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High prevalence of Rickettsia
spp. in ticks from wild
hedgehogs rather than
domestic bovine in Jiangsu
province, Eastern China
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5901st Hospital, Hefei, China, 6Xuyi County Hospital of Chinese Medicine, Huaian, China, 7The
907thHospital of Chinese PLA, Nanping, China, 8Army Medical University, Shijiazhuang, China
Background: Spotted fever group Rickettsia (SFGR), containing various

pathogenic Rickettsia spp., poses remarkable negative influences to public

health by causing various severe or mild diseases. Information regarding

prevalence of SFGR in ticks in Jiangsu province, Eastern China, is still limited

and needs urgent investigations.

Methods: Hedgehog- and bovine-attached ticks were collected from Jiangsu

province, Eastern China. DNA of individual ticks was extracted for nested

polymerase chain reaction amplifications targeting gltA, 16S ribosomal RNA

(rrs), ompA, ompB, and sca4 genes following with sequencing. SFGR-specific

IgG antibodies in sera of local donators were evaluated using ELISA.

Results:Overall, 144 (83.2%) of the 173 ticks from hedgehogs and 2 (1.2%) of the

168 ticks from bovine were positive for one of the three identified Rickettsia

spp., with significant difference between the two groups (P = 3.6e-52).

Candidatus Rickettsia principis (9; 5.2%) and R. heilongjiangensis (135; 78.0%)

were detected in Haemaphysalis flava rather than in H. longicornis ticks from

hedgehogs. R. heilongjiangensis (1; 0.6%) and Candidatus R. jingxinensis (or

Candidatus R. longicornii) (1; 0.6%) were identified in H. longicornis and

Rhipicephalus microplus ticks from bovine, respectively. Phylogenetic

analysis indicated Candidatus R. jingxinensis belonged to R. japonica

subgroup, whereas Candidatus R. principis belonged to a novel subgroup.

Higher serological prevalence of spotted fever and SFGR-specific IgG antibody

level in humans were observed around the investigated area than in urban

areas, without significant difference.
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Conclusion: Candidatus R. principis and Candidatus R. jingxinensis were

identified in Jiangsu province, Eastern China, and fully genetically

characterized for the first time. The higher prevalence of SFGR in hedgehog-

attached ticks as well as the higher SFGR-specific IgG antibody level and

seropositive rate in humans around the investigated area suggested that

more attention should be paid to SFGR. This pathogen is usually transmitted

or harbored by wild animals and ticks. This study provides important

epidemiological data for both physicians and public health officers in

developing early prevention and control strategies against potential Rickettsia

infections and in the preparation of suitable testing and treatment needs for

rickettsiosis in the endemic areas.
KEYWORDS

spotted fever group Rickettsia, tick, hedgehog, Rickettsia heilongjiangensis,
Candidatus Rickettsia principis, Candidatus Rickettsia jingxinensis
Introduction

Ticks are the second most important vectors of pathogens

(only to mosquitoes), causing diseases in both animals and

humans and economic losses in livestock husbandry. They can

also transmit a variety of pathogenic organisms, including

viruses, bacteria, and protozoa (Yu et al., 2016; Huang et al.,

2021; Song et al., 2021). In them, Rickettsiae are worldwide

distributed and cause mild, severe, or even life-threatening

Rickettsial diseases (Parola et al., 2013). At least 34 species in

genus Rickettsia are classified into four groups: the spotted fever

group (SFG), the typhus group, the ancestral group, and the

transitional group, in which the SFG Rickettsia (SFGR) contains

the largest number of Rickettsia spp. and is divided into four

subgroups: Rickettsia rickettsii, R. japonica, R. massiliae, and R.

tamurae, respectively (Diop et al., 2020; Wang et al., 2021).

Nowadays, novel pathogenic or non-pathogenic Rickettsia spp.

are still continuously been identified (Wang et al., 2021). In

China, more than 10 species of SFGR have been detected, some

of which cause severe human rickettsioses (Wang et al., 2021),

indicating their potential threat to public health.

