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Abstract

Introduction. Mpox (the disease caused by the MPXV virus) gained global significance during the 2022-2025 outbreak;
as of the analysis period, 97,281 laboratory-confirmed cases had been reported in 118 countries, and the WHO declared the
situation a Public Health Emergency of International Concern (PHEIC) on 14 August 2024. The expanded geographic
circulation and the presence of vulnerable groups necessitate reassessment of control measures and vaccination strategies.

Objective. To analyse current features of Mpox spread and to evaluate the effectiveness of available preventive vaccine
measures in the context of importation risk.

Search strategy. A critical review of peer-reviewed literature and official reports published between 2010 and 2025 was
conducted; included sources comprised scientific publications, regulatory documents and surveillance data. Analysis was
structured around mpox epidemiology and spread, risk groups and clinical features, and vaccine platforms (licensed products
and candidates), with data classified as preclinical or clinical.

Results. Clinical presentation ranges from typical staged cutaneous eruptions to atypical anogenital forms; disease is
more severe in people living with HIV. No confirmed cases were reported in Kazakhstan (July 2025). Regarding vaccines:
the non-replicating MVA-BN shows a favourable profile (two doses - seroconversion =89%; estimated effectiveness =82%,
95% Cl 72-92%; one dose =76%, 95% CI 64-88%); ACAM2000 is highly immunogenic (seroconversion ~94-97%) but limited
by safety concerns; LC16-KMB is an alternative in specific scenarios. Emerging candidates (attenuated dBTF, mRNA
BNT166, VLP constructs) demonstrate promising preclinical / early clinical results, but data are limited by small sample sizes
and lack of direct comparative studies.

Conclusions. Priorities include ensuring access to non-replicating vaccines and targeted PrEP/PEP programmes,
strengthening surveillance and laboratory readiness, standardizing correlates of protection, and conducting head-to-head
and large non-human primate (NHP) / clinical studies to enable evidence-based ranking of vaccine platforms.
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'To0 «Hay4Ho-uccnegoBaTenbCKMU MHCTUTYT Npobnem 6Guonornyeckon 6esonacHocTuy, Kamobinckasa
obnacTtb, Kopaanckun parioH, nrr. FBapaenckun, Pecnybnuka KasaxcTah;
2HAO «MeauumHckuin YHuBepcutet Cemen», r. Cement, Pecny6nuka KasaxcraH.

BeeneHue. Mpox (6onesHb, BeiaBaHHas Bupycom MPXV) npuobpén rnobansHoe 3HaueHve B xoae Berbiwkn 2022-2025
IT.; N0 COCTOSIHMIO Ha Nepuog aHanusa 3apernctpuposaHo 97 281 nabopaTopHo NoATBEPXAEHHBIA cryyan B 118 cTpaHax, a
BO3 14 aerycra 2024 r. obbsBuna cutyaumo PHEIC. PaclumpeHue reorpaum LMpKYNSLMU U Hanuume ys3BUMbIX rpynn
TpebytoT NepeoLIeHK MEP KOHTPOSS W CTpATEernil BakLMHaLMN.

135



Reviews Science & Healthcare, 2025 Vol. 27 (6)

Llens uccnepoBaHmsA. [lpoaHanuavpoBaTb —akTyanbHble OCODEHHOCTM pacnpocTpaHeHnss Mpox W OUeHUTb
9 heKTMBHOCTb JOCTYMHbIX NPOUNAKTUYECKIX BAKLMHHBIX MEP B KOHTEKCTE puUcka 3aHOCa UHCEKL M.

Crpaterusi noucka. Kputyeckuin 063op peLieHaupyemon nutepatypel U oduumansHelx 0T4ETOB 3a nepuog 2010-2025
[T.; BKMIOYEHbl Nybnukauun, perynsTopHble [OKYMEHTbl W AaHHble HaA3opHbix cnyx6. AHanu3 npoBoguncs no
HanpaBNeHNAM: 3NWAEMWUOMNOTUS U pacnpoCTpaHeHne MHGEKLMN, TPYNMbl pUCKa W KIMHUYECKME OCOBEHHOCTM, BaKLMHHbIE
nnaTopMbl (3aperncTpUpOBaHHbIE Npenapatbl 1 KaHAMAATbI) C Pa3AENEHNEM AaHHbIX HA BOKITMHUYECKIE W KITMHUYECKME.

Pesynbtatbl. KnuHuyeckast kapTWHa BapbuMpyeT OT TUMMYHBIX CTAAMAHBIX KOXKHbIX BbIChINAHWA [0 aTUMNYHbIX
aHoreHuTanbHbIX dopM; y nuy ¢ BUY Teuenune tsxenee. B KasaxcraHe noateepxaéHHbIX cryyaes HeT (monb 2025). Mo
BakUHaMm: Hepennuumpytowascs MVA-BN gemoHcTpupyeT BnaronpusTHbin npoduns (ABe [03bl - cepokoHBepeust =89%;
oueHouHas ahdekTuBHOCTb =82%, 95% [N 72-92%; ogHa po3a =76%, 95% [N 64-88%); ACAM2000 BbicOKOMMMYyHOreHHa
(cepokoHBepcust =94-97%) Ho orpaHuyeHa puckamu; LC16-KMB - anbTepHaTMBa B OTAENbHbIX cleHapusx. Hosble
kaHampaTbl (aTTeHympoBaHHble dBTF, mRNA-BNT166, VLP) nokasbiBatoT MHoOroobelyatollme AOKIMHUYECKUE/paHHWe
KNWHUYeCKne pesynbTaTbl, HO AaHHbIE OrpaHMyeHbl MO pa3Mepam BbIOOPOK W OTCYTCTBYIOT MPsIMble CPaBHUTEMbHbIE
“ccnenoBaHus.

