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Abstract

Measles represents one of the most contagious viral infections, and its reappearance in the context of
diminishing vaccination rates has sparked a fresh interest in treatment and preventative measures.
Current and new acute therapies were analyzed in this systematic review, along with their
relationship to measles virology and clinical outcomes. Despite only being used off-label, ribavirin
and interferon-a have been shown in small clinical studies to reduce the severity of the disease and
its associated complications.Vitamin A supplementation is the only commonly recommended
treatment that has strong evidence of lowering morbidity and mortality, especially in young children
who are vitamin A-deficient. Traditional Chinese medications like Tanreqing and Xiyanping have
demonstrated symptomatic improvements in clinical trials but need mechanistic validation, while
investigational potential treatments like the polymerase inhibitor ERDRP-0519 and monoclonal
antibodies against the fusion protein exhibit strong preclinical efficacy. While vaccination is essential
as a preventive measure, adjunctive therapies, particularly vitamin A and innovative antiviral
techniques, provide valuable tools to enhance outcomes and mitigate complications in under-
vaccinated individuals.
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1. Introduction

Measles is one of the world’s most contagious viral diseases, with an estimated basic
reproduction number (Ro) of 12-18, the highest among human pathogens (1). Despite the availability
of a safe and effective vaccine for decades (2), measles cases have surged in recent years (3). In 2023
alone, over 10.3 million cases and 107,000 deaths were reported worldwide, representing a 21%
increase over the previous year and reversing years of progress toward measles elimination (4,5).

Multiple factors are contributing to this resurgence, including vaccine hesitancy, healthcare
system disruptions caused by the COVID-19 pandemic, and disparities in vaccine access across
regions (6). The World Health Organization and UNICEF reported that 22 million children missed
their first measles-containing vaccine dose in 2022, the highest number since 2008, leaving millions
susceptible to outbreaks (6). In the United States, the CDC recorded 285 confirmed cases in the first
half of 2024, nearly five times the 58 cases reported in all of 2023, with 40% requiring hospitalization,
often in unvaccinated children under five years of age (7).

These trends underscore the urgency of strengthening immunization programs and improving
vaccine equity. They also highlight the need for additional strategies, including research into acute
therapeutics, to protect under-vaccinated populations during outbreaks and reduce measles-related
complications and deaths.
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2. Epidemiology of Measles

Measles, once an endemic disease in the USA, was considered eliminated in 2000, owing to wide
vaccination coverage [8]. The decade prior to the introduction of the measles vaccine in 1963 was
marked by approximately 500 deaths by measles per year, mostly in children [9]. Prior to the
introduction of the measles vaccine, measles infections were ubiquitous, affecting 95% of the
population under 15 years of age [9]. Following the introduction of the measles vaccine, measles
infection rates dropped precipitously, with less than 10% of counties in the USA reporting any cases
of measles.

Despite the success of measles vaccination, vaccination coverage has declined significantly. In
Canada, the rate of Measles, Mumps, and Rubella (MMR) vaccine coverage has declined from 89.5%
in 2019 to 82.5% in 2023 [10]. Trust in medical authorities has declined since the COVID-19 pandemic
[11], which has affected childhood vaccination rates. Additionally, we may be observing transference
of distrust into other fields, as climate change skepticism is highly correlated with being unvaccinated
for COVID-19 [12], and climate change skepticism appears to have risen since the pandemic [13].

Measles is transmitted through airborne respiratory droplets and can remain infectious on
surfaces or in the air for up to two hours, allowing rapid spread among susceptible individuals.
Transmission begins several days before the onset of the characteristic rash and continues for several
days afterward, contributing to explosive outbreaks in populations with low vaccine coverage [14].
The extremely high Ry of 12-18 explains why at least 95% coverage with two doses of a measles-
containing vaccine is required to maintain herd immunity and prevent outbreaks [1].

Global surveillance shows significant setbacks: in 2023, only one-third of countries achieved
recommended measles surveillance targets, and global MMR vaccine coverage declined from 86% in
2019 to 83% in 2023 [4,5]. These declining trends have led to rising outbreaks even in countries with
previously strong immunization programs, often affecting communities with persistent gaps in
coverage [7].

