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A B S T R A C T

Haemaphysalis ticks are pathogenic vectors that threaten human and animal health and were identified in
Chongming, the third largest island in China. To understand the distribution of these ticks and determine their
potential invasion risk, this study aimed to identify the habitat suitability of the dominant tick H. flava based on
natural environmental factors. Geographic information system (GIS) images were combined with sample points
from tick investigations to map the spatial distribution of H. flava. Data on 19 bioclimatic variables,
environmental variables, and satellite-based landscapes of Chongming Island were retrieved to create a
landcover map related to natural environmental determinants of H. flava. These data included 38 sites asso-
ciated with the vectors to construct species distribution models with MaxEnt, a model based on the maximum
entropy principle, and to predict habitat suitability for H. flava on Chongming Island in 2050 and 2070 under
different climate scenarios. The model performed well in predicting the H. flava distribution, with a training
area under the curve of 0.84 and a test area under the curve of 0.73. A habitat suitability map of the whole
study area was created for H. flava. The resulting map and natural environment analysis highlighted the
importance of the normalized difference vegetation index and precipitation in the driest month for the
bioecology of H. flava, with 141.61 km2 (11.77%), 282.94 km2 (23.35%), and 405.30 km2 (33.69%) of highly,
moderately, and poorly suitable habitats, respectively. The distribution decreased by 135.55 km2 and
138.82 km2 in 2050 and 2070, respectively, under the shared socioeconomic pathway (SSP) 1.2.6 climate
change scenario. However, under SSP 5.8.5, the total area will decrease by 128.5 km2 in 2050 and increase by
151.64 km2 in 2070. From a One Health perspective, this study provides good knowledge that will guide tick
control efforts to prevent the spread of Haemaphysalis ticks or transmission risk of Haemaphysalis-borne
infections at the human-animal-environment interface on the island.
1. Introduction

Ticks are specialized blood-sucking ectoparasites that attack verte-
brates and transmit a variety of pathogens. They are important vectors of
pathogens in domestic and wild animals and humans [1,2]. The
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epidemiological and epizootic significance of ticks is second only to that
of mosquitoes [3].

In China, nine genera and 124 species of ticks have been reported
[4]. Ticks have been identified in 10 of Shanghai's 17 districts [5],
including Chongming [2]. Chongming Island, one of Shanghai's most
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rural districts, accounts for 1/5 of the total area of Shanghai and is an
irreplaceable strategic development space and ecological barrier of
Shanghai [6]. The island is rich in forest vegetation and animal hus-
bandry resources, providing conditions for the development of ticks,
i.e., from eggs, larval ticks, and nymphal ticks to adult ticks [7].
Moreover, the Chongming Dongtan Bird National Nature Reserve is a
home for migratory birds and provides shelter for wildlife; these ani-
mals are intermediate hosts of ticks, putting the island at risk of tick and
tick-borne pathogen spread [8].

The transmission of tick-borne diseases relies on the presence of their
vectors. A good understanding of their habitat distribution could provide
insight into the potential risk of tick-borne disease transmission to sus-
ceptible hosts. Predictive geographical modelling based on the depen-
dence of species distributions on environmental factors has been viewed
as an important means to assess the impact of natural and anthropogenic
environmental changes on organisms [9]. Environmental conditions play
an important role in the life history of ticks [10,11], and climate in-
fluences the species distribution range, physiological responses, and
survival in different regions [12,13]. Studies have predicted tick distri-
butions in many parts of the world to assess the impact of bioclimatic
factors on ticks, tick-borne diseases, and changes in distribution ranges
[14–16].

Geographic information system (GIS) and remote sensing methods
have been widely used in the field of wildlife and habitat suitability
modelling. Species distribution models (SDMs) are empirical methods
that quantify the realized environmental niches of species [17,18] and
can be projected onto geographic space to predict potential distribu-
tions by relating species distribution data to a set of environmental
variables [19]. Over the last few decades, SDMs have been developed
rapidly, and a number of methods have emerged, including multilayer
perceptron neural network (MLP-NN) [20], Mahalanobis typicality
[21], and multiple-criteria evaluation [22], which have often been
coupled with GIS to analyse species distributions [23]. Digital elevation
models (DEMs), digital bioclimatic data from areas, and point location
records are used as input data in machine learning methods or algo-
rithms to map and analyse the current and future distributions of spe-
cies [24,25]. Among the popular algorithms being used in modelling
species distributions, the maximum entropy (MaxEnt) approach has
gained significant advantage because it uses categorical and presence
data only as input variables and can be applied to regions where data
are scarce [26,27]. Models produced using MaxEnt can be easily un-
derstood and interpreted by providing valuable insights into the dis-
tribution and habitat suitability of a species [28], including under
future conditions possibly impacted by climate change [29,30].

