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The impact of climate change is accelerating around the world, with effects ranging from increased global 
temperatures to changes in rainfall and drought patterns. For zoonotic diseases, there is an intrinsic link between the 
environment and incidence, with more extreme weather events leading to changes in vector behavior, changing 
epidemic dynamics over time. Within Türkiye, temperatures are predicted to increase by 5–6°C in inland regions 
and 4–5°C in coastal regions by 2100, whereas the level of precipitation is estimated to vary wildly depending on 
region. Anthrax is an endemic disease in several regions within Türkiye, capable of causing serious infections in 
both humans and animals and is caused by the Gram-positive, spore-forming organism Bacillus anthracis. Although 
reported case numbers are limited, B. anthracis is well adapted to survival in adverse environmental conditions by 
forming spores, enabling it to survive outside of a suitable host for prolonged periods of time, and as such, climate 
change presents an opportunity for the organism. In this review, the potential impact of climate change on B. 
anthracis will be evaluated.
Keywords: Anthrax; Climate change; Türkiye; Zoonotic diseases

Climate change is among the most pressing issues facing 
humanity today, with temperature rises of approximately 

1°C since 1900 that are predicted to continue increasing unless 
substantial efforts are made to reduce carbon footprints. Rising 
temperatures have been linked to a wide range of adverse 

weather events, from increased rainfall and drought to more 
extreme events such as hurricanes and earthquakes. These 
climate-related changes can significantly affect both human 
and animal populations, leading to increased migration and 
shortages of food and other essential resources.[1]

LOKMAN HEKIM HEALTH SCIENCES

Abstract

REVIEW

DOI: 10.14744/lhhs.2026.00032
Lokman Hekim Health Sci 2026;6(0):00–00

Correspondence: Fatih Büyük, M.D. Kafkas Üniversitesi Veteriner Fakültesi, Mikrobiyoloji Bölümü, Kars, Türkiye
E-mail: fatihbyk08@hotmail.com  Submitted: 11.09.2025  Revised: 18.09.2025  Accepted: 29.09.2025  Available Online: 13.05.2026

Cite this article as: Büyük F, Cooper C, Çelebi O, Ersoy Y, Şahin M, Doğanay M, Baillie L. The Potential Impact of Climate Change on Endemic Bacillus anthracis 
Infection in Türkiye. Lokman Hekim Health Sci 2026;6(0):00–00.

OPEN ACCESS	 This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

LOKMAN HEKIM 
HEALTH SCIENCES

e-ISSN 2791-7835

KARE
P U B L I S H I N G

lokmanhekimhs.com

*The editor did not contribute to the review process for this article; the process was conducted by associate editors and subject editors.

https://orcid.org/0000-0003-3278-4834
https://orcid.org/0000-0002-8305-9328
https://orcid.org/0000-0002-3478-008X
https://orcid.org/0000-0002-8004-3398
https://orcid.org/0000-0003-0106-5677
https://orcid.org/0000-0003-3922-4901
https://orcid.org/0000-0002-8186-223X


2 Büyük et al., Climate Change and Bacillus anthracis in Türkiye / doi: 10.14744/lhhs.2026.00032

Türkiye now accounts for approximately 1% of global 
emissions and has seen a steady increase in the total amount 
of greenhouse gases emitted since the 1980s. This increase 
has been accompanied by projected temperature increases 
of 5–6°C in inland regions and 4–5°C in coastal areas, 
compared to the average of 1961–1990.[2] An increasing 
temperature trend is projected alongside decreasing levels 
of precipitation until the end of the century using RCP4.5 
and RCP8.5 climate scenarios in the HadGEM2-ES global 
climate model.[2–4] The different regions within Türkiye 
may vary in their susceptibility to adverse weather events, 
as well as the types of adverse weather effects they may 
experience, based on their local microclimate.[5]

Zoonoses are diseases transmitted between animals 
and humans, classified by direction as animal-to-human, 

human-to-animal, or both (Fig. 1).[6] More than 200 zoonotic 
diseases have been identified, with approximately 60% 
of all human pathogens and 75% of emerging infectious 
diseases believed to have originated from animals.[7] Several 
factors contribute to the emergence of zoonoses, including 
globalization, international trade, land-use changes, and 
climate change.[1] While such factors constantly fluctuate 
over time, zoonotic diseases often disproportionately 
impact groups from low and middle-income countries 
and globally are responsible for almost 2.5 billion cases of 
human infection and 2.7 million human deaths annually.[8]

Türkiye is a “biological crossroads” containing different 
ecosystems in which over 20,000 recorded animal species 
are found.[9] Türkiye, with its location between Europe, Asia, 
and the Middle East, creates a mosaic of microclimates. 

