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Abstract

On August 14th, 2018, a Beijing resident living in Xicheng District found a female H. longicornis tick attached to the
skin at the front of his upper shin. On examination, the patient was afebrile and appeared well. The species of the
tick was identified through morphological characteristics and phylogenetic analysis based on cytochrome C oxidase
subunit |. This H. longicornis tick was screened for tick-borne pathogens such as viruses, bacteria and parasites. RNA
pathogens were screened by PCR and sequencing, while DNA pathogens were screened by metagenomic analyses.
It was found that the tick was positive for the DNA sequences of zoonotic and animal pathogens such as A.
phagocytophilum, Ehrlichia minasensis and C. burnetii. Considering the good health condition of the patient, we
hypothesized that the pathogens originated from the tick specimen itself rather than host blood meal. For the first
time, our study reveals the possible risk of transmission of tick-borne pathogens to human beings through tick bit
in downtown Beijing. Further research is needed to screen for tick-borne pathogens among unfed ticks collected

from central Beijing.
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Background

Ticks were the first arthropods to be recognized as vec-
tors that can transmit pathogens to human beings and
are second only to mosquitoes as vectors of infectious
diseases (Dantas-Torres et al. 2012). More than 30 emer-
ging tick-borne pathogens have been confirmed in main-
land China since the 1980s, such as species of the
spotted fever group rickettsiae and species in the family
Anaplasmataceae (Fang et al. 2015). Humans are occa-
sional host of ticks, and these emerging tick-borne
agents have become a real threat to human health in
China (Socolovschi et al. 2009).The northwestern part of
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Beijing, especially Yanqing and Huairou Districts, is
dominated by the Jundu Mountains, while the western
part, Mentougou and Fangshan Districts, is framed by
Xishan or the Western Hills (Cheng et al. 2016). Forest
areas and grasslands in the suburban mountains of
Beijing provide habitats for livestock, wildlife and ticks
(Li et al. 2002; Lu et al. 2013). There are several reports
that ticks bit humans in the suburban areas of Beijing
(Li et al. 2002; Lu et al. 2013). Until now, the cases of
humans bitten by ticks reported in Beijing have all
occurred in suburban areas rather than downtown areas.
Downtown Beijing includes Chaoyang, Haidian, Fengtai
and Shijingshan Districts, especially the Dongcheng and
Xicheng Districts, which are in the center of Beijing.

In this study, a case of a person bitten by H. longicor-
nis that occurred in Xicheng District is reported for the
first time. Generally, ticks inhabit suburban areas, and
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ticks are rarely found in downtown Beijing. Tick-borne
pathogens, including viruses, bacteria and parasites, were
screened in this tick specimen, and our results showed
that this tick was positive for the DNA sequences of
zoonotic and animal pathogens such as A. phagocytophi-
lum, Ehrlichia minasensis and C. burnetii. This high-
lights the risk of transmission of tick-borne pathogens
from ticks to humans through the bit in the downtown
area of Beijing, as H. longicornis is a tick vector of high
medical significance.

Results

Case report

A 65-year-old healthy man discovered a tick attached to
the skin on the front of his upper shin on August 14th,
2018. He had not traveled outside Xicheng District of
Beijing within 7 d, and he had no exposure to farm ani-
mals, wild animals or pets. Within the previous week,
the patient had not been outside his resident community
or surrounding markets/streets. After identified it as a
possible tick through visual inspection, this tick was re-
moved from the skin by wiping it with alcohol. The area
around the attachment site was raised, solid and soft,
with slightly red concentric rash around it. There were
no other symptoms, such as fever, chills, headache,
fatigue or muscle aches. As the patient’s symptoms were
mild, serological examination was not recommended.
After a week of observation, the patient did not develop
worsening symptoms, and the previous symptoms, such
as concentric rash, vanished without medical attention.

Species identification

Morphological characteristics of body dorsal and ventral
views, dorsal integument, capitulum and legs of female
ticks are used for species identification. The tick was
identified as a female Hemaphysalis tick by its unique
combination of morphological characters.

Sequence analysis revealed that COI sequence derived
from the specimen shared 99% sequence identity with
COI for H. longicornis (MG721044.1 and JQ737096.1).
In addition, phylogenetic analysis using sequences derived
from COI sequences confirmed that the species of the
tick specimen was H. longicornis (Fig. 1).

Molecular detection of tick-associated RNA pathogens
through PCR

RNA viruses belonging to Flavivirus, Phlebovirus, Nairo-
virus and Hantavirus can cause serious human diseases
(Honig et al. 2004; Lv et al. 2018; Matsuno et al. 2015;
Wéjcik-Fatla et al. 2011). Viruses belonging to the first
three have been demonstrated to spread to people
through ticks, while Hantavirus can be spread through
rodents (Honig et al. 2004; Lv et al. 2018; Matsuno et al.
2015; Wojcik-Fatla et al. 2011). In this study, RNA was
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extracted from the H. longicornis specimen and was
screened for the presence of Flavivirus, Phlebovirus,
Nairobivirus and Hantavirus. Results showed that it was
negative for these viruses.

