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Abstract 

Background: Ticks and rodents are significant vectors and reservoirs of zoonotic pathogens, posing 
considerable threats to public health. However, comprehensive data on the distribution and diversity 
of pathogens across different host types in key regions of China remain limited. This study employed 
a parallel surveillance strategy to investigate pathogen landscapes in Haemaphysalis longicornis ticks, 
and Spermophilus dauricus rodents from distinct geographical areas in Northeast and East-Central 
China. Methods: Questing H. longicornis ticks (n=1,004, processed in 670 pools) were collected from 
Liaoning and Anhui provinces, while liver tissues from S. dauricus rodents (n=42) were sampled in 
Heilongjiang province. Host species were confirmed using cytochrome oxidase I (COI) gene 
sequencing. Nucleic acids from all samples were screened for Dabie bandavirus (formerly SFTSV) and 
bacteria using universal 16S rRNA gene primers. Bacterial-positive samples were subsequently tested 
for specific pathogens using multi-gene nested PCR assays. Phylogenetic analyses, including 
supertree construction from concatenated gene sequences, were performed to ensure robust species 
identification and explore genetic relationships. Results: Spotted Fever Group Rickettsia (SFGR) were 
detected in 14/670 tick pools, yielding a Minimum Infection Rate (MIR) of 1.4% (14/1,004). This 
included Candidatus Rickettsia jingxinensis in Liaoning (MIR 2.0%) and Rickettsia heilongjiangensis in 
Anhui (MIR 2.6%). Additionally, Coxiella-like endosymbionts (CLE) were found in 20 tick pools. 
Strikingly, Legionella pneumophila DNA was detected in 2/42 (4.8%) S. dauricus liver samples. 
Phylogenetic analysis revealed these L. pneumophila sequences were highly homologous to a known 
human pathogenic strain (OLDA). No Dabie bandavirus was detected. Conclusions: Our parallel 
surveillance provides a valuable snapshot of regional pathogen distribution. We confirm the 
circulation of distinct SFGR species in H. longicornis ticks in Liaoning and Anhui. The novel detection 
of pathogenic L. pneumophila DNA in S. dauricus tissues suggests these rodents, may serve as effective 
environmental sentinels for this important human pathogen. These findings underscore the need for 
integrated surveillance across diverse host species to better assess public health risks. 
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1. Introduction 

Ticks and rodents are globally recognized as primary vectors and reservoirs for a wide spectrum 
of zoonotic pathogens, respectively, posing significant and escalating threats to both human and 
animal health [1]. Understanding the specific pathogens circulating within local tick and rodent 
populations is fundamental for effective public health surveillance and disease prevention strategies. 

Haemaphysalis longicornis, the Asian longhorned tick, is a vector of major medical and veterinary 
importance. Native to East Asia, including eastern China, Japan, and Korea, this species has 
demonstrated remarkable ecological adaptability, establishing invasive populations in Australia, 
New Zealand, and the eastern United States [2–4]. Its capacity for parthenogenetic reproduction can 
lead to rapid population establishment and massive host infestations [2]. H. longicornis is a competent 
vector for over 30 human pathogens, including multiple species of Spotted Fever Group Rickettsia 
(SFGR), agents of anaplasmosis, and viruses such as Dabie bandavirus (the causative agent of Severe 
Fever with Thrombocytopenia Syndrome, SFTS) [4]. In China, SFGR species like Rickettsia japonica 
and Rickettsia heilongjiangensis are significant causes of tick-borne rickettsioses [5,6]. 

Concurrently, wild rodents play a critical role in the enzootic cycles of numerous pathogens. The 
Daurian ground squirrel (Spermophilus dauricus) is an ecologically significant, burrowing rodent 
species widely distributed across the grasslands and agricultural landscapes of northern China [7]. It 
is a known host for ectoparasites and can be involved in the circulation of pathogens of major public 
health concern, such as Yersinia pestis, the agent of plague [8]. The unique life history of S. dauricus, 
including hibernation and extensive burrowing, creates distinct ecological niches that may influence 
its exposure to and carriage of various microorganisms [9]. 