SFGR is mainly maintained and transmitted by ticks (Merhej

and Raoult, 2011; Parola et al., 2013; Wang et al., 2021).

Significant diversity of SFGR exists among different tick

species, the ticks’ associated vertebrate reservoirs, and

geographic distributions, which determines the risk area of

tick-borne diseases (Parola and Raoult, 2001; Merhej et al.,

2014). Therefore, it is of great significance for public health to

clarify the local distribution of different tick species and their

harboring SFGR (Wang et al., 2021).

Jiangsu province, as a coastal province with warm and

humid climate, low and flat terrain, and numerous rivers and
02
lakes, provides a perfect ecological basis for the tick survival and

reproduction. Tick-bitten patients were typically observed

among farmers, stock raisers, and gardeners in this area

(Figure 1D, a farmer bitten by a tick observed during our

sample collection). A high incidence of tick-borne diseases has

been reported in the area, such as severe fever with

thrombocytopenia syndrome (SFTS) caused by SFTS virus and

scrub typhus caused by Orientia tsutsugamushi (Liang et al.,

2014; Hu et al., 2017; Hu et al., 2018; Lu et al., 2019; Zhang et al.,

2019). However, the species of SFGR that ticks harbor or the role

of ticks in the circulation of SFGR in Jiangsu province, Eastern

China, is still not clear. In Yancheng city, Jiangsu province, R.

monacensis was identified in a patient, R. heilongjiangensis and

R. japonica were detected in Apodemus agrarius mice, whereas

R. japonica was detected in Haemaphysalis longicornis ticks (Lu

et al., 2019). The present study determined the prevalence of

SFGR in ticks from wild hedgehogs and domestic bovine,

clarified their molecular characteristics, and evaluated the

threats posed by these SFGR to public health in Jiangsu

province, Eastern China. The results provide useful

epidemiological data that could be crucial for both physicians

and public health officers to prevent and control potential

Rickettsia infections.
Materials and methods

Sample collection and DNA extraction

The ticks used in the present study have been described in

our previous study (Qi et al., 2022). Briefly, 341 ticks, including

173 adults from 32 wild hedgehogs (Erinaceus amurensis) and
frontiersin.org

https://doi.org/10.3389/fcimb.2022.954785
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Qi et al. 10.3389/fcimb.2022.954785
168 adults from 30 domestic bovine (including 18 Bubalus

bubalis buffalo, eight Bos taurus cattle, and four Chinese

Holstein cows), were collected from May 2019 to October

2020 in rural area (E 118°29’6”, N 32°43’55”) in Xuyi county

of Huaian city, Jiangsu Province, China (Figures 1A–C) (Qi

et al., 2022). Four to 10 ticks were randomly sampled from each

animal and preliminarily identified by their morphological

features before they were washed and homogenized as

described previously (Jiao et al., 2021a). Genomic DNA from

individual ticks was extracted using a DNeasy Blood & Tissue

Kit (Qiagen, Germany) as per the manufacturer’s instructions.
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A total of 791 sera samples were collected from hospitals,

including 323 samples collected in April 2022 from Xuyi

County Hospital of Chinese Medicine around the tick

collection site in the Xuyi county of Huaian city, 268

samples collected in October 2021 from Huaian Medical

District of Jinling Hospital in the urban area of Huaian city,

and 200 samples collected in November 2021 from the 901st

Hospital in the urban area of Hefei city. The sera were used

for routine hospital tests previously without additional

purposeful collection. The locations were indicated

in Figure 1A.
A

B

DC

FIGURE 1

Sample collection sites and the observed tick hosts. (A) Locations of tick (yellow dot) and sera (red and yellow dots) collection sites; (B) a
parasitic tick collected from an already dead hedgehog; (C) bovine hosts for tick collections; (D) a farmer bitten by a tick observed during our
sample collection.
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The use of human and animal samples was reviewed and

approved by the Ethics Committee of Huadong Research

Institute for Medicine and Biotechniques. The blood of

donators was drawn for routine blood testing in the hospitals

and randomly selected for this study. Written informed consent

was obtained from the blood donators and bovine owners for the

tick collection from their animals in this study. Information of

the donators was deidentified.
PCR amplification and sequencing

The species of the ticks were identified by the sequences of

the mitochondrial 16S ribosomal RNA gene as previous

description (Liu et al., 2016).

