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COMMENTARY

Pathogenesis of the circulating mpox virus and its 
adaptation to humans
Antonio Alcamía,1

The recent mpox (monkeypox) outbreak has caused >86,000 
infections and 96 deaths (https://ourworldindata.org/
monkeypox) and was declared a global health emergency by 
the WHO (1, 2). The disease is caused by mpox virus (MPXV), 
a virus endemic in an animal reservoir in the sub-Saharan 
Africa (Fig. 1). MPXV transmits occasionally to humans, and 
it spread in a few occasions outside the African continent, 
causing limited outbreaks. The recent 2022 international 
outbreak has caused an unprecedented transmission 
of the virus mainly in men that have sex with men. The 
extent of the outbreak has decreased dramatically after a 
few months, with 13 to 37 daily cases worldwide in February 
2023. We still do not understand the reasons why the MPXV 
clade circulating in 2022 was so transmissible in humans. In 
PNAS, Americo et al. (3) report that the MPXV clade causing 
the 2022 international outbreak is less virulent in a mouse 
model than the MPXV clades previously identified and 
suggest that the virus may be adapting to other species.

MPXV is an orthopoxvirus closely related to variola virus 
(VARV), a human virus that caused smallpox and was eradi-
cated in 1980 (4). The possibility that an orthopoxvirus such 
as MPXV, causing a less severe smallpox-like disease, could 
be introduced into the human population and fill the niche 
occupied by VARV has been a concern.

MPXV is a zoonotic virus present in a natural animal res-
ervoir in rodents in Africa, including squirrels, Gambian rats, 
and dormice, and can be transmitted to monkeys and 
humans. Two clades of MPXV have been identified (Fig. 1). 
Clade I (Central Africa or Congo Basin) causes high mortality 

(10%) and long chains of human-to-human transmission. By 
contrast, clade IIa (West Africa) shows low mortality (1%) and 
is less transmissible between humans. The MPXV iso-
late-causing infections outside Africa are related to clade IIa 
and were designated as clade IIb. The MPXV genome consists 
of a double-stranded DNA molecule of ~200,000 bp encoding 
190 proteins. Differences between clades I and IIa map to 
the genes involved in virus–host interaction located at the 
ends of the genome. Changes in clade IIa include the frag-
mentation or deletion of genes involved in immune evasion, 
such as the interleukin-1β receptor, an apoptosis regulator, 
and a complement inhibitor.

The genomic sequences of >1,200 MPXV isolates circulat-
ing during the 2022 outbreak (www.nextstrain.org/monkeypox) 
are related to clade IIb and were defined as lineage B.1 (5). 
Lineage B.1 has accumulated 46 nucleotide changes com-
pared to a clade IIb MPXV isolated in the United Kingdom in 
2018. The number of mutations accumulated in B.1 was 6 to 
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Fig. 1. Transmission properties of different clades of MPXV and their virulence in humans and mice. The finding of MPXV clades in an animal reservoir, their ability 
to spread to humans from animals, and their efficiency of human-to-human transmission are indicated. The virulence of MPXV clades in humans and CAST/EiJ 
mice, as described by Americo et al. (3), is shown. Solid bars show a relative quantification of the properties. Empty bars indicate that no information is available.
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12 higher than that estimated for a highly stable orthopox-
virus DNA genome. Many mutations were consistent with the 
action of host APOBEC3 cytosine deaminase activity, which 
may have contributed to an accelerated evolution after 
human-to-human transmission during the 2022 outbreak. 
Genomic sequencing of MPXV isolates from Nigeria in 2019 
and 2020 identified variants circulating in humans before the 
emergence of lineage B.1 (6) and including the lineage A.2 
introduced independently into the United States in 2022 (7).

The contributions of the clade IIb B.1 mutations to MPXV 
pathogenicity are unknown, and an animal model is of inter-
est. Nonhuman primates, ground squirrels, African dormice, 
and prairie dogs have been experimentally infected with 
MPXV, but these models have limitations due to complex 
husbandry requirements and availability of immunorea-
gents (8). A survey of 38 inbred mouse strains identified 
three susceptible wild-derived strains, and the CAST/EiJ mice 
were developed as an mpox model (9). Deficient IFNγ pro-
duction is associated with the susceptibility of CAST/EiJ mice 
to MPXV (10).

Americo et al. publish in PNAS investigations on the viru-
lence of the new MPXV clade IIb B.1 in the CAST/EiJ mouse 
model they developed (3). The CAST/EiJ mice recapitulate the 
pathogenicity of MPXV clades in humans, with mice being 
more susceptible to clade I than clade IIa by both intranasal 
and intraperitoneal routes of infection (9) (Fig. 1). This differ-
ence is more pronounced in the systemic, peritoneal infec-
tion with an LD50 <1 plaque-forming unit (PFU) for clade I 
and an LD50 1,000 PFU for clade IIa. Interestingly, the new 
clade IIb B.1 is highly attenuated in CAST/EiJ mice adminis-
tered by either route of infection, with no lethality observed 
at high viral doses (105 PFU) and low virus replication in dif-
ferent organs. The authors propose that increased adapta-
tion of this MPXV lineage to humans, as a result of the recent 
human-to-human transmission events, may have led to a 
major change in host specificity and reduced ability to infect 
rodents. The CAST/EiJ mouse model may help to narrow 
down the mutations responsible for this dramatic change in 
host specificity by constructing clade IIa viruses bearing spe-
cific mutations identified in clade IIb B.1. This will point at the 
immune response pathways involved in this resistance.