Investigation of tick-associated DNA pathogens via
metagenomic analyses

Metagenomic sequencing and analyses were utilized to
screen the DNA of pathogens in the tick specimen.
Krona analyses showed that several bacterial pathogens
belonging to Alphaproteobacteria and Gammaproteo-
bacteria were detected in the H. longicornis specimen. A.
phagocytophilum, Ehrlichia minasensis and Rickettsia
amblymmatis belonging to the Alphaproteobacteria de-
tected in the tick specimen are shown in Fig. 2. The
counts of mappable reads are indicators of the abun-
dance of a species, although the two are not exactly the
same. A. phagocytophilum accounted for 51% of map-
pable reads for the bacterial species within Alphaproteo-
bacteria, while E. minasensis accounted for 24%. C.
burnetii and Coxiella-like endosymbionts belonging to
Gammaproteobacteria detected in the tick specimen are
shown in Fig. 3. C. burnetii accounted for 16% of the
counts of mappable reads for the bacterial species within
Gammaproteobacteria. The relative abundance of DNA
segment reads of bacterial pathogens is shown in Fig. 4.
A. phagocytophilum, E. minasensis and C. burnetti were
among the most abundant DNA pathogens within the
tick specimen. DNA sequences of tick-borne parasites
such as Babesia spp. and Theileria spp. were not
detected in this tick specimen.

Discussion

H. longicornis ticks, commonly associated with livestock
(e.g., sheep, goats, horses and cattle), and wild animals
such as deer and birds, occasionally bite humans (Choe
et al. 2011). A previous investigation showed that the
dominant tick species in forest areas of Beijing was H.
longicornis, followed by H. concinna, D. silvarum, Ixodes
persulcatus and Rhipicephalus sanguineus (Li et al.
2002). Several cases in which humans were bitten by
ticks have been reported in forested areas in Beijing,
such as Huairou and Yangqing districts, and these pa-
tients all had a travel history to the suburbs of Beijing
(Liu et al. 2020). Fortunately, none of the patients in the
above cases experienced serious symptoms and did not
require any further treatment. In fact, the number of
reports of tick bites is very limited. Although there is the
possibility that some cases were not reported, the
frequency of tick bites is probably not very high in
Beijing. In this study, the patient’s recent 7 days of out-
door exposure before the tick bite was restricted to his
resident community and the surrounding markets/streets.
H. longicornis tick was found attached to the patient’s skin,
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Fig. 1 Phylogenetic analyses of tick species based on COI. Neighbor-joining phylogenetic analysis based on partial tick CO/ sequences. Bootstrap
values are indicated at the nodes. The scale bar indicates the degree of divergence represented by a given length of a branch. The red dot
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and there was little blood within the tick. It is speculated
that the length of blood-feeding time of the tick on the pa-
tient was not long and that the tric bit patient in the lawns
of his resident community or adjacent areas in Xicheng
District. This research showed a risk of being bitten
by H. longicornis tick in the downtown area of Beijing for
the first time.

Severe fever with thrombocytopenia syndrome bun-
yavirus (SFTSV) is a currently emerging pathogen, and
H. longicornis has been proven to be the definite reser-
voir and vector responsible for SFTSV transmission to
humans (Zhuang et al. 2018). In this study, bacterial
pathogens, including A. phagocytophilum, E. minasensis,
R. amblymmatis, C. burnetii and Coxiella-like endosym-
bionts, were detected in H. longicornis. A. phagocytophi-
lum and C. burnetii were among the most abundant
zoonotic pathogens within the tick specimen (Kim et al.
2003; Lee et al. 2004). Fortunately, the patient’s mild

symptoms vanished soon without medical care and he
did not develop a clinical illness over the following 3
months. Several key factors affect the infection by tick-
borne pathogens through tick bites: the activity and
quantity of pathogens, the infection ability of pathogens,
the immunity capability of patients, and the length of
blood-feeding time of patients. It is suspected that a
short length of blood-feeding time and a high level of
immunity of healthy hosts prevent the infection of these
pathogens. However, there have been several reports
about tick-borne pathogens such as A. phagocytophilum
in humans with tick bites (Pascoe et al. 2019; Jahfari
et al. 2016). The probability of infection with a tick-
borne pathogen other than Lyme spirochetes after a tick
bite is approximately 2.4% in the Netherlands (Jahfari
et al. 2016). This study revealed the possible risk of
transmission of tick-borne pathogens to human beings
through tick bites in downtown Beijing.
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Previous studies have shown that Ehrlichia spp. such
as E. chaffeensis have been detected in H. longicornis
ticks (Lee and Chae 2010). In this study, E. minasensis
was detected from H. longicornis specimens in Beijing.
To our knowledge, this is the first report of E. minasen-
sis in China (Cabezas-Cruz et al. 2016; Cicculli et al.
2019). Based on the results of this study, it is speculated
that the prevalence of E. minasensis in the local live-
stock of Beijing is possible, but further investigation is
needed.

R. amblyommii is a pathogen belonging to the
Rickettsiae spotted fever group (SFG) (Merhej et al.
2014; Blanton LS et al. 2014). R. amblyommii was
detected in A. americanum ticks in the United
States of America, and then R. amblyommii was
detected in Am. pseudoconcolor ticks in Brazil
(Goddard and Norment 1986; Silva et al. 2018). To
our knowledge, R. amblyommii has been detected
in H. longicornis in China for the first time in this
case. The presence of R. amblyommii increases the
complexity status of spotted fever rickettsiosis in
China as R. raoultii, R. sibirica, Candidatus R.
longicornii and R. jingxinensis belonging to SFG

have been previously proven to be present in China
(Liu et al. 2020; Yu et al. 1993).