For Rickettsia-positive sample screening, nested PCR

amplifications targeting a short partial sequence of gltA gene

about 380 bp were conducted as elsewhere described (Jiao et al.,

2021a). Briefly, each PCR amplification reaction was carried out

in a volume of 25 ml, with 1 ml of template and 1 ml of each
primer (10 nM, nucleotide sequences indicated in Table 1) using

the Premix Ex Taq version 2.0 kit (Takara, Beijing, China). The

procedure was conducted as recommended by the

manufacturers with annealing temperature of 50°C and 34

amplification cycles. The amplified products with expected

sizes in gel electrophoresis analysis were sequenced by Sangon

Biotech company (Shanghai, China). Alignment analyses of the

obtained sequences were conducted using the BLAST search

engine online (https://blast.ncbi.nlm.nih.gov) for confirmation

of the Rickettsia-positive samples.

The sequences of ompB, sca4, gltA, 16S ribosomal DNA (rrs),

and ompA in those Rickettsia-positive samples were amplified by

nested PCR and sequenced. Here, PrimeSTAR GXL Premix Fast,

Dye plus kit (Takara) that contains high fidelity enzyme was

used for PCR amplification. The total volume and the usage

amounts of the templates and primers were the same as above

described. The annealing temperatures were set to be 55°C or 60°

C as recommended. The primers reported in previous

publications were used, with some modifications (Table 1)

(Regnery et al., 1991; Roux et al., 1996; Roux and Raoult,

2000; Jiang et al., 2005). Long sequences were divided into

several short ones for amplification and sequencing. Briefly,

ompB gene was amplified in four parts, with primer

combinations RompB11F & RompB2553R and RompB2409F

& RompB4887R in the first rounds, and primer combinations

RompB11F & RAK1452R, RAK1009F & RompB2553R,

RompB2409F & RompB3637R, and RompB3521F (or

NewRompB3521F for strain Huaian-HF) & RompB4887R in

the second rounds. sca4 gene was amplified in two parts, with

primer combinations D1f & RrD2685R and RrD749F & D3069R

(or D3072R for strain Huaian-HFL) in the first rounds and

primer combinations D1f & RrD1826R and NewRrD1713F &

D3069R (or D3072R for strain Huaian-HFL) in the second
Frontiers in Cellular and Infection Microbiology 04
rounds. For gltA, the first round was conducted as described

above, and the second rounds used primer combinations CS2d &

RpCS.1258n and CSEndr & RpCS.877p. The hemi-nested PCR

assay targeting partial ompA gene (532 bp) was conducted as

described previously (Regnery et al., 1991; Roux et al., 1996). The

unmentioned primers listed in Table 1 and the second round
TABLE 1 Primers used for PCR amplification.

Target Gene Primer Name Sequence (5′-3′)

ompA Rr190.70p ATGGCGAATATTTCTCCAAAA

Rr190.701n GTTCCGTTAATGGCAGCATCT

Rr190.602n AGTGCAGCATTCGCTCCCCCT

gltA CS2d ATGACCAATGAAAATAATAAT

CSEndr CTTATACTCTCTATGTACA

RpCS.877p GGGGACCTGCTCACGGCGG

RpCS.1258n ATTGCAAAAAGTACAGTGAACA

rrs S1 TGATCCTGGCTCAGAACGAAC

S2 TAAGGAGGTAATCCAGCCGC

S3 AACACATGCAAGTCGRACGG

S4 GGCTGCCTCTTGCGTTAGCT

16s771r TAATCTTGCGACCGTACTCC;

