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Abstract:Background: Jingmen tick virus (JMTV), an emerging tick-borne arbovirus of
global public health concern, is a segmented positive-sense RNA virus assigned to the genus
Flavivirus of the family Flaviviridae. Although JMTV has been detected in ticks and mammals
across Asia, Africa, Europe, and the Americas, epidemiological data from the border regions of
southwestern China remain limited. This study investigated the prevalence and genetic
characteristics of JMTYV in ticks collected from border areas of Yunnan Province, China.Methods:
A total of 1,035 ticks infesting cattle were collected from five border regions of Yunnan
(including Ruili and Malipo) between May 2024 and August 2025. Tick species were identified by
PCR amplification and sequencing of the mitochondrial COI and 16S rDNA genes. IMTV was
detected by RT-qPCR, and genetic and phylogenetic analyses were performed on
near-full-genome sequences of positive samples; attempts were made to isolate the virus in Vero,
BHK-21, and C6/36 cells and in Kunming mice.Results: Three tick species were identified:
Rhipicephalus microplus, Haemaphysalis longicornis, and Haemaphysalis bispinosa. The overall
JMTV-positive rate was 70.82% (733/1,035), with IMTV detected exclusively in R. microplus;
the regional positive rates were 93.90% in Ruili and 71.33% in Malipo, a statistically significant
difference (P < 0.001). Phylogenetic analysis placed all four genome segments (NS1 - NS4) of the
detected strains within the Asian reference clade, where they formed an independent lineage; the
four segments did not cluster entirely on the same branch, indicating host-associated crossover
together with a degree of geographic clustering. Attempts to isolate live virus in the three cell lines
and in mice were unsuccessful.Conclusions: JMTV is highly prevalent in R. microplus along the
China - Myanmar and China - Vietnam borders of Yunnan, posing a potential public health risk
and providing epidemiological evidence to support local IMTV prevention and control. Because
sampling was uneven across regions, more balanced future surveys are needed to refine regional
epidemiological estimates.
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Jingmen tick virus (JMTV) is an emerging arthropod-borne virus of global public health
concern, attracting considerable international attention owing to its unique genomic structure,
broad host range, and potential human pathogenicity. IMTV is a segmented positive-sense RNA
virus, first isolated and identified from Rhipicephalus microplus tick samples in the Jingmen area
of Hubei Province, China, and subsequently detected in ticks in the Mogiana region of Brazil (Qin
et al. 2014; Maruyama et al. 2014). The viral genome comprises four segments of positive-sense
single-stranded RNA. According to the current classification of the International Committee on
Taxonomy of Viruses (ICTV), this virus is classified as a member of the genus Flavivirus within
the family Flaviviridae, and belongs to a virus group within this genus that has not yet been
assigned to a specific species (Simmonds et al. 2017). Genomic sequence analysis indicates that
JMTV is closely related to members of the genus Flavivirus in the family Flaviviridae, such as
Dengue virus (DENV) and Japanese encephalitis virus (JEV). In contrast, flaviviruses possess a
single-segment genome of approximately 10-11 kb, that encodes seven non-structural proteins
(NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) (Malet et al. 2007), whereas JMTV typically
has four genome segments of similar size, with only segments 1 and 3 encoding the two
non-structural proteins NSP1 and NSP2, which share homology with the flavivirus NS5 and
NS2B-NS3, respectively (Qin et al. 2014; Gao et al. 2020). To date, no sequences homologous to
the structural proteins encoded by IMTV segments 2 and 4 have been identified in other known
viruses, which appears to be a genetic feature unique to the Jingmen virus group (Mwasi et al.
2025).

JMTYV has a wide geographic distribution, with confirmed cases reported in Asia (e.g., China,
Japan, and Cambodia) (Kobayashi et al. 2021; Lloyd-Smith et al. 2009), Europe (e.g., Turkey,
Corsica in France, Finland, and Kosovo) (Cicculli et al. 2024b; Kuivanen et al. 2019; E et al.
2019), Africa (e.g., Kenya and Uganda) (Ergunay et al. 2022; Ladner et al. 2016), and the
Americas (e.g., Brazil and the United States) (Maruyama et al. 2014; Webster et al. 2015).

JMTYV has a broad host range, encompassing arthropods, mammals, and various other
animals (Zhen et al. 2023; W. Li et al. 2025). Ticks serve as the primary biological vectors and
long-term reservoir hosts of JIMTV. To date, the virus has been detected in multiple tick genera,
including Rhipicephalus (Linyu et al. 2023; Lin et al. 2023), Haemaphysalis (Dincer et al. 2023;
Jian et al. 2024), Hyalomma (E et al. 2019; Cicculli et al. 2024a), and Amblyomma (Zhang et al.
2022; Matsumura et al. 2024). Furthermore, in studies conducted in Japan, all detected viral
strains originated from Amblyomma testudinarium, suggesting that this tick species may constitute
a key vector for JMTV transmission within Japan (Matsumura et al. 2024). Furthermore, this virus
has been successively detected in a variety of mammals, including humans, domestic animals
(such as cattle and sheep), and wild animals (such as wild boars, bats, and multiple rodent species)
(Ogola et al. 2022; Liu et al. 2024; Xia et al. 2024). Studies have indicated that bats may serve as
the natural hosts or original reservoir hosts of JMTV, playing an important ecological role in the
long-term persistence and evolution of the virus (Guo et al. 2020). Wild boars, whose activity
ranges span both natural habitats and areas of human activity, may act as key "bridge hosts,"
facilitating cross-species transmission of the virus from wild animals to domestic animals and
human populations (Liu et al. 2024). In addition, other studies have shown that reptiles may also
participate in the transmission cycle of IMTV. For example, in a study conducted in Kenya, high
IMTYV positivity rates were detected in both leopard tortoises and their parasitic ticks, indicating
that reptiles and their ectoparasites may play a role in the maintenance and spread of the virus in



local areas (Ogola et al. 2022).

As a newly emerged tick-borne virus, IMTV poses a public health threat that cannot be
ignored, given its global distribution, broad host range, potential for transovarial transmission, and
confirmed pathogenicity in humans (Zhen et al. 2023; Xia et al. 2024; Zheng et al. 2022). To date,
human cases of JIMTV infection have been reported in both China and Kosovo (Cicculli et al.
2024b; W. Li et al. 2025). Infected individuals may present with viremia and varying degrees of
clinical symptoms (Zhen et al. 2023). Symptoms following human infection include fever,
headache, lymphadenopathy, and fatigue, among others (Linyu et al. 2023). A retrospective study
described the clinical characteristics of patients in detail: all patients developed pruritic or painful
eschars at the tick bite site, with some accompanied by lymphadenopathy; local histopathology
revealed a pronounced inflammatory response predominantly characterized by neutrophilic
infiltration (Na et al. 2019). Currently, JMTV infection can be diagnosed from patient samples
such as skin biopsy tissue and blood using methods including high-throughput sequencing,
RT-PCR, and serological testing (Na et al. 2019). Studies have also been conducted to develop
universal RT-qPCR detection methods to facilitate vector surveillance and early clinical diagnosis
(Cicculli et al. 2024b).

Despite the expanding global documentation of JIMTV, systematic surveillance of the virus in
ticks along the border regions of Yunnan Province—a gateway for transboundary animal and
vector movement—remains limited. In this study, we investigated the prevalence, genetic
diversity, and evolutionary relationships of JMTV in ticks collected from five border areas of
Yunnan between May 2024 and August 2025, and attempted virus isolation, to provide
epidemiological evidence for the prevention and control of IMTV in the region.

1 Samples and Materials

1.1 Sample collection

From May 2024 to August 2025, a total of 1,035 parasitic ticks were collected from cattle in
border areas of China-Myanmar, China-Laos, and China-Vietnam, specifically in Ruili, Wenshan,
Honghe, Xishuangbanna Prefecture, and Tengchong, Yunnan Province, China (Fig. 1). After
species identification, the tick samples were stored at -80 °C for subsequent pathogen detection.

1.2 Materials

The Vero, BHK-21, and C6/36 cells lines used in this study were preserved by Kunming
Customs Technical Center. Kunming mice (KM mice) were purchased from Kunming Medical

University.
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Fig 1 Sample geographical distribution and quantity
Remark: From May 2024 to August 2025, the research group collected a total of 1,035 bovine parasitic ticks
from five border regions: Tengchong (China-Myanmar border), Ruili (China-Myanmar border), Xishuangbanna
(China-Myanmar and China-Laos borders), Honghe (China-Vietnam border), and Wenshan (China-Vietnam
border).

2 Methods

2.1 Molecular identification and phylogenetic analysis of tick species

The collected ticks were classified and numbered by region, yielding a pool of 1,035 samples.
Each tick was rinsed with autoclaved ultrapure water, then cut into two portions: one portion was
stored in a liquid nitrogen tank for subsequent testing, and the other was minced and processed
with a conventional genomic DNA purification kit to extract tick tissue DNA.

Primers targeting the tick mitochondrial cytochrome C oxidase subunit I (COI) gene were
designed according to the standard SN/T 5337-2021, Technical Specification for Identification of
Tick Species as Vectors of Animal Epidemics, and the 16S rDNA gene sequence was synthesized
by Sangon Biotech based on the primers described in reference (Min et al. 2023). Primer
information is shown in Table 1. PCR amplification was performed using the PrimeScript™ One
Step RT-PCR Kit Ver.2 (Takara Biomedical Technology Co., Ltd.) according to the
manufacturer's instructions.

The PCR-amplified COI gene products were subjected to gel electrophoresis and recovered
using a gel extraction kit, followed by paired-end sequencing by Sequencing Biotechnology. The
sequenced gene sequences were assembled using DNASTAR software; the assembled COI
sequences were then aligned against the sequences stored in the BOLD SYSTEM barcode
database. The sequence with the highest alignment score and a sequence similarity of > 97% was
identified as the tick sequence, thereby enabling tick species identification. COI and 16S rDNA




reference sequences were downloaded from the GenBank database maintained by NCBI.
Phylogenetic trees were constructed using MEGA 7.0 software with the maximum likelihood (ML)
method, and the bootstrap replication parameter was set to 1,000.

Table 1 Primer information for molecular identification of ticks

Target Gene  Primer Names Primer Sequence (5°-3") Expected Fragment Size
cor LCO1490 GGT CAA CAA ATC ATA AAGATATTGG 1106
HCO2198 TAA ACT TCA GGG TGA CCA AAA AAT CA P
16S-F CTG CTC AAT GAT TTT TTA AAT TGC TGT GG
16S rDNA 460 bp
16S-R CCG GTC TG AAC TCA GAT CAA GT

2.2 Detection of JMTYV by RT-qPCR

The primers and probes for JIMTV (Cicculli et al. 2024b) and the EF1A reference gene
(Salata et al. 2020) were synthesized according to the respective references. The RT-qPCR
reaction mixture was prepared as described in Table 2. The reaction procedure was as follows:
reverse transcription at 55 °C for 15 min, pre-denaturation at 94 °C for 1 min, followed by 45
cycles of denaturation at 94 °C for 10 s and annealing at 60 °C for 31 s. This method was used to
detect IMTV in the collected ticks.

Table 2 RT-qPCR reaction system

Component of Reaction Amount of Reagent ( L L)

2 X One Step U+ Mix 10
One Step U+ Enzyme Mix 1

50X ROX Reference Dye 1 0.4
IJMTYV Gene Specific Primer Forward(10 1 M) 0.4
IJMTYV Gene Specific Primer Reverse(10 1 M) 0.4
JMTV Taq Man Probe(10 1 M) 0.2
EF1A Gene Specific Primer Forward(10 1 M) 0.4
EF1A Gene Specific Primer Reverse(10 1 M) 0.4
EF1A TapMan Probe(10 © M) 0.4
Template 5.0
RNase-free ddH20 1.4

2.3 Detection of JMTYV by RT-PCR

JMTYV whole-genome amplification primers were synthesized according to reference (Linyu
2023), and the positive samples screened by RT-qPCR were verified. The RNA extracted from 8
positive samples from different regions was used as the template for PCR amplification using
PrimeScript ™ One Step RT-PCR Kit Ver.2, following the manufacturer's recommendation.
(Annealing temperature and extension time were adjusted according to the size of primers and

amplified fragments).
2.4 Phylogenetic analysis of JMTV

The PCR products of JMTV were purified by gel extraction kit and subjected to sequencing.
The sequencing results were compared by BLAST against the NCBI database, and reference
sequences of IMTV whole genome from different regions were downloaded from GenBank

database. MegAlign Pro software was used to analyze the nucleotide homology of each sequence



to determine the degree of sequence homology and variation among different strains. On this basis,
MEGA 7.0 software was used to construct the phylogenetic tree by Maximum Likelihood (ML)
method, and the Bootstrap test repetition number was set to 1000 times (Bootstrap=1000) to
evaluate the confidence and reliability of the phylogenetic tree branches. The phylogenetic
relationship and genetic evolution of different strains were analyzed.

