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APOBEC3 deaminase editing in mpox virus as
evidence for sustained human transmission

since at least 2016
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Historically, mpox has been characterized as an endemic zoonotic disease that transmits through
contact with the reservoir rodent host in West and Central Africa. However, in May 2022, human cases of
mpox were detected spreading internationally beyond countries with known endemic reservoirs. When
the first cases from 2022 were sequenced, they shared 42 nucleotide differences from the closest mpox
virus (MPXV) previously sampled. Nearly all these mutations are characteristic of the action of APOBEC3
deaminases, host enzymes with antiviral function. Assuming APOBEC3 editing is characteristic of human
MPXYV infection, we developed a dual-process phylogenetic molecular clock that—inferring a rate of

~6 APOBEC3 mutations per year—estimates that MPXV has been circulating in humans since 2016. These
observations of sustained MPXV transmission present a fundamental shift to the perceived paradigm of
MPXV epidemiology as a zoonosis and highlight the need for revising public health messaging around

MPXV as well as outbreak management and control.

ince 2017, the Nigeria Centre for Disease

Control has been reporting cases of

MPXV (mpox virus) infection in humans

(fig. S1) (I). MPXV, a DNA virus in the

genus Orthopoxvirus; Family Poxviridae,
is often described as being endemic in West and
Central Africa as a zoonotic disease that trans-
mits through contact with the rodent reservoir
host. Since the first human cases were observed
in the 1970s, MPXV infections have been pre-
dominantly associated with infants and children
(2-4). However, of the cases observed in Nigeria
since 2017, very few have been in children, with
the virus mainly affecting adults aged 20 to 50
(79%), 27% of which were in women (5). Genome
sequencing of viruses revealed enough genetic
diversity among cases that distinct zoonotic
events were not ruled out. In May 2022, cases
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of MPXV infection were detected spreading
widely across Europe and subsequently across
the globe. The first MPXV genome sequences
from these 2022 cases showed that they had
descended from the clade characterized by cases
diagnosed in Nigeria and Israel, Singapore, and
the UK (6) associated with travel from Nigeria
(fig. S2 and table S1, in bold). These early 2022
genomes are indicated as a triangle within
clade IIb in Fig. 1A and represent lineage B.1 as
per the nomenclature proposed by Happi et al.
(7). Isidro et al. (6) noticed that sequences
within lineage B.1 shared 42 single-nucleotide
differences from the closest earlier MPXV ge-
nomes from 2018. From a 2017 outbreak of
MPXV in chimpanzees, the evolutionary rate of
MPXV was estimated to be 1.9 x 107° substi-
tutions per site per year (1.2 x 10°%to 2.7 x 1075),
corresponding to ~1 nucleotide change every
3 years (8). Forty-two substitutions in the space
of 3 to 4 years is an unexpectedly large number.

Under the paradigm that MPXV is a zoonotic
virus with limited human-to-human transmis-
sion, one interpretation of this long branch
might be that it represents adaptation to
humans, facilitating the sustained transmission
that is now observed. However, as we show
here, and as was quickly seen when the first
genomes from 2022 were sequenced, it is clear
that these mutations are not the result of errors
by the virus’s replication machinery and occur
at a much higher rate than would be expected
for an orthopoxvirus (6, 9). Specifically, most of
observed nucleotide changes appear to be of a
particular type—a dinucleotide change from
TC—TT or its reverse complement, GA—AA
(9, 10). This particular mutation is characteristic
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3) family of cytosine deaminases. These act on
single-stranded DNA (ssDNA) to deaminate
cytosine to uracil, causing a G—A mutation in
the complementary strand when it is synthe-
sized. Most human APOBEC3 molecules have
a strong bias toward deaminating 5TC dinu-
cleotides, and APOBEC3-driven deamination
has been demonstrated with many DNA viruses
and retroviruses; (1I-18). Furthermore, a recent
study has specifically demonstrated APOBEC3F
editing in cell culture and during human MPXV
infection (19).

We assess the extent to which APOBEC3 has
acted on MPXV and explore whether this is the
source of the elevated mutation rate observed
since 2017. We also explore the evolutionary
consequences of this mechanism driving evo-
lution in MPXV and model the distinct pro-
cesses underpinning the evolution of MPXV in
the human population.