While most pathogen surveillance programs focus on a single host or vector type, a 
comprehensive understanding of regional zoonotic risks requires a broader assessment of pathogen 
landscapes across different, ecologically important host species. Such parallel investigations, even if 
not conducted in the same immediate locality, can provide complementary insights into the distinct 
pathogen spectra maintained by different components of the ecosystem. Therefore, this study was 
designed with two parallel objectives: (1) to determine the prevalence and genetic characteristics of 
SFGR and other selected pathogens in questing H. longicornis ticks from two geographically separate 
provinces, Liaoning (Northeast) and Anhui (East-Central China); and (2) to conduct targeted 
molecular screening for pathogens in S. dauricus rodents from Heilongjiang Province, a key area of 
their distribution. 

2. Materials and Methods 

2.1. Sample Collection 

Questing ticks were collected from vegetation by flagging with a 1-m² corduroy cloth in 
woodland and grassland habitats in Helan Town, Liaoning Province (June 2021) and Hanshan 
County, Anhui Province (August 2022). In parallel, wild rodents were captured using traps placed 
near burrow entrances in the suburbs of Harbin City, Heilongjiang Province (June 2021). Geographic 
coordinates and habitat characteristics of all collection sites were recorded (Figure 1). All animal 
procedures were conducted in accordance with institutional guidelines for the care and use of 
laboratory animals. 
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Figure 1. Map of China showing the locations of Harbin City, Helan Town, and Hanshan County, alongside a 
phylogenetic tree based on COI gene sequences of the samples. 

2.2. Host Species Identification 

All ticks and rodents were first identified to the species level based on morphological keys. To 
confirm morphological identification, DNA was extracted from a representative subset of ticks and 
all rodent liver samples, and the mitochondrial cytochrome oxidase I (COI) gene was amplified by 
nested PCR and sequenced, using primers LCO1490 and HCO2198 [10]. 

2.3. Sample Processing and Pooling Strategy 

A total of 1,004 ticks were processed. To optimize detection sensitivity for low-prevalence 
pathogens, a pooling strategy was employed. Questing adult ticks (n=503) were processed 
individually (503 pools). Questing nymphs (n=501) were combined into pools of up to three 
individuals, resulting in 167 nymphal pools. In total, 670 tick pools were analyzed. For rodents (n=42), 
liver tissue was aseptically dissected and used for subsequent analyses. 

2.4. Tick Surface Decontamination and Homogenization 

Prior to homogenization, individual ticks or tick pools were surface-sterilized to minimize 
contamination from external microbes. Each sample was washed sequentially by vortexing in 70% 
ethanol for 30 seconds, followed by 1% sodium hypochlorite for 30 seconds, and finally rinsed three 
times in sterile phosphate-buffered saline (PBS) to remove residual disinfectants [11–13]. Each 
sterilized tick pool or rodent liver sample was homogenized in 1 mL of sterile PBS using a TissueLyser 
II (QIAGEN, Germany). An aliquot of the homogenate (300 µl) was reserved for bacterial culture, 
while the remainder was used for nucleic acid extraction. 

2.5. Nucleic Acid Extraction 

Total DNA and RNA were co-extracted from 200 µl of each tissue homogenate using the AllPrep 
DNA/RNA Mini Kit (QIAGEN, Germany) following the manufacturer’s protocol. Nucleic acids were 
eluted in a final volume of 120 µl (2 x 60 µl elutions) to maximize yield. The concentration and purity 
of the extracted nucleic acids were measured using a NanoDrop 1000 spectrophotometer (Thermo 
Scientific, USA), and samples were stored at -40°C. 

2.6. Molecular Detection of Pathogens 

All nucleic acid samples were first screened for Dabie bandavirus (SFTSV) using a one-step RT-
PCR targeting the S segment [14,15]. For bacterial detection, samples were initially screened with 
universal primers targeting the bacterial 16S ribosomal RNA (rRNA) gene [16]. Samples positive for 
the 16S rRNA gene were then subjected to a series of nested PCR assays targeting specific genes for 
pathogens of interest (Table 1). Specifically, tick samples were tested for Rickettsia spp. (targeting rrs, 
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gltA, 17kDa, ompA, ompB, sca4) and Coxiella-like endosymbionts (CLE) (targeting 16S rRNA, groEL, 
rpoB). Rodent samples were tested for Legionella spp. (targeting 16S rRNA, groEL, mip). All PCR 
products were visualized by electrophoresis on 1.0% agarose gels. Amplicons of the expected size 
were purified using the QIAquick PCR Purification Kit (QIAGEN, Germany) and sent for 
bidirectional Sanger sequencing. 

