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ABSTRACT

On July 23, 2022, the World Health Organization
(WHO)  declared  the  monkeypox  (mpox)  outbreak  a
“Public  Health  Emergency  of  International  Concern.”
Since  2022,  outbreaks  of  mpox  in  many  countries
around  the  world  have  primarily  resulted  in  fatalities
among  immunocompromised  individuals,  such  as
untreated HIV/AIDS patients. Since the eradication of
smallpox  was  declared  by  the  WHO  in  1980,  the
global vaccination against smallpox has been gradually
discontinued.  China  also  stopped  routine  smallpox
vaccination  in  1981.  The  protective  effect  of  the
smallpox vaccine has decreased over time due to aging
and declining immunity in those who were vaccinated.
For individuals,  timely vaccination against  smallpox is
an  effective  means  of  protection  against  mpox.
However,  due  to  safety  concerns  with  the  smallpox
vaccine  and  the  limitations  of  current  mpox  vaccines,
there  is  no  vaccine  that  is  safe,  effective,  and  has  low
side  effects  applied  in  clinical  settings.  This  article
provides a comprehensive review of the development of
mpox  virus  (MPXV)  vaccines,  their  application  in
special  populations,  and  the  current  state  of  vaccine
research,  considering  the  etiology,  transmission,  and
prevention  of  the  MPXV.  Vaccination,  as  an  effective
method of epidemic prevention, can provide long-term
immune  protection  and  effectively  reduce  the  severity
of  infection.  However,  as  there  is  no  licensed  specific
MPXV  vaccine  available  globally,  the  vaccines
currently  used  for  mpox  prevention  are  mostly
smallpox  vaccines.  These  smallpox  vaccines  can  offer
some  degree  of  protection  against  mpox  by  activating
cross-protection in the body. 

INTRODUCTION
 

Overview of Mpox Virus (MPXV)
MPXV  belongs  to  the  Orthopoxvirus  genus  of  the

Poxviridae  family,  which  includes  other  members  like
smallpox  virus,  vaccinia  virus,  cowpox  virus,  and
rabbitpox virus,  among its  14 members  (1).  MPXV is

an enveloped double-stranded DNA virus with a size of
about 200–250 nm, surrounded by a lipoprotein outer
membrane,  appearing  oval  or  brick-shaped.  Studies
indicate that secondary transmission of MPXV among
humans mainly occurs through prolonged contact with
infected  individuals,  respiratory  droplet  transmission,
direct  or  indirect  contact  with  bodily  fluids,  and
contaminated  sources  (2).  Additionally,  vertical
transmission  of  the  MPXV  has  been  confirmed.  In
pregnant women infected with mpox, the virus’s DNA
can be detected in fetal tissue, the umbilical cord, and
the  placenta  (3).  Recent  cases  of  mpox  in  multiple
countries  have  shown  that  transmission  through
intimate  contact,  especially  sexual  transmission,  is
increasing.  A  report  published  in  August  2022
identified MPXV in semen (4) and recent reports from
various countries have linked mpox infections to close
contact  among  males,  primarily  through  sexual
activity.  The  characteristic  of  close-contact
transmission  of  the  MPXV  suggests  that  the  infected
population will  continue to expand, with cases among
women  already  reported  internationally  (5)  and  the
first female case reported in the mainland of China on
September 8, 2023. 

The Development History of the
Smallpox Vaccine

Due  to  the  high  genetic  sequence  similarity  among
Orthopoxviruses,  they  share  many  immunological
epitopes  and  markers.  The  earliest  evidence  from
animal  studies  in  the  1960s  showed  that  antibodies
induced  by  the  smallpox  vaccine  could  bind  and
recognize  various  Orthopoxvirus  proteins,  providing
cross-protection  against  mpox  (6).  Most  people  who
were  vaccinated  with  the  Tian  Tan  strain  (smallpox
vaccine)  before  1981  still  maintain  a  certain  level  of
MPXV-specific  antibodies.  Most  of  the  Chinese
population  maintains  vaccinia  virus-specific  IgG
antibodies  for  42  years  or  longer  after  vaccination,
offering  some  degree  of  protection  against  mpox  (7).
This  enduring  immunity  aligns  with  other  studies
indicating  that  smallpox  vaccines,  including  more
recent  versions,  offer  effective  cross-immunity  against
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mpox.  This  applies  both  as  pre-  and  post-exposure
prophylaxis  (8).  An  England  study  demonstrated  a
78%  effectiveness  of  the  Modified  Vaccinia  Ankara  -
Bavarian  Nordic  (MVA-BN)  vaccine  in  preventing
symptomatic  Mpox  14  days  after  initial  pre-exposure
vaccination  (9).  Additionally,  an  observational  study
from  the  2022  outbreak  showed  that  post-exposure
vaccination  with  a  third-generation  smallpox  vaccine
had  an  adjusted  effectiveness  of  88.8%  [95%
confidence interval (CI): 76.0–94.7] (10).

Historically,  the  smallpox  vaccine  has  undergone
several iterations and upgrades. Based on the vaccine’s
preparation  methods  and  protective  principles,  the
smallpox  vaccines  used  in  clinical  settings  and  those
currently  approved  are  divided  into  three  generations
(Table 1). 

