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Abstract

Climate change (CC) is increasingly recognised as a critical driver in the emergence and re-emergence of infectious
diseases. The relationship between CC and infectious diseases is complex and multifaceted, encompassing
changes in temperature, precipitation patterns, and extreme weather events. This study describes the role of CC

in the emergence and re-emergence of infectious diseases, emphasising zoonoses. It used a mixed methodology,
including an initial literature contextualisation and a bibliometric analysis, to identify key thematic research areas
related to CC and zoonotic diseases and show their connections. The research relied on the Scopus database for
the identification of relevant source literature and focused the search query on publications in English. VOSviewer
was used to discover clear thematic clusters that illustrate what research areas have been addressed in the
literature and how they are interlinked. In addition, the research selected and analysed twelve literature-supported
studies to investigate the relevance of the zoonoses involved in infectious disease emergence and re-emergence
linked to CC impacts. Many pathogens and their vectors, such as mosquitoes, ticks, and rodents, are sensitive to
temperature and moisture. CC can expand or shift the geographical distribution of these vectors, bringing diseases
to new areas. Warmer temperatures may allow mosquitoes that transmit diseases like malaria and dengue fever
to survive and reproduce in regions that were previously too cold. Also, extreme events such as floods, droughts,
and hurricanes can lead to immediate increases in waterborne and vector-borne diseases (VBD) by facilitating the
spread of pathogens. There is a need to better understand the connections between CC and zoonoses. To address
the challenges posed by zoonoses linked to CC, international organizations like the WHO should coordinate a
global response to provide clear guidance. Governments must integrate CC and zoonoses into national health
policies, ensuring that health frameworks address these interconnected risks. Funding should be allocated for
research on the root causes of CC and for strengthening defenses, particularly in developing countries with fragile
health systems. Additionally, enhanced communication, education, and training for healthcare professionals about
the links between CC and zoonoses are essential for raising awareness and promoting proactive measures.
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Climate change in the emergence and
re-emergence of infectious diseases

The current climate crisis significantly impacts all sys-
tems of our planet, including human and animal health
[25]. One of the main impacts of climate change (CC)
on public health is the influence on zoonotic diseases
that are transmitted from vertebral animals to humans
by parasites, viruses, and bacteria [25], and in particu-
lar on vector-borne diseases (VBD) transmission since a
warmer climate and changing rainfall patterns may create
more hospitable environments for climate-sensitive vec-
tors such as mosquitoes, sand-flies, and ticks [40]. Such
diseases are, for example, malaria, dengue, and West Nile
fever (transmitted by mosquitos), leishmaniasis (trans-
mitted by sand flies), and Lyme disease (transmitted by
ticks). Although the impacts of climate are complicated
by nonlinear feedbacks inherent in the dynamics of many
infections and variable among different vector/pathogen
combinations, climate is well known as a major environ-
mental driver influencing the epidemiology and transmis-
sion of zoonotic diseases from shorter (seasonal, annual)
to longer (decadal) time scales [41, 42]. There are also
signs that the autochthonous spread of some infectious
diseases may be facilitated by climatic changes increasing
ecological suitability (the availability of niches suitable for
vectors and pathogens) and vectorial capacity (the ability
of the vector to transmit the disease) in multiple settings
[16]. CC can disrupt the delicate balance between hosts
and pathogens. Temperature and rainfall patterns change
can impact animals’ life cycles, reproduction, and migra-
tion patterns, influencing their interactions with disease-
causing agents [29, 37, 13]. Ambient temperature plays
an important role in viral replication rates and pathogen
transmission by affecting the length of extrinsic incuba-
tion, the seasonal phenology of vector host populations
and the geographical variations in human case incidence
[40]. Such disruptions can lead to increased transmission
rates and the emergence of new infectious diseases, such
as the spread of malaria in West Africa. Transmission of
malaria was linked to changes in temperature, rainfall
patterns, humidity, and changes in land use [5, 13, 26].
Indeed, tropical species spread towards the poles, and
species are established in higher elevations due to rising
temperatures. These processes include spreading dis-
ease vectors to new, including non-endemic, areas due to
improved (warmer) habitat suitability [6].