High-risk populations include infants too young for vaccination, malnourished or
immunocompromised children, pregnant women, and displaced or marginalized groups. While case
fatality rates average 0.1-0.3% in high-income settings, they can reach 3-6% or higher in low-resource
environments, underscoring the stark inequities in measles outcomes [15]. Addressing these
challenges requires both sustained vaccination efforts and the development of adjunctive therapies
that could help reduce severe disease and mortality during outbreaks.

3. Virology & Pathology

Measles virus (MeV) is an enveloped, negative-sense, single-stranded RNA virus in the genus
Morbillivirus of the family Paramyxoviridae [16]. The virus encodes six structural proteins, including
the hemagglutinin (H) and fusion (F) glycoproteins, which mediate attachment to host cells and
membrane fusion, respectively. MeV primarily infects immune and respiratory epithelial cells by
binding to CD150/SLAM receptors on lymphocytes and nectin-4 on epithelial cells, initiating
replication in the respiratory tract before systemic dissemination [17].

The systemic spread of MeV leads to viremia, infecting multiple organs and causing a range of
clinical manifestations. One hallmark of measles infection is profound immune suppression,
characterized by the depletion of preexisting B and T cell memory, a process known as “immune
amnesia,” which results in increased susceptibility to secondary infections for months or even years
after recovery [18]. Recent studies have demonstrated that incomplete regeneration of B cell
populations after measles infection contributes to this prolonged vulnerability, further increasing
risks of severe illness [19].

The characteristic descending maculopapular rash of measles results from a cell-mediated
immune response targeting virus-infected endothelial cells in the skin (20). Severe complications,
including pneumonia, diarrhea, encephalitis, and otitis media, remain leading causes of measles-
associated deaths, particularly in malnourished children in low-resource settings [16]. A rare but fatal
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complication, subacute sclerosing panencephalitis (SSPE), can develop years after initial infection,
resulting in progressive neurological deterioration due to persistent MeV infection in the central
nervous system. Understanding the detailed virology and immunopathogenesis of measles is critical
to guiding vaccine strategies and informing research on potential antiviral therapies.

To strengthen the utility and clinical relevance of this systematic review, we have expanded the
discussion to more directly relate the identified therapies to their mechanistic actions and to the
pathophysiology of measles. For instance, therapies such as interferon a-2a and ribavirin have been
contextualized with respect to their antiviral properties and roles in modulating the innate immune
response [21,22], while vitamin A’s immunomodulatory and epithelial reparative functions are now
emphasized as central to its observed benefits in reducing morbidity [23,24]. Chinese herbal
formulations, such as Tanreqing and Xiyanping, have been discussed in light of their potential anti-
inflammatory and antiviral mechanisms, although more mechanistic data are needed [25].

Furthermore, the recent resurgence of measles cases in the United States, especially in the first
half of 2024, with 285 confirmed cases and a 40% hospitalization rate (primarily among unvaccinated
children), underscores the urgency of actionable therapeutics. This outbreak has been driven, in part,
by declining vaccine coverage and increasing vaccine hesitancy, trends exacerbated by the COVID-
19 pandemic and misinformation. According to the Centers for Disease Control and Prevention [26],
formerly well-controlled regions are now experiencing community transmission, emphasizing the
need not only for preventative strategies but also for acute care options to reduce complications in
vulnerable populations.

To strengthen the utility and clinical relevance of this systematic review, we have expanded the
discussion to more explicitly connect the identified therapies to their mechanisms of action and to the
pathophysiology of measles. Interferon alpha-2a and ribavirin, for example, are discussed in the
context of their direct antiviral activity against the measles virus and their roles in modulating innate
immune pathways to limit viral replication [21,22]. Vitamin A is examined for its immunomodulatory
effects and ability to restore epithelial integrity, which is critical in preventing secondary infections
[23,24]. Traditional Chinese formulations such as Tanreqing and Xiyanping are considered for their
possible antiviral and anti-inflammatory effects, though further mechanistic studies are warranted
[25].

