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Abstract

Pandemics have devastating effects on human societies, leading to wreak havoc on economies
and disrupting global education and health systems, slowing down sustainable development. Neverthe-
less, they may provide an opportunity to test ideas and technologies such as novel vaccine platforms
and routes of administration in real-world scenarios. This comment highlights the role of the emerging
outbreak of monkeypox (mpox) in the development of mucosal vaccines from previously approved plat-
forms. A priority goal for next-generation mpox vaccines is to prevent transmission of the virus via the
mucosal membranes, while improving protection against symptomatic disease. A robust immune response
in the mucosal membranes can prevent infection, virus shedding and transmission. Since mucosal vac-
cines provide the opportunity to use non-invasive needle-free administration, their application is easier in
low-income countries with weak health infrastructure. Additionally, compliance with mucosal vaccines is
much higher in children. These vaccines require neither health workers for injection nor aseptic medium
during administration. Moreover, mucosal vaccines are associated with reduced psychological stress and
hesitancy compared with parenteral routes. This highlights the role of these vaccines in future pandemics,
particularly for mass vaccinations.
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1. Introduction

The emergence of a new outbreak
caused by a member of the Orthopoxvirus ge-
nus of the Chordopoxvirinae subfamily (mon-
keypox or mpox) has raised concerns among

global health institutions; however, the con- outbreaks among captive monkeys worldwide,

sequences of the recently-emerged pandemic no human outbreaks have been reported since
caused by SARS-CoV-2 remain challenging 1970 (Figure 1). The first infected human case,

(1, 2). Mpox is a zoonotic viral infection that
was first detected in monkeys shipped from
Singapore to Denmark in 1958 (3). Despite
the identification of the virus in a Danish lab
in the late 50s and several reports confirming
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(4). Notably, other members of the family
who had previously received the vaccine were
not infected with mpox. The effectiveness
of cross-protection by smallpox vaccination
against mpox has been shown to be 85%. Be-
tween 1981-2017, some sporadic emergence
of the disease was reported in West and Cen-
tral African countries, particularly among chil-
dren, with high fatality rates of 1-12 % (5-9).
However, the disease has not attracted interna-
tional attention since 2003, when mpox caused
an infection in the U.S (10). Following the re-
port of tens of thousands of new cases in more
than hundred countries by 2022, the World
Health Organization (WHO) declared a pub-
lic health emergency of international concern
(PHEIC) (11, 12). Considering the upsurge of
mpox in several countries around the world,
the WHO repeated the PHEIC in August 2024,
highlighting the urgency of epidemiological
surveillance as well as vaccination (Figure 1)
(13). This timeline depicts key discoveries and
events during the development of vaccines for
the disease.

Although mpox has not yet reached
global emergence and has not been character-
ized as a pandemic, there are some concerns
associated with its spread worldwide, includ-
ing travel-related cases outside endemic re-
gions of Africa (14). Since the incubation
period of the virus occurs within 1-3 weeks
(15), a suspected case with no symptoms may
leave the high-risk regions and arrive in an-

other non-infected country within hours. This
is one of the major concerns regarding the
rapid spread of the virus. Another major fea-
ture of the current outbreak was the changes
in human sexual behavior in recent decades.
According to the results of the previous out-
break in 2022, one of the largest multinational
outbreaks occurred among homosexual men.
The mpox lesions are mainly present in mu-
cosal tissues, including the genitalia, rectum,
and oral cavity, facilitating their spread in the
same-sex relationship. In addition, large respi-
ratory droplets are the main route of disease
transmission. These human-to-human trans-
mission routes must be carefully considered
for the development of potential future vac-
cines (16). The last but not the least concern
in the current mpox outbreak is that the virus
may establish itself in an animal reservoir out-
side the endemic regions of Central and West
Africa. If the virus could find a small pet such
as a dog as a new reservoir, this means that the
disease could not be eradicated due to its pres-
ence in a non-human reservoir. Considering
the global pet trade, illegal underground black
market of small animals around the world and
illegal construction encroaches on rainforests
as well as the development of “‘urban jungles”,
deforestation and erosion of small farms into
the jungles, the human population and wild-
life may have closer contact and the virus may
have a great opportunity to evolve and jump
back to human as it happened in the case of
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Figure 1. A brief history of the history of monkeypox outbreaks and development of vaccines.
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yellow fever in colonial era in South America
centuries ago (17). These points, along with
the lessons learned from the latest pandemic of
COVID-19 may pave the way for combating
the disease and preventing its spread through
the development of efficient, easy-to-use, and
safe vaccines. However, the question remains
as to how.

