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Foot-and-mouth disease (FMD) is a highly contagious viral illness that continues to threaten livestock health, productivity, and
trade, particularly in countries like Türkiye where multiple FMD serotypes cocirculate. This study aimed to analyze the temporal
and spatial distributions, serotype dynamics, and seasonal patterns of FMD in Türkiye between 2005 and 2025. The geographical
distribution of national FMD surveillance data spanning 2005–2025 was analyzed, together with a time series analysis to evaluate
trends and seasonality in the number of FMD-reported outbreaks (number of villages affected by FMD outbreaks). Additionally,
event-driven outbreaks were assessed by analyzing the number of reported outbreaks when a serotype introduction occurred and
during Kurban Bayramı festivities. The results showed that the number of FMD-reported outbreaks peaked between 2010 and
2016, with serotype O accounting for the majority of reported outbreaks. A decline in outbreaks followed, likely attributable to
expanded vaccination coverage, improved diagnostic capacity, and the implementation of targeted control measures. Seasonal
patterns indicated a higher concentration of outbreaks during the spring months. Furthermore, it was noted that introductions of
serotypes, lineages, or sublineages contributed to an increase in outbreaks in the months surrounding these events, and the same
was observed when Kurban Bayramı festivities occurred. Although Türkiye has made progress in reducing the FMD burden, the
emergence of new serotypes highlights the ongoing risk of serotype diversification and underscores the need for adaptable,
serotype-specific surveillance, and control strategies. Strengthening early detection systems, maintaining high vaccine coverage,
and fostering regional cooperation remain essential for sustainable FMD management.
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1. Introduction

Foot-and-mouth disease (FMD) is a highly contagious viral
illness affecting cloven-hoofed animals, including cattle, pigs,
sheep, and goats. Caused by the FMD virus (FMDV)—a
single-stranded RNA virus from the genus Aphthovirus (family
Picornaviridae)—the disease is classified into seven immunolog-
ically distinct serotypes: A, O, C, Asia 1, and South African Ter-
ritories (SAT) 1, 2, and 3, each with multiple subtypes [1, 2].
Although FMD is rarely fatal in adult animals, it causes severe

productivity losses due to reduced milk yield, weight loss, abor-
tions, and lameness. It also restricts access to international mar-
kets, leading to significant economic repercussions [1, 3–5].

Globally, FMD remains a major transboundary animal dis-
ease with both endemic and epidemic profiles. Historic out-
breaks, such as the 1997 epidemic in Taiwan and the 2001 crisis
in the United Kingdom, demonstrate their capacity to cause
widespread economic disruption, with losses estimated at bil-
lions of US dollars [6, 7]. In Türkiye, despite significant control
efforts, FMD persists, with periodic outbreaks of serotypes A,
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O, and Asia 1 [8, 9]. The country’s location, bridging Asia
(where the disease is endemic) and Europe (which is disease-
free), and the increased livestock movement in the region,
make it a critical area for FMD control [8, 10].

FMD strains in Türkiye have been genetically linked to
those circulating in theMiddle East, suggesting thatmost intro-
ductions originate from the east. Within Türkiye, east-west
animal movements, between production zones in the east
and consumption centers in the west, have been incriminated
as a key factor in the introduction of new strains and their
westward spread [8]. While the region of Thrace in Türkiye,
which borders the EU, was classified as FMD-free with vacci-
nation in 2010 [11], the region of Anatolia remained endemic
as of 2025 [11, 12]. In Thrace, FMD control included culling
suspected cases, banning live animal imports from Anatolia,
and enforcing strict hygiene rules. In southeastern Anatolia,
bordering endemic regions, risk-based surveillance was inten-
sified. Large ruminants were vaccinated twice yearly nation-
wide, while small ruminants were vaccinated annually in
Thrace and additionally in affected zones in Anatolia during
outbreaks [12–14].

Despite the reduction in FMD distribution and increased
efforts to turn Türkiye into a disease-free country, the emer-
gence of serotype SAT 2 in 2023 marked the first recorded
detection of this serotype in Türkiye, requiring changes to
existing control strategies, including the vaccine deployed in
the field. The disease’s persistence in Türkiye and the introduc-
tion of new serotypes are influenced by factors like host abun-
dance, long-distance animal trade, and meat production
demands, which provide opportunities for outbreaks [8, 12].
Another factor that might pose a risk for the introduction of
new serotypes and spread of disease throughout the country is
the occurrence of cultural or religious festivities, such as the
Kurban Bayramı, during which animal movement and trade
increase in large numbers [12, 14, 15].