2.5 Isolation of JMTV

In this study, Vero, BHK-21 and C6/36 cells were selected as in vitro culture systems to
isolate and proliferate JIMTV. According to the growth characteristics of different cell lines,
appropriate culture conditions and media systems were used. Before virus inoculation, 5 JMTV
nucleic acid positive original samples were filtered through 0.22 um sterile filter membrane to
remove bacteria, fungi and particulate impurities, thereby preventing microbial contamination
from interfere with cell culture. The treated samples were then inoculated into six-well plates
containing monolayers of the three cell lines in the logarithmic growth phase and in good
condition, at a volume of 500 puL per well. The virus particles were allowed to adsorb for 1 h
under the appropriate culture conditions for each cell type, ensuring full adsorption and invasion
of the host cells. After incubation, the unadsorbed sample solution was discarded, and 1 mL of cell
growth medium was added to each well. The plates were then returned to the corresponding
culture conditions for further culture and observation. Cell status was monitored under a
microscope. After three consecutive blind passages, the presence of IMTV in the cell supernatant
was detected by RT-qPCR.

Meanwhile, the filtered IMTV nucleic acid-positive samples were injected intramuscularly
into mice, and control mice received an equal volume of normal saline. Rectal temperature was
measured and recorded daily after inoculation, and blood was collected from the tail vein for
RT-qPCR on day 5 post-inoculation. After 7 days, the mice were dissected to examine for tick
swelling, and the heart, liver, spleen, lung, and kidney were collected for RT-qPCR to determine
whether the mice were infected with JMTV.

3 Results

3.1 Molecular Identification and Phylogenetic Analysis of Tick Species

Specific fragments of COI and 16S rDNA were amplified by PCR, yielding target bands of
approximately 710 bp and 460 bp, respectively.

In the phylogenetic tree constructed based on the COI gene (Fig. 2), all four geographic
strains of Rhipicephalus microplus clustered within the same clade, showing close genetic
proximity to the Sichuan strain (OR084843.1) and the Yunnan strain (MW751680.1), while being
distantly related to foreign strains. For Haemaphysalis bispinosa, the 10 geographic strains fell
within the same major branch, which consisted exclusively of foreign geographic strains. In the
major clade of Haemaphysalis bispinosa, BANNA-P009 clustered within the same subclade as the
Indian geographical strain (PV746300.1), BANNA-P007 clustered within the same clade as the
Indian geographical strain (PV739674.1), and BANNA-P013 and BANNA-P014 clustered within
the same clade as the Singapore geographical strain (PV242080.1). In the phylogenetic tree based



on the 16S rDNA gene (see Fig. 3), the 16S rDNA gene sequence of Rhipicephalus microplus
clustered with those from Yunnan Province (JX051072, JX051062), Guizhou Province
(PQ198484), and India (OQ683871, HM536970); Haemaphysalis longicornis clustered with those
from Sichuan Province (KJ710087, KX083342); and Haemaphysalis bispinosa clustered with
those from Pakistan (PV686643), Bangladesh (OP349640), and India (MK621326, KC853419,
MK617560). Overall, the 16S rDNA phylogenetic tree showed no significant geographic
differentiation ,in contrast to the COI phylogenetic tree.
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Fig 2 Phylogenetic tree of ticks based on the COI gene

Remark: Phylogenetic tree inferred from cytochrome ¢ oxidase subunit I (COI) gene sequences. For
Rhipicephalus microplus, four geographical isolates clustered into a single clade, which was closely related to
the Sichuan isolate (OR084843.1) and Yunnan isolate (MW751680.1), but genetically distant from foreign
isolates. For Haemaphysalis bispinosa, all 10 geographical isolates were grouped into a large clade consisting
exclusively of foreign isolates. Within this clade, BANNA-P009 formed a subclade with the Indian isolate
(PV746300.1), BANNA-P007 clustered with the Indian isolate (PV739674.1), and BANNA-P013 and
BANNA-P014 grouped with the Singaporean isolate (PV242080.1).
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Fig 3 Phylogenetic tree of ticks based on 16S rDNA genes
Remark: Phylogenetic tree inferred from 16S rDNA gene sequences. For Rhipicephalus microplus, its 16S
rDNA sequences formed a single clade with isolates from Yunnan (JX051072, JX051062) and Guizhou
(PQ198484) of China, as well as India (OQ683871, HM536970). For Haemaphysalis longicornis, sequences
clustered into a clade with Sichuan isolates of China (KJ710087, KX083342). For Haemaphysalis bispinosa,

sequences grouped with isolates from Pakistan (PV686643), Bangladesh (OP349640) and India (MK 621326,
KC853419, MK617560).

The bovine parasitic ticks collected in this study were identified as Rhipicephalus microplus,
Haemaphysalis longicornis, and Haemaphysalis bispinosa. Among them, Rhipicephalus
microplus was the most abundant species and was detected in all collection areas, whereas
Haemaphysalis longicornis was identified in the Dehong and Wenshan regions, while
Haemaphysalis bispinosa was detected only in the Xishuangbanna area.