Conclusion

We certified that this tick was positive for the DNA se-
quences of zoonotic and animal pathogens such as A.
phagocytophilum, Ehrlichia minasensis and C. burnetii
by using metagenomic analyses. The tick, identified as
H. longicornis, fed on a human in the downtown area of
Beijing.

Materials and methods

Specimen identification

The tick was kept alive and sent to the Institute of Ani-
mal Inspection and Quarantine (IAIQ), Chinese Acad-
emy of Inspection and Quarantine (CAIQ), for species
identification. It was killed in hot water (80 °C) according
to a previously described method and dried on filter
paper (Soares et al. 2013). Digital images of the speci-
men were taken with a stereomicroscope (Discovery
V20, Zeiss, Oberkochen, Germany). The tick was identi-
fied to species by morphology according to standard
morphological characteristics, including body dorsal and
ventral views, dorsal integument, capitulum and legs,
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and corroborated by deriving sequences for mitochon-
drial cytochrome C oxidase subunit I (COI) (Murrell
et al. 2001). Digital images of the tick specimen are
provided in Fig 5. Partial tissue of the tick was used for
ribonucleic acid (RNA) and deoxyribonucleic acid
(DNA) extraction. The remaining tissue of the tick was
preserved at — 80 °C.

DNA and RNA extractions from the tick

The tick was washed three times with distilled water and
dried on filter paper. Then it was dissected with dispos-
able scalpels: one quarter utilized for DNA extraction
and another quarter utilized for RNA extraction. The

remaining half was preserved at — 80 °C. DNA and RNA
were extracted according to a previously described
method (Lv et al. 2018).

Molecular identification of the tick species

Sequences of COI were amplified by PCR using the pri-
mer pair LCO1490/HCO2198 (Folmer et al. 1994). This
universal primer pair was designed to amplify a 710 bp
fragment of COI from 11 invertebrate phyla, including
ticks. PCR amplification and sequence alignment were
analyzed as previously described (Lv et al. 2014). COI se-
quence has been submitted to GenBank, and the acces-
sion number is MZ452024.
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Detection of tick-associated RNA viruses through PCR
Reverse transcription was carried out with M-MLV re-
verse transcriptase (Promega, WI, USA) in a reaction
volume of 40 uL, which included 18 pL extracted RNA,
8 uL 5x RT buffer, 2 uL. ANTPs (10 mM), 3 uL. DTT (0.1
M), 4 uL M-MLV reverse transcriptase (200 U/uL), 1 uL
RNasin (40 U/pL), 2 puL 10x hexanucleotide mix, and
2 puL molecular grade H,O.

Detection of Flavivirus RNA was conducted using hemi-
nested PCR targeting the RNA-dependent RNA poly-
merase gene, as described previously (Lv et al. 2018). In
brief, 5ul. ¢cDNA was utilized as a template for each
reaction. Reaction master mix was prepared according to
the manufacturer’s protocol, and PCR conditions de-
scribed in previous studies were used (Lv et al. 2018).

Detection of Hantavirus RNA was conducted using
nested PCR targeting the L-segment, as described pre-
viously (Wéjcik-Fatla et al. 2011). In brief, 5 uL. cDNA was
utilized as a template for each reaction. Reaction master

Fig. 5 Morphological characteristics of the tick (females) by
stereomicroscopy. A dorsal view (20x); B ventral view (20x)

mix was prepared according to the manufacturer’s proto-
col, and PCR conditions described in previous studies
were used.

Detection of Phlebovirus (L-segment) was performed
by PCR using a mixture of ppL1/ppL2 primers (40 pmol
each) with the reaction conditions previously described
(Matsuno et al. 2015).

Detection of Nairovirus (L-segment) was performed by
PCR using 6942+ and 7385- primers with the reaction
conditions previously described (Honig et al. 2004).

Sequence and phylogenetic analyses of PCR-amplified
DNA segments

DNA amplicons of the correct size were sequenced by
BGI Tech Solutions Co., LTD (Liuhe, Beijing). DNA se-
quence was assembled and edited in MEGA X (Kumar
et al. 2018). Sequence alignments were conducted as de-
scribed (Lv et al. 2018). Sequence alignments were con-
ducted using ClustalW within MEGA V.7.0 (Kumar
et al. 2018) using default parameters (open gap penalty =
10.0, extend gap penalty = 5.0) before subsequently being
checked by visual inspection. Bootstrapping (1000 repli-
cates) was utilized to estimate node support. Pairwise
deletion was used for gaps/missing data. Based on the
K2P distances, phylogenetic trees were constructed with
the combined datasets of all major tick genera using the
neighbor-joining method. For COI analysis, all codon
positions and noncodon sites were combined and tested.

Metagenomic sequencing and analyses

Both quality and quantity of the extracted DNA were
assessed by measuring the absorbance at wavelengths of
260nm and 280 nm. One microgram of high-quality
DNA was used for subsequent library construction. A
sequencing library was generated using the NEBNext®
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Ultra™ DNA Library Prep Kit from Illumina (NEB, USA)
based on the kit instructions. The Illumina HiSeq plat-
form was used to sequence the library preparations. The
specific processing steps were as follows: a) remove the
reads that contained low-quality bases (default quality
threshold value <38) above a certain portion (default
length of 40 bp); b) remove the reads in which the N base
reached a certain percentage (default length of 10 bp); c)
remove reads that shared the overlap above a certain
portion with Adapter (default length of 15 bp). Consider-
ing the possibility of host pollution in sample, the clean
data needed to be blasted to the host database, which
defaults using Bowtie 2.2.4 software (Langmead and
Salzberg 2012) to filter the reads that are of host origin.
The parameters are as follows according to the previous
description: --end-to-end, —-sensitive, -1 200, -X 400
(Karlsson et al. 2012).

The samples combined and then assembled using
SOAP denovo (Luo et al. 2012)/MEGAHIT (Li et al.
2015) software as previously described (Brum et al. 2015;
Nielsen et al. 2014; Qin et al. 2014).

CD-HIT software (Fu et al. 2012) was utilized to clus-
ter sequences (parameters -c¢ 0.95, -G 0, -aS 0.9, -g 1,
—-d 0), and MetaGeneMark (Qin et al. 2012) was used to
predict and analyze the ORF (open reading frame).
Clean data of the sample were mapped to the initial gene
catalog using Bowtie 2.2.4, and the number of reads to
which genes mapped in the sample with parameter set-
tings as --end-to-end, —-sensitive, —-I 200, and -X 400.
Genes with <2 reads in the sample were filtered, and
gene catalog (Unigenes) was obtained and eventually
used for subsequent analysis. Based on the number of
mapped reads and the length of genes, the abundance
information of each gene in the sample was statistically
analyzed. Abundance of a species in one sample equals
the sum of gene abundance annotated for the species;
gene number of a species in a sample equals the number
of genes whose abundance is nonzero (Li et al. 2014; Fu
et al. 2012; Qin et al. 2012; Le Chatelier et al. 2013). The
basic information statistics, core-pan gene analysis,
correlation analysis of the sample and Venn figure
analysis of the number of genes were all based on the
abundance of each gene in the gene catalog.

Taxonomy prediction
DIAMOND software (V.0.9.9, https://github.com/
bbuchfink/diamond/) was used to blast unigenes to
the sequences of bacteria, fungi, archaea and viruses,
which were all extracted from the NR database (Version:
2018-01-02, https://www.ncbi.nlm.nih.gov/) of NCBI
with the parameter settings blastp-e le-5 (Buchfink
et al. 2015).

To ensure the species annotation information of the se-
quences, we chose the result for which the e value < the
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smallest e value * 10 to take the LCA algorithm, which
was applied to the system classification of the MEGAN
software (Huson et al. 2011).

Data containing number of genes and abundance in-
formation of the sample in each taxonomy hierarchy
(kingdom, phylum, class, order, family, genus and spe-
cies) were obtained based on the LCA annotation result
and the gene abundance result.

Krona analysis, the exhibition of generation situation
of relative abundance, the exhibition of abundance clus-
ter heat map, PCA (R ade4 package, V.2.15.3) (Avershina
et al. 2013) and NMDS (R vegan package, V.2.15.3)
(Magali Noval Rivas et al. 2013) decrease-dimension
analysis were based on the abundance table of each
taxonomic hierarchy. Differences between groups were
analyzed according to the references (White et al. 2009).
LEfSe analysis was conducted by LEfSe software (the
default LDA score was 3) (Segata et al. 2011). Finally,
random forest (RandoForest) (Williams 2014) was used
to construct a random forest model. Important species
were screened out by MeanDecreaseAccuracy and
MeanDecreaseGin, cross-validated with each model
(default 10 times) and plotted with the ROC curve.

Abbreviations

PCR: Polymerase chain reaction; RNA: Ribonucleic acid;

DNA: Deoxyribonucleic acid; IAIQ: Institute of Animal Inspection and
Quarantine; CAIQ: Chinese Academy of Inspection and Quarantine;
COl: Cytochrome C oxidase subunit I; cDNA: Complementary DNA;
ROC: Receiver Operating Characteristic; SFTSV: Severe fever with
thrombocytopenia syndrome bunyavirus; SFG: Spotted fever group

Acknowledgments

This study was funded by the national key research and development
programs of China (No. 2017YFD0501803 and 2016YFD0501100) and the
Young Talents Program of the Chinese Academy of Inspection and
Quarantine.

Authors’ contributions

J.ZL. carried out the molecular genetic studies, analyzed the sequence
alignment and drafted the manuscript. H.Y.W. conducted the experiments
and detection of tick-associated DNA and RNA viruses through PCR, partici-
pated in the sequence alignment and polished the manuscript. X.Q.H. identi-
fied the tick species and was a contributor to polishing the manuscript. LM.
collected the field sample and extracted and purified the total RNA or DNA
of the sample. X.F.Y. designed the primers and probes and optimized the re-
action conditions. Y.F.K. carried out sequencing and phylogenetic analyses of
the PCR-amplified DNA segments. JH.D. prepared the virus-like particles as
positive controls. ZF.F. participated in the design of the study and was a
contributor to polishing the manuscript. SQW. and X.M.L. designed the
study, participated in its coordination and helped to draft the manuscript. All
authors read and approved the final version of the manuscript.

Funding

This study was funded by the national key research and development
programs of China (No. 2017YFD0501803 and 2016YFD0501100) and the
Young Talents Program of the Chinese Academy of Inspection and
Quarantine.

Availability of data and materials
Data will be shared upon request with the readers.


https://github.com/bbuchfink/diamond/
https://github.com/bbuchfink/diamond/
https://www.ncbi.nlm.nih.gov/

Lv et al. Animal Diseases (2021) 1:16

Declarations

Ethics approval and consent to participate

This study was approved and conducted under supervision by the Ethics
Committee on Scientific Research on Animal Pathogenic Microorganisms,
Institute of Animal Quarantine, Chinese Academy of Inspection and
Quarantine (ECSRAPM0626030; Beijing, China).

Consent for publication
Written informed consent for publication was obtained from the participant.

Competing interests

Author Zhen F. Fu was not involved in the journal’s review or decisions
related to this manuscript. Other authors declare they have no competing
interests.

Author details

'Institute of Animal Inspection and Quarantine, Chinese Academy of
Inspection and Quarantine, Beijing 100176, China. “Department of Pathology,
College of Veterinary Medicine, University of Georgia, Athens 30602, USA.

Received: 18 May 2021 Accepted: 11 August 2021
Published online: 13 September 2021

References

Avershina, E,, T. Frisli, and K. Rudi. 2013. De novo semi-alignment of 165 rRNA
gene sequences for deep phylogenetic characterization of next generation
sequencing data. Microbes and Environments 28 (2): 211-216 https://doi.org/1
0.1264/jsme2.ME12157.

Blanton, LS, D.H. Walker, and D.H. Bouyer. 2014. Rickettsiae and Ehrlichiae Within
a City Park: Is the Urban Dweller at Risk? Vector-Borne and Zoonotic Diseases
14 (2): 168-170. https;//doi.org/10.1089/vbz.2013.1473.

Brum, JR, J.C. Ignacio-Espinoza, S. Roux, G. Doulcier, S.G. Acinas, A. Alberti, S.
Chaffron, C. Cruaud, C. De Vargas, and J.M. Gasol. 2015. Ocean plankton.
Patterns and ecological drivers of ocean viral communities. Science 348
(6237): 1261498. https://doi.org/10.1126/science.1261498.

Buchfink, B, C. Xie, and D.H. Huson. 2015. Fast and sensitive protein alignment
using DIAMOND. Nature Methods 12 (1): 59-60 https://doi.org/10.1038/
nmeth.3176.

Cabezas-Cruz, A, E. Zweygarth, M. Vancovd, M. Broniszewska, and J.D.L. Fuente.
2016. Ehrlichia minasensis sp. nov.,, isolated from the tick Rhipicephalus
microplus. International Journal of Systematic and Evolutionary Microbiology
66 (3): 1426-1430. https://doi.org/10.1099/ijsem.0.000895.

Cheng, W., N. Wang, M. Zhao, and S. Zhao. 2016. Relative tectonics and debris
flow hazards in the Beijing mountain area from DEM-derived geomorphic
indices and drainage analysis. Geomorphology 257 (3): 134-142. https://doi.
0rg/10.1016/j.geomorph.2016.01.003.

Choe, HC, M. Fudge, W.J. Sames, RG. Robbins, and H.L. Sang. 2011. Tick
surveillance of dogs in the Republic of Korea. Systematic & Applied Acarology
16 (3): 215 https://doi.org/10.11158/53a.16.3.5.

Cicculli, V., S. Masse, L. Capai, Xavier de Lamballerie, R. Charrel, and A. Falchi.
2019. First detection of Ehrlichia minasensis in Hyalomma marginatum ticks
collected from cattle in Corsica, France. Veterinary Medicine and Science 5 (2):
243-248. https.//doi.org/10.1002/vms3.140.

Dantas-Torres, F, B.B. Chomel, and D. Otranto. 2012. Ticks and tick-borne
diseases: a One Health perspective. Trends in Parasitology 28 (10): 437-446.
https://doi.org/10.1002/vms3.140.

Fang, LQ, K. Liu, XL Li, S. Liang, Y. Yang, HW. Yao, RX. Sun, Y. Sun, W.J. Chen, S.
Q. Zuo, MJ. Ma, H. Li, JF. Jiang, W. Liu, XF. Yang, G.C. Gray, P.J. Krause, and
W.C. Cao. 2015. Emerging tick-borne infections in mainland China: an
increasing public health threat. The Lancet Infectious Diseases 15 (12): 1467~
1479 https.//doi.org/10.1016/51473-3099(15)00177-2.

Folmer, O, M. Black, W. Hoeh, R. Lutz, and R. Vrijenhoek. 1994. DNA primers for
amplification of mitochondrial cytochrome ¢ oxidase subunit | from diverse
metazoan invertebrates. Molecular Marine Biology and Biotechnology 3 (5):
294-299 https://10.4028/www.scientific.net/DDF.7 460.

Fu, L, B. Niu, Z. Zhu, S. Wu, and W. Li. 2012. CD-HIT: accelerated for clustering the
next-generation sequencing data. Bioinformatics 28 (23): 3150-3152. https//
doi.org/10.1093/bioinformatics/bts565.

Page 8 of 9

Goddard, J, and B.R. Norment. 1986. Spotted fever group rickettsiae in the lone
star tick, Amblyomma americanum (Acari: Ixodidae). Journal of Medical
Entomology 23 (5): 465-472 https;//doi.org/10.1093/jmedent/23.5.465.

Honig, J.E, J.C. Osborne, and S.T. Nichol. 2004. The high genetic variation of
viruses of the genus Nairovirus reflects the diversity of their predominant tick
hosts. Virology 318 (1): 10-16 https://doi.org/10.1016/j.virol.2003.09.021.