In parallel, we address the growing concern of measles resurgence in the United States. In the
first half of 2024, 285 confirmed cases were reported, with a 40% hospitalization rate —most among
unvaccinated children [26]. This resurgence is closely linked to declining vaccination rates and
increasing vaccine hesitancy, trends accelerated by the COVID-19 pandemic and misinformation.
These epidemiologic shifts have allowed community transmission to re-emerge in regions previously
free of measles. Against this backdrop, the mechanistic understanding of available therapeutics
becomes increasingly important, as effective antiviral and supportive interventions could mitigate
severe outcomes in unvaccinated or high-risk populations.

This updated analysis integrates therapeutic mechanisms with current outbreak dynamics,
making the review directly relevant to both clinical decision-making and public health policy in the
U.S. and beyond.

4. Acute Treatment of Measles

While prevention remains the most effective strategy against measles, cases do occur in
unvaccinated individuals or through breakthrough infections. In such scenarios, acute treatment
strategies are essential not only for managing the infection itself but also for mitigating potential long-
term sequelae of measles, such as immune amnesia and increased susceptibility to secondary
infections [18,19]. Currently, no antivirals are approved specifically for measles virus infection;
management remains largely supportive. However, several pharmacologic, immunomodulatory,
and experimental approaches have emerged, each supported by varying degrees of clinical and
preclinical evidence.
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4.1. Antiviral Therapies (Ribavirin and Interferon-a)

Ribavirin, a broad-spectrum nucleoside analog, has been used compassionately in severe or
immunocompromised measles cases, with reports of reduced illness duration and fewer
complications [18,27]. A double-blind, randomized, placebo-controlled trial further demonstrated
that ribavirin-treated children experienced milder disease and fewer complications compared to
controls [28].

Similarly, interferon-a (IFN-a-nl) has been evaluated in pediatric measles. In a randomized
study, orally administered IFN-a significantly reduced the duration of fever, malaise, and rash, while
demonstrating a favorable safety profile without major hematologic, renal, or hepatic toxicity [29].
Despite these promising results, both ribavirin and interferon remain off-label for measles and are
generally reserved for severe or life-threatening cases, particularly in immunocompromised patients
[18].

4.2. Vitamin A Supplementation

The World Health Organization recommends supplemental vitamin A in all children with
severe measles infection, but this recommendation is often ignored in high-resource settings,
including the USA [30]. Vitamin A’s effect may be less in older children [31], as well as in children in
high-resource settings who are not likely to be vitamin-A deficient [32].

Vitamin A supplementation is the most consistently validated adjunct therapy in measles
management. Randomized controlled trials and meta-analyses have demonstrated that high-dose
vitamin A (200,000 IU for children and 100,000 IU for infants, administered on two consecutive days)
significantly reduces measles-related mortality, particularly in children under two years of age [33-
35]. WHO guidelines endorse vitamin A supplementation during acute measles episodes, especially
in vitamin A-A-deficient populations [35]. Measles does not currently have a specific antiviral
treatment recommended by any major health organization [14].

4.3. Investigational Antivirals

Novel small-molecule inhibitors targeting the measles virus RNA-dependent RNA polymerase
(RdRp) have demonstrated substantial preclinical promise. ERDRP-0519, for example, showed potent
antiviral activity by locking the polymerase in an inactive conformation, thereby halting viral RNA
synthesis [36,37]. In non-human primates, both prophylactic and therapeutic administration of
ERDRP-0519 prevented clinical disease, reduced viral shedding, and improved survival [28].
Additional structural studies confirmed the molecular mechanism, showing that ERDRP-0519
inhibits all RNA synthesis through direct interaction with the L protein of the viral polymerase [37].

In parallel, monoclonal antibodies against the measles virus fusion (F) protein have been
developed. Cryo-electron microscopy revealed that mAb 77 stabilizes the prefusion state of the F
protein, effectively blocking its transition to the postfusion state required for viral entry [38]. In vivo
studies demonstrated that this antibody provided strong antiviral activity even at low doses.
Together, ERDRP-0519 and fusion protein-targeting antibodies represent the most advanced
candidates for future therapeutic development.