In a previous study, we found that Haemaplysalis flava is the domi-
nant species of tick on Chongming Island [31]. H. flava is of primary
importance to public health, medical and veterinary health, because it
can cause lesions, dermatitis, blood loss, weight loss, and even death as
a result of direct bites. It is also a vector of several pathogens, such as
Borrelia burgdorferi [32,33], severe fever with thrombocytopenia syn-
drome virus, and tick-borne encephalitis virus [34]. To understand the
ecological niches of ticks on the island, the present study aimed to
provide a map of the habitat suitability of the dominant tick H. flava
based on natural environmental factors. Starting from the sample points
of our very recent tick investigation on the island, geographic location
information on H. flava was combined with GIS images to map the
spatial distribution of the ticks. In addition, we downloaded climate
data from WorldClim and remote sensing data from Landsat-8 and
Sentinel-2 from the Copernicus Open Access Hub and used the MaxEnt
principle to construct species distribution models and to predict habitat
suitability for H. flava on the island. We also evaluated the dominant
variables restricting the geographical distribution of H. flava and the
changes in habitat suitability areas under different future climate
scenarios.
2

2. Materials and methods

2.1. Study area and survey data points

The study covered Chongming Island, where we recently surveyed for
the presence of ticks and found H. flava dominant across the 18 towns of
the island [2].

Chongming is an alluvial island at the mouth of the Yangtze River in
eastern China covering 1202 km2 (489 sq mi), with an estimated popu-
lation of approximately 637,900 in 2022. Together with the islands
Changxing and Hengsha, Chongming is the northernmost area of the
provincial-level municipality of Shanghai. The island has a subtropical
monsoon climate; the average annual high temperature is approximately
19.9 �C, the average annual low temperature is approximately 12.5 �C,
the average annual precipitation is approximately 1129 mm, and the
average relative humidity is approximately 80% [31].

All the location data of 38 sample sites across the whole island, along
with longitude and latitude, were generated (Table S1) and were entered
in Excel (Microsoft) and subsequently converted into “.csv” format,
which is compatible with MaxEnt.

2.2. Environmental and bioclimatic variables

Variables associated with the environment were generated from
WorldClim (https://worldclim.org/). Bioclimatic variables that reflect
habitat allocation following the ecological niche of the species resulted
from the long-term recording of monthly rainfall and temperature values
(n ¼ 19) [35]. The bioclimatic data with 30-s spatial resolution were
downloaded with the WGS84 coordinate system. Table S2 shows the list of
predictor variables used for this study. The Hadley Centre Global Envi-
ronmental Model version 2 (HadGEM2) dataset was downloaded from the
WorldClim portal and used to estimate the impact of future climate change
on habitat suitability. To test habitat suitability for H. flava in the 2050s
(2041–2060) and 2070s (2061–2080), future climate data were also
downloaded fromWorldClim based on the Beijing Climate Center-Climate
SystemModel-MediumResolution (BCC-CSM2-MR) climate systemmodel,
which includes three shared socioeconomic pathways (SSPs), i.e., the
SSP5-8.5, SSP2-4.5, and SSP1-2.6 emission scenarios [36,37].

A CartoSat DEM (12.5 m resolution) [38] was used to extract topo-
graphic data. The DEM data that were obtained were mosaicked and
resampled to a 10 m resolution, and the island-wide DEM data were
subsequently cropped with administrative division vector files.
Sentinel-2 was selected for imaging data from the European Space
Agency (ESA) (https://scihub.copernicus.eu/). The images acquired
were level-1C products, i.e., products that have been radiometrically and
geometrically corrected and need to be atmospherically corrected using
the Sen2cor module provided by the ESA. A level-2A product was ob-
tained after atmospheric correction. Thereafter, the data were uniformly
resampled to a resolution of 10 m, and the image was cropped using the
Chongming administrative division boundary vector file to obtain each
phase of the island's counties.

