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MONKEYPOX VIRUS: MPXV

Monkeypox virus (MPXV) is a zoonotic virus belonging to the Orthopoxvirus genus, Poxviridae family. 
The Orthopoxvirus genus also includes Vaccinia virus, Cowpox virus, Variola virus and several other animal pathogen 
poxviruses. 

MPXV is an enveloped virus with a dsDNA genome approximately 197 kilobases in length, 200 to 250 nm large, 
brickshaped, it binds to glycosaminoglycans to enter the host cells, and replicates in the cytoplasm where a 
hierarchical transcription of early, intermediate, and late genes has been previously described for Orthopoxviruses.



MONKEYPOX VIRUS: MPXV

The MPXV virions are brick or ovoid-shaped
particles measuring about 200–250 nm and 
surrounded by a geometrically corrugated
lipoprotein outer membrane. 

The mature viral particle is composed of several
morphologically distinct structural components, 
including an outer membrane, surface tubules, 
two lateral bodies, a large double-stranded
linear DNA genome (dsDNA), and a double-
concave dumb bell-shaped nucleoprotein core 



MONKEYPOX VIRUS: GENOME

The genome of the MPXV is about 197.2 kb in length, has covalently closed hairpin ends, 
and contains over 190 ORFs, encoding for ~180 proteins which play diverse roles in the 
viral life cycle, including replication, assembly, and modulation of host immune 
responses 

The genome includes a highly conserved central region, encoding for viral transcription, 
replication, and virion morphogenesis factors, and two peripheral regions containing immune 
modulating and virulence genes implicated in the determination of the host range and 
pathogenesis 



Christopher J. et al., 2017

MONKEYPOX VIRUS: GENOME

The gene naming was initially based on the HindIII restriction enzyme digestion profiles then 
on a unified nomenclature for OPXV genes which has been necessary to avoid 
misinterpretation caused by different reference genomes 



MONKEYPOX VIRUS: LIFE CYCLE

The specific receptors for MPXV 
entry are still unknown, despite it 
has been proposed that viral entry 
is associated with host cell type 
and viral clades, involving multiple 
surface receptors, such as 
heparan sulfate, 
glycosaminoglycans, and 
chondroitin sulfate 

1. ATTACHMENT



2. ENTRY

3. UNCOATING AND EARLY GENES EXPRESSION
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the virions enter host cells via direct fusion with the 
plasma membrane at neutral pH or by a low pH 
macropinocytosis pathway, releasing the viral core into 
the cytoplasm 

During the uncoating phase, the viral core is released 
into the cytoplasm, and viral DNA is transcribed by the 
MPXV-encoded multi-subunit DNA-dependent RNA 
polymerases (RNAPs). a complete early transcription 
system is present within the core of virus particles, 
providing a mechanism for the synthesis of viral early 
mRNAs soon after infection. The early mRNAs encode 
enzymes and factors needed for synthesisof viral DNA 
and for transcription of the intermediate class of genes 
and control of the host immunological response. 



4. DNA REPLICATION

5. INTERMEDIATE AND LATE GENES EXPRESSION
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Intermediate and late gene expression occurs, 
creating structural proteins and enzymes 
necessary for virion assembly.  Early factors to 
include in the virion are also produced

In the DNA replication phase, the viral DNA 
polymerase replicates the viral genome. 

the intermediate gene transcripts encode enzymes and
factors for late gene expression; and the products of the late
genes include the early transcription factors, which are packaged
with RNA polymerase and other enzymes in progeny virions



6. ASSEMBLY AND MORPHOGENESIS
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https://www.researchgate.net/figure/Schematic-diagram-of-
monkeypox-virus-MPXV-structure-A-The-structure-of-
intracellular_fig1_365249837

MPXV produces two morphologically distinct infectious 
forms: extracellular enveloped virus (EEV), which is 
thought to be responsible for early dissemination, and 
intracellular mature virus (IMV), which is released during 
cell lysis. 

