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Abstract

Objective Bartonellosis is a global vector-borne zoonosis caused by Bartonella, a genus of intracellular Gram-negative
bacteria. It is one of 14 emerging infectious diseases that have recently been identified in China, and the prevalence varies
by region. A more in-depth understanding is needed regarding the role and influencing factors of ticks in the transmission of
Bartonella, including the infection rate of ticks with Bartonella in different regions. This study explored the prevalence of
Bartonella in ticks and the factors that influence it.

Methods Databases (PubMed, Embase, Elsevier ScienceDirect, Cochrane Library, Web of Science, CNKI, VIP, CBM, and
WanFang) were searched to review the preliminary research on Bartonella-carrying ticks in China.

Results We identified and included 22 articles. Bartonella infection rates in ticks varied from 0 to 22.79% examined by the
included studies. Our meta-analysis revealed that the prevalence of Bartonella in ticks was 3.15% (95% CI: 1.22 —5.82%);
the prevalence was higher in parasitic ticks (4.90%; 95% CI: 1.39 -10.14%) than ticks seeking hosts (1.42%; 95% CI: 0.62
—2.50%) (P=0.047).

Conclusion The prevalence of Bartonella in the southern region of China (6.45%) was higher than that in the northern region

(1.28%) (P=0.030). Knowledge of ticks’ vectors and reservoir competence is crucial to reduce the disease burden.
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Introduction

Bartonellosis is a vector-borne zoonosis caused by the
Gram-negative and facultative intracellular bacteria Bar-
tonella (family Bartonellaceae, order Rhizobiales, class
Alphaproteobacteria, and phylum Proteobacteria) [1]
that can affect the health of both animals and humans [2].
All Bartonella species found in animals can cause infec-
tions in humans, emphasizing the zoonotic relevance of
these bacteria. Blood-sucking arthropods (fleas, ticks,
lice, etc.) are the main carriers of these bacteria, which
colonize the endothelial and red blood cells of mammals,
including carnivores, ruminants, rodents, and bats [3-5].
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Bartonellosis is one of the 14 newly identified emerg-
ing infectious diseases in China; it has been detected in
all provinces except Qinghai Province, the Ningxia Hui
Autonomous Region, and Inner Mongolia Autonomous
Region [6]. At least 13 Bartonella species are recognized
for their ability to infect humans, leading to various dis-
eases. Infection is common in both immunocompetent
and immunocompromised patients [7]. Bartonella infec-
tions can incite inflammation and various complications,
including Cat Scratch Disease (CSD), Oroya Fever, Peru-
vian Warts, Bacillary Angiomatosis, and Trench Fever.
Three main pathogens - Bartonella henselae (B. hense-
lae), Bartonella quintana (B. quintana), and Bartonella
bacilliformis (B. bacilliformis) - are responsible for
most infections. Bartonella is found in mammalian hosts
worldwide, and it can be transmitted between hosts by
hematophagous arthropod vectors or directly by infecting
hosts [8]. B. henselae is primarily transmitted by fleas,
B. quintana is mainly transmitted by lice, and B. bac-
illiformis is transmitted by sandflies. Although CSD is
mainly transmitted by fleas, studies have shown that tick
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exposure has been identified as a risk factor for human
CSD [9, 10].

Ticks belong to the phylum Arthropoda, class Arach-
nida, subclass Acarina, order Parasitiformes, and super-
family Ixodida [11]. Hematophagous arthropods, such as
ticks, are responsible for parasitizing vertebrates, includ-
ing livestock, wild animals, and humans [12]. Ticks
belong to three families, Argasidae, Ixodidae, and Nut-
talliellidae, and the numerous species within these fami-
lies exhibit considerable genetic diversity [13, 14]. Ticks
transmit bacterial, parasitic, and viral pathogens and often
carry multiple agents simultaneously. Tick-borne patho-
gens have a global presence with expanding ranges. The
tick population is currently expanding. Furthermore, the
geographical range and the number of suitable habitats of
these arthropod vectors are increasing, accompanied by a
proliferation in their associated pathogens [15]. Although
research indicates that ticks and tick-borne illnesses are
region-specific, they have the potential to occur world-
wide because of the international movement of people,
animals, and cargo from endemic to nonendemic regions
[13]. According to the evidence, there has been a rise in
the incidence of tick-borne diseases (TBD) worldwide.
Studies have established Bartonella can be isolated and
cultured from ticks, and Chang et al. confirmed the pres-
ence of human pathogens Bartonella in ticks [16].

