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Abstract

Background

Coinfections between malaria and arboviruses such as Dengue virus (DENV), chi-
kungunya Virus (CHIKV), and Zika virus (ZIKV) represent a significant clinical and
public health challenge. The molecular pathogenesis of these coinfections is complex
and poorly understood. MicroRNAs (miRNAs) are key regulators of gene expression
and play a crucial role in the host response to infection. A comprehensive profile of
miRNAs implicated in malaria-arbovirus coinfection could provide novel insights into
disease mechanisms and reveal new targets for improved management and thera-
peutic strategies.

Methods

The review will be conducted in accordance with Preferred Reporting ltems for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines. A comprehensive search
strategy will be executed in electronic databases (PubMed/MEDLINE, Scopus, Web
of Science, Embase, CENTRAL, CINAHL) from January 2000 onwards, with no
language restrictions. Grey literature sources will also be searched. Included study
designs will comprise observational studies (cohort, case-control, cross-sectional)
and clinical trials reporting primary data on miRNA expression. Two independent
reviewers will screen records, extract data, and assess the risk of bias using appro-
priate tools (ROBINS-I, ROB-2, NIH tools). Data on study characteristics, patient
demographics, confirmation of coinfection, miRNA profiling techniques, and differ-
entially expressed miRNAs will be extracted. Given anticipated heterogeneity, a
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narrative synthesis will be performed. The strength of the evidence will be assessed
using the GRADE approach.

Conclusion

This systematic review will provide comprehensive evidence on miRNA expres-
sion patterns associated with malaria-arbovirus coinfections. The findings will
advance understanding of coinfection pathogenesis and identify potential biomark-
ers for improved diagnostics and therapeutics. It will also pioneer an exploration of
cross-kingdom gene regulation by plant-derived miRNAs, establishing a foundation
for future functional validation studies. Additionally, the miRNA profiles identified
may provide foundations for developing novel therapeutic approaches, including
nanoparticle-based delivery systems.

Systematic review registration
PROSPERQO registration number: PROSPERO CRD42024600379.

Introduction

MicroRNAs are a class of endogenous non-coding ribonucleic acids, consisting of
around 20 nucleotides. Their role is to regulate the post-transcriptional expression of
genes by either inhibiting or activating the translation of targeted proteins, depending
on gene complementarity [1]. The canonical pathway of miRNA biogenesis begins in
the nucleus of the cell and ends in the cytoplasm. Through biomolecular and enzy-
matic processes, they are transcribed from DNA sequences into primary miRNAs and
transformed into precursor miRNAs (pre-miRNAs) in the nucleus. These pre-miRNAs
are exported to the cytoplasm, where the mature miRNA duplex biosynthesis is
finalized. Finally, the 5p or 3p strands of the mature miRNA duplex are loaded into
the Argonaute (AGO) family of proteins to form a miRNA-induced silencing complex
(miRISC) [2,3].

Mechanisms through which miRNAs regulate gene expression involve the inter-
action of their seed sequences (the first 2—7 nucleotides in the miRNA 5’-region)
primarily with the 3’-end and more rarely with the 5’-end of messenger RNA (mRNAs)
transcribed from target genes [3,4]. Their binding to MRNA leads to the repression
of translation or the degradation of mMRNA. The binding to target mRNAs inhibits
translation or increases the degradation of mMRNA in many tissues. The reduction in
the amount of a specific mMRNA is an important result of this molecular event. A single
miRNA can target many mRNAs and influence the expression of different genes,
often involved in a functionally interacting pathway [5].

In mammalian cells, miRNAs bind to the 3-UTR of target mMRNAs and induce mRNA
deadenylation and decapping. MiRNAs can also interact with different regions, such as the
5-UTR, gene promoter, and coding sequence. Pairing with the 3'-UTR appears to medi-
ate post transcriptional silencing more effectively than pairing with the -UTR or coding
sequence, whereas miRNA interaction with promoter regions induces transcription [3].
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In recent years, the potential of mMiRNAs as biomarkers for many diseases, including infectious diseases, has been
widely explored [6]. Vector-borne diseases account for more than 17% of all infectious diseases, causing over 700,000
deaths a year. Mosquitoes are responsible for a large number of transmissions, with the genera Anopheles, Aedes, and
Culex being the most problematic vectors. These vectors are responsible for diseases such as malaria, dengue fever,
chikungunya, and Zika, among others [7,8]. Mono-infections by Plasmodium falciparum or arboviruses can have serious
consequences for human health. Cases of simultaneous infection by malaria parasite and arboviruses are increasing,
with potentially fatal consequences due to similar symptoms [9]. Understanding the regulation of post-transcriptional gene
expression in coinfection can provide insights into their pathophysiology.