Table 3 Distribution of tick species collected from border areas of Yunnan Province

Rhipicephalus Haemaphysalis Haemaphysalis
Neighboring
Sampling site microplus longicornis bispinosa
country T T s
(individuals) (individuals) (individuals)
Nongdao Town, Ruili,
Myanmar 284 29 -

Dehong




Rhipicephalus Haemaphysalis Haemaphysalis

Neighboring
Sampling site microplus longicornis bispinosa
country
(individuals) (individuals) (individuals)
Jiexiang Town, Ruili,
Myanmar 283 27 -
Dehong
Malipo County, Wenshan Vietnam 98 4 -
Maguan County, Wenshan Vietnam 19 - -
Ltichun County, Honghe
Vietnam 35 10 -
Prefecture
Tengchong, Baoshan Myanmar 44 8 -
Menglong Town, Jinghong
) ) Myanmar,
City, Xishuangbanna, 8 - 4
Laos
Yunnan Province
Menghai County,
) Myanmar 23 - 11
Xishuangbanna
Mengman Town,
) Laos 6 - 10
Xishuangbanna
Mengban Town,
) Laos 27 - 25
Xishuangbanna
Total 827 78 25

3.2 RT-qPCR and PCR Identification of JMTV

A total of 1035 cattle parasitic ticks collected from border areas of Yunnan Province were
screened for JMTV. Of the 1,035 ticks collected in this study, 733 tested positive for IMTV by
real-time fluorescence quantitative PCR, yielding an overall positive rate of 70.82%. Among these,
631 positive ticks were identified from samples collected in Ruili City, Dehong, with a positive
rate of 93.90% (631/672), and 102 positive ticks were identified from cattle parasitic tick samples
collected in Malipo, Wenshan, with a positive rate of 71.33% (102/143). The differences in
positive rates among regions were confirmed to be statistically significant by chi-square test (P <
0.001). Combined with the tick species identification results, positive samples were detected in
Rhipicephalus microplus. No positive samples were detected in the remaining regions.

Primers targeting the JIMTV-NS1 gene were used to validate 733 positive samples identified
by RT-qPCR. Of these, 706 samples tested positive for JIMTV, with a single band of the expected
size (1308 bp) amplified, and no bands observed in the negative controls. The amplification results
confirmed the accuracy and feasibility of the established method. Furthermore, near-full-genome

amplification was performed on 8 selected IMTV strains using JMTV whole-genome sequences.



Agarose gel electrophoresis showed that all 8 samples produced a single band of the expected
molecular size, whereas no amplification bands were observed in the negative controls.
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Fig 4 Partial amplification results of JIMTV by RT-qPCR and RT-PCR
Remark: A total of 733 JMTV-positive samples were identified by RT-qPCR. These positive samples were
further validated by RT-PCR using the JMTV-NS1 gene primer set. Among them, 706 samples were confirmed

as JMTYV positive, with a single amplified band at the expected molecular size of 1308 bp, and no band was

detected in the negative control.

3.3 Genetic Evolutionary Analysis of JMTV

As shown in Fig. 5, the four gene segments of IMTV (NS1-NS4) all cluster into two major
branches in the phylogenetic tree. From a geographic distribution perspective, the phylogenetic
analysis results indicate that the first branch comprised reference sequences from Asia (China,
Japan, and Laos), Africa (Kenya, Uganda, and Guinea), and South America (Brazil), whereas the
second branch consisted primarily of tick- and human-derived JMTV from Europe (France,
Turkey, Kosovo, etc.). From the perspective of parasitic hosts, phylogenetic tree analysis results
show that IMTV, represented by the first branch of the phylogenetic tree, has a broad host range,
including ticks from multiple genera within the family Ixodidae, various species of rodents and
mice, as well as mammals such as monkeys, bats, and wild boars; whereas the IMTV in the
second branch has hosts primarily comprising ticks and humans.

In this study, the four segments of IMTV NS1, NS2, NS3, and NS4 all clustered within the
Asian reference strains of the first evolutionary branch, forming a distinct clustered independent
branch. Regarding the NS1 segment, the seven isolates clustered closely with the
JMTV/Yunnan2016 reference strain from ticks of the genus Amblyomma testudinarium in Yunnan
Province, China, showing a close phylogenetic relationship. Among them, the seven isolates in
this study clustered geographically, with the isolates from Ruili being closely related to the
JMTV/Yunnan2016 reference strain and grouped within the same sub-branch, while the isolates
from Malipo formed a separate sub-branch on their own. Regarding the NS3 segment, the four
isolates from Malipo and two isolates from Ruili were closely related to the Chinese
Rhipicephalus microplus-associated flavivirus reference strains JIMTV/YNTV4, while the two
Ruili isolates did not form a separate clade. One isolate from Ruili clustered in the same clade as
the JIMTV/Yunnan2016 reference strain. Regarding the NS4 segment, the four Malipo isolates, as



with the NS3 segment, clustered in the same clade as the IMTV/YNTV4 reference strain. The
three Ruili isolates were closely related to the JMTV/Yunnan2016 reference strain. Overall, the
four segments of the 7 JMTYV isolates did not cluster entirely on the same branch, and there was
cross-species host distribution; however, to some extent, the four segments exhibited geographic

clustering.

C: NS3 D: NS4

Fig 5 Phylogenetic tree of the whole-genome sequences of IMTV
Remark: The color markings indicate the genes detected in this study's genome

Phylogenetic trees based on four gene segments (NS1 - NS4) of IMTV consistently displayed two major
clades: Clade 1 included reference sequences from Asia (China, Japan, Laos), Africa (Kenya, Uganda, Guinea)
and South America (Brazil) infecting a wide range of hosts such as ixodid ticks of multiple genera, rodents,
primates, bats and wild boars, whereas Clade 2 mainly consisted of tick- and human-origin JMTV strains from
Europe (France, Turkey, Kosovo, etc.). All IMTV sequences generated in this study were located in the Asian
subclade of Clade 1 and formed a well-supported independent lineage. Specifically, for the NS1 segment, seven
isolates clustered closely with the Amblyomma testudinarium-derived reference strain IMTV/Yunnan2016 from
Yunnan Province, China, among which Ruili isolates shared a subclade with this reference strain while Malipo
isolates formed a separate subclade. For NS2, three Malipo isolates exhibited close phylogenetic relatedness to
Haemaphysalis longicornis-borne strains IMTV/ZYJ4, IMTV/ZYJ and IMTV/WS3 from Guizhou Province,

China but did not belong to the same subclade; one additional Malipo isolate clustered with Chinese H.



longicornis-derived strains IMTV/SZTD4 and IMTV/HAHHG6; and three Ruili isolates grouped with
JMTV/Yunnan2016, consistent with the NS1 tree topology. For NS3, four Malipo isolates and two Ruili isolates
were closely associated with the Rhipicephalus microplus-derived strain JIMTV/YNTV4 from China, and one
remaining Ruili isolate was assigned to the same subclade as IMTV/Yunnan2016. For NS4, four Malipo isolates
clustered with IMTV/YNTV4 as observed in the NS3 tree, and three Ruili isolates showed close genetic
relationship with JMTV/Yunnan2016.