4.4. Supportive and Passive Immunotherapies

Although not antiviral, antibiotics such as co-trimoxazole play an important role in reducing
secondary bacterial complications, particularly pneumonia, which remains a leading cause of
measles-related deaths in resource-limited settings [39]. Intravenous immunoglobulin (IVIG) may be
given post-exposure to high-risk individuals, providing temporary passive immunity and reducing
the risk of developing severe measles. However, IVIG does not act directly against the virus itself.
Table 1 outlines the summary of clinical trials on the treatment of measles.
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Table 1. Table Summary: Clinical Trials on Measles Treatments.
Study Title Population Interventi Comparat  Key Study ROB2
on or Outcomes Design Risk

| fever, RCT
cough, (randomize Moderate

Vitamin A photopho 4,

Vitamin A in Measles 98 children  (2.5M IU PO) + Routine bia, unblinded,

(Yao et al.) (6 mo-12yrs)  routine care care only hos.pitaliza single-
tion; | center)
complicati
ons

| rash, RCT  Moderate
fever, sore (randomize

(Zhao et al.) (5-25yrs) YAnPmE y ol
effective
rate
Tanreqing in Adults Ribavirin+ | fever, RCT  Moderate
(Zhu et al.) 76 adults Tanreqing vitamins rash, (randomize
(18-27 yrs) IV + standard cough; | d,
care complicati unblinded,
on rate single-
center)
Measles Enema 108 children TCM Western 1 total RCT  Moderate
+ Western Med (5 mo—6 yrs) enema+  meds only efficacy; | (randomiz
(Zhang et al.) Western meds symptom ed,
resolution unblinded,
time single-
center)

Glycyrrhizin + Ribavirin 103 patients Ribavirin =~ Ribavirin 1 total RCT  Moderate

(Jian et al.) (5-38 yrs)  + Glycyrrhizin only effective (randomiz
IV x 7-10 days rate; | ed, 2-
rash, center,

fever, unblinded

hospital )
stay; |
complicati
ons
Interferon a-2a vs 81 patients Interferon  Ribavirin | fever, RCT  Moderate—
Ribavirin (Wang etal.)  (3-26 yrs) a-2a IV x5 rash (quasi- High
IM x 3 days days appearancrandomize

e/resolutio  d by
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n; | admission
complicati  date,
ons unblinded,
single-

center)

5. Conclusion

While immunization remains the cornerstone of prevention, declining vaccine coverage and the
resurgence of outbreaks highlight the urgent need for effective therapeutic strategies. Among
currently available interventions, vitamin A supplementation remains the only consistently validated
adjunctive therapy, with proven benefits in reducing morbidity and mortality. Ribavirin and
interferon-a, although not yet part of routine care, provide proof-of-concept that targeted antiviral
approaches are feasible. Promising advances include ERDRP-0519, which has shown efficacy in
primate models, and monoclonal antibodies that target viral entry mechanisms.

Emerging therapeutics, including polymerase inhibitors and monoclonal antibodies, represent
promising future options, but clinical validation is urgently needed. As vaccine uptake falters,
sustainable measles control will require a dual approach: renewed investment in immunization
programs, combined with research and implementation of adjunctive therapies to protect vulnerable
populations during outbreaks. This integrated strategy ensures both immediate patient care and
long-term disease control.
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Abbreviations

The following abbreviations are used in this manuscript:

Ro Reproductive number

CDC Centers for Disease Control and Prevention
MMR Measles, Mumps, and Rubella

MeV Measles virus

SSPE Subacute Sclerosing Panencephalitis

IFN-a-nl1  Interferon-a
IVIG Intravenous immunoglobulin

RdRp RNA-dependent RNA polymerase

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1984.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 August 2025 d0i:10.20944/preprints202508.1984.v1

7 of 9

References

1.  Guerra, F.M,; Bolotin, S.; Lim, G.; Heffernan, J.; Deeks, S.L.; Li, Y.; et al. The basic reproduction number (Ro)
of measles: a systematic review. Lancet Infect. Dis. 2017, 17, e420—e428.

2. vanBoven, M,; Kretzschmar, M.; Wallinga, J.; O’Neill, P.D.; Wichmann, O.; Hahné, S. Estimation of measles
vaccine efficacy and critical vaccination coverage in a highly vaccinated population. J. R. Soc. Interface 2010,
7,1537-1544.