The primary threat ticks pose to human and animal
health stems from their pivotal role as vectors in the
transmission of various pathogens; their epidemiological
and epizootic significance ranks second only to mosqui-
toes [17-19]. The escalating prevalence and transmis-
sion of TBD represent significant public health concerns.
Global attention has been drawn to the continuing geo-
graphical expansion of tick species, which could be influ-
enced by climatic and environmental changes [20]. To
control these emerging diseases, tick populations must
be addressed, and the infections caused by the pathogens
they carry must be identified and treated [21]. The global-
ization trend of ticks coupled with the increasing diver-
sity of TBD underscores the need for in-depth research
into the spatial distributions of both ticks and tick-borne
pathogens, along with an exploration of their underlying
risk factors. In recent years, scholars have been investi-
gating ticks and TBD extensively because of the growing
awareness of emerging tick-borne pathogens [22].

The current evidence indicates a global rise in the
incidence of TBD; this necessitates a comprehensive
understanding of the ecological niches occupied by
major tick species and tick-borne pathogens to effec-
tively monitor and control TBD [23]. This study investi-
gated the presence of Bartonella-carrying ticks in China.
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The surveillance of Barfonella in ticks is a valuable tool
for assessing the risk of human exposure in susceptible
populations.

Materials and Methods
Search Strategy

Following the formulation of an initial research question,
a systematic search was conducted to identify pertinent
publications. The following databases were searched to
identify original studies addressing the detection of Bar-
tonella in ticks: PubMed, Embase, Elsevier ScienceDi-
rect, Cochrane Library, Web of Science, China National
Knowledge Infrastructure (CNKI), China Science and
Technology Journal Database (VIP), SinoMed (Chinese
Biomedical Literature Database, CBM), and WanFang.
The literature search involved the input of the specific
terms in the title or keyword, abstract, and topic fields.
The following keywords were utilized: bartonellosis,
Bartonella infections, Cat Scratch Disease, Trench Fever,
ticks, Ixodes, tick-borne diseases, prevalence, and China
(detailed search strategies are documented in Table | in
the Supplement).

After identifying potentially relevant articles, the
studies were analyzed based on key characteristics,
including the study setting, agent of interest, and study
design. Original articles published between 1994 and
2023 were included. Title and abstract screening were
performed using EndNote X9, and publications in Chi-
nese and English were considered. Two authors inde-
pendently reviewed all titles and abstracts and retrieved
full-text articles if the screening suggested that they
contained data on the prevalence of Bartonella in ticks.
Data extraction was carried out and recorded in Excel
(Microsoft Corporation, Redmond, WA, United States).
The final study selection was determined through a thor-
ough examination of titles, abstracts, and the full text,
adhering to predefined inclusion and exclusion criteria.
This meta-analysis ensures that a standardized approach
is used to conduct and report on systematic reviews and
meta-analyses.

Literature Screening and Quality Assessment

The following criteria were used to select eligible publica-
tions: (1) the study was performed on ticks; (2) ticks were
collected from animals and/or the environment; (3) the
detection method was polymerase chain reaction (PCR)
or Real-time polymerase chain reaction (RT-PCR). After
the selection process, an assessment of the data extracted
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from the eligible studies to ensure quality. The follow-
ing information was extracted: the lead author, year of
publication, study area, sample size, number of cases,
detection method, vector species, and the presence of
other pathogenic agents. The following exclusion criteria
were applied: (1) the study type was ineligible (system-
atic reviews or meta-analyses, case reports, guidelines, or
recommendations); (2) the full-text article was not avail-
able; (3) the study did not include China; (4) the study
was a duplicate (it was published in English and Chi-
nese); (5) studies with fewer than 10 samples. Extracted
data were checked by two reviewers. The AHQR (Agency
for Healthcare Research and Quality) scale was used to
evaluate the quality of the original literature.