BuiBogbl. [proputeTsl - 0becneyeHne gocTyna K HepenmuUMpYoLWMMCS BakLmMHam 1 TapreTHbix PrEP/PEP-nporpamm,
ycuneHve anugHaa3opa 1 nabopaTopHON FOTOBHOCTY, CTaHAAPTU3aLms KOPPensToB 3aluuThl 1 npoeegeHne head-to-head un
kpynHbix NHP/kKnuHuyeckux nccnefoBanuin anst 000CHOBAHHOTO paHXXMPOBaHMS MaTgopM.

Knroyeenie crnosa: supyc ocnbi 0besbsaH (MPXV); anudemuonoausi; 8aKYUHBbI.
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! «BuonoruanbIK Kayincisgik npo6nemManapbiHbIH FbINIbIMU-3ePTTeY UHCTUTYThI» XKayanKepLuiniri wekreyni
cepikrtecrTiri, XKam6bin obnbickl, Kopaan ayaaHsl, FBapaenckun K1k, KasakctaH Pecnybnukacsi;
2 KeAK «Cemeit MeanumMHa yHUBepcuTeTi», Cemei K., Kazakctan Pecny6nukachbi.

Kipicne. Mpox (MPXV BupyCTbiH, TyblHAaTKaH aypybl) 2022-2025 xok. 6onfaH anupemns 6apbiCbiHAA KahaHAObIK,
MaHbl3Fa ne bongdel, Tangay keseHjHe carkec 118 enpge 97 281 sepTxaHanblk pactanFaH xafgan Tipkengi, an ICY 2024 x.
14 Tambi3pa xargangbl Xanbikapanblk, Madbibl 0ap korampblk AeHcaynblk cakTay TeTeHwe xarganbl (PHEIC) gen
xapusnagbl. [eorpadmsnbik, KeHetoi MeH ocan TonTapAblH, 6onybl 6akbinay WwWapanapsl MEH BaKLUMHALMS CTpaTerisnapbiH
KanTa kapayabl Tanan etegi.

Makcat. Mpox TapanyblHblH, Ka3ipri epekLenikTepiH Tangan, MHEKUUAHbIH, aKeTiny Kayni KOHTEKCTIHAE KOMmXeTiMAi
angblH any BakuWHanbIK WapanapablH, Tuimainiriv 6aranay.

I3pey ctpaterusicbl. 2010-2025 xok. kapusnaHfaH peLeH3usnaqsaH apebueTTep MeH pecmu ecenTepre CblHW LIONY
Xyprisingi, Tangay fbifbIM1 XapusanaHbiMaapabl, PETTEYLL KyXaTTapabl XKaHe anuaeMnonorusrblk kafaranay AepektepiH
KamTbidbl. Tangay mpox anMaeM1onorusicbl MEH UHMEKLWSHBIH, Taparybl, Kayin TonTapbl MeH KIMHUKaNbIK epekLLenikTepi,
BaKUWHanbIKk nnatcopmanap (TipkenreH npenapatTap XoHe kaHguparttap) GodbiHWA, AepeKTepAi LOKMMHMKAMbIK, XaHe
KNWHUKanbIK, AeHrenepre 6ene oTbIpbIN Xyprisinai.

Hatuxenep. KnuHukanblk kepiHicTep TUNTIK ke3enaenreH Tepi GepTnenepiHeH aTUnTik aHoreHuTanbasl opmanapra
[eliH e3repin oTbipadsl, BAY-neH eMip cypeTiH agamaapaa aypy aybipblpak eTefi. KasakcTaHaa pacTanfaH xarfannap
TipkenmereH (winge 2025). BakumHanap xannbl: pennvkadusnaqbanteiH MVA-BN xarbiMabl npodounb KepceTeai (exi o3a
- cepokoHBepcus ~89%; baranaHraH TMiMainik =82%, 95% ceHimai uHTepBan 72-92%; Gip fosa =76%, 95% CW 64-88%),
ACAM2000 xorapbl MMMyHoOreHai (cepokoHBepcus =~94-97%) Gipak, kayincisgik MacenenepiMeH wektenreH; LC16-KMB
kenbip cueHapuinepge 6anama bonbin Tabbimagsl. Xava kaHgupatTap (atteHympnenreH dBTF, mRNA BNT166, VLP
KOHCTpYKUMANapsl) OOKNUHUKANbIK/epTe KNUHUKanbIK 3epTTeynepae yMITTi HaTWxe KepceTyde, anaigja AepekTep
YIrinepiHin, WarbIHAbIFLIMEH XaHe Tikenen canbICTbIpy 3epTTEYNEpiHiH, 6onmaybIMeH LekTenesi.