Studies suggest that proteins and miRNAs from mosquito saliva injected during blood sampling contribute to interac-
tions between the vector, host, and pathogen [10]. Altered miRNA expression levels in many human diseases indicate their
involvement in pathogenesis [11]. A systematic review is needed to evaluate the expression profile of miRNAs in cases of
coinfection with malaria and arboviruses like Dengue virus (DENV), Chikungunya virus (CHIKV), and Zika virus (ZIKV).

This review aims to describe the current knowledge on miRNA profiles and expression in malaria and arbovirus coin-
fections, including viruses such as DENV, CHIKV, and ZIKV. It also aims to highlight the role of these miRNAs as potential
biomarkers for pathologies associated with these infectious diseases. Understanding gene regulation in the pathogenesis
of post-transcriptional gene expression pathways in these coinfections can facilitate biological validation of the activities of
these medicinal plants and their miRNAs in regulating these genes.

Materials and methods
Study registration

This systematic review protocol has been written following the recommendation of the Preferred Reporting ltems for
Systematic Reviews and Meta-Analysis Protocol (PRISMA-P) 2015 guideline [12] (S1 File). It is registered in the inter-
national prospective register of systematic reviews PROSPERO system https://www.crd.york.ac.uk/PROSPERO/view/
CRD42024600379. The systematic review itself will be reported following PRISMA statements, and the Cochrane Hand-
book for Systematic Reviews of Interventions will be used as best-practice guidance [13].

Inclusion criteria.

1. Type of studies. Randomised and non-randomised trials, case-control studies, cohort studies, and cross-sectional
studies, with data on the profile of mMiRNAs expressed in malaria and arboviruses (DENV, CHIKYV, ZIKV) coinfections,
will be included. Studies assessing miRNAs in mono-infection will be used for comparison.

2. Type of participants. This systematic review will include studies involving patients coinfected with malaria and one or
more arboviruses of interest, with no restrictions on age, gender, or location. The following cases could be grouped as
coinfections, including malaria and DENV, malaria and CHIKV, malaria and ZIKV, or malaria and multiple arboviruses.
Studies involving blood, plasma, serum, or other biological samples from these patients will be considered. In vitro or
animal models will also be included if they explore profiles of relevant miRNAs in the context of that coinfection.

For a secondary comparative, studies involving mono-infections (malaria alone, DENV alone, CHIKV alone, ZIKV
alone) will also be included. The purpose of this is to help distinguish miRNAs that are specifically associated with the
co-infection state from those that are dysregulated in response to a single pathogen. This comparative approach will
aid in identifying disease-specific miRNA signatures and may help to explain sources of heterogeneity in the primary
co-infection analysis.

3. Interventions. The evaluation of the miRNA profile will constitute the intervention. The selection of studies will be
focused on the exposure to malaria in the context of coinfection with arboviruses, to characterize the relationship
between the presence of a coinfection, the severity and etiology, and levels of miRNA variation.
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4. Comparators. The study will compare the miRNA profiles of patients with coinfections to those with mono-infections
and those without infection. Comparison may also involve different infection stages or disease severities, if these are
reported.

5. Types of outcomes. The primary outcome will be to understand the different expression profile of miRNAs expressed
in coinfected individuals compared to mono-infected and uninfected controls. This will also include the potential iden-
tification of miRNAs involved in the coinfection status, infection stage, or severity, and potential miRNAs relevant to
diagnostic, prognostic, or therapeutic targets.

The secondary outcome will include predicted miRNA-mRNA interactions, functional and pathway analyses of regu-
lated biological processes, as well as the roles of deregulated miRNAs in host-pathogen interactions, particularly in
immune evasion, inflammation, and disease progression.

6. Report characteristics. The inclusion criteria for the report characteristics encompass all studies conducted in
this field from 2000 (period of the emergence of malaria-arbovirus coinfection) to the present, with no restriction on
language.

