:' frontiers ‘ Frontiers in Veterinary Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Calin Mircea Gherman,

University of Agricultural Sciences and
Veterinary Medicine of Cluj-Napoca, Romania

REVIEWED BY
Abdulaziz Alouffi,

King Abdulaziz City for Science and
Technology, Saudi Arabia

Remil Galay,

University of the Philippines Los
Barios, Philippines

*CORRESPONDENCE
Yali Sun
yalisun@ghu.edu.cn

SPECIALTY SECTION
This article was submitted to
Parasitology,

a section of the journal
Frontiers in Veterinary Science

RECEIVED 17 December 2022
ACCEPTED 08 February 2023
PUBLISHED 24 February 2023

CITATION
Ma H, Ai J, Kang M, Li J and Sun Y (2023) The
life cycle of Dermacentor nuttalli from the
Qinghai-Tibetan Plateau under laboratory
conditions and detection of spotted fever
group Rickettsia spp..

Front. Vet. Sci. 10:1126266.

doi: 10.3389/fvets.2023.1126266

COPYRIGHT
© 2023 Ma, Ai, Kang, Li and Sun. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Veterinary Science

TvpE Original Research
PUBLISHED 24 February 2023
Dol 10.3389/fvets.2023.1126266

The life cycle of Dermacentor
nuttalli from the Qinghai-Tibetan
Plateau under laboratory
conditions and detection of
spotted fever group Rickettsia

SPP.

Hejia Ma'?, Jingkai Ai'?, Ming Kang'?, Jixu Li*?* and Yali Sun?**

State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining, China, 2College of
Agriculture and Animal Husbandry, Qinghai University, Xining, China, *Qinghai Provincial Key Laboratory
of Pathogen Diagnosis for Animal Diseases and Green Technical Research for Prevention and Control,
Qinghai University, Xining, China

Dermacentor nuttalli has been a focus of study because tick-borne pathogens
have been widely identified in this tick from northern and southwestern China.
The aim of this study was to characterize the life cycle of D. nuttalli under
laboratory conditions and to detect spotted fever group (SFG) Rickettsia in the
midgut and salivary glands of both field-collected and first laboratory generation
adults. D. nuttalli ticks were collected in the field on the Qinghai-Tibetan Plateau
from March to April 2021 and their life cycle was studied under laboratory
conditions. Tick identify was molecularly confirmed, and SFG Rickettsia were
detected in the midgut and salivary glands of males and females by PCR targeting
different rickettsial genes. The results showed that the life cycle of D. nuttalli under
laboratory conditions was completed in an average of 86.1 days. High positivity
of Rickettsia spp. was detected in the midgut and salivary glands of both males
(92.0%) and females (93.0%) of field-collected D. nuttalli ticks. However, a relatively
lower positivity (4.0-6.0%) was detected in first laboratory generation adults.
Furthermore, sequencing analysis showed that the Rickettsia sequences obtained
in this study shared 98.6 to 100% nucleotide identity with Rickettsia slovaca and
Rickettsia raoultii isolated from Dermacentor spp. in China. Phylogenetic analysis
of Rickettsia spp. based on the gltA, ompA, ompB and sca4 genes revealed that the
Rickettsia sequences obtained could be classified as belonging to R. slovaca and
R. raoultii clades. This study described for the first time the life cycle of D. nuttalli
from the Qinghai-Tibetan Plateau under laboratory conditions. Two species of SFG
Rickettsia were detected in the midgut and salivary glands of males and females
in both field-collected and first laboratory-generation adults of D. nuttalli. Our
study provides new insights into pathogen detection in ticks in the Qinghai-Tibet
Plateau, and the relationships among hosts, ticks, and pathogens.
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Introduction

Ticks are vectors transmitting a large number of pathogenic bacteria, protozoa, and
viruses to humans and animals that cause serious diseases (I, 2). Species belonging to
the genus Dermacentor (Acari: Ixodidae), including D. marginatus, D. nuttalli and D.
silvarum are well known as vectors for a great variety of infectious pathogens (3, 4).
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TABLE 6 Rickettsia spp. sequences obtained in this study.