Given this context, the present study aims to analyze the
temporal and spatial distributions of FMD in Türkiye, assess
long-term trends and seasonal patterns, and examine the
impact of event-driven FMD outbreaks such as serotype intro-
ductions and Kurban Bayramı festivities.

2. Materials and Methods

2.1. Dataset. The dataset used for this study involved the num-
ber of FMD-reported outbreaks (villages affected by FMD out-
breaks) in domestic species in Türkiye between November
2005 and March 2025. The serotype characterization was also
provided in the dataset, with serotypes O, A, Asia 1, and SAT 2
identified, together with untyped serotypes. The dataset con-
tained no outbreak data for the years 2008 and 2009.

2.2. Statistical Analysis.Descriptive statistics were employed to
visualize the FMD-reported outbreaks across the country over-
time. This was achieved using a combination of line charts, bar
charts, and geographic maps. Maps were developed using sha-
pefiles of the world from the public domain repository of Nat-
ural Earth [16]. Additionally, time series analysis and
permutation tests [17] were also employed. All the analysis

was done using the R Statistical Software (v4.4.0; R Core
Team 2024).

2.3. Time Series Modeling. A time-series decomposition
approach was applied to evaluate long-term trends (Tt), sea-
sonal effects (St), and random fluctuations (Rt) in monthly
FMD outbreak reports from 2016 to 2025. An additive decom-
position model was selected after comparing additive and mul-
tiplicative structures [18]. Visual inspection indicated that the
magnitude of seasonal fluctuations remained relatively con-
stant throughout the study period, consistent with an additive
structure. The St represents recurrent patterns within a time
series, the Tt represents the long-term trend direction of a time
series, and the Rt represents irregular fluctuations not
explained by seasonality or trend. The package used for the
time series analysis was the stats package [19].

2.4. Event-Driven Outbreaks

2.4.1. Serotype Introduction. The analysis included distinct
serotypes, topotypes, lineages, or sublineages introduced in
Türkiye. Information on these introductions, including their
detection dates and genetic classification, was obtained from
the World Reference Laboratory for FMD (WRLFMD) [20],
the reference center for FMD characterization, the authors did
not perform sample collection and diagnostic analyses. The
total number of villages and provinces affected throughout
the year when the introduction was made was calculated. In
addition, the circulation of the same serotypes introduced in
Türkiye was examined in surrounding regions, including
Eastern Europe, Northern Africa, and Wstern and Central
Asia, based on publicly available information from the
WRLFMD. These data were used only to identify the timing
and presence of serotype introductions in neighboring
countries, as outbreak-level temporal data from these regions
were not publicly available, preventing a direct comparison of
FMD trends across countries. The provinces were divided into
eastern and western provinces according to longitude.
Provinces east of longitude 33° were considered eastern, and
provinces west of longitude 33° were considered western. The
average number of FMD-reported outbreaks was calculated,
and nonparametric permutation tests were applied to assess
whether changes between the number of outbreaks for the
serotype introduction window and the baseline periods
(i.e., average of reported outbreaks in the months outside the
serotype introduction window) were significantly different for
both eastern and western provinces (Figure 1). For each
comparison, 50,000 random permutations were performed to
approximate the null distribution of mean differences.
Statistical significance was evaluated at the α= 0.05 level.

2.4.2. Kurban Bayramı. The analysis included 15 Kurban
Bayramı events between 2005 and 2025. Similar to what was
done for serotype introductions, the provinces were divided
into eastern and western according to longitude. The average
number of FMD-reported outbreaks affected was calculated,
and nonparametric permutation tests were applied to assess
whether changes in the number of outbreaks between the Kur-
ban Bayramı and baseline periods (i.e., the average of reported
outbreaks in the months outside the Kurban Bayramı window)
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were significantly different for both eastern and western pro-
vinces (Figure 1). For each comparison, 50,000 random per-
mutations were performed to approximate the null distribution
of mean differences. Statistical significance was evaluated at the
α= 0.05 level.