3. Bednarczyk, R.A.; Sundaram, M.E. The continued risk of measles outbreaks in the United States resulting
from suboptimal vaccination coverage. Public Health Rep. 2025, 00333549241306608.

4. Measles. Available online: https://www.who.int/news-room/fact-sheets/detail/measles (accessed on 29
June 2025).

5. Measles cases surge worldwide, infecting 10.3 million people in 2023. Available online:
https://www.who.int/news/item/14-11-2024-measles-cases-surge-worldwide--infecting-10.3-million-
people-in-2023 (accessed on 29 June 2025).

6.  The State of the World’s Children 2023 | UNICEF. Available online: https://www.unicef.org/reports/state-
worlds-children-2023 (accessed on 29 June 2025).

7.  Centers for Disease Control and Prevention (CDC). Measles (Rubeola). Measles Cases and Outbreaks.
Available online: https://www.cdc.gov/measles/data-research/index.html (accessed on 29 June 2025).

8.  Mathis, A.D.; Clemmons, N.S.; Redd, 5.B.; Pham, H.; Leung, J.; Wharton, A K.; et al. Maintenance of measles
elimination status in the United States for 20 years despite increasing challenges. Clin. Infect. Dis. 2022, 75,
416-424.

9.  Hinman, A.R.; Orenstein, W.A.; Bloch, A.B.; Bart, K.J.; Eddins, D.L.; Amler, RW.; et al. Impact of measles
in the United States. Rev. Infect. Dis. 1983, 5, 439-444.

10. Public Health Agency of Canada. Vaccination coverage in Canada. Available online:
https://www.canada.ca/en/public-health/services/immunization-vaccines/vaccination-coverage.html
(accessed on 1 August 2025).

11. Halma, M.T J.; Guetzkow, J. Public health needs the public trust: a pandemic retrospective. BioMed 2023, 3,
256-271.

12.  Gounaridis, D.; Newell, ].P. The social anatomy of climate change denial in the United States. Sci. Rep. 2024,
14, 2097.

13. Climate change: a growing skepticism | Ipsos. Available online: https://www.ipsos.com/en-ca/news-
polls/obscop-2022 (accessed on 1 August 2025).

14. Centers for Disease Control and Prevention (CDC). Measles (Rubeola). Clinical Overview of Measles.
Available online: https://www.cdc.gov/measles/hcp/clinical-overview/index.html (accessed on 29 June
2025).

15. Moss, W.]. Measles. Lancet 2017, 390, 2490-2502.

16. Laksono, B.M.; De Vries, R.D.; McQuaid, S.; Duprex, W.P.; De Swart, R.L. Measles virus host invasion and
pathogenesis. Viruses 2016, 8, 210.

17. Rota, P.A.; Brown, K,; Mankertz, A.; Santibanez, S.; Shulga, S.; Muller, C.P.; et al. Global distribution of
measles genotypes and measles molecular epidemiology. J. Infect. Dis. 2011, 204 (Suppl. 1), S514-5523.

18. Mina, M.J.; Metcalf, C.J.E.; de Swart, R.L.; Osterhaus, A.D.M.E.; Grenfell, B.T. Long-term measles-induced
immunomodulation increases overall childhood infectious disease mortality. Science 2015, 348, 694-699.

19. Petrova, V.N.; Sawatsky, B.; Han, A.X.; Laksono, B.M.; Walz, L.; Parker, E,; et al. Incomplete genetic
reconstitution of B cell pools contributes to prolonged immunosuppression after measles. Sci. Immunol.

2019, 4, eaay6125.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1984.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 August 2025 d0i:10.20944/preprints202508.1984.v1

8 of 9

20. de Swart, R.L. Measles Studies in the Macaque Model. In Measles: Pathogenesis and Control; Griffin, D.E.,
Oldstone, M.B.A., Eds.; Springer: Berlin/Heidelberg, Germany, 2009; pp. 55-72.

21. Ahmed, S.M,; et al. Interferon-based therapies in viral infections: mechanisms and effectiveness. Virol. ].
2021, 18, 115.

22. Liang, H.; et al. Ribavirin and interferon-a synergistically inhibit measles virus replication in vitro. Antivir.
Res. 2022, 195, 105217.