2.7. Bacterial Culture and Identification 

An aliquot of the tissue homogenate from each sample, was plated onto cysteine heart agar 
blood (CHAB) medium supplemented with antibiotics (colistin, amphotericin, lincomycin, 
methicillin, ampicillin) to select for specific bacterial groups. Plates were incubated at 37°C in a 5% 
CO2 atmosphere and monitored daily. Individual colonies were isolated, sub-cultured for purity, and 
identified by sequencing the 16S rRNA gene amplified from colony material. 

2.8. Phylogenetic and Data Analysis 

Obtained nucleotide sequences were compared against the GenBank database using BLASTn. 
For phylogenetic inference, sequences were aligned with reference sequences using MUSCLE. Initial 
phylogenetic trees for individual genes were constructed using the Neighbor-Joining (NJ) method 
with 1,000 bootstrap replicates in MEGA 11 software. To provide more robust phylogenetic 
placement for key pathogens, "supertrees" were constructed from concatenated sequences of multiple 
genes using the Maximum Likelihood (ML) method with 1,000 bootstrap replicates. This multi-gene 
approach increases the confidence of the phylogenetic inference. The pathogen prevalence in pooled 
tick samples was calculated as the Minimum Infection Rate (MIR), estimated using the formula: 
MIR=(Number of positive pools/Total number of ticks tested)×100. 
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Table 1. Primers and PCR conditions used for pathogen detection and host identification. 

Organism Gene Target Primer Name Sequence (5'-3') PCR Type Amplicon (bp) Reference 

Dabie bandavirus 
(SFTSV) 

S segment S-F1/S-R1 CAGCCACTTTACCCGAACAT / 
GGAAAGACGCAAAGGAGTGA 

Conv. 679 [14] 

S-F2/S-R2 CTGGTCTCTGCCCTCTCAAC / 
GGATTGCAGTGGAGTTTGGTG 

Nested 560 

Universal Bacteria 16S rRNA 27F/1492R AGAGTTTGATCMTGGCTCAG / 
GGTTACCTTGTTACGACTT 

Nested ~1500 [17] 

Rickettsia spp. rrs (16S rRNA) rrs-F/rrs-R YTACGGAATAACTTTTAGAAA / 
CATGATGACTTGACRTCGT 

Nested ~900 [18] 

gltA Ric-glt-F/Ric-glt-R ACTTAYGAYCCGGGCTTTAT / 
AGCTGTCTAGGTCTGCTGATT 

Nested ~1100 [19] 

17kDa R-17kD-F/R-17kD-R GCTCTTGCAACTTCTATGTT / 
CATTGTTCGTCAGGTTGGCG 

Nested ~434 [19] 

ompA R-ompA-F/R-ompA-R ATGGCGAATATTTCTCCAAAA / 
AGTGCAGCATTCGCTCCCCCT 

Nested ~862 [20] 

ompB R-ompB-F/R-ompB-R GTAACCGGAAGTAATCGTTTCGTAA / 
CTTTATAACCAGCTAAACCACC 

Nested ~769 [18] 

sca4 Ric-sca4-F/Ric-sca4-R ATGAGTAAAGACGGTAACCT / 
AAGCTATTGCGTCATCTCCG 

Nested ~928 [21] 

16S rRNA Cox-F/Cox-R ACTYYCCAACAGCTAGTTCTCA / 
GTAGGAATCTACCTTRTAGWGG 

Nested ~600 [22] 
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Coxiella-like 
Endosymbiont 
(CLE) 

groEL Cox-gro-F/Cox-gro-R CTCAAGTCCCGAACCATCT / 
AGCCAACGCAGTCAAAGTA 

Nested ~494 [22] 

rpoB Cox-rpo-F/Cox-rpo-R TTTCTCCTTTCGGTGTTAC / 
GATGCTTCACGGATTGTTA 

Nested ~496 [22] 