Exclusion criteria. The reviews, letters, comments, editorials, case series (with fewer than ten participants), preprints,
and opinion papers will be excluded. Furthermore, studies not about malaria, arbovirus, or their coinfection, and those not
reporting the profiling of miRNAs and lacking a clear comparator as a control group, will not be considered in the present
study.

Search strategy

No similar topics currently registered for systematic review were identified within the PROSPERO platform.
Moreover, an initial search was performed using PubMed without any prior or ongoing similar systematic review
published.

The data sources will include institutional websites, grey literature, preprint servers (medRxiv, bioRxiv), and contacting
corresponding authors. The search for relevant literature will encompass several electronic databases, including PubMed/
MEDLINE, Web of Science, CENTRAL, Embase through the Ovid MEDLINE All, CINAHL, and Scopus. Data search strat-
egy on some of these databases is available in the supplementary file S2 File.

Grey literature, including conference papers, technical reports, theses, and dissertations, will be identified via Google
Scholar, Google, and OpenGrey. To capture the most recent and unpublished studies, a dedicated search will also be
performed in the medRxiv and bioRxiv preprint repositories via their respective websites. All databases will be searched
from 2000 onwards to the present, and key terms and Medical Subject Headings (MeSH) will be specifically designed for
each database. To ensure comprehensive coverage, the reference lists of existing systematic reviews will also be manu-
ally screened.

The electronic search will explore the combinations of the keywords covering the PICO (patients, intervention, compar-
ison, outcome) framework. The search will be conducted without language restriction, and will combine keywords, MeSH
terms, and their synonyms, and all the search components will be combined with the Boolean operator “AND” while the
keywords within each component will be combined with “OR”. Searches will be updated immediately before the final syn-
thesis to incorporate the most recent studies eligible for inclusion.

Data management

All records from the various sources included in our search strategy will be combined, uploaded into the reference man-
agement software Mendeley 1.19.8, and de-duplicated. Meanwhile, titles as well as other paper information will be saved
in an Excel file.
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Selection of studies for inclusion in the review

Two reviewers (SM and PF) will perform duplicate and independent double extraction of the data using SysRev https://
sysrev.com/, the systematic review production software used to filter the titles and abstracts initially identified. Any dis-
agreement will be solved by either a third reviewer (ALDW) or by discussion and consensus. Two review authors (AT, ZM)
will independently evaluate the full text of the selected records. Discrepancies will be resolved by consensus or by an arbi-
tration of a third review author (TCF). The agreement between the two first review authors will be estimated by Cohen’s
kappa coefficient [14].

Risk of bias assessment

The risk of bias of included studies will be assessed using the ROBINS-I tool [15,16], which is designed to evaluate the
risk of bias in non-randomized intervention studies. For randomized controlled trials, ROBIS (RoB 2.0) will be used [17]
and for observational studies, the NIH quality assessment tool for observational cohort and cross-sectional studies. The
Newcastle-Ottawa Scale (NOS) will be used for the cohort study [18]. Any disagreements between the review authors
regarding the risk of bias assessment will be resolved through discussion and consensus or arbitration by a third author.
Publication bias will be assessed visually by inspecting funnel chart asymmetry and using Egger’s test. A p-value of less
than 0.1 will indicate potential bias [19].

To minimize bias when selecting and extracting data from the included studies, a second pair of reviewers (AN, ENJS)
will validate the electronic search by conducting an independent PubMed search using the same strategy. These authors
will also review all articles excluded by the first two assessors. Any disagreements between the reviewers during the
selection, data extraction, or risk of bias assessment processes will be resolved by consensus or, if necessary, by a third
reviewer (ACK).

To minimize publication bias, the review will incorporate both published and unpublished data from multiple sources.
When analysis includes more than ten studies, publication bias will be assessed through the visual inspection of a funnel
plot. However, a specific search of clinical trial registries for unpublished diagnostic accuracy will not be conducted.

Data extraction and management

A standardized data extraction form will be developed and piloted to ensure consistency between the data extractors. The
following data will be extracted from the included studies:

 Study characteristics: author, year of publication, country, aim of the study, study design, and clinical/study setting.
» Population characteristics: sample size, inclusion/exclusion criteria, and patient age, as well as the type of coinfection.

 Laboratory testing: index testing method, type of sample (whole blood, serum, plasma, human cell type), control group
characteristics, and units of measurement.

* MiRNAs profile details: source of biological samples (whole blood, plasma, serum, cells, animals), miRNAs isolation and
detection method, and a list of expressed miRNAs.