Statistical Analysis

A meta-analysis of the data was conducted utilizing R
4.3.2 (Biostat, Englewood, NJ, USA). All tests were
2-tailed, and P<0.05 was considered statistically sig-
nificant. Nonparametric tests were employed to compare
tick infestation rates across regions and ticks with differ-
ent living habits. Studies exhibiting heterogeneity were
analyzed using a random effects model. The forest plot
provided a 95% confidence interval (CI), and publication
bias was assessed with the Peters test and funnel charts.

Results
Summary of the Papers Used for the Meta-analysis

We identified 22 papers focusing on ticks infected with
Bartonella to include in the meta-analysis. The study
flow chart is presented in Fig. 1, and the comprehensive
details of the studies included in this review are listed in
Table 1. Of these publications, 6 are in English and 16
are in Chinese.

The geographic range of the tick samples in the
included studies covered most of China, but most tick
samples originated from Heilongjiang and Zhejiang
Provinces. The sample size of the studies ranged from
24 to 1343 ticks. The tick species composition in each
province is represented by pie charts, which show that
the distribution of tick species differed between regions
(Fig. 2). The ticks infected with Bartonella belonged to
14 species, the full list of species is presented in Fig. 2.

The random effect model was used for the meta-analy-
sis because of the heterogeneity of the data in the included
studies (I>=97.4%, Chi-square =801.48, df=21, and
P <0.001). The overall estimated prevalence of 3.15%
(95% CI: 1.22 —5.82%) (Fig. 3).

Comparison of Bartonella Infection Rates in
Different Periods

The data extracted from the studies obtained from a com-
prehensive literature search were statistically analyzed to
estimate the Bartonella infection rates in ticks, includ-
ing the annual rates and trends of infection in China. The
annual Bartonella infection rates in ticks ranged from
0 to 22.79% across the years examined by the included
studies. Figure 4 presents the annual Barfonella infec-
tion trend in ticks in China. Notably, the infection trend
did not discernibly decrease over time. Furthermore,
statistical analysis revealed no significant difference in
Bartonella infection rates in ticks over time (Kruskal-
Wallis=11.787, df =11, P=0.38).

Comparison of Bartonella Infection Rates in Ticks
Collected from Animals vs. the Environment

We conducted a stratified meta-analysis to compare the
Bartonella infection rate of ticks with different living
habits. The heterogeneity analyses for animal-related
rates and environmental rates yielded results of I>=98%
(P<0.01) and I>=81% (P <0.01), respectively (Fig. 5).
Consequently, we applied a random effects model for
the meta-analysis. The findings revealed a prevalence of
4.90% (95% CI: 1.39 -10.14%) in ticks collected from
animals, whereas ticks collected from the environment
exhibited a prevalence of 1.42% (95% CI: 0.62 —2.50%).
The difference between groups was statistically signifi-
cant (Chi-square =3.94, P=0.047).

Comparison of Bartonella Infection Rates in
Different Regions

We divided the studies into two groups according to
region (south and north of China) and performed a strati-
fied meta-analysis. The prevalence of Bartonella was
6.45% (95% CI: 1.74— 13.62%) in ticks collected from
the south of China and 1.28% (95% CI: 0.60— 2.15%) in
ticks collected from the north of China (Fig. 6). The dif-
ference between groups was statistically significant (Chi-
square=4.72, P=0.030).

Publication Bias

We used the Peters test to assess bias. The test indicated
that the included studies had a low likelihood of publica-
tion bias regarding the determination of Bartonella infec-
tion rates (t=—0.73, df=14, P=0.479) (Fig. 7). When
studies were sequentially removed, the merged results of
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Fig. 1 Literature search and screening process
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Table 1 Characteristics of Bartonella-infected ticks reported in the literature

