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Abstract

Introduction.

The emergence and reemergence of arboviral disease in previously arboviral-free regions make it essential to

document and report the lessons learned regarding preparedness and response to these outbreaks.  Recent

literature has focused on four Aedes-borne arboviruses (dengue, Zika, chikungunya, and yellow fever).  However,

there is less available information on non-Aedes-borne arboviruses.  This scoping review aims to synthesise the

existing literature on lessons learned from understudied arbovirus epidemics. Understanding and disseminating

the lessons from these outbreaks can provide critical guidance for strengthening epidemic and pandemic

preparedness and response strategies.

Methods.  This scoping review will follow the Joanna Briggs Institute's methodology for scoping reviews and

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) extension for scoping reviews. We

will include peer-reviewed and grey literature on 28 selected non-Aedes-borne arboviral disease outbreaks,

written in English or Spanish, with no geographical limitations, published between 2000 and 2025.  Studies or

reports should include specific reflections or discussions about arboviral outbreak preparedness and response

strategies (e.g., challenges, gaps, lessons, recommendations).  Pairs of reviewers will conduct literature screening

at the abstract/title and full-text stages.  A data charting form will be developed collectively to extract relevant

data from the included papers. Lessons learned, including strengths, successes, gaps, and challenges, will be

constructed

from the literature following reflective thematic analysis. 
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Introduction

1 Arthropod-borne viruses (arboviruses) are a group of viruses that can cause diseases in

humans and animals and are distributed worldwide.  Some of the most important vectors

for arbovirus transmission include mosquitoes, ticks, midges, and sandflies (Socha et

al.,2022).  Mosquitoes and ticks, in particular, transmit some of the most recognised

arboviral diseases, including dengue, chikungunya, Zika, yellow fever, Japanese

encephalitis, West Nile fever, tick-borne encephalitis, and Crimean–Congo haemorrhagic

fever (Viglietta et al., 2021). 

It is estimated that more than 5.6 billion people are at risk of dengue, chikungunya and

Zika infection, and 1.54 billion people are at risk of yellow fever (Lim et al., 2025).

 Several factors, such as urbanisation, climate change, international travel, and poor

socioeconomic conditions, have contributed to the increase (Abbasi, 2025; de Souza &

Weaver, 2024; Power et al., 2022; Swei et al., 2020).  For these reasons, it is not

surprising that in the 21st century, there has been an explosion of arbovirus epidemics

and localised outbreaks worldwide.  The Zika virus, which was sporadically reported in

Africa and Asia before 2007, has

now caused outbreaks in Africa, the Americas, Asia, and the Pacific  (Song et al., 2017;

World Health

Organization, 2016).  The 2015-2016 Zika virus outbreak, declared a public health

emergency of international concern, also highlighted how these types of infections might

also lead to severe complications such as microcephaly and Guillain-Barre syndrome in

infected adults and children (Ferraris et al., 2019).  More recently, in 2024, there was a

record of dengue cases, over 14 million cases and more than 10,000 deaths (WHO,global

dengue surveillance dashboard).  A recent peer-reviewed study documented 29

arboviral outbreaks in 25 African countries in 2023 (Bangoura et al., 2025).  Other

disease outbreaks have also been reported, including multi-country outbreaks of

Oropouche infection

(Americas) and Yellow Fever (Africa) (Wesselmann et al., 2024; World Health

Organization, 2024a, 2024b).

The emergence and reemergence of arboviral disease in previously arboviral-free

regions make it essential to document and report what lessons have been learned

regarding the preparedness and response to these outbreaks.  In 2024, the WHO Global

Arbovirus Initiative published the technical report “Global arbovirus initiative: preparing

for the next pandemic by tackling mosquito-borne viruses with epidemic and pandemic

potential”, which focused on four Aedes-borne arboviruses (dengue,zika, chikungunya

and yellow fever).  However, there remains a gap in assessing the lessons from other

arbovirus epidemics to inform the strengthening of the preparedness system and

capacities.

 This scoping review aims to synthesise existing literature on lessons learned from past
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non-Aedes-borne arbovirus epidemics, addressing this gap.  Understanding and

disseminating the lessons from past understudied arbovirus outbreaks can provide

critical guidance for strengthening epidemic and pandemic preparedness and response

strategies.

Objectives

2 The primary purpose of this study is to conduct a scoping review of published and grey

literature to identify key lessons learned from past non-Aedes-borne arbovirus

epidemics.  The specific

objectives are:

2.1 a) To map the available evidence on lessons learned from non-Aedes-borne arbovirus

outbreaks,

b) To identify gaps and challenges in preparedness and response efforts and 

c) To extract key recommendations for enhancing future pandemic preparedness

Methods

3 This scoping review will follow the Joanna Briggs Institute's methodology for scoping

reviews and PRISMA extension for scoping reviews (Aromataris et al., 2024; Tricco et al.,

2018).  The research team developed this protocol in collaboration with WHO partners.

4 Eligibility criteria.  We will include peer-reviewed and grey literature on arboviral disease

outbreaks written in English or Spanish without geographical limitations.  As different

definitions of ‘outbreak’, ‘epidemic’ or ‘pandemic’ depend on the transmission level and

context of the particular region or country,  we willadopt the methodological approach

used by Matthews and collaborators, and we will rely on the author’s characterisation of

the event (R. J. Matthews et al., 2022).  Studies or reports should include specific

reflections or discussions about arboviral outbreak preparedness and response

strategies (e.g., challenges, gaps, lessons, recommendations).  

This review will focus on 28 arboviruses:  Alkhurma haemorrhagic fever virus, Barmah

Forest virus, California encephalitis virus, Chandipura virus, Crimean–Congo

haemorrhagic fever virus, Eastern Equine Encephalitis virus, Japanese Encephalitis virus,

Kyasanur Forest disease virus, La Crosse virus,

Madariaga virus, Mayaro virus, Murray Valley Encephalitis virus, O'nyong'nyong virus,

Oropouche virus, Powassan virus, Rift Valley fever virus, Rocio virus, Ross River virus,

Saint Louis Encephalitis virus, SFTS virus (Severe Fever with Thrombocytopenia

Syndrome virus), Sindbis virus, Spondweni virus, Tick-borne

encephalitis virus, Toscana virus, Usutu virus, Venezuelan equine encephalitis virus,

West Nile virus, and Western Equine Encephalitis virus (Table S1).  This selection was

based on an exploratory review of peer-reviewed literature and discussions within the
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research team and our WHO partners.  The selection covers a range of arboviral

diseases in which preparedness and response approaches must be tailored to the

specific context, considering factors such as disease burden, vector type, host range,

geographical and climatic distribution, evidence of emergence and reemergence (e.g.

Oropouche virus, Usutu virus) and

bioterrorism potential (e.g.  Venezuelan equine encephalitis virus, Crimean–Congo

haemorrhagic fever virus).  Table S2 summarises some of the most recent outbreaks of

12 of the 28 selected pathogens to illustrate their relevance and

importance. 

4.1 Documents will be excluded if they have any of the following criteria:  

Randomised clinical trials or clinical trials, as this review focuses on lessons learned

from public health

strategies, not interventions. 

Publications in languages other than English or Spanish. 

The main focus is on vector biology or genetic variations.

The main focus is on individual clinical care of patients or pharmacological treatment.

Mathematical modelling studies        

The main focus is on vaccine development.

Fully descriptive with no reflection or discussion on lessons learned.

Papers where full article cannot be retrieved.

Training manuals.

5 Search Strategy and Information Sources.  The search strategy was initially informed by

similar scoping reviews discussing outbreak preparedness and responses (Antonio et al.,

2025;Mphande-Nyasulu et al., 2024; Sigfrid et al., 2020)  and indicators for public health

emergency preparedness (Lee et al., 2023).  The final selected search terms will focus

on identifying papers that a) are related to outbreaks, epidemics or pandemics, b) are

related to lessons learned/reflections/evaluation/assessments and c) are related to one

of the selected 28 arboviral diseases.  We used AI technology (Claude 3.7 Sonnet,

developed by Anthropic) to refine the initial search terms, particularly those related to the

lessons learned.  Our search strategy was developed in consultation with an experienced

health research librarian.  To identify peer-reviewed journals, we will search the following

databases: Scopus, CINAHL, and Ovid MEDLINE.  Tables S3-S5 show the detailed search

strategy and search terms.  

The grey literature search will focus on official reports that provide lessons learned from

past arboviral

outbreaks and were published in the last 10 years (2015-2025).  The search will cover

multiple types of

sources including: WHO repositories for after-action reviews, intra-action reviews, and

simulation exercises; Pan American Health Organization, European Centre for Disease

Prevention and Control, World Bank Group, Global Preparedness Monitoring Board,

Secretariat for Pacific Communities, Food and

Agriculture Organization, World Organisation for Animal Health , Latin American and
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Caribbean Literature on Health Sciences Database and Scientific Electronic Library

Online.  These sources will be

searched directly on the site or using Google's advanced search for specific domains.

 The search strategy will use broad arbovirus outbreak terms and pathogen-specific

searches, particularly focusing on six priority pathogens: West Nile Virus, Crimean-

Congo Haemorrhagic Fever, Oropouche Virus, Japanese Encephalitis, Kyasanur Forest

Disease, and Rift Valley Fever.

Global experts, such as WHO members of the Preparedness and Resilience for Emerging

Threats (PRET) group, and the Quadripartite (FAO, UNEP, WHO and WOAH) will also be

consulted to provide relevant documentation to complement this literature search. 

6 Selection of Sources of Evidence.  All references identified in the literature databases

will be imported into Endnote.  The records will be deduplicated using the  Automated

Systematic Search Deduplicator (ASySD) (Hair et al., 2023) and  Rayyan, a web-based

software.  

The team members in charge of the screening process will independently review

approximately 50 selected documents, and a consensus meeting will take place to

review the findings and adjust and refine

(if necessary) using the eligibility criteria.  After that, a pair of reviewers will be assigned

to independently review a set of articles (dual screening).  Each reviewer will

independently review the title and abstract to decide whether the article is potentially

eligible for the full-text screening stage.  The reviewers will assign each paper an

"Included" or “Excluded” label.  Discrepancies will be solved by consensus.  A third

reviewer will be consulted if needed.  

In the full-text screening, the document will be reviewed entirely, and the final papers to

be included in the review will be selected by applying the same process as the abstract

screening.  Reasons for exclusion papers at the full-text screening stage will be recorded

and reported.  The search results and the study inclusion process will be fully noted in

the final scoping review and presented in a PRISMA flow diagram.

All reviews (narrative, systematic, scoping) will not be evaluated in the first stage of the

full-text screening.  If, after assessing empirical literature, we consider data to be scarce

for any or all of the selected pathogens, these reviews might be included in the final

analysis.

7 Data Charting.  To extract relevant data from the papers and reports, an Excel data

extraction charting form will be developed collectively.  Table 1 shows a list of the items

considered to be part of this form. 

Table 1.  Items to be collected in the data extraction charting form.
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Item Description

Author List of all the authors of the document

Gaps, weaknesses, and
barriers in the
preparedness and
response efforts 

List of author's reflection on the gaps, weaknesses, and
barriers reported for a particular preparedness or
response strategy 

Strengths and
facilitators of the
preparedness and
response efforts

List of author's reflection on the strengths and
facilitating factors reported for a particular preparedness
or response strategy

Arbovirus List of the arbovirus or arboviruses that are the focus of
the report/paper

Recommendations List of the author’s recommendations

Outbreak
preparedness/response
strategies† 

List of the outbreak preparedness/response strategies
reported to control the outbreak

Vector List of the vector/s that are the focus of the
report/paper

Objective Objective of the document

Type of publication Original research, review, policy/guidance document

Other Other topics that arise during the review (e.g. health
system structural factors, economic/cost
considerations)

Event type Outbreak, epidemic, pandemic (as listed by the authors)

Outbreak
characteristics

Time (including season), place and duration of the
outbreak 

Title Title of the document

Year Year of publication

†Informed by the WHO recommended strategies and interventions for preparedness and
response (e.g.
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This draft data extraction tool will be piloted in 10 randomly selected articles, modified

and revised if needed. Then, senior team members will lead the manual data extraction

from the included studies.

Global Arbovirus Initiative, WHO Health Emergencies Programme technical report).(World
Health Organization, 2023,2024c) 

8 Synthesis of the results.  The characteristics of the included studies will be summarised

using descriptive

statistics.  Descriptive summaries will be presented as frequencies and percentages for

categorical variables and median, interquartile range, and range for continuous variables.

 The strengths, facilitators, gaps, barriers, weaknesses, and key lessons and/or

recommendations will be narratively summarised using thematic analysis, deductively

informed by the WHO-recommended arbovirus, vector-borne and related strategies and

interventions for preparedness and response, and inductively informed by the literature

and reports.  Findings will be presented graphically, diagrammatically, or tabularly. 

9 Validation of the results.  A draft report will be shared and discussed with the WHO team

partners and key experts for additional insights, comments and refinements.  A final

report and a high-level summary format will be produced that can be used for advocacy

purposes with multi-sectoral, policy and decision-makers.
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The data generated and analysed in this scoping review will be synthesised and

presented in the finalised version of the review. 

Supplementary Material

15
See attached file. Lessons_Arbovirus_Protocol_Scopi… 132.8KB

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 9/18

https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


Protocol references

REFERENCES

Abbasi, E. (2025).

Global expansion of Aedes mosquitoes and their role in the transboundary spread

of emerging arboviral diseases: A comprehensive review. IJID One Health, 6. 

https://doi.org/10.1016/j.ijidoh.2025.100058

Abdulhaq, A. A.,

Hershan, A. A., Karunamoorthi, K., & Al-Mekhlafi, H. M. (2022). Human

Alkhumra hemorrhagic Fever: Emergence, history and epidemiological and clinical

profiles. Saudi journal of biological

sciences, 29(3), 1900-1910. https://doi.org/https://dx.doi.org/10.1016/j.sjbs.2021.10.031

Aguilar, P. V.,

Estrada-Franco, J. G., Navarro-Lopez, R., Ferro, C., Haddow, A. D., &

Weaver, S. C. (2011). Endemic Venezuelan equine encephalitis in the Americas:

hidden under the dengue umbrella. Future

Virol, 6(6), 721-740. https://doi.org/10.2217/fvl.11.5

Alshehri, A. A., &

Irekeola, A. A. (2024). Global prevalence of alkhumra hemorrhagic fever virus

infection: The first meta-analysis and systematic review. J Infect Public Health, 17(6),

986-993. https://doi.org/10.1016/j.jiph.2024.04.001

Antonio, E., Pulik,

N., Ibrahim, S. K., Adenipekun, A., Levanita, S., Foster, I., Chepkirui, D.,

Harriss, E., Sigfrid, L., & Norton, A. (2025). Research prioritisation in

preparedness for and response to outbreaks of high-consequence pathogens: a scoping

review. BMC Med, 23(1), 147. https://doi.org/10.1186/s12916-025-03973-8

Aromataris, E.,

Lockwood, C., Porritt, K., Pilla, B., & Jordan, Z. (2024). JBI Manual for Evidence Synthesis. https://jbi-global-

wiki.refined.site/space/MANUAL

Bangoura, S. T.,

Keita, A. K., Diaby, M., Sidibe, S., Le-Marcis, F., Camara, S. C., Maltais, S.,

Kadio, K., D'Ortenzio, E., Camara, A., Delaporte, E., Delamou, A., Vanhems, P.,

Ottmann, M., Khanafer, N., & Toure, A. (2025). Arbovirus Epidemics as Global

Health Imperative, Africa, 2023. Emerg

Infect Dis, 31(2), 1-8. https://doi.org/10.3201/eid3102.240754

Barber, B., Denholm,

J. T., & Spelman, D. (2009). Ross River virus. Aust Fam Physician, 38(8),

586-589. 

Beerlage-de Jong, N.,

& Blanford, J. (2025). Mapping the risk of tick-borne encephalitis in

Europe for informed vaccination decisions. Journal

of Travel Medicine, 32(2),

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 10/18

https://doi.org/10.1016/j.ijidoh.2025.100058
https://doi.org/https:/dx.doi.org/10.1016/j.sjbs.2021.10.031
https://doi.org/10.2217/fvl.11.5
https://doi.org/10.1016/j.jiph.2024.04.001
https://doi.org/10.1186/s12916-025-03973-8
https://jbi-global-wiki.refined.site/space/MANUAL
https://jbi-global-wiki.refined.site/space/MANUAL
https://doi.org/10.3201/eid3102.240754
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


taae153. https://doi.org/10.1093/jtm/taae153

Braack, L., Gouveia de

Almeida, A. P., Cornel, A. J., Swanepoel, R., & de Jager, C. (2018).

Mosquito-borne arboviruses of African origin: review of key viruses and

vectors. Parasit Vectors, 11(1), 29. https://doi.org/10.1186/s13071-017-2559-9

Brustolin, M.,

Bartholomeeusen, K., Rezende, T., Arien, K. K., & Muller, R. (2024). Mayaro

virus, a potential threat for Europe: vector competence of autochthonous vector

species. Parasit Vectors, 17(1), 200. https://doi.org/10.1186/s13071-024-06293-7

Caicedo, E. Y.,

Charniga, K., Rueda, A., Dorigatti, I., Mendez, Y., Hamlet, A., Carrera, J. P.,

& Cucunubá, Z. M. (2021). The epidemiology of Mayaro virus in the Americas:

A systematic review and key parameter estimates for outbreak modelling. PLoS Negl Trop Dis, 15(6), e0009418. 

https://doi.org/10.1371/journal.pntd.0009418

Casel, M. A., Park, S.

J., & Choi, Y. K. (2021). Severe fever with thrombocytopenia syndrome

virus: emerging novel phlebovirus and their control strategy. Exp Mol Med, 53(5), 713-722. 

https://doi.org/10.1038/s12276-021-00610-1

Centers for Disease

Control and Prevention. (2021). About

Viral Hemorrhagic Fevers. https://www.cdc.gov/viral-hemorrhagic-fevers/about/index.html

Centers for Disease

Control and Prevention. (2025). Areas at

Risk for Japanese Encephalitis. https://www.cdc.gov/japanese-encephalitis/data-maps/index.html

Chakraborty, S.,

Andrade, F. C. D., Ghosh, S., Uelmen, J., & Ruiz, M. O. (2019). Historical

Expansion of Kyasanur Forest Disease in India From 1957 to 2017: A

Retrospective Analysis. GeoHealth, 3(2), 44-55. https://doi.org/10.1029/2018gh000164

Cle, M., Beck, C.,

Salinas, S., Lecollinet, S., Gutierrez, S., Van de Perre, P., Baldet, T.,

Foulongne, V., & Simonin, Y. (2019). Usutu virus: A new threat? Epidemiol Infect, 147, e232. 

https://doi.org/10.1017/S0950268819001213

Coalition for Epidemic

Preparedness Innovations. (2021). Rift

Valley fever. https://cepi.net/rift-valley-fever

Crosby, B., &

Crespo, M. E. (2025). Venezuelan Equine Encephalitis. In StatPearls. 

https://www.ncbi.nlm.nih.gov/pubmed/32644758

Dash, A. P., Bhatia,

R., Sunyoto, T., & Mourya, D. T. (2013). Emerging and re-emerging arboviral

diseases in Southeast Asia. J Vector

Borne Dis, 50(2), 77-84. https://www.ncbi.nlm.nih.gov/pubmed/23995308

de la Calle-Prieto,

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 11/18

https://doi.org/10.1093/jtm/taae153
https://doi.org/10.1186/s13071-017-2559-9
https://doi.org/10.1186/s13071-024-06293-7
https://doi.org/10.1371/journal.pntd.0009418
https://doi.org/10.1038/s12276-021-00610-1
https://www.cdc.gov/viral-hemorrhagic-fevers/about/index.html
https://www.cdc.gov/japanese-encephalitis/data-maps/index.html
https://doi.org/10.1029/2018gh000164
https://doi.org/10.1017/S0950268819001213
https://cepi.net/rift-valley-fever
https://www.ncbi.nlm.nih.gov/pubmed/32644758
https://www.ncbi.nlm.nih.gov/pubmed/23995308
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


F., Arsuaga, M., Rodríguez-Sevilla, G., Paiz, N. S., & Díaz-Menéndez, M.

(2024). The current status of arboviruses with major epidemiological

significance in Europe. Enfermedades

Infecciosas y Microbiología Clínica,

42(9), 516-526. https://doi.org/10.1016/j.eimc.2024.09.002

de Souza, W. M., &

Weaver, S. C. (2024). Effects of climate change and human activities on

vector-borne diseases. Nat Rev Microbiol, 22(8), 476-491. https://doi.org/10.1038/s41579-024-01026-0

Dekker, M., Laverman,

G. D., de Vries, A., Reimerink, J., & Geeraedts, F. (2019). Emergence of

tick-borne encephalitis (TBE) in the Netherlands. Ticks Tick Borne Dis, 10(1),

176-179. https://doi.org/10.1016/j.ttbdis.2018.10.008

Diagne, C. T., Bengue,

M., Choumet, V., Hamel, R., Pompon, J., & Misse, D. (2020). Mayaro Virus

Pathogenesis and Transmission Mechanisms. Pathogens, 9(9). https://doi.org/10.3390/pathogens9090738

Diaz, A., Coffey, L.

L., Burkett-Cadena, N., & Day, J. F. (2018). Reemergence of St. Louis

Encephalitis Virus in the Americas. Emerg

Infect Dis, 24(12), 2150-2157. https://doi.org/10.3201/eid2412.180372

Dyke, H., Lodo, K.,

Stephens, N., & Carver, S. (2023). The first confirmed outbreak of Barmah

Forest virus in Tasmania - 2019. Aust N Z

J Public Health, 47(2), 100039. https://doi.org/10.1016/j.anzjph.2023.100039

European Centre for

Disease Prevention and Control. (2024a). Oropouche

virus disease cases imported into the European Union. https://www.ecdc.europa.eu/en/publications-data/threat-

assessment-brief-oropouche-virus-disease-cases-imported-european-union

European Centre for

Disease Prevention and Control. (2024b). Threat

assessment brief: Oropouche virus disease cases imported to the European Union.

https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-oropouche-virus-disease-cases-

imported-european-union

Ferraris, P., Yssel,

H., & Misse, D. (2019). Zika virus infection: an update. Microbes Infect, 21(8-9), 353-360. 

https://doi.org/10.1016/j.micinf.2019.04.005

Fotakis, E. A., Di

Maggio, E., Del Manso, M., Mateo-Urdiales, A., Petrone, D., Fabiani, M.,

Perego, G., Bella, A., Bongiorno, G., Bernardini, I., Di Luca, M., Venturi, G.,

Fortuna, C., Giannitelli, S., Ferraro, F., Maraglino, F., Pezzotti, P.,

Palamara, A. T., & Riccardo, F. (2025). Human neuroinvasive Toscana virus

infections in Italy from 2016 to 2023: Increased incidence in 2022 and 2023. Euro Surveill, 30(2). 

https://doi.org/10.2807/1560-7917.Es.2025.30.2.2400203

Frabasile, S., Morel,

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 12/18

https://doi.org/10.1016/j.eimc.2024.09.002
https://doi.org/10.1038/s41579-024-01026-0
https://doi.org/10.1016/j.ttbdis.2018.10.008
https://doi.org/10.3390/pathogens9090738
https://doi.org/10.3201/eid2412.180372
https://doi.org/10.1016/j.anzjph.2023.100039
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-oropouche-virus-disease-cases-imported-european-union
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-oropouche-virus-disease-cases-imported-european-union
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-oropouche-virus-disease-cases-imported-european-union
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-oropouche-virus-disease-cases-imported-european-union
https://doi.org/10.1016/j.micinf.2019.04.005
https://doi.org/10.2807/1560-7917.Es.2025.30.2.2400203
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


N., Perez, R., Marrero, L. M., Burgueno, A., Cortinas, M. N., Bassetti, L.,

Negro, R., Rodriguez, S., Bormida, V., Gayo, V., de Souza, V. C., Naveca, F.

G., Gomez, M. M., Gresh, L., Mendez-Rico, J., Chiparelli, H., & Delfraro, A.

(2025). Equine Encephalomyelitis Outbreak, Uruguay, 2023-2024. Emerg Infect Dis, 31(1), 180-183. 

https://doi.org/10.3201/eid3101.240915

Gerken, K. N.,

LaBeaud, A. D., Mandi, H., L'Azou Jackson, M., Breugelmans, J. G., & King,

C. H. (2022). Paving the way for human vaccination against Rift Valley fever

virus: A systematic literature review of RVFV epidemiology from 1999 to 2021. PLoS Negl Trop Dis, 16(1),

e0009852. https://doi.org/10.1371/journal.pntd.0009852

Guzman-Teran, C.,

Calderon-Rangel, A., Rodriguez-Morales, A., & Mattar, S. (2020). Venezuelan

equine encephalitis virus: the problem is not over for tropical America. Ann Clin Microbiol Antimicrob, 19(1), 19. 

https://doi.org/10.1186/s12941-020-00360-4

Hair, K., Bahor, Z.,

Macleod, M., Liao, J., & Sena, E. S. (2023). The Automated Systematic

Search Deduplicator (ASySD): a rapid, open-source, interoperable tool to remove

duplicate citations in biomedical systematic reviews. BMC Biology, 21(1), 189. https://doi.org/10.1186/s12915-023-

01686-z

Howard-Jones, A. R.,

Mahar, J. E., Eden, J.-S., Dwyer, D. E., O’Sullivan, M. V., Williams, D. T.,

Kok, J., Proudmore, K., Butel-Simoes, G., Neave, M. J., Mileto, P., Hueston,

L., Freeman, K., Ellem, J., Caly, L., Thomas, A., Taylor, C., Kurucz, N., Smyth,

K.,…Currie, B. (2024). Diagnostic and phylogenetic features of the 2023 Murray

Valley encephalitis virus outbreak in Australia. Pathology, 56. https://doi.org/10.1016/j.pathol.2023.12.136

Kading, R. C.,

Cohnstaedt, L. W., Fall, K., & Hamer, G. L. (2020). Emergence of

Arboviruses in the United States: The Boom and Bust of Funding, Innovation, and

Capacity. Trop Med Infect Dis, 5(2). https://doi.org/10.3390/tropicalmed5020096

Kemenesi, G., &

Banyai, K. (2019). Tick-Borne Flaviviruses, with a Focus on Powassan Virus. Clin Microbiol Rev, 32(1). 

https://doi.org/10.1128/CMR.00106-17

Kuno, G., Mackenzie,

J. S., Junglen, S., Hubalek, Z., Plyusnin, A., & Gubler, D. J. (2017).

Vertebrate Reservoirs of Arboviruses: Myth, Synonym of Amplifier, or Reality? Viruses, 9(7). 

https://doi.org/10.3390/v9070185

Lee, J. M., Jansen,

R., Sanderson, K. E., Guerra, F., Keller-Olaman, S., Murti, M., O'Sullivan, T.

L., Law, M. P., Schwartz, B., Bourns, L. E., & Khan, Y. (2023). Public

health emergency preparedness for infectious disease emergencies: a scoping

review of recent evidence. BMC Public

Health, 23(1), 420. https://doi.org/10.1186/s12889-023-15313-7

Lim, A., Shearer, F.

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 13/18

https://doi.org/10.3201/eid3101.240915
https://doi.org/10.1371/journal.pntd.0009852
https://doi.org/10.1186/s12941-020-00360-4
https://doi.org/10.1186/s12915-023-01686-z
https://doi.org/10.1186/s12915-023-01686-z
https://doi.org/10.1016/j.pathol.2023.12.136
https://doi.org/10.3390/tropicalmed5020096
https://doi.org/10.1128/CMR.00106-17
https://doi.org/10.3390/v9070185
https://doi.org/10.1186/s12889-023-15313-7
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


M., Sewalk, K., Pigott, D. M., Clarke, J., Ghouse, A., Judge, C., Kang, H.,

Messina, J. P., Kraemer, M. U. G., Gaythorpe, K. A. M., de Souza, W. M.,

Nsoesie, E. O., Celone, M., Faria, N., Ryan, S. J., Rabe, I. B., Rojas, D. P.,

Hay, S. I.,…Brady, O. J. (2025). The overlapping global distribution of dengue,

chikungunya, Zika and yellow fever. Nat

Commun, 16(1), 3418. https://doi.org/10.1038/s41467-025-58609-5

Madzokere, E. T.,

Qian, W., Webster, J. A., Walker, D. M. H., Lim, E. X. Y., Harley, D., &

Herrero, L. J. (2022). Human Seroprevalence for Dengue, Ross River, and Barmah

Forest viruses in Australia and the Pacific: A systematic review spanning seven

decades. PLoS Negl Trop Dis, 16(4), e0010314. https://doi.org/10.1371/journal.pntd.0010314

Magalhaes, T., Hamer,

G. L., de Carvalho-Leandro, D., Ribeiro, V. M. L., & Turell, M. J. (2024).

Uncertainties Surrounding Madariaga Virus, a Member of the Eastern Equine

Encephalitis Virus Complex. Vector Borne

Zoonotic Dis, 24(10), 633-640. https://doi.org/10.1089/vbz.2023.0162

Mallick, D., Yadav,

U., Gupta, M., Kumar, D., & Kumar, R. (2025). The evolving landscape of

Chandipura virus: A comprehensive account of outbreaks to recent advances. Virology, 608, 110541. 

https://doi.org/10.1016/j.virol.2025.110541

Matthews, E., Chauhan,

L., Piquet, A. L., Tyler, K. L., & Pastula, D. M. (2022). An Overview of La

Crosse Virus Disease. Neurohospitalist, 12(3), 587-588. https://doi.org/10.1177/19418744221077738

Matthews, R. J.,

Kaluthotage, I., Russell, T. L., Knox, T. B., Horwood, P. F., & Craig, A.

T. (2022). Arboviral Disease Outbreaks in the Pacific Islands Countries and

Areas, 2014 to 2020: A Systematic Literature and Document Review. Pathogens, 11(1). 

https://doi.org/10.3390/pathogens11010074

McGuinness, S. L.,

Lau, C. L., & Leder, K. (2023). The evolving Japanese encephalitis

situation in Australia and implications for travel medicine. J Travel Med, 30(2). https://doi.org/10.1093/jtm/taad029

Messina, J. P.,

Pigott, D. M., Golding, N., Duda, K. A., Brownstein, J. S., Weiss, D. J.,

Gibson, H., Robinson, T. P., Gilbert, M., William Wint, G. R., Nuttall, P. A.,

Gething, P. W., Myers, M. F., George, D. B., & Hay, S. I. (2015). The

global distribution of Crimean-Congo hemorrhagic fever. Trans R Soc Trop Med Hyg, 109(8),

503-513. https://doi.org/10.1093/trstmh/trv050

Mphande-Nyasulu, F.

A., Yap, N. J., Teo, C. H., Chang, L. Y., & Tay, S. T. (2024). Outbreak

preparedness and response strategies in ASEAN member states: a scoping review. IJID Reg, 12, 100430. 

https://doi.org/10.1016/j.ijregi.2024.100430

Musso, D.,

Rodriguez-Morales, A. J., Levi, J. E., Cao-Lormeau, V. M., & Gubler, D. J.

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 14/18

https://doi.org/10.1038/s41467-025-58609-5
https://doi.org/10.1371/journal.pntd.0010314
https://doi.org/10.1089/vbz.2023.0162
https://doi.org/10.1016/j.virol.2025.110541
https://doi.org/10.1177/19418744221077738
https://doi.org/10.3390/pathogens11010074
https://doi.org/10.1093/jtm/taad029
https://doi.org/10.1093/trstmh/trv050
https://doi.org/10.1016/j.ijregi.2024.100430
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


(2018). Unexpected outbreaks of arbovirus infections: lessons learned from the

Pacific and tropical America. Lancet

Infect Dis, 18(11), e355-e361. https://doi.org/10.1016/s1473-3099(18)30269-x

National Library of

Medicine. California encephalitis virus

infection neuroinvasive disease. https://www.ncbi.nlm.nih.gov/medgen/4931

Nikolay, B., Diallo,

M., Boye, C. S. B., & Sall, A. A. (2011). Usutu Virus in Africa. Vector-Borne and Zoonotic Diseases, 11(11), 1417-

1423. https://doi.org/10.1089/vbz.2011.0631

Ong, O. T. W.,

Skinner, E. B., Johnson, B. J., & Old, J. M. (2021). Mosquito-Borne Viruses

and Non-Human Vertebrates in Australia: A Review. Viruses, 13(2). https://doi.org/10.3390/v13020265

Papa, A. (2019).

Emerging arboviruses of medical importance in the Mediterranean region. J Clin Virol, 115, 5-10. 

https://doi.org/10.1016/j.jcv.2019.03.007

Power, G. M., Vaughan,

A. M., Qiao, L., Sanchez Clemente, N., Pescarini, J. M., Paixão, E. S.,

Lobkowicz, L., Raja, A. I., Portela Souza, A., Barreto, M. L., & Brickley,

E. B. (2022). Socioeconomic risk markers of arthropod-borne virus (arbovirus)

infections: a systematic literature review and meta-analysis. BMJ Glob Health, 7(4). https://doi.org/10.1136/bmjgh-

2021-007735

Proboste, T., Bista,

D., Clark, N. J., Arora, S., Devine, G., Darbro, J. M., Malloy, D. S., Francis,

D., & Soares Magalhaes, R. J. (2025). Ascertainment of Community Exposure

Sites to Ross River Virus During the 2020 Outbreak in Brisbane, Australia. J Infect Dis, 231(3), e501-e510. 

https://doi.org/10.1093/infdis/jiae578

Rezza, G., Chen, R.,

& Weaver, S. C. (2017). O'nyong-nyong fever: a neglected mosquito-borne

viral disease. Pathog Glob Health, 111(6), 271-275. https://doi.org/10.1080/20477724.2017.1355431

Rivera, L. F.,

Lezcano-Coba, C., Galue, J., Rodriguez, X., Juarez, Y., de Souza, W. M.,

Capitan-Barrios, Z., Valderrama, A., Abrego, L., Cedeno, H., Jackman, C.,

Waggoner, J. J., Aguilar, P. V., Guzman, H., Weaver, S. C., Tesh, R. B.,

Lopez-Verges, S., Donnelly, C. A., Estofolete, C. F.,…Carrera, J. P. (2024).

Characteristics of Madariaga and Venezuelan Equine Encephalitis Virus

Infections, Panama. Emerg Infect Dis, 30(14), 94-104. https://doi.org/10.3201/eid3014.240182

Saivish, M. V., Gomes

da Costa, V., de Lima Menezes, G., Alves da Silva, R., Dutra da Silva, G. C.,

Moreli, M. L., Sacchetto, L., Pacca, C. C., Vasilakis, N., & Nogueira, M.

L. (2021). Rocio Virus: An Updated View on an Elusive Flavivirus. Viruses, 13(11). https://doi.org/10.3390/v13112293

Saravu, K., &

Chunduru, K. (2023). Kyasanur forest disease: A review on the emerging

infectious disease. Journal of Clinical

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 15/18

https://doi.org/10.1016/s1473-3099(18)30269-x
https://www.ncbi.nlm.nih.gov/medgen/4931
https://doi.org/10.1089/vbz.2011.0631
https://doi.org/10.3390/v13020265
https://doi.org/10.1016/j.jcv.2019.03.007
https://doi.org/10.1136/bmjgh-2021-007735
https://doi.org/10.1136/bmjgh-2021-007735
https://doi.org/10.1093/infdis/jiae578
https://doi.org/10.1080/20477724.2017.1355431
https://doi.org/10.3201/eid3014.240182
https://doi.org/10.3390/v13112293
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


Infectious Diseases Society, 1(1).

https://doi.org/10.4103/cids.Cids_13_23

Schneider, C. A.,

Calvo, E., & Peterson, K. E. (2021). Arboviruses: how saliva impacts the

journey from vector to host. International

Journal of Molecular Sciences, 22(17),

9173. 

Shahhosseini, N.,

Wong, G., Babuadze, G., Camp, J. V., Ergonul, O., Kobinger, G. P., Chinikar,

S., & Nowotny, N. (2021). Crimean-Congo Hemorrhagic Fever Virus in Asia,

Africa and Europe. Microorganisms, 9(9). https://doi.org/10.3390/microorganisms9091907

Sigfrid, L., Maskell,

K., Bannister, P. G., Ismail, S. A., Collinson, S., Regmi, S., Blackmore, C.,

Harriss, E., Longuere, K. S., Gobat, N., Horby, P., Clarke, M., & Carson,

G. (2020). Addressing challenges for clinical research responses to emerging

epidemics and pandemics: a scoping review. BMC

Med, 18(1), 190. https://doi.org/10.1186/s12916-020-01624-8

Simon, L. V., Coffey,

R., & Fischer, M. A. (2025). Western Equine Encephalitis. In StatPearls. 

https://www.ncbi.nlm.nih.gov/pubmed/29262096

Simon, L. V., Kong, E.

L., & Graham, C. (2025). St Louis Encephalitis. In StatPearls. https://www.ncbi.nlm.nih.gov/pubmed/29262076

Socha, W., Kwasnik,

M., Larska, M., Rola, J., & Rozek, W. (2022). Vector-Borne Viral Diseases

as a Current Threat for Human and Animal Health-One Health Perspective. J Clin Med, 11(11). 

https://doi.org/10.3390/jcm11113026

Song, B. H., Yun, S.

I., Woolley, M., & Lee, Y. M. (2017). Zika virus: History, epidemiology,

transmission, and clinical presentation. J

Neuroimmunol, 308, 50-64. https://doi.org/10.1016/j.jneuroim.2017.03.001

Srivastava, A.,

Mahilkar, S., Upadhyaya, C. P., Mishra, P. K., Malinda, R. R., Sonkar, S. C.,

& Koner, B. C. (2024). Alkhumra Hemorrhagic Fever Virus (AHFV): A Concise

Overview. Yale J Biol Med, 97(4), 505-514. https://doi.org/10.59249/qspc8835

Swei, A., Couper, L.

I., Coffey, L. L., Kapan, D., & Bennett, S. (2020). Patterns, Drivers, and

Challenges of Vector-Borne Disease Emergence. Vector Borne Zoonotic Dis, 20(3),

159-170. https://doi.org/10.1089/vbz.2018.2432

Tricco, A. C., Lillie,

E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, M.

D. J., Horsley, T., Weeks, L., Hempel, S., Akl, E. A., Chang, C., McGowan, J.,

Stewart, L., Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C.,…Straus,

S. E. (2018). PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 16/18

https://doi.org/10.4103/cids.Cids_13_23
https://doi.org/10.3390/microorganisms9091907
https://doi.org/10.1186/s12916-020-01624-8
https://www.ncbi.nlm.nih.gov/pubmed/29262096
https://www.ncbi.nlm.nih.gov/pubmed/29262076
https://doi.org/10.3390/jcm11113026
https://doi.org/10.1016/j.jneuroim.2017.03.001
https://doi.org/10.59249/qspc8835
https://doi.org/10.1089/vbz.2018.2432
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


Explanation. Ann Intern Med, 169(7), 467-473. https://doi.org/10.7326/m18-0850

Viglietta, M.,

Bellone, R., Blisnick, A. A., & Failloux, A. B. (2021). Vector Specificity

of Arbovirus Transmission. Front

Microbiol, 12, 773211. https://doi.org/10.3389/fmicb.2021.773211

Wesselmann, K. M.,

Postigo-Hidalgo, I., Pezzi, L., de Oliveira-Filho, E. F., Fischer, C., de

Lamballerie, X., & Drexler, J. F. (2024). Emergence of Oropouche fever in

Latin America: a narrative review. Lancet

Infect Dis, 24(7), e439-e452. https://doi.org/10.1016/S1473-3099(23)00740-5

World Health

Organization. (2016). The history of zika

virus. https://www.who.int/news-room/feature-stories/detail/the-history-of-zika-virus

World Health

Organization. (2017). West Nile virus.

https://www.who.int/news-room/fact-sheets/detail/west-nile-virus

World Health

Organization. (2023). Strengthening

health emergency prevention, preparedness, response and resilience. 

https://www.who.int/publications/m/item/strengthening-the-global-architecture-for-health-emergency-

prevention--preparedness--response-and-resilience

World Health

Organization. (2024a). Disease Outbreak

News. Oropouche virus disease - Region of the Americas. https://www.who.int/emergencies/disease-outbreak-

news/item/2024-DON545

World Health

Organization. (2024b). Disease Outbreak

News. Yellow fever – African Region (AFRO) https://www.who.int/emergencies/disease-outbreak-

news/item/2024-DON510

World Health

Organization. (2024c). Global strategic

preparedness, readiness and response plan for dengue and other Aedes-borne

arboviruses. https://www.who.int/publications/m/item/global-strategic-preparedness--readiness-and-response-

plan-for-dengue-and-other-aedes-borne-arboviruses

World Health

Organization. (2024d). Japanese

encephalitis. https://www.who.int/news-room/fact-sheets/detail/oropouche-virus-disease

World Health

Organization. (2024e). Oropouche virus

disease. https://www.who.int/news-room/fact-sheets/detail/oropouche-virus-disease

World Health

Organization. (2025). Crimean-Congo

haemorrhagic fever. https://www.who.int/news-room/fact-sheets/detail/crimean-congo-haemorrhagic-fever

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 17/18

https://doi.org/10.7326/m18-0850
https://doi.org/10.3389/fmicb.2021.773211
https://doi.org/10.1016/S1473-3099(23)00740-5
https://www.who.int/news-room/feature-stories/detail/the-history-of-zika-virus
https://www.who.int/news-room/fact-sheets/detail/west-nile-virus
https://www.who.int/publications/m/item/strengthening-the-global-architecture-for-health-emergency-prevention--preparedness--response-and-resilience
https://www.who.int/publications/m/item/strengthening-the-global-architecture-for-health-emergency-prevention--preparedness--response-and-resilience
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON545
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON545
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON510
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON510
https://www.who.int/publications/m/item/global-strategic-preparedness--readiness-and-response-plan-for-dengue-and-other-aedes-borne-arboviruses
https://www.who.int/publications/m/item/global-strategic-preparedness--readiness-and-response-plan-for-dengue-and-other-aedes-borne-arboviruses
https://www.who.int/news-room/fact-sheets/detail/oropouche-virus-disease
https://www.who.int/news-room/fact-sheets/detail/oropouche-virus-disease
https://www.who.int/news-room/fact-sheets/detail/crimean-congo-haemorrhagic-fever
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1


World Organisation for Animal Health. Equine encephalomyelitis (Eastern). 

https://www.woah.org/en/disease/equine-encephalomyelitis-eastern/

Acknowledgements

The authors acknowledge the support of Stephen Anderson, Research and Learning Librarian at James Cook

University, Australia, for his contributions and assistance with the literature search strategy for this scoping

review.

protocols.io | https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1 January 23, 2026 18/18

https://www.woah.org/en/disease/equine-encephalomyelitis-eastern
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.8epv55rx4v1b/v1

