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ABSTRACT
Bartonella spp. are most often transmitted by arthropod vectors or animal bites and scratches. However, the vector species 
involved in the transmission of human bartonellosis remain poorly understood. This study investigated the presence of 
Bartonella in Triatoma rubrofasciata from Guangxi and Hainan provinces in China, evaluating its potential as a vector. 
Bartonella was identified in T. rubrofasciata samples through PCR amplification and sequencing of the ITS, gltA, and 
rpoB genes. The survival duration of Bartonella in triatomines, along with the potential for transovarial transmission was 
examined. Transmission experiments were conducted to determine whether T. rubrofasciata could transmit Bartonella 
to mice. Additionally, Bartonella spp. were also compared across rats, ticks, and cat fleas collected from the same 
regions. Results: Six Bartonella species were identified in T. rubrofasciata, including B. rochalimae, B. elizabethae, B. 
tribocorum, B. queenslandensis, B. silvatica, and B. coopersplainsensis. And the first three species are zoonotic. B. 
rochalimae and B. elizabethae were able to persist in T. rubrofasciata for at least eight weeks, although transovarial 
transmission of them was not observed. In comparison to rats, ticks, and cat fleas, T. rubrofasciata exhibited a higher 
diversity of Bartonella species. Laboratory experiments confirmed that B. elizabethae can infect mice through T. 
rubrofasciata bites or intraperitoneal injection of T. rubrofasciata feces. This study supports the hypothesis that T. 
rubrofasciata may serve as a vector for bartonellosis. These results broaden the current understanding of Bartonella 
transmission dynamics and highlight the potential role of triatomines in the spread of this disease.
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Introduction

Bartonella spp., gram-negative intracellular bacteria, 
infect a broad spectrum of mammalian hosts, includ
ing humans [1], domestic animals, and wildlife [2]. 
Transmission occurs mainly via arthropod vectors or 
animal bites and scratches. Bartonellosis, an emerging 
infectious disease, exhibits varying morbidity globally. 
It particularly affects immunocompromised individ
uals and those in specific endemic areas. In the United 
States, cat-scratch disease (CSD) alone leads to 
approximately 12,000 outpatient visits and 500 hospi
talizations annually [3]. Approximately 50 Bartonella 
species have been identified, 18 of which are patho
genic to humans [4-6]. These bacteria induce 

intracellular infections in human and mammalian 
erythrocytes [7]. As an emerging zoonotic pathogen, 
Bartonella is responsible for a variety of diseases 
with complex clinical presentations [8]. Key human 
pathogens include B. quintana, B. henselae, and 
B. bacilliformis, which are associated with trench 
fever, CSD, and Carrion’s disease, respectively [9]. 
Bartonella quintana infection may manifest as either 
an acute febrile illness or infective endocarditis [10]. 
Bartonella henselae affects the lymph nodes draining 
the area where a cat scratch or bite occurs, causing 
regional lymphadenopathy [11]. In healthy patients, 
symptoms typically resolve on their own or with mini
mal care [12]. However, in immunocompromised 
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patients may develop serious issues such as endocardi
tis, encephalitis, bacillary angiomatosis, or neuroreti
nitis [13-15]. Bartonella bacilliformis, the pathogen 
responsible for Carrión’s disease or Oroya fever, 
infects human erythrocytes, leading to acute hemolytic 
anemia (Oroya fever), followed by a chronic phase 
marked by cutaneous vascular eruptions similar to 
bacillary angiomatosis [16]. Other species, including 
B. elizabethae, B. rochalimae, B. tribocorum, 
B. clarridgeiae, B. alsatica and B. grahamii, are also 
capable of human infection [17-22], but their preva
lence is limited. Although certain Bartonella infections 
may resolve spontaneously, the bacteria can evade 
immune detection, persist within the host, and pose 
significant risks if left untreated, emphasizing the 
necessity of timely antibiotic therapy [23].