First-Generation Live Virus Vaccines
The first-generation smallpox vaccines were prepared

from  live,  non-attenuated  vaccinia  viruses  (VACV).
Strains  commonly  used  for  producing  the  first-
generation  smallpox  vaccines  include  the  NYCBH
strain  (used  in  West  Africa  and  North  America),
Lister/Elstree  strain  (UK),  Tian  Tan  strain  (China),
and  EM-63  strain  (Russia  and  India)  (11).  With  the
rapid  development  of  “vaccine  farms”  in  the  United
States  and  Europe  (12),  extracting  the  virus  from
animals  and  preparing  smallpox  vaccines  became  a
widely adopted and relatively safe method at the time,

contributing significantly to the eventual eradication of
smallpox.  However,  due  to  the  use  of  live,  non-
attenuated  vaccinia  viruses  sourced  from  live  animals,
the  first-generation  vaccines  had  notable  safety  and
reliability  concerns.  Tens  of  deaths  per  million
vaccinations  were  reported  with  the  NYCBH  strain,
and up to 200 deaths per million occurred during the
vaccination  process  with  the  Lister  strain  (13).  The
Dryvax  vaccine,  prepared  from  the  NYCBH  strain,
could  lead  to  side  effects  such  as  acute  vaccinia
syndrome,  vaccine-related  myocarditis,  or
myopericarditis (14). Due to these safety concerns and
side  effects,  the  use  of  first-generation  smallpox
vaccines has been discontinued. 

Second-Generation Live Virus Vaccines
To  reduce  microbial  contamination  seen  in  the

production of first-generation vaccines and to improve
the  side  effects  associated  with  them,  second-
generation  vaccines  utilized  tissue  culture  or  cell  line
cultures  of  live  vaccinia  virus,  replacing  the  original
vaccine  production  method.  Main  products  of  the
second  generation  include  ACAM1000,  ACAM2000,
CJ-50300, and APSV.

ACAM1000  and  ACAM2000,  derived  from
monoclonal virus isolates of the first-generation Dryvax
vaccine,  have  shown  immunogenicity  in  tests  that  are
comparable  to  the  first-generation  live  virus  vaccines
(15). They exhibit a reduced level of severe side effects

 

TABLE 1. The development of smallpox vaccines.

Generation Vaccine
name Strain name Preparation

method Advantages Disadvantages

First-
generation
live virus
vaccine

Dryvax NYCBH
strain

Unattenuated live
vaccinia virus

Made significant contributions to the global
eradication of smallpox campaign.

Live virus safety and reliability are
lower, can produce serious side

effects.
Lister Lister

strain

Tiantan Tiantan
strain

Second-
generation
live virus
vaccine

ACAM2000 NYCBH
strain

Unattenuated live
vaccinia virus

Improved and simplified the production
process of the first-generation vaccine,

enhancing safety.

There is a certain probability of
exhibiting serious adverse

reactions, performing poorly in
patients with compromised immune

function.

Elstree-BN Lister
strain

CJ-50300 NYCBH
strain

Third-
generation
attenuated
vaccine

MVA Ankara
strain

Attenuated live
vaccinia virus

Significantly improved safety, the strain’s
replication capability is reduced, suitable for

patients with compromised immune
function.

Situations with relatively low levels
of neutralizing antibodies in

vaccinated individuals exist, clinical
reliability needs to be verified.

LC16m8 Lister
strain

Compared to the first and second-
generation smallpox vaccines, enhanced
safety, reduced theovvurrence of adverse

reactions. Clinical reliability needs to be
verified.NYVAC Copenhagen

strain Enhanced safety.
dVV-L NYCBH

strain
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compared  to  the  first-generation  vaccines  but  can  still
cause  serious  side  effects,  including  encephalitis,
encephalomyelitis,  encephalopathy,  and  erythema
multiforme.  These  vaccines  are  contraindicated  in
individuals with compromised immune function [such
as  those  with  leukemia,  lymphoma,  human
immunodeficiency  virus  (HIV),  infections,  and
acquired  immune  deficiency  syndrome  (AIDS)],
potential  heart  disease,  and  in  pregnant  women.
ACAM2000  carries  a  risk  of  causing  myocarditis
and/or  pericarditis,  with  an  average  of  5.7  cases  per
1,000  primary  vaccine  doses  (16).  In  2007,
ACAM2000 was licensed by the U.S. Food and Drug
Administration, replacing Dryvax as the only available
smallpox vaccine in the United States (17). 

Third-Generation Attenuated Vaccines
Compared  to  the  unattenuated  live  viruses  used  in

the  first  two  generations  of  vaccines,  the  third
generation  selected  vaccinia  viruses  that  had  been
passaged multiple times, resulting in reduced virulence
and  replication  capabilities.  There  are  mainly  four
strains  used  for  the  third-generation  attenuated
vaccines:  Ankara  strain,  Lister  strain,  Copenhagen
strain, and NYCBH strain. Among these, the Modified
Vaccinia  Ankara  (MVA)  vaccine  and  the  LC16m8
vaccine are particularly representative (18). 

The  Ankara  strain  vaccine  for  the  modified  vaccinia
virus.　Replication  of  MVA  is  weakened  in  primary
chicken embryo fibroblast (CEF) cells after more than
570  continuous  passages,  making  it  suitable  for  the
preparation  of  third-generation  attenuated  smallpox
vaccines.  The  reduced  replication  ability  of  MVA  in
mammals  (19)  makes  it  an  ideal  choice  for
immunocompromised  patients  (20).  Clinical  efficacy
data  show  that  volunteers  who  received  two  doses  of
MVA vaccine achieved similar overall peak neutralizing
antibody titers  to those observed after  a single dose of
ACAM2000  vaccine  (21).  Although  no  safety  issues
related to MVA vaccine have been reported so far (22),
the administration of this vaccine can still cause certain
side  effects,  including  injection  site  reactions,
headache,  myalgia,  fatigue,  nausea,  fever,  and
lymphadenopathy.  There  are  also  reports  indicating
that the levels of neutralizing antibodies against MPXV
generated  by  the  administration  of  two  doses  of
JYNNEOS vaccine in healthy individuals are relatively
low with poor neutralizing capacity (21). 