» Primary outcomes: expression level of miRNAs (upregulated or downregulated) across study groups, miRNAs associ-
ated with coinfection status, infection stage, infection severity, or diagnostic, prognostic, therapeutic potential.

» Secondary outcomes: predicted and validated miRNA-mRNA interactions, functional pathway, miRNAs involved in
immune evasion, inflammation, and disease progression.

The extracted data will be cleaned and managed in Microsoft Excel. Any transformations or conversions necessary for
further analysis will also be carried out here. This will include normalising expression measures, harmonizing gene and
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miRNA nomenclature, and consolidating biological pathways. All data management procedures will be documented to
ensure transparency and reproducibility.

Statistical analyses and evidence synthesis

An overview of the included studies will be summarised using tables and diagrams. The findings from eligible studies will
be described in a structured narrative format focusing on patterns, trends, and study characteristics. Where quantitative
data are reported, descriptive statistics such as frequencies, percentages, and ranges will be presented.

For missing or unclear information, the authors will be contacted on a case-by-case basis to obtain clarifications. The
degree of heterogeneity across studies will be assessed qualitatively, considering study characteristics and the consis-
tency of findings, and categorized as none, low, moderate, or high [20,21].

To explore the potential sources of heterogeneity and test the robustness of the findings, we plan to conduct subgroup
analyses based on the following factors, if enough studies are available:

Infection type: comparing different coinfection pairs (Plasmodium and DENV, Plasmodium and CHIKV, Plasmodium and
ZIKV) and contrasting them with mono-infection profile.

Study design: stratifying results by observation design (cohort versus case control).

Detection method: comparing studies that used different miRNA profiling platforms (RNA sequencing versus microarrays
versus RT-PCR).

Sample type: analyzing findings separately for different biological samples (whole blood versus plasma versus serum
versus cells).

Risk of bias: A sensitivity analysis will be performed by excluding studies judged to have a high overall risk of bias to
determine its influence on the synthesis.

Confidence in the evidence will be appraised using the GRADE (Grade of Recommendations, Assessment, Development
and Evaluation) approach, which considers study design, risk of bias, inconsistency, indirectness, imprecision, and pub-
lication bias. Based on these domains, the certainty of the evidence will be categorized as “high”, “moderate”, “low”, and
“very low” (S3 File) [22,23]. Statistical pooling or meta-analysis will not be conducted; instead, results will be synthesized

narratively, highlighting patterns, similarities, and differences across studies.

Ethic statements and dissemination

As this study is a systematic review of previously published literature, it does not involve direct human or animal subjects.
Therefore, ethical approval from an Institutional Review Board is not required. The findings of this systematic review will
be disseminated through publication in a peer-reviewed scientific journal.

Study status and timeline

The systematic review is currently ongoing.

* Record Screening: The electronic database searches are planned. The screening of full-text records, abstracts, and
titles will be finished by December 2025.

» Data Extraction: As soon as the full-text screening stage is finished, data extraction from the included studies will start. It
is projected that this process will be completed by February 2026.

» Results Expectation: Within eight months of the current date, data analysis, manuscript preparation, and submission to
a peer-reviewed journal are expected to be finished, with results expected by May 2026.
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Discussion

Understanding the molecular regulators, such as miRNAs, that underpin the host response to such coinfections is crucial
because of the overlapping epidemiology and clinical presentation of mosquito-borne diseases like dengue, chikungunya,
Zika, and malaria, as well as their unique and intricate pathogenic mechanisms. By focusing on the function of miRNAs,
this protocol outlines a strategy for a systematic review aimed at closing a significant gap in our molecular understanding
of malaria-arbovirus coinfections. The approach outlined here is intended to be thorough and reliable. To minimize publi-
cation bias, the search strategy utilizes a range of databases, grey literature sources, and preprint servers. The incorpora-
tion of diverse observational studies ensures the inclusion of the best available evidence, while acknowledging the moral
and practical difficulties of conducting trials on co-infected populations. The application of standardized instruments for
evidence quality and bias risk, as well as dual, independent review at every stage.