KopbITbIHAbI. bacTbl BacbiMabIkTap - pennukauusnaHbanTbiH BakLMHanapsa KOMKeTIMAINIKTI kamTamachl3 eTy XaHe
makcaTTel PrEP/PEP OargapnamanapbiH €Hridy, anuaemusnbik, 6akbinay MeH 3epTXaHanblk, AalblHABIKTbI KyLIEHTy,
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KOpFaHbIC KOPPensATTapbiH CTaH4apTTay XaHe BakuuHamblk, nnatopmanapasl Sonengi Typae pevTUHITEY yiLiH Tikenei
canbicTblpynbl (head-to-head) xoHe ipi agam emec npumat (NHP) / knuHukanbik, 3epTTeynep Kyprisy.
Tyliindi ce3dep: malimbin weweeai gupycsl (MPXV); anudemuonoeusi; 8akyuHanap.

[foliexcos ywiH:

Tyskos A. M., Xannaposa IA., Tnenyuesa T.M., Mbip3axmemosa b.l., XyeyHucos K.[., Kymymbemos J1.b.,
Omapbekosa XK.E., llab6dapbaesa [.M. Mpox: anugemuonornsinbik ypLicTepAeH 3amaHaywm WMMyHonpodunaktuka
cTpaterusnapbiHa AeniH. 9aebuetTik wony // Foinbim xaHe [eHcaynelk cakray. 2025. Vol.27 (6), b. 135-148. doi

10.34689/SH.2025.27.6.016

Introduction

Monkeypox virus (MPXV) was first isolated in 1959 from
cynomolgus macaques imported into Denmark; the first
clinically confirmed human case was reported in 1970 in the
Democratic Republic of the Congo. In 1970-1979, 47
confirmed cases were described in Central and West Africa,
predominantly in children; in individual foci, secondary
transmission was estimated at 3-7%, and case fatality
reached =17%. Over time, both an expansion of the
geographic range and changes in the demographic
structure of cases were observed-the mean age increased
from =4 years in the 1970s to >20 years in 2010-2019-
which has been attributed to the cessation of mass
smallpox vaccination, urbanization, and weakening of
epidemiological surveillance [70, 9, 3, 4].

These long-term trends were highlighted by the 2022
outbreak, during which MPXV spread beyond its traditional
endemic regions: cases were reported in previously non-
endemic countries, and a proportion of transmission events
occurred without obvious epidemiological links to travel to
endemic areas, indicating cryptic circulation. According to
WHO data, by 8 May 2023, 87,377 laboratory-confirmed
cases and 140 deaths had been reported; the subsequent
decline in the number of new diagnoses in February-April
2023 reflected the effect of response measures but did not
eliminate the risk of further spread. Chronic resource
shortages and weak surveillance in endemic regions
facilitate the establishment of the virus in the ecological
niche vacated after smallpox eradication, while the
emergence of new genetic variants (including Clade Ilb /
B.1 lineages) calls for continuous monitoring and
reevaluation of prevention strategies [3, 4, 24, 22].

Taxonomically, MPXV belongs to the genus
Orthopoxvirus (family Poxviridae) and is divided into three
clades: Clade | (Central African), Clade lla (West African),
and Clade lIIb; the B.1 lineage predominated in the 2022
outbreak and was characterized by an increased
substitution rate compared with preceding strains. The
MPXV genome is a linear double-stranded DNA (~196-211
kb, =190 ORFs) with a conserved central region and
variable terminal repeats; virions have a brick-shaped
morphology (~200-250 nm) and exist in several biological
forms (IMV, IEV/EEV), with IMV being the most stable in the
external environment and playing a key role in inter-host
transmission. Understanding genomic variability and the
biological properties of these forms is important for
interpreting changes in pathogenicity and transmission [31,
89, 38, 35, 15].

The clinical presentation of MPXV is broadly typical of
poxvirus infections: fever, headache, myalgia, and a
characteristic rash that progresses through the stages

macules — papules — vesicles — pustules — crusts; the
incubation period averages 10-16 days, and in most
patients the rash appears within the first few days after
fever onset. During the 2022 outbreak, atypical
presentations were also documented (limited anogenital
lesions or complete absence of rash), which complicated
diagnosis and contributed to delayed detection. Severe
complications include bronchopneumonia, encephalitis,
sepsis, and secondary bacterial infections; in
immunocompromised individuals (including people living
with HIV), the disease course is generally more severe.
Case fatality varies by clade (Clade I-up to =10%, Clade II-
substantially lower) [16, 47, 33, 29].

This review summarizes historical and contemporary
aspects of the epidemiology of monkeypox virus (MPXV)
from its isolation in 1959 up to the global outbreak of 2022.
Particular attention is paid to the evolution of vaccine
platforms-from classical first-generation replicating vaccines
to modern attenuated, non-replicating, and innovative
constructs based on mRNA and virus-like particles.
Comparison of the immunological characteristics and safety
profiles of different platforms will make it possible to assess
their potential for practical use and to develop
recommendations within the framework of a national
strategy for the prevention of and preparedness for
orthopoxvirus infections.