The LC16m8 vaccine.　In the 1970s, Japan developed
a highly attenuated live vaccine, LC16m8, at the Chiba
Serum  Institute,  aiming  to  replace  first-generation

vaccines  such  as  Lister  and  Dryvax.  The  virus  in
LC16m8  is  attenuated  due  to  the  lack  of  the  B5R
envelope  protein  gene,  and  its  replication  ability  in
vaccine recipients is limited (23). LC16m8 showed no
severe  adverse  reactions  in  100,000  infants  and  was
proven to have the same immunogenicity as its parent
strain. Although LC16m8 is the only smallpox vaccine
approved  for  use  in  children,  its  effectiveness  against
MPXV  in  humans  has  not  yet  been  reported.  In
response  to  mpox  outbreaks,  LC16m8  has  been
approved  in  Japan  as  a  smallpox  vaccine  for  children
and other non-immunocompromised individuals (24).
Side effects of the LC1618 vaccine include lymph node
enlargement,  fatigue,  fever,  rash,  erythema,  and
swelling  at  the  injection  site,  with  side  effects  being
more  common in  first-time  vaccine  recipients  than  in
those receiving revaccination.

The  development  of  smallpox  vaccines  has
undergone  significant  advancements  in  three
generations. The initial generation employed live, non-
attenuated  vaccinia  viruses,  specifically  the  NYCBH
and  Lister  strains.  Although  effective,  these  vaccines
raised  safety  concerns.  The  second  generation,
exemplified  by  ACAM2000,  improved  safety  by
utilizing tissue culture methods but still posed risks for
certain  populations.  The  third  generation  vaccines,
such  as  MVA  and  LC16m8,  offered  enhanced  safety
with  reduced  virulence,  making  them  suitable  for  a
broader  range  of  individuals,  including  those  with
compromised immune systems. 

THE APPLICATION OF SMALLPOX
VACCINE

 

The Application of Smallpox Vaccine in
Susceptible Populations

To  address  the  increasingly  severe  mpox  outbreak,
medical  institutions  worldwide  have  implemented
widespread measures. Containment of mpox requires a
comprehensive  approach,  which  includes  pre-  and
post-exposure  vaccinations  for  at-risk  groups,  early
detection and screening,  isolation or  minimizing close
contact,  and  dissemination  of  accurate  information  to
potentially  exposed individuals.  The development  and
application of vaccines are particularly important. The
MVA-BN-based  JYNNEOS  vaccine  was  approved  by
the  U.S.  Food  and  Drug  Administration  (FDA)  on
September  24,  2019,  for  the  prevention  of  smallpox
and  mpox  diseases  (25).  On  June  23,  2023,
JYNNEOS  (also  known  as  Imvamune  or  Imvanex)
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became  the  only  FDA-approved  non-replicative
smallpox and mpox vaccine for both military and non-
military  purposes.  Currently,  there  are  three  options
for  mpox  vaccination:  ACAM2000,  MVA-BN,  and
LC-16.  All  three  vaccines  have  been  approved  for  use
against  mpox  in  various  jurisdictions.  However,  it  is
important  to  note  that  their  availability  varies  across
different  geographical  regions  (26).  The  similarities
and  differences  among  these  three  vaccines  are
summarized in Table 2. 

Application  of  smallpox  vaccine  in
immunocompromised  populations.　 Individuals  with
impaired  immune  function  include  those  with  active
cancer,  organ  transplant  recipients,  those  with
immunodeficiencies,  people  undergoing
immunosuppressive  therapy,  and  HIV-infected
individuals.  Considering  the  principles  of  vaccine
preparation, contraindications, and clinical trial results
of  various  vaccines,  not  all  smallpox  vaccines  are
suitable  for  immunocompromised  populations.  For
instance,  ACAM2000  is  not  recommended  for
individuals  with  severe  immunodeficiency,  as  it  may
cause  severe  localized  or  systemic  vaccinia  skin  ulcer
infections  in  those  with  weakened  immune  systems;
LC16  is  also  not  suitable  for  individuals  with  severe
immunodeficiency  or  those  undergoing
immunosuppressive treatment (23), among others.

In  a  study  involving  24  hematopoietic  stem  cell
transplant recipients, researchers randomly divided the
subjects into two groups, with one group receiving the
MVA-BN  vaccine,  and  then  compared  neutralizing
antibody titers between the groups. The results showed
that  no  vaccine-related  severe  adverse  reactions
occurred  in  the  MVA-BN  group,  and  the  antibody
titers  indicated  good immunogenicity  of  MVA-BN in
this  population  (27).  Another  Phase  II  trial  involving

HIV-infected  individuals  (previously  with  AIDS)
assessed the safety, tolerability, and immunogenicity of
three  dosing  regimens  of  MVA-BN,  concluding  that
MVA-BN  demonstrated  good  tolerability  and
immunogenicity  in  the  study  population  (28).  These
findings  suggest  that  for  patients  with
immunosuppression, high risk of infection, or exposure
to vaccinia skin ulcer cases, priority should be given to
vaccination with the MVA-BN vaccine. 

Application  of  smallpox  vaccine  to  pregnant  women
and  newborns.　The  MPXV  has  been  proven  to  be
transmissible  vertically,  making  pregnant  women  a
focus  of  concern  during  mpox  outbreaks.  There  is  an
urgent  need  to  explore  effective  means  to  protect
pregnant  women  and  newborns.  A  case  of  household
transmission  following  smallpox  vaccination  was
reported  in  2004  (29),  where  a  male  member  of  the
household  was  vaccinated  with  the  second-generation
live  virus  vaccine  ACAM2000.  A  week  later,  his  wife
developed  vesicles  on  her  areola.  Approximately  two
weeks later, their breastfed daughter developed papules,
and  the  PCR test  for  the  smallpox  virus  was  positive.
This  was  the  first  global  case  of  mother-to-child
transmission  via  breastfeeding  following  vaccination.
The  CDC  explicitly  prohibits  the  vaccination  of
pregnant  women,  breastfeeding  women,  and  infants
under  one  year  of  age  with  the  ACAM 2000  vaccine
(30).

