and digestive involvement with rectal 
pain, penile edema, severe angina, and epiglot-
titis; and ocular involvement with blepharitis, 
conjunctivitis, and keratitis (Fig. 3). Two fatal 
cases that were recently reported in young, 
healthy, nonimmunocompromised MSM appeared 
to be related to encephalitis; these cases are still 
under investigation.

Vaccination a nd Tr e atmen t

The treatments currently authorized for mon-
keypox are tecovirimat in the United States and 
Europe and brincidofovir in the United States 
alone. Tecovirimat inhibits the orthopoxvirus 
protein p37, blocking cell-to-cell viral transmis-
sion. Although tecovirimat is approved for the 
treatment of smallpox in the United States, its 
use for monkeypox is based on an investiga-
tional new drug application, and the agent has 
not received full regulatory approval. The effi-
cacy of tecovirimat has been shown in preclini-
cal studies, including four pivotal studies in 
nonhuman primates showing that the drug pro-
vided 95% protection from death, as compared 
with placebo.63 Phase 1 and 2 clinical trials64,65 
have assessed the safety and side-effect profile 
of tecovirimat in humans. A recent observa-
tional study involving a very small number of 
patients with monkeypox suggested that teco-
virimat may reduce the duration of viral shed-
ding and illness.66

Brincidofovir inhibits the viral DNA poly-
merase.67 The efficacy of this agent in improving 
survival after infection has been shown in mice 
and rabbits.68 Its safety in humans was assessed 
in clinical trials for cytomegalovirus disease in 
recipients of hematopoietic stem-cell trans-
plants.69 Brincidofovir has gastrointestinal and 
hepatic toxic effects, and its safety profile is 
inferior to that of tecovirimat.

Randomized clinical trials are needed to 
evaluate the efficacy of these drugs, regardless 
of their authorization status. The WHO and sev-
eral countries are implementing such trials, espe-
cially with tecovirimat.70,71 This evaluation should 
be performed not only in the countries affected 
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by the current outbreak but also in areas where 
the disease is endemic. Availability for second-
line treatment may be important, given the po-
tential occurrence of resistance with first-line 
treatments.

Vaccinia immune globulin, purified plasma 
gamma globulins retrieved from persons vacci-
nated with live vaccinia virus vaccine,72 is li-
censed in the United States for the treatment of 
complications of smallpox vaccination. Other 
treatments currently under development include 
chemical compounds and monoclonal antibodies. 
NIOCH-14, a synthetic analogue of tecovirimat, 
has passed phase 1 trials.73 Several laboratories 
are currently developing monoclonal antibodies, 
with preclinical trials already under way.73

The vaccines available for dealing with the 
current outbreak are ACAM2000 and MVA-BN. 
ACAM2000 (Emergent BioSolutions) is a second-
generation live, attenuated vaccinia virus vaccine 
with Food and Drug Administration (FDA) ap-
proval for use before or after exposure to mon-
keypox. It is effective but associated with a risk 
of cardiac complications.74 MVA-BN is a third-
generation live, attenuated, nonreplicating, modi-
fied vaccinia Ankara vaccine developed by Bavar-
ian Nordic. The vaccine is approved for smallpox 
prevention in the United States and Europe and 
was licensed by the FDA in 2019 for monkeypox 
prevention.75 LC16m8 (KM Biologics),76 a third-
generation, highly attenuated vaccinia virus vac-
cine, is also licensed for use against smallpox, 
but it is not currently authorized for monkeypox 
prevention.

MVA-BN has received emergency approval 
from several national health authorities, notably 
in France,77 for the postexposure prevention of 
monkeypox infection, allowing ring-vaccination 
strategies for contacts at high risk for infection 
in the current outbreak. Given the increase in 

the incidence of the disease and difficulties di-
agnosing cases and tracing contacts, some coun-
tries, including the United Kingdom and France, 
are now recommending offering third-genera-
tion smallpox vaccines to men considered to be 
at high risk for exposure.78

Conclusions

The gradual decline in immunity to smallpox 
may partly explain an increase in the incidence 
of monkeypox in some regions where the dis-
ease is endemic. However, the current epidemic 
reminds us that viral emergence is a permanent 
phenomenon without boundaries and is often 
unpredictable in its nature, target, and magni-
tude. This outbreak illustrates how a disease 
affecting one region of the world can have a 
strong effect on areas where it is not endemic, 
with different target populations and new clini-
cal presentations. To thwart the continuation of 
the current monkeypox epidemic, both in the 
African areas where it is endemic and in newly 
affected regions, the priorities are clear: first, 
increase awareness and education of popula-
tions, especially at-risk groups, to prevent infec-
tion and reduce transmission and spread; second, 
develop rapid, sensitive point-of-care detection 
tests to improve diagnosis and, consequently, 
prevention; and third, evaluate the effectiveness 
of existing treatments, vaccines, and vaccination 
strategies and improve efforts to make vaccina-
tion and treatment available to all affected groups 
and regions.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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