EEV and IMV particles have a different number of surface 
glycoproteins and enveloping membranes. 
The late proteins assemble into infectious virion IMVs. 
Some IMVs are transported through microtubules and 
wrapped by a double membrane derived from the 
endoplasmic reticulum or Golgi to produce an 
intracellular enveloped virus (IEV). These enveloped 
virions can further fuse with the cell membrane via 
triggering actin polymerization and be released to form 
EEVs 
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mature virion (MV) enveloped virion (EV) 

Two infectious viral particles are produced: the mature 
intracellular virions (MV) which exit through lysis and the 
extracellular enveloped virions (EV) which exit by exocytosis

MV and EV differ in their surface glycoproteins and the 
number of surrounding membranes. The EV form has an 
additional lipid membrane.

The two viral forms enter cells through different mechanisms: 
EV via fusion, MV via macropinocytosis.

7. RELEASE



MPXV is subdivided into two major clades: 
Clade I which is subdivided in subclades Ia 
and Ib, with higher virulence and an average 
mortality rate of up to 10%; and Clade II  
which includes subclades IIa and IIb, the 
latter responsible for the global 2022 
outbreak, which has a mortality rate of 0,2% 

▪ Family: Poxviridae
▪ Genus: Orthopoxvirus

Formerly Congo Basin or Central Africa

Formerly West Africa

Up to 10%

Clade 1A

Clade 1B

Clade 2A

Clade 2B

 0.2%

MONKEYPOX VIRUS: TAXONOMY



Up to 10%

Clade 1A

Clade 1B

Clade 2A

Clade 2B

 0.2%

MONKEYPOX VIRUS: TAXONOMY

Clade Ia MPXV circulates within multiple 
countries in Central Africa and is associated 
with regular spillover from animal reservoirs 
with some onward human-to-human 
transmission. 

Clade Ib MPXV recently emerged in the eastern 
part of the Democratic Republic of the Congo 
and is undergoing sustained human-to-human 
transmission (CDC 2025). 



Up to 10%

Clade 1A

Clade 1B

Clade 2A

Clade 2B

 0.2%

MONKEYPOX VIRUS: TAXONOMY

Clade IIa MPXV has historically rarely been 
isolated and documented in humans with most 
available genetic sequences coming from 
animal species, and more recent transmission 
in several West African countries in bordering 
countries and outside Africa

Clade IIb MPXV, first detected in Nigeria, has 
undergone extended sustained circulation 
within humans since at least 2016 and has 
caused a large ongoing outbreak from 2022 to 
present (CDC 2025). 



• A genomic comparison of MPXV clades indicates similar gene synteny, but 
there are differences in gene content among the clades due to some genes 
that are missing or truncated in either one or two clades (Alakunle et al. 
2024). 

• Clades I and II differ by approximately 0.55% to 0.56% in their genomic 
nucleotide sequences, indicating that they evolved from a common 
ancestor some centuries ago. The genetic difference between subclades IIa 
and IIb is less pronounced, indicating their closer evolutionary link within 
clade II (Jumar S. et al. 2025). 

• In clade II several genes involved in immune modulation or virulence are 
either missing or truncated, including the OPG032, coding for the 
complement control protein. 

14

MONKEYPOX VIRUS: CLADES



One characteristic feature of the MPXV clade II compared to clade I is the absence of the viral complement control 
protein CCP or MOPICE (OPG032) concurring with the attenuated pathogenicity observed for this clade

2012

Clade Ib

A large ~1 kbp deletion in the OPG032 gene and 
interfering with the clade I-specific diagnostic PCR 
originally developed by Li et al. APOBEC editing high

2024

Since 2022 we have observed changes in 
transmission route with the predominant role of 
human-to-human 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.



Since 2022 we have observed changes in transmission route with the predominant 
role of human-to-human 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.

the establishment of subclade IIb, is worrying because of 
its increased transmissibility. Genomic studies revealed 
that strains of this subclade had a greater number of 
single-nucleotide polymorphisms (SNPs), indicating a 
faster rate of evolution, than did previous strains. 
Subclades IIa and IIb differ principally in terms of 
epidemiological patterns and genetic makeup; subclade 
IIb has demonstrated a greater propensity for human-to-
human transmission during epidemics, whereas subclade 
IIa remains more confined 



Since 2022 we have observed changes in transmission route with the predominant role of human-to-
human transmission

Clade Ib and Clade IIb MPXV lineages have extensive APOBEC3 editing signatures across their

genome, which have occurred over many years.