Compared  to  the  ACAM  2000  vaccine,  the
JYNNEOS vaccine is a non-replicating, attenuated live
vaccinia  virus  vaccine.  JYNNEOS  was  tested  in
developmental  toxicity  studies  in  rats  and  rabbits.
None  of  these  studies  reported  vaccine-related  fetal
malformations,  developmental  delays  before  weaning,
or  impacts  on  maternal  fertility  (31).  Currently,  there
is no clear evidence indicating a definitive relationship

 

TABLE 2. Similarities and differences of ACAM2000, JYNNEOS, and LC16m8 vaccines.
Feature ACAM2000 JYNNEOS LC16m8

Vaccine Type Live vaccine, based on Vaccinia virus Live, non-replicating vaccine, based on
Modified Vaccinia Ankara

Live, attenuated vaccine, based on
Vaccinia virus

Composition Vaccinia virus Modified Vaccinia Ankara Vaccinia virus from Lister strain

Effectiveness High efficacy, similar to Dryvax Verified in clinical studies, similar immune
response to ACAM2000

Good safety and immunogenicity
shown in Japanese clinical trials

Side Effects Muscle pain, fever, myocarditis and/or
pericarditis, etc.

Redness, pain, swelling, and itching at the
injection site, fatigue, headache, and

muscle pain

Limited detailed information, but
generally considered to have fewer

side effects

Applicable
Population

Not suitable for people with immune
deficiencies, HIV, and potential heart
disease, and in pregnant women, etc.

Vaccination may be postponed for certain
groups(e.g., pregnant, breastfeeding

women)

Widely used in children and
adults(non-immunocompromised

individuals)
Method of

Administration Bifurcated needle Needle and syringe(subcutaneous
administration) Bifurcated needle

Storage
Conditions Generally refrigerated Generally refrigerated Generally refrigerated
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between  the  use  of  JYNNEOS  vaccine  in  pregnant
women and pregnancy outcomes.

International  cross-sectional  studies  on  the
vaccination  of  newborns  with  live  smallpox  vaccines
indicate that the risk of adverse reactions to the vaccine
in  infants  under  one  year  old  is  very  high.  However,
there  is  still  no  global  consensus  on  the  most
appropriate  timing  for  vaccinating  newborns  against
smallpox. 

THE NEW GENERATION OF MPOX
VACCINES

 

Preparation of The New Generation of
Mpox Vaccines

Despite  the  important  role  of  smallpox  vaccines  in
combating  the  current  MPXV outbreak,  their  efficacy
is still questioned. Their side effects and limitations in
application hinder their  protective function in specific
populations,  and  their  effectiveness  in  controlling  and
preventing  MPXV  is  not  entirely  satisfactory.
Therefore,  in  response  to  the  current  mpox  outbreak,
there is an urgent need for a safer, more effective, and
highly  specific  vaccine  targeted  specifically  at  the
MPXV.  However,  the  research  progress  on  mpox
vaccines  faces  several  challenges,  including  slow
progress  in  animal  experiments,  lack  of  clinical  trial
data,  and  issues  related  to  the  current  variations  and
specificity of the MPXV.

Recent  reports  have  identified  several  potential
vaccine targets for the MPXV and highlighted effective
immunogens  (such  as  L1R,  B5R,  A27L,  and  A33R).
These  immunogens  can be  integrated into  vaccines  to
enhance  their  protective  effect  against  MPXV
infection. At the same time, due to the mechanisms of
MPXV transmission and infection, intracellular mature
virions  (IMV)  and  extracellular  enveloped  virions
(EEV)  are  also  expected  to  become  important  targets
for  the  development  of  specific  vaccines  against  mpox
(32). 

The 4pox DNA Vaccine
The  4pox  DNA  vaccine  is  developed  targeting  the

immunogenic  sites  L1,  A27,  B5,  and A33.  Compared
to  mRNA  vaccines,  which  have  less  stability  and
require  drug  delivery  systems  such  as  lipid
nanoparticles  (LNP)  to  deliver  mRNA  to  target  cells,
the  4pox  DNA  vaccine  does  not  require  formulation
and has sufficient immunogenicity as demonstrated by
researchers  (33).  Additionally,  it  offers  protection

similar  to  traditional  smallpox  vaccines  (ACAM2000,
MVA)  and  demonstrates  superior  performance  in
preventing  virus  transmission,  reducing  the  likelihood
of viral shedding.

Studies  have  shown  that  the  4pox  DNA  vaccine,
inducing an immune response with a small amount of
viral antigen, can produce protective immunity against
lethal  orthopoxvirus  attacks  in  mice  and  non-human
primates.  In  the  MPXV  model  of  non-human
primates, two doses of the 4pox DNA vaccine provided
protection  equivalent  to  MVA  (34).  Subsequent
studies  further  proved  the  effectiveness  of  the  4pox
DNA  vaccine  in  preventing  aerosolized  poxvirus  in
highly  susceptible  animal  models  (33).  However,  this
vaccine  has  not  yet  undergone  clinical  validation,  and
further  investigation  is  needed  to  assess  its  safety  and
reliability for human use. 

Multivalent MRNA Vaccines
The principle of DNA and mRNA vaccines involves

injecting genetic material into the host to express target
proteins,  thereby  eliciting  cellular  and  humoral
immunity.  In  recent  years,  numerous  research
institutions  globally  have  focused  on the  development
of  mRNA  vaccines  and  have  made  certain
advancements.