CC exacerbates environmental degradation, including
deforestation, habitat loss, and land-use changes [30].
These factors drive animals and humans closer together,
creating opportunities for zoonotic spillover. When
wildlife populations come into contact with human

settlements due to the shrinkage of natural habitats, this
proximity can facilitate the spread of infectious patho-
gens such as coronavirus disease (COVID-19), severe
acute respiratory syndrome (SARS), Ebola, and Lassa dis-
eases that can arise when humans invade previously unaf-
fected ecosystems [27]. Notably, CC disproportionately
affects vulnerable populations, amplifying their suscep-
tibility to infectious diseases; disadvantaged communi-
ties, particularly those in low-income countries, may lack
access to adequate healthcare, clean water, and sanitation
infrastructure, making them more susceptible to infec-
tion [9]. Those in refugee camps are at very high risk of
outbreaks due to high population density, poor sanita-
tion, and inadequate access to health and social services
[42]. In regions where CC impacts agriculture and food
security, malnutrition weakens immune systems, increas-
ing the risk of disease transmission [19]. In synthesis,
zoonotic infectious diseases significantly affect vast sys-
tems beyond public health, including human security,
wildlife trade, and tourism [23, 46, 49].

Set against this background, the current study departs
from the following research question: To what extent
does climate change contribute to the emergence of
zoonoses? Consistent with this research question, the
study aims to review how climatic changes influence the
emergence and re-emergence of infectious diseases based
on focused literature research and a bibliometric analy-
sis from zoonoses. This study is structured as follows.
Further to this introduction, Sect. “Methods” details the
methods used, Sect. "Bibliometric analysis methods"
presents and analyses the results, and Sect. "Literature-
supported studies approach" presents some conclusions,
drawing together the main lessons from the study. It also
highlights specific measures that can be implemented
to encourage action in addressing a globally significant
issue.

Methods

The current study used a mixed methodology, including
an initial literature contextualisation and a bibliometric
analysis, to identify key thematic research areas related
to CC and zoonotic diseases and show their links. A set
of tables was compiled, containing a list of literature with
studies on zoonotic diseases and the links between CC
and some of the zoonoses, including their incidences,
allowing the connection between both topics to be bet-
ter perceived. The current study sourced data from
the Scopus database with the intention of focusing the
search query on publications in English. The choice for
Scopus was informed by the fact that this database pro-
vides a wide range of peer-reviewed studies and caters
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for prompt retrieval of the essential details of each pub-
lication. Based on the information collected on the topic
under study, we selected twelve literature-supported
studies that help illustrate the relevance of the zoonoses
involved in infectious disease emergence and re-emer-
gence linked to CC impacts.

Figure 1 illustrates the methodology used in this study.

Bibliometric analysis methods

Most definitions of bibliometrics are considered to be too
broad [4, 33]. introduced the bibliometric concept and
much has been written about it since then. It mainly deals
with the links between the volume (number of scientific
publications and citations) of scientific data on a specific
topic and the statistics around it [33] became the first one
to coin a definition of bibliometrics (“the application of
mathematical and statistical methods to books and other
media of communication”; p. 348), a vague concept that
evolved considerably in the days since, including via work
of [11], who defined bibliometrics as “the search for sys-
tematic patterns in comprehensive bodies of literature”
(p. 40). A bibliometric analysis is in fact a method that
helps map the research landscape and highlight key the-
matic areas of research fields. It allows the analysis of
large volumes of academic research that may be challeng-
ing to address using other literature review methods such
as systematic reviews and meta-analyses. Among differ-
ent bibliometric analysis techniques, we used the term
co-occurrence analysis offered by VOSviewer, a widely
used bibliometric analysis software [53]. Various tools,
such as CiteSpace and SciMAT, have been used in the
literature [52, 53]. We used VOSviewer because its term
co-occurrence analysis outputs are user-friendly and
readily interpretable. The outputs provide clear thematic
clusters that help to understand what research areas have
been addressed in the literature and how they are inter-
linked. The data for analysis in VOSviewer was obtained
from Scopus, a database indexing academic research,
which has a broader coverage of peer-reviewed schol-
arly research than other sources. We used the following
broad-based search string to retrieve relevant publica-
tions for inclusion in the study:
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(“Climate change*” or “climatic change*” or “global
warming*”) AND (zoono *)

Searching for titles, abstracts, and keywords for publica-
tions indexed in Scopus on March 3, 2024, found 1495
articles. After excluding articles not written in English
and removing documents not explicitly focused on CC
and zoonotics, 1340 articles remained in the database.
We downloaded the bibliographic data of these articles
and used it for term co-occurrence analysis. Before the
final term co-occurrence analysis, we also developed a
thesaurus file. We added it to the software to ensure that
synonymous terms were not counted separately (e.g., cli-
mate change and climatic change). The co-occurrence
analysis resulted in a graph network of nodes and links,
where nodes represent key terms and links, showing how
they are interlinked. The node size is proportional to the
frequency of terms, and the width of the links is propor-
tional to the degree of strength of connections between
terms. Terms closely linked to each other form research
clusters shown in unique colours, which we discuss in the
results section.