Figure 1. Classification of zoonotic infections based on the transmission from the source to the final host. Green curved arrows indicate 
diseases transmitted from animals to humans (anthropozoonosis), blue curved arrows indicate diseases transmitted from humans to animals 
(zooanthropozoonosis), and pink arrows indicate diseases transmitted in both directions (amphixenosis) (depicted by Fatih Büyük).[6]
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These are localized climatic zones that differ from the 
surrounding broader regional climate, shaped by factors 
such as elevation, proximity to seas, vegetation, and human 
activity.[10] This range of ecosystems provides a wide range 
of potential wild and domesticated animal reservoirs for 
zoonotic infections and contains a number of regions that 
contain endemic zoonotic diseases (Table 1).[11]

The current review focuses on the potential impact of 
climate change on endemic Bacillus anthracis within 
Türkiye. To prepare the article, a structured literature search 
was performed using the keywords “climate change,” 
“zoonotic diseases,” “anthrax,” “Bacillus anthracis” and 
“Türkiye” across PubMed, Web of Science, and the official 
websites of the Turkish Ministry of Health, the Turkish 
Ministry of Agriculture and Forestry, and the World Health 
Organization. The search was limited to publications from 
2000 to 2025 and included studies in English and Turkish 
that focused on Türkiye or presented relevant regional 
data. Gray literature and national surveillance data were 
also reviewed to provide local context. Articles without 
empirical findings, duplicates, or those not addressing the 
intersection of climate change and anthrax were excluded.

Current Perspectives on B. anthracis in Türkiye
B. anthracis is a Gram-positive, spore-forming microorganism 
that causes both human and animal anthrax,[12] which is 
estimated to have cost the Turkish economy approximately 
$3.8 m in purchasing power parity in 2018 alone.[13] Due to 
its ability to form spores, it can survive in the environment 
for prolonged periods, remaining dormant until a 
suitable host is infected, at which point it transforms into 

vegetative cells and proliferates (Fig. 2a). Human infection 
usually occurs as a result of contact with contaminated 
environments, animals, or animal products.[12]

Anthrax is a sporadic disease; however, based on its 
spatiotemporal distribution, it is classified into enzootic, 
hyperendemic, or sporadic anthrax ecological regions.[14] In 
this study, we adopted relative endemicity thresholds based 
on the reported case rate per region in Türkiye; regions 
accounting for more than 40% of total national cases were 
considered hyperendemic (none at present), 10–40% were 
enzootic (TRA, TRB), and <10% were sporadic (the other 
NUTS-1 regions). These definitions are consistent with those 
previously applied in regional epidemiological contexts. 
Based on these thresholds, there are no hyperendemic 
areas for B. anthracis in Türkiye; however, the cumulative 
prevalence in the Northeast Anatolia Region (TRA) and the 
Central East Anatolia Region (TRB) has brought the Eastern 
Anatolia region within these limits.

Between 2005 and 2024, of the 2189 animal anthrax 
outbreaks reported in Türkiye, 38.24% occurred in the 
Northeast Anatolia Region and 15.08% in the Central 
East Anatolia Region.[15] These regions accounted for the 
highest incidence rates for the 1.080 human anthrax cases 
observed between 2009 and 2018, making them the 
regions with the highest incidence rates.[16] These regions 
also coincide with regions where zoonotic transmission 
and human–animal interaction are high (Fig. 2a, b). These 
include Kars, Erzurum, Ardahan, and Muş, which are not 
only agriculturally active but also climatically vulnerable – 
experiencing seasonal snowmelt that may facilitate spore 
reactivation and surface exposure. In TR5 and TR7 regions, 

Figure 2. (a) Environmental persistence and transmission of B. anthracis (adapted from[12]) (Depicted by Fatih Büyük); (b) Geographic 
distribution of animal anthrax outbreaks by NUTS-1 regions in Türkiye (adapted from[15]).

(a) (b)
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where human cases are endemic and animal outbreaks 
are sporadic, increasing temperatures and droughts 
associated with climate change could bring spores to the 
surface and increase contact between animals due to 
shrinking pastures, thereby raising the risk of infection. 
Similarly, the West Black Sea Region (TR8) and the East 
Black Sea Region (TR9), where meso-endemic (11.15%) or 
hypo-endemic (4.2%) outbreaks have been observed,[15] 
may be increasingly affected by sudden floods and irregular 
rainfall patterns (Table 1).

The prevalence of anthrax in Türkiye is therefore closely 
related to climatic patterns, microclimatic conditions, and 
broader environmental factors. While the risk remains 
highest in arid and continental climate regions, particularly 
during the summer, emerging evidence suggests that 
the activation cycle of B. anthracis spores may shift in 
response to climate change.[17] Consequently, there is a 
growing concern that anthrax may expand into previously 
unaffected regions due to increased soil disturbance, 
water contamination, and altered ecological balances. 
These changing environmental dynamics underscore the 
need to re-evaluate anthrax control strategies not only in 
historically endemic zones but also in regions undergoing 
climate-related transitions, which will be discussed further 
in the following section.