Identifying which of the 46 mutations found in clade IIb B.1, 
including 24 nonsynonymous, 18 synonymous, and four inter-
genic, may favor MPXV adaptation to humans remains a 
research challenge. The nonsynonymous changes affect immu-
nomodulatory proteins (TNF decoy receptor, CC-chemokine 
binding protein), proteins of the entry–fusion complex, tran-
scription factors, proteins involved in virus replication and 
morphogenesis, and the major antigenic B21 surface protein. 
The possibility that a few amino acid mutations may lead to 
relevant changes in the function of these proteins will need to 
be addressed experimentally. Mutations in intergenic regions 

may affect the expression level of some genes. Lastly, genomic 
rearrangements that consist of translocations of DNA between 
terminal sequences in the genome may cause the duplication, 
inactivation, and deletion of genes. One example of this gene 
rearrangement has been identified in MPXV isolates from 
the 2022 outbreak, and previously in clade I virus isolates in 
Africa (11, 12).

Gene loss events are common in orthopoxvirus evolution 
during adaptation to new host species (13), but the impact 
on virulence is unpredictable. The loss of genes that target 
specific immune pathways or promote virus replication 
normally causes viral attenuation. But, gene loss may 
increase virulence, as demonstrated for the vaccinia virus 
interleukin-1β receptor that inhibits fever and systemic 
responses in the infected host (14). This is counterintuitive, 
but illustrates that viral proteins may reduce the immuno-
pathology caused by an excessive immune response 
induced after infection.

The establishment of MPXV in the human population as 
a new disease replacing smallpox is uncertain. The evolution 

of smallpox, a human-specific virus, may shed light 
into potential scenarios of mpox evolution in 
humans. VARV lost 29 genes involved in immune 
evasion and host range as compared to an 
orthopoxvirus ancestor, likely similar to cowpox 
virus, which causes limited pathology and infects 
a broad range of species. Recent studies identified 
VARV in archaeological human remains from the 

Viking Age (600 to 1050 CE) that still retained 14 immune mod-
ulatory and host range genes that were lost in modern VARV 
(15). One possibility is that smallpox was initially a zoonotic 
disease causing a mild infection in humans and VARV pro-
gressively lost genes and increased its virulence as it became 
more restricted to humans (16). Maybe the mpox infections 
we are seeing represent the beginning of a similar evolution-
ary pattern and MPXV will mutate or suffer genomic rear-
rangements, leading to a better adaption to humans. The 
2022 international outbreak is providing MPXV a good oppor-
tunity to accelerate its molecular evolution generating more 
transmissible and better adapted new clades. Whether they 
will evolve toward increased virulence, as we saw with small-
pox, or attenuation is at present unpredictable.

Transmission of MPXV occurs through direct contact with 
skin lesions, body fluids, respiratory droplets, and fomites 
(2). Epidemiological data of the current outbreak suggest 
that contact with skin lesions is the dominant route of trans-
mission (17). Recent studies on mpox patients have identi-
fied high virus loads in the respiratory tract (throat and 
nasopharyngeal swabs), saliva, and air samples (17, 18), but 
transmission through respiratory droplets or at longer dis-
tances through aerosols does not appear to play a role in 
the current outbreak. The possibility that MPXV may mutate 
and increase viral loads in droplets and aerosols, or its effi-
ciency to infect human cells in the respiratory mucosa, will 
enhance its respiratory transmission, and this should be 
monitored in the future. Evidence of airborne transmission 
of smallpox was reported (19), and mpox may evolve in the 
same direction.

The recent mpox outbreak has been largely reduced, but 
a basal level of virus transmission is likely to continue, 

“In PNAS, Americo et al. report that the MPXV 
clade causing the 2022 international outbreak 
is less virulent in a mouse model than the MPXV 
clades previously identified and suggest that 
the virus may be adapting to other species.”
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including asymptomatic infections. The increase in recent 
years of mpox cases in Africa, where new MPXV clades appear 
to be evolving (6), may reflect waning of protective immunity 
against poxviruses after the smallpox vaccination ceased. 
A major concern is the possibility that clade I, more virulent 
and transmissible than clade II, may become established in 
humans and cause new epidemics. It is likely that new mpox 
outbreaks will occur in the near future.

Genomic surveillance, particularly in African countries, is 
required to monitor the evolution of MPXV and its human 
adaptation. Further investigations on the role of MPXV pro-
teins involved in immune evasion and host interaction are 

needed to identify factors that contribute to transmission 
and pathogenesis. The development of animal models, like 
the CAST/EiJ model described by Americo et al. in PNAS (3), 
is necessary to allow these investigations. Lastly, as we have 
learned during the COVID-19 pandemic, rapid diagnostic 
tests, antivirals, and vaccines are urgently needed to control 
future mpox outbreaks.
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