The inherent heterogeneity across studies, which is likely to result from differences in study populations, pathogen
strains, and methodology, is a major anticipated challenge. The results of miRNA quantification can be greatly impacted
and synthesis made more difficult by variations in patient demographics, Plasmodium and arbovirus genotypes, sample
types, miRNA isolation kits, profiling platforms, and inconsistent data reporting. Furthermore, to address the challenge of
heterogeneity and to better interpret the miRNA profiles identified in co-infections, our protocol includes a planned sec-
ondary analysis of studies on mono-infections. By directly comparing the miRNA expression in co-infected individuals to
those with single infections, we aim to disentangle pathogen-specific effects from those unique to the co-infection state.
This approach is expected to provide a more nuanced understanding and help prioritize miRNAs that are most likely to be
biomarkers or mediators of the co-infection pathophysiology.

A meta-analysis is unlikely to be suitable because of this anticipated heterogeneity. To find recurring themes and signif-
icant differences in the literature, a narrative synthesis will be carried out, classifying results by virus type, sample matrix,
and disease severity. A comprehensive and nuanced map of the current situation will be produced by this method.

In addition to providing an overview of known human miRNAs, this review will actively explore a novel idea: the possi-
bility that plant-derived miRNAs could regulate genes across kingdoms. Medicinal plant consumption is common among
populations in endemic areas, and these exogenous miRNAs may affect host gene expression. Examining this poten-
tial could reveal a completely new mechanism of host-pathogen-plant interaction and pave the way for the creation of
ground-breaking miRNA-based treatments made from natural products.

Furthermore, the miRNA signatures that will be cataloged in this review are expected to provide a foundation for
developing novel therapeutic strategies. Dysregulated miRNAs identified in co-infected or monoinfected individu-
als will represent potential drug targets; downregulated miRNAs could be restored using synthetic miRNA mimics,
while overexpressed miRNAs could be suppressed with anti-miRNA oligonucleotides (antagomirs) [24]. A significant
translational challenge for such RNA-based therapies will be achieving efficient and targeted delivery [25]. Various
nanocarrier platforms have been explored for this purpose. These include biocompatible polymers (chitosan), which
offer mucoadhesive properties and controlled release; inorganic nanoparticles (carbon quantum dots, layered dou-
ble hydroxides), known for their stability and ease of functionalization; and peptide-based systems (cell-penetrating
peptides, branched amphiphilic peptide capsules), which enhance cellular uptake and endosomal escape [26,27].
Alongside these, lipid-based nanoparticle systems have been extensively developed. Among these, lipid nanoparticle
systems, have emerged as a leading solution, offering protection against degradation, enhanced cellular uptake, and
the potential for tissue-specific targeting, as supported by preclinical studies in other infectious and inflammatory con-
ditions [28,29]. Therefore, cataloging dysregulated miRNAs in malaria-arbovirus co-infections will constitute a critical
first step toward future research exploring these miRNAs as therapeutic targets, potentially delivered via advanced
nanocarriers.

Thus, this systematic review will be the first to synthesize data regarding the miRNA landscape in coinfections between
malaria and arbovirus. Additionally, it will directly inform future hypothesis-driven studies that aim to validate miRNAs as
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therapeutic targets or diagnostic biomarkers, in addition to acting as a foundational resource for researchers. It lays the
groundwork for important contributions by providing a rigorous methodology to investigate both endogenous and exoge-
nous miRNA involvement.

Limitations of the review process

This systematic review is expected to have several limitations. The scope and reliability of our findings may be con-
strained by the small number of relevant studies that the emerging field of miRNA research in coinfections may produce.
A narrative synthesis is required because of the anticipated significant heterogeneity in clinical and methodological
aspects, such as patient demographics, sampling strategies, and laboratory techniques, which will hinder quantitative
meta-analysis. Despite being suitable for mapping evidence, this method might make it more difficult to reconcile differ-
ences between studies. Despite thorough searches of the grey literature, publication bias may still exist because studies
with null results are frequently underrepresented. Egger’s test and funnel plots will be used to assess this risk if there are
enough studies available. Lastly, the reporting quality of the included studies determines how accurate the data extraction
and synthesis are; gaps may be introduced by missing or unclear data.