Internationally, research institutions have designed a
multivalent  mRNA  vaccine  candidate,  MPXVac-097,
targeting  five  MPXV  antigens:  A29L,  E8L,  M1R,
A35R,  and  B6R.  This  vaccine  has  demonstrated
specific T-cell responses against MPXV and protection
against  vaccinia  virus  attacks  in  mouse  models  (35).
Domestic  research  targeting  the  mature  virion  (MV)
and enveloped virion (EV) particles involved in MPXV
replication has produced four types of mRNA vaccines
using  combinations  of  antigens  from  EV  (A35R  and
B6R), MV (A29L, E8L, H3L, and M1R), and surface
proteins  of  EV  and  MV  (36).  These  vaccines  were
evaluated  in  mice  for  their  protective  efficacy.  Studies
indicate  that  mRNA  vaccines  with  various
combinations  of  EV and MV surface  antigens  protect
the  mouse  model  from  lethal  doses  of  vaccinia  virus,
with the vaccine containing both EV and MV antigens
providing  the  strongest  protection,  laying  the
groundwork  for  the  further  development  of  safe  and
effective mRNA vaccines. 

Protein-Based Subunit Vaccines
Subunit  vaccines,  unlike  attenuated  or  live  virus

vaccines,  do  not  contain  the  complete  pathogen  but
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typically  only  antigenic  components,  such  as  proteins
or polysaccharides, theoretically eliminating the risk of
causing  the  disease.  However,  subunit  vaccines  also
have  drawbacks:  they  often  require  adjuvants  or
booster  shots  to  achieve  the  desired  efficacy  in
recipients.  Researchers  have  experimented  with
vaccines  in  mice  using  CpG-ODN and  aluminum  as
adjuvants, containing envelope proteins from MV and
EV.  Mice  vaccinated  with  these  showed  significantly
lower viral titers compared to the unvaccinated control
group  (37).  Currently,  protein-based  subunit  vaccines
are  still  at  the  laboratory  stage  and  have  not  yet
undergone related clinical trials. 

THE CURRENT PROGRESS OF MPOX
VACCINE IN CHINA

Recently, there has been a focus on the development
of  mRNA  vaccines  in  Chinese  research  institutions.
Studies  have  shown that  multivalent  mRNA vaccines,
which  combine  various  EV  and  MV  antigens,  offer
better  protection  in  mouse  models  compared  to
traditional  vaccines  (36).  The  China  National  Biotec
Group (CNBG) research team has  encoded the  mpox
proteins  M1R  and  A35R,  and  their  research  has
demonstrated  promising  immune  responses  against
A35R  and  M1R.  They  have  tested  three  poxvirus
mRNA  vaccines  (VGPox  1-3),  which  have  shown
similar  levels  of  A35R  antibodies.  The  mRNA
encoding a fusion form of A35R and M1R (VGPox 1
and VGPox 2) effectively induces high levels of A35R
and  M1R  IgG  and  can  neutralize  live  viruses  at  early
stages (38). The research team at the Seventh Affiliated
Hospital of Sun Yat-sen University has selected highly
conserved  targets,  including  A27,  A33,  B5,  and  L1
antigens,  using  a  2003  isolate  from  Clade  II  of  the
mpox  evolutionary  branch.  Serum  from  all  mice  was
collected 21 days after the first immunization to assess
humoral immunity. The combination of the four types
of mRNA-LNP resulted in average IgG titers of 3,000,
4,965, 22,518, and 14,388, targeting each of  the four
MPXV  antigens  respectively.  This  provides  strong
evidence for the efficacy and safety of the vaccine (39).

Currently, there is no available vaccine against mpox
in  the  Chinese  population.  However,  domestic
development  of  mpox  vaccines  is  progressing  rapidly,
with China’s own Mpox mRNA vaccine soon to enter
clinical  trials.  According  to  “mpox  prevention
guideline  for  the  public  (2023)”  released  by  the
National  Institute  for  Infectious  Diseases  (Huashan

Hospital,  Fudan  University)  and  the  Chinese
Preventive  Medicine  Association,  mpox  vaccination  is
currently not recommended for the general population
(40).  However,  research  shows  that  there  is  a  low
vaccine  hesitancy  rate  among  high-risk  populations,
particularly  men  who  have  sex  with  men  (MSM)  in
China.  It  is  essential  to  enhance health education and
implement  the  mpox  vaccine  inoculation  plan  to
address the current mpox situation (41). 

CONCLUSION AND DISCUSSION

On  May  12,  2023,  WHO declared  that  the  mpox
outbreak  no  longer  constituted  a  Public  Health
Emergency  of  International  Concern.  However,  the
number  of  confirmed  mpox  cases  in  China  is  still  on
the  rise,  with  491  cases  reported  in  July,  a  significant
increase  from  106  cases  in  June.  In  response,  the
National Health Commission of China included mpox
in  the  category  B  infectious  diseases  for  management
on  September  20,  2023,  adopting  preventive  and
control  measures  for  category  B  infectious  diseases.
These  developments  not  only  reflect  the  challenges  in
epidemic  prevention  and  control  and  the  continuous
risk  of  imported  cases  in  China  but  also  provide  a
realistic  basis  for  the  application  and  development  of
mpox vaccines in the mainland of China.

In  light  of  the  current  progress  in  vaccine  research
both  domestically  and  internationally,  protection
against  MPXV  still  relies  on  the  application  of
smallpox  vaccines.  The  first-generation  smallpox
vaccines  have  been  largely  replaced  by  second  and
third-generation  vaccines.  These  newer  generations  of
smallpox  vaccines  are  produced  through  more
advanced  and  modern  cell  culture  methods  and  have
shown  good  immune  effects  in  treating  mpox  and
other  orthopoxvirus  diseases.  Clinical  trials  have
confirmed  that  smallpox  vaccines,  represented  by
MVA-BN, have not caused severe adverse reactions in
immunocompromised  individuals,  providing  an
important  basis  for  expanding  the  eligible  population
for  vaccination  and  reducing  the  mortality  rate  of
mpox infections.