region group IR (%) Detection method sampling References
n date

Southern Animal 0.00% PCR 47 2008-2009 [24]
Southern Animal 16.28% PCR 86 2005-2007 [6]
Southern Animal 15.75% PCR 254 2007-2009 [25]
Southern Animal 9.96% PCR 281 2008-2009 [26]
Northern Environment 0.00% RT-PCR 197 2011 [27]
Southern Animal 0.00% PCR 93 2012 [28]
Northern Environment 3.19% PCR 188 2014 [29]
Northern Environment 0.00% PCR 165 2013 [30]
Southern Animal 2.30% PCR 217 2012-2013 [31]
Northern Animal 0.00% PCR 24 2014-2015 [32]
Northern Environment 1.20% PCR 836 2012-2014 [33]
Northern Environment 1.94% PCR 257 2015 [34]
Southern Animal 0.00% PCR 500 2015-2016 [35]
Northern Environment 3.44% PCR 640 2012-2013 [36]
Northern Environment 0.52% PCR 388 20122014 [37]
Northern Environment 3.35% PCR 1343 20122014 [38]
Southern Animal 2.40% PCR 292 - [39]
Southern Animal 30.07% PCR 818 2018 [40]
Southern Animal 14.85% PCR 330 2018 [41]
Northern Environment 1.42% PCR 351 2019-2021 [42]
Northern Animal 0.86% PCR 465 2020-2021 [43]
Northern Animal 2.45% PCR 163 2019 [44]

IR: Infection rate; PCR: polymerase chain reaction; RT-PCR: Real-time polymerase chain reaction

the remaining studies did not show significant changes,
indicating a high robustness of the results (Fig. 8).

Discussion

This meta-analysis assessed Bartonella infection rates in
China, revealing a prevalence of 3.15% (95% CI: 1.22
—5.82%). TBD have garnered increased attention in the
public health and veterinary medicine fields in recent
years [45]. As arthropods, ticks can transmit a wider vari-
ety of pathogens than other vectors [46]. The presence of
multiple co-infecting pathogens in ticks may contribute to
the complexity of the disease [47]. Co-infection has been
identified as a factor influencing the disease course [48].
Data on the vector competence of many tick species are
limited, and the understanding of environmental factors
affecting Bartonella transmission is insufficient. Thus,
further studies are needed to evaluate relevant tick spe-
cies and the factors that influence pathogen transmission.

We conducted a comparison of Bartonella infection
rates in different regions, which revealed a prevalence of
6.45% in southern China and 1.28% in northern China.
The main difference between the north and south of China
lies in their climates; and climate change has the poten-
tial to impact both pathogens and vectors, influencing the
survival and transmission of pathogens [49, 50]. Notably,

the tick life cycle is reliant on climate conditions, and
tick-borne pathogens exhibit sensitivity to climate varia-
tions; factors such as temperature and humidity stress
may impact pathogen transmission [51, 52]. Warming
trends may enhance tick survival, shorten tick life cycles,
increase larval hatch rates, and prolong the duration of
the tick season. Climate change also has indirect effects
on host communities, which could further contribute to
the spread of tick-borne pathogens by altering tick popu-
lations [53-55]. Moreover, the distribution of tick spe-
cies differs between the north and south of China, and
these differences influence the ticks’ pathogen-carrying
capabilities. Most Dermacentor spp. and Hyalomma spp.
are primarily distributed in the northern region, whereas
they are uncommon in the southern region [56]. These
variations significantly impact the regional Bartonella
infection rates in ticks. Additional research is necessary
to demonstrate the vector capacity of tick species [57].
Understanding vector competence and capacity is vital in
predicting Bartonella’s expansion to new areas.

Our meta-analysis revealed a higher prevalence of
Bartonella in ticks collected from animals (4.90%; 95%
CI: 1.39 -10.14%) than in ticks collected from the envi-
ronment (1.42%, 95% CI: 0.62-2.50%). Because studies
collect ticks from different hosts, the detected microbial
DNA may not originate solely from ticks. Rather, it may
be derived from blood powder, potentially originating
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Fig. 2 Geographic distribution of tick samples across the included studies

from the host. Simultaneous feeding ticks can amplify
the transmission of pathogens between ticks, a phenom-
enon more likely to occur in ticks collected from ani-
mals than in those collected from the environment [58,
59]. After a tick is infected with one bacterium, it has an
increased likelihood of being infected with another bac-
terium [60]. Ticks that are gathered from the surround-
ings have a reduced rate of carrying pathogens because
they are unable to sustain the normal transmission of
pathogens without hosts [61]. Additionally, the bacte-
rial richness of all ticks significantly decreases after they
become engorged [62].