Literature-supported studies approach

The authors selected a set of twelve literature-supported
studies using three main criteria. The first was the rele-
vance of the studies. The second was the need to cater for
a wide geographical distribution. The third criterion was
covering various challenges and concerns to complement
the bibliometrics. Whereas many other studies could
have been used, the chosen ones fit well with the purpose
and scope of this study.

Results and discussion

Bibliometrics

Figure 2 shows the results of the bibliometric analysis.
We identified four major thematic clusters in distinct
colours (green, red, blue, and yellow). The green clus-
ter focuses on human activities, population growth, and
urbanisation. The red cluster focuses on nonhuman fac-
tors and epidemiology. The blue and yellow clusters are
mainly related to environmental risk factors and infection

*Data collection via
Scopus

sLiterature
contextualization

Fig. 1 Methodological steps followed in the study (source: authors)
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Fig. 2 The output of the bibliometric analysis

control. The four clusters are closely interlinked, indicat-
ing that factors that determine the impacts of CC on the
emergence and spread of zoonotic diseases interact with
each other [31]. Each of these clusters is briefly explained
in the remainder of this section.

The green cluster is dominant, as indicated by fre-
quently co-occurring terms such as ‘climate change,
‘human activities, ‘zoonoses, and ‘public health! These
are highly central terms in the network and strongly
connected to terms in other networks. The strong con-
nections between these terms show that issues related to
the impact of CC and human activities on the emergence
and spread of zoonotic diseases are widely explored in
the literature [31]. Terms such as urbanisation and pop-
ulation growth are central in the green cluster. Rapid
population growth and urbanisation are widely recog-
nised as key drivers of CC [28]. Unregulated urbanisation
and sprawl have resulted in deforestation and increased
encroachment on natural ecosystems [35], which sup-
ports increased exposure to vectors and wildlife hosts of

zoonotic diseases, resulting in the emergence of infec-
tious diseases. Urbanisation and CC significantly impact
the emergence and spread of zoonotic diseases [20].
Urbanisation disrupts natural habitats, bringing wild
animals that host zoonotic pathogens closer to human
populations, thus increasing the likelihood of spillover
events and disease transmission [18, 20]. Further, defor-
estation and converting natural land for agricultural
purposes may also increase the risk of disease transmis-
sion as livestock exposure to pathogens can amplify the
transmission of infection to humans. In addition, urban-
isation often leads to crowded living conditions, inad-
equate sanitation, and limited access to healthcare; these
factors can exacerbate the spread of diseases. CC further
complicates the situation by altering the distribution and
abundance of disease vectors and hosts (e.g., CC has the
potential to increase the geographic distribution and
abundance of mosquitoes that transmit malaria) as well
as the timing and intensity of disease outbreaks [18, 43].
Zoonotic diseases such as Dengue, Chikungunya, Ebola,
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Leptospirosis, Helminthiases, Lyme disease, and Zika
thrive under these conditions, posing significant threats
to public health, particularly among vulnerable popu-
lations [18, 35]. Addressing these complex challenges
requires a holistic, interdisciplinary approach that con-
siders ecological, social, and economic factors to prevent
and control zoonotic disease spread effectively. Adopt-
ing a One Health perspective that considers the links
between human, animal, and environmental health is
crucial for preventing and controlling zoonotic diseases
[18, 35].