3.4 Virus Isolation

IMTV-positive samples were inoculated onto cells and subjected to three blind passages.
JIMTV genomic RNA was subsequently detected in the culture supernatant. The results showed
that IMTV nucleic acid was detected at only low copy numbers in the supernatant of the first two
passages of IMTV-inoculated cells, whereas no JMTV nucleic acid was detected in the
supernatant of the third passage. Additionally, no obvious cytopathic effect was observed in any
cells during this period. In the virus isolation and cultivation trial, mice inoculated with IMTV
nucleic acid-positive samples remained in normal condition one week post-inoculation, with no
significant changes in body temperature. Seven days after inoculation, mouse blood and heart,
liver, spleen, lung, and kidney tissues were collected, and no obvious splenomegaly was observed.
RT-gPCR detection revealed that no viral RNA was detected in any of the mouse tissues,
indicating that the virus did not replicate in mice.

A




Fig 6 Comparison of spleen between immunized mice and saline control mice

Remark: A~E: The spleen of the poisoned mice ~ F: Saline control mice spleen
Seven days post-inoculation with JMTV nucleic acid-positive samples, mouse spleens were harvested for
comparative analysis. No significant difference in spleen size was observed between the JIMTV-challenged group

and the saline-injected control group, and all spleen samples tested negative for IMTV via RT-qPCR.

4 Discussion

JMTYV is the first identified member of the Flaviviridae family with a segmented genome,
consisting of 4-5 linear RNA segments. This structure stands in stark contrast to the
single-stranded, non-segmented RNA genome of classical flaviviruses (such as dengue virus and
Zika virus), challenging the traditional understanding of flavivirus genome architecture (Yu et al.
2020). More profoundly, segmented RNA viruses may undergo reassortment or similar genetic
exchange mechanisms during evolution, rendering the genetic barriers between different virus
families not insurmountable and potentially giving rise to viruses with entirely novel properties
(McDonald et al. 2016). Meanwhile, this heightened susceptibility to genetic recombination also
poses greater challenges to the prevention and control of segmented viruses such as JIMTV (W. Li
et al. 2023).

In this study, through phylogenetic analysis, genomic sequence data of 43 JMTYV reference
strains from different countries and hosts were downloaded, and a systematic analysis was
conducted on the global geographic distribution, host range, and genetic evolutionary
characteristics of the JMTV obtained in this study.

As a segmented virus, JMTV not only possesses the capacity for gene mutation and
recombination but also can undergo genetic reassortment. This unique genetic mechanism allows
different segments to evolve independently and exchange segments during mixed infections. In
the identification of IMTV variants from Hunan Province, China, it was found that the S1, S3, and
S4 segments clustered with strains from Hubei, China, whereas the S2 segment showed higher
similarity to Japanese strains (Z. Li et al. 2024). This conclusion bears certain resemblance to the
finding in this study that the four segments do not entirely cluster within the same branch. This
discovery demonstrates the independent evolutionary trajectories of
segments—replication-associated segments remain stable, while certain segments can introduce
novel genetic variation through reassortment. However, these changes are largely confined to
specific genomic fragments or regions, while core functional genes remain relatively stable.



Notably, a study in Henan, China, found that the JMTV nucleic acid sequences carried by
sheep and ticks exhibited high consistency and relatively conserved evolution (Xia et al. 2024).
Similarly, a study collecting ticks from seven provinces in China for IMTV detection and genetic
evolutionary analysis revealed that all identified JMTYV strains were closely related and formed a
well-supported sublineage (Guo et al. 2020).

These studies indicate that in short-term transmission chains, viral replication fidelity is high
and mutations accumulate slowly; whereas during long-term cross-regional transmission,
geographical and ecological factors progressively shape local genetic differences. This
phenomenon fully demonstrates that the genetic evolution of IMTV genome sequences across
different tick species, animal hosts, and geographical regions exhibits a pattern of "overall
conservation, local diversity."

Slight discrepancies were observed between the numbers of positive samples detected by
RT-gPCR and PCR in this study. This may be attributable to differences in detection sensitivity
between the two methods, as PCR may fail to yield positive results for samples with low viral
loads.

This study attempted to isolate JMTV and investigate its related characteristics using Vero,
BHK-21, and C6/36 cells, but failed to establish a stably passaged live virus strain. Although viral
RNA could be detected in the supernatant of the first two passages of cell culture, the viral load
was relatively low; by the third passage, viral RNA could no longer detected in the culture
supernatant. Previous studies have shown that IMTV can be successfully isolated, stably passaged,
and efficiently propagated in tick-derived cell lines (IRE/CTVM19), whereas its replication is
markedly restricted in mammalian cells (Kobayashi et al. 2021). In addition, attempts to isolate
JMTYV from inoculated mice in this study were also unsuccessful. Previous studies have already
indicated that the isolation of JMTYV is considerably difficult, both in mouse models and in cell
culture systems (Qin et al. 2014; Na et al. 2019). It is speculated that tick-derived cell lines may
provide replication conditions closer to the intracellular environment of the natural host, thereby
facilitating the initial adaptation and sustained replication of tick-borne viruses such as IMTV. In
contrast, mammalian cell lines may lack certain essential host factors or exhibit different antiviral
responses, resulting in low replication efficiency after viral entry, making it difficult to produce
obvious cytopathic effects or yield high-titer viral supernatants, and ultimately leading to the virus
being diluted to undetectable levels during passaging.

This study has certain limitations. The number of tick collection sites was limited, and the
distribution of tick samples across these sites was uneven. Samples from the Ruili area of Dehong
accounted for 64.9% (672/1035) of the total sample size, with a IMTV positivity rate as high as
93.90%. Consequently, the overall positivity rate of 70.82% was substantially driven by data from
this region and does not represent the average infection level across the entire Yunnan border area;
rather, it primarily reflects the epidemic status in the Ruili region along the China-Myanmar
border. Future studies should balance sampling across different regions to obtain more
representative regional epidemiological data. Additionally, most ticks collected in this study were
engorged ticks, which led to misidentification during morphological classification. Therefore,

further improvement in discriminatory capacity is needed.