2. What was Learned from the Vaccine
Development during the COVID-19 Pan-
demic?

By occurrence of the outbreak of
SARS-CoV-2 and the declaration of a pan-
demic in early 2020 (18), great attention has
been directed toward the development of vac-
cines based on various conventional platforms,
including inactivated and live attenuated vac-
cines, as well as novel platforms such as vi-
ral-vector-based or mRNA/lipid nanoparticle
(LNP) vaccines. As is clear, the major focus
for the vaccine industry was the selection of
an appropriate “platform” with the potential
to achieve an efficient and safe vaccine with
a reasonable price, promising stability, and
optimal storage conditions as well as poten-
tial approval from regulatory agencies. In this
competition, the platform used to create such
a life-saving vaccine was considered a game-
changer. The success stories of Moderna and
BioNTech/Pfizer in one hand and the failures
of Merck, Sanofi and GlaxsoSmithKline in the
other hand was mainly based on the platforms
used in the development of the vaccines (19).
In terms of pharmaceutical perspective, a for-
gotten story in this context may be the dosage
form and route of administration (RoA). This
almost forgotten section of the industry might
be a game-changer for future pandemics.

3. An Alternative Route of Administration:
a New Answer to an Old Question

Almost the majority of vaccines used
for comprehensive childhood vaccination, as
well as COVID-19 vaccines, are based on par-
enteral administration, such as intramuscular
(IM), subcutaneous (SC), and in some cases
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intradermal (ID) injections (20). In the case of
mpox, Dryvax® and ACAM2000® vaccines
are administered via scarification and mul-
tiple-puncture techniques with a bifurcated
needle, respectively, whereas the Jynneos®
vaccine, which is an attenuated non-replicat-
ing third-generation smallpox vaccine, is used
subcutaneously (21). Since the eradication of
smallpox in the 20th century, the global need
for this vaccine has declined. However, threats
such as bioterrorism and smallpox outbreaks
have prompted some countries, including the
United States, to invest in the development
of new smallpox vaccines. Due to the cross-
protection of smallpox against mpox, these
vaccines are the only sources for immuniza-
tion. Considering the inadequate vaccine ca-
pacity supply, even in high-income countries,
and the problems related to the manufacturing
ramp-up, tackling the threats posed by the new
mpox outbreak must be addressed by alterna-
tive approaches. One of the strategies applied
in the U.S. is dose-sparing of available FDA-
approved vaccines. In this approach, the Jyn-
neos® vaccine is administered in one S.C. in-
jection instead of two recommended doses, or
smaller volumes of the same vaccine are used
via a different RoA (e.g., [.D. injection instead
of the standard S.C. route). Although these ef-
forts may reduce the need for sufficient avail-
able vaccines, holistic strategies are needed
to combat the rising cases of mpox before the
disease spreads worldwide and threatens the
pandemic. One of these comprehensive ap-
proaches is based on the pharmaceutical per-
spective and recommends considering differ-
ent RoA as well as dosage forms.