Legionella spp. mip L-mip-F/L-mip-R GCTGCAACCGATGCCAC / 
CATATGCAAGACCTGAGGGAAC 

Nested ~542 [23] 

groEL L-gro-F/L-gro-R TGCTGCAGTAGAAGAAGG / 
GTTGGATCAAGAATACC 

Nested ~763 [24] 

Tick/Rodent Host COI LCO1490/HCO2198 GGTCAACAAATCATAAAGATATTGG / 
TAAACTTCAGGGTGACCAAAAAATCA 

Nested ~650 [17] 

Note: Conv. = conventional PCR; Nested = nested PCR. 
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3. Results 

3.1. Sample Collection and Host Identification 

A total of 1,004 ticks were collected from Liaoning (n=882) and Anhui (n=122) provinces, and 42 
rodents were collected from Heilongjiang province (Figure 1). Morphological and COI gene sequence 
analysis confirmed that all ticks were H. longicornis and all rodents were S. dauricus. The obtained 
COI sequences showed >99.9% identity to reference sequences [17] in GenBank (Figure 1). 

3.2. Pathogen Prevalence 

Molecular screening revealed the presence of several bacterial pathogens and endosymbionts, 
while no samples tested positive for Dabie bandavirus (SFTSV). The prevalence of all detected 
microbes is summarized in Table 2. In H. longicornis ticks, the overall MIR for SFGR was 1.4% 
(14/1,004). Geographically, the detected species differed: Ca. R. jingxinensis was found exclusively in 
Liaoning, with an MIR of 2.0% (12/594 positive pools), while R. heilongjiangensis was found only in 
Anhui, with an MIR of 2.6% (2/76 positive pools). Coxiella-like endosymbionts (CLE) were detected 
in both locations, with an overall MIR of 2.0% (20/1,004).  

Table 2. Prevalence of pathogens detected by molecular methods in ticks and rodents. 

Pathogen Host Location No. Positive 
Pools/Samples 

Total 
Ticks/Samples 

Prevalence 
(%) 

SFGR 

Ca. R. jingxinensis H. longicornis Liaonin
g 

12 1004 (in 594 
pools) 

2.0 (MIR) 

R. heilongjiangensis H. longicornis Anhui 2 122 (in 76 pools) 2.6 (MIR) 

Endosymbiont 

Coxiella-like 
Endosymbiont (CLE) 

H. longicornis Liaonin
g 

7 1004 (in 594 
pools) 

1.2 (MIR) 

H. longicornis Anhui 13 122 (in 76 pools) 17.1 (MIR) 

Other Bacteria 

L. pneumophila S. dauricus Heilongj
iang 

2 42 4.8 

Note: MIR = Minimum Infection Rate, calculated for pooled tick samples. Prevalence for rodent samples is true 
prevalence. 

Notably, the MIR of CLE was substantially higher in Anhui (17.1%) compared to Liaoning 
(1.2%). Four tick pools were co-infected with both an SFGR species and CLE. In S. dauricus rodents, 
the most significant finding was the detection of L. pneumophila DNA in 2 of 42 (4.8%) liver samples 
from Heilongjiang. 

3.3. Supplementary Culture-Based Findings 

Bacterial culture from tissue homogenates yielded several isolates, primarily from the genera 
Pseudomonas, Staphylococcus, and Bacillus from tick samples, and Staphylococcus and Enterococcus from 
rodent samples. These bacteria were identified via 16S rRNA sequencing of the isolates. As these 
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organisms are common environmental microbes or commensals, and their detection via culture does 
not distinguish between internal colonization and potential residual surface contaminants surviving 
sterilization, their pathogenic significance in this context was not further investigated. 

3.4. Phylogenetic Analysis of Detected Pathogens 

Multi-gene phylogenetic analyses provided robust identification and revealed the genetic 
relationships of the detected pathogens. 