Many Bartonella species are transmitted through 
arthropod vectors, including fleas [3], lice [24], san
dflies [25], mites [26], mosquitoes [27], and ticks 
[28]. However, the primary routes of transmission 
may vary depending on the specific Bartonella species 
and their interactions with hosts. Bartonella quintana 
is primarily transmitted to humans through human 
body lice (Pediculus humanus corporis), with the bac
teria from lice feces entering the bloodstream via 
breaks in the skin [24]. Bartonella bacilliformis is trans
mitted to humans through the bites of infected female 
sand flies (Lutzomyia spp.) [29,30]. In contrast, 
B. henselae is typically transmitted to humans via 
bites or scratches from infected cats, cat fleas (Ctenoce
phalides felis) serve as the vector for transmitting the 
bacterium among feline hosts [31-33]. However, the 
specific vectors and transmission routes for human 
bartonellosis, including species such as B. rochalimae, 
B. elizabethae, and B. tribocorum, remain poorly 
understood. This uncertainty surrounding the trans
mission pathways hinders effective prevention and 
control measures for the disease. Clarifying how differ
ent vectors transmit Bartonella to humans is essential. 
Triatomines, vectors of Trypanosoma cruzi, have also 
been implicated in the transmission of Bartonella spp 
[34,35]. For example, Bartonella DNA was detected 
in Eratyrus mucronatus in French Guiana [34]. In 
2023, DNA from two Bartonella species was identified 
in T. rubrofasciata in Guangdong Province, China 
[35]. Additionally, B. henselae DNA was found in Tria
toma sordida specimens collected near residential areas 
in Brazil [36]. Nevertheless, it remains unclear whether 
Bartonella can replicate and proliferate within triato
mines, or whether these insects are capable of transmit
ting Bartonella to humans and animals.

This study aimed to identify Bartonella species in 
T. rubrofasciata, a common ectoparasite in southern 
China that frequently bites humans. Additionally, the 
study assessed the potential role of T. rubrofasciata as 
a vector for Bartonella spp. transmission to humans 
and animals.

Materials and methods

Ethical considerations

All animal procedures and experiments adhered to the 
ethical guidelines for the Care and Use of Laboratory 
Animals in China, with approval from the Guangxi 
Medical University Ethics Committee (grant number 
82260413).

Sample collection and species identification

Samples of triatomines, fleas, ticks, and rats were gath
ered from various cities in the Guangxi Zhuang 
Autonomous Region and Hainan Province, Southern 
China. Triatomine samples from Guangxi were col
lected between May and October annually from 2021 
to 2023, while those from Hainan were obtained in 
November 2024. Fleas, ticks, and rats were gathered 
between June and September 2023. Fleas were sourced 
from the Nanning Animal Shelter. Ticks were col
lected from goats, cattle, and pets in the cities of Liuz
hou, Hechi, and Baise, Guangxi, while wild rats were 
collected from Yizhou Prefecture, Hechi City, 
Guangxi. All samples were transported to the Parasi
tology Laboratory at Guangxi Medical University in 
Nanning, where they were morphologically identified 
according to established protocols [37-40].

DNA extraction and polymerase chain reaction 
(PCR) detection

Triatomine, tick, and flea samples were sequentially 
cleaned three times in 70% ethanol and PBS solution 
at room temperature. For triatomines, the intestines 
and heads, containing the salivary glands, were dis
sected and separated. Ticks were bisected with sterile 
blades. The heads of the triatomines, ticks, and indi
vidual fleas were then placed in PBS solution for 
DNA extraction. Wild rats were anesthetized by intra
peritoneal injection of a ketamine-xylazine solution 
(100 mg/kg ketamine + 50 mg/kg xylazine), eutha
nized through cervical dislocation, and their spleens 
and hearts were dissected for DNA extraction. 
Whole-genome DNA was extracted using a genomic 
DNA extraction kit (TIANGEN, Beijing, China) 
according to the manufacturer’s protocol.

Bartonella-specific genes (gltA, ITS, and rpoB) were 
amplified using the following primers: BhCS.781p and 
BhCS.1137n for gltA [41], Ba325s and Ba1100as for 
ITS [42], and rpoBF and rpoBR for rpoB [43] (primer 
details in Supplementary Table S1). PCR reactions 
were conducted in a 25 μl volume containing 30 ng 
of DNA template, 1× Taq PCR Master Mix (Takara, 
China), and 0.4 μM of each primer. Thermal cycling 
conditions were as follows: initial denaturation at 
95°C for 3 min; 35 cycles of denaturation at 94°C for 
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30 s, annealing at 55-58°C for 60 s, and extension at 
72°C for 90 s, followed by final extension at 72°C for 
10 min. Amplified products were purified with the 
HiPure Gel Pure DNA Mini Kit (Magen, China) and 
bi-directionally sequenced by Sangon Biotech (Shang
hai, China).