As mentioned earlier, the two main
routes of human-to-human transmission of
mpox are respiratory secretions and direct
contact with the lesions. The common point
is that the deposition of the droplets of the
infected host on the mucosal membrane of
the mouth or nose, as well as direct contact
with lesions on mucosal membranes through
direct and intimate contact (e.g., sexual activ-
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ity via the rectum or genitalia) are the main
routes of transmission (14, 22, 23). A priority
goal for next-generation mpox vaccines is to
prevent transmission of the virus via the mu-
cosal membranes, while improving protection
against symptomatic disease. Hence, mucosal
vaccination could be a promising approach
for achieving these goals. A robust immune
response in mucosal membranes can prevent
infection as well as virus shedding and trans-
mission. Such mucosal vaccines have the
potential to prevent direct and forward trans-
mission by inducing durable immunity at the
primary site of shedding, leading to a lower
incidence of infection. This, in turn, resulted
in a lower incidence of the emergence of new
variants. Since mucosal vaccines provide the
opportunity to use non-invasive needle-free
administration, their application is easier in
low-income countries with weak health in-
frastructure. Additionally, compliance with
mucosal vaccines is much higher in children
(24). These vaccines require neither health
workers for injection nor aseptic media for ad-
ministration. Moreover, mucosal vaccines are
associated with reduced psychological stress
and hesitancy compared with parenteral routes
(25). This highlights the role of these vaccines
in future pandemics, particularly mass vac-
cination. Since mpox can also be transmit-
ted through sexual acts, focusing on vaginal
and rectal formulations for mucosal vaccines
beside the intranasal, sublingual, and oral
routes is necessary. Notably, at least five mu-
cosal vaccine candidates for COVID-19 have
received authorization from regulatory author-
ities worldwide, and more than a dozen are
in clinical trials, demonstrating the capabil-
ity of these vaccines to be used in real-world
scenarios. These formulations are based on
sprays, nebulizers, inhalers, and droppers, as
well as oral tablets or suspensions (26). Inter-
estingly, various platforms of live attenuated,
protein-based, and viral vectors, as well as
DNA or RNA vaccines, have been formulated
for mucosal delivery. This clearly shows that
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bench-to-bed translation of mucosal vaccines
is a possible in the future (27).

4. Discussion

The COVID-19 pandemic provided a
great opportunity to develop a novel platform
for vaccines (MRNA/LNP) and also could an-
swer the historical questions of “how mRNA
can be translated to a vaccine” and “what are
the risks of nano-delivery systems such as
LNPs” (28). Since the preparedness for the
future pandemics must be started today, cur-
rent mpox outbreak can provide a similar op-
portunity for scientists to answer another old
question: “how mucosal vaccination could be
possible for the future pandemic?”

5. Conclusion

This comment highlights the role of
the emerging outbreak of monkeypox (mpox)
in the development of mucosal vaccines from
previously approved platforms.It is suggested
that the next generation of mpox vaccines
based on mucosal routes might be able to
prevent transmission of the virus efficiently,
while improving protection against symptom-
atic disease.

Authors Contributions

Conceptualization: Samira Hossaini
Alhashemi, Zahra Taheri, Negar Firouzabadi,
Ali Dehshahri; writingoriginal draft prepara-
tion, Samira Hossaini Alhashemi, Zahra Ta-
heri; writingreview and editing, Negar Fir-
ouzabadi, Ali Dehshahri; supervision, Ali
Dehshahri. All authors have read and agreed
to the published version of the manuscript.

Funding
No funding was received to assist with
the preparation of this manuscript.

Conflict of Interest

The authors declare that they have no
conflict of interest.

Trends in Pharmaceutical Sciences and Technologies 2025: 11(4): 287-92.




References

1.

Bunge EM, Hoet B, Chen L, Lienert F,
Weidenthaler H, Baer LR, ef al. The changing
epidemiology of human monkeypox-A
potential threat? A systematic review. PLoS
Negl Trop Dis. 2022;16(2):0010141. doi:
10.1371/journal.pntd.0010141. PMID:
35148313; PMCID:PMC8870502.

Yang Z. Monkeypox: A potential global
threat? J Med Virol. 2022;94(9):4034-6. doi:
10.1002/jmv.27884. Epub 2022 Jun 2. PMID:
35614026; PMCID: PM(C9283296.

Magnus Pv, Andersen EK, Petersen KB, Birch-
Andersen A. A pox-like disease in Cynomolgus
monkeys. Acta Pathologica Microbiologica
Scandinavica. 1959;46(2):156-76.

Breman JG, Kalisa-Ruti, Steniowski MYV,
Zanotto E, Gromyko Al, Arita I. Human
monkeypox, 1970-79. Bull World Health
Organ. 1980;58(2):165-82. PMID: 6249508;
PMCID: PMC2395797.

Heymann DL, Szczeniowski M, Esteves
K. Re-emergence of monkeypox in Africa:
a review of the past six years. Br Med
Bull.  1998;54(3):693-702. doi: 10.1093/
oxfordjournals.bmb.a011720. PMID:
10326294.

Foster SO, Brink EW, Hutchins DL, Pifer JM,
Lourie B, Moser CR, et a/. Human monkeypox.
Bull World Health Organ. 1972;46(5):569-76.
PMID: 4340216; PMCID: PMC2480784.
Mandja BM, Brembilla A, Handschumacher
P, Bompangue D, Gonzalez JP, Muyembe
JJ, et al. Temporal and spatial dynamics of
monkeypox in democratic republic of Congo,
2000-2015. Ecohealth. 2019;16(3):476-87.
doi: 10.1007/s10393-019-01435-1. Epub 2019
Aug 13. PMID: 31410720.

Rimoin AW, Mulembakani PM, Johnston SC,
Lloyd Smith JO, Kisalu NK, Kinkela TL,
et al. Major increase in human monkeypox
incidence 30 years after smallpox vaccination
campaigns cease in the Democratic
Republic of Congo. Proc Natl Acad Sci U
S A. 2010;107(37):16262-7. doi: 10.1073/
pnas.1005769107. Epub 2010 Aug 30. PMID:
20805472; PMCID: PM(C2941342.

Jezek Z, Szczeniowski M, Paluku KM,
Mutombo M. Human monkeypox:
clinical features of 282 patients. J Infect
Dis.  1987;156(2):293-8.  doi:  10.1093/

Trends in Pharmaceutical Sciences and Technologies 2025: 11(4): 287-92.

10.

11.

12.

13.

14.

15.

16.

17.

18.

The potential of mpox pandemic for vaccine development

infdis/156.2.293. PMID: 3036967.

Pekar JE, Wang Y, Wang JC, Shao Y, Taki F,
Forgione LA, et al. Transmission dynamics of
the 2022 mpox epidemic in New York City.
Nat Med. 2025;31(5):1464-73. doi: 10.1038/
s41591-025-03526-9. Epub 2025 Mar 25.
PMID: 40133528; PMCID: PMC12092259.
Crenshaw EG, Onnela JP. Modeling the
2022 Mpox outbreak with a mechanistic
network model. ArXiv [Preprint].
2025:arXiv:2505.05534v1. Update in: BMC
Infect Dis. 2025;25(1):1507. doi: 10.1186/
s12879-025-11731-7.  PMID:  40386571;
PMCID: PMC12083702.

Ugwu CLJ, Bragazzi NL, Wu J, Kong JD,
Asgary A, Orbinski J, et al. Risk factors
associated with human Mpox infection:
a systematic review and meta-analysis.
BMJ Glob Health. 2025;10(2):016937.
doi: 10.1136/bmjgh-2024-016937. PMID:
39900427; PMCID: PMC11795413.

Harris E. As Mpox Cases Surge in Africa,
WHO declares a global emergency-here's what
to know. JAMA. 2024;332(11):862-4. doi:
10.1001/jama.2024.17797. PMID: 39177977.
Mitja O, Ogoina D, Titanji BK, Galvan C,
Muyembe JJ, Marks M, et al. Monkeypox.
Lancet. 2023;401(10370):60-74. doi:
10.1016/S0140-6736(22)02075-X. Epub
2022 Nov 17. Erratum in: Lancet. 2022 Dec
3;400(10367):1926. doi:  10.1016/S0140-
6736(22)02414-X. PMID: 36403582; PMCID:
PMC9671644.

Reynolds MG, Yorita KL, Kuehnert MJ,
Davidson WB, Huhn GD, Holman RC, et al.
Clinical manifestations of human monkeypox
influenced by route of infection. J Infect Dis.
2006;194(6):773-80. doi: 10.1086/505880.
Epub 2006 Aug 8. PMID: 16941343.

Poland GA, Kennedy RB, Tosh PK. Prevention
of monkeypox with vaccines: a rapid review.
Lancet Infect Dis. 2022;22(12):349-58. doi:
10.1016/S1473-3099(22)00574-6. Epub
2022 Sep 15. PMID: 36116460; PMCID:
PM(C9628950.