16s565f TCTTAGATATTAGGAGGAACACCG

Sca4 D1f ATGAGTAAAGACGGTAACCT

RrD2685R TTCAGTAGAAGATTTAGTACCAAAT

RrD1826R TCTAAATKCTGCTGMATCAAT

NewRrD1713F CTCTGAATTAAGCAATGCGG

RrD749F TGGTAGCATTAAAAGCTGATGG

D3069R TCAGCGTTGTGGAGGGGAAG

D3072R TGATCAGCGTTGTGGAGGGG

D1f ATGAGTAAAGACGGTAACCT

D928r AAGCTATTGCGTCATCTCCG

D2338f GATGCAGCGAGTGAGGCAGC

T5DR1 CTGATAAAGCTGTAGCTGCATTA

RrD2685R TTCAGTAGAAGATTTAGTACCAAAT

ompB RompB11F ACCATAGTAGCMAGTTTTGCAG

RompB2553R GAATTTTCAAAAGCAATYGTATCAGT

RAK1452R SGTTAACTTKACCGYTTATAACTGT

RAK1009F ACATKGTTATACARAGTGYTAATGC

RompB2553R GAATTTTCAAAAGCAATYGTATCAGT

RompB2409F CCGTAACATTAAACAAACAAGCTG

RompB4887R AGAGTACCTTGATGTGCRGTATAYT

RompB3637R GAAACGATTACTTCCGGTTACA

NewRompB3521F GATAATGCCGATGCAAATTGCAG

RompB3521F GATAATGCCAATGCAAATTTCAG

120-807R CCTTTTAGATTACCGCCTAA

120-607F AATATCGCTGACGGTCAAGGT

RompB1902R CCGTCATTTCCAATAACTAACTC

RR1595F GCCGGAGTTGTCCAATTATCA

120-2988R CCGGCTATACCGCCTGTAGT

120-2788F AAACAATAATCAAGGTACTGT

RompB4224F ACCAAGATTATAAGAAAGGTGATAA

120-4346R CGAAGAAGTAACGCTGACTT
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primers were used as sequencing primers, and the obtained

partial sequences were assembled using SnapGene software

(Insightful Science; SnapGene.com). In each reaction, both

negative and positive controls (using distilled water or

genomic DNA of R. heilongjiangensis as templates)

were included.
Phylogenetic analysis

The obtained sequences of rrs, gltA, ompA, ompB, and sca4

genes were first aligned with the corresponding sequences in the

GenBank database using the BLAST search engine. Those

homologous sequences, especially from available whole

genomes, were selected. Phylogenetic analysis based on a

concatenated sequence of these five genes was conducted using

the maximum likelihood method with the General Time

Reversible model and bootstrap value of 1,000 in MEGA

7.0 software.
SFGR-specific IgG antibody test of
human sera

To evaluate the serological prevalence of spotted fever in

humans, specific Immunoglobulin G (IgG) antibody to SFGR in

human sera was evaluated using a commercial Human SFG-IgG

Antibody ELISA kit (Jiangsu Meimian Industrial Co. Ltd.,

Jiangsu, China) as per the manufacturer’s instruction.

According to the recommended criteria, a cutoff value was
Frontiers in Cellular and Infection Microbiology 05
determined as the mean OD450 of the negative controls plus

0.15. A sample with an OD450 value over the calculated cutoff

value was considered positive.
Statistical analysis

The positive rates of Rickettsia in ticks feeding on different

animals and the seropositive rates in human serum samples from

different areas were statistically analyzed using the continuity-

adjusted Chi-square test and Chi-square test, respectively,

calculated in Microsoft Excel software (Microsoft Co., Ltd., USA).

The OD450 value of the human serum samples from different areas

were statistically analyzed using one-way ANOVA with SAS 9.1

software. P < 0.05 was considered statistically significant.
Nucleotide sequence deposition

The obtained nucleotide sequences were deposited into the

GenBank database with accession numbers ON600642-

ON600663 and ON016525-ON016529.
Results

Tick species identification

The ticks were first identified by their morphological features

(Figure 2) and then confirmed or corrected by molecular method
FIGURE 2

Haemaphysalis spp. and Rhipicephalus microplus ticks collected in this study.
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as our previously described (Qi et al., 2022). Overall, 167 (96.5%)

of the 173 hedgehog-attached ticks were H. flava and the other 6

(3.5%) were H. longicornis, whereas 152 (90.5%), 15 (8.9%), and

1 (0.6%) of the 168 bovine-attached ticks were H. longicornis,

Rhipicephalus (Rh.) microplus, and H. flava, respectively.
Molecular characterization of Rickettsia
spp.