The boundary conditions were limited to the spatial extent of the
Chongming area with a 100-m buffer [39]. To minimize multicollinearity
and model overfitting and exclude extremely correlated variables, the
Pearson multicollinearity test was performed with the SPSS statistical
program, and variables with a correlation coefficient �0.85 were
excluded [39,40].

The selection procedure for all variables was divided into two steps.
First, all the variables (n ¼ 27) were imported into the MaxEnt model,
and those with a contribution rate of 0 were excluded. Second, all vari-
ables with a percent contribution rate greater than 0 were selected for
Pearson correlation analysis. The smaller contribution rate of paired
variables with a correlation coefficient �0.85 was excluded to finally
obtain the variables for MaxEnt.



Fig. 1. The pipeline of the MaxEnt model workflow. The left side shows the process for mapping the survey data points; the right side shows the input factors,
production of the model, and validation of habitat suitability. GIS: geographic information system; ROC: receiver operating curve; AUC: area under the curve.
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2.3. MaxEnt distribution modelling and assessment

This study used the niche principal model of MaxEnt [41]. The
method assumes that under certain known conditions, the system
with the highest entropy is close to its true state. The distribution prob-
ability of the model was acquired under constraint conditions, and the
habitat distributions of different spaces and times were predicted
accordingly [42].

The habitat suitability of H. flava was predicted using MaxEnt 3.4.1.
For modelling, 75% of the sample data were randomly selected in the
training set, whereas 25% of the data were used in the testing set via
bootstrap sampling, 10 replicates, and 500 maximum iterations [43,44].

We used the Jackknife test to investigate the importance of each
Fig. 2. Receiver operating curve (ROC) and the area under the curve (AUC) values of
test data, and the black line indicates random predictions.

3

variable for MaxEnt predictions and used the receiver operating curve
(ROC) to assess the accuracy of the model [45]. The Jackknife test re-
flects the amount of gain obtained from all the variables in combination
or from each variable in isolation. A variable with greater gain indicates
that more contribution or information is contained in that variable to-
wards species habitat distributions [39]. The model was evaluated by
computing the area under the curve (AUC) value and average omission
and prediction statistics [46]. The performance of the forecast model
positively correlates with the area under the curve [47]. In general, the
AUC lies between 0.5 and 1, and the evaluation criteria are as follows:
AUC >0.9 is very good; 0.8 < AUC <0.9 is good; 0.7 < AUC <0.8 is
acceptable; 0.6 < AUC <0.7 is bad; and AUC <0.6 is invalid [42]. Fig. 1
shows the pipeline of the MaxEnt model workflow used in this study.
the MaxEnt model. The red curve indicates training data, the blue curve indicates
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2.4. Model application for prediction

According to two different projected bioclimatic change scenarios,
geographical distribution maps for 2050 and 2070 were generated and
compared with the current potential spatial distribution map.

In this study, a maximum value of 10 repetitions was selected as the
prediction result and divided into suitable grades. ArcGIS 10.4 was used
to convert the “.asc” file output by MaxEnt into a raster format file.
Following the probability (P) of the presence of H. flava, the Intergov-
ernmental Panel on Climate Change (IPCC) suitability grades were
divided into four categories and are indicated by different colours, i.e.,
highly suitable habitat (P � 0.53, red), moderately suitable habitat
(0.34 � P < 0.53, orange), poorly suitable habitat (0.18 � P < 0.34,
cyan), and unsuitable habitat (P < 0.18, green). The modelling results of
MaxEnt were imported into ArcGIS 10.4 and superimposed on the island
vector map to obtain a distribution map of habitat suitability areas for
H. flava. The SDMTools tool in ArcGIS was used to calculate the potential
distribution areas.

3. Results

3.1. Spatial distribution and model performance

The spatial distribution of H. flava was mapped by combining the
geographic location information of the 38 sample points with GIS images
(Figure S1).

The training AUC value of the distribution model for H. flava was
0.837, and the test AUC value was 0.726, indicating that the performance
of the model used in this study was “good” (Fig. 2, Figure S2).

3.2. Variable selection and variable contributions

The results of Pearson correlation matrix analysis performed to
eliminate multicollinearity between the variables and improve the model
performance are shown in Table 1.