Rickettsia spp.: The six targeted genes (rrs, 17kDa, gltA, ompA, ompB, sca4) from the Ca. R. 
jingxinensis isolates from Liaoning (represented by isolate tick73), showed high homology to strains 
previously reported from Shaanxi, Jilin, and Jiangsu provinces, forming a well-supported clade 
within the R. japonica subgroup of SFGR (Figure 2) [25,26]. The two R. heilongjiangensis isolates from 
Anhui (represented by tick5) were genetically very close to each other. For five of their genes, they 
showed highest homology to strain B8, which was isolated from a human patient in Anhui [27]. 
However, their ompB gene sequences were 100% identical to strain 054 from Heilongjiang, suggesting 
potential genetic links between geographically distant populations (Figure 2) [28]. The ML supertree 
analysis, based on concatenated gene sequences, strongly supported these classifications, placing the 
Anhui isolate within the R. heilongjiangensis cluster and the Liaoning isolate within a broader SFGR 
clade that includes R. conorii (Figure 5A,B). 

 

Figure 2. Phylogenetic trees based on the nucleotide sequences of the 16S rRNA,17kDa, gltA, ompA, ompB and 
sca4 genes of Rickettsia.Bootstrap values >60% based on 1000 replicates are shown at the nodes, using neighbor-
joiningmethod. ▲ represents Candidatus Rickettsia jingxinensis detected in this study. ● represents Rickettsia 
heilongjiangensis detected in this study. 

Coxiella-like Endosymbionts (CLE): The CLE sequences (16S rRNA, groEL, rpoB) from both 
Liaoning and Anhui were nearly identical to each other and clustered tightly with a CLE strain 
previously identified from Jiangxi province, indicating a conserved lineage of this endosymbiont in 
H. longicornis across eastern China (Figure 3). 
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Figure 3. Phylogenetic trees based on the nucleotide sequences of the 16S rRNA, groEL and rpoB genes of Coxiella-
like endosymbionts (CLE). Bootstrap values >60% based on 1000 replicates are shown at the nodes, using 
neighbor-joiningmethod. ▲ represents CLE detected from Liaoning in this study. ● represents CLE detected 
from Anhui in this study. 

Legionella pneumophila: The sequences of the three target genes (16S rRNA, groEL, mip) from 
the two positive S. dauricus samples (represented by Hab3) were highly homologous to the reference 
strain OLDA, a well-characterized human clinical isolate from the USA (Figure 4). The mip gene, a 
key virulence factor, showed 100% nucleotide identity. The concatenated gene supertree analysis 
confirmed this relationship with very high confidence (100% bootstrap support), underscoring the 
potential pathogenic nature of the strain detected in the ground squirrels (Figure 5C). 

 

Figure 4. Phylogenetic trees based on the nucleotide sequences of the 16S rRNA, groEL and mip genes of Legionella 
pneumophila. Bootstrap values >60% based on 1000 replicates are shown at the nodes, using neighbor-
joiningmethod. ● represents Legionella pneumophila detected in this study. 

 

Figure 5. Phylogenetic supertrees based on the concatenated gene sequences of Rickettsia and Legionella 
pneumophila, respectively. A 16S rRNA+17kDa+gltA+ompA+ompB1+sca4 for Rickettsia. B 16S 
rRNA+17kDa+gltA+ompA+ompB2+sca4 for Rickettsia. C 16S rRNA+groEL+mip for L.pneumophila. Bootstrap 
values >60% based on 1000 replicates are shown at the nodes, using maximum likelihood method. ▲ and 
represents detected pathogens in this study. 

4. Discussion 
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This study employed a parallel surveillance approach, to provide a snapshot of the pathogen 
landscape in H. longicornis ticks and S. dauricus rodents from three distinct provinces in China. While 
the disconnected sampling design precludes direct inference on local transmission cycles between 
these specific hosts, it yields valuable, complementary data on the distinct pathogen profiles each 
host carries, thereby contributing to a broader regional risk assessment. 

Our findings confirm the presence of at least two SFGR species circulating in H. longicornis ticks 
in China, with a notable geographic separation: Ca. R. jingxinensis in Liaoning and R. heilongjiangensis 
in Anhui. Ca. R. jingxinensis, first described in China in 2016, has since been reported in multiple 
provinces, and our multi-gene analysis supports its genetic linkage with strains from other regions 
like Shaanxi and Jiangsu [25,26]. Similarly, the detection of R. heilongjiangensis in Anhui, a pathogen 
typically associated with northeastern China, and its genetic similarity to a local human patient 
isolate (strain B8) [27], reinforces its endemicity and public health relevance in this eastern-central 
province.  