APOBEC3 editing as a signature of MPXV
evolution in the human population

The known diversity of MPXV is decomposed
into three major clades: clades I, IIa, and IIb
(Fig. 1A) (7). Clade I represents MPXV sampled
in Central Africa, and clade Ila is composed of
viruses from human and nonhuman animal sam-
ples taken in or connected to West Africa. Both
of these clades include virus genomes spanning
from the 1970s to the present day, although most
samples were collected within the last 20 years
(fig. S3). Clade IIb has an early sample taken in
1971 (GenBank accession KJ642617), but most of
the sequences in clade IIb are more recent virus
genomes from 2017 to 2022 that Happi et al. (7)
have labeled as hMPXV-1 (Fig. 1A, labeled phy-
logeny in fig. S2). Within the recent diversity of
clade IIb (indicated as the darker box within IIb
in Fig. 1A), we cataloged transmitted mutations
that occurred between 2017 and 2022 with only a
single representative from the 2022 global lineage
B.1 (n = 44 genome sequences, fig. S2) (20).
Within MPXYV clade IIb, we observe rates of
molecular evolution far greater than that ex-
pected for double-stranded DNA viruses and
indeed that observed in clades I and IIa of
MPXV (8) and see this excess accumulation of
mutation in samples as early as 2017. The great
majority of these mutations are of the type
G—A or C—T (90.8%) (Fig. 1B), regardless of
sample host species (fig. S4). Comparing MPXV
clade IIb with clade I and IIa emphasizes that
this pattern is not seen outside of clade ITb (Fig.
1B, labeled phylogenies in fig. S5), nor is it seen
when looking at reconstructed mutations within
a phylogeny of 46 variola virus (VARV) genomes,
the human virus responsible for smallpox (fig.
S6). For the other MPXV clades, APOBEC-type
mutations are observed at between 8 and
13% frequency, which fits with the expected
proportion under standard models of nucleotide
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Fig. 1. Specific enrichment of APOBEC3-type mutations in MPXV samples
collected since 2017. (A) MPXV genetic diversity is categorized into clade |
(predominantly sequences from the Democratic Republic of the Congo), clade lla
(predominantly West African sequences), and clade Ilb. Within clade IIb is a
subclade of genomes sampled from 2017 to 2022 that show mutational patterns
distinct from those of the other two clades. (B) We catalog single-nucleotide
mutations across the phylogenies of clade IIb, clade Ila, and clade | (top to
bottom). For clade Ilb, we include samples from 2017 to 2022 and only a single
representative of the global lineage B.1. Of 120 reconstructed mutations that
occurred on internal branches of the clade Ilb phylogeny (so are observed
transmitted mutations), 109 are consistent with APOBEC3 editing (90.8% of
mutations). Individual proportions of G—A and C—T mutations are shown above
the respective bars. Ancestral state reconstruction performed across clade Ila

SNP
B APOBECS-type mutations

Position

Other nucleotide change C mwu G mm T

A
and clade | does not produce the same enrichment of mutations consistent
with APOBEC3 editing, with only 27 of 207 observed mutations (13%) and 38 of
463 clade | mutations (8%) fitting the dinucleotide pattern. (C) Observed
heptamers of C—T or G—A mutated sites of clade llb, lla, and | phylogenies
(top to bottom). Heptamers associated with G—A mutations have been
reverse-complemented to reflect deamination on the negative strand. For clade
lIb, most C—T mutations are present in a TC dimer context, consistent with
APOBEC3 editing (107 of 115 mutations, or 93%). However, the same is not seen
for clades lla and I, in which 29 of 149 (19%) mutations and 42 of 256 (16%)
mutations have the dinucleotide context of APOBEC3, respectively, which is
what we would predict under standard models of nucleotide evolution.

*Only mutations occurring on internal branches of the clade Ilb phylogeny

are included.

evolution (21, 22) (Fig. 1B). Notably, the hep-
tamers of C—T and G—A mutations that oc-
curred across the clade IIb phylogeny show
that this is a specific enrichment of APOBEC3-
type dimer mutations of the type TC—TT and
GA—AA (Fig. 1C). Similarly, this enrichment
of TC—TT and GA—AA mutations is observed
within the B.1 lineage (fig. S7), where 84.8%
of observed single-nucleotide polymorphisms
are consistent with APOBEC3 editing (fig. S8).
Observed heptamers around the observed C—T
and G—A mutations show a pronounced en-
richment in TC and GA target sites in the ge-
nomes sampled from 2017 to 2022, in contrast
with the rest of MPXV diversity (Fig. 1C), and
this enrichment is also reflected within line-
age B.1 (fig. S9).