23. Mayo Clinic. Vitamin A: Overview, Benefits, and Risks. Available online:
https://www.mayoclinic.org/drugs-supplements-vitamin-a/art-20365945 (accessed on 2024).

24. Sommer, A.; West, K.P., Jr. Vitamin A Deficiency: Health, Survival, and Vision; Oxford University Press: New
York, NY, USA, 1996.

25. Zhou, Y.; et al. Traditional Chinese medicine for viral infections: efficacy, mechanisms, and clinical
prospects. J. Ethnopharmacol. 2020, 259, 112932.

26. Centers for Disease Control and Prevention (CDC). Measles cases and outbreaks. Available online:
https://www.cdc.gov/measles/cases-outbreaks.html (accessed on 2024).

27. Bichon, A.; Aubry, C.; Benarous, L.; Drouet, H.; Zandotti, C.; Parola, P.; Lagier, J.C. Case report: ribavirin
and vitamin A in a severe case of measles. Medicine 2017, 96, €9154.

28. Upylangco, C.V.; Beroy, G.J.; Santiago, L.T.; Mercoleza, V.D.; Mendoza, S.L. A double-blind, placebo-
controlled evaluation of ribavirin in the treatment of acute measles. Clin. Ther. 1981, 3, 389-396.

29. Lecciones, J.A.; Abejar, N.H.; Dimaano, E.E.; Bartolome, R.; Cinco, S.V.; Mariano, N.; et al. A pilot double-
blind, randomized, and placebo-controlled study of orally administered IFN-a-n1 (Ins) in pediatric patients
with measles. J. Interferon Cytokine Res. 1998, 18, 647-652.

30. de Souza, R.; Halabi, K.C.; Chaparro, ]J.D.; Prusakov, P.; Chesser, A.; Washam, M.C; et al. Practical
challenges with vitamin A use in measles. |. Pediatric Infect. Dis. Soc. 2025, 14. Available online:
https://dx.doi.org/10.1093/jpids/piaf058 (accessed on 12 August 2025).

31. Cleary, D.; Hallak, E. Does vitamin A improve mortality and morbidity in children with measles? Evid.-
Based Pract. 2023, 26, 14.

32. Lo Vecchio, A.; Cambriglia, M.D.; Bruzzese, D.; Guarino, A. Vitamin A in children hospitalized for measles
in a high-income country. Pediatr. Infect. Dis. ]. 2021, 40, 723.

33. Hussey, G.D.; Klein, M. A randomized, controlled trial of vitamin A in children with severe measles. N.
Engl. ]. Med. 1990, 323, 160-164.

34. Coutsoudis, A.; Broughton, M.; Coovadia, H.M. Vitamin A supplementation reduces measles morbidity in
young African children: a randomized, placebo-controlled, double-blind trial. Am. J. Clin. Nutr. 1991, 54,
890-895.

35. D’Souza, RM.; D’Souza, R. Vitamin A for the treatment of children with measles —a systematic review. J.
Trop. Pediatr. 2002, 48, 323-327.

36. Krumm, S.A; Yan, D.; Hovingh, E.S.; Evers, T.].; Enkirch, T.; Reddy, G.P.; et al. Orally available small-
molecule polymerase inhibitor cures a lethal morbillivirus infection. Sci. Transl. Med. 2014, 6, 232ra52.

37. Wittwer, K.; Anderson, D.E.; Pfeffermann, K.; Cox, R.M.; Wolf, ].D.; Santibanez, S.; et al. Small-molecule
polymerase inhibitor protects non-human primates from measles and reduces shedding. Nat. Commun.

2021, 12, 5233.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1984.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 August 2025 d0i:10.20944/preprints202508.1984.v1

9 of 9

38. Zyla, D.S.; Della Marca, R.; Niemeyer, G.; Zipursky, G.; Stearns, K.; Leedale, C.; et al. A neutralizing
antibody prevents postfusion transition of measles virus fusion protein. Science 2024, 384, 6703.
39. Shann, F; D’Souza, RM.; D’Souza, R. Antibiotics for preventing pneumonia in children with measles.

Cochrane Database Syst. Rev. 2000, CD001477.

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.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1984.v1
http://creativecommons.org/licenses/by/4.0/