Huson, D.H,, S. Mitra, HJ. Ruscheweyh, N. Weber, and S.C. Schuster. 2011.
Integrative analysis of environmental sequences using MEGAN4. Genome
Research 21 (9): 1552-1560 https.//doi.org/10.1101/gr.120618.111.

Jahfari, S, A. Hofhuis, M. Fonville, V. Giessen, and H. Sprong. 2016. Molecular
detection of tick-borne pathogens in humans with tick bites and erythema
migrans, in the Netherlands. PLoS Neglected Tropical Diseases 10 (10):
e0005042. https;//doi.org/10.1371/journal. pntd.0005042.

Karlsson, FH, F. Fak, I. Nookaew, V. Tremaroli, B. Fagerberg, D. Petranovic, F.
Backhed, and J. Nielsen. 2012. Symptomatic atherosclerosis is associated with
an altered gut metagenome. Nature Communications 3: 1245 https://doi.
0rg/10.1038/ncomms2266.

Kim, CM,, M.S. Kim, M.S. Park, J.H. Park, and J.S. Chae. 2003. Identification of
Ehrlichia chaffeensis, Anaplasma phagocytophilum, and A. bovis in
Haemaphysalis longicornis and Ixodes persulcatus ticks from Korea. Vector
Borne and Zoonotic Diseases 3 (1): 17-26 https.//doi.org/10.1089/153036603
765627424,

Kumar, S., G. Stecher, M. Li, K. Christina, and T. Koichiro. 2018. MEGA X: Molecular
Evolutionary Genetics Analysis across Computing Platforms. Molecular Biology
and Evolution 35 (6): 1547-1549 https://doi.org/10.1093/molbev/msy096.

Langmead, B, and S.L. Salzberg. 2012. Fast gapped-read alignment with Bowtie
2. Nature Methods 9 (4): 357-359. https://doi.org/10.1038/nmeth.1923.

Le Chatelier, E, T. Nielsen, J. Qin, E. Prifti, F. Hildebrand, G. Falony, M. Almeida, M.
Arumugam, J.M. Batto, S. Kennedy, et al. 2013. Richness of human gut
microbiome correlates with metabolic markers. Nature 500 (7464): 541-546
https://doi.org/10.1038/nature12506.

Lee, JH, HS. Park, W.J. Jang, SEE. Koh, and SH. Lee. 2004. Identification of the
Coxiella sp. detected from Haemaphysalis longicornis ticks in Korea.
Microbiology and Immunology 48 (2): 125-130 https//doi.org/10.1111/j.1348-
0421.2004.tb03498 x.

Lee, MJ, and J.S. Chae. 2010. Molecular detection of Ehrlichia chaffeensis and
Anaplasma bovis in the salivary glands from Haemaphysalis longicornis ticks.
Vector-Borne and Zoonotic Diseases 10 (4): 411-413 https://doi.org/10.1089/
vbz.2008.0215.

Li, D.H, CM. Liu, R. Luo, S. Kunihiko, and L. Tak-Wah. 2015. MEGAHIT: an ultra-fast
single-node solution for large and complex metagenomics assembly via
succinct de Bruijn graph. Bioinformatics 31 (10): 1674-1676 https://doi.org/1
0.1093/bioinformatics/btv033.

Li, J, H. Jia, X. Cai, H. Zhong, Q. Feng, S. Sunagawa, M. Arumugam, J.R. Kultima, E.
Prifti, T. Nielsen, et al. 2014. An integrated catalog of reference genes in the
human gut microbiome. Nature Biotechnology 32 (8): 834-841. https://doi.
0rg/10.1038/nbt.2942.

Li, JM, W.C. Cao, XT. Zhang, XM. Wu, ZY. Dong, QM. Zhao, and H. Yang. 2002.
Investigation on Ticks and Mice in Forest Areas of Beijing, China. Chinese
Journal of Vector Biology and Control 13 (3): 165-168 https://doi.org/10.3969/j.
issn.1003-4692.2002.03.001.

Liu, H, X. Liang, H. Wang, X. Sun, X. Bai, B. Hu, N. Shi, N. Wang, X. Zhang, L.
Huang, et al. 2020. Molecular evidence of the spotted fever group Rickettsiae
in ticks from Yunnan Province, Southwest China. Experimental and Applied
Acarology 80 (3): 339-348 https.//doi.org/10.1007/510493-020-00467-5.

Lu, X, XD. Lin, JB. Wang, X.C. Qin, JH. Tian, W.P. Guo, F.N. Fan, R. Shao, J. Xu, and
Y.Z. Zhang. 2013. Molecular survey of hard ticks in endemic areas of tick-
borne diseases in China. Ticks and Tick-borne Diseases 4 (4): 288-296 https://
doi.org/10.1016/j.ttbdis.2013.01.003.

Luo, R, B. Liu, Y. Xie, Z. Li, W. Huang, J. Yuan, G. He, Y. Chen, Q. Pan, J. Liu, et al.
2012. SOAPdenovo2: an empirically improved memory-efficient short-read de
novo assembler. Gigascience 1 (1): 18 https://doi.org/10.1186/2047-217X-1-18.