Our analysis highlights that evolution within
clade IIb before the emergence of lineage B.1
mirrors that within lineage B.1 but is distinct
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from MPXYV clade I or IIa. Since 2022, the B.1
lineage has been sampled and sequenced inter-
nationally in the global epidemic of MPXV.
Lineage B.1 is known to be circulating by sus-
tained human-to-human transmission and as
such, mutations that have accumulated in B.1
can be considered characteristic of this mode
of transmission. We suggest that the APOBEC3-
driven evolution of recent clade IIb MPXV is a
signature of a switch to sustained transmission
within the human population. Within the B.1
lineage, believed to be entirely the result of hu-
man infection and transmission, we continue
to see the same pattern of predominantly
APOBEC3 mutations accumulating at a rate
similar to that seen in A lineage genomes since
2017. It is unlikely that, by chance, MPXV evolved
to become susceptible to APOBEC3 action within
the putative rodent reservoir before the emer-
gence of cases and to retain that susceptibility
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to human APOBEC3 molecules once transmitting
in humans. Given that all human cases se-
quenced since 2017 share substantial numbers
of APOBEC3 mutations, including nine on the
stem branch leading to hMPXV-1, it is very un-
likely that these represent multiple zoonotic
introductions. APOBEC3 genes emerged in
placental mammals from a duplication of the
ancestral AID gene and have a dynamic recent
evolutionary past, with gene duplication and
loss across phyla (23, 24). APOBEC3 genes in
primates have undergone recent expansion, with
primate genomes now having seven paralogs
of three ancestral genes (25, 26). Rodents, the
reservoir of MPXV, have only a single functional
APOBECS3 protein, resulting from gene loss and
fusion events (25). Rodent APOBECS3 has been
shown to be expressed preferentially in spleen
and bone marrow, with limited expression ob-
served in other tissues (27, 28).
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Fig. 2. Observed APOBEC3-type mutations are not merely a product of
available target sites. (A) Consequence of hypothetical APOBEC3 mutations
at target dimer site (either the C in the TC target site or G in the GA target site)
in the coding regions of the National Center for Biotechnology Information
reference MPXV genome for clade Il (accession NC_063383) and those observed
APOBEC3 mutations across the coding regions of the clade IIb phylogeny

(not including the outgroup branch leading to the 1971 genome sequence). These
are categorized into nonsynonymous (altered amino acid), synonymous (amino
acid remaining unchanged), nonsense (editing producing a stop codon), and
intergenic (not present in a coding sequence). (B) The proportion of target
sites edited for each target site percentile window across the MPXV genome.
The teal shaded regions represent the binomial confidence interval around

observations. Masked regions are indicated by vertical gray bars. Observed
edits include data from the clade IIb phylogeny, with a single representative

of lineage B.1 and not including the branch leading to the outgroup 1971 genome
sequence. (C) Hypothetical amino acid changes for codons overlapping

with TC and GA target sites in a reference MPXV genome (GenBank accession
number: NC_063383) if APOBEC3 edited those dimers to TT and AA. Amino
acid changes are colored by Grantham Score (0-50 conservative, dark blue;
51-100 moderately conservative, light blue; 101-150 moderately radical, light red;
>150 radical, dark red; synonymous, gray). Single-letter abbreviations for the
amino acid residues are as follows: C, Cys; D, Asp; E, Glu; F, Phe; G, Gly;

H, His; I, lle; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, GIn; R, Arg; S, Ser;

W, Trp; and Y, Tyr. Stop codons are indicated with an asterisk (*).

APOBEC3 has a limited repertoire to generate
variation in the MPXV genome

If we assume this observed evolution within
hMPXV-1is APOBEC3-driven, this may have
implications for its sustained transmission
in the human population. Considering all GA
and TC dimer sites in the clade II reference ge-
nome (accession number NC_063383)—i.e., those
that could be the target of APOBEC3 editing but
had not been by that point—we assessed what

O’Toole et al., Science 382, 595-600 (2023)

amino acid changes a deamination mutation
at these sites would bring about (Fig. 2). Of the
23,718 such dimers, 61.6% (14,618) would pro-
duce amino acid replacements, 21% (4990)
would be synonymous, 2.9% (692) would in-
duce stop codons, and 14.4% (3418) would occur
outside of coding regions. For the clade IIb ge-
nomes, of the 633 mutations at these dimers
that did occur, 38.7% (245) were amino acid
replacements and 35.7% (226) were synony-