APOBEC3 is a cytosolic mRNA editing enzyme that has been shown to induce C-to-T and G-to-A mutations in DNA viruses including MPXV

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. 

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



APOBEC: proteina antivirale o proteina pro virale?

▪ Questa proteina è una citosina deaminasi  che immette 
degli errori nel codice genetico dei retrovirus

▪ ...è possibile che l’apporto mutazionale 
garantito da queste citosine deaminasi  procuri 
in Monkeypox benefici e vantaggi!

APOBEC3G



Children

PEOPLE AT HIGH RISK

Immunocompromised

individuals

Pregnant women

SYMPTOMS OF MPOX

Karagoz, Aysel, et al. "Monkeypox (mpox) virus: Classification, origin, transmission, genome organization, antiviral drugs, and molecular diagnosis." Journal of infection and public health (2023).

Falendysz, E. A. et al. Monkeypox virus in animals: current knowledge of viral transmission and pathogenesis in wild animal reservoirs and captive animal models. Viruses, (2023)

TRANSMISSION OF MPXV



• MPXV enters the body by the mucosal or cutaneous route, infecting
mucosal epithelial cells or keratinocytes, dermal fibroblasts and 
endothelial cells, establishing a productive, cytopathic infection (Cann 
J. A. et al. 2023; Yael Hammerschlag et al. 2022). 

• After the development of a primary viremia resulting from infection 
of lymphoid tissues, the virus can spread to distant organs (Chapman 
J. L. et al. 2010), the spleen and liver representing the main target 
organs; infection in these organs results in a second viremia leading to 
viral spread to the lungs, kidneys, intestines, skin, and gonads 
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MPXV: tropism



21

MPXV: tropism

Central role for NK cells,
T cell and Humoral response via neutralizing Ab

Infection of monocytes/macrophages



MPXV: evasion from the Immune response



MPXV: evasion from Immune response

Two caspase-1 inhibitory proteins and a PKR escape-related protein have been 
identified as phylogenomic hubs involved in modulating the immune environment 
during the MPXV infection. 

With respect to adaptive immunity, MPXV exhibits unique and exceptional T-cell 
inhibition capabilities, thereby comprehensively remodeling the host immune 
environment. 

The viral envelope also poses challenges for the neutralizing effects of antibodies and 
the complement system



MPXV: evasion from DNA sensing



MPXV: evasion from Immune response

MPXV also secretes soluble decoy receptors that bind and neutralize
interferons and pro-inflammatory cytokines (e.g., TNF-α, IL-1β), 
thereby suppressing early immune responses and facilitating viral
replication

Infected cells can block both CD4⁺ and CD8⁺ T cell responses through 
mechanisms that do not depend on MHC class I downregulation. Instead, 
MPXV directly inhibits T cell receptor (TCR) signaling, preventing cytokine 
production and cytotoxic activity. 
This immune evasion enables MPXV to persist in host tissues and may 
contribute to asymptomatic transmission and prolonged viral shedding 



Mpox: a neglected tropical disease goes global



In 2022

Sexual transmission

Preferential route

of infection
(men and women)

Images created with BioRender.com

Men who have sex 

with men (MSM)

92-99% 85%

In prior epidemics, over 

30% of MPOX cases2022 MPXV infected

population 1-8%

Mpox: a sexually transmitted disease

PEOPLE AT HIGH RISK

PLWH CD4+T <350 cells/mm3



Up to 10%

Clade 1A

Clade 1B

Clade 2A

Clade 2B

 0.2%

The clade IIb lineage B.1 is characterized by a much higher reproduction number in humans compared to previous strains.

IIb is enriched in APOBEC3 mutations (considered the dominant driver of adaptive microevolution in humans) vs IIa 

Since May 2022, global spread of clade IIb, then, on August 2024, the WHO declared the public health emergency of international 
concern given the increase in mpox cases in the Democratic Republic of Congo (DRC) and its expansion to neighbouring countries. 
Co-circulation of Clade Ia, Ib, IIa, IIb

Clade Ia is linked to zoonotic spillovers and clade Ib is characterised by sustained human-to-human sexual transmission. 

Clade Ib also shows APOBEC3-driven mutations that enhance viral transmissibility

Since 2022 we have observed 
changes in transmission route with 
the predominant role of sexual 
transmission in viral spread.



Since 2022

Sexual transmission

Preferential route

of infection
(men and women)

Images created with BioRender.com

Men who have sex 

with men (MSM)

92-99% 85%

In prior epidemics, over 

30% of MPOX cases2022 MPXV infected

population 1-8%

51.9%

29% 

sex workers

Sexual transmission confirmed as the main route of 

transmission 

As with previous epidemics, female individuals are 

once again becoming widely involved

Mpox: a sexually transmitted disease
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• Dal 1977, la cessazione della vaccinazione antivaiolosa ha comportato una diminuzione 
dell'immunità e un aumento della popolazione suscettibile all'Mpox, ovvero si è creato 
un ambiente favorevole al RITORNO DELL'MPXV, dimostrato da:

• A partire dagli anni ’80 la trasmissibilità del virus del vaiolo delle scimmie è aumentata di 
circa venti volte.
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- Aumento dei casi confermati
- Focolai in alcune regioni dopo un intervallo di 30-40 anni
- Aumento dell’età delle persone affette da Mpox



There were observed APOBEC3 mutations in MPXV’s Clade IIb
B.1 genes: OPG023: ANK/F-box protein and host-range factor;
OPG047: BTB-kelch domain contributor of virulence and lesion
size; OPG071: DNA polymerase catalytic subunit; OPG105: RNA
polymerase subunit; OPG109: RNA polymerase-associated
protein; OPG153: an intracellular mature virion surface tubule
protein; OPG188: a poxin-schlafen like protein; and OPG210: a
surface glycoprotein and T-cell response suppressor (28). While
the mutations have not been experimentally determined to be the
drivers of increased human-to-human transmission, there are
reported codon biases that are preferentially used in human
hosts (69). The SNP mutations within ankyrin-containing and
BTB-kelch proteins may alter species-specific binding
requirements for the stimulation of their target host proteins.
Interestingly, OPG188 was also revealed to be more prone to
mutation within MPXV compared to other accessory genes
across the genome (28). OPG188 codes for a schlafen-like
protein, which are RNA-binding proteins expressed in response
to IFN, and plays a role in growth inhibition during an anti-viral
state (70). OPG188 also has a conjoined poxin domain that
interferes with the STING-dependent interferon pathway via
functioning as a cGAMP-specific nuclease (1).

Two evolutionary mechanisms acting upon MPXV, which 

“fine-tunes” their gene products to better adapt to human 

hosts: APOBEC3 mutations and employment of genomic 

accordions
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In response to selective pressure, the high duplication rate 

of the Orthopoxvirus genome allows for increases in gene 

copy number to overcome a host’s pressure

Short tandem repeats (STRs) are located across the 

MPXV genome—positioned in intergenic regions or even 

within coding regions (34, 75). The expansion and 

retraction in the length of the STRs, much like genomic 

accordions, can induce frameshift mutations that can turn 

off, or conversely, turn on genes

There were three major identified accordions that have a functional impact.

The first of which is a STR placed at the start of the reading frame for OPG208, coding for SPI-1, a serine protease that blocks multiple steps of IL-1 processing 

and cell death cascades (34). This STR produced an alternative start codon, which is transcribed in vitro, and incorporated 52 copies of human-associated TAC 

codons (34). The increased length of the STR more closely resembles the SPI-1 gene in Clade I MPXV (29).

The second is another alternative methionine start codon, built by an STR accordion, upstream of OPG 204, a secreted decoy receptor for type I IFN (34). This 

alternative start codon is also transcribed in vitro, although the functional implications of an extended N-terminal Met-Lys repeat remain unknown.