5 Conclusions

This study provides systematic epidemiological evidence on Jingmen tick virus (JMTV) in
ticks along the China—Myanmar and China—Vietnam borders of Yunnan Province, demonstrating
that the virus circulates actively in border livestock-associated tick populations. Among 1,035
ticks collected from five border regions, an overall IMTV-positive rate of 70.8% was recorded,
with the highest prevalence (93.9%) in the Ruili area bordering Myanmar and a markedly lower
rate in Malipo bordering Vietnam; within the examined fauna, Rhipicephalus microplus was the
only species found to carry the virus. Phylogenetic analysis of the four genome segments placed
the circulating strains within the Asian reference clade, where they formed a distinct, locally
clustered lineage while showing segment-specific host crossover, consistent with the largely
conserved yet locally divergent evolutionary pattern reported for this segmented virus. Taken
together, these findings indicate that JMTYV is a credible, though currently underrecognized, public
health concern along the Yunnan border, and they support the value of routine vector-based
surveillance at transboundary points.

The main contribution of this work is therefore epidemiological and practical: it establishes a
prevalence and genetic baseline for JIMTV in southwestern border areas and underscores R.
microplus as the principal bridge vector for potential human and livestock exposure. At the same
time, the unsuccessful attempts to isolate live virus in the cell lines and mouse model examined
reiterate the biological difficulty of JMTV propagation and point to tick-derived cell lines as a
more suitable isolation strategy. Because sampling was concentrated in a limited number of sites
and relied predominantly on engorged ticks, the regional prevalence estimates should be
interpreted with caution. Future surveys with balanced, multi-site sampling and refined
morphological identification are needed to delineate the full geographic extent and transmission
dynamics of IMTV along the Yunnan border and to inform targeted prevention and control

measurcs.

Declarations

Ethics approval and consent to participate

The animal studies were approved by the Ethics Committee of Kunming Customs Technical
Center.The studies were conducted in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the owners for the participation of their
animals in this study.



Consent for publication

Not applicable

Availability of data and materials

The datasets used and/or analysed during the current study are available from the
corresponding author on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

The author(s) declare financial support was received for the research, authorship, and/or
publication of this article. This work was supported by Analysis, Monitoring, Early Warning and
Demonstration Role of Cross-border Transmission Risks of Important Pathogens of Wild Animals
(grant number: 2022YFC2601605).

Authors' contributions

HZ: Conceptualization, Data curation, Formal analysis, Investigation, Software, Validation,
Visualization, Writing - original draft,Writing - review & editing. HW:Conceptualization, Data
curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization,
Writing - original draft.XJ: Investigation, Project administration, Resources, Validation,
Writing - review & editing. MR:Investigation, Project administration, Resources, Validation,
Writing - review & editing.SY:Investigation, Project administration, Resources, Validation,
Writing - review & editing. DH:Formal analysis,Funding acquisition,Investigation,Project
administration,Supervision,Validation,Writing - review & editing.JT:Formal
analysis,Investigation,Project administration,Resources,Validation, Writing - review &
editing.JA:Conceptualization,Funding acquisitio,Investigation,Methodology,Project
administration,Resources,Supervision, Writing - review & editing.ZS:Conceptualization,Funding
acquisitio,Investigation,Methodology,Project administration,Resources,Supervision, Writing -
review & editing. All authors read and approved the final manuscript.



Acknowledgments

We sincerely thank all those who have contributed to the collection of ticks.

Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily
represent those of their affiliated organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.



References

Cicculli, Vincent, Agathe M G Colmant, Geraldine Piorkowski, Rayane
Amaral, Apolline Maitre, Dorine Decarreaux, Laurence Thirion, et al.
2024a. “First detection of Jingmen tick virus in Corsica, France and
development of a real time detection system for multiple
tick-associated jingmenviruses.” Research square, March.
https://doi. org/10. 21203/rs. 3. rs—4136487/v1.

Cicculli, Vincent, Agathe M G Colmant, Géraldine Piorkowski, Rayane
Amaral, Apolline Maitre, Dorine Decarreaux, Laurence Thirion, et al.
2024b. “First detection of Jingmen tick virus in Corsica with a new
generic RTqPCR system.” ApJj viruses 2 (1): 44.
https://doi. org/10. 1038/s44298-024-00053-1.

Dincer, Ender, Mehmet Ozkan Timurkan, enizYalcinkaya D, Olcay Hekimoglu,
ehmetBeratNayir M, Tugce Zeynep Sertkaya, and Tarkan Yorulmaz. 2023.

“Molecular Detection of Tacheng Tick Virus—-1 (TcTV-1) and Jingmen
Tick Virus in Ticks Collected from Wildlife and Livestock in Turkey:
First Indication of TcTV—-1 Beyond China.” Vector borne and zoonotic
diseases (Larchmont, N.Y.), no. 8: 419-427.
https://doi. org/10. 1089/vbz. 2023. 0029.

E, nderDinger, abriHacioglu S, 1rriKar S, Nergis Emanet, Annika Brinkmann,
Andreas Nitsche, ykutOzkul A, Yvonne-Marie Linton, and orayErginay
K. 2019. “Survey and Characterization of Jingmen Tick Virus
Variants. ” Viruses 11 (11). https://doi.org/10.3390/v11111071.

Ergunay, Koray, Mathew Mutinda, Brian Bourke, Silvia A Justi, Laura
Caicedo—Quiroga, Joseph Kamau, Samson Mutura, et al. 2022.
“Metagenomic Investigation of Ticks From Kenyan Wildlife Reveals
Diverse Microbial Pathogens and New Country Pathogen Records.”
Frontiers in microbiology, 932224.
https://doi. org/10. 3389/fmich. 2022. 932224.

Gao, Xiaopan, Kaixiang Zhu, Justyna Aleksandra Wojdyla, Chen Pu, Qin Bo,
Ziheng Li, Meitian Wang, and Cui Sheng. 2020. “Crystal structure of
the NS3-1ike helicase from Alongshan virus.” UCrJ, no. Pt 3 (May) :
375-382. https://doi.org/10.1107/52052252520003632.