Obtained sequences The closest BLASTh match
Organism Targetgene Accession Length (bp) Identity (%) Species Accession number (host, country)
number
Rickettsia ompA OP375089 209 100 R. raoultii MN394801.1 (yak, China)
OP375090 212 100 R. slovaca MN394806.1 (yak, China)
OP375091 212 100 R. slovaca MN388785.1 (Pipistrellus pipistrellus, China)
gltA OP375098 401 100 R. raoultii MK304547.1 (Dermacentor reticulatus, Russia)
OP375099 401 100 R. slovaca MK304547.1 (Dermacentor reticulatus, Russia)
OP375100 401 99.8 R. slovaca MK304547.1 (Dermacentor reticulatus, Russia)
OP375101 401 99.8 R. slovaca MK304547.1 (Dermacentor reticulatus, Russia)
OP375102 401 99.8 R. slovaca MK304547.1 (Dermacentor reticulatus, Russia)
OP375103 401 99.8 R. slovaca MF002529.1 (Dermacentor marginatus, China)
OP375104 401 99.8 R. slovaca MF002529.1 (Dermacentor marginatus, China)
ompB OP375092 812 99.9 R. raoultii MF002526.1 (Dermacentor nuttalli, China)
OP375093 812 99.8 R. raoultii MF002526.1 (Dermacentor nuttalli, China)
OP375094 812 99.9 R. slovaca MF002539.1 (Dermacentor marginatus, China)
OP375095 813 99.8 R. slovaca MF002539.1 (Dermacentor marginatus, China)
OP375096 812 99.9 R. slovaca MF002539.1 (Dermacentor marginatus, China)
OP375097 812 100 R. slovaca MF002539.1 (Dermacentor marginatus, China)
scad OP375105 624 99.0 R. raoultii KP768191.1 (Dermacentor reticulatus, Ukraine)
OP375106 624 99.8 R. raoultii CP098324.1 (Dermacentor silvarum, China)
OP375107 624 100 R. slovaca MN581997.1 (Dermacentor sp., Pakistan)
FIGURE 5
Molecular Phylogenetic analysis by maximum likelihood method based on the gltA, ompA, ompB, and sca4 genes of spotted fever group Rickettsia.
The sequences obtained in this study are shown in bold font. The numbers at the nodes represent bootstrap support values.
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Candidatus R. barbariae, R. raoultii, and R. slovaca, were detected
in field-collected Ha. ginghaiensis, D. marginatus, D. abaensis, D.
silvarum, Ixodes crenulatus, Rhipicephalus turanicus, and D. nuttalli
in northwestern China (23, 24). Consistent with our findings in this
study, it is common to detect R. raoultii and R. slovaca in D. nuttalli
ticks in previous studies (8, 23, 24). The two Rickettsia species
were identified as pathogenic factors of human rickettsiosis in tick
vectors and humans (39, 40, 61), and importantly, R. raoultii has
been detected in humans in China (39, 40). These results suggest
that humans and animals are susceptible to the pathogens due to
exposure to D. nuttalli tick vectors in the sampling areas.

In conclusion, this study is the first to characterize the life cycle
of collected D. nuttalli in the field from the Qinghai-Tibetan Plateau
under laboratory conditions, and two species of SFG Rickettsia were
identified in the midgut and salivary glands of males and females
of both field-collected and first-laboratory generation adults.
However, there are differences between laboratory conditions and
natural conditions that impact tick survival and may influence
the life cycle of laboratory-reared ticks. Moreover, the seasonal
diapause of ticks must be considered because it may affect their life
cycle and pathogen colonization under laboratory conditions. Our
study provides new insights into the pathogen colonization of ticks
on the Qinghai-Tibetan Plateau, and the relationships among hosts,
ticks and pathogens.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories

and accession number(s) can be found in the

article/supplementary material.
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