The Potential Impact of Climate Change on 
B. anthracis in Türkiye
Anthrax is recognized as a global threat affecting wildlife, 
livestock, and human health. The environmental spread of 
B. anthracis or its spores is influenced by a range of biotic 
(e.g., insects, birds, and animals), abiotic (e.g., climate 
change, water, and soil), and anthropogenic (e.g., human 
activities, poverty, and conflict) factors. Climate change 
alters environmental variables such as precipitation, cloud 
cover, and wind speed, with even slight increases –such as 
1 mm of rainfall, 1 h of daily cloud cover, or 1 knot of wind 
speed being associated with rises in anthrax outbreaks by 
9.5, 36.7, and 107 times, respectively.[18] Moreover, climate 
change may shift the geographic distribution of anthrax 
by directly or indirectly affecting the underlying biotic and 
abiotic conditions that determine pathogen persistence.[19]

Climate change is increasingly recognized as a key 
driver of infectious disease dynamics, particularly 
for environmentally persistent pathogens such as B. 
anthracis. Climatic and ecological changes – such as rising 
temperatures, altered precipitation regimes, thawing 
permafrost, and shifts in vegetation cover can significantly 

impact the environmental persistence, reactivation, and 
transmission pathways of anthrax spores. These are not 
isolated factors but interact with local ecological and 
agricultural practices, increasing the risk of exposure to 
animals and humans. In Türkiye, diverse climatic zones are 
exposed to varying climate-related pressures, resulting in 
region-specific risks. The following section outlines how 
these multifactorial influences shape the epidemiology of 
anthrax in different parts of the country.

Increased Temperature
Rising ambient and soil temperatures can enhance B. 
anthracis spore viability and accelerate the decomposition 
of infected carcasses, facilitating the release and 
reactivation of spores into the environment.[19] In Türkiye, 
such effects are particularly relevant in Eastern and Central 
Anatolia, as well as Southeastern Anatolia (NUTS regions: 
TRA, TRC, TR7), where long, dry summers and continental 
climates prevail. These areas have historically reported 
higher anthrax incidence and are increasingly vulnerable 
to climate-induced ecological shifts (Table 1, 2).

From an environmental standpoint, elevated temperatures 
lead to greater soil desiccation, which may promote the 
aerosolization of dormant spores. This process not only 
increases environmental contamination but may also 
shift the dominant route of transmission – from the more 
common gastrointestinal form associated with ingestion 
of contaminated materials to inhalational anthrax, which 
carries a higher mortality risk and presents greater public 
health concerns. As such, it may be possible for spores 
to spread to areas far from the original contamination 
sites located throughout Türkiye, thereby increasing the 
likelihood of exposure to humans and animals.

Furthermore, increased temperatures may extend the 
active period of vectors, as discussed in the vector section. 
Prolonged warm seasons also impact vegetation cover 
and animal grazing patterns, causing livestock to forage 
closer to the soil where spores may concentrate during 
dry spells.[20] This behavioral change further heightens 
contact between animals and contaminated substrates. It 
is especially relevant to the Mediterranean (TR6), the West 
Black Sea (TR8), and the East Black Sea Region (TR9), as well 
as the Central Anatolia (TR7) and the Southeastern Anatolia 
Region (TRC) (Table 1, 2).

Permafrost and Snow Melting
Active layers (soil zones above the permafrost) serve as 
long-term reservoirs for infected animal carcasses and 
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anthrax spores, potentially facilitating disease transmission 
during seasonal thawing. Epidemiological models adapted 
to Arctic conditions indicate that the deepening of these 
active layers – particularly in unusually warm years – 
significantly increases the risk of anthrax outbreaks. 
Indeed, the cause of a recent anthrax outbreak in reindeer 
in Siberia was reported to be related to the presence of 

infected carcass spores released from permafrost thawing 
from active layers due to rising temperatures.[21]

Although there are no classical permafrost zones in Türkiye, 
localized periglacial conditions exist in regions such as the 
Eastern Black Sea Mountains, the Taurus Mountains, and 
high volcanic cones,[22] where freeze-thaw processes may 
pose future risks of spore release.

Table 2. Potential impacts of climate change on anthrax transmission dynamics in Türkiye: Mechanisms and regional vulnerabilities

Climate change factor Mechanism of influence Potential impact on anthrax 
transmission

Regions in Türkiye affected

Increased temperature Increased temperature enhances 
spore viability and accelerates carcass 
decomposition, while elevated soil 
temperatures may further facilitate the 
reactivation of B. anthracis spores.

Increases spore exposure and 
transmission risk.

Eastern and Central Anatolia, 
Southeastern Anatolia (TRA, TRC, 
and TR7)

Permafrost thaw/
freeze-thaw cycles

Thawing of periglacial or high-altitude 
soils can reactivate dormant spores, 
as frozen ground releases old animal 
carcasses and previously buried B. 
anthracis spores to the surface.

May trigger the re-emergence 
of anthrax in historically 
inactive areas and increase the 
risk of new outbreaks.

Eastern Black Sea Mountains, 
Taurus Mountains, volcanic cones 
(TRA, TRC, and TR7)

Heavy rainfall and flooding Heavy rainfall and flooding can 
mobilize spores from contaminated 
soil into water systems and grazing 
areas, whereas extreme weather events 
may force animals to congregate in 
these high-risk zones, increasing the 
likelihood of transmission.

As animals and humans 
are increasingly exposed to 
contaminated environments, 
the chain of infection can 
accelerate.

West and East Black Sea, parts 
of Marmara and Mediterranean 
(TRA, TR1, TR6, TR8)

Drought and soil 
degradation

Drought and soil degradation increase 
soil spore concentration, while limited 
water sources and extreme weather 
events cause livestock to congregate 
densely, enhancing the risk of 
transmission.

Increased contact between 
animals and contaminated 
soil can lead to an accelerated 
chain of infection.

Central Anatolia, Southeastern 
Anatolia (TRC, TR7)

Snowmelt events Washes spores from buried carcasses 
to the surface.

Leads to localized outbreaks 
during spring/summer

Kars, Erzurum, Ardahan, Muş 
(TRA and TRB)

Changes in vegetation 
patterns

Alters grazing routes and habitat use.

Altered pathogen distribution and 
host behavior can increase exposure 
and burden immune systems.

May bring susceptible 
animals into contact with 
contaminated sites.

May weaken or overwhelm 
immune tolerance, thereby 
increasing the risk of anthrax

Nationwide, particularly rural 
pasturelands (TRA, TRC, TR1, TR3, 
TR6, TR7, TR8, and TR9)

Increased insect activity 
(e.g., biting flies)

Warmer, wetter conditions boost 
vector populations.

Possible mechanical 
transmission, especially in 
outbreak zones.

Regions with livestock density 
and wet summers (TR1, TR6, TR8, 
and TR9)

Animal migrations and 
dispersal

Alters wildlife and livestock movement 
patterns and habitat in search of 
resources.

Anthrax can be transported to 
new areas.

Steppe zones, transhumance 
routes, and drought-affected 
regions (TRA, TRC, TR3, and TR7)

Increased human–animal 
interaction

With the expansion of agricultural 
areas, human activity increases in risky 
areas.

Raises the likelihood of 
zoonotic spillover and human 
infection.

Rural areas with expanding 
agricultural activity (TRA, TRC, 
TR1, TR3, TR6, and TR7)

Impact on Health 
Infrastructure

Climate change can strain healthcare 
systems.

Delays in diagnosis, 
surveillance, and response 
capacity.

Vulnerable and under-resourced 
rural regions (TRA, TRC, TR7, and 
TR9)
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Even under current climatic conditions, other factors may 
be contributing to the formation of anthrax hotspots 
in these colder areas. Provinces such as Kars, Ardahan, 
Erzurum, Ankara, Konya, and Kayseri (NUTS regions: 
TRA, TR5, and TR7) are characterized by cold, arid, or 
increasingly drought-prone climates, limited resources, 
harsh environmental constraints and insufficient 
implementation of biosecurity measures (e.g., proper 
carcass disposal or disinfection protocols per[23]) may lead 
to improper handling of infected animals or materials. 
Such practices, exemplified in Fig. 3a–c, can contribute to 
persistent environmental contamination[24] and facilitate 
future outbreaks.

Higher Rainfall and Flooding
Heavy spring rains followed by hot, dry summers often 
result in localized flooding and are increasingly associated 
with outbreaks of animal anthrax. This association is now 
considered part of current perspectives on the ecological 
effects of climate change on zoonotic disease patterns.
[25] Excessive rainfall, flotation, and flooding can carry B. 
anthracis spores into the rhizosphere of the soil or local 
watering holes, where the spores can germinate and 
multiply.[26] This period of abundant water, followed by 
dry weather, will lead to water evaporation, which will 
concentrate the spores and increase the infective dose 
levels.[27]

Germinating spores may facilitate the transfer of genetic 
material or the emergence of cross-species variants.[26] 
While these processes occur under current conditions, 
emerging evidence suggests that climate change – 
especially through drought stress, altered precipitation 
patterns, and increased environmental disturbance – may 
accelerate horizontal gene transfer and microbial evolution 

in soil ecosystems (e.g., enhanced genetic exchange 
under drought conditions)[28] and create opportunities 
for cross-over variants such as those observed in the 
Bacillus cereus group.[27] These mutant bacteria may 
evolve to pathogenicity and cause clinical pictures that 
do not correspond to classical anthrax, or they may have 
the potential to be used as biological agents instead of 
B. anthracis.[29] Given that a cow dying of anthrax sheds 
approximately 1012 spores, soil containing untreated or 
flood-prone spore-laden animal burials (Fig. 4a–c) – which 
are common in Türkiye, particularly in the Eastern Anatolia 
Region (TRA, TRB) – constitutes not only a persistent 
infection source but also a genetic reservoir of B. anthracis 
that may be diagnostically overlooked.

Currently, such improper carcass disposal contributes 
to the formation of endemic hotspots. However, under 
projected climate change scenarios, increasing flood 
events, soil degradation, and competition for grazing land 
may bring animals and humans into closer contact with 
these contaminated sites. Without improved disposal 
practices and biosecurity measures, these conditions 
could promote the expansion of anthrax-endemic areas 
and potentially support the evolution or emergence 
of novel or resistant B. anthracis strains. Furthermore, 
surface runoff or superficial flooding caused by intense 
rainfall on sloped or impermeable surfaces – referred to 
as pluvial flooding – can transport B. anthracis spores over 
short or long distances from contaminated sites, leading 
to the formation of new hotspots.[24] This risk is not limited 
to rural or grazing areas; with increasing urbanization, 
impermeable urban surfaces can exacerbate runoff 
dynamics, potentially facilitating the spread of spores 
into peri-urban environments where human–animal 
interactions may also occur.

Figure 3. Examples of improper anthrax-contaminated waste management practices in endemic regions of Türkiye. (a) A potentially 
infected piece of cardboard exposed to open air; (b) A contaminated cattle hide placed on a barn roof; (c) A decomposing carcass in a public 
dump site. These images reflect weak biosecurity infrastructure and emphasize the risk of environmental contamination in the absence of 
comprehensive control measures, particularly under climate-stressed conditions. (All photos were obtained from the collection of Mitat 
Şahin [Kafkas University / Kyrgyz-Turkish Manas University], Özgür Çelebi [Kafkas University], and Fatih Büyük [Kafkas University]).

(a) (b) (c)
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Increasing evidence suggests that flooding and other 
hydrological events linked to climate change may elevate 
the risk of anthrax outbreaks by mobilizing B. anthracis 
spores from contaminated soils. This risk is particularly 
relevant in Türkiye, where a significant number of 
settlements – including those in the Istanbul Region (TR1), 
the West Marmara Region (TR2), the East Marmara Region 
(TR4), the West Black Sea Region (TR8), and the East Black 
Sea Region (TR9) – are located on geomorphologically 
sensitive landscapes such as floodplains, dry riverbeds, and 
alluvial soils. These low-lying areas are especially vulnerable 
to increased precipitation and surface water accumulation, 
which may facilitate the horizontal spread of spores.

For instance, the most recent major flooding event occurred 
in the Western Black Sea Region (TR8) in 2021. Although 
no direct anthrax cases were reported in connection with 
the floods,[30] the potential for future outbreaks remains 
high due to the ecological vulnerabilities of such regions. 
In addition, in the Northeast Anatolia Region (TRA) and 
the Central East Anatolia Region (TRB), climatic shifts are 
expected to increase freeze-thaw cycles and snowmelt 
during spring (Table 1, 2). These processes may lead to 
water table fluctuations and facilitate vertical movement 
of B. anthracis spores to the surface, thereby expanding the 
risk of soil contamination and disease transmission.

Animal Migrations, Habitat Changes, and 
Human–Animal Interactions
The current geographical distribution of B. anthracis has 
been shaped as a result of long-term activities such as 
historical human settlements, trade routes, and animal 

migrations.[31] However, this distribution is now being 
reshaped by climate change. Climate change redefines 
not only environmental boundaries but also alters 
epidemiological boundaries, significantly impacting the 
dynamics of zoonotic disease spread. Zoonotic diseases 
such as anthrax have the potential to emerge in new 
geographical areas as a result of changing animal behavior, 
habitat shifts, and increased human–animal interactions 
due to climate change. In particular, environmental 
variables such as increasing temperatures, decreasing soil 
moisture, and thawing of permafrost regions facilitate 
conditions in which B. anthracis spores can survive in soil, 
potentially causing previously inactive spores to become 
pathogenic again.[17]