Overall, three Rickettsia spp. strains were identified in the

tick samples according to the amplified partial gltA gene

sequence diversity, namely, Huaian-HF, Huaian-HFL, and

Huaian-RM.

Partial gene sequences of strain Huaian-HF, including gltA

(1290 bp), rrs (1331 bp), ompA (575 bp), ompB (4807 bp), and

sca4 (3035 bp), were obtained. In BLAST search, those genes

shared the highest homology with various validated Rickettsia

spp. (Table 2), which was agreement with the gene sequence-

based criteria for novel Rickettsia sp. identification established

previously (Fournier et al., 2003). In this criteria, a new species in

the Rickettsia genus should possess no more than one value of

nucleotide sequence similarity above 99.9%, 99.8%, 98.8%,

99.2%, and 99.3% to the gltA, rrs, ompA, ompB, and sca4 genes

of any validated Rickettsia spp., respectively (Fournier et al.,

2003). However, we found that the gltA gene shared 99.92%

identity rate with the corresponding gene of the uncharacterized

and unvalidated Candidatus R. principis, with a query coverage

of 96%, indicating the strain Huaian-HF was likely to belong to

the Candidatus R. principis. In the phylogenic analysis based on
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the concatenated sequence of the five genes (Figure 3), this strain

did not cluster with any validated Rickettsia spp. or belong to any

previously determined subgroup (Diop et al., 2020). Therefore,

we confirmed that Candidatus R. principis formed a novel

subgroup in the SFG.

For strain Huaian-HFL, gltA (1289 bp), rrs (1331 bp), ompA

(632 bp), ompB (4856 bp), and sca4 (2993 bp) genes shared the

highest homology with either R. heilongjiangensis or R. japonica

(Table 2). In the phylogenic analysis (Figure 3), this strain

clustered with R. heilongjiangensis and R. japonica, belonging

to the R. japonica subgroup defined previously (Diop et al.,

2020). Judged from the phylogenic tree, it is evolutionarily closer

to R. heilongjiangensis than R. japonica. Therefore, we proposed

the strain belonged to R. heilongjiangensis.

Similar with strain Huaian-HFL, gltA (1260 bp), rrs (1331

bp), ompA (523 bp), ompB (4842 bp), and sca4 (2660 bp) genes

of strain Huaian-RM shared the highest homology with

validated species of either R. heilongjiangensis or R. japonica

(Table 2), with identity rates agreement with the gene

sequence-based criteria for a novel species discrimination

(Fournier et al., 2003). However, its partial ompA gene

shared 100% identity rate with Candidatus R. longicornii and

Candidatus R. jingxinensis, indicating that it belonged to

Candidatus R. longicornii or Candidatus R. jingxinensis,

although its rrs gene shared 99.77% (< 99.8%, the criteria)

identity rate with Candidatus R. longicornii isolate GD02. It

seems that Candidatus R. longicornii and Candidatus R.

jingxinensis belong to the same species. Judged from the

phylogenic analysis (Figure 3), the strain Huaian-RM also

belonged to R. japonica subgroup.
TABLE 2 Identity rates of the genes from the identified strains with various validated or unvalidated Rickettsia spp.