3. Results

3.1. Descriptive Analysis. It was observed that the reported
outbreaks per year reached their peak between 2010 and

2011, and from those years forward, the number of outbreaks
has been decreasing (Figure 2). The geographical distribution
of FMD-reported outbreaks revealed distinct temporal and
spatial patterns across serotypes. Between 2010 and 2016, ser-
otypes A, Asia 1, and Owere widely distributed throughout the
country. For serotype O, a decrease in outbreaks was observed
between 2014 and 2015, followed by a surge in 2016. Although
the number of outbreaks declined after 2016, reports continued
to emerge from across the country, and between 2024 and
March 2025, there was an increase in the number of outbreaks

Eastern

Provinces

Western

Average number
of affected villages  

Average number
of affected villages

Event window Baseline period

Permutation test

Event window Baseline period

Permutation test

FMD-reported
outbreaks 

FIGURE 1: Nonparametric permutation test diagram. The permutation test was used to compare the average number of FMD-affected villages
between the serotype introduction and Kurban Bayramı window and the baseline period.
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FIGURE 2: Count of FMD-reported outbreaks per year for each serotype: serotype A (orange line), serotype Asia 1 (green line), serotype O
(blue line), and serotype SAT 2 (purple line).
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(Figure 3). Serotype A experienced a sharp decline in reported
cases between 2017 and 2018 and reappeared in 2024 (Figure 4).
Concerning serotype Asia 1, this serotype saw a reduction after
2015, without reported outbreaks until a single reemergence in
2018 (Figure 5). Serotype SAT 2 appeared in March 2023, with
several outbreaks in the country, with a subsequent decline in
the following months (Figure 6). Concerning the number of
reported FMD outbreaks per season between 2005 and 2025,
the highest number of outbreaks occurred in the spring, with
an increased number of outbreaks between February and May.

3.2. Time Series Modeling. The time series of FMD-reported
outbreaks between 2016 and 2025 revealed a seasonal structure,
along with clear long-term trends and irregular components
(irregular fluctuations not explained by seasonality or trend).
The seasonal component displayed peaks in the first quarter of
the year, an occurrence that seems consistent throughout the
years. A decreasing trendwas observed between 2016 and 2025,
with a slight increase in 2023 coinciding with the introduction
of SAT 2 in Türkiye (Figure 7). The random component cap-
tured residual variation, particularly during outbreak years.
Notably, in 2023, the residuals had a positive peak, indicating

that in this year the number of FMD-reported outbreaks was
above what would be expected based on trend and seasonality
alone (Figure 7).

3.3. Event-Driven Outbreaks: Serotype Introduction. In 2010,
two different sublineages (BR-08 and AFG-07) of serotype A
and three different sublineages (SAN-09, FAR-09 and ANT-
10) of serotype O were observed. In 2011, a new sublineage
(SIS-10) of serotype A was introduced, along with the intro-
duction of serotype Asia 1. In 2015, another introduction of a
different lineage (G-VII) of serotype A was noted. In 2017, a
distinct sublineage (QOM-15) of serotype O was observed.
Finally, in 2023, the introduction of serotype SAT 2 was docu-
mented. The serotype introductions over the years revealed a
big spike in FMD-reported outbreaks between 2010 and 2011,
with a total of 76 and 77 out of 81 provinces affected in those
years, respectively. Additionally, it was noted that the number
of provinces affected has been decreasing over time. This trend
occurred even after the introduction of serotype SAT 2, which
led to an increase in the number of reported outbreaks but
affected fewer provinces compared to previous years. Further-
more, it was observed that for most serotype introductions, the

2010–Q1 2010–Q2 2010–Q3 2010–Q4 2011–Q1 2011–Q2 2011–Q3 2011–Q4

2012–Q1 2012–Q2 2012–Q3 2012–Q4 2013–Q1 2013–Q2 2013–Q3 2013–Q4

2014–Q1 2014–Q2 2014–Q3 2014–Q4 2015–Q1 2015–Q2 2015–Q3 2015–Q4

2016–Q1 2016–Q2 2016–Q3 2016–Q4 2017–Q1 2017–Q2 2017–Q3 2017–Q4

2018–Q1 2018–Q2 2018–Q3 2018–Q4 2019–Q1 2019–Q2 2019–Q3 2019–Q4

2020–Q1 2020–Q2 2020–Q3 2020–Q4 2021–Q1 2021–Q2 2021–Q3 2021–Q4

2022–Q1 2022–Q2 2022–Q3 2022–Q4 2023–Q1 2023–Q2 2023–Q3 2023–Q4

2024–Q1 2024–Q2 2024–Q3 2024–Q4

0
Outbreaks

Foot-and-mouth disease in Türkiye—serotype O
Quarterly outbreak counts per province (2010–2025)