Climate change is also causing many animal species to 
change their habitats. Rising temperatures and droughts 
are forcing species to migrate to cooler or more ecologically 
favorable regions – often to the north or higher altitudes. 
Changes in food and water resources are reshaping 
these migration routes and exposing animals to different 
ecosystems and thus new microbial environments.[31] 
Environmental factors, alongside host behaviors, shape 
exposure levels to B. anthracis and immune responses in 
host species. Variables such as vegetation, rainfall patterns, 
and forage availability influence exposure frequency and 
dose, causing variations in host immune responses.[32] 
Climate-related environmental changes may disrupt this 
balance. Climatic events like sudden rainfall, drought, or 
temperature fluctuations can alter pathogen distribution 
and host behavior, increasing exposure and burdening 
immune systems. This may weaken or overwhelm immune 

Figure 4. Potential climate-sensitive sources of anthrax contamination triggered by flooding or surface runoff. (a) A large, shallow burial 
pit containing an untreated anthrax-infected cattle carcass, vulnerable to spore flotation during heavy rainfall; (b) A superficially buried, 
four-cornered anthrax grave with minimal protective coverage, exposed to pluvial flooding and erosion; (c) A contaminated lowland area 
visibly impacted by recent rain-induced surface water movement, representing a potential dispersal zone for B. anthracis spores. (All photos 
were obtained from the collection of Mitat Şahin [Kafkas University / Kyrgyz-Turkish Manas University], Özgür Çelebi [Kafkas University], and 
Fatih Büyük [Kafkas University]).

(a) (b) (c)
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tolerance, thereby increasing the risk of anthrax. Thus, 
climate-induced changes can complicate disease dynamics 
by affecting both pathogen ecology and host immunity.

Prolonged droughts in the Mediterranean Region (TR6) 
and the Southeastern Anatolia Region (TRC) of Türkiye may 
force wildlife to migrate to higher and cooler areas in the 
Northeastern Anatolia Region (TRA) and the West Black 
Sea Region (TR8), which maintain relatively stable water 
and vegetation profiles. Similarly, in the West Anatolia 
Region (TR5), where intensive land use and desertification 
are prevalent, a gradual movement of species toward 
the Central Anatolia Region (TR7) and the East Marmara 
Regions (TR4) may be observed, potentially altering 
interregional ecological interactions. These changes may 
increase the likelihood of contact between species, as well 
as the risk of exposure to new microbial environments and 
zoonotic pathogens such as B. anthracis.

In biogeographically strategically located countries such 
as Türkiye, both local climate change (Table 1) and the 
intersection of African-Central Asian wildlife migration 
routes may lead to the emergence of new infectious 
disease risks. Climate change is driving wild animals to 
move increasingly toward urban areas in search of food and 
water. This will increase their contact with contaminated 
environments such as garbage dumps or shallowly buried 
animal graves (Fig. 3c, 4a, b), which may increase the risk 
of anthrax transmission and may even increase the risk of 
human–animal conflict. This risk is not uniform across the 
country but varies by region. For example, urban expansion 
in the Istanbul Region (TR1) and the West Marmara Region 
(TR2) is extending into surrounding forested areas, 
thereby bringing wildlife into closer proximity with human 
settlements. In contrast, intensifying drought conditions 
in the Mediterranean Region (TR6) and the Southeast 
Anatolia Region (TRC) are reducing access to natural water 
sources, pushing wild animals toward irrigated agricultural 
areas or urban peripheries. Furthermore, in the Northeast 
Anatolia Region (TRA) and the Central East Anatolia Region 
(TRB), the risk of exposure may increase due to both local 
and migratory animals passing through old burial grounds 
or contaminated pastures (Fig. 4a–c).

Changes in Vegetation Cover
Climate change-induced changes in vegetation cover – such 
as the decline of grasslands, changes in plant species, and 
deterioration of grassland quality – may alter the grazing 
behavior and migration routes of both farm animals and 
wild herbivores across Türkiye.[9] These ecological changes 
may increase the likelihood of animals entering areas 

where B. anthracis spores, which may be dormant in the soil, 
are present. This risk is particularly likely in the Northeast 
Anatolia Region (TRA) and the Southeast Anatolia Region 
(TRC). Similarly, increased drought and land use pressure 
in the Central Anatolia Region (TR7) and the West Black Sea 
Region (TR8) may push grazing activities into marginal lands, 
increasing the likelihood of exposure to contaminated soil. 
In addition, in regions such as the Istanbul Region (TR1), 
the Aegean Region (TR3), and the Mediterranean Region 
(TR6), the urban-rural interface is expanding toward 
traditional grazing areas, increasing animal density and 
interspecies interactions. These overlapping pressures may 
facilitate the spread of anthrax not only among livestock 
populations but also across administrative boundaries 
through changing migration routes. Therefore, changes in 
vegetation cover may function as a critical ecological factor 
in the reactivation and spread of anthrax across Türkiye’s 
diverse biogeographic landscapes.