Currently,  countries  are  intensifying  efforts  to
develop  next-generation  (fourth-generation)  vaccines.
These  efforts  aim  to  address  issues  related  to
manufacturing  processes  and  the  ability  to  rapidly
respond  to  new  poxviruses,  with  the  hope  of  further
enhancing  safety  and  protection,  reducing  the
pathogenicity  and  transmissibility  of  the  MPXV.  The
new generation of mpox-specific vaccines is expected to
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be  more  suitable  for  vaccination  in  populations  with
immune  deficiencies,  skin  diseases,  or  cardiovascular
conditions.  Although  these  vaccines  are  mostly  in  the
experimental  stage  and  have  not  yet  entered  clinical
trials,  requiring  long-term  testing  and  observation  to
verify  their  safety  and  reliability,  the  current  results
from  related  animal  experiments  strengthen  our
confidence  in  the  new  generation  of  vaccines  for  the
prevention and treatment of mpox. 

Conflicts of interest:  No conflicts of interest. 
doi: 10.46234/ccdcw2024.025 
# Corresponding author: Ronghua Jin, ronghuajin@ccmu.edu.cn.
 
1 Beijing Key Laboratory of Emerging Infectious Diseases,  Institute of
Infectious  Diseases,  Beijing  Ditan  Hospital,  Capital  Medical
University,  Beijing,  China;  2 National  Center  for  Infectious  Diseases,
Beijing Ditan Hospital, Capital Medical University, Beijing, China.

Submitted: December 06, 2023; Accepted: January 21, 2024

REFERENCES 

 Babkin  IV,  Babkina  IN,  Tikunova  NV.  An  update  of  orthopoxvirus
molecular  evolution. Viruses  2022;14(2):388.  https://doi.org/10.3390/
v14020388.

1.

 Kumar  N,  Acharya  A,  Gendelman  HE,  Byrareddy  SN.  The  2022
outbreak and the pathobiology of the monkeypox virus. J  Autoimmun
2022;131:102855. https://doi.org/10.1016/j.jaut.2022.102855.

2.

 Mbala  PK,  Huggins  JW,  Riu-Rovira  T,  Ahuka  SM,  Mulembakani  P,
Rimoin  AW,  et  al.  Maternal  and  fetal  outcomes  among  pregnant
women with human monkeypox infection in the democratic republic of
Congo.  J  Infect  Dis  2017;216(7):824  −  8.  https://doi.org/10.1093/
infdis/jix260.

3.

 Lapa D, Carletti  F,  Mazzotta  V,  Matusali  G,  Pinnetti  C,  Meschi  S,  et
al.  Monkeypox  virus  isolation  from  a  semen  sample  collected  in  the
early  phase  of  infection  in  a  patient  with  prolonged  seminal  viral
shedding.  Lancet  Infect  Dis  2022;22(9):1267  −  9.  https://doi.org/10.
1016/S1473-3099(22)00513-8.

4.

 Thornhill JP, Palich R, Ghosn J, Walmsley S, Moschese D, Cortes CP,
et  al.  Human  monkeypox  virus  infection  in  women  and  non-binary
individuals  during  the  2022  outbreaks:  a  global  case  series.  Lancet
2022;400(10367):1953 − 65. https://doi.org/10.1016/S0140-6736(22)
02187-0.

5.

 Poland  GA,  Kennedy  RB,  Tosh  PK.  Prevention  of  monkeypox  with
vaccines:  a  rapid  review.  Lancet  Infect  Dis  2022;22(12):e349  −  58.
https://doi.org/10.1016/S1473-3099(22)00574-6.

6.

 Li ET, Guo XP, Hong DX, Gong QZ, Xie WY, Li TT, et al. Duration
of humoral immunity from smallpox vaccination and its cross-reaction
with Mpox virus. Signal Transduct Target Ther 2023;8(1):350. https://
doi.org/10.1038/s41392-023-01574-6.

7.

 Fine  PEM,  Jezek  Z,  Grab  B,  Dixon  H. The  transmission  potential  of
monkeypox  virus  in  human  populations.  Int  J  Epidemiol  1988;17(3):
643 − 50. https://doi.org/10.1093/ije/17.3.643.

8.

 Bertran M, Andrews N, Davison C, Dugbazah B, Boateng J, Lunt R, et
al.  Effectiveness  of  one  dose  of  MVA-BN  smallpox  vaccine  against
mpox  in  England  using  the  case-coverage  method:  an  observational
study. Lancet Infect Dis 2023;23(7):828 − 35. https://doi.org/10.1016/
S1473-3099(23)00057-9.

9.

 Montero  Morales  L,  Barbas  Del  buey  JF,  Alonso  García  M,  Cenamor
Largo  N,  Nieto  Juliá  A,  Vázquez  Torres  MC,  et  al.  Post-exposure
vaccine  effectiveness  and  contact  management  in  the  mpox  outbreak,
Madrid,  Spain,  May  to  August  2022.  Euro  Surveill  2023;28(24):

10.

2200883. https://doi.org/10.2807/1560-7917.ES.2023.28.24.2200883.
 Perdiguero  B,  Pérez  P,  Marcos-Villar  L,  Albericio  G,  Astorgano  D,
Álvarez  E,  et  al.  Highly  attenuated  poxvirus-based  vaccines  against
emerging  viral  diseases.  J  Mol  Biol  2023;435(15):168173.  https://doi.
org/10.1016/j.jmb.2023.168173.

11.

 Esparza J, Lederman S, Nitsche A, Damaso CR. Early smallpox vaccine
manufacturing  in  the  United  States:  Introduction  of  the  "animal
vaccine" in 1870, establishment of "vaccine farms", and the beginnings
of the vaccine industry. Vaccine 2020;38(30):4773 − 9. https://doi.org/
10.1016/j.vaccine.2020.05.037.

12.