5–15 27–37
1–4 16–26 38–48

>48

2025–Q1 2025–Q2 2025–Q3 2025–Q4

FIGURE 3: Spatial distribution of FMD-reported outbreaks caused by a serotype O virus in Türkiye between 2010 and 2025. Each panel
represents the spatial distribution of reported outbreaks for a specific quarter. Provinces are shaded according to the number of reported
outbreaks, with darker shades indicating higher outbreak intensity. Data source: National Surveillance Database and FAO EuFMD (Natural
Earth base map).
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same serotypewas circulating in countries neighboring Türkiye
during the year of its introduction in Türkiye or in the year
prior (Table 1).

It was observed that overall, eastern provinces had a higher
number of reported outbreaks (villages affected by FMD) than
western provinces in the months surrounding the serotype
introductions (Figure 8). It was also observed that the differ-
ence between the number of FMD-reported outbreaks was
higher in the months surrounding the serotype introduction
compared to the months outside the serotype introduction
window, as shown by the permutation test, with a significant
difference for both eastern (p-value 0.03) and western pro-
vinces (p-value 0.02, Table 2).

3.4. Event-Driven Outbreaks: Kurban Bayramı. Regarding
Kurban Bayramı festivities in Türkiye, it was observed that
overall eastern provinces had a higher number of reported
outbreaks (villages affected by FMD) than western provinces
in the months surrounding the festivities (Figure 9). It was also
observed that the difference between the number of FMD-
reported outbreaks was higher in the months surrounding
the Kurban Bayramı compared to the months outside the

Kurban Bayramı window, as shown by the permutation test,
with a significant difference for eastern provinces (p-value 0.02)
and a marginally significant difference for western provinces
(p-value 0.06, Table 3).

4. Discussion

This study examined the temporal trends, serotype dynamics,
and seasonal patterns of FMD in Türkiye. The findings indi-
cated that FMD-reported outbreaks demonstrated seasonality,
with peaks during the spring months and a decreasing trend
across the years. Furthermore, the introduction of serotypes in
Türkiye was preceded by the circulation of these serotypes in
neighboring countries during the same year or the year prior
and was followed by an increase in the number of affected
villages in Türkiye. Additionally, it was also observed that the
number of villages affected by FMD increased in the months
surrounding the Kurban Bayramı festivities.

Türkiye’s unique geographic position, as a transcontinental
bridge between Asia and Europe, places it at the heart of
regional FMD transmission dynamics. As described [8, 10,
21], the country lies along a livestock corridor connecting
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Foot-and-mouth disease in Türkiye—serotype A
Quarterly outbreak counts per province (2010–2025)
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FIGURE 4: Spatial distribution of FMD-reported outbreaks caused by a serotype A virus in Türkiye between 2010 and 2025. Each panel
represents the spatial distribution of reported outbreaks for a specific quarter. Provinces are shaded according to the number of reported
outbreaks, with darker shades indicating higher outbreak intensity. Data source: National Surveillance Database and FAO EuFMD (Natural
Earth base map).
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endemic and FMD-free regions. Livestock trade, especially
from eastern production zones toward western markets, is a
known driver of disease dissemination [22]. Historically, Tür-
kiye has been endemic for serotypes O and A, with intermittent
circulation of Asia 1 [8, 23]. Among these, serotype O has
consistently demonstrated the highest prevalence and impact.
Its elevated transmissibility and adaptability across species con-
tribute to its persistence and widespread outbreaks [8, 24]. This
aligns with the findings in this study, where serotype O was
associated with a high number of FMD outbreaks and persis-
tence in the country across the years. In contrast, serotype A,
while historically present, showed lower persistence, potentially
due to reduced host susceptibility or more effective contain-
ment [2, 8]. That was also observed in the results from this
study, where a peak of the number of FMD outbreaks was
observed between 2010 and 2011, decreasing abruptly to
much lower values that remained low until 2025, when it
resurged again. Concerning serotype Asia 1, its sporadic nature
further supports its classification as a transient serotype in the
region [25]. This study also showed that the number of out-
breaks due to serotype Asia 1 was lower than the number of