Strains Gene gltA rrs ompA ompB sca4

Huaian-
HF

Size 1,290 bp 1,331 bp 575 bp 4,807 bp 3,035 bp

Highest
Identity
Rate

98.84% to R. peacockii
strain Rustic; 99.92%
to Candidatus R.
principis (96% coverage)

99.32% to R. slovaca strain D-
CWPP and R. rhipicephali strain
HJ#5

95.37% to R. parkeri strains Atlantic
Rainforest and Black Gap (80%
coverage)

94.82% R.
rhipicephali strain
HJ#5

97.79% R. slovaca
str. D-CWPP

Huaian-
HFL

Size 1,289 bp 1,331 bp 632 bp 4,856 bp 2,993 bp

Highest
Identity
Rate

99.77% to R.
heilongjiangensis 054;
99.69% to R. japonica
YH_M

99.92% and 100% to R. japonica
YH_M and strain Shandong J71,
respectively; 99.85% to R.
heilongjiangensis 054

98.10% to R. heilongjiangensis strain
CH8-1; 97.15% to R. japonica YH_M;
100% to various R. japonica strains
Shandong J68 to J75

99.03% to R.
heilongjiangensis
054; 98.65% to R.
japonica YH_M

99.63% to R.
heilongjiangensis
054; 99.50% to R.
japonica YH_M

Huaian-
RM

Size 1,260 bp 1,331 bp 523 bp 4,842 bp 2,660 bp

Highest
Identity
Rate

99.60% to R.
heilongjiangensis 054;
99.52% to R. japonica
YH_M

99.70% to R. japonica YH_M;
99.77% to Candidatus R.
longicornii isolate GD02

94.87% to R. heilongjiangensis 054;
100% to Candidatus R. longicornii and
Candidatus R. jingxinensis isolate Rm1

98% to R. japonica
strains HH-16 to
18

98.5% to R.
japonica YH_M

Novel
species
Criteria

Identity
Rates
(Fournier
et al.,
2003)

<99.9% <99.8 <98.8 <99.2 <99.3
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Prevalence of Rickettsia spp. in ticks

Overall, 144 (83.2%) of the 173 ticks from hedgehogs and 2

(1.2%) of the 168 ticks from bovine were positive for Rickettsia

spp., and the significant difference between the two groups

existed (P = 3.6e-52). Candidatus R. principis Huaian-HF (9,

5.2%) and R. heilongjiangensis Huaian-HFL (135, 78.0%) were

detected in H. flava rather than H. longicornis ticks from

hedgehogs. However, R. heilongjiangensis Huaian-HFL (1;

0.6%) and Candidatus R. jingxinensis (or Candidatus R.

longicornii) Huaian-RM (1; 0.6%) were detected in H.

longicornis and Rh. microplus ticks from bovine, respectively.
Serological prevalence of spotted fever
in humans

SFGR-specific IgG antibody in human sera samples was

detected by ELISA. As a result, 5.57% (18 of 323), 4.85% (13 of

268), and 4.00% (8 of 200) of the tested samples from hospitals in

Xuyi county of Huaian city, urban area of Huaian city, and urban

area of Hefei city, respectively, were SFGR-specific IgG antibody

positive, whereas the differences between them were not significant

(P > 0.05). In addition, the samples collected from Xuyi county of

Huaian city performed a higher mean of OD450 value than those

from urban areas of Huaian or Hefei city, whereas no significant

difference was observed (Figure 4, P > 0.05).
FIGURE 3

Phylogenetic tree of Rickettsia spp. based on a concatenated sequence of gltA, rrs, ompA, ompB, and sca4 gene sequences. The phylogenetic
tree was generated with MEGA 7.0 software using the maximum likelihood method with 1,000 replicates for bootstrap testing. Bootstrap values
> 50% are shown. The scale bar indicates nucleotide substitutions per site. The GenBank accession numbers of the reference sequences are
indicated. The newly obtained sequences are indicated with black dots.
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FIGURE 4

Box and whisker plot of OD450 values of the serum samples
detected using ELISA. The box represents 25th to 75th percentile
and the mean value (line in the middle of each box), and whisker
shows the minimum and maximum values. The sampling
locations were indicated. n.s., not significant.
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Discussion

In the present study, molecular prevalence of SFGR was

investigated in ticks from wild hedgehogs and domestic bovine

in Jiangsu province, Eastern China. Surprisingly, the ticks’