The Bartonella infection rate is also influenced by the
tick species; various studies have suggested that tick spe-
cies impact bacterial diversity [63, 64]. A previous study
indicated that the infection rate of Dermacentor ever-
estianus (D. everestianus) was higher than that of other
tick species. D. everestianus is predominantly distributed
in Tibet, China, and is well-adapted to highland areas
[65]. Haemaphysalis qinghaiensis (H. qinghaiensis) is
particularly prevalent in Qinghai, Gansu, Sichuan, and
Tibet Provinces [66]. By contrast, Haemaphysalis longi-
cornis (H. longicornis) transmits the largest number of
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pathogens of all tick species, including Dabie bandavi-
rus, tick-borne encephalitis virus, Borrelia burgdorferi,
Anaplasma phagocytophilum, and Babesia, among others
[67, 68]. The distribution of Dermacentor silvarum (D.
silvarum) spans from 22°N to 57°N and has been widely
reported in northern China [69]. The distribution of D.
silvarum is concentrated in areas with boreal climates
featuring precipitation and boreal winter dry climates
[70].

Detecting subtypes of pathogens with pathogenic
potential in humans facilitates a more precise assessment
of human disease risk [71]. The impact of Bartonellosis
on animals and public health varies based on the Barton-
ella species, infection stage, immune characteristics, and
geographical area [72]. CSD was initially described in
1931 and is the most common syndrome associated with
Bartonella infection [73]. CSD, caused by B. henselae,
is typically characterized as febrile lymphadenopathy,
which is also among the most common venereal causes
of neuroretinitis [74]. Although some cases progress to
meningitis, osteomyelitis, encephalitis, and endocardi-
tis [75]. Diagnosing infections caused by Bartonella is
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Study or
Subgroup

Events Total Weight

IV, Random, 95% CI

IV, Random, 95% ClI

group = Animal

Yi-Lun Tsai 2010 0 47 3.9% 0.0000[0.0000; 0.0755]
SUN Jimin 2010 14 86 4.3% 0.1628 [0.0920; 0.2580]
Yi-Lun Tsai 2011 40 254  4.6% 0.1575 [0.1150; 0.2082]
Yi-Lun Tsai 2011 28 281 4.7% 0.0996 [0.0672; 0.1408]
XU Zhe 2014 0 93 4.3% 0.0000[0.0000;0.0389]
LAN Yuging 2015 5 217  4.6% 0.0230 [0.0075; 0.0529]
LIU Xiangye 2015 0 24 3.3% 0.0000[0.0000; 0.1425]
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Juan Hou 2019 7T 292 47% 0.0240 [0.0097; 0.0488]
TANG Tiancai 2019 246 818  4.8% 0.3007 [0.2695; 0.3334]
HE Xiutian 2020 49 330 4.7% 0.1485[0.1119; 0.1915]
Cao, X. Q. 2023 4 465 4.7% 0.0086 [0.0023; 0.0219]
Zhen He 2023 4 163 4.5% 0.0245 [0.0067; 0.0616]
Total (95% CI) 3570 57.9% 0.0490 [0.0139; 0.1014]
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HAN Hui 2016 10 836 4.8% 0.0120 [0.0058; 0.0219]
YANG Jun 2016 5 257 4.6% 0.0195 [0.0063; 0.0448]
Ju Wendong 2018 22 640 4.8% 0.0344 [0.0217; 0.0516]
YANG Yu 2018 2 388 4.7% 0.0052 [0.0006; 0.0185]
YE NanMan 2018 45 1343  4.8% 0.0335 [0.0245; 0.0446]
CHEN Xia 2022 5 351  4.7% 0.0142 [0.0046; 0.0329]
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Fig.5 Forest plot of Bartonella infection rate of ticks with different living habits (random effects model)

difficult due to the complex clinical symptoms and fea-
tures of the pathogen [76].