Conclusion

In summary, this protocol outlines a comprehensive and methodologically rigorous plan for the first systematic review
aimed at mapping the landscape of miRNA expression in malaria and arbovirus co-infections. By synthesizing available
data from both co-infected and mono-infected populations and proactively exploring sources of heterogeneity through
subgroup analyses, this review will enable the identification of key miRNA signatures associated with these complex
immunological interactions. The findings should support the development of new hypotheses regarding the pathogenesis
of co-infections, highlight potential diagnostic and prognostic biomarkers, and suggest novel therapeutic targets. Further-
more, the miRNA profiles highlighted in this review will guide the future development of RNA-based therapies, especially
those utilizing a nanoparticle delivery system to improve stability, specificity, and translational potential. Ultimately, this
work will constitute a fundamental resource essential for guiding future research aimed at improving the management and
outcomes of patients with these overlapping infectious diseases.

Supporting information

S1 File. PRISMA-P checklist. Checklist showing the location of Preferred Reporting ltems for Systematic Reviews and
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(DOCX)

Acknowledgments

The authors would like to thank the Malaria Research Capacity Development Consortium (MARCAD) and the Biotechnol-
ogy Centre of the University of Yaoundé for hosting the work sessions of drafting the systematic review protocol, and all
the authors for the work already done in this field.

PLOS One | https://doi.org/10.137 1/journal.pone.0340672 January 8, 2026 8/10



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0340672.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0340672.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0340672.s003

PLO\Sﬁ\\.- One

Author contributions
Conceptualization: Andrillene Laure Deutou Wondeu, Stefano Pirro.
Supervision: Andrea Galgani, Vittorio Colizzi, Wilfred Fon Mbacham.

Writing — original draft: Andrillene Laure Deutou Wondeu, Alex Durant Nka, Aude Christelle Ka’e, Ezechiel Ngoufack
Jagni Semengue.

Writing — review & editing: Andrillene Laure Deutou Wondeu, Alex Durant Nka, Aude Christelle Ka’e, Ezechiel Ngoufack
Jagni Semengue, Sylvanie Masso, Pascal Fisemou, Adegoke Taiwo Mobolaji, Zeekah Marymag, Calvino Fomboh Tah,
Rhoda Nsen Bughe, Akindeh Mbu Nji, Andrea Galgani, Stefano Pirrd, Vittorio Colizzi, Wilfred Fon Mbacham.

References

1. Saliminejad K, Khorram Khorshid HR, Soleymani Fard S, Ghaffari SH. An overview of microRNAs: biology, functions, therapeutics, and analysis
methods. J Cell Physiol. 2018;234(5):5451-65. https://doi.org/10.1002/jcp.27486

2. O'Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA biogenesis, mechanisms of actions, and circulation. Front Endocrinol. 2018;9.
https://doi.org/10.3389/fendo.2018.00402

3. Riolo G, Cantara S, Marzocchi C, Ricci C. miRNA targets: from prediction tools to experimental validation. MPs. 2020;4(1):1. https://doi.
0rg/10.3390/mps4010001

4. Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell. 2009;136(2):215-33. https://doi.org/10.1016/j.cell.2009.01.002 PMID:
19167326

5. Valinezhad Orang A, Safaralizadeh R, Kazemzadeh-Bavili M. Mechanisms of miRNA-mediated gene regulation from common downregulation to
mRNA-specific upregulation. Int J Genomics. 2014;2014:970607. https://doi.org/10.1155/2014/970607 PMID: 25180174

6. Kimura M, Kothari S, Gohir W, Camargo JF, Husain S. MicroRNAs in infectious diseases: potential diagnostic biomarkers and therapeutic targets.
Clin Microbiol Rev. 2023;36(4):€0001523. https://doi.org/10.1128/cmr.00015-23 PMID: 37909789

7. Onen H, Luzala MM, Kigozi S, Sikumbili RM, Muanga C-JK, Zola EN, et al. Mosquito-borne diseases and their control strategies: an overview
focused on green synthesized plant-based metallic nanoparticles. Insects. 2023;14(3):221. https://doi.org/10.3390/insects14030221 PMID:
36975906

8. Tajudeen YA, Oladunjoye 10, Mustapha MO, Mustapha ST, Ajide-Bamigboye NT. Tackling the global health threat of arboviruses: an appraisal of
the three holistic approaches to health. Health Promot Perspect. 2021;11(4):371-81. https://doi.org/10.34172/hpp.2021.48 PMID: 35079581

9. Cerilo-Filho M, Arouca M de L, Medeiros EDS, Jesus MC de, Sampaio MP, Reis NF, et al. Worldwide distribution, symptoms and diagno-
sis of the coinfections between malaria and arboviral diseases: a systematic review. Mem Inst Oswaldo Cruz. 2024;119:e240015. https://doi.
org/10.1590/0074-02760240015 PMID: 38922217