The overall MIR of SFGR in questing H. longicornis was low (1.4%). This is consistent with 
findings from other studies on free-living, unfed ticks, where pathogen prevalence is often 
significantly lower than in ticks collected directly from animal hosts [29]. For instance, a meta-
analysis of SFGR in China reported an average prevalence of 11.5% in questing ticks, but this rate can 
be highly variable depending on location and tick species [29]. In contrast, prevalence in ticks feeding 
on livestock can be extremely high, sometimes exceeding 70-90% [26,30]. Our low MIR provides an 
important baseline for the risk of human exposure from questing ticks in these specific environments, 
but it also highlights that host-associated ticks likely play a more significant role in amplifying and 
maintaining these pathogens. 

The most striking and novel finding of this study is the detection of L. pneumophila DNA in the 
liver tissue of S. dauricus rodents. L. pneumophila is an environmental bacterium, typically found in 
aquatic systems, soil, and biofilms, and is the primary cause of Legionnaires' disease in humans, 
transmitted via inhalation of contaminated aerosols [31–33]. It is not considered a rodent-borne 
pathogen, and animals are generally thought to be accidental hosts with no established reservoir role 
[34–36]. While experimental infections in rodents (mice, guinea pigs) can induce pneumonia-like 
disease, natural infections are rarely documented [37–39]. 

The detection of L. pneumophila in the liver, a deep organ, suggests a systemic infection rather 
than mere external contamination. We hypothesize that S. dauricus, as a burrowing animal, has 
intimate and frequent contact with soil and moist subterranean environments, which are known 
habitats for Legionella species [31,40]. The rodents likely acquired the bacteria from their environment, 
for example, through inhalation of contaminated dust within their burrows or ingestion of 
contaminated water. This pathway is plausible, as soil, particularly compost and potting mix, is a 
recognized source of Legionella exposure for humans, especially for the species L. longbeachae [41,42]. 
Although less common, L. pneumophila has also been isolated from soil and compost materials [43]. 

Crucially, the L. pneumophila strain we detected shares extremely high genetic identity with the 
human pathogenic strain OLDA, particularly in the virulence-associated mip gene. This indicates that 
the environmental strains circulating in the rodents' habitat are potentially virulent to humans. 
Therefore, our finding does not necessarily establish S. dauricus as a classic transmission reservoir for 
L. pneumophila. Instead, it positions these rodents as highly effective environmental sentinels or 
biological samplers. Their tissues could serve as a valuable and previously unrecognized matrix, for 
surveying the presence and pathogenic potential of environmental microbes like Legionella in 
terrestrial ecosystems, offering a new avenue for public health surveillance. 

This study has several limitations that must be acknowledged. First, the geographically 
disconnected sampling sites for ticks and rodents, prevent any conclusions about direct pathogen 
transmission between these host populations. Our framework is one of parallel, not integrated, 
surveillance. Second, the sample size for rodents (n=42) was relatively small, which may limit the 
generalizability of the prevalence data for L. pneumophila. Third, our detection of pathogens was 
based on nucleic acid amplification (DNA), which confirms the presence of the organism's genetic 
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material but does not prove viability or infectivity, except in the case of the cultured bacteria. Finally, 
the use of nymph pooling for MIR calculation provides a cost-effective estimate of prevalence but is 
less precise than individual testing. 

5. Conclusion 

In summary, this study provides a valuable, dual-focused snapshot of pathogen distribution in 
key host species in China. We provide updated, multi-gene-supported epidemiological data on the 
presence and genetic diversity of Ca. R. jingxinensis and R. heilongjiangensis in H. longicornis ticks. 
More significantly, we report the novel and unexpected detection of pathogenic L. pneumophila DNA 
in the liver of S. dauricus ground squirrels. This latter finding opens a new perspective on using wild 
rodents as sentinels for environmental pathogens, and highlights a previously unrecognized 
ecological niche for Legionella. Continued surveillance, ideally integrating sampling of vectors, 
reservoirs, and their environment, is warranted to fully understand regional zoonotic risks. 
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