Rickettsia-positive rates varied significantly, with Rickettsia-

positive rate for ticks from hedgehogs (83.2%) being

significantly higher than that for ticks from bovine (1.2%). We

suppose three reasons may attribute to the distinctions. First,

hedgehogs may play a role as a “bridge” that transmits the

pathogen from infected ticks to uninfected ones. Compared with

bovine, hedgehogs are much smaller, and the attached ticks are

closer to each other on the inoculation sites of skin, making it

easier for pathogen transmission from tick to tick through the

circulatory system of the small mammal. Second, in contrast to

wild hedgehog-attached ticks, ticks on domestic bovine are

regularly removed by bovine owners with insecticides or

manually, and pathogens cannot be effectively transmitted

between ticks within limited time frame. In this sense, the

Rickettsia-positive rate of ticks on bovine may reflect the

positive rate of free ticks. Third, Rickettsia spp. may have their

preferred host and different tick species may harbor different

pathogens with different positive rates. Nevertheless,

investigations on epidemiological data of animal hosts, their

attached tick species, and the tick harboring and transmitting

Rickettsia spp. may benefit the prevention and control strategy

development for spotted fever (Chisu et al., 2020; Song et al.,

2021; Qi et al., 2022).

In recent years, dozens of novel Rickettsia spp. have been

identified, such as Candidatus R. Thierseensis, Candidatus R.

uralica, Candidatus R. xinyangensis, Candidatus R.

africaseptentrionalis, Candidatus R. mauretanica, Candidatus

R. jingxinensis, and Candidatus R. longicornii (Liu et al., 2016;

Jiang et al., 2018; Buysse and Duron, 2020; Li et al., 2020a;

Schötta et al., 2020). However, some of them, with only few short

partial genes published, have not been validated. The loss of

sequence data of critical genes of the unvalidated species

typically misleads scientists to mistakenly believe they have

identified a new species. For example, Candidatus R.

thierseensis and Candidatus R. uralica are recently found to be

genetic variants of one species (Igolkina et al., 2022). Here, in the

present study, Candidatus R. longicornii and Candidatus R.

jingxinensis are believed to belong to one species, by sharing

100% identity rate of partial ompA gene between their isolates

(Table 2). Considering Candidatus R. jingxinensis was named

earlier, we propose Candidatus R. jingxinensis as its final species

name. The long or near full-length sequences of these

phylogenetically important genes were obtained for the first

time, and it was phylogenetically characterized as a species of the

subgroup around R. japonica. Until now, it was only identified in

East Asia, including Republic of Korea, and Southwestern and

Northern China (Guo et al., 2019; Qin et al., 2019; Kim et al.,

2020; Li et al., 2020b; Seo et al., 2020; Jiao et al., 2021b; Park et al.,
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2021), whereas it was, for the first time, identified in Jiangsu

province, Eastern China. Similar to other species (i.e., R.

heilongjiangensis and R. japonica) in this subgroup,

Candidatus R. jingxinensis was observed to be able to infect

humans with clinical characteristics of fever, erythematous rash,

and eschar (Kim et al., 2020), indicating a potential threat to

public health of the area.

Another uncharacterized species Candidatus R. principis

was first identified in 2006 by sequencing its gltA gene from

H. japonica ticks in Khabarovsk city, Russia (Mediannikov et al.,

2006). Since then, this novel species has been reported to be

found in ticks (including H. japonica, H. megaspinosa, H. flava,

H. danieli, H. qinghaiensis, and I. persulcatus) in Russian Far

East, eastern Hokkaido and Niigata Prefecture (Japan), and

Northern and Northwestern China (Chahan et al., 2007;

Igolkina et al., 2018; Arai et al., 2021; Okado et al., 2021). This

is the first time for Candidatus R. principis identified in Eastern

China. However, it had not been fully characterized, with limited

short gene sequences available except gltA gene. Interestingly,

according to our molecular characterization and phylogenetic

analysis, Candidatus R. principis itself was believed to form a

novel subgroup of SFGR (Figures 4), with low identity rates of its

ompA and ompB genes with those validated Rickettsia spp.