Search strategy. The present study is a literature
review addressing issues of the epidemiology, clinical
manifestations, and prevention of MPOX. The search for
publications was carried out in the international databases
PubMed, Scopus, Web of Science, Elsevier ScienceDirect,
Google Scholar, as well as in peer-reviewed journals. The
review included original articles, reviews, and official
communications of international organizations (WHO, CDC,
ECDC), published predominantly in 2010-2025. Priority was
given to full-text sources; abstracts of reports, newspaper
publications, unpublished observations, non—peer-reviewed
materials, and articles not relevant to the topic of the study
were excluded. The sources were analyzed in the following
main areas: epidemiology and spread of infection, routes of
transmission, pathogenesis, clinical presentation, and
prevention. As the study is based on an analysis of
published data, separate ethical approval was not required.

Epidemiology and spread of MPOX

The monkeypox outbreak recorded in the Democratic
Republic of the Congo (formerly Zaire) in 1980-1985
comprised 282 confirmed cases. The vast majority of
patients (about 90%) were children younger than 15 years,
with a mean age of 4.4 years. Case fatality among
unvaccinated individuals was about 11%, and in children
younger than 15 years up to 15%. No deaths were recorded
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among individuals who had previously received smallpox
vaccination [33, 32].

From February 1996 to October 1997, 511 suspected
monkeypox cases were reported in the Katako-Kombe and
Lodja areas (Kasai Oriental, Democratic Republic of the
Congo), 419 of them in October 1997 alone [13]. Most
patients (85%) were children aged up to 16 years. The
disease was characterized by a severe course with high
fever, diarrhea, generalized rash (often >100 lesions),
lymphadenopathy, and impairment of ability to work for
more than three days. Despite the pronounced
symptomatology, case fatality remained relatively low-1.5%
[74]. It was established that 22% of cases were of zoonotic
origin, whereas 78% resulted from human-to-human
transmission, predominantly within households and
neighborhoods [45]. The scale of this outbreak, the largest
until 2022, was probably related to increasing population
susceptibility ~ following the cessation of smallpox
vaccination [29].

In 2003, from 15 May to 20 June, the first monkeypox
outbreak outside Africa was recorded in the United States
[54, 40]. A total of 72 confirmed and probable cases (37 of
them laboratory confirmed) were identified in humans in six
Midwestern states. The median age of patients was 28
years (range 1-55 years), and no deaths were reported. All
patients had contact with infected prairie dogs (Cynomys
spp.) [54]. The investigation showed that the likely source of
MPXV introduction into the USA was an international
shipment consisting of about 800 small mammals from
Ghana to Texas. The shipment contained about 800 small
mammals of nine different species, including six genera of
African rodents. In response to the outbreak, importation
and sale of African rodents and prairie dogs were
temporarily suspended, and extensive epidemiological and
virological investigations were carried out [11]. Genetic
analysis revealed that the virus belonged to the West
African clade [40].

From 22 September 2017 to 16 September 2018,
Nigeria experienced the largest recorded MPOX outbreak in
the country, 39 years after the last reported case [92, 56]. A
total of 122 confirmed and probable cases were registered
in 17 states, including the capital, and 7 (6%) deaths. The
median age was 29 years, and 84 (69%) were men [91, 58].
The causative agent was a West African clade MPXV, with
transmission occurring via both zoonotic routes and human-
to-human transmission chains [91, 59]. In response,
measures were implemented within the One Health
framework: laboratory diagnostics and intersectoral
collaboration between public health and veterinary services,
and an electronic outbreak response and analysis system
was introduced to improve digitalization and the timeliness
of surveillance [56, 46]. Three MPOX cases detected in
2018-2019 in the United Kingdom and Israel were found to
be associated with importation of infection by travelers from
Nigeria [91, 68].

The global MPOX outbreak in 2022-2023 was the first
of such magnitude outside endemic regions, affecting 111
countries and leading to tens of thousands of confirmed
infections. The first confirmed MPOX case in the 2022
outbreak was identified in the United Kingdom on 7 May in
a patient who had recently returned from Nigeria [67]. As of
8 August 2022, 2,914 confirmed and 103 probable

monkeypox cases had been reported in the United
Kingdom-a total of 3,017 [67]. On 21 May 2022, WHO
issued an emergency communication regarding the onset of
a multi-country MPOX outbreak in non-endemic countries.
At that time, 92 confirmed and 28 suspected cases had
been reported in 12 countries, including Australia, Belgium,
Canada, France, Germany, Italy, the Netherlands, Portugal,
Spain, Sweden, the United Kingdom, and the United States
[81]. There are suggestions that MPOX virus may have
been circulating unnoticed in European countries long
before its official identification in May 2022, which indicates
the possibility of underestimated or unrecognized
transmission in the early stages of the outbreak [57]. On 23
July 2022, the MPOX outbreak was officially declared by
WHO a public health emergency of international concern
(PHEIC). The decision was taken by the WHO Director-
General against the background of a rapid increase in the
number of cases-over 16,000 in 75 countries [87]. On 11
May 2023, WHO announced that the global MPOX outbreak
was no longer considered a public health emergency of
international concern (PHEIC), based on the sustained
decline in case numbers and the stability of the clinical
picture. The Emergency Committee emphasized the need
to shift from emergency response to long-term control
strategies, including integration of MPOX into national
programs for surveillance, vaccination, and research [49].
(Figure 1).

