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mRNA-based monkeypox virus vaccine
prevents disease in non-human primates
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The mpox outbreak in 2022 launched a vaccination campaign employing an existing vaccine with moderate
protection, highlighting the lack of scalable Orthopoxvirus vaccines with optimal protection. In this issue of
Cell, Zuiani et al. report pre-clinical findings of an mRNA-based mpox vaccine, paving the way for Phase I/II
clinical trials.
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Monkeypox virus (MPXV) infections have

historically been restricted to densely

forested regions of Africa and trans-

mitted zoonotically. Recently, MPXV has

emerged as a global public health threat

following a large outbreak of human-to-

human transmission among men who

have sex with men (MSM) in non-endemic

regions.1 Mpox initially presents as fever,

myalgia, and lymphadenopathy early in

infection, with painful skin lesions erupt-

ing within days of symptom onset.2 Two

distinct clades of MPXV had been

described previously, Clade I and Clade

II, with estimated case fatality rates of

10% and <1%, respectively, and with up

to one third of these deaths occurring in

children.3 However, viruses isolated from

the recent 2022 outbreak have been pro-

posed to form a novel Clade IIb2 with a

significantly lower case fatality rate (esti-

mated at 0.08%).4

MPXV is a member of the Orthopoxvi-

rus genus, which also includes variola

virus (aka smallpox virus), vaccinia

virus, and cowpox virus. In response

to the 2022 outbreak, targeted vaccina-

tion campaigns using the previously

FDA-approved Orthopoxvirus vaccine,

JYNNEOS, were employed in patient

populations at greatest risk for infection.

Given the high homology between virus

species in the Orthopoxvirus genus, vac-

cines developed against one Orthopoxvi-

rus species can provide immunological

cross-protection against other Orthopox-

virus species.2 JYNNEOS is a live attenu-

ated vaccine based on Modified Vaccinia

Ankara (MVA) that is administered as two

subcutaneous doses. It has a demon-

strated efficacy of 66% against mpox
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caused by MPXV Clade IIb.5 MVA is

the product of extensive passaging in

cultured chicken cells, resulting in a loss

of viral replication in human cells while re-

taining sufficient immunogenicity to elicit

immunity that prevents serious mpox

without achieving sterilizing protection.6

However, MVA-based vaccines only

result in relatively low levels of MPXV-

neutralizing antibodies,7 suggesting that

a more immunogenic vaccine might

achieve higher efficacy.

The worldwide use of mRNA-based

vaccination during the COVID-19

pandemic has stimulated the clinical

development of mRNA vaccines targeting

diverse infectious diseases, including

Influenza, RSV, CMV, EBV, HSV, VZV,

and HIV. In this issue of Cell, Zuiani and

colleagues extend these efforts by evalu-

ating the efficacy of an mRNA-based vac-

cine against mpox in animal models.8

During natural infection, MPXV is found

in two antigenically distinct forms: envel-

oped virion (EV) and mature virion (MV).

Zuiani and colleagues test vaccines that

encode two distinct EV antigens com-

bined with either one or two MV antigens.

They demonstrate the effectiveness of the

4-antigen vaccine (BNT166a) in a cyno-

molgus macaque lethal challenge model

with Clade I MPXV (the field standard

for evaluating vaccines against Ortho-

poxviruses), demonstrating complete

protection from death and minimal

lesion development in animals receiving

BNT166a (Figure 1).8 This is in contrast

to previous MVA-based vaccines, which

protected animals from lethal disease

and reduced—but did not eliminate—

lesion formation following viral challenge.6
er Inc.
These findings support the continued clin-

ical development of BNT166a, which is

currently under evaluation in a Phase I/II

clinical trial (NCT05988203) and is one of

only two mRNA vaccines for MPXV to

have reached this stage of clinical devel-

opment.

Notably, previous mRNA vaccines tar-

geting SARS-CoV-2 elicited long-lived

immunity against severe COVID-19; how-

ever, antibody titers fell by more than

10-fold within 6 months of the two-dose

regimen.9 It will be important to determine

whether two doses of BNT166a exhibit a

similar outcome or if antibody titers, and

more importantly, protection, will be sus-

tained over time. Given what we have

learned about the immune response to

mRNA vaccines for SARS-CoV-2, it is

likely that BNT166a can elicit sustained

protection from severe disease, but clin-

ical trials will be required to confirm these

predictions.

Since the WHO declared smallpox

eradicated in 1980, routine vaccination

of people for smallpox has ceased. As a

result, the accompanying cross-protec-

tion to other Orthopoxviruses (such as

MPXV) has declined, leaving most people

in theworld vulnerable to emerging Ortho-

poxviruses.10 Given the moderate clinical

efficacy of the JYNNEOS vaccine against

mpox and the high rate of adverse events

associated with the earlier-generation

smallpox vaccines such as ACAM2000,

there remains a significant unmet need

for safe and effective MXPV vaccines.

Pending the results of ongoing clinical

studies in patients, mRNA-based vac-

cines may be capable of eliciting a high

level of protection against MXPV and
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Figure 1. Comparison of MPXV vaccine efficacy in non-human primates
Overview of studies evaluating the efficacy of MVA- or mRNA-based vaccines against lethal challenge with Clade I MPXV. In each study, a group of vaccinated
cynomolgus macaques was compared to a group of non-vaccinated (naive) cynomolgus macaques. Post-vaccination, the immunogenicity of each cynomolgus
macaque was evaluated by measuring antibody titers against specific Orthopoxvirus antigens. The cynomolgus macaques were then challenged with a Clade I
MPXV infection (the field standard for evaluating vaccines against Orthpoxviruses). While naive animals exhibit a high burden of lesions and do not survive
challenge, animals receiving MVA vaccine produce low antibody titers, exhibit fewer lesions, and survive. In contrast, all animals receiving an mRNA-based
vaccine demonstrate high antibody titers, have very few lesions, and survive virus challenge.
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may generate additional cross-protective

immunity against diverse Orthopoxvi-

ruses, including other clades of MPXV

and vaccinia virus (smallpox virus). If

these ambitious goals are met, mRNA-

based Orthopoxvirus vaccines may prove

invaluable during a future public health

emergency given their capacity for rapid

scaling of production.
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