10. Fiorillo C, Yen P-S, Colantoni A, Mariconti M, Azevedo N, Lombardo F, et al. MicroRNAs and other small RNAs in Aedes aegypti saliva and salivary
glands following chikungunya virus infection. Sci Rep. 2022;12(1):9536. https://doi.org/10.1038/s41598-022-13780-3 PMID: 35681077

11. VaghfA, Khansarinejad B, Ghaznavi-Rad E, Mondanizadeh M. The role of microRNAs in diseases and related signaling pathways. Mol Biol Rep.
2022;49(7):6789-801. https://doi.org/10.1007/s11033-021-06725-y PMID: 34718938

12. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;350:97647. https://doi.org/10.1136/bmj.g7647 PMID: 25555855

13. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., editors. Cochrane handbook for systematic reviews of interventions
[Internet]. Version 6.5. London: Cochrane; 2024 [cited 2025 Aug 12]. Available from: https://www.cochrane.org/authors/handbooks-and-manuals/
handbook/current

14. Hanegraaf P, Wondimu A, Mosselman JJ, de Jong R, Abogunrin S, Queiros L, et al. Inter-reviewer reliability of human literature reviewing and
implications for the introduction of machine-assisted systematic reviews: a mixed-methods review. BMJ Open. 2024;14(3):e076912. https://doi.
org/10.1136/bmjopen-2023-076912 PMID: 38508610

15. Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised
studies of interventions. BMJ. 2016;355:i4919. https://doi.org/10.1136/bm|.i4919 PMID: 27733354

16. Sterne JA, Hrobjartsson A, Boutron |, Deeks JJ, Jini P, Savovi¢ J, et al. The risk of bias in non-randomized studies - of interventions, Version 2
(ROBINS-I V2) assessment tool (for follow-up studies) [Internet]. University of Bristol; 2025 [cited 2025 Nov 26]. Available from: https://www.riskof-
bias.info/welcome/robins-i-v2

17. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials.
BMJ. 2019;366:14898. https://doi.org/10.1136/bm|.l4898 PMID: 31462531

18. Ma L-L, Wang Y-Y, Yang Z-H, Huang D, Weng H, Zeng X-T. Methodological quality (risk of bias) assessment tools for primary and secondary medi-
cal studies: what are they and which is better? Mil Med Res. 2020;7(1):7. https://doi.org/10.1186/s40779-020-00238-8 PMID: 32111253

PLOS One | https://doi.org/10.1371/journal.pone.0340672 January 8, 2026 9/10



https://doi.org/10.1002/jcp.27486
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.3390/mps4010001
https://doi.org/10.3390/mps4010001
https://doi.org/10.1016/j.cell.2009.01.002
http://www.ncbi.nlm.nih.gov/pubmed/19167326
https://doi.org/10.1155/2014/970607
http://www.ncbi.nlm.nih.gov/pubmed/25180174
https://doi.org/10.1128/cmr.00015-23
http://www.ncbi.nlm.nih.gov/pubmed/37909789
https://doi.org/10.3390/insects14030221
http://www.ncbi.nlm.nih.gov/pubmed/36975906
https://doi.org/10.34172/hpp.2021.48
http://www.ncbi.nlm.nih.gov/pubmed/35079581
https://doi.org/10.1590/0074-02760240015
https://doi.org/10.1590/0074-02760240015
http://www.ncbi.nlm.nih.gov/pubmed/38922217
https://doi.org/10.1038/s41598-022-13780-3
http://www.ncbi.nlm.nih.gov/pubmed/35681077
https://doi.org/10.1007/s11033-021-06725-y
http://www.ncbi.nlm.nih.gov/pubmed/34718938
https://doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/pubmed/25555855
https://www.cochrane.org/authors/handbooks-and-manuals/handbook/current
https://www.cochrane.org/authors/handbooks-and-manuals/handbook/current
https://doi.org/10.1136/bmjopen-2023-076912
https://doi.org/10.1136/bmjopen-2023-076912
http://www.ncbi.nlm.nih.gov/pubmed/38508610
https://doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
https://www.riskofbias.info/welcome/robins-i-v2
https://www.riskofbias.info/welcome/robins-i-v2
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1186/s40779-020-00238-8
http://www.ncbi.nlm.nih.gov/pubmed/32111253