The red cluster includes various influential terms
from multiple fields of knowledge related to nonhuman
factors. CC impacts the movement, distribution, behav-
iour, and number of nonhuman elements involved in the
spread of zoonotic diseases [35]. For instance, ticks carry
Lyme disease, babesiosis, and anaplasmosis, and their
movements are influenced by temperature and humid-
ity. Rising temperatures are causing ticks to spread into
new areas, increasing the likelihood of disease transmis-
sion to humans and domestic animals like dogs. Dogs can
be sources of zoonotic diseases such as leishmaniasis and
Leptospirosis, which may be affected by climate-related
conditions like flooding or urbanisation. Understanding
how CC affects these factors is essential for predicting
and preventing future outbreaks that could affect human
and animal health [35]. The same cluster also identi-
fies other key terms related to nonhuman factors. These
issues are well-documented in the literature and can have
a considerable cumulative impact on zoonotic disease
propensity as they interact with each other and the influ-
ence of CC. Various scientific fields are thus interlinked
to human health via CC, including veterinary science,
genetics, microbiology, and phylogeny [56, 57]. Vet-
erinary science is connected to CC through the chang-
ing distribution and prevalence of infectious diseases in
animals, changing habitats and food sources for wildlife,
and changes in the health and productivity of livestock,
among others (Bezerra-Santos et al., 2023). Likewise,
research on genetics plays a vital role in informing
human understanding of the evolving genetic makeup
of pathogens and their hosts. Genetics is linked to CC
through changing environmental conditions and species’
associated evolving adaptation capacity and resilience.
Areas of research interest include genomic sequencing of
zoonotic pathogens, predicting potential mutations, and
tracking disease transmission [55]. Relatedly, research on
phylogenetics investigates the evolutionary relationships
between different species and their genetic divergence
over time. Literature in this area identifies the origins and
transmission dynamics of zoonotic diseases, including
how climate-induced changes in ecosystems may impact
the phylogenetic relationships of pathogens and their
hosts [14, 58]. The literature also notes microbiology
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interacting with CC and influencing the evolution of
microorganisms, including zoonotic pathogens. Micro-
organisms are crucial in mediating greenhouse gas emis-
sions through sequestration and influencing the overall
balance of atmospheric gases [59]. Significantly, CC and
other human environmental changes may produce shifts
in microbial communities, which may have cascad-
ing effects on ecosystems, agricultural productivity, and
human health [60]. This cluster thus identifies a range of
interrelated nonhuman factors that interact with CC and
may have a considerable cumulative impact on human
health through evolving zoonotic disease propensity.
Therefore, climate science is raised as an essential inter-
disciplinary undertaking for understanding interlinked
environmental and nonhuman factors that influence the
distribution and prevalence of zoonotic diseases [14, 56,
571].

The blue cluster focuses on environmental factors that
pose a risk. Changes in climate and seasonal patterns
can impact these factors, potentially increasing the like-
lihood of zoonotic diseases spreading. For instance, CC
can potentially modify the habitats and behaviours of
disease-carrying vectors and reservoirs like sandflies and
rodents, leading to an expansion in their population size
and geographical range [14]. Seasonal variations can also
impact the population and behaviour of these species and
people’s exposure to them [24]. Two examples of zoo-
notic diseases influenced by CC and seasonal variations
are leishmaniasis and Leptospirosis. Protozoan parasites
carried by sandflies cause leishmaniasis, and their preva-
lence and distribution are influenced by temperature,
rainfall, humidity, and vegetation [8, 43]. Leptospirosis is
brought about by bacteria spread by rodents or polluted
water, and its frequency and seriousness are affected by
flooding, urban development, and land utilisation [35].
Thus, it is crucial to monitor and predict the impact of
CC and seasonal variations on these environmental risk
factors to prevent and manage zoonotic diseases.

Finally, there is a small yellow cluster focused on dis-
ease surveillance, infection control, and vaccination,
which are essential strategies for preventing and manag-
ing these illnesses while safeguarding human and animal
well-being. Surveillance involves gathering, analysing,
and sharing data on the occurrence and distribution
of zoonotic diseases to identify outbreaks, risk factors,
and intervention effectiveness [39, 44]. Infection control
complements surveillance by reducing disease transmis-
sion through isolation, quarantine, disinfection mea-
sures, personal protective equipment use, and biosecurity
practices [39, 44]. Additionally, vaccination is crucial for
building immunity against zoonotic diseases to protect
both humans and animals while minimising pathogen
reservoirs [32]. Integrated implementation of these strat-
egies also necessitates a comprehensive approach that
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aligns efforts in areas of human, animal, and environ-
mental health [39].