The cumulative percentage contribution and permutation impor-
tance of individual variables were also computed. The Jackknife test
built in MaxEnt generated a bioclimate-based distribution model for
H. flava. The test results revealed that the normalized difference vege-
tation index (NDVI), precipitation of the driest month (bio14), eleva-
tion, precipitation of the coldest quarter (bio19), normalized difference
bare soil index (NDBSI), precipitation of the warmest quarter (bio18),
isothermality (bio3), precipitation of the driest quarter (bio17), and
slope were the variables that were most sensitive to the models. By
comparing the regularized training gains with each single variable
(Fig. 3A), we found that the regularized training gains of the NDVI,
bio14, elevation, and bio19 were important for determining the habitat
suitability of H. flava. The NDVI (33.4%) was the most important var-
iable that contributed to the models, while bio14, elevation, and bio19
contributed 23.0%, 11.6% and 11.5%, respectively (Table 2). The
response curve obtained by using only a single environmental variable
clarified the relationship between key environmental variables and the
probability of H. flava presence (Fig. 3B, Figures S3-S8). The results
showed that the highest suitable ranges of NDVI, bio14, elevation, and
bio19 were 0.7–0.8, 32–34 mm, 6–8 m, and 116–122 mm, respectively
(Fig. 3B).

3.3. Areas suitable for H. flava habitat

The habitat suitability of H. flava on Chongming Island under current
bioclimatic conditions was mapped (Fig. 4A, Figure S9). The results
showed that the highly suitable habitats (141.61 km2) were located
mainly in the southeastern part of the island, near the urban area of
Shanghai. This result is consistent with the occurrence points on the is-
land where the ticks were collected (Figure S1, Figure S9). In particular,
large natural ecological areas, e.g., Dongping National Forest Park, the
4



Fig. 3. Contribution of natural environmental variables to H. flava distribution on Chongming Island. (A) Contribution of natural environmental variables to
the models according to Jackknife analysis. The Jackknife test for variable importance in the models is shown. The variable with the highest gain when used in
isolation was the NDVI, which therefore appears to have the most useful information. The values shown are averages over replicate runs. (B) Response curves of
H. flava habitat suitability to the NDVI, precipitation of the driest month, altitude, and precipitation of the coldest quarter. NDVI, normalized difference vegetation
index; Bio14, precipitation of the driest month; DEM, digital elevation model; Bio19, precipitation of the coldest quarter.
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Xisha Wetland, the Mingzhu Lake Scenic Area, and the Dongtan Bird
National Nature Reserve, are found in highly suitable habitats. The
moderately suitable habitats (282.94 km2) were mainly distributed
around high-risk areas. Poorly suitable habitats (405.3 km2) and un-
suitable habitats (373.13 km2) were located in the northern part of the
island, near the town of Gangyan in the middle of Chongming Island, and
in the southeastern part of Changxing Island. The unsuitable habitats also
include the coastal areas of Chongming (main) Island, Hengsha Island,
and Changxing Island.

The overall trends of the predicted habitat suitability areas for
H. flava under the future bioclimatic scenarios (SSP1-2.6, SSP2-4.5, and
SSP5-8.5) are shown in Fig. 4B and 5. Areas of highly, moderately, and
poorly suitable habitats showed a significant increasing trend (Table S3).

By the 2050s, the unsuitable habitat area will increase to 478.02 km2

(SSP1-2.6), 456.58 km2 (SSP2-4.5), and 465.99 km2 (SSP5-8.5), while
the poorly suitable habitat area will decrease to 355.85 km2 (SSP1-2.6),
351.62 km2 (SSP2-4.5), and 359.19 km2 (SSP5-8.5). In addition, the area
of moderately suitable habitat will decrease to 233.58 km2 (SSP1-2.6),
255.56 km2 (SSP2-4.5), and 249.28 km2 (SSP5-8.5), while the area of
highly suitable habitat will decrease to 135.54 km2 (SSP1-2.6),
139.22 km2 (SSP2-4.5), and 128.51 km2 (SSP5-8.5) (Fig. 4B). By the
2070s, the highly suitable habitat areas are projected to increase to
138.82 km2 (SSP1-2.6), 141.97 km2 (SSP1-2.6), and 151.64 km2 (SSP5-
8.5), and the moderately suitable habitats are expected to increase to
254.45 km2 (SSP1-2.6), 264.17 km2 (SSP2-4.5), and 298.30 km2 (SSP5-
8.5), while the poorly suitable habitat areas are expected to increase to
346.43 km2 (SSP1-2.6), 364.56 km2 (SSP2-4.5), and 388.15 km2 (SSP5-
8.5) (Fig. 4B).
Table 2
Percent contribution of selected variables for the model.

Variable Percentage contribution (%)

NDVI 33.4
Bio14 23.0
Elevation 11.6
Bio19 11.5
NDBSI 7.1
Bio18 5.7
Bio3 3.9
Bio17 2.6
Slope 1.3
Aspect 0
Bio9 0
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Under the SSP1-2.6 scenario, the habitat suitability of H. flava on the
island would account for 30.68% (2050s) and 33.02% (2070s) of the
total suitable habitat area, including moderately suitable and highly
suitable areas, respectively. Under SSP2-4.5, 30.68% (2050s) and
33.76% (2070s) of the total suitable habitat would occur, while 31.40%
(2050s) and 37.40% (2070s) of the total suitable habitat would occur
under the SSP5-8.5 future climate scenario.
Fig. 4. Habitat suitability of response to the NDVI for H. flava on
Chongming Island. (A) Habitat suitability map of response to the NDVI for
H. flava under current bioclimatic conditions. NDVI, normalized difference
vegetation index. (B) Distribution of habitat suitability areas for H. flava
over time.



Fig. 5. Map of habitat suitability areas for H. flava under future bioclimatic scenarios on Chongming Island. SSP1-2.6 represents a sustainable development
scenario with low greenhouse gas emission levels. SSP2-4.5 indicates that greenhouse gas emissions are at a medium level; that is, the future socioeconomic
development model will continue to develop on the basis of the current model. SSP5-8.5 is a scenario based on full socioeconomic development and represents a high
level of greenhouse gas emissions [33].
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4. Discussion

Recently, the growing awareness of emerging tick-borne pathogens
has greatly inspired investigations on ticks and tick-borne diseases in
China. In this study, the spatial distribution of habitat suitability for
H. flava was mapped, and the MaxEnt model was applied to simulate the
distribution based on natural environmental factors.

Nineteen of the 38 sampling points were distributed in the highly
suitable habitat area, 10 and five were distributed in the moderately and
poorly suitable habitat areas, respectively, and four distribution points
were found in the unsuitable habitat area, showing that the predicted re-
sults were credible. The NDVI is themost widely used vegetation index and
can, to a certain extent, eliminate the effects of radiation errors caused by
various factors and better reflect vegetation cover and growth [48]. The
response curves obtained from this study showed that the presence of
6

H. flava ticks was most likely when the NDVI reached 0.7–0.8.
As comprehensive natural environmental factors, elevation, temper-

ature, moisture, and light all vary with elevation and have effects on the
physiological function and reproduction of animals [49,50]. The effect of
elevation on the geographic distribution of ticks may not be solely due to
temperature. A previous study showed that ticks and tick-borne diseases
can gradually spread to high altitudes with global warming [51]. Ticks
have distinct limits of tolerance to elevation, so elevation is also a major
natural environmental factor affecting tick habitat suitability. Among the
bioclimatic factors assessed in this study, the precipitation of the driest
month and the precipitation of the coldest quarter strongly contributed to
the models of habitat suitability for H. flava.

Studies suggest that dryness may be a limiting factor for the activity of
ticks [52]. When the humidity in the air is too low, the risk of desiccation
and dehydration during the host-seeking process increases. Adequate
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relative humidity not only increases the survival rate of ticks at all life
stages but also decreases the risk of drying out and dehydration during host
searching [53]. The greater the humidity is, the greater the survival rate of
ticks at all life stages. Winter precipitation results in the formation of a
snow layer with moisture retention that is ideal for tick survival during the
season [54]. Most areas of the country have precipitation that meets
suitable conditions for the development of ticks [55]. Additionally, next to
water retention, e.g., lakes, humidity is also greater than that elsewhere,
and the presence of ticks is more likely in places close to forest lakes.
Furthermore, Heath [56] showed that ticks were distributed from a critical
temperature of 9–12 �C to a lethal temperature close to 40 �C. This evi-
dence is consistent with the findings obtained from the present study.