According to WHO data, from 1 January 2022 to 8 May
2023, a total of 87,377 laboratory-confirmed MPOX cases,
including 140 deaths, were reported in 111 countries across
all six WHO regions (Figure 2). Since the previous report
(27 April 2023), 264 new cases (an increase of 0.3%) and
10 deaths had been recorded, with some cases reported
retrospectively [80]. Among MPOX cases with available
data on sex, 96.2% (77,834 of 80,872) were men, and the
median age of patients was 34 years. The distribution by
sex and age remained stable throughout the outbreak.
Among patients with known age, 1.3% (1,108 of 83,460)
were children under 18 years, including 324 cases (0.4%)
in children younger than 5 years. Among cases with
available information on sexual orientation, 84.1% (25,871
of 30,761) identified themselves as gay, bisexual, or other
men who have sex with men (MSM). Despite minor
fluctuations, this proportion consistently exceeded 75%,
indicating predominant circulation of the virus in this risk
group during the outbreak. In cases where data on sexual
orientation were unavailable, the high proportion of male
patients may also indicate hidden transmission among
MSM [80]. The causative agent of the global MPOX
outbreak in non-endemic countries was a Clade IIb virus,
predominantly lineage B.1, and less frequently A.1. At the
same time, in endemic regions such as the Democratic
Republic of the Congo and Nigeria, Clade | and Clade lla
viruses continued to circulate [80]. Following the onset of
the MPOX outbreak, urgent measures were implemented:;
surveillance was  strengthened, PCR diagnostics
expanded, vaccination of risk groups was organized
(primarily using MVA-BN), and isolation of patients was
introduced [43, 81, 14]. Leading countries launched
information campaigns among key communities aimed at
counteracting  stigmatization, and WHO ensured
international coordination [89].
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Figure 1. Dynamics of MPOX incidence by world region (January 2022 - June 2025).
Source: World Health Organization, 2025, Global Mpox Trends.
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Figure 2. Geographic distribution of confirmed monkeypox cases reported or identified
by WHO from official public sources for the period 1 January 2022 to 8 May 2023.
Source: World Health Organization, 2023, External Situation Report 22.

In August 2023, the first confirmed MPOX cases were
reported in Kinshasa, the capital of the Democratic Republic
of the Congo. The index patient arrived by river transport
from the endemic province of Maindombe; his diagnosis
was laboratory confirmed on 18 August. Subsequently,
infection was detected in several of his close contacts [79].
From 1 January 2024 to 28 July 2024, 13,791 MPOX cases
and 450 deaths were reported in the Democratic Republic
of the Congo, accounting for 96.3% and 97%, respectively,
of all cases and deaths in Africa. Morbidity affected 25 of
the country’s 26 provinces, with 68% of cases and 85% of
deaths occurring in children under 15 years of age. More
generally, from 1 January 2022 to 28 July 2024, 37,583
MPOX cases and 1,451 deaths were reported in 15 African
Union member states, corresponding to an overall case
fatality of 3.9% [3]. During the outbreak, Clade Il viruses
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(including subclade Ila) continued to circulate, and active
transmission of a new clade, Ib, more adapted to human-to-
human transmission, was documented, predominantly in
the eastern part of the Democratic Republic of the Congo.
Genomic analysis showed that all investigated MPOX virus
isolates obtained during the outbreak in South Kivu
Province (eastern Democratic Republic of the Congo)
belonged to Clade Ib and formed three distinct clusters.
Mutations were identified in viral genomes, predominantly
driven by APOBEC3 activity, indicating sustained human-to-
human transmission [39]. Against the background of the
rapid spread of this new MPOX clade, on 14 August 2024
the WHO Director-General declared the outbreak in the
Democratic Republic of the Congo and several African
countries a public health emergency of international
concern (PHEIC) [86].



Reviews

Science & Healthcare, 2025 Vol. 27 (6)

As of the period from 1 January to July 2025, MPOX
continues to circulate predominantly in African countries.
Since the beginning of the year, 30,022 confirmed cases
and 119 deaths have been reported in 79 countries, with
28,152 cases and 133 deaths occurring in 24 African
countries, accounting for 94% of all global cases. The
highest numbers of cases have been recorded in the
Democratic Republic of the Congo (13,927), Uganda

MPXYV clades detected globally

{
Includes imported cases; known distribution from 1 January 2022 to 27 Jul 2025 6

»

. ///// . |

(6,230), and Sierra Leone (4,876). Despite an overall
decline in global incidence, active local outbreaks persist in
several regions [83]. Clade Ib viruses dominate in eastern
and central Africa, whereas Clade IIb continues to circulate
mainly in West Africa and beyond. Isolated imported Clade
Ib cases have been reported in Australia, the United
Kingdom, and China (Figure 3), confirming the continuing
risk of international spread of the infection [73].

7 Y World Health
# Organization

-~

MPXV clades detected
Clade la
Clade Ib

|| Clade Il (a and/or b)

A clades taand i (a and/or b)
Clades la, Ib and Il (a and/or b)
Clades Ib and Il (a andfor b)

MPXV with unknown clade

No MPXV clades reported

D Not applicable

Figure 3. Geographic distribution of monkeypox virus clades, including imported cases,
for the period 1 January 2022 to 27 July 2025.
Source: World Health Organization, 2025, Global Mpox Trends.