PLO\S\% One

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Schliinemann HJ, Brennan S, Akl EA, Hultcrantz M, Alonso-Coello P, Xia J, et al. The development methods of official GRADE articles and require-
ments for claiming the use of GRADE - a statement by the GRADE guidance group. J Clin Epidemiol. 2023;159:79-84. https://doi.org/10.1016/].
jclinepi.2023.05.010 PMID: 37211327

Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan SE, Ellis S, et al. Synthesis without meta-analysis (SWiM) in systematic reviews:
reporting guideline. BMJ. 2020;368:16890. https://doi.org/10.1136/bmj.l6890 PMID: 31948937

Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 explanation and elaboration: updated guidance and
exemplars for reporting systematic reviews. BMJ. 2021;372:n160. https://doi.org/10.1136/bmj.n160 PMID: 33781993

Schinemann H, Brozek J, Guyatt G, Oxman A, editors. Handbook for grading the quality of evidence and the strength of recommendations using
the GRADE approach [Internet]; 2013 [cited 2025 Aug 12]. Available from: https://gdt.gradepro.org/app/handbook/handbook.html

Kolaski K, Logan LR, loannidis JPA. Guidance to best tools and practices for systematic reviews. JBJS Rev. 2023;11(6):€23.00077. https://doi.
org/10.2106/JBJS.RVW.23.00077 PMID: 37285444

Pandey S, Yadav P. Exploring the therapeutic potential of microRNAs: targeted gene regulation strategies for enhanced cancer therapy. JGEB.
2025;23(4):100556. https://doi.org/10.1016/}.jgeb.2025.100556

Fariha A, Hami I, Tonmoy MIQ, Akter S, Al Reza H, Bahadur NM, et al. Cell cycle associated miRNAs as target and therapeutics in lung cancer
treatment. Heliyon. 2022;8(10):e11081. https://doi.org/10.1016/j.heliyon.2022.e11081 PMID: 36303933

Leal GG, dos Santos YBL, Silva Ito MEQ, de Souza WR. Big things come in small packages: using nanomaterials for plant genetic engineering.
Plant Nano Biol. 2025;14:100219. https://doi.org/10.1016/j.plana.2025.100219

Liu J, He Q, Lin X, Smagghe G. Recent progress in nanoparticle-mediated RNA interference in insects: unveiling new frontiers in pest control. J
Insect Physiol. 2025;167:104884. https://doi.org/10.1016/j.jinsphys.2025.104884 PMID: 40939831

Telkoparan-Akillilar P, Chichiarelli S, Tucci P, Saso L. Integration of MicroRNAs with nanomedicine: tumor targeting and therapeutic approaches.
Front Cell Dev Biol. 2025;13:1569101. https://doi.org/10.3389/fcell.2025.1569101 PMID: 40260417

Wang Z, Peng Y, Zhou H, Zhang M, Ju D, Chen Z. MiRNA-based drugs: challenges and delivery strategies. Appl Microbiol Biotechnol.
2025;109(1):247. https://doi.org/10.1007/s00253-025-13620-0 PMID: 41286461

PLOS One | https://doi.org/10.1371/journal.pone.0340672 January 8, 2026 10/10



https://doi.org/10.1016/j.jclinepi.2023.05.010
https://doi.org/10.1016/j.jclinepi.2023.05.010
http://www.ncbi.nlm.nih.gov/pubmed/37211327
https://doi.org/10.1136/bmj.l6890
http://www.ncbi.nlm.nih.gov/pubmed/31948937
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/33781993
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.2106/JBJS.RVW.23.00077
https://doi.org/10.2106/JBJS.RVW.23.00077
http://www.ncbi.nlm.nih.gov/pubmed/37285444
https://doi.org/10.1016/j.jgeb.2025.100556
https://doi.org/10.1016/j.heliyon.2022.e11081
http://www.ncbi.nlm.nih.gov/pubmed/36303933
https://doi.org/10.1016/j.plana.2025.100219
https://doi.org/10.1016/j.jinsphys.2025.104884
http://www.ncbi.nlm.nih.gov/pubmed/40939831
https://doi.org/10.3389/fcell.2025.1569101
http://www.ncbi.nlm.nih.gov/pubmed/40260417
https://doi.org/10.1007/s00253-025-13620-0
http://www.ncbi.nlm.nih.gov/pubmed/41286461