 Kretzschmar  M,  Wallinga  J,  Teunis  P,  Xing  SQ,  Mikolajczyk  R.
Correction: frequency of adverse events after vaccination with different
vaccinia  strains.  PLoS  Med  2006;3(10):e429.  https://doi.org/10.1371/
journal.pmed.0030272.

13.

 Al-Musa  A,  Chou  J,  LaBere  B.  The  resurgence  of  a  neglected
orthopoxvirus:  Immunologic  and  clinical  aspects  of  monkeypox  virus
infections  over  the  past  six  decades. Clin  Immunol 2022;243:109108.
https://doi.org/10.1016/j.clim.2022.109108.

14.

 Frey SE, Newman FK, Kennedy JS, Ennis F, Abate G, Hoft DF, et al.
Comparison  of  the  safety  and  immunogenicity  of  ACAM1000,
ACAM2000  and  Dryvax®  in  healthy  vaccinia-naive  adults.  Vaccine
2009;27(10):1637  −  44.  https://doi.org/10.1016/j.vaccine.2008.11.
079.

15.

 van Nispen C, Reffett T, Long B, Gottlieb M, Frawley TC. Diagnosis
and management of  monkeypox:  a  review for  the emergency clinician.
Ann  Emerg  Med  2023;81(1):20  −  30.  https://doi.org/10.1016/j.
annemergmed.2022.07.014.

16.

 Petersen BW, Harms TJ, Reynolds MG, Harrison LH. Use of vaccinia
virus smallpox vaccine in laboratory and health care personnel at risk for
occupational  exposure  to  orthopoxviruses  -  recommendations  of  the
advisory committee on immunization practices (ACIP) 2015. MMWR
Morb  Mortal  Wkly  Rep  2016;65(10):257  −  62.  https://doi.org/10.
15585/mmwr.mm6510a2.

17.

 Paran  N,  Sutter  G.  Smallpox  vaccines:  new  formulations  and  revised
strategies  for  vaccination. Hum  Vaccin  2009;5(12):824  −  31.  https://
doi.org/10.4161/hv.10295.

18.

 Kennedy JS, Greenberg RN. IMVAMUNE®: modified vaccinia Ankara
strain as an attenuated smallpox vaccine. Expert Rev Vaccines 2009;8(1)
:13 − 24. https://doi.org/10.1586/14760584.8.1.13.

19.

 Volz A, Sutter G. Modified vaccinia virus ankara: history, value in basic
research,  and  current  perspectives  for  vaccine  development. Adv  Virus
Res 2017;97:187 − 243. https://doi.org/10.1016/bs.aivir.2016.07.001.

20.

 Pittman PR, Hahn M, Lee HS, Koca C, Samy N, Schmidt D. Phase 3
efficacy trial  of modified vaccinia ankara as a vaccine against smallpox.
N  Engl  J  Med  2019;381(20):1897  −  908.  https://doi.org/10.1056/
NEJMoa1817307.

21.

 Ryckeley  C,  Goodwin  G,  Alvarez-Calderon  A.  The  reemerging
condition of vaccinia: a case report and brief review of monkeypox and
vaccinia vaccines. Am J Case Rep 2023;24:e941006. https://doi.org/10.
12659/AJCR.941006.

22.

 Kenner J, Cameron F, Empig C, Jobes DV, Gurwith M. LC16m8: an
attenuated smallpox vaccine. Vaccine 2006;24(47-48):7009 − 22. https:
//doi.org/10.1016/j.vaccine.2006.03.087.

23.

 Persad  G,  Leland  RJ,  Ottersen  T,  Richardson  HS,  Saenz  C,  Schaefer
GO,  et  al.  Fair  domestic  allocation  of  monkeypox  virus
countermeasures.  Lancet  Public  Health  2023;8(5):e378  −  82.  https://
doi.org/10.1016/S2468-2667(23)00061-0.

24.

 Greenberg  RN,  Hay  CM,  Stapleton  JT,  Marbury  TC,  Wagner  E,
Kreitmeir  E,  et  al.  A  randomized,  double-blind,  placebo-controlled
phase  II  trial  investigating  the  safety  and  immunogenicity  of  modified
vaccinia  ankara  smallpox  vaccine  (MVA-BN®)  in  56-80-Year-old
subjects.  PLoS  One  2016;11(6):e0157335.  https://doi.org/10.1371/
journal.pone.0157335.

25.

 Sah R, Paul D, Mohanty A, Shah A, Mohanasundaram AS, Padhi BK.
Monkeypox (Mpox) vaccines and their side effects: the other side of the
coin.  Int  J  Surg  2023;109(2):215  −  7.  https://doi.org/10.1097/JS9.
0000000000000142.

26.

 Walsh  SR,  Wilck  MB,  Dominguez  DJ,  Zablowsky  E,  Bajimaya  S,27.

China CDC Weekly

124 CCDC Weekly / Vol. 6 / No. 7 Chinese Center for Disease Control and Prevention

mailto:ronghuajin@ccmu.edu.cn
https://doi.org/10.46234/ccdcw2024.025
mailto:ronghuajin@ccmu.edu.cn


Gagne  LS,  et  al.  Safety  and  immunogenicity  of  modified  vaccinia
Ankara in hematopoietic stem cell  transplant recipients:  a  randomized,
controlled  trial.  J  Infect  Dis 2013;207(12):1888 − 97. https://doi.org/
10.1093/infdis/jit105.
 Overton ET, Lawrence SJ, Stapleton JT, Weidenthaler H, Schmidt D,
Koenen  B,  et  al.  A  randomized  phase  II  trial  to  compare  safety  and
immunogenicity  of  the  MVA-BN smallpox vaccine at  various  doses  in
adults with a history of AIDS. Vaccine 2020;38(11):2600 − 7. https://
doi.org/10.1016/j.vaccine.2020.01.058.

28.

