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Human mpox (previously known as monkeypox) is a multi-system disease caused
by an orthopox DNA virus [1]. Spread can be rapid, predominantly via close contact and
possibly via respiratory secretions. Within dense networks, such as men who have sex
with men (MSM) communities, without vaccination, 68.2-89.7% of individuals will be
infected with mpox over one year [2]. Due to the significant and rapid global spread of
mpox, primarily driven by a Clade II outbreak, the World Health Organization (WHO)
declared mpox a Public Health Emergency of International Concern (PHEIC) on 23 July
2022 [3]. After a sustained decline in global cases, the WHO lifted the PHEIC status
on 11 May 2023 [4]. However, on 14 August 2024, the WHO once again declared mpox
a PHEIC following a resurgence, this time primarily involving a Clade I outbreak [5].
Between January 2022 and August 2024, more than 120 countries have reported over
100,000 laboratory-confirmed cases of human mpox [6]. Although mpox usually runs a
benign course, deaths may ensue [1]. Among the laboratory-confirmed cases recorded
by WHO, more than 200 deaths resulted [6]. The case fatality rate was about 11% among
children, and about 50% of maternal infections during pregnancy led to fetal loss [7].

The highly pathogenic variola virus causes smallpox, while the closely related vaccinia
virus is used in vaccines to provide immune protection against it. Apart from smallpox, the
antibodies induced by the vaccinia vaccine are cross-protective for other orthopoxviruses,
such as mpox. First- and second-generation smallpox vaccines contain live, unattenuated
vaccinia virus and can cause serious side effects in a small percentage of recipients, with
death occurring in 1 to 10 cases per million vaccinations. In contrast, third-generation
vaccines, which use attenuated vaccinia strains, are much safer, produce milder side
effects, and can be given to pregnant women, children, and immunocompromised patients.
LC16m8, which is a replicating attenuated strain of vaccinia, seems to have mild side effects
like third-generation smallpox vaccines [8]. Other vaccine alternatives in development
include a recombinant chimeric horsepox virus TNX-801 vaccine [9], a subunit Ad35
vector-based vaccine [10], a non-replicating vaccinia virus vaccine derived from the Tian
Tan strain [11], a polyvalent mRNA-based vaccina virus vaccine [12], an mRNA-lipid
nanoparticle vaccine expressing mpox virus surface proteins [13], and a multivalent mRNA
orthopoxvirus vaccine encoding mpox virus antigens [14].

Vaccination is an important strategy for mitigating the mpox outbreak, but contem-
porary data on its efficacy, utility, and adverse effects are needed. In this Special Issue—
Vaccination for Monkeypox Infection in Humans—a series of papers covering the basic
and clinical sciences outlined contemporary knowledge on mpox. The series started with
a review of the key considerations for vaccination and highlighted the need to vaccinate
healthcare workers at elevated risk for occupational exposure, immunocompromised pa-
tients, and children (https:/ /doi.org/10.3390/vaccines10081342). In addition, vaccination
strategies included pre-exposure vaccination, post-exposure prophylaxis, and ring vac-
cination of close contacts. Malik and colleagues then extended our understanding of
mpox by providing two comprehensive reviews of viral pathology, immune response,
contemporary vaccines, and antiviral agents (https:/ /doi.org/10.3390/vaccines11030500;
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https:/ /doi.org/10.3390/vaccines11081345). Despite the availability of vaccines, awareness
of mpox can be a barrier to vaccination success. Sahin and colleagues performed a survey
of 283 Turkish physicians in August-September 2022, which was after the first PHEIC
declaration, and showed that only 32.5% of physicians were familiar with mpox and only
31.4% planned to be vaccinated (https://doi.org/10.3390/vaccines11010019).

Vaccine efficacy measures how well a vaccine reduces specific outcomes in controlled
settings like randomized clinical trials. In contrast, vaccine effectiveness refers to how
well the vaccine performs in real-world conditions. Historical smallpox vaccination has
a vaccine effectiveness of between 40 and 80% against mpox Clade II, though informa-
tion for Clade I is unavailable [15]. Two other papers showed that currently available
vaccines are immunogenic and safe, but also revealed gaps in knowledge among severely
immunocompromised patients, and in real-world settings. Among 33 HIV-positive pa-
tients, all of whom had CD4+ T cell counts of 335/uL and above, Stefanie and colleagues
demonstrated that vaccination against smallpox and mpox successfully generated T cell
responses against these viruses (https://doi.org/10.3390/vaccines12020131). Their results
support the efficacy of mpox vaccination in HIV-positive patients, though these patients
should not be severely immunocompromised. In their systematic review and meta-analysis,
Nave and colleagues showed that the Modified Vaccinia Ankara (MVA) vaccine for mpox
generated protective antibodies after either one or two doses and did not have any severe
cardiovascular adverse events (https://doi.org/10.3390/vaccines11091410). They also
showed that existing studies until 28 June 2023 had data on vaccine efficacy but lacked data
on clinical effectiveness.

Other published studies have partly filled the gaps in knowledge identified in this
Special Issue. These studies have not only shown that first- to third-generation smallpox
vaccines are effective in the real world [16-25] and in immunocompromised individuals [19],
but they have also suggested dose-conservation regimes to extend limited vaccine supplies
(see Table 1). For instance, single-dose vaccination with the third-generation MVA-Bavarian
Nordic vaccine has been used to optimize limited vaccine supplies. The results have been
promising, showing an effectiveness of about ten percentage points lower than the full
two-dose regimen [17-21]. Additionally, breakthrough cases of mpox following single-dose
vaccination tend to present with mild clinical symptoms [26].

Table 1. Effectiveness of mpox vaccines that have been used in clinical settings.

Vaccine Name Vaccine Type Dosing Method Effectiveness
Dryvax (Wyeth Laboratories, Madison,  First generation smallpox vaccine One dose via skin-prick using a 72% [16]
NJ, USA) with live replicating vaccinia virus ~ bifurcated stainless-steel needle ?
. . Second generation smallpox s . .
ACAM2000 (Emergent Biosolutions, vaccine with live replicating One dose via skin-prick using a 75% [16]

Gaithersburg, Maryland, USA)

vaccinia virus

bifurcated stainless-steel needle

Modified Vaccinia Ankara-Bavarian

Nordic (MVA-BN)

(Bavarian Nordic, Hellerup, Denmark)

(ImvamuneTM,

Imvanex™, Jynneos™)

Third generation smallpox
vaccine with live attenuated,
nonreplicating vaccinia virus

One subcutaneous 0.5 mL dose 35-80% * [17-25]

Two subcutaneous 0.5 mL doses,

228 days apart 66-89% [20,22-24]

85.9% [19]
IC: 70.2% [19]

Two intradermal 0.1 mL doses,
>28 days apart

LC16m8 (KM Biologics,
Kumamoto, Japan)

Replicating attenuated strain of
vaccinia

One dose via skin-prick using a

bifurcated stainless-steel needle Data are not available

* At >14 days post-vaccination. IC: immunocompromised individuals.

In conclusion, the papers in this Special Issue provide fair support for mpox vac-
cination to prevent disease and preserve health. Nonetheless, challenges to successful
vaccination remain, including a need to overcome mpox vaccine hesitancy. A systematic
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review of studies focusing on knowledge, attitudes, and perceptions showed that 53.4% of
participants had poor knowledge of mpox [27]. Furthermore, global vaccine acceptance
and uptake rates were 59.7% and 30.9% respectively [28]. Related to vaccine hesitancy is
the need to convince individuals that vaccine effectiveness is long-lasting, but the data
remain lacking. Conversely, a study from the Netherlands calls to question the durability
of protection afforded by mpox vaccination in people without prior vaccination against
smallpox or mpox. Van Leeuwen and colleagues showed that orthopoxvirus-specific
binding and MVA-neutralizing antibodies declined to undetectable levels within one year
after vaccination in at-risk individuals who had completed the full two-dose course of the
MVA-Bavarian Nordic vaccine [29]. Furthermore, current studies assume vaccine efficacy
and effectiveness against Clade II would extend to Clade I mpox infections. While this
assumption is reasonable, mpox vaccines should also be studied for Clade I infections
to ensure their effectiveness [13,14], given the greater virulence of Clade I as opposed to
Clade II.

Conflicts of Interest: The author declares honoraria for talks sponsored by AstraZeneca plc, GSK
Inc., Moderna Inc., and Pfizer Inc.

References

1.

10.

11.

12.

13.

14.

Ogoina, D.; Damon, I.; Nakoune, E. Clinical review of human mpox. Clin. Microbiol. Infect. 2023, 29, 1493-1501. [CrossRef]
[PubMed]

Gan, G,; Janhavi, A; Tong, G.; Lim, J.T.; Dickens, B.L. The need for pre-emptive control strategies for mpox in Asia and Oceania.
Infect. Dis. Model. 2024, 9, 214-223. [CrossRef] [PubMed]

World Health Organization. WHO Director-General’s Statement at the Press Conference Following IHR Emergency Committee
Regarding the Multi-Country Outbreak of Monkeypox—23 July 2022. Available online: https:/ /www.who.int/director-general /
speeches/detail /who-director-general-s-statement-on-the-press-conference-following-IHR-emergency-committee-regarding-
the-multi--country-outbreak-of-monkeypox--23-july-2022 (accessed on 15 September 2024).

World Health Organization. WHO Director-General’s Opening Remarks at the Media Briefing—11 May 2023. Available on-
line: https://www.who.int/director-general/speeches/detail /who-director-general-s-opening-remarks-at-the-media-briefing-
--11-may-2023 (accessed on 15 September 2024).

World Health Organization. WHO Director-General Declares Mpox Outbreak a Public Health Emergency of International
Concern. Available online: https://www.who.int/news/item/14-08-2024-who-director-general-declares-mpox-outbreak-a-
public-health-emergency-of-international-concern (accessed on 15 September 2024).

World Health Organization. Mpox. Available online: https://www.who.int/news-room/fact-sheets/detail /mpox (accessed on
15 September 2024).

Sanchez Clemente, N.; Coles, C.; Paixao, E.S.; Brickley, E.B.; Whittaker, E.; Alfven, T.; Rulisa, S.; Agudelo Higuita, N.; Torpiano, P;
Agravat, P; et al. Paediatric, maternal, and congenital mpox: A systematic review and meta-analysis. Lancet Glob. Health 2024, 12,
e572-e588. [CrossRef] [PubMed]

Morino, E.; Mine, S.; Tomita, N.; Uemura, Y.; Shimizu, Y.; Saito, S.; Suzuki, T.; Okumura, N.; Iwasaki, H.; Terada, J.; et al. Mpox
Neutralizing Antibody Response to LC16m8 Vaccine in Healthy Adults. NEJM Evid. 2024, 3, EVID0a2300290. [CrossRef]
Noyce, R.S.; Westfall, L.W.; Fogarty, S.; Gilbert, K.; Mpanju, O.; Stillwell, H.; Esparza, J.; Daugherty, B.; Koide, F.; Evans, D.H.;
et al. Single Dose of Recombinant Chimeric Horsepox Virus (TNX-801) Vaccination Protects Macaques from Lethal Monkeypox
Challenge. Viruses 2023, 15, 356. [CrossRef]

Jacob-Dolan, C.; Ty, D.; Hope, D.; McMahan, K.; Liu, J.; Powers, O.C.; Cotter, C.A.; Sciacca, M.; Wu, C.; Borducchi, E.; et al.
Comparison of the immunogenicity and protective efficacy of ACAM2000, MVA, and vectored subunit vaccines for Mpox in
rhesus macaques. Sci. Transl. Med. 2024, 16, eadl4317. [CrossRef]

Chu, Q.; Huang, B.; Li, M.; Cheng, X.; Huo, S.; Ren, J.; Deng, Y.; Tan, W. Non-replicating vaccinia virus NTV as an effective
next-generation smallpox and monkeypox vaccine: Evidence from mouse and rhesus monkey models. Emerg. Microbes Infect.
2023, 12, 2278900. [CrossRef]

Ye, T.; Zhou, J.; Guo, C.; Zhang, K.; Wang, Y.; Liu, Y.; Zhou, J.; Xie, Y,; Li, E.; Gong, R.; et al. Polyvalent mpox mRNA vaccines
elicit robust immune responses and confer potent protection against vaccinia virus. Cell Rep. 2024, 43, 114269. [CrossRef]
Mucker, EM.; Freyn, A.W.; Bixler, S.L.; Cizmeci, D.; Atyeo, C.; Earl, P.L.; Natarajan, H.; Santos, G.; Frey, T.R.; Levin, R.H.; et al.
Comparison of protection against mpox following mRNA or modified vaccinia Ankara vaccination in nonhuman primates. Cell
2024, 187, 5540-5553.e10. [CrossRef]