Figure 3 schematises the interrelated factors contribut-
ing to evolving zoonotic disease propensity framed by a
One Health perspective, which the quadripartite World
Health Organization (WHO)- World Organisation for
Animal Health (WOAH)- Food and Agriculture Organi-
zation (FAO)- United Nations Environment Programme
(UNEP) defines as an integrated, unifying approach that
aims to sustainably balance and optimise the health of
people, animals, and ecosystems. It recognises that the
health of humans, domestic and wild animals, plants, and
the wider environment (including ecosystems) are closely
linked and interdependent. The approach mobilises mul-
tiple sectors, disciplines and communities at varying lev-
els of society to work together to foster well-being and
tackle threats to health and ecosystems while addressing
the collective need for clean water, energy and air, safe
and nutritious food, taking action on CC, and contribut-
ing to sustainable development [48].

Literature-supported studies
CC has increasingly been linked to the emergence of
zoonoses [25], with studies indicating that CC alters
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pathogen distribution [22]. As zoonotic infections are
expected to rise [2, 5], there is an urgent need for effec-
tive monitoring systems [51]. A few years before the
onset of the COVID-19 pandemic, UNEP warned that
the global spread of zoonotic diseases could pose a sig-
nificant health risk. Environmental changes and ecologi-
cal disturbances—such as agricultural intensification and
encroachments into forests—are often associated with
the emergence of zoonoses. These linkages can be oppor-
tunistic, as hosts are frequently stressed by environmen-
tal, social, or economic factors. CC has accelerated the
spread of zoonotic diseases worldwide [61].

12 illustrative studies, presented in Table 1, were
reviewed, highlighting the connections between zoo-
noses and CC, as well as their contributions to the rise
in infectious diseases. Monitoring the evolution of zoo-
noses linked to increasing zoonotic infections and new
pathogens due to rising global temperatures is crucial
for helping healthcare providers recognize and address
these threats. For instance [22], used data from Fin-
land’s National Infectious Disease Register to showcase
comprehensive reporting of all laboratory-confirmed
infections. Additionally [17], examined 46 studies from
Europe, North America, Asia, and Africa regarding ticks

Interdisciplinary prevention ,«%

h S

Urbanisation

Red cluster

D ~—a

* Non-human factors
* Epidemiology
* Genetics

e,
",

|043U0D UOoI3Idu|

s433snpd d13ewWay |

&)

uoljeysalolaq

Guu»
X0

A e

Integrated approaches ggﬁé &z K @

Fig. 3 Schematic representation of interrelated factors contributing to evolving zoonotic disease propensity framed by a One Health perspective.

(source: authors)



Leal Filho et al. One Health Outlook (2025) 7:12 Page 7 of 12
Table 1 Literature-supported studies on zoonoses connected to climate change worldwide
Study Zoonose pathogen Incidence and Evidence Reference(s)

/disease and scope

1 Borrelia burgdorferi
Puumala virus
Francisella tularensis
Tick-borne encephalitis (TBE)
(Nationwide Children, Finland)

2 Borrelia burgdorferi
(46 countries in 4 continents: Europe, North
America, Asia, and Africa)
Review

3 Zoonotic cutaneous leishmaniasis (ZCL) caused
by Phlebotomine sand flies (Iran)

11.2 per 100,000 person-years (increasing trend and expansion 1996-2019)  [22]
6.4 per 100,000 person-years (stable)

2.5 per 100,000 person-years (cyclic change)

0.4 per 100,000 person-years (increasing trend and expansion 1996-2019)

Lyme disease caused by Borrelia burgdorferi is expected to increase by [17]
about 20% in the next 1 or 2 decades in the USA alone
(increasing distribution of tick-associated Borrelia burgdorferi)

17-47 cases per 100,000 population (1983-2012) and 7]
15.8 cases per 100,000 population (2019)

(increasing distribution in the central, southern and eastern parts of Iran)

4 Zoonotic Babesia, vectored by Ixodes ticks Increasing incidence of babesiosis over time, mainly in the USA [50]
(Global)
Review

5 Ticks transmit multiple bacterial, parasitic,and  Tick-borne diseases have been significantly increasing and extending to [34]
viral diseases (Latin America) new territories.
Review

6 Zoonotic multi-host, multi parasite Increasing evidence of hybridisations and introgressions between co- [3]
system (West Africa) infecting parasite species is becoming more common.

7 Arthropods and rodents transmitting zoonotic  Incidence rates related to the density of rodents reveal potential. Increase  [15]
diseases (China) in the incidence of climate-sensitive diseases.

8 H5NT and H7N9 subtypes of influenza A trans-  Climatic variables being associated with seasonal variation in the incidence [12]
mitting zoonotic influenza (Vietham) of avian influenza outbreaks in the North.