3 November 2023

mous, 4.7% (30) were nonsense, and a further
132 APOBEC3 mutations were in intergenic
regions (20.8%). The probability of getting 226
or greater synonymous mutations out of 663
under a simple binomial distribution with 21.0%
chance of a context being synonymous is P =
7.6 x 1078, We do not see the same enrichment
for synonymous mutations in the mutations that
are not APOBEC3-like, although the quantity of
these mutations is considerably lower (fig. S10).
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There are also more mutations outside of protein-
coding regions than we would expect based on
the location of target dimers (probability of 4.5 x
107° of getting at least 132 noncoding muta-
tions given that only 14.4% of targets are in

these regions). This supports the hypothesis
that what we observe are the residual least
harmful APOBEC3 mutations after natural
selection has eliminated those with substan-
tial fitness costs to the virus. By comparing the

density of observed C—T and G—A mutations
and the density of APOBEC3 target sites (TC
or GA dinucleotides) across the reference ge-
nome, we see that the distribution of muta-
tions is not simply a product of the availability
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Fig. 3. Estimating the time of MPXV emergence into the human population
from the accumulation of APOBEC3-type mutations. (A) MPXV genomes
sampled from human infections from 2017 to 2022, with an outgroup sequence
from an outbreak in Nigeria in 1971 (n = 44 genome sequences, including
outgroup). Lineages indicated as per nomenclature proposed by Happi et al. (7).
Mutations along each branch are indicated with circles colored by whether it is
putatively APOBEC3 edited (TC—TT and GA—AA; red) or whether it is another
mutation type (yellow). The break in the basal branch illustrates the assumption
made in the regression model in panel B, that all APOBEC3 mutations occurred after
emerging into the human population; however, we do not know the precise
distribution of red or yellow mutations. (B) APOBEC3 mutations from MPXV
genomes sampled since 2017. The reconstructed most recent common ancestor
(MRCA) of the panel A phylogeny is used as the root in the root-to-tip plot,

and the y intercept is used as a proxy for time of emergence, which is inferred

by fitting a Bayesian regression to the sequence dates from panel A. Intersects
with y =1, 2, and 3 are also shown as it is likely that a small number of the
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Time (years)

APOBEC3-type mutations are actually earlier replication errors and not

induced by APOBEC3. (C) Maximum clade credibility (MCC) phylogeny of MPXV
clade Ilb with absolute time shown on the x axis. We separated the alignment
into an APOBEC3 and a non-APOBEC3 partition and modeled the substitution
process in each independently. We used an epoch model with two outgroup
sequences (not shown) representing the first epoch and hMPXV-1 ingroup
sequences representing MPXV post-emergence into the human population

with an exponential growth model. The probability density distributions show the
estimated time of the most recent common ancestor (tMRCA) of the ingroup
as well as the estimated transition time that represents the time of emergence
into the human population. (D) Estimated effective population size of the
outbreak using a nonparametric coalescent Skygrid model with 11 change points
over a period of 8.5 years. This reconstruction falls within the bounds of the
exponential growth model estimated from the second epoch in panel C,
suggesting that the MPXV population has been exponentially growing since

at least 2016.
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of target sites (Kolmogorov-Smirnov test sta-
tistic = 0.07, P = 0.0002; fig. S11, A and B). When
considering synonymous and nonsynonymous
APOBECS3-like mutations separately, there is
a significant difference between the density
of target sites across the MPXV genome and the
distribution of observed APOBEC3-like synon-
ymous and nonsynonymous mutations, respec-
tively (fig. S11, C and D).

The “repertoire” of mutations that APOBEC3
is able to provide as genetic variation on which
natural selection can act is severely restricted.
Only a limited number of dinucleotide contexts
are present, and the repertoire of amino acid
changes that APOBEC3 editing can induce is
also limited (Fig. 2C and fig. S12). Only 13 dif-
ferent amino acid replacements are possible,
and three that give rise to stop codons, and they
are not reversible by the same mechanism. This
means that given the restricted set of positions
at which these mutations occur and the limited
amino acid changes that they can result in, the
elevated rate will not necessarily facilitate adap-
tation of the virus.