outbreaks due to serotypes O and A, and similar to what hap-
pened with serotype A, FMD outbreaks due to serotype Asia 1
reached a peak in 2012 and decreased in the following years,
with no reported outbreaks after 2018. The elevated number of
reported outbreaks between 2007 and 2013; however, may not
solely reflect increased viral activity but could also be partly
explained by enhanced diagnostic capacity and improved dis-
ease reporting systems established during this period, since
Türkiye initiated major FMD control and surveillance [26].

Regarding seasonality, FMD outbreaks peaked during the
spring months. This pattern may be explained by seasonal
grazing practices and increased livestock movement, as well
as a higher proportion of susceptible young animals entering
the population. Similar seasonal trends have been documented
in other endemic countries [27–29], emphasizing the impor-
tance of synchronizing control measures, particularly vaccina-
tion campaigns, with periods of heightened risk.

An increased live animal movement is known to take place
in the months preceding and following the Kurban Bayramı
festivities in Türkiye, which can be a factor contributing to
disease spread [30]. In this study, it was observed that overall,

0
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5–15 27–37
1–4 16–26 38–48

>48

2010–Q1 2010–Q2 2010–Q3 2010–Q4 2011–Q1 2011–Q2 2011–Q3 2011–Q4

2012–Q1 2012–Q2 2012–Q3 2012–Q4 2013–Q1 2013–Q2 2013–Q3 2013–Q4

2014–Q1 2014–Q2 2014–Q3 2014–Q4 2015–Q1 2015–Q2 2015–Q3 2015–Q4

2016–Q1 2016–Q2 2016–Q3 2016–Q4 2017–Q1 2017–Q2 2017–Q3 2017–Q4

2018–Q1 2018–Q2 2018–Q3 2018–Q4 2019–Q1 2019–Q2 2019–Q3 2019–Q4

2020–Q1 2020–Q2 2020–Q3 2020–Q4 2021–Q1 2021–Q2 2021–Q3 2021–Q4

2022–Q1 2022–Q2 2022–Q3 2022–Q4 2023–Q1 2023–Q2 2023–Q3 2023–Q4

2024–Q1 2024–Q2 2024–Q3 2024–Q4 2025–Q1 2025–Q2 2025–Q3 2025–Q4

Foot-and-mouth disease in Türkiye—serotype Asia 1
Quarterly outbreak counts per province (2010–2025)

FIGURE 5: Spatial distribution of FMD-reported outbreaks caused by a serotype Asia-1 virus in Türkiye between 2010 and 2025. Each panel
represents the spatial distribution of reported outbreaks for a specific quarter. Provinces are shaded according to the number of reported
outbreaks, with darker shades indicating higher outbreak intensity. Data source: National Surveillance Database and FAO EuFMD (natural
earth base map).
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the number of villages affected by FMD increased in the
months surrounding the Kurban Bayramı festivities, with east-
ern provinces showing a higher number of reported outbreaks
than western provinces. By analyzing the line charts (Figure 9),
it can be observed that the years 2010, 2011, and 2023 were the
years with a higher number of villages affected in the months
surrounding the Kurban Bayramı, which were years where new
serotype introductions were reported. Although contingency
plans and enhanced biosecuritymeasures have been considered
and implemented during the festivities, increases in the number
of outbreaks or the introduction of new serotypes can still
occur. This can be due to the surge in informal and unregulated
animal and human movements driven by high demand during
the festivities [31]. In light of these challenges, strengthening
community-based disease surveillance and improving commu-
nication between veterinary authorities and livestock owners
before animal movements may help reduce the risk of trans-
porting infected animals and prevent future outbreaks.

Accurate identification and characterization of FMD sero-
types, lineages, and sublineages are essential, as vaccines offer
no cross-protection between serotypes, and new serotypes can
significantly affect livestock production in naïve populations.