Molecular and phylogenetic analyses

Sequences obtained were compared to those available 
in the GenBank database using the BLAST algorithm 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to identify 
homologous sequences and retrieve data from various 
Bartonella species. Discrepancies in species identifi
cation across the three gene primers (gltA, ITS, and 
rpoB) prompted further PCR analysis using primers 
targeting the nuoG gene (nuoGF and nuoGR) [44] 
and the ribC gene (BARTON-1 and BARTON-2) 
[45] (primer details in Supplementary Table S1). Mul
tiple sequence alignments of homologous Bartonella 
from different hosts and geographic regions were 
downloaded from the NCBI database (sequence 
details in Supplementary Table S2) and aligned with 
ClustalW (https://www.genome.jp/tools-bin/ 
clustalw). Phylogenetic trees were constructed using 
maximum-likelihood and neighbour-joining models 
based on the gltA and ITS genes in MEGA 11, with 
bootstrap support of 1000 replicates.

Duration of bartonella detection in triatomine 
feces

PCR detection of fecal DNA from triatomines 
confirmed infection with B. rochalimae in two triato
mines and B. elizabethae in one. The insects were 
housed individually in 12 cm × 8 cm × 6 cm semi- 
closed cubic containers. Fresh triatomine feces were 
collected weekly over eight weeks and stored at – 80 
°C until DNA extraction. Fecal DNA extraction and 
ITS sequence amplification of Bartonella were carried 
out according to previously established methods.

Transovarian transmission experiment

To assess the potential for transovarial transmission of 
Bartonella in T. rubrofasciata, eggs from B. rochalimae 
and B. elizabethae-infected T. rubrofasciata were 
hatched and reared in 12 cm × 8 cm × 6 cm semi- 
closed cubic containers with nylon gauze. First-stage 
nymphs were provided blood from C57BL/6J mice 
throughout their nymphal life cycle, until reaching 
adulthood. Fresh fecal samples were collected from 
nymphs (stages III and IV) and adults. As described 
previously, DNA extraction followed by ITS sequence 
PCR amplification was employed to detect Bartonella 
in eggs, stages I and II nymphs, and the feces of stages 
III, IV, and V nymphs and adults.

Infection experiment

To assess the potential of T. rubrofasciata as a vector 
for Bartonella transmission, B. elizabethae DNA was 
detected in the fresh feces of two wild-caught triato
mines via PCR. Each infected T. rubrofasciata was 
individually housed and fed in a semi-closed cubic 
container (12 cm × 8 cm × 6 cm). Weekly, the triato
mines fed on C57BL/6J mice for approximately 30 
min per session. Fresh feces excreted by the triato
mines were collected, mixed with 100 µl PBS, and 
injected intraperitoneally into mice. Blood samples 
from the bitten and blood-fed mice, as well as from 
those injected intraperitoneally, were collected via 
tail vein on days 3, 7, 14, and 21 post-infection to 
test for B. elizabethae presence. Infected mice were 
subsequently exposed to laboratory-bred 
T. rubrofasciata. Fresh feces from these bugs were 
also collected and analyzed for B. elizabethae as pre
viously described.

Results

Specimen identification

A total of 147 triatomines were collected from ten 
cities in Guangxi and Hainan provinces: Beihai, 
Chongzuo, Yulin, Nanning, Laibin, Baise, Hechi, Liuz
hou, Hezhou, and Lingao. All specimens were ident
ified as T. rubrofasciata through morphological 
analysis [37]. In Yizhou, Hechi City, 30 wild rats 
were captured and classified as Rattus norvegicus 
based on morphological traits [40]. Additionally, 96 
ticks were collected from Liuzhou, Hechi, and Baise; 
82 were from cattle and buffalo farms, while 14 were 
obtained from pets. These ticks were identified as Rhi
picephalus microplus using morpho-taxonomic keys 
[39]. Furthermore, 64 fleas were collected from ten 
cats and two dogs at the Nanning Animal Shelter 
and morphologically identified as Ctenocephalides 
felis [38]. Collection sites and the number of 
T. rubrