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Abstract: Medical and Veterinary Entomology are pillars of One Health studies, since many dis-
eases that affect animals and humans are vector-borne diseases, e.g., malaria, dengue fever, lym-
phatic filariasis, Chagas disease, onchocerciasis, leishmaniasis, chikungunya, Zika, yellow fever,
Japanese encephalitis, and schistosomiasis. Epidemics and outbreaks of these diseases may become
more frequent due to climatic and landscape changes and effects of globalization, increasing the
exposure of humans and animals to arthropod vectors. Moreover, climate and environmental
changes can affect the geographical distribution patterns of vectors and the diseases they transmit,
causing continuous outbreaks worldwide. In this mini review, we highlight arthropods with med-
ical and veterinary relevance, some key factorsin pathogen transmission, and ecological importance
of insects. We also evaluated an Al tool for literature research on Medical Entomology and One
Health. We found that mosquitoes and ticks predominate in the papers, and the effects of deforesta-
tion and urbanization, of extreme temperature and rainfall indices on these organisms must be con-
sidered in the planning for preparedness, capacity-building, and risk assessment of disease trans-
mission, contributing to strengthening the One Health strategy.
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Resumo: A Entomologia Médica e Veterinaria sio pilares dos estudos em Satide Unica, uma vez
que muitas doengas que afetam animais e humanos sao aquelas transmitidas por vetores, como ma-
laria, dengue, filariose linfatica, doenc¢a de Chagas, oncocercose, leishmaniose, chikungunya, zika,
febre amarela, encefalite japonesa e esquistossomose. Asepidemias e surtos destas doengas podem
tornar-se mais frequentes devido as mudangas paisagisticas e climaticas e aos efeitos da globaliza-
¢ao, aumentando a exposi¢ao de seres humanos e animais aos vetores artropodes. Além disso, as
alteracdes climaticas e ambientais podem afetar os padrdes de distribui¢ao geografica dos vetores e
das doengas que transmitem, causando surtos continuos em varias regides do mundo. Nesta mini-
revisdo destacamos artropodes com relevancia médica e veterinaria, alguns fatores-chave na trans-
missao de patdgenos e importancia ecoldgica dos insetos. Uma ferramenta de IA foi testada para
pesquisa de literatura sobre Entomologia Médica e Satde Unica. Verificou-se que mosquitos e car-
rapatos predominam nos estudos, e os efeitos do desmatamento e da urbanizagao, dos indices ex-
tremos de temperatura e pluviosidade sobre esses organismos devem ser considerados no planeja-
mento da preparagao, capacitagdoeavaliacdoderisco de transmissao de doengas, contribuindo para
fortalecer a estratégia de Satide Unica.

Palavras-chave: Artrépodes, Doengas Transmitidas por Vetores, Ecologia de Vetores, Ecossistema
Amazodnico, Research Rabbit

1. One Health concept

The term “One Health” (One Health, Una Salud, Salud Unica, Une Santé) is defined
as “the collaborative effort of multiple disciplines — working locally, nationally and glob-
ally — to achieve optimal health for people, animals and the environment”. Disciplines
include Education, Biological Sciences, Medicine, Veterinary, Biomedicine, Anthropol-
ogy, Sociology, Nursing, Dentistry, Public Health, not restricted to these fields, and ex-
tending to environmentalists and various segments of civil society (Aguirre et al., 2016;
Carneiro et al., 2021; Pettan-Brewer et al., 2021).

To this day, there isno consensus as to where the term “One Health” originated, and
who proposed it, but historically, this term was preceded by the establishment of the con-
cept of “One Medicine”, at the end of the 19th century and beginning of the 20th century.
The German pathologist Rudolf Virchow carried out research on the helminth Trichinella
spiralisin the muscle tissue of pigs, and cysticercosis and tuberculosis in cattle. From his
studies, Virchow proposed the need to integrate human and animal medicine and created
the term “zoonosis”. Virchow's student, the Canadian William Osler, consolidated these
concepts and published studies on the relationship between animals and man, and com-
parative pathology, being credited with spreading the “One Medicine” concept, although
there is no evidence for this (Kahn et al., 2008; Zinsstag et al., 2011; Gyles, 2016).

The idea of a single health was already conceived in Antiquity, by the Egyptian civi-
lizations, the Babylonians, the Arabs, the Greeks and the Romans, in addition to the an-
cestral peoples of Latin America (Larsen, 2021; Pettan-Breweret al., 2021). In Brazil, there
are several research groups dedicated to the One Health approach, and this movement
was officially recognized in 2007, with the “One World, One Health” presentation by Dr.
William B. Karesh during the “One Health Symposium” event. In 2016, a management
committee was created, and the “One Health” network in Brazil was established in 2019,
(see https://onehealthbrasil.com), and presented its concepts, mission, vision, values and
strategic objectives (Pettan-Brewer et al., 2021).
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Currently, there are two main schools of thought in One Health, one focusing on
human-animal-plant-environment interfaces; and another focusing the system, including
human, animal, vegetation and environmental components (Laing et al., 2023).

2. Vector-Borne Diseases

Medical and Veterinary Entomology are pillars of One Health studies, since many
diseases that affect animals and humans are vector-borne diseases (VBDs) with great eco-
nomic and social impacts. The prevention and control of VBDs requires knowledge of the
basic biology of organisms — pathogens, hosts and vectors, in addition to the environment
and context in which they are located (Marcondes, 2017).

The main causal agents of VBDs are bacteria, protozoa, helminths and viruses. Ma-
laria, dengue fever, lymphatic filariasis, Chagas disease, onchocerciasis, leishmaniasis,
chikungunya, Zika, yellow fever, Japanese encephalitis and schistosomiasis are consid-
ered the diseases that have the most impact on human populations. Epidemics and out-
breaks of these diseases may become more frequent due to unplanned urbanization, land-
scape changes and globalization as the exposure of humans and animals to arthropod
vectors increases. Moreover, climate and environmental changes have affected the geo-
graphical distribution patterns of vectors and the diseases they transmit, causing contin-
uous outbreaks in various regions of the world (Figure 1) (WHO, 2017).
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Figure 1. Illustrative word «cloud for vector-borne diseases (VBDs). Source:
https://www.wordclouds.com/. Access: 03/24/2023.

3. Arthropods and Pathogen Transmission: Key Factors

Mosquito genera Aedes, Anopheles, and Culex are considered the main arthropods as-
sociated with VBDs, but pathogen transmission is also carried out by sandflies, biting
midges, black flies, kissing bugs (triatomines), ticks, fleas, flies, mites, lice and snails (Fig-
ure 2).
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Figure 2. Main arthropod groups associated with pathogen transmission that cause diseases in ani-
mals and humans. Source: Images by ECDC/Photographer, Fiocruz Images, Fiocruz Rondoénia, IOC
— Fiocruz, H. Navarro (2007), Gorayeb and Barros (2006).

The patterns and mechanisms relating to the emergence and re-emergence of infec-
tious diseases havebeen the focus of investigations, including the debate on the spatial
and temporal scales adopted in epidemiological studies. This is due to the nature of path-
ogenic systems (pathogen — vector — host + environment + interactions) and the factors
that determine the occurrence/frequency of their components, at different levels (Reisen,
2010).

The epidemiological triad composed by Pathogen, Vector and Host is dependent on
environmental and climatic conditions, and processes and changes of anthropogenic
origin, such as extreme droughts and floods, deforestation, globalization, urbanization,
migration, have resulted in new vector distribution configurations, and interfering with
the geographic distribution of the pathogen (Christofferson et al., 2020).

The emergence of leishmaniasis, transmitted by sandflies, has been attributed to sev-
eral factors, such as the insertion of new hosts and vector species, dissemination of infec-
tion in humans or animals in the domestic environment, human invasion or increased
contact with cycles zoonotic diseases, expansion of the distribution limits of natural res-
ervoirs (Ashford, 2000).

Ceratopogonids of the genus Culicoides have epidemiological importance because
they are vectors of Oropouche virus in addition to the filariae Mansonella ozzardi and M.
perstans (Beaty; Marquardt, 1996). These insects are also the main vectors of the Blue-
tongue virus, a disease that affects cattle, goats and wild ruminants. The emergence and
re-emergence of the disease in Europe, Australia and the southeast of the United States of
America hasbeen related to climate changes, mainly linked to storms, typhoons and hur-
ricanes which can favor wind-dispersed vectors (Maclachlan; Guthrie, 2010).

Currently, the emergence of Chagas disease in several locations previously disease-
free and the re-emergence in regions where control programs still exist draws attention,
highlighting some changesin the disease's transmission patterns. Recent disease globali-
zation resulted in thousands of cases in non-endemic countries as the United States of
America, Canada, Europe, Australia, and Japan. The geographical expansion of Chagas
disease has been explained by human migration triggered by political, health, environ-
mental, and economic crises in the endemic countries (Hotez et al.,2012;Sousaet al., 2024).
In Brazil, during the period 2000-2010, more than 1,000 acute cases were recorded in 138
outbreaks, mainly in the Brazilian Amazon region. Ingestion of contaminated drinks and
food was the main form of transmission (71% of cases) (Shikanai-Yasuda; Carvalho,2012).
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Mosquito-borne diseases, such as those caused by DENV and Plasmodium spp., have
dynamicsregulated by the interactionbetween climatic, environmental, social and behav-
ioral factors. The development cycle of mosquitoes is highly linked to favorable condi-
tions, such as the water availability for their early stages, and is usually impacted by the
amount of rainfall. At the same time, the characteristics of the landscape and land cover
play a crucial role in providing suitable habitats and essential elements for the survival of
adult mosquitoes, including breeding and resting sites in both wild and urban areas, and
the presence of vertebrate hosts as a blood source for female mosquitoes (Carlos et al.,
2019; Francisco et al., 2020).

4. Mosquitoes and Other Vectors in the Amazon Ecosystem

Despite the relevance of arthropods as pathogen vectors, these organisms have other
ecosystem roles, generally little known. Some species of mosquitoes, for example, act as
pollinators, predators and prey, contributing with services to the ecosystem, as compo-
nents of biodiversity (Figure 3) (Bhattacharya ef al., 2016).

Figure 3. Ecological importance of mosquitoes (Culicidae) based on Bhattacharya et al.,
(2016).

In order to illustrate species of mosquitoes that hold significant ecosystemic im-
portance, Aedes communis, Culex pipiens, Culiseta annulata, Culex tarsalis, Anopheles annu-
lipes, and Culiseta incidens have been found participating in pollination systems. Mosquito
larvae are an important food source for many vertebrates and invertebrates. One well-
known predator of immature mosquitoes is the fish species Gambusia affinis, also called
the "mosquito fish" (Bhattacharya et al., 2016; Kumawat et al., 2024).

Some genera of mosquitoes also have predator species, including Toxorhynchites, Ar-
migeres, Megarhinus, Eretmapodites, Lutzia, and Psorophora. Among these, Toxorhynchites is
the most widely recognized genus in both tropical and temperate regions (Bhattacharya
et al., 2016; Kumawat et al., 2024). These insects are commonly known as "elephant mos-
quitoes" or "mosquito eaters," and the females do not feed on blood, instead mainly feed-
ing on nectar sources. Due to the predatory habits of larvae, these organisms pose great
potential for biological control mainly those of public health concern, such as larvae of
Aedes aegypti, Aedes albopictus, and Culex quinquefasciatus (Sukupayo et al., 2024).
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Mosquitoes can also be used as bioindicators since some species have specific re-
quirements regarding the habitats and resources they exploit. In the southeastern Brazil,
Anopheles (Kerteszia) cruzii, Ochlerotatus (Ochlerotatus) scapularis, Haemagogus spp., and
some species of Mansoniini havebeen demonstrated asbioindicators to monitor the status
of forest degradation (Dorvillé, 1996). As components of global biodiversity, these dipter-
ans contribute around 3,618 known and valid species, listed on the “Mosquito Taxonomic
Inventory” website. The family comprises two subfamilies, Culicinae and Anophelinae,
and 113 genera (Harbach, 2024), and the current body of knowledge suggests that there
are still numerous species awaiting discovery, particularly in tropical forests (Foster;
Walker, 2019).

5. FIOCRUZ initiatives at the Brazilian Amazon

In the Brazilian Amazon, FIOCRUZ is engaged in various initiatives through several
research groups and Laboratories of Entomology at Fiocruz Rondonia and Fiocruz Ama-
zonas. These initiatives focus on studying the ecoepidemiology of vectors, pathogens, and
hosts, with a specific emphasis on mosquitoes, sandflies, biting midges, black flies, tria-
tomines, and ticks. The research groups are dedicated to the production, dissemination,
and sharing of knowledge concerning;: (i) biology of arthropod vectors and pathogens; (ii)
and the molecular interactions between them; (iii) identification of pathogens using mo-
lecular techniques; (iv) taxonomic and molecular identification of vectors and parasites;
(v) temporal and spatial distribution patterns; (vi) alternative tools for surveillance, pre-
vention and vector control, with an emphasis on Citizen Surveillance; (vii) animal health
and frontier surveillance. Furthermore, our mission encompasses the training of human
resources and the strengthening of entomological research in the northern Brazilian Am-
azon (see Figure 4), ultimately striving to support a One Health approach.

Vector Ecology
A 4

Biology and Behavior Collection
Sampling Techniques Replacement Diets Entomological
Traps Taxonomy - Identity
Attractant Use Distribution Patterns Laboratory
Digital Technologies Blood Sources Rearing and
Larval Habitats Colony

Surveillance and Control

\ 4

Pathogen Detection Citizen Surveillance
Molecular Techniques Disseminating Stations
Alternative Strategies Bait Stations

Xenosurveillance Social Mobilization

Science Dissemination and Popularization

Figure 4. Schematicrepresentation of the research focus and activities developed by the
Entomology Teams at Fiocruz Rondonia and Fiocruz Amazonas, Brazil.

5. Al as a tool to research Medical Entomology and One Health studies

The Research Rabbit (https://www.researchrabbit.ai) is a free online platform to
search and visualize literature reviews, create alerts for recent published papers, and col-
laborative works and used to conduct a mini review, based on thirty selected articles (Ta-
ble 1) from those suggested in the PubMed and Semantic Scholar databases from 2000 to
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2024, asa starting point for scientificliteratureresearch. “Medical Entomology” and “One
Health” were the keywords applied in the search.

The thirty articles were published between 2000 and 2024 and represented the main
subjects in the Medical Entomology and One Health research or reviews. Research Rabbit
also found 2,193 similar articles during the Al screening. An imagery resource produces
anetwork graphic, showing the connection between the 30 selected articles and a set of 50
similar articles (Figure 5).

Table 1. List of 30 articles manually selected (2000-2024) in Research Rabbit as a starting point for
searching of similar literature on Medical Entomology and One Health.

Authors

Year

Keywords*

DOI

Islam et al.
Laroche and Weeks

de la Fuente et al.

Cuthbert et al.

de Freitas Milagres ef

al.

Soghigian et al.

Walsh et al.

Johnson et al.

Walsh et al.

Walsh et al.

Eassa and Abd El-
Wahab

Pham et al.

Kurucz et al.

Yanget al.

Lippi et al.

Charles et al.

Islam et al.

Olsthoorn et al.

2024

2023

2023

2023

2023

2023

2023

2022

2022a

2022b

2022

2022

2022

2022

2021

2021

2021

2021

Ectoparasite, Helminth, protozoa, Com-
mensal rodents, Qatar, One Health.
Rickettsia, Bacteria, Vector-borne dis-
eases, Zoonotic pathogens.

Tick, Tick-Borne Diseases, Environment,
Surveillance, Epidemics, Vaccine.
Anthropogenic Activities, Biological In-
vasion, Biodiversity Homogenization,
Climate Change, Global Trade, Public
Health, Mosquitoes, Ticks.

One Health; Citizen Science; Environ-
ment; Epidemiology; Global Changes;
Sand Flies.

Phylogenomics, Host shift, Mosquitoes,
Mammals.

Japanese encephalitis, Vector-borne dis-
ease, Animal health, Wildlife-livestock
interface, Arbovirus, Disease ecology,
Landscape epidemiology.

Tick, Surveillance, Pathogens, Citizen
Science, Animal Health.

Japanese Encephalitis, Infection Ecol-
ogy, Landscape Epidemiology, Vector-
Borne Disease, Wildlife-Livestock-Hu-
man Interface.

Zoonosis, vector-borne disease, land-
scape epidemiology, wildlife-livestock—
human interface, Japanese encephalitis.
Egypt, Preparedness, Vector-borne dis-
eases.

Japanese Encephalitis Virus, Flavivirus,
Laboratory Diagnosis, Serology, Zoono-
sis.

FTA™ cards, Kunjin virus, Flaviviruses,
Mosquitoes, Saltwater Crocodile, Senti-
nel Chickens, Surveillance, Virus Isola-
tion.

Vector competence, Immune response,
Aedes aegypti, Ebinur Lake virus.
Geospatial, Maps, Prevalence Species
Distribution Modeling, Tick-Borne Dis-
eases.

Ticks, Tick-Borne Diseases, Central
America, Caribbean, One Health.
Rodents, Ectoparasites, Fleas, Lice,
Mites, Ticks, Middle East, Systematic
Review, Meta-Analysis.

Lyme borreliosis, Anaplasmosis, Hard
tick-borne relapsing fever, Tick-borne
diseases, One Health, Cross-sectional
study

10.1016/j.onehlt.2024.100708
10.1111/mve.12646

10.3390/pathogens12101258

10.1186/s13071-023-05887-x

10.1016/.pt.2023.06.008

10.1038/s41467-023-41764-y

10.1016/j.onehlt.2023.100566

10.3390/ijerph19105833

10.1111/tbed.14656

10.1093/ije/dyac050

10.4103/0972-9062.321759

10.1016/j.pathol.2022.07.001

10.3390/v14061342

10.1371/journal.pntd.0010642

10.1093/jme/tjab086

10.3390/pathogens10101273

10.3390/pathogens10020139

10.1186/s13071-021-04946-5
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Authors

Year

Keywords*

DOI

Stenseth, N. C.

Dente et al.

Mushi, V.

Yanget al.

Lippi et al.

Charles et al.

Islam et al.

Olsthoorn et al.

Stenseth, N. C.

Dente et al.

Mushi, V.

Jourdain et al.

Laroche et al.

Hansford et al.

Tulloch et al.

Escadafal et al.

2020

2020

2020

2022

2021

2021

2021

2021

2020

2020

2020

2019

2017

2017

2017

2016

Human plague, Hosts, Vectors, Environ-
ment, Diagnostic tools, Surveillance,
One Health.

Preparedness, Arboviruses, One Health,
Multisectoral Risk Assessment.
COVID-19, SARS-CoV-2, One health ap-
proach, Adoption and benefits.

Vector competence, Inmune response,
Aedes aegypti, Ebinur Lake virus.
Geospatial, Maps, Prevalence Species
Distribution Modeling, Tick-Borne Dis-
eases.

Ticks, Tick-Borne Diseases, Central
America, Caribbean, One Health.
Rodents, Ectoparasites, Fleas, Lice,
Mites, Ticks, Middle East, Systematic
Review, Meta-Analysis.

Lyme borreliosis, Anaplasmosis, Hard
tick-borne relapsing fever, Tick-borne
diseases, One Health, Cross-sectional
study.

Human plague, Hosts, Vectors, Environ-
ment, Diagnostic tools, Surveillance,
One Health.