APOBEC3 hypermutation is a host-mediated
antiviral mechanism. These molecules act as
the viral genome is being replicated and single
strands are exposed. During repeated rounds
of replication, either strand can be deaminated,
leading to both C—T and G—A changes on the
positive strand, as seen in this study. Thus, it is
likely that the genomes that are extensively mu-
tated by APOBEC3 will simply not be viable and
will not be transmitted further. MPXV replicates
in the cytoplasm likely by means of rolling-circle
amplification (29), and this facilitates exten-
sive continuous genome replication (30). The
high processivity of this mechanism efficiently
produces high copy numbers of MPXV genome
molecules in the cell, potentially saturating the
APOBEC3 enzyme action if the concentration
of MPXV DNA molecules is high enough. This
likely means that many MPXV genomes are un-
affected by APOBEC3 action. Occasionally, how-
ever, a genome, modestly mutated by APOBEC3,
may remain viable and be transmitted. We see
this in the enrichment of observed synonymous
and intergenic mutations relative to available
targets in the MPXV genome. Given the non-
reversibility of the APOBEC3 action, sustained
evolution within the human population may
result in a depletion of lower-consequence target
sites (i.e., synonymous or conservative amino
acid changes) and thus expedite a decrease in
fitness of MPXV over time. This could be both
through a reduction in the number of viable
offspring viruses produced by infected cells and
as a result of the accumulation of moderately
deleterious mutations by genetic drift (i.e., mu-
tation load). However, the timescale on which
this might happen is uncertain and other evolu-
tionary forces such as recombination may act to
restore fitness, and we do not address this fur-
ther in this study. A further uncertainty arises

O’Toole et al., Science 382, 595-600 (2023)

when considering the variable repertoire of
genes associated with virus infectivity or host
immune modulation in poxvirus genomes. Mu-
tations that alter or abrogate the function of
these genes may have little direct effect on virus
replication machinery but may disrupt the
virus-host interaction. There is precedent for
the naturally occurring inactivation of genes
in VARV contributing to host specificity, and
consequently the loss of function of some MPXV
genes through APOBEC3 activity may poten-
tially have adaptive value for the virus as it repli-
cates and transmits in a new host (31, 32).

Even if the mutations that accumulate through
this process are simply the neutral residue of a
suboptimal antiviral host defense, they have
produced sufficient variability for the phyloge-
netic analysis of the epidemic over the short term.
The initial lineages proposed by Happi et al. (7)
have expanded with the 2022 epidemic B.1
lineage now encompassing 17 sublineages at the
time of writing (33). The rapid and temporally
linear accumulation of mutations means that
genomic epidemiological models and tools
(34, 35), usually used for RNA viruses, may also
have utility for hMPXV-1.

The linear accumulation of APOBEC3-type
mutations since the emergence and spread
of MPXV in humans

Since 2017, the genomes thus far sampled from
clade IIb have accumulated APOBEC3-type
single-nucleotide mutations approximately
linearly over time (Fig. 3, A and B; labeled phylog-
eny in fig. S13). We applied Bayesian regression
analysis on the root-to-tip plot of sequences in
Fig. 3A, which includes one representative B.1
genome, and also separately on the B.1 lineage
(B.1 phylogeny in fig. S1) (20). To ensure that the
elevated temporal signal is specific to APOBEC3
data, we show combinations of APOBEC3 and
non-APOBEC3 mutations on clade IIb data in
fig. S14. The estimated rate of accumulation was
6.18 per year (95% credible intervals of 5.20,
7.16). For the B.1 lineage, the rate was 5.93
per year (2.95, 8.92), suggesting that despite
widespread and rapid transmission within MSM
(men who have sex with men) networks, the rate
of accumulation of APOBEC3 mutations re-
mained the same as it did for the rest of clade
IIb. It is notable that the regression line for B.1
lies substantially above that for the rest of clade
IIb, suggesting that this lineage accumulated
more mutations than expected before the
emergence of B.1. However most of these mu-
tations are also present in the genome from
Maryland, USA (accession number ON676708)
from November 2021 (10), indicating that they
arose and circulated for some months before
the B.1 epidemic (figs. S15 and S16). Extrapolat-
ing back to when the APOBEC3-type mutations
started to accumulate provides an estimate of
when the first APOBEC3 mutations occurred in
the stem of the branch leading to the 2017
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epidemic. If we assume that all these mutations
are due to APOBEC3 in humans, then we esti-
mate this date of emergence to be 20 June 2015.
However, we expect a few APOBEC3-like muta-
tions to actually be due to replication errors
during the earlier preemergence epoch. The num-
ber of mutations that we ascribe to this period
will affect our estimate linearly—i.e., if three
mutations were not due to APOBEC3, then the
estimate would shift to 14 December 2015.