 Garde  V,  Harper  D,  Fairchok  M.  Tertiary  contact  vaccinia  in  a
breastfeeding  infant.  JAMA  2004;291(6):725  −  7.  https://doi.org/10.
1001/jama.291.6.725.

29.

 Rao AK, Petersen BW, Whitehill F, Razeq JH, Isaacs SN, Merchlinsky
MJ, et al. Use of JYNNEOS (Smallpox and Monkeypox Vaccine, Live,
Nonreplicating)  for  preexposure  vaccination  of  persons  at  risk  for
occupational  exposure  to  orthopoxviruses:  recommendations  of  the
advisory  committee  on  immunization  practices  - United  States,  2022.
MMWR Morb  Mortal  Wkly  Rep  2022;71(22):734  −  42.  https://doi.
org/10.15585/mmwr.mm7122e1.

30.

 Yan K, Tang LK, Xiao FF, Zhang P, Lu CM, Hu LY, et al. Monkeypox
and  the  perinatal  period:  what  does  maternal-fetal  medicine  need  to
know? World J  Pediatr  2023;19(3):213-23.  http://dx.doi.org/10.1007/
s12519-022-00630-5.

31.

 Wang  Y,  Yang  KW,  Zhou  H.  Immunogenic  proteins  and  potential
delivery platforms for mpox virus vaccine development: a rapid review.
Int  J  Biol  Macromol  2023;245:125515.  https://doi.org/10.1016/j.
ijbiomac.2023.125515.

32.

 Mucker EM, Golden JW, Hammerbeck CD, Kishimori JM, Royals M,
Joselyn MD, et al. A nucleic acid-based orthopoxvirus vaccine targeting
the  vaccinia  virus  L1,  A27,  B5,  and  A33  proteins  protects  rabbits
against  lethal  rabbitpox  virus  aerosol  challenge.  J  Virol  2022;96(3):
e0150421. https://doi.org/10.1128/JVI.01504-21.

33.

 Golden JW, Josleyn MD, Hooper JW. Targeting the vaccinia virus L1
protein  to  the  cell  surface  enhances  production  of  neutralizing

34.

antibodies.  Vaccine  2008;26(27-28):3507-15.  https://www.
sciencedirect.com/science/article/pii/S0264410X08004556.
 Fang ZH, Monteiro VS, Renauer PA, Shang XB, Suzuki K, Ling XY, et
al.  Polyvalent  mRNA  vaccination  elicited  potent  immune  response  to
monkeypox virus surface antigens. Cell Res 2023;33(5):407 − 10. https:
//doi.org/10.1038/s41422-023-00792-5.

35.

 Zhang NB, Cheng X, Zhu YL, Mo OY, Yu HQ, Zhu LQ, et al. Multi-
valent  mRNA vaccines  against  monkeypox  enveloped  or  mature  viron
surface antigens demonstrate robust immune response and neutralizing
activity. Sci China Life Sci 2023;66(10):2329 − 41. https://doi.org/10.
1007/s11427-023-2378-x.

36.

 Xiao YH, Aldaz-Carroll L, Ortiz AM, Whitbeck JC, Alexander E, Lou
H, et al. A protein-based smallpox vaccine protects mice from vaccinia
and ectromelia virus challenges when given as a prime and single boost.
Vaccine 2007;25(7):1214 − 24. https://doi.org/10.1016/j.vaccine.2006.
10.009.

37.

 Hou  FJ,  Zhang  YT,  Liu  XH,  Murad  Y,  Xu  J,  Yu  ZB,  et  al.  Novel
mRNA  vaccines  encoding  Monkeypox  virus  M1R  and  A35R  protect
mice  from  a  lethal  virus  challenge.  bioRxiv,  2022:  p.  2022.11.19.
517190. https://doi.org/10.1101/2022.11.19.517190.

38.

 Xia  H,  He  YR,  Zhan  XY,  Zha  GF.  Mpox  virus  mRNA-lipid
nanoparticle  vaccine  candidates  evoke  antibody  responses  and  drive
protection  against  the  Vaccinia  virus  challenge  in  mice.  Antiviral  Res
2023;216:105668. https://doi.org/10.1016/j.antiviral.2023.105668.

39.

 National  Medical  Center  for  Infectious  Diseases  (Huashan  Hospital,
Fudan University), Infectious Disease Prevention and Control, Chinese
Preventive  Medicine  Association.  Mpox  prevention  guideline  for  the
public  (2023).  Chin J  Infect  Dis  2023;41(10):623-30.  https://rs.yiigle.
com/cmaid/1464545. (In Chinese).

40.

 Zheng M,  Du M,  Yang  GH, Yao  YM, Qian XH,  Zhi  Y,  et  al.  Mpox
vaccination  hesitancy  and  its  associated  factors  among  men  who  have
sex  with  men  in  China:  a  national  observational  study.  Vaccines
2023;11(9):1432. https://www.mdpi.com/2076-393X/11/9/1432.

41.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 6 / No. 7 125


	INTRODUCTION
	Overview of Mpox Virus (MPXV)
	The Development History of the Smallpox Vaccine
	First-Generation Live Virus Vaccines
	Second-Generation Live Virus Vaccines
	Third-Generation Attenuated Vaccines
	The Ankara strain vaccine for the modified vaccinia virus.
	The LC16m8 vaccine.


	THE APPLICATION OF SMALLPOX VACCINE
	The Application of Smallpox Vaccine in Susceptible Populations
	Application of smallpox vaccine in immunocompromised populations.
	Application of smallpox vaccine to pregnant women and newborns.


	THE NEW GENERATION OF MPOX VACCINES
	Preparation of The New Generation of Mpox Vaccines
	The 4pox DNA Vaccine
	Multivalent MRNA Vaccines
	Protein-Based Subunit Vaccines

	THE CURRENT PROGRESS OF MPOX VACCINE IN CHINA
	CONCLUSION AND DISCUSSION
	Conflicts of interest
	References