Preparedness, Arboviruses, One Health,
Multisectoral Risk Assessment.
COVID-19, SARS-CoV-2, One health ap-
proach, Adoption and benefits.
Entomological Surveillance, Mediterra-
nean Area, Arboviruses, One Health
strategy.

Bedbugs, Fleas, Lice, Mosquitoes, Ticks.
Brown dog tick, Importation, Pet travel,
Rhipicephalus sanguineus, Risk, Ticks.
Companion Animals, Great Britain,
Electronic Health Records, One Health,
Surveillance, Ticks.

Medilabsecure, Laboratory Network,
Euro-Mediterranean Area, One Health,
Arboviruses, Zika Virus, Aedes Mos-
quito, Preparedness, Capacity-Building,

Risk Assessment.

10.1371/journal.pntd.0008251

10.1155/2020/4832360

10.1186/s41182-020-00257-0

10.1371/journal.pntd.0010642

10.1093/jme/tjab086

10.3390/pathogens10101273

10.3390/pathogens10020139

10.1186/s13071-021-04946-5

10.1371/journal.pntd.0008251

10.1155/2020/4832360

10.1186/s41182-020-00257-0

10.1371/journal.pntd.0007314

10.1093/cid/cix463

10.1136/vr.104061

10.1017/s0950268817000826

10.1186/s12889-016-3831-1
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Van den Hurk ef al. 2016  Aedes albopictus, Invasive mosquito, Ar-
bovirus transmission, Australia, Ecol- 10.1016/j.onehlt.2016.02.001
ogy, Control.
Braks et al. 2014 Disease Burden, Emerging Diseases,
One Health, Surveillance, Threat, Vec-  10.3389/fpubh.2014.00280
tor-Borne Diseases.
Powell and Tabachnick 2013  Aedes aegypti, History Biogeography,
10.1590/0074-0276130395
Domestication, Arboviruses.
Aultman et al. 2000  Arthropod Vectors, Experimental De-
sign, Risk Management, Benefits, Field 10.1126/science.288.5475.2321

Research.

* Keywords have been manually retrieved from article abstract or its title.

As seen in table 1, the articles deal predominantly with arthropods - ticks and mos-
quitoes mostly - and part of them describes the One Heath strategy for disease surveil-
lance and control. Global and regional changes in the environment (deforestation, urban-
ization, for example) and in the climatic/weather components (temperature, rainfall, hu-
midity, and seasonality), human and animal (wildlife, livestock, domestic) interactions,
anthropogenic activities, biological invasions, and global trade emerge as the main key
factors in studies on the transmission dynamics of arthropod-borne diseases (Table 1).
Mosquito and tick populations naturally respond to seasonal cycles of temperature and
rainfall, and their geographic distribution is linked to landscape characteristics, and such
changes could culminateinitsspatial redistribution and amplify the range of vector-borne
diseases (Souza and Weaver 2024).

Some articles dealing with non-vector transmitted diseases were included as a start-
ing point, as the One Health approach to other pathogens such as SARS-CoV-2, can be
useful in finding solutions and overcoming the challenges posed by VBDs. In this way,
the Research Rabbit tool proved to be effective in prospecting articles relevant to the re-
view of the subject, but without limiting the scientific horizons.

"
o
&

Figure 5. Network diagram showing the connection between the 30 selected articles and
50 similar articles screened by the Research Rabbit tool. Green circles depicted selected
articles after keyword search, and blue circles represent the related similar articles. Inside
the circles, the last name of main author and publication year. The larger the circle, the
greater the citation number.
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Therefore, the effects of deforestation and urbanization, of extreme temperature and
rainfall indices on these organisms must be anticipated in the planning for preparedness,
capacity-building, and riskassessment of disease transmission. When considering the One
Health context, these studies converge (Figure 5) by proposing vector monitoring and
control based on research networks, intersectoral integration, and citizen science, as well
as, the need for integration in the animal health, environment, and pest management,
community involvement, diffusion strategies, farming biosecurity, multiscale interven-
tions, transdisciplinary efforts, and adequacy of policies.
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