According to WHO data for the period from 1 July 2024
to 30 June 2025, outside Africa MPOX predominantly
affected men of working age. The highest incidence was
observed in the 30-39 and 18-29 year age groups. Women
accounted for only a small proportion in all age categories.

After 50 years of age, incidence declined substantially: in
the 50-59 year age group, 353 cases were recorded in men
and only 13 in women. Among children and adolescents
<18 vyears, 55 cases were reported over the entire
observation period (Figure 4) [73].

Age-sex distribution of mpox cases outside of Africa

01 Jul 2024 to 30 Jun 2025

80+

70-79
60-69
50-59 13
§anse 2o =
< ) 2 ! L—.
18-29 1,484 || &5
10-17 26 ' 10
0-9 12 I 7
3,000 2,000 1,000 0 1,000 2,000 3,000
Number of cases
! Male D Female
Source: WHO

6,007 cases with age-sex data

Figure 4. Distribution of confirmed MPOX cases by sex and age outside
Africa for the period 1 July 2024 to 30 June 2025.
Source: World Health Organization, 2025, Global Mpox Trends.
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In the endemic provinces of the Democratic Republic of
the Congo, the epidemiological profile of MPOX cases
differs from that observed outside Africa. According to data
for the period from 1 January 2024 to 25 July 2025, cases
of infection were registered in all age groups (Figure 5).
Particularly high incidence was observed among children
and adolescents: the 5-9, 10-14, and 15-19 year age
groups showed the largest numbers of reported cases. In

contrast to the pattern in non-endemic countries, where
MPOX predominantly affected men, in the DRC the sex
distribution is more balanced-the proportions of men and
women are approximately equal in most age groups. A
substantial number of cases was also noted in the 20-39
year age group, with a gradual decline in incidence with
increasing age. The lowest number of cases was recorded
among individuals older than 45 years [73].

Age and sex distribution: Endemic provinces

Includes cases reported between 01 Jan 2024 and 25 Jul 2025
Outline depicts modeled population distribution

Confirmed

Age

Female

Cases

| Male

Figure 5. Distribution of confirmed MPOX cases by sex and age in the endemic provinces of the Democratic

Republic of the Congo for the period 1 January 2024 to 25 July 2025. (Endemic provinces include: Equateur,

Sankuru, Tshuapa, Tshopo, Nord-Ubangi, Bas-Uélé, Sud-Ubangi, Mongala, Kwilu, Maindombe, and Maniema)
Source: World Health Organization, 2025, Global Mpox Trends.

Vaccines

Although immune memory after smallpox vaccination is
long-lasting and provides cross-protection, the first two
generations of vaccines have critical drawbacks: replicating
VACV strains occasionally cause severe complications in
individuals with immunodeficiency, eczema, and in
transplant recipients; first-generation products also had
problems with production standardization. The spread of
MPXV beyond endemic regions and the large number of
people without residual immunity make it necessary to
develop safer, standardized platforms with comparable
immunogenicity.

Classification of vaccine platforms (Table 1).

Dryvax®, APSV®, Lancy-Vaxina®, and L-IVP® belong
to first-generation vaccines (produced before the 1970s-
1980s) and contained live vaccinia virus in various
pharmaceutical forms-lyophilized, “frozen-liquid,” and calf-
lymph [35]. Despite differences in manufacturing technology
and type of substrate, all of these products demonstrated
comparably high clinical efficacy: the development of the
characteristic “take” served as a universal empirical
correlate of protection and was accompanied by
pronounced humoral and cellular responses that ensured
long-term immune memory. At the same time, differences in
production approaches led to lot-to-lot variability and
affected safety: whereas Dryvax® and L-IVP® were
characterized by relatively stable immunogenicity, calf-
lymph vaccines (Lancy-Vaxina®) were more frequently
associated with technological heterogeneity and a risk of
contamination. Overall, all replicating products were