To accommodate this uncertainty in our es-
timates, we have developed a more explicit
model of APOBEC3-mediated evolution in the
BEAST software package (20, 34). We estimate
that the action of APOBEC3 on the MPXV pop-
ulation is driving evolution ~28 times faster
than the background evolutionary rate (fig. S17).
Gigante et al. (10) also described an elevated
overall rate of evolution in the A lineage but
did not decompose the APOBEC3 and non-
APOBECS3 contribution to this. The time of the
most recent common ancestor of the post 2017
genomes is estimated to be 23 February 2016
(28 June 2015, 28 September 2016), with the
transition to sustained human-to-human trans-
mission estimated to be 14 September 2015
(21 August 2014, 31 July 2016; Fig. 3C and fig.
S17). Unlike the assumption in Fig. 3B that all
APOBEC3 mutations occurred after emergence,
the BEAST analysis estimates the transition
point integrating over all possibilities. This
allows for the fact that a few of the APOBEC3-
like mutations may actually be due to replica-
tion errors in the earlier evolutionary epoch
and this might explain the slightly more recent
date. We also see evidence of exponential
growth in the number of infections in the epi-
demic before the emergence of lineage B.1in
2022 (Fig. 3D), despite the decline in cases
reported in 2020 (fig. S1C), albeit the growth
rate is relatively slow, which reinforces the indi-
cation from the demographics of the cases that
this is not a generalized epidemic.

Implications for the global public health
response to mpox cases

Since the identification of the B.1 lineage, a
number of countries have reported other line-
ages that lie outside the diversity of B.1, in-
cluding the United States, United Kingdom,
Portugal, India, and Thailand. In almost all
instances, these cases are reported as having
ahistory of international travel. The lineages
in which these are placed (designated as A.2.1,
A2.2, A2.3, and A.3) can all be phylogenet-
ically traced back to the epidemic in Nigeria
(Fig. 3A). This suggests that at least one in-
stance of sustained human-to-human transmis-
sion is still ongoing outside of the recognized
MSM networks that were the focus of the 2022
global epidemic. Stopping transmission in these
communities, though necessary, will not be
sufficient to eliminate the virus as a human
epidemic. Many countries lack the surveillance
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to detect MPXV cases, and if sustained human-
to-human transmission has been ongoing
since 2015-2016, it is plausible that there are
other populations that are currently enduring
epidemics.

Historically, mpox was considered a zoonotic
disease, and cases have been treated as inde-
pendent spillover events with low levels of cir-
culation in the human population. Thus far,
this continues to be an accurate characteriza-
tion of clade I in Central Africa. For clade IIb,
although some non-B.1 lineage cases may be
new zoonotic infections, most cases since 2016
are likely the result of human-to-human trans-
mission. Although the B.1 lineage across
the world is now diminished—though not yet
eradicated—the human epidemic from which
it arose continues unabated. It is critical that
global public health affords MPXV cases in
countries that are historically considered to
have endemic reservoir species equal attention
and concern to those elsewhere. Surveillance
needs to be global if MPXV is to be eliminated
from the human population and then prevented
from reemerging.
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APOBEC3 deaminase editing in mpox virus as evidence for sustained human
transmission since at least 2016
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Editor’'s summary

In March 2022, an international epidemic of human Mpox was detected, showing that it was not solely a zoonotic
infection. A hallmark of the approximately 88,000 cases that have been reported were TC>TT and GA>AA mutations
in Mpox viruses, which were acquired at a surprisingly high evolutionary rate for a pox virus. Knowing that these types
of mutation are a sign of activity by a host antiviral enzyme called APOBEC3, O'Toole et al. investigated whether the
mutations reflected human-to-human transmission rather than repeated zoonotic spillover. Bayesian evolutionary
analysis showed that Mpox virus recently diversified into several lineages in humans that display elevated numbers

of mutations, signaling APOBEC exposure and sustained human-to-human transmission rather than zoonosis as the
source of new cases. —Caroline Ash
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