Additionally, as viral types are often geographically restricted,
their identification is important for tracing the origins of out-
breaks and understanding the distribution and spread of the
disease across the country [32], thereby contributing to
national disease control efforts. In this study, it was observed
that new serotype introductions in Türkiye were happening in
the year or in the year after that same serotype was circulating
in surrounding countries [31, 32], which emphasizes the need
for enhanced disease surveillance when animal movements
occur between countries [21, 33]. It was also observed that
even though new introductions were still happening, the num-
ber of provinces affected was smaller compared to those
affected between 2010 and 2016. The faster time to control
the spread between provinces was likely due to strengthened
vaccination efforts, improved diagnostics, and more rigorous
control strategies. Concerning vaccination, Türkiye imple-
ments a biannual mass vaccination program for cattle, includ-
ing primary and booster doses, tomaintain herd immunity and
control FMD outbreaks [34]. As part of its national program,
Türkiye set a goal to achieve FMD-free status without vaccina-
tion in the Thrace region and with vaccination in Anatolia.
This aligns with reports of enhanced vaccine production and

Foot-and-mouth disease in Türkiye—serotype SAT 2
Quarterly outbreak counts per province (2010–2025)
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2024–Q1 2024–Q2 2024–Q3 2024–Q4 2025–Q1 2025–Q2 2025–Q3 2025–Q4
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FIGURE 6: Spatial distribution of FMD-reported outbreaks caused by a serotype SAT 2 virus in Türkiye between 2010 and 2025. Each panel
represents the spatial distribution of reported outbreaks for a specific quarter. Provinces are shaded according to the number of reported
outbreaks, with darker shades indicating higher outbreak intensity. Data source: National Surveillance Database and FAO EuFMD (natural
earth base map).
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administration [23] and with the development of training tools
for veterinarians from the Turkish General Directorate of Food
and Control [13] and the Progressive Control Pathway-FMD
(PCP-FMD) [35]. However, detailed national-level vaccine
coverage data were not publicly available, limiting quantitative
assessment of the direct impact of vaccination on outbreak
trends in this study. Future studies that integrate serosurveil-
lance and seromonitoring datasets from national or regional
authorities would provide valuable insight into how outbreak
dynamics relate to vaccine effectiveness and population
immunity.

The analysis revealed significant differences between east-
ern and western provinces in the impact of serotype introduc-
tions and the Kurban period on FMD outbreaks. While

specific data on regional veterinary infrastructure or surveil-
lance intensity were not available for this study, previous
reports provide some context. Spatiotemporal analyses of
FMD in Türkiye between 2010 and 2019 indicated higher
case numbers in eastern and southeastern provinces, poten-
tially due to more intensive animal movements and proximity
to international borders [9]. Ongoing efforts to improve clin-
ical surveillance and veterinary infrastructure in these border
regions were also reported, suggesting that disparities in
resources and access may contribute to the observed patterns
[36, 37]. However, without direct comparative data on sur-
veillance intensity or veterinary capacity, the influence of
these regional factors on outbreak patterns remains uncertain
and warrants further investigation.
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FIGURE 7: Time series for the number of reported outbreaks of foot-and-mouth disease between 2016 to 2025.

TABLE 1: Dynamics of FMD introductions in Türkiye per serotype, topotype, lineage, and sublineage.

Date Serotype Topotype Lineage Sublineage
# of provinces affected

(out of 81)
Neighboring countries reporting the

same serotype (year)

4/2/2010 A ASIA Iran-05 BAR-08

76

Libya, Iraq, and Iran (2009)
2/9/2010 O ME-SA PanAsia SAN-09 .
2/9/2010 O ME-SA PanAsia FAR-09 Iran (2009)
2/9/2010 O ME-SA PanAsia ANT-10 Iran (2010)
2/9/2010 A ASIA Iran-05 AFG-07 Iran (2009)

29/9/2011 A ASIA Iran-05 SIS-10
77

Iran (2010)
29/9/2011 Asia 1 ASIA Sindh-08 — Iran (2011)

9/11/2015 A ASIA G-VII — 68
Armenia and
Iran (2015)

14/7/2017 O ME-SA PanAsia-2 QOM-15 63 Iran (2016)

16/3/2023 SAT 2 XIV — — 50 Iraq (2023)