Lv, J, M. de Fernandez, D.M. Mar, H. Goharriz, L.P. Phipps, LM. Mcelhinney, H.
Triana, M. Luis, S. Wu, X. Lin, et al. 2018. Detection of tick-borne bacteria and
babesia with zoonotic potential in Argas (Carios) vespertilionis (Latreille,
1802) ticks from British bats. Scientific Reports 8 (1): 1865 https://doi.org/10.1
038/541598-018-20138-1.

Lv, J, S.Wu, Y. Zhang, Y. Chen, C. Feng, X. Yuan, G. Jia, J. Deng, C. Wang, Q.
Wang, L. Mei, and X. Lin. 2014. Assessment of four DNA fragments (COI, 165
DNA, ITS2, 125 rDNA) for species identification of the Ixodida (Acari: Ixodida).
Parasites & Vectors 7 (1): 93. https.//doi.org/10.1186/1756-3305-7-93.


https://doi.org/10.1264/jsme2.ME12157
https://doi.org/10.1264/jsme2.ME12157
https://doi.org/10.1089/vbz.2013.1473
https://doi.org/10.1126/science.1261498
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1099/ijsem.0.000895
https://doi.org/10.1016/j.geomorph.2016.01.003
https://doi.org/10.1016/j.geomorph.2016.01.003
https://doi.org/10.11158/saa.16.3.5
https://doi.org/10.1002/vms3.140
https://doi.org/10.1002/vms3.140
https://doi.org/10.1016/s1473-3099(15)00177-2
https://10.0.15.188/www.scientific.net/DDF.7.460
https://doi.org/10.1093/bioinformatics/bts565
https://doi.org/10.1093/bioinformatics/bts565
https://doi.org/10.1093/jmedent/23.5.465
https://doi.org/10.1016/j.virol.2003.09.021
https://doi.org/10.1101/gr.120618.111
https://doi.org/10.1371/journal.pntd.0005042
https://doi.org/10.1038/ncomms2266
https://doi.org/10.1038/ncomms2266
https://doi.org/10.1089/153036603765627424
https://doi.org/10.1089/153036603765627424
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1038/nature12506
https://doi.org/10.1111/j.1348-0421.2004.tb03498.x
https://doi.org/10.1111/j.1348-0421.2004.tb03498.x
https://doi.org/10.1089/vbz.2008.0215
https://doi.org/10.1089/vbz.2008.0215
https://doi.org/10.1093/bioinformatics/btv033
https://doi.org/10.1093/bioinformatics/btv033
https://doi.org/10.1038/nbt.2942
https://doi.org/10.1038/nbt.2942
https://doi.org/10.3969/j.issn.1003-4692.2002.03.001
https://doi.org/10.3969/j.issn.1003-4692.2002.03.001
https://doi.org/10.1007/s10493-020-00467-5
https://doi.org/10.1016/j.ttbdis.2013.01.003
https://doi.org/10.1016/j.ttbdis.2013.01.003
https://doi.org/10.1186/2047-217X-1-18
https://doi.org/10.1038/s41598-018-20138-1
https://doi.org/10.1038/s41598-018-20138-1
https://doi.org/10.1186/1756-3305-7-93

Lv et al. Animal Diseases (2021) 1:16

Magali, N.R, T.B. Oliver, W. Petra, Y.Q. Zhang, S.A. Hobson, M.G. Lloret, C.
Chehoud, J. Kuczynski, T. Desantis, and J. Warrington. 2013. A microbiota
signature associated with experimental food allergy promotes allergic
sensitization and anaphylaxis. The Journal of Allergy and Clinical Immunology
131 (1): 201-212. https://doi.org/10.1016/}jaci.2012.10.026.

Matsuno, K, C. Weisend, M. Kajihara, C. Matysiak, and N. Brandi. 2015.
Comprehensive molecular detection of tick-borne phleboviruses leads to the
retrospective identification of taxonomically unassigned bunyaviruses and
the discovery of a novel member of the genus phlebovirus. Journal of
virology 89 (1): 594-604 https//doi.org/10.1128/jvi02704-14.

Merhej, V., E. Angelakis, C. Socolovschi, and D. Raoult. 2014. Genotyping,
evolution and epidemiological findings of Rickettsia species. Infection, Genetics
and Evolution 25: 122-137 https;//doi.org/10.1016/j.meegid.2014.03.014.

Murrell, A, N. Campbell, and S.C. Barker. 2001. A total-evidence phylogeny of ticks
provides insights into the evolution of life cycles and biogeography.
Molecular Phylogenetics & Evolution 21 (2): 244-258 https://doi.org/10.1006/
mpev.2001.1018.

Nielsen, H.B., M. Almeida, A.S. Juncker, S. Rasmussen, J. Li, S. Sunagawa, D. Plichta,
RL. Gautier, AG. Pedersen, EL. Chatelier, E. Pelletier, |. Bonde, T. Nielsen, et al.
2014. Identification and assembly of genomes and genetic elements in
complex metagenomic samples without using reference genomes. Nature
Biotechnology 32 (8): 822-828 https.//doi.org/10.1038/nbt.2939.

Pascoe, EL, N. Stephenson, A. Abigana, D. Clifford, and J.E. Foley. 2019. Human
seroprevalence of tick-borne anaplasma phagocytophilum, borrelia
burgdorferi, and rickettsia species in northern california. Vector Borne and
Zoonotic Diseases 19 (12): 871-878. https.//doi.org/10.1089/vbz.2019.2489
Epub 2019 Jul 11.