(Table 2). Because very limited studies and evidence available

now, its pathogenicity to humans still needs further investigation

and surveillance.

In addition, R. heilongjiangensisHuaian-HFL was identified in

both H. flava from hedgehogs and H. longicornis from bovine. As

the causative agent of Far-eastern spotted fever (FESF), R.

heilongjiangensis–infected patients show symptoms of fever,

chills, headache, dizziness, myalgia, arthralgia, and anorexia,

after which most of them show signs of a macular or

maculopapular rash and lymphadenopathy near the eschar

(Cheng et al., 2016). Previous genome analysis revealed that R.

heilongjiangensis is closely related to R. japonica, with only a small

difference in the gene repertoire (Duan et al., 2011; Kasama et al.,

2019). Therefore, it is not surprising that the strain was classified

as a R. heilongjiangensis strain in the present study although some

Rickettsia spp. strains sharing 100% identity rates in rrs or ompA

gene with it were classified as R. japonica (e.g., strains Shandong

J68 to J75) previously. In addition, the used genes and the

obtained sequence length (partial or whole) for typing must

have influenced the classification result variations. Because gene

sequences from various isolates and strains of both Rickettsia spp.

are available, their distinctions may fall outside the criteria for

discriminating species as described previously (Fournier et al.,

2003). Thus, to reduce controversies over the classification of new

strains or isolates in the future, we recommend that whether both

species as well as their isolates and strains are actual subspecies of

the same Rickettsia sp. should be reevaluated and reassessed.

Considering the high pathogenic Rickettsia-positive rate in

ticks from wild hedgehogs, we supposed people might be exposed

to SFGR in the investigated area. On the one hand, living area of
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hedgehogs typically overlaps with that of humans in (sub) urbans,

leading to possible contacts and exposure of people to the

pathogens that their parasitic ticks harbor (Ruszkowski et al.,

2021; Qi et al., 2022); on the other hand, ticks are both vectors

and reservoirs for most SFGR, which may infect wild or domestic

animals and humans through tick biting (Socolovschi et al., 2009).

Sera samples were collected from the Xuyi County Hospital of

Chinese Medicine, which is believed to receive more people living

in the rural area around the sampling site than the other two

hospitals in urban areas. The preliminary seroepidemiological

survey confirmed the higher SFGR-specific seropositive rate and

specific IgG antibody level in human sera from the county hospital

than those from urban hospitals; however, the differences were not

significant. The lack of rigorous screening of serum samples from

rural populations and the fact that more urban people now travel

to rural areas more often may have contributed to the non-

significant difference in results, by masking differentiations.

Moreover, the serum collection time may influence the results

due to the tick-borne pathogen’s temporal distribution

heterogeneity. Nevertheless, the preliminary results indicate the

higher historical infection rate of SFGR in the investigated area and

potential public health threat posed by the pathogens, their tick

hosts, and wild animals.

In conclusion, various Rickettsia spp. including R.

heilongjiangensis, Candidatus R. jingxinensis (or Candidatus R.

longicornii), and Candidatus R. principis were identified in ticks

feeding on hedgehogs and bovine in Jiangsu province, Eastern

China, with the latter two species reported for the first time in

this area. Fully genetic characterizations of Candidatus R.

jingxinensis, and Candidatus R. principis were done for the

first time, and results indicated that Candidatus R. jingxinensis

belonged to R. japonica subgroup and that Candidatus R.

principis formed a novel subgroup of SFG. High Rickettsia-

positive rate was observed in ticks from hedgehogs rather than

from bovine, suggesting more attention should be paid to

pathogens transmitted or harbored by wild animals and their

attached ticks. The preliminary seroepidemiological survey

revealed a higher level of SFGR-specific IgG antibody and

seropositive rate of spotted fever around the investigated area,

indicating that SFGR and their tick hosts, especially from wild

animals, pose potential threats to public health in this area. This

study provides important epidemiological data for local public

health officers in developing strategies for early warning,

prevention, and control of the potential Rickettsia infections

and for local physicians in preparation of suitable testing and

treatment needs against potential rickettsioses.
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