Note: The table illustrates the number of provinces affected and the circulation of the same serotype in countries surrounding Türkiye.
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FIGURE 8: FMD-reported outbreaks for the eastern (orange line) and western (blue line) provinces affected in the months preceding and
following the serotype introduction.
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Despite significant progress, several limitations must be
acknowledged. For the analysis section focused on event-driven
outbreaks, only Kurban Bayramı and serotype introductions
were considered, and other factors that were not analyzed in
this study might also have had an impact on disease spreading.
These include socioeconomic factors, social unrest in neighbor-
ing countries, livestock market dynamics, environmental

conditions, or changes in control policies. Misclassification of
serotypes and underreporting of outbreaks may also have
affected the accuracy of the findings. Studies have shown that
underreporting is a common issue in regions with limited
health infrastructures, political instability, or logistical chal-
lenges [38]. Conflict zones and remote areas, in particular,
often experience disruptions to veterinary services, delays in

TABLE 2: Permutation test results for the serotype introduction in eastern and western provinces.

Province
Serotype introduction

(average villages affected)
Baseline

(average villages affected)
Difference p-Value

Eastern provinces: serotype introduction
vs. baseline

265 41 224 0.03

Western provinces: serotype introduction
vs. baseline

127 19 108 0.02

Note: The table shows the difference in the number of villages affected during the serotype introduction period compared to the baseline (average of the number
of villages affected outside of the serotype introduction period).
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FIGURE 9: FMD-reported outbreaks for the eastern (orange line) and western (blue line) provinces affected in the months preceding and
following the Kurban Bayramı.

TABLE 3: Permutation test results for the Kurban Bayramı in eastern and western provinces.

Province
Kurban

(average villages affected)
Baseline

(average villages affected)
Difference p-Value

Eastern provinces: Kurban vs. baseline 99 28 71 0.02
Western provinces: Kurban vs. baseline 60 17 43 0.06

Note: The table shows the difference in the number of villages affected during the Kurban Bayramı period compared to the baseline (average of the number of
villages affected outside of the Kurban Bayramı period).
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outbreak detection, and limited communication networks,
which can result in outbreaks going unreported and an under-
estimation of disease spread [38, 39]. With that in mind, two
factors that might have influenced FMD spread or new intro-
ductions were the civil war in Syria that started in 2011, which
led to a wave of refugees into Türkiye, and the earthquake in
2023 [40]. Similarly, in remote areas with limited access to
communication networks, outbreaks may go unreported,
skewing the data and potentially underestimating the true
extent of disease spread [41].

Future research should aim to integrate detailed informa-
tion on surveillance intensity, vaccine coverage, and animal
movement controls into epidemiological models. Understand-
ing how these factors interact with environmental and socio-
economic drivers will be crucial for designing adaptive and
cost-effective FMD control strategies. Accounting for seasonal
dynamics can further optimize the timing of vaccination and
surveillance programs, particularly during peak-risk periods
such as spring. Biological factors, including serotype-specific
immune responses and vaccine-induced immunity, may also
contribute to the observed differences in outbreak patterns.
Future studies incorporating serological or vaccine efficacy
data could help clarify these interactions. Additionally, linking
outbreak trend analyses with real-time early warning systems,
predictive models, and regional data sharing could enhance
timely detection and coordinated control of FMD across Tür-
kiye and neighboring regions.

5. Conclusion

This study provided a comprehensive analysis of the temporal
trends, seasonal patterns, and serotype dynamics of FMD in
Türkiye from 2005 to 2025. The findings highlighted clear
seasonality in FMD outbreaks, with peaks in the spring
months. Serotype O remained the most dominant and impact-
ful throughout the study period, associated with the highest
number of outbreaks. Despite overall declines in FMD reported
outbreaks in recent years, the persistence and evolution of the
disease, driven by the introduction of new serotypes and possi-
bly underreported or untyped strains, underscore the need for
sustained and adaptive control efforts. Investment in serotype-
specific surveillance, timely diagnostics, and targeted vaccina-
tion strategies are essential, particularly considering Türkiye’s
aim to achieve FMD disease-free status. Strengthening regional
cooperation and tailoring control measures to account for sea-
sonal patterns can be the key to reducing FMD’s impact and
moving closer toward long-term disease control.
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