Vectors
Several insect species, including biting flies (Tabanus and 
Stomoxys) and non-biting blowflies (Calliphoridae), have 
been experimentally and historically associated with the 
mechanical transmission of anthrax. Mosquitoes (Aedes 
spp.) have also shown potential in laboratory settings, but 
their role in natural outbreaks remains unclear.[12]

In Türkiye, where diverse climatic and ecological conditions 
support the proliferation of vector species such as 
mosquitoes and ticks,[33] the potential for vector-borne 
anthrax transmission is theoretically present but 
epidemiologically marginal. Meteorological factors are 
thought to contribute to the spread of anthrax by facilitating 
the development of biting flies.[21] The risk becomes more 
relevant only when seasonal population peaks of vectors 
coincide with the presence of B. anthracis-infected animal 
carcasses, which may occasionally occur in endemic zones. 
This convergence is more likely in rural and livestock-dense 
regions such as the Southeast Anatolia (TRC), the Central 
Anatolia Region (TR7), and the Eastern Anatolia (TRA, TRB), 
where animal deaths may go unnoticed or improper carcass 
disposal practices prevail. However, current evidence does 
not support the long-distance spread of anthrax spores 
through flies or ticks; their role is limited to localized 
amplification under specific environmental conditions.[12] 
Thus, although Türkiye’s regions such as the Mediterranean 
Region (TR6) and the Black Sea Region (TR8, TR9) offer 
suitable habitats for mosquito development, the overall 
contribution of arthropod vectors to anthrax transmission 
remains low. Consequently, while climate-induced increases 
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in vector populations may pose theoretical risks, these are 
insufficient on their own to drive anthrax outbreaks across 
Türkiye’s NUTS regions without concurrent factors such as 
carcass exposure or endemic presence of the pathogen.

Successive Effects: Migration and Disasters
Although anthrax is not categorized as an epidemic 
disease with direct devastating effects such as cholera, 
tetanus, rabies, and typhoid, it is an important zoonotic 
infection whose incidence can increase in situations of 
environmental stress, disruptions in health systems, and 
mass mobility. The spread of anthrax and similar diseases 
can accelerate, particularly during societal breakdowns 
such as war, economic crisis, and natural disasters. Such 
crises may be expected to become more frequent and 
severe with climate change. The risk of anthrax reemerging 
in Türkiye varies according to the NUTS regions shaped by 
climate-induced migration, disaster exposure, and systemic 
health vulnerabilities. Although Türkiye is not currently in 
an active war zone, the Istanbul Region (TR1), the Southeast 
Anatolia Region (TRC), and the Mediterranean Region 
(TR6) have become important transit and shelter areas for 
migrants. Factors such as drought, floods, and agricultural 
collapse due to climate change are also expected to 
increase these migration movements. This creates not only 
a demographic but also a health-related burden.

The re-emergence of infections such as multidrug-resistant 
bacterial infections, tuberculosis, measles, leishmaniasis, 
and hepatitis A in migrant communities poses risks to both 
the local population and health systems.[34] Deteriorating 
living and hygiene conditions due to climate change are 
a major risk factor for the spread of infections such as 
anthrax, especially those transmitted through the skin. In 
migration settings where acute wound care and preventive 
health services are inadequate, the risk of transmission 
through contaminated animal products or environmental 
contact increases. The case of Türkiye, accused of being an 
accidental source of a strain of anthrax through heroin use, 
a new route of transmission for anthrax, and later cleared 
only as a transit country,[35] is another clear example of the 
risk of anthrax for migrants or refugees and the damage 
to the country’s reputation. In addition, in agricultural 
transition zones such as the West Anatolia Region (TR5) and 
the Mediterranean Region (TR6), where mobile populations 
intersect and animal disease surveillance is inadequate, 
and in the Southeast Anatolia Region (TRC) and the Central 
East Anatolia Region (TRB), which face socioeconomic 
vulnerability and historical anthrax endemicity, due to 
their proximity to migration routes and limited veterinary 

infrastructure, may facilitate the emergence or undetection 
of not only anthrax but also other transboundary diseases 
such as the SAT-2 variant of foot-and-mouth disease.[36]