Guo, Jing—Jing, Xian—Dan Lin, Yan—Mei Chen, Zong—Yu Hao, Zhao—Xiao Wang,
Zhu-Mei Yu, Lu Miao, et al. 2020. “Diversity and circulation of
Jingmen tick virus in ticks and mammals.” Virus evolution, no. 2:
veaa051. https://doi.org/10. 1093/ve/veaa051.

Jian, Xiao, Yao Xuan, Xuhua Guan, Jinfeng Xiong, Yaohui Fang, Jingyuan
Zhang, Zhang You, et al. 2024. “Viromes of Haemaphysalis longicornis
reveal different viral abundance and diversity in free and engorged
ticks.” Virologica Sinica, no. 2: 194-204.
https://doi. org/10. 1016/ j. virs. 2024. 02. 003.

o



Kobayashi, Daisuke, Ryusei Kuwata, Toshiya Kimura, Hiroshi Shimoda,
Ryosuke Fujita, Astri Nur Faizah, Izumi Kai, et al. 2021. “Detection
of Jingmenviruses in Japan with Evidence of Vertical Transmission in
Ticks.” Viruses, no. 12 (December).
https://doi. org/10. 3390/v13122547.

Kuivanen, Suvi, Lev Levanov, Lauri Kareinen, Tarja Sironen,
nneJJaaskelainen A, Ilya Plyusnin, Fathiah Zakham, et al. 2019.

“Detection of novel tick—borne pathogen, Alongshan virus, in Ixodes
ricinus ticks, south—eastern Finland, 2019.” Furo surveillance :
bulletin Europeen sur les maladies transmissibles = European
communicable disease bulletin 24 (27).

https://doi. org/10.2807/1560-7917. ES. 2019. 24. 27. 1900394.

Ladner, Jason T, Michael R Wiley, Brett Beitzel, Albert J Auguste, Alan
P Dupuis, Michael E Lindquist, Samuel D Sibley, et al. 2016. “A
multicomponent animal virus isolated from mosquitoes.” Cell host &
microbe 20 (3): 357-367.
https://doi. org/10. 1016/ j. chom. 2016. 07. 011.

Li, Weiyi, Rongting Li, Chengyao Liu, Jinzhi Cheng, Zhan Lin, Zhengling
Shang, and Jiahong Wu. 2025. “Distribution prediction of the habitat
of Jingmen tick virus in China.” Microbiology spectrum, no. T7:
e0343024. https://doi.org/10. 1128/spectrum. 03430-24.

Li, Weiyi, Rongting Li, Xiaomin Tang, Jinzhi Cheng, Zhan Lin, Zhengling
Shang, and Jiahong Wu. 2023. “Genomics Evolution of Jingmen Viruses
Associated with Ticks and Vertebrates.” Genomics 115 (6): 110734.
https://doi. org/10.1016/j. ygeno. 2023. 110734.

Li, Zhang, Wenbo Xu, Yinghua Zhao, Liyan Sui, Mingxin Song, and Liu Quan.
2024. “Identification and Characterization of Jingmen Tick Virus
from Rhipicephalus Microplus in Hunan, China.” Acta Tropica 260:
107378. https://doi.org/10. 1016/ j. actatropica. 2024. 107378.

Lin, Huang, Shunshuai Liu, Chen Lu, Wang Fei, Ye Ping, Luoyuan Xia, Baogui
Jiang, et al. 2023. “Identification of novel Jingmen tick virus from
parasitic ticks fed on a giant panda and goats in Sichuan Province,
southwestern China. Frontiers in microbiology, 1179173.
https://doi. org/10. 3389/fmich. 2023. 1179173.

Liu, Zirui, Ruiming Hu, Huabin Cao, Huang Peng, Yan Hui, Puyan Meng, Zhiwei
Xiong, et al. 2024. “Identification and phylogenetic analysis of

”  Frontiers in

»

Jingmen tick virus in Jiangxi Province, China.
veterinary science, 13758b2.
https://doi. org/10. 3389/fvets. 2024. 1375852.
Lloyd-Smith, James O, Dylan George, Kim M Pepin, Virginia E Pitzer, Juliet
R C Pulliam, Andrew P Dobson, Peter ] Hudson, and Bryan T Grenfell.
2009. “Epidemic dynamics at the human—animal interface.” Science
(New York, N.7V.), no. 5958 (December): 1362-7.
https://doi. org/10. 1126/science. 1177345.



Malet, Héléne, Marie—Pierre Egloff, Barbara Selisko, Rebecca E Butcher,
Peter J Wright, Michael Roberts, Arnaud Gruez, et al. 2007. “Crystal
structure of the RNA polymerase domain of the West Nile virus
non-structural protein 5. ” The Journal of biological chemistry, no.
14 (April): 10678-89.
https://www. ncbi. nlm. nih. gov/pubmed/17287213.

Maruyama, Sandra Regina, Luiza Antunes Castro—Jorge, José Marcos Chaves
Ribeiro, Luiz Gustavo Gardinassi, Gustavo Rocha Garcia,
ucindaGiampietroBrandao L, Aline Rezende Rodrigues, et al. 2014.
“Characterisation of divergent flavivirus NS3 and NS5 protein
sequences detected in Rhipicephalus microplus ticks from Brazil.”
Memorias do Instituto Oswaldo Cruz, no. 1: 38-50.
https://doi. org/10. 1590/0074-0276130166.

Matsumura, Ryo, Daisuke Kobayashi, Kyo Itoyama, and Haruhiko Isawa. 2024.
“First Detection of the Jingmen Tick Virus in Amblyomma

)

testudinarium Ticks from the Kanto Region, Japan.” _Japanese journal
of infectious diseases, no. 3 (May): 174-177.
https://doi. org/10. 7883/yoken. JJID. 2023. 347.

McDonald, Sarah M, Martha I Nelson, Paul E Turner, and John T Patton. 2016.
“Reassortment in Segmented RNA Viruses: Mechanisms and Outcomes. ”
Nature Reviews. Microbiology 14 (7): 448-60.
https://doi. org/10. 1038/nrmicro. 2016. 46.

Mwasi, Lydia, Samoel Khamadi, Wallace Bulimo, Johnson Kinyua, Santos
Yalwala, Luis Pow Sang, Haynes Robert, Gerald G Kellar, John Eads,
and Fredrick Eyase. 2025. “Identification and Genetic
Characterization of Jingmen Tick Virus from Ticks Sampled in Select
Regions of Kenya; 2022 -2024.” PloS One 20 (10): e0329878.
https://doi. org/10. 1371/ journal. pone. 0329878.

Na, Jia, Hong—Bo Liu, Xue—Bing Ni, Lesley Bell-Sakyi, Yuan—Chun Zheng,
Ju-Liang Song, Jie Li, et al. 2019. “FEmergence of human infection
with Jingmen tick virus in China: A retrospective study.”
EBioMedicine, 317-324.
https://doi. org/10. 1016/ j. ebiom. 2019. 04. 004.

Ogola, Edwin O, Anne Kopp, Armanda D S Bastos, Inga Slothouwer, Marco
Marklewitz, Dorcus Omoga, Gilbert Rotich, et al. 2022. “Jingmen Tick
Virus in Ticks from Kenya.” Viruses, no. 5 (May).
https://doi. org/10. 3390/v14051041.

Qin, Xin—Cheng, Mang Shi, Jun—Hua Tian, Xian—Dan Lin, Dong-Ya Gao,
Jin—Rong He, Jian—-Bo Wang, et al. 2014. “A tick-borne segmented RNA
virus contains genome segments derived from unsegmented viral
ancestors. ” Proceedings of the National Academy of Sciences of the
United States of America, no. 18 (May): 6744-9.

https://doi. org/10. 1073/pnas. 1324194111.



Qu, Linyu, Xiaofei Li, Baoyang Huang, Yufu Liu, Li Qian, Taif Shah, Yuting
Ning, et al. 2023. “Identification and Characterization of Jingmen
Tick Virus in Ticks from Yunnan Imported Cattle.” Vector borne and
zoonotic diseases (Larchmont, N.Y.), no. 5: 298-302.
https://doi. org/10. 1089/vbz. 2022. 0076.

Salata, Cristiano, Vanessa Monteil, Mikael Lei jon, Lesley Bell-Sakyi, and
Ali Mirazimi. 2020. “Identification and Validation of Internal
Reference Genes for Real-Time Quantitative Polymerase Chain
Reaction—Based Studies in Hyalomma Anatolicum Ticks.” Ticks and
Tick—-Borne Diseases 11 (4): 101417.
https://doi.org/10.1016/j. ttbdis. 2020. 101417.

Simmonds, Peter, Paul Becher, Jens Bukh, Ernest A Gould, Gregor Meyers,
Tom Monath, Scott Muerhoff, et al. 2017. “ICTV Virus Taxonomy Profile:
Flaviviridae. ” The Journal of general virology, no. 1: 2-3.
https://doi. org/10. 1099/ jgv. 0. 000672.

Webster, Claire L, Fergal M Waldron, Shaun Robertson, Daisy Crowson, Giada
Ferrari, F Quintana Juan, Jean—-Michel Brouqui, et al. 2015. “The
Discovery, Distribution, and Evolution of Viruses Associated with
Drosophila melanogaster.” PLoS biology 13 (7): e1002210.
https://doi. org/10. 1371/ journal. pbio. 1002210.

Xia, Baicheng, Zhenhua Li, Wenbing Zhu, Wu Zhen, Yuli Zhang, Yujing Zhu,
Hengyi Sun, and Guoyu Niu. 2024. “Identification and phylogenetic
analysis of Jingmen tick virus in ticks and sheep from Henan Province,
China.” Virology journal, no. 1 (December): 325.
https://doi. org/10. 1186/s12985-024-02587-5.

Yu, Zhu—-Mei, Jin-Tao Chen, Qin Jing, Jing—Jing Guo, Kun Li, Qi—-Yi Xu, Wang
Wen, Lu Miao, Xin—Cheng Qin, and Yong—Zhen Zhang. 2020.
“Tdentification and Characterization of Jingmen Tick Virus in

Rodents from Xinjiang, China.”

Infection, Genetics and Evolution :
Journal of Molecular Epidemiology and Evolutionary Genetics in
Infectious Diseases 84: 104411,
https://doi.org/10. 1016/ j. meegid. 2020. 104411.

Zhang, Yuli, Zhenfeng Li, Pang Zheng, Wu Zhen, Zhi juan Lin, and Guoyu Niu.
2022. “Identification of Jingmen tick virus (JMTV) in Amblyomma
testudinarium from Fujian Province, southeastern China.”
& vectors, no. 1 (September): 339.
https://doi. org/10. 1186/s13071-022-05478-2.

Zhen, Wu, Zhang Ming, Yuli Zhang, Lu Ke, Wenbing Zhu, Shuo Feng, Jun Qi,
and Guoyu Niu. 2023. “Jingmen tick virus: an emerging arbovirus with
a global threat.” mSphere, no. 5 (October): e0028123.
https://doi. org/10. 1128/msphere. 00281-23.

Zheng, Pang, Yuting Jin, Pan Mei, Yuli Zhang, Wu Zhen, Liu Lin, and Guoyu
Niu. 2022. “Geographical distribution and phylogenetic analysis of

Parasites



Jingmen tick virus in China.” 7Science, no. 9 (September): 105007.
https://doi. org/10.1016/j. isci. 2022. 105007.

Min Wang, Yinxu Hou, Lesheng Zhang, Fengfeng Wang, Xiaohe Ma, Dandan Song,
Zhiguo Cao, and Tianping Wang. 2023. “Phylogenetic analysis of ticks
in Hefei City and a new tick species record in Anhui Province.”
Chinese Journal of Hygienic Insecticides & Equipments, no. 04
(August). https://doi.org/10.19821/j. 1671-2781. 2023. 04. 008.

Linyu Qu. 2023. “Screening and identification ofarboviruses carried by
Ticks andMosquitoes in some parts of Yunnan.” KUMING UNIVERSITY OF
SCIENCE AND TECHNOLOGY. Kunming.
https://doi. org/10.27200/d. cnki. gkmlu. 2023. 002038.