Finally, there is predicted inactivation of OPG153, a protein that attaches virions to laminin and regulates their egress, which is also a major epitope targeted by 

the host antibody response (34). This gene contains a poly-D accordion and the insertion of two isoleucines, resulting in a structurally similar OPG153 in Clade IIb, 

which closely resembles Clade I’s ortholog of OPG153 rather than sister Clade IIa’s ortholog (34). Throughout the history of Orthopoxviruses, this protein has been 

lost on 18 independent occasions, and its loss has been both shown to attenuate the virus as well as compensate for the loss of a missing transcription factor 

gene

https://doi.org/10.1128/msphere.00576-24
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Secondo l’OMS l’epidemia di MPXV raramente si potrebbe trasformare in una pandemia, 
dal momento che l’infettività del virus è piuttosto bassa.

Questa recente e rapida ondata di nuovi casi in aree non endemiche ha suggerito che 
MPXV abbia subito un processo evolutivo, una potenziale evoluzione genetica, che ha visto 
la formulazione di alcune ipotesi a favore:

La repentina evoluzione e la capacità di MPXV di adattarsi all’essere umano incrementa la 
sopravvivenza del virus, nonché la suscettibilità dell’uomo a quest’ultimo.
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mutazione H3L e passaggio di MPXV tra 

specie diverse→ adattamento all’uomo e 

miglioramento della trasmissione

https://doi.org/10.1016/j.ijbiomac.2023.125515



Epidemic response and management

Actions

Laboratory
diagnosis

Immune response
to infection and vaccination

Viral kinetics
in the human host

Genital tropism



Vaccination with a third-generation smallpox vaccine  the Modified Vaccinia 
Ankara–Bavaria Nordic [MVA–BN] become a crucial component of the outbreak 
control (Imvanex)

Vaccination against mpox as a countermeasure to the 
global and local spread

Higher burden of Mpox in people living with 

HIV (PLWH) with low CD4+T cell counts

This third-generation smallpox vaccine has the advantage that it cannot reproduce 

complete virions in human cells, "the block of the MVA life cycle occurs at the step of 

virion assembly resulting in assembly of immature virus particles that are not released 

from the infected cell

https://en.wikipedia.org/wiki/Smallpox_vaccine#Third-generation
https://en.wikipedia.org/wiki/Smallpox_vaccine#Third-generation
https://en.wikipedia.org/wiki/Smallpox_vaccine#Third-generation


Mpox vaccination campaign in Italy:2025

- Laboratory personnel and HCWs
- People travelling to countries with Mpox outbreaks
- People who met sexual habit–associated risk criteria…

Post exposure prophilaxis possible ideally 4 to14 days from the contact with a case

SC or ID inoculation (>12 years old)

(Circolare ministeriale vedasi allegato tecnico per ulteriori dettagli) 

A booster dose is possible two years after the primary cycle

Delivering a two-dose schedule in naïve and a single dose to smallpox vaccine-experienced. 
In immunocompromised individuals 2 doses even if experienced



MPXV and the Male Genital tract



MPXV and the Male Genital tract



• The GT may represent a portal of entry for the MPXV
• MPXV in semen may determine sexual transmission
• The infection of the FGT may determine the vertical transmission of MPXV

Vulvar rash and vaginal
inflammation

MPXV presence in
vaginal fluids

In the 2022 Mpox outbreak, rashes primarily appeared around the 
genital area, with lymphadenopathy first occurring in the groin.



MPXV and the Female Genital tract

Vulvar rash and vaginal
inflammation

MPXV presence in
vaginal fluids

n engl j med 391;14 nejm.org October 10, 2024

The limited available data suggest that mpox increases the 
risks of severe maternal disease, miscarriage, and stillbirth. 
A 2024 systematic review of seven studies identified 32 
pregnant women with clade IIb MPXV infection between 6 
and 31 weeks of gestation. Of the 12 pregnancies with 
reported gestational outcomes, half resulted in intrauterine 
fetal demise.

Mucosal inoculation via the rectal, vaginal and aerosol 
routes led to increased shedding, replication and a pro-
inflammatory T cell profile compared with skin 
inoculation. Transmission might be sustained by increased 
susceptibility of the anal and genital mucosae for 
infection and subsequent virus release.
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MPXV vertical transmision

pregnant women are considered a high-risk category because of MPXV infection may determine pregnancy
complications, severe congenital infections, and perinatal morbidity and mortality.