While no direct link has been established between 
earthquakes and natural anthrax outbreaks in the literature 
to date, seismic events may act as secondary triggers 
for environmental zoonotic disease risks under certain 
ecological and infrastructural conditions. For instance, 
the 2023 Kahramanmaraş Earthquake, which affected 
11 provinces in the Southeastern Anatolia (TRC), Central 
Anatolia (TRB), and Eastern Anatolia (TRA) regions, may 
reveal the potential for indirect but significant risks related 
to environmental zoonotic diseases such as anthrax. These 
risks could be exacerbated by earthquake-induced soil 
degradation, exposing contaminated animal burial sites and 
creating alkaline soil conditions conducive to the survival 
of B. anthracis spores, particularly in areas rich in calcium, 
magnesium, and iron. The long-standing practice of shallow 
or unmarked animal burial in rural areas of these regions 
(according to Turkish legislation[23]) could further exacerbate 
this threat. These indirect risks may be amplified when 
coupled with climate stressors such as rising temperatures, 
droughts, or flooding, all of which alter soil microbial 
dynamics and ecosystem balance. Moreover, post-disaster 
displacement and migration into already climate-stressed 
NUTS regions (TRB, TRC, and TR6) may further strain 
health infrastructure and complicate surveillance efforts 
for cutaneous anthrax and other zoonotic infections. In 
contrast, regions such as the West Anatolia Region (TR5) and 
the Mediterranean Region (TR6), which are less affected by 
seismic activity, face higher risks due to secondary effects 
such as increased climate migration and ecological pressure. 
Although more empirical evidence is needed to establish a 
clear link between earthquakes and anthrax reactivation, 
the convergence of climate change, migration, and 
environmental disruption warrants a multi-hazard approach 
in disease preparedness and policy planning.

Clinical and Research Consequences
Anthrax remains endemic in several regions of Türkiye, 
notably in the Northeast Anatolia (TRA), the Central East 
Anatolia (TRB), and parts of the Black Sea Region (TR8, 
TR9).[16,30]

Although national surveillance and vaccination programs[23] 
have contributed to a gradual decline in reported cases, 
their effectiveness remains uneven due to socioeconomic 
disparities, limited public awareness, and region-specific 
challenges such as climate vulnerability and inadequate 
infrastructure.
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From a clinical perspective, cutaneous anthrax continues 
to be the most frequently diagnosed form in Türkiye, 
particularly in rural, livestock-dependent areas.[16,30] 
However, climate-induced changes in spore dynamics (e.g., 
aerosolization) may increase the risk of more severe forms 
such as inhalational anthrax, which has higher mortality 
and requires a rapid and specialized clinical management. 
In addition, increased environmental exposure through 
flooding, soil disruption, or improper carcass disposal can 
also complicate differential diagnosis in endemic settings.

From a research perspective, the prolonged environmental 
persistence of the B. anthracis spores poses a significant 
challenge for sustainable land use, particularly in the absence 
of effective remediation strategies. Current regulations 
in Türkiye focus only on the disinfection of contaminated 
facilities,[23] and carcass disposal methods such as burial with 
quicklime, whose effectiveness remains questionable,[37] 
generally leave contaminated pastures untreated. The lack of 
environmentally sustainable decontamination techniques, 
coupled with the risk of reactivation of dormant spores due 
to climate change, highlights the urgent need to identify 
and map undocumented “hidden hotspots.” Addressing 
this research gap will require integrating local ecological 
knowledge, especially from farming communities, with 
geospatial and molecular tools to enhance hotspot 
prediction and inform the development of environmentally 
friendly remediation methods, which preserve both soil 
usability and ecological balance.[38,39]

Moreover, global evidence reinforces anthrax as a 
climate-sensitive zoonosis. Outbreaks in Sub-Saharan 
Africa, Central Asia, and Siberia have been linked to extreme 
weather events that disturb contaminated soils and 
facilitate spore reactivation.[19] Climate-based modeling 
studies from Kenya, Zimbabwe, and Bangladesh further 
suggest that anthrax risk zones may expand or shift due 
to changes in temperature, precipitation, and land use.[40,41] 
These findings underscore the importance of integrating 
climate projections into Türkiye’s national risk mapping and 
developing interdisciplinary, climate-informed surveillance 
and mitigation strategies.

Conclusion
Anthrax continues to pose a significant public health 
and veterinary threat in Türkiye, particularly in endemic 
regions such as Eastern Anatolia. While current control 
efforts have reduced incidence, climate change 
introduces new ecological pressures that may alter the 
distribution, frequency, and severity of future outbreaks. 
A multidisciplinary and proactive approach is therefore 

essential to prevent the re-emergence or expansion of 
anthrax in both endemic and previously unaffected areas.

To enhance national preparedness and resilience, the 
following policy and practice priorities are thus proposed: 
(i) national risk maps should be updated by integrating 
regional climate projections, ecological vulnerability, 
and historical epidemiological data, (ii) vaccination and 
surveillance programs must be sustained and expanded to 
encompass areas identified as at risk under future climate 
scenarios, (iii) environmentally friendly decontamination 
strategies and biosecure carcass disposal methods should 
be developed, standardized, and widely implemented, 
(iv) cross-sectoral coordination between health, 
veterinary, environmental, and agricultural authorities 
should be reinforced within the One Health framework, 
(v) public education and community engagement should 
be prioritized to ensure local compliance and timely 
reporting, particularly in rural or climatically sensitive 
areas, (vi) research funding and capacity building should 
be supported for innovation in climate–pathogen 
dynamics, spore ecology, and sustainable remediation 
techniques.
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