The environmental factors affecting the geographical distribution of
species include climate, topography, vegetation, soil, land use type, and
human disturbance. At small habitat scales, vegetation, interspecific
competition and human disturbance are the most important factors influ-
encing animal habitat selection, while at large spatial scales, geographical
distribution is mainly governed by climatic factors. This study focused on
the geographic distribution trends of H. flava. Bioclimatic changes influ-
ence the distribution patterns of ticks. Factors such as host distribution,
human-environment modifications, and livestock that may affect tick
distribution [57,58] were not included in the study because of a lack of
available data under future scenarios. To improve the transferability of the
established model, the present study applied the MaxEnt model to future
climate variables and accurately predicted potentially suitable habitat
areas for H. flava. A similar previous study also reported the accuracy of
climate-based forecasts of pathogen spread [59].

The three shared socioeconomic pathway (SSP) scenarios, SSP1-2.6,
SSP3-7.0, and SSP5-8.5, applied in this study represent different future
bioclimates with increasing CO2 emissions and rising global tempera-
tures. The present study showed that the habitat suitability area for
H. flava on Chongming Island decreased significantly with increasing
carbon emissions under all three future bioclimatic scenarios, especially
in the moderately suitable zone. Although ticks are highly adaptable to
changes in environmental temperature, the increasing frequency and
intensity of extreme climatic events and either too high or too low
temperatures could negatively affect the survival of hard ticks across
ditches, which could lead to a reduction in the distribution of future
fitness zones [60]. Under the SSP5-8.5 climate scenario of severe global
warming, the distribution range will continue to expand. However, with
the development of ecological civilization, under the continuous pro-
motion of global biodiversity conservation and under the guidance of the
integrated management concept of “mountain, water, forest, lake, grass,
sand, and ice” and the “double carbon” strategy, the future climate under
the SSP5-8.5 scenario would be very unlikely to occur. Therefore, habitat
suitability areas for H. flava may continue to decrease under such future
climate change.

Habitat suitability areas for H. flava on the island will generally
decrease; however, moderately and highly suitable areas will becomemore
widespread. This is expected around forests because the broad-leaved trees
planted along both sides of roads and between fields provide adequate
conditions for ticks to avoid exposure to direct sunlight [61]. Notably, the
southwestern edge of the island, where many natural reserves are located,
revealed a spotty distribution and habitat suitability pattern for H. flava.
These natural reserves displayed moderate or high presence rates; never-
theless, there may be tick presence, given that they are located within the
path of migratory birds [62]. Previous studies have reported thatmigratory
birds play an important role in extending both plant and tick distributions
[63]. However, studies on the impact of migratory birds and tick distri-
butions in these areas are needed in the future for effective control of
tick-borne infections via the One Health approach [64–67].

Given that this study was based on topographical and bioclimatic
factors and used the MaxEnt principle, there is a future scope to explore
other dimensions, such as distance from the road, distance from settle-
ment zones, change in land use/land cover, and interspecies competition,
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which might impact habitat suitability using various other algorithms,
such as multiple-criteria evaluation (MCE), the multiple-layer perceptron
neural network (MLP-NN) approach, and the Mahalanobis typicality
approach.

Although MaxEnt achieves the best model performance with the sig-
nificant advantage of using categorical and presence data as input vari-
ables, other models with different input sets may yield greater predictions.
Therefore, an example of a limitation of our study is that variables such as
domestic animals, urban and peri-urban cultivated and paved areas, and
wildlife that may impact tick densities [58,59] were not included. How-
ever, studies on the influence of vertebrate hosts during different life stages
of Haemaphysalis ticks on their distribution and on the influence of habitat
suitability of Haemaphysalis ticks on host distribution are needed.

5. Conclusion

Climate change and environmental variables impact the habitat suit-
ability of H. flava on Chongming Island. The NDVI strongly contributed to
the distribution and habitat suitability of H. flava. In addition, two vari-
ables, precipitation of the driest month (bio14), which is dependent on
temperature, and precipitation in the coldest quarter (bio19), were found
to be the most influential bioclimatic variables in the models. Overall, the
potential distribution range of H. flava on the island will decrease under
the premise of human protection. Additionally, high-suitability areas will
not change significantly, and habitat suitability areas are expected to be
limited to the central core zone of nature reserves. These findings indicate
that the dissemination of Haemaphysalis ticks is unlikely to increase in the
next 50 years. However, surveillance and early warnings should be
strengthened to prevent the eventual spread of ticks or tick-borne pathogen
transmission at the One Health interface.
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