associated with frequent mild reactions (=5-80%) and rare
but clinically significant complications: fatal outcomes =1-2
x 107, postvaccinal encephalitis =3-9 x 107, eczema
vaccinatum =2-35 x 107, generalized vaccinia =40-200 x
107°; in later series, myopericarditis was reported with a
frequency on the order of 107*. Thus, despite their high
efficacy, differences in standardization and safety rendered
these vaccines poorly suited to modern mass immunization
programs, which in turn led to the development and
introduction of second- and third-generation vaccines-cell
culture-based and non-replicating-aimed at improving safety
while maintaining immune protection [35].
Second-generation vaccines retained the same
biological basis-VACV strains close to the original ones-but
shifted production to controlled cell culture systems and
introduced  purification and  standardization (e.g.,
ACAM2000, Elstree-BN). This improved product quality and
predictability; however, it did not fundamentally change the
risk associated with replication of the vaccine virus: second-
generation replicating vaccines still have limitations in use
among vulnerable groups and require a cautious approach
to mass immunization. ACAM2000, produced in MRC-5
cells and administered as a single dose using a bifurcated
needle, demonstrates high seroconversion (=94-97%) and
proven protection in preclinical models and retrospective
studies. However, it retains the typical risks of a replicating
platform-the possibility of transmission of the vaccine virus
and contraindications in children, pregnant women, and
immunocompromised individuals (rate of serious adverse
events =20.25 per 100,000) [18, 71, 55, 28, 41, 42, 35].
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Third-generation vaccines represent a fransition from
replicating viral platforms to safer and more technologically
controlled solutions, where the key goal is to reduce the risk of
adverse reactions while maintaining adequate immunogenicity.
Two of the most illustrative examples are MVA-BN (a non-
replicating modified Ankara platiorm) and LC16m8 (an
attenuated temperature-sensitive VACV strain. Both vaccines
have inherited the cross-protection characteristic of classical
smallpox vaccines, but differ in their biological properties as
well as in their practical use profile. MVA-BN, which is unable to
replicate in human cells, demonstrates the best safety profile: it
does not cause vaccine viremia and can be used in individuals
with contraindications to replicating vaccines. According to
clinical observations, two doses of the vaccine induce
seroconversion in =89% of previously unvaccinated individuals
and provide protective effectiveness of about 82% (meta-
analysis: 82%, 95% Cl 72-92%); the effectiveness after a single
dose in one review was estimated at approximately 76% (95%
Cl 64-88%) [50]. LC16m8, by contrast, retains a limited ability
to replicate, which promotes more pronounced early activation
of the immune response-according to Japanese ftrials,
seroconversion reached 70-72% by day 28-but at the same
time requires greater caution in immunocompromised and
pregnant individuals. With comparable overall tolerability,
LC16m8 is somewhat inferior to MVA-BN in terms of safety
profile, but potentially induces a broader cellular response due
to preserved, albeit attenuated, replication. Thus, both
platforms reflect different strategic approaches: MVA-BN is
aimed at maximizing safety and universality of use, whereas
LC16m8 seeks a compromise between immunogenicity and
controlled replication, which may be important for target groups
at high risk of infecton [1, 22, 23]. Differences in
seroconversion levels between LC16m8 and MVA-BN partly
reflect not only the biology of the platforms themselves but also
the specifics of study design. LC16m8 was evaluated after a
single dose with a relatively short follow-up period (28 days),
whereas MVA-BN studies focused on a two-dose regimen with
a longer evaluation interval (=90 days). In addition, serological
testing methods and cohort compositions also differed.
Consequently, the higher seroconversion observed for MVA-
BN in certain series appears to be related to differences in
vaccination regimens and time points of measurement rather
than necessarily to a fundamental advantage of the platform
[71,21,17,6,63, 65,21,17,51, 75, 84, 44].

An experiment in a black-tailed prairie dog model, in which
animals were infranasally infected with an MPXV strain at
moderate and extremely high exposure, demonstrated
differences in the practical effect of vaccine platforms in post-
exposure immunization. In a comparison of the non-replicating
MVA-BN (JYNNEOS/IMVAMUNE) and the replicating
ACAM2000, both vaccines induced neutralizing antibodies and
could delay death when administered after exposure; at the
same time, early administration (day 1) of MVA-BN produced
more pronounced clinical attenuation compared with
administration on day 3, although antibody levels in the
different groups were comparable-which likely reflects the
specifics of vaccination schedules and timing of
measurements. At a very high challenge dose, neither vaccine
provided complete protection, underscoring the limited window
for effective PEP and the need for prompt intervention. In
practical terms, this means that in the PEP setting the non-

replicating platform has operational advantages, especially in
individuals with contraindications to replicating vaccines [59].

Candidates and promising platforms

The recent attenuated candidate dBTF (Tiantan-
derived; deletions J2R/TK, F4L, B2R) demonstrates
pronounced single-dose protection in NHP models: a single
IM vaccination (2.5x10"5 PFU) led to a significant reduction
in the number of skin lesions and viral load at the standard
control time point (day 10) and correlated with high NTs,
values, indicating strong prophylactic efficacy in the acute
phase of infection [90]. In parallel, two non-replicating
platforms-a multi-antigenic mRNA-LNP vaccine (BNT166)
and a nanocage VLP (SpyCatcher003-mi3)-showed
comparable protective efficacy in preclinical models but with
differing immunological profiles: BNT166 provided complete
prevention of death and suppression of skin lesions in
mouse and NHP models and has already advanced to early
clinical trials (phase I/ll), whereas the VLP construct elicited
particularly high humoral responses (neutralizing titers in
macaques were higher than in JYNNEOS recipients) and
excellent passive protection in transmission models but
remains predominantly at the preclinical stage and requires
large-scale NHP studies to confirm tolerability and long-
term durability of the response [93, 8].

Comparing these data reveals clear differences in
profiles and translational trajectories: dBTF occupies an
intermediate niche between replicating and fully non-
replicating platforms-combining enhanced immunogenicity
with modified (reduced) replication and a promising safety
profile; the mRNA platform (BNT166) shows the advantage
of “rapid” clinical translation and a strong multi-epitope T-
cell response; the VLP stands out for its particularly potent
humoral activity and promise as a safe non-replicating
booster. An important methodological remark: direct inter-
platform comparison is complicated by differences in
models (mice vs CAST vs NHP), challenge doses,
endpoints used (death, clinical burden, local replication),
and methods for measuring immune correlates (NTs,, time
points). Consequently, robust ranking of platforms is
currently difficult: there are no standardized head-to-head
preclinical studies in NHP and no unified clinical trials with
harmonized serological and cellular endpoints, nor a
systematic assessment of tolerability in vulnerable groups.