The present study has four major limitations. First,
the included studies encompassed a limited number of
provinces, potentially introducing substantial errors in
assessing the national rate of Bartonella infection in
ticks. Second, the sample size of the ticks varied con-
siderably across studies. The calculation of the overall
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infection rate was not weighted; it simply aggregated the
number of positive detections. Third, we excluded papers
that lacked complete data on prevalence, which may have
resulted in substantial data loss. Fourth, most studies in
this paper employed PCR for pathogen detection, while
Next Generation Sequencing (NGS) technology can iden-
tify a broader range of tick-associated bacteria. Prospec-
tive studies based on NGS findings can be instrumental in
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XU Zhe 2014 0 93  4.3% 0.0000 [0.0000; 0.0389] H

LAN Yuging 2015 5 217  4.6% 0.0230 [0.0075; 0.0529] E

L, X. Y. 2017 0 500 4.7% 0.0000 [0.0000; 0.0074] “

Juan Hou 2019 7 292 4.7% 0.0240 [0.0097; 0.0488]

TANG Tiancai 2019 246 818  4.8% 0.3007 [0.2695; 0.3334]

HE Xiutian 2020 49 330 4.7% 0.1485[0.1119; 0.1915]

Total (95% Cl) 2918  45.3% 0.0645 [0.0174; 0.1362] »

Heterogeneity: Tau "= 0.0353; Chi" =510.22, df=9 (P < 0.01): I' = 98%

area = Northern

WANG Wei 2013 0 197 4.6% 0.0000 [0.0000; 0.0186] n

CHENG Cheng 2015 6 188 4.6% 0.0319[0.0118; 0.0682] H

FU Yingqun 2015 0 165 4.5% 0.0000 [0.0000; 0.0221] ﬂ

LIU Xiangye 2015 0 24 3.3% 0.0000 [0.0000; 0.1425] [

HAN Hui 2016 10 836 4.8% 0.0120 [0.0058; 0.0219]

YAMNG Jun 2016 5 257 4.6% 0.0195[0.0063; 0.0448] H

Ju Wendong 2018 22 640 4.8% 0.0344 [0.0217; 0.0516] H

YANG Yu 2018 2 388 4.7% 0.0052[0.0006; 0.0185] n

YE NanMNan 2018 45 1343 4.8% 0.0335 [0.0245; 0.0446]

CHEN Xia 2022 5 351  4.7% 0.0142 [0.0046; 0.0329] n

Cao, X. Q. 2023 4 465 4.7% 0.0086 [0.0023; 0.0219] n

Zhen He 2023 4 163  4.5% 0.0245 [0.0067; 0.0616] =

Total (95% CI 5017  54.7% 0.0128 [0.0060; 0.0215] i

Heterogeneity: Tau™ = 0.0021; Chi" = 46.32, df= 11 (P = 0.01); I’ = 76¢

Total (95% Cl) 7935 100.0% 0.0315 [0.0122; 0.0582] &

Heterogeneity: Tau’ = 0.0213; Chi* = 801.48, df=21 (P <0.01), F=97% . ' ' L T T
02 0 02 04 06 08 1 12

Test for subgroup differences: Cchi’ = 472, df=1(P=0.03)

Fig.6 Forest plot of Bartonella infection rates in different regions (random effects model)

preventing TBD [77]. Finally, the presence of Bartonella
in ticks does not always mean that Bartonella is spread
by ticks. Further studies are needed to evaluate the vec-
tor role of ticks. These findings underscore the impera-
tive for future research on tick-associated bacteria using
NGS, with a specific focus on medically relevant species
to prevent TBD.

Conclusion

Ticks act as carriers for Bartonella, with ticks found on
animals carrying more pathogens than those found in
the environment, imposing a substantial disease burden.
Analyzing the vector capacity of ticks is crucial in aiding
public health efforts to assess the role ticks play in Bar-
tonella transmission. This knowledge is indispensable for
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Fig.7 Funnel chart

Fig. 8 Sensitivity analysis of

inclusion studies
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the prevention of Bartonellosis, particularly since there
are no specific treatments currently available.
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