Maternal-fetal transmission of Clade Ia MPXV has been demonstrated through the detection of the virus in fetal
tissue biopsies and autopsies, amniotic fluid, and cord blood (Rossi B. et al. 2025). 

Additionally, in a meta-analysis and systematic review conducted by Clemente Sanchez end colleagues, in 2024, 
MPXV-specific IgM has been identified in serum or cerebrospinal fluid (CSF) in children within a
few days of birth (Clemente S. et al. 2024).

clade IIb MPXV infection was reported in 32 pregnant women between 6 and 31 weeks of gestation . Of the 12 
pregnancies with reported gestational outcomes, half resulted in intrauterine fetal demise (Clemente N.S. et
al. 2024). MPXV can be transmitted from mother to fetus, with high viral loads, found within fetal and maternal-
fetal interface tissues, possibly contributing to pregnancy loss (Nachega J.B. et al. 2024).



The potential for intrauterine transmission is further supported by data from nonhuman primates: a macaque
model showed vertical transmission 6 to 14 days after infection, followed shortly by fetal demise (Nachega J.B. et 
al. 2024).

MPXV vertical transmision



Antivirals

Although there are no specific antivirals for Mpox, some antivirals (Tecovirimat, 
Brincidofovir, Cidofovir) have been explored. 
Tecovirimat (ST-246 or TPOXX®), was approved (for smallpox) by FDA in 2018 and 
approved by European Medicines Agency in January 2022 for treatment of 
smallpox and cowpox. 
Tecovirimat inhibits VP37 (p37) protein of VACV by targeting the viral F13L gene. 
VP37, a highly conserved protein in OPXV genus, is required for viral maturation 
and release from the infected cell. Inhibition of VP37 prevents viral spread within 
an infected animal model. 

Preclinical investigations have confirmed the efficacy of Tecovirimat in treating 
Mpox (Alakunle et al. 2024). 
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Antivirals

Cidofovir (CDV or Vistide®) prodrug is an acyclic nucleoside phosphate that was approved by FDA in 1996 
for the treatment of retinitis (caused by cytomegalovirus) in AIDS patients. 
The efficacy of CDV has been identified during the in vitro studies in MPXV-infected animals, but the 
clinical data of CDV efficacy against mpox in human are not available (Alakunle et al. 2024). 

Brincidofovir (CMX001), a CDV derivative, was approved for smallpox treatment in 2021 by FDA, and is in 
first line for treatment after Tecovirimat, and it has lesser toxic effects than Cidofovir (Alakunle et al. 
2024). Brincidofovir showed promise against a variety of DNA viruses, most notably adenoviruses and 
cytomegalovirus (CMV), with a particular emphasis on poxviruses like Mpox. 
However, the evaluation of CMX001 efficacy and safety in human mpox through the clinical trials is 
needed (Alakunle et al. 2024). 
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We observed that seven proteins, namely OPG047, 

OPG080, OPG105, OPG143, OPG151, OPG153, and   

OPG210 have emerged as hot spot mutations… a deletion 

of OPG032 gene in all six samples 

Deletion of the phosphorylated Tyr140 and neighbouring residues in clade Ib mpox 

might disrupt the activation of the host Arp2/3 complex, leading to no actin tail formation 

and decreased cell-to-cell pathogenicity, explaining in part the possible reduced human 

pathology of monkeypox virus clade Ib or sustained human-to-human transmission
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News-Medical. 2022. https://www.news-
medical.net/news/20220823/Insights-into-the-biology-of-the-monkeypox-
virus.aspx. [accessed 19 January 2023]

Le differenze più significative tra i due cladi si riscontrano nei geni di virulenza:

➢ BR-203

➢ BR-209

➢ COP-C3L

Codifica per una proteina che previene 
l'apoptosi dei linfociti infetti.
Assente nel virus Variola.

Codifica per una proteina legante IL-1β.
Assente nel virus Variola.

Codifica per MOPICE ("monkeypox
inhibitor of complement enzymes").
Presente nel clade dell'Africa 
centrale ma non in quello dell'Africa 
occidentale.
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