Grossman D. The sentinels. Science.
2021;372(6541):450-5. doi: 10.1126/
science.372.6541.450. PMID: 33926935.
Hossaini Alhashemi S, Ahmadi F, Dehshahri A.
Lessons learned from COVID-19 pandemic:
Vaccine platform is a key player. Process

291




Samira Hossaini Alhashemi et al.

19.

20.

21.

22.

23.

292

Biochem. 2023;124:269-79. doi: 10.1016/.
procbio.2022.12.002. Epub 2022 Dec 9.
PMID: 36514356; PMCID: PMC9731819.

Tregoning JS, Flight KE, Higham SL, Wang Z,
Pierce BF. Progress of the COVID-19 vaccine
effort: viruses, vaccines and variants versus
efficacy, effectiveness and escape. Nat Rev
Immunol. 2021;21(10):626-36. doi: 10.1038/
s41577-021-00592-1. Epub 2021 Aug 9.
PMID: 34373623; PMCID: PMC8351583.

Ventola CL. Immunization in the United
States: Recommendations, barriers, and
measures to improve compliance: Part 1:
Childhood vaccinations. P 7. 2016;41(7):426-
36. PMID: 27408519; PMCID: PM(C4927017.

See KC. Vaccination for monkeypox
virus infection in humans: A review of
key considerations.  Vaccines  (Basel).
2022;10(8):1342. doi: 10.3390/
vaccines10081342. PMID: 36016230;
PMCID: PM(C9413102.

Thornhill JP, Barkati S, Walmsley S,

Rockstroh J, Antinori A, Harrison LB, et al.
Monkeypox virus infection in humans across
16 countries - April-June 2022. N Engl J
Med. 2022;387(8):679-91. doi: 10.1056/
NEJMo0a2207323. Epub 2022 Jul 21. PMID:
35866746.

Tarin-Vicente EJ, Alemany A, Agud-Dios M,
Ubals M, Suner C, Antén A, et al. Clinical
presentation and virological assessment of
confirmed human monkeypox virus cases in
Spain: aprospective observational cohort study.
Lancet. 2022;400:661-9. doi: 10.1016/S0140-
6736(22)01436-2. Epub 2022 Aug 8. Erratum

24.

25.

26.

27.

28.

in: Lancet. 2022 Dec 10;400(10368):2048.
doi: 10.1016/S0140-6736(22)02504-1. PMID:
35952705; PMCID: PM(C9533900.

Rhee JH, Lee SE, Kim SY. Mucosal
vaccine adjuvants update. Clin Exp Vaccine
Res.  2012;1(1):50-63.  doi:  10.7774/
cevr.2012.1.1.50. Epub 2012 Jul 31. PMID:
23596577; PMCID: PMC3623511.

Jiang M, Zhang H, Yao X, Wang Y, Lai X,
Fang H. Immunization-related stress and
stress-related responses of mucosal versus
intramuscular COVID-19 vaccination among
adults in China. Vaccine. 2024;42(25):126150.
doi: 10.1016/j.vaccine.2024.07.051. Epub
2024 Aug 1. PMID: 39095276.

Sonvico F, Colombo G, Quarta E, Guareschi
F, Banella S, Buttini F, et al. Nasal
delivery as a strategy for the prevention
and treatment of COVID-19. Expert Opin
Drug  Deliv.  2023;20(8):1115-30.  doi:
10.1080/17425247.2023.2263363. Epub 2023
Oct 16. PMID: 37755135.

Sunagar R, Singh A, Kumar S. SARS-
CoV-2: Immunity, challenges with current
vaccines, and a novel perspective on mucosal
vaccines. Vaccines (Basel). 2023;11(4):849.
doi:  10.3390/vaccines11040849.  PMID:
37112761; PMCID: PMC10143972.

Milane L, Amiji M. Clinical approval
of  nanotechnology-based = SARS-CoV-2
mRNA vaccines: impact on translational
nanomedicine. Drug Deliv Transl Res.
2021;11(4):1309-15. doi: 10.1007/s13346-
021-00911-y. Epub 2021 Jan 29. PMID:
33512669; PMCID: PM(C7845267.

Trends in Pharmaceutical Sciences and Technologies 2025: 11(4): 287-92.