9 Lassa fever 100,000-300,000 infections per annum, with circa 5,000 deaths [62]

10 Leptospirosis Roughly 1 million annual cases [63]

1 Brucella spp., causing Brucellosis (Kenya, Yemen, An evidence-based conservative estimate of the annual global incidence is  [64, 65]

Syria, Greece, Eritrea)

2.1 million, significantly higher than was previously assumed.

47.26 per 100,000 inhabitants in Syria (2017), 42.96 per 100,000 inhabitants
in Greece (2015) and 21.82 per 100,000 inhabitants in Eritrea (2017).

12 Rabies (worldwide)

Globally, 59,000 people are predicted to die each year from Rabies caused  [66]

by dogs, resulting in a loss of 3.7 million DALYs. The central portion of
deaths (59.6%) are reported in Asia and the African continent (36.4%).

collected from various sources. Their research highlights
the expanding range of Borrelia burgdorferi, likely due
to accelerated tick population growth in response to CC
and tick dispersal via migratory birds. The study empha-
sizes that understanding transmission channels is essen-
tial to mitigating CC’s impact on tick life cycles. Similarly
[7], aimed to predict CC scenarios in Iran by analyzing
the ecological niches for vectors and reservoirs of zoo-
notic cutaneous leishmaniasis (ZCL). Their predictive
climate adequacy maps indicate that the risk of infec-
tion will increase in central, southern, and eastern Iran,
underscoring the importance of monitoring this critical
disease, which is present in 18 out of 31 provinces. More
than 80% of cases of cutaneous leishmaniasis in Iran are
caused by Phlebotomine sand flies, encompassing around
50 species. Leishmaniasis is on the rise in many coun-
tries, particularly in Iran, driven by CC and shifts in life-
style patterns [1]. According to [50], zoonotic Babesia—a
significant threat to blood supplies in the United States
of America (USA)— is vectored by Ixodes ticks, particu-
larly Ixodes scapularis, which also transmits pathogens

responsible for Lyme disease and other illnesses. Their
scoping review revealed a lack of predictive models
assessing the impact of CC on Babesia species, highlight-
ing the need for increased scientific investment in this
area. The authors noted that most incidence cases were
reported in the USA, possibly due to the underrepresen-
tation of non-English or non-French articles. The studies
reviewed indicate that the frequency of tick-borne dis-
eases has risen and expanded into new territories, driven
by land use patterns and CC [25, 34]. However, specific
regions, such as Latin America, lack sufficient studies on
these topics, even though pathogens reported in other
areas have not yet been adequately addressed there. This
gap is compounded by a lack of expertise and funding to
confront the scientific and financial challenges related to
these studies [34].

Regarding zoonotic hybrid systems, Table 2 sum-
marises some aspects highlighted concerning CC emer-
gence and the role played by zoonoses in a set of selected
studies in different regions of the world.
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Table 2 Highlights in specific literature-supported studies on zoonoses and climate change emergence
Study Literature-supported Studies  Challenges Concerns Refer-
ences
1 Epidemiology of Zoonotic Infec-  Recognise zoonotic infections in practice. Zoonosis linking to hospitalisation and [22]
tions in Finland mortality.
2 Borrelia burgdorferi emergence Compiling tick species responsible for trans-  Monitoring overwhelming effects on human [171
ticls worldwide mitting the zoonotic vector across the globe.  and animal health and well-being.
3 [ran zoonotic cutaneous leish- Prioritising areas where the vector and Refines and updated future dissemination 7
maniasis (ZCL) reservoir(s) of ZCL have yet to be reported. models.
4 Zoonotic Babesia global evidence  Knowledge gaps will be used to inform future Required epidemiology and surveillance work,  [50]
health policy and decision-making. tracking the possible spread of Babesia into
previously unaffected areas, as predictive
models investigating the impact of CC on
Babesia species.
5 Epidemiology of zoonotic tick- Molecular and epidemiological studies in Scientific and financial restrictions to further [34]
borne diseases in Latin America  specific parts of the world. studies investigating tick-borne diseases.
6 Zoonotic hybrid schistosomiasis ~ Expanding and adapting existing math- Exploring model frameworks to use molecular  [3]
in west Africa ematical model frameworks for schistosome  and epidemiological data.
transmission to zoonotic hybrid systems.
7 China’s Capacity to Manage Increasing changes hamper China's capacity ~ Optimising successful disease control and [15]
Emerging and Re-emerging to manage zoonotic diseases in movement,  prevention practices.
Zoonotic Diseases urbanisation, and climate.
8 Economic factors influencing The importance of anthropogenic factorsis ~ Focus on the economic factors in the transmis-  [12]

zoonotic diseases dynamics to be fully considered.

sion of zoonotic diseases.