Qin, J, Y. Li, Z. Gai, S. Ui, J. Zhu, F. Zhang, S. Liang, W. Zhang, Y. Guan, D. Shen,
et al. 2012. A metagenome-wide association study of gut microbiota in type
2 diabetes. Nature 490 (7418): 55-60 https://doi.org/10.1038/nature11450.

Qin, N, F. Yang, A. Li, E. Prifti, Y. Chen, L. Shao, J. Guo, E. Le Chatelier, J. Yao, L. Wu, J.
Zhou, S. Ni, L. Liu, et al. 2014. Alterations of the human gut microbiome in liver
cirrhosis. Nature 513: 59-64 https://doi.org/10.1038/nature13568.

Segata, N, J. Izard, L. Waldron, D. Gevers, L. Miropolsky, W.S. Garrett, and C.
Huttenhower. 2011. Metagenomic biomarker discovery and explanation.
Genome Biology 12 (6): R60 https://doi.org/10.1186/gb-2011-12-6-r60.

Silva, AB., KM. Cardoso, SV. de Oliveira, RMF. Costa, G. Oliveira, M. Amorim, L.C.
Alves, M.FM. Monteiro, and G.S. Gazeta. 2018. Rickettsia amblyommatis
infecting Amblyomma pseudoconcolor in area of new focus of spotted fever
in northeast Brazil. Acta Tropica 182: 305-308 https;//doi.org/10.1016/j.acta
tropica.2018.03.005.

Soares, S.F., C. Louly, F. Marion-Poll, M. Ribeiro, and L. Borges. 2013. Study on
cheliceral sensilla of the brown dog tick rhipicephalus sanguineus (latreille,
1806) (acari: ixodidae) involved in taste perception of phagostimulants. Acta
tropica: Journal of Biomedical Sciences 126 (1): 75-83 https://doi.org/10.1016/
j.actatropica.2013.01.006.

Socolovschi, C, O. Mediannikov, D. Raoult, and P. Parola. 2009. The relationship
between spotted fever group Rickettsiae and ixodid ticks. Veterinary Research
40 (2): 34. https://doi.org/10.1051/vetres/2009017.

White, JR, N. Nagarajan, and M. Pop. 2009. Statistical methods for detecting
differentially abundant features in clinical metagenomic samples. PLos
Computational Biology 5 (4): €1000352 https://doi.org/10.1371/journal.pcbi.1
000352.

Williams, JK. 2014. Using random forests to diagnose aviation turbulence.
Machine Learning 95 (1): 51-70 https;//doi.org/10.1007/510994-013-5346-7.

Wojcik-Fatla, A, V. Zajac, J.P. Knap, and J. Dutkiewicz. 2011. Hantavirus RNA not
detected in Ixodes ricinus ticks. Annals of Agricultural and Environmental
Medicine 18 (2): 446-447 https://doi.org/10.26444/aaem/71.0000.1500.2185.

Yu, X, Jin'Y, Fan M, Xu G, Liu Q, Raoult 1993. Genotypic and antigenic
identification of two new strains of spotted fever group rickettsiae isolated
from China. Journal of Clinical Microbiology 31(1):83-88. https://doi.org/1
0.1128/jcm.31.1.83-88.1993.

Zhuang, L, Y. Sun, X.M. Cui, Fang Tang, J. Hu, L. Wang, N. Cui, Z. Yang, D. Huang,
X. Zhang, et al. 2018. Transmission of Severe Fever with Thrombocytopenia
Syndrome Virus by Haemaphysalis longicornis Ticks, China. Emerging Infectious
Diseases 24 (5): 868-871 https://doi.org/10.3201/eid2405.151435.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.jaci.2012.10.026
https://doi.org/10.1128/jvi.02704-14
https://doi.org/10.1016/j.meegid.2014.03.014
https://doi.org/10.1006/mpev.2001.1018
https://doi.org/10.1006/mpev.2001.1018
https://doi.org/10.1038/nbt.2939
https://doi.org/10.1089/vbz.2019.2489
https://doi.org/10.1038/nature11450
https://doi.org/10.1038/nature13568
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1016/j.actatropica.2018.03.005
https://doi.org/10.1016/j.actatropica.2018.03.005
https://doi.org/10.1016/j.actatropica.2013.01.006
https://doi.org/10.1016/j.actatropica.2013.01.006
https://doi.org/10.1051/vetres/2009017
https://doi.org/10.1371/journal.pcbi.1000352
https://doi.org/10.1371/journal.pcbi.1000352
https://doi.org/10.1007/s10994-013-5346-7
https://doi.org/10.26444/aaem/71.0000.1500.2185
https://doi.org/10.1128/jcm.31.1.83-88.1993
https://doi.org/10.1128/jcm.31.1.83-88.1993
https://doi.org/10.3201/eid2405.151435

	Abstract
	Background
	Results
	Case report
	Species identification
	Molecular detection of tick-associated RNA pathogens through PCR
	Investigation of tick-associated DNA pathogens via metagenomic analyses

	Discussion
	Conclusion
	Materials and methods
	Specimen identification
	DNA and RNA extractions from the tick
	Molecular identification of the tick species
	Detection of tick-associated RNA viruses through PCR
	Sequence and phylogenetic analyses of PCR-amplified DNA segments
	Metagenomic sequencing and analyses
	Taxonomy prediction
	Abbreviations

	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