Limitations of available data and research needs

Despite promising preclinical and early clinical results
for several platforms, the current evidence base on MPXV
vaccines has obvious limitations: many studies involve
small group sizes (small n), use different formats of
neutralization assays and time points of measurement, and
there is an almost complete absence of direct comparative
(head-to-head) studies, which makes reliable inter-platform
comparison  difficult. ~ Priority tasks remain the
standardization of methods and the search for correlates of
protection (including unification of neutralization formats for
NTso and harmonization of parameters for assessing T-cell
responses), as well as the conduct of large preclinical

studies in non-primate species and randomized
comparative clinical trials with unified clinical and
serological  endpoints. In  parallel,  well-designed

observational studies and sustainable pharmacovigilance
programs are needed to assess real-world effectiveness
and safety profiles in different populations. Only by
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combining  standardized laboratory methods, large
preclinical series, direct clinical comparisons, and
systematic post-registration monitoring will it become
possible to reasonably rank platforms according to the
criteria of ‘“replication-immunogenicity-safety” and make
balanced decisions in shaping national vaccination
programs and preparedness strategies.

Conclusions

Monkeypox, first described in 1958 in laboratory monkeys,
for a long time remained an endemic zoonosis of Central and
West Africa [70, 10]. Since the early 2000s, and especially after
2017, imported and localized cases in non-endemic countries
have become more frequent, which has led to a reassessment
of global risk; the culmination was a large international outbreak
in 2022 that affected more than 100 countries and
demonstrated the virus’s capacity for wide-scale spread [34,
19, 67, 79].

As of July 2025, no confirmed MPOX cases have been
reported in Kazakhstan, but the absence of notifications does
not exclude the country’s vulnerability given its transit position
between Europe and Asia and dense transport and trade links
with regions where cases have been recorded (including
China, the Russian Federation, and European countries) [73,
83]. Additional concem is raised by the Clade Ib variant, which
is actively circulating in Eastern and Central Africa, shows signs
of enhanced human-to-human transmission, and has already
been detected outside the continent (China, the United
Kingdom, Australia) [39, 73].

Particularly important from an epidemiological standpoint
are vulnerable groups-men who have sex with men (MSM),
people living with HIV and other forms of immunodeficiency, as
well as sex workers-as confirmed by analyses of the 2022-
2024 outbreaks [58, 57, 80]. The 2022-2023 outbreak
demonstrated the key role of close skin-mucosal contacts
(including sexual) in transmission; at the same time, detection
of viral DNA in semen rarely correlates with the presence of
replication-competent virus. The routes of MPXV introduction
are not limited to human-to-human transmission: zoonotic
events (including the 2003 episode in the USA associated with
the import of infected rodents) and natural foci involving
reservoir animals remain important sources of new outbreaks.
The main mechanisms of transmission are direct contact with
skin lesions and biological secretions, fomite transmission
(linen, clothing, surfaces), and, with prolonged close contact,
the droplet-aerosol route; vertical transmission has been
described rarely but is possible. Taken together, these data
indicate the need not only for control of the trade in wild
animals, but also for strengthening surveillance, rapid
identification and isolation of cases, as well as targeted
communication and preventive measures for high-risk groups
[76, 73, 30, 27, 53, 69, 7, 58, 58, 40, 82].

Modern MPOX vaccines are represented by several
platforms that embody trade-offs between immunogenicity,
safety, and practical accessibility, so the choice should be
context dependent. Non-replicating platforms (MVA-BN /
JYNNEOS / IMVANEX) are prioritized-they are preferred for
PEP and targeted PrEP in risk groups (laboratory and clinical
staff, specific population clusters) due to their favorable safety
profile and the possibility of use in individuals with
contraindications to replicating vaccines [21, 51, 85]; a two-
dose MVA-BN schedule provides a more sustained serological
response for planned PrEP, whereas a single dose is

applicable in an emergency PEP regimen. LC16-KMB may be
considered a useful alternative in scenarios where partial
replication is acceptable (including some pediatric groups) [75,
84, 85], whereas ACAM2000, despite its high immunogenicity,
is appropriate only under strictly limited indications and with
careful selection of recipients [41].

At the same time, significant gaps remain in the
evidence base: there are insufficient data on effectiveness
in different populations and almost no direct comparative
studies. Priorities include standardizing assessment
methods and identifying correlates of protection, conducting
head-to-head and large-scale NHP/clinical trials, as well as
clinical validation of promising mRNA, VLP, and attenuated
candidates. Until such data accumulate, it is reasonable for
national strategies to be built around ensuring access to
vaccines and targeted PrEP/PEP programs for high-risk
groups, including: (1) priority development and stockpiling
of replicating and non-replicating vaccines; (2) rapid PEP
protocols for contacts (optimally within the first 4 days); (3)
targeted PrEP campaigns for high-risk occupational groups;
(4) systematic data collection for subsequent policy
adjustment and platform selection.

Thus, despite the absence of registered MPOX cases in
Kazakhstan, maintaining  epidemiological  vigilance,
ensuring the functioning of early detection and laboratory
confirmation systems, as well as forming strategic vaccine
stockpiles and advancing their development, training
healthcare personnel, and conducting targeted information
and educational activities among high-risk groups remain
priority areas for the national biosafety system.
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