Zuiani, A.; Dulberger, C.L.; De Silva, N.S.; Marquette, M.; Lu, Y.J.; Palowitch, G.M.; Dokic, A.; Sanchez-Velazquez, R.; Schlatterer,
K.; Sarkar, S.; et al. A multivalent mRNA monkeypox virus vaccine (BNT166) protects mice and macaques from orthopoxvirus
disease. Cell 2024, 187, 1363-1373 e1312. [CrossRef]


https://doi.org/10.1016/j.cmi.2023.09.004
https://www.ncbi.nlm.nih.gov/pubmed/37704017
https://doi.org/10.1016/j.idm.2023.12.005
https://www.ncbi.nlm.nih.gov/pubmed/38293686
https://www.who.int/director-general/speeches/detail/who-director-general-s-statement-on-the-press-conference-following-IHR-emergency-committee-regarding-the-multi--country-outbreak-of-monkeypox--23-july-2022
https://www.who.int/director-general/speeches/detail/who-director-general-s-statement-on-the-press-conference-following-IHR-emergency-committee-regarding-the-multi--country-outbreak-of-monkeypox--23-july-2022
https://www.who.int/director-general/speeches/detail/who-director-general-s-statement-on-the-press-conference-following-IHR-emergency-committee-regarding-the-multi--country-outbreak-of-monkeypox--23-july-2022
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing---11-may-2023
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing---11-may-2023
https://www.who.int/news/item/14-08-2024-who-director-general-declares-mpox-outbreak-a-public-health-emergency-of-international-concern
https://www.who.int/news/item/14-08-2024-who-director-general-declares-mpox-outbreak-a-public-health-emergency-of-international-concern
https://www.who.int/news-room/fact-sheets/detail/mpox
https://doi.org/10.1016/S2214-109X(23)00607-1
https://www.ncbi.nlm.nih.gov/pubmed/38401556
https://doi.org/10.1056/EVIDoa2300290
https://doi.org/10.3390/v15020356
https://doi.org/10.1126/scitranslmed.adl4317
https://doi.org/10.1080/22221751.2023.2278900
https://doi.org/10.1016/j.celrep.2024.114269
https://doi.org/10.1016/j.cell.2024.08.043
https://doi.org/10.1016/j.cell.2024.01.017

Vaccines 2024, 12, 1147 40f4

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Colombe, S.; Funke, S.; Koch, A.; Haverkate, M.; Monge, S.; Barret, A.S.; Vaughan, A.; Hahne, S.; van Ewijk, C.; Emborg, H.D;
et al. Effectiveness of historical smallpox vaccination against mpox clade II in men in Denmark, France, the Netherlands and
Spain, 2022. Eurosurveillance 2024, 29, 2400139. [CrossRef] [PubMed]

Titanji, B.K.; Eick-Cost, A.; Partan, E.S.; Epstein, L.; Wells, N.; Stahlman, S.L.; Devineni, P.; Munyoki, B.; Pyarajan, S.; Balajee,
A.; et al. Effectiveness of Smallpox Vaccination to Prevent Mpox in Military Personnel. N. Engl. |. Med. 2023, 389, 1147-1148.
[CrossRef] [PubMed]

Navarro, C.; Lau, C.; Buchan, S.A ; Burchell, A.N.; Nasreen, S.; Friedman, L.; Okpokoro, E.; Austin, P.C.; Tan, D.H.S.; Gubbay, ].B.;
et al. Effectiveness of modified vaccinia Ankara-Bavarian Nordic vaccine against mpox infection: Emulation of a target trial. BM]
2024, 386, €078243. [CrossRef] [PubMed]

Bertran, M.; Andrews, N.; Davison, C.; Dugbazah, B.; Boateng, J.; Lunt, R.; Hardstaff, J.; Green, M.; Blomquist, P.; Turner, C.;
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, 828-835. [CrossRef]

Dalton, A.F; Diallo, A.O.; Chard, A.N.; Moulia, D.L.; Deputy, N.P,; Fothergill, A.; Kracalik, I.; Wegner, C.W.; Markus, T.M.; Pathela,
P; et al. Estimated Effectiveness of JYNNEOS Vaccine in Preventing Mpox: A Multijurisdictional Case-Control Study—United
States, August 19, 2022-March 31, 2023. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 553-558. [CrossRef]

Rosenberg, E.S.; Dorabawila, V.; Hart-Malloy, R.; Anderson, B.J.; Miranda, W.; O'Donnell, T.; Gonzalez, C.J.; Abrego, M.; DelBarba,
C.; Tice, C.J.; et al. Effectiveness of JYNNEOS Vaccine Against Diagnosed Mpox Infection—New York, 2022. MMWR Morb. Mortal.
WKkly. Rep. 2023, 72, 559-563. [CrossRef]

Fontan-Vela, M.; Hernando, V.; Olmedo, C.; Coma, E.; Martinez, M.; Moreno-Perez, D.; Lorusso, N.; Vazquez Torres, M.; Barbas
Del Buey, ].E,; Roig-Sena, J.; et al. Effectiveness of Modified Vaccinia Ankara-Bavaria Nordic Vaccination in a Population at High
Risk of Mpox: A Spanish Cohort Study. Clin. Infect. Dis. 2024, 78, 476-483. [CrossRef]

Yeganeh, N.; Yin, S.; Moir, O.; Danza, P.; Kim, M.; Finn, L.; Fisher, R.; Kulkarni, S.; Perez, M.; Poortinga, K.; et al. Effectiveness of
JYNNEOS vaccine against symptomatic mpox disease in adult men in Los Angeles County, August 29, 2022 to January 1, 2023.
Vaccine 2024, 42, 125987. [CrossRef]

Deputy, N.P; Deckert, J.; Chard, A.N.; Sandberg, N.; Moulia, D.L.; Barkley, E.; Dalton, A.E; Sweet, C.; Cohn, A.C,; Little, D.R.; et al.
Vaccine Effectiveness of [YNNEOS against Mpox Disease in the United States. N. Engl. . Med. 2023, 388, 2434-2443. [CrossRef]
Back, S.; Knox, B.; Coakley, C.; Deltour, N.; Jacquot, E.; Raad, H.; Garry, E.M. Effectiveness and Safety of the MVA-BN Vaccine
against Mpox in At-Risk Individuals in the United States (USMVAc). Vaccines 2024, 12, 651. [CrossRef]

Brousseau, N.; Carazo, S.; Febriani, Y.; Padet, L.; Hegg-Deloye, S.; Cadieux, G.; Bergeron, G.; Fafard, J.; Charest, H.; Lambert, G.;
et al. Single-dose Effectiveness of Mpox Vaccine in Quebec, Canada: Test-negative Design With and Without Adjustment for
Self-reported Exposure Risk. Clin. Infect. Dis. 2024, 78, 461-469. [CrossRef] [PubMed]

Allard, R.; Leclerc, P; Bergeron, G.; Cadieux, G. Breakthrough cases of mpox: One-dose vaccination is associated with milder
clinical manifestations. J. Infect. Public Health 2024, 17, 676-680. [CrossRef] [PubMed]

Tanashat, M.; Altobaishat, O.; Sharaf, A.; Hossam El Din Moawad, M.; Al-Jafari, M.; Nashwan, A.J. Assessment of the knowledge,
attitude, and perception of the world’s population towards monkeypox and its vaccines: A systematic review and descriptive
analysis of cross-sectional studies. Vaccine X 2024, 20, 100527. [CrossRef] [PubMed]

Sulaiman, S.K.; Isma’il Tsiga-Ahmed, F; Musa, M.S.; Makama, B.T.; Sulaiman, A K.; Abdulaziz, T.B. Global prevalence and
correlates of mpox vaccine acceptance and uptake: A systematic review and meta-analysis. Commun. Med. 2024, 4, 136. [CrossRef]
[PubMed]

van Leeuwen, L.P.; Shamier, M.C.; Verstrepen, B.E.; Gotz, H.M.; Schmitz, K.S.; Akhiyate, N.; Wijnans, K.; Bogers, S.; van Royen,
M.E,; van Gorp, E.C; et al. Orthopoxvirus-specific antibodies wane to undetectable levels 1 year after MVA-BN vaccination of
at-risk individuals, the Netherlands, 2022 to 2023. Eurosurveillance 2024, 29, 2400575. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2807/1560-7917.ES.2024.29.34.2400139
https://www.ncbi.nlm.nih.gov/pubmed/39176988
https://doi.org/10.1056/NEJMc2300805
https://www.ncbi.nlm.nih.gov/pubmed/37733313
https://doi.org/10.1136/bmj-2023-078243
https://www.ncbi.nlm.nih.gov/pubmed/39260880
https://doi.org/10.1016/S1473-3099(23)00057-9
https://doi.org/10.15585/mmwr.mm7220a3
https://doi.org/10.15585/mmwr.mm7220a4
https://doi.org/10.1093/cid/ciad645
https://doi.org/10.1016/j.vaccine.2024.05.035
https://doi.org/10.1056/NEJMoa2215201
https://doi.org/10.3390/vaccines12060651
https://doi.org/10.1093/cid/ciad584
https://www.ncbi.nlm.nih.gov/pubmed/37769158
https://doi.org/10.1016/j.jiph.2024.02.015
https://www.ncbi.nlm.nih.gov/pubmed/38461797
https://doi.org/10.1016/j.jvacx.2024.100527
https://www.ncbi.nlm.nih.gov/pubmed/39221181
https://doi.org/10.1038/s43856-024-00564-1
https://www.ncbi.nlm.nih.gov/pubmed/38977752
https://doi.org/10.2807/1560-7917.ES.2024.29.38.2400575

	References