The examples discussed in both Tables 1 and 2 (focus-
ing on the challenges and concerns identified in litera-
ture-supported studies 1-8 from Table 1) illustrate the
necessity of investing in existing mathematical frame-
works to adapt to zoonotic hybrid systems. These frame-
works aim to tackle the challenges posed by the complex,
dynamic interactions within multihost, multiparasite
systems. For instance, studies of the Schistosoma spp.
haematobium group in West Africa reveal how climate
and habitat changes have increased opportunities for
hybridization and the emergence of more virulent strains
[3], further impacting both the environment and human
health [15]. examined zoonotic diseases transmitted by
arthropods and rodents, which remain significant pub-
lic health concerns in China, where infectious diseases
continue to be a major issue. They predict that climate-
sensitive diseases will resurge, driven by globalization,
urbanization, and a warming climate, underscoring the
need for health professionals to be prepared to iden-
tify emerging and re-emerging trends. Climate factors
are associated with the temporal dynamics of zoonotic
influenza viruses transmitted from domestic animals to
humans. Using a stochastic compartmental model [12],
emphasized the role of economic factors in influencing
the changing trends of avian influenza outbreaks in Viet-
nam, concluding that anthropogenic factors must be con-
sidered when assessing disease epidemiology to enhance
surveillance and control interventions. In the context of
Lassa Fever, predictions suggest that increasing precipita-
tion and agricultural development across western Africa
may extend suitable habitats for reservoir hosts. Similarly,

anticipated changes in seasonal precipitation may affect
reservoir host population cycles and seasonal variations
in human risk. On another note, evidence indicates that
Leptospirosis—one of the leading zoonotic causes of pul-
monary hemorrhage worldwide—has seen increases in
morbidity and mortality, predominantly in impoverished
rural and urban communities that are highly susceptible
to rodent-contaminated environments [35].

The connections between CC and infectious diseases,
particularly zoonoses, are evident. The complex inter-
play of ecological disruptions, altered host-pathogen
interactions, environmental degradation, and changing
transmission dynamics underscores the need for compre-
hensive strategies to address these challenges [38]. Miti-
gating CC, protecting biodiversity, improving healthcare
infrastructure, and promoting sustainable practices are
essential for reducing the emergence and re-emergence
of infectious diseases in the face of a changing climate [9,
10, 16, 38, 45]. By acknowledging and addressing these
connections, we can better protect both human and ani-
mal health in a world affected by CC.

Conclusions

This review study explores the complex relationship
between CC and zoonotic diseases, revealing relevant
trends. As the planet warms, conditions generally become
more favorable for the spread of diseases that originate in
animals and are transmitted to humans. This connection
underscores the role of CC in the emergence of zoonoses,
which is the central research question addressed by this
study. It also highlights the urgent need to tackle CC as
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both an environmental issue and a critical public health
concern, for several important reasons. Firstly, CC accel-
erates the emergence and spread of zoonotic diseases by
altering ecosystems and affecting the behavior of vectors,
hosts, and pathogens. Variations in temperature, precipi-
tation patterns, and the frequency of extreme weather
events disrupt natural habitats, leading to shifts in bio-
diversity and causing species to migrate to new regions.
These movements increase interactions between wild-
life, domestic animals, and humans, thereby heighten-
ing the risk of zoonotic transmission. For instance, the
spread of mosquito-borne diseases like Zika and West
Nile virus has been directly linked to changing climatic
conditions, with warmer temperatures and altered rain-
fall patterns providing ideal breeding environments for
disease vectors such as mosquitoes. Secondly, the effects
of CC on human health are multifaceted, impacting not
only physical health but also placing significant strain
on public health systems, economies, and social struc-
tures. Rising temperatures can exacerbate the incidence
of heat-related illnesses, while altered disease dynamics
force health systems to adapt to new challenges, often
overwhelming resources in affected regions. Economic
disruptions from reduced agricultural productivity and
increased healthcare costs further compound these chal-
lenges, creating a ripple effect that threatens societal
stability. Thirdly, vulnerable populations, particularly
in low-income countries, are disproportionately at risk.
These populations often have the least capacity to adapt
to the environmental changes brought on by CC and lack
the infrastructure needed to effectively respond to zoo-
notic outbreaks. Limited access to healthcare, inadequate
public health resources, and dependence on climate-
sensitive livelihoods make these communities especially
susceptible to both the direct and indirect impacts of cli-
mate-related zoonotic diseases.

A comprehensive approach is essential to mitigate these
risks and safeguard global health. This approach should
include enhancing surveillance and monitoring of zoo-
notic diseases, investing in research to better understand
the complex relationship between CC and disease trans-
mission, and implementing policies to reduce greenhouse
gas emissions and limit global warming. Additionally,
strategies aimed at preserving biodiversity and protecting
natural habitats can help decrease the likelihood of zoo-
notic spillover events. Furthermore, public health mea-
sures must be integrated with climate adaptation efforts
to ensure communities are resilient to the effects of both
CC and zoonotic diseases. This includes strengthening
health infrastructure, developing early warning systems
for disease outbreaks, and promoting global cooperation
to share knowledge, resources, and best practices.

This study has limitations. First, the bibliometric anal-
ysis was conducted to identify key thematic research
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areas related to CC and zoonotic diseases and to high-
light their connections. However, the search strings used
focused primarily on direct links between CC and zoo-
noses, without considering the broader socio-economic
factors that may also influence these relationships. This
narrowed scope could limit the understanding of how
socio-economic variables, such as poverty, urbaniza-
tion, and access to healthcare, contribute to the dynamics
between CC and zoonotic disease spread. Another limi-
tation is that only twelve illustrative studies from the lit-
erature were selected to demonstrate how CC influences
the emergence and re-emergence of zoonotic diseases,
contributing to the increase in infectious diseases. While
these studies provide valuable insights, the small sample
size may not fully capture the diversity of research in this
rapidly evolving field, potentially omitting other critical
findings.

Despite these limitations, this study makes a valuable
contribution to the growing body of literature on CC and
zoonotic diseases. It underscores the pressing need to
address the intersection of these two factors, which pose
an increasingly significant threat to global public health.
By reiterating the importance of understanding the com-
plex dynamics at play, the study calls attention to the
clear and present danger that CC and zoonotic diseases
together present to human health worldwide, and high-
lights the urgency of integrated approaches in research
and polic.

Based on the research conducted in this study, several
recommendations emerge that could guide the develop-
ment of measures to prevent or minimize the emergence
and re-emergence of zoonoses in the context of CC:

i. An immediate and coordinated response to the
escalating challenges posed by zoonoses linked to CC
should be initiated by international organizations,
such as the World Health Organization (WHO), to
provide clear guidance on the necessary actions at
the global level. Such coordination is vital to ensuring
a unified global strategy that can effectively address
the rising threat of zoonotic diseases exacerbated by
CC.

ii. The integration of climate change and zoonoses
into national health policies and climate policies
is crucial. Governments must recognize the
interconnectedness of these issues and ensure that
their health frameworks account for the growing
risks posed by climate-related zoonotic diseases.
This could involve creating policies that promote
surveillance, preparedness, and public health
responses that consider the climate-disease nexus.

iii. Specific funding allocations should be made
for research addressing the root causes of CC and
for initiatives that strengthen our defenses against
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the health threats it intensifies. In particular,
attention must be given to the needs of developing
countries, where health systems are often fragile
and ill-equipped to handle the additional pressures
of climate-related zoonoses. Adequate financial
support is critical for improving resilience in these
regions, enabling better preparedness and response
mechanisms.

iv. Increased emphasis on communication,
education, and training regarding CC and
zoonoses is essential, especially for healthcare
professionals. Raising awareness of the connections
between CC and the emergence of zoonotic diseases
will not only help prepare medical personnel for
the challenges ahead but also draw broader public
attention to the issue. Educational programs and
training initiatives can foster a deeper understanding
of how climate shifts contribute to the spread of
these diseases, encouraging more proactive measures
at both local and global levels.

By recognizing the deep interconnections between the
health of our planet, ecosystems, CC, and human soci-
eties, we can pave the way toward a more sustainable
future. This holistic understanding enables us to take
proactive measures that not only address the immediate
threats of zoonotic diseases and environmental degrada-
tion but also promote the long-term well-being of both
current and future generations. Protecting the integrity
of natural ecosystems, mitigating CC, and strengthening
global health systems are all crucial steps toward ensur-
ing a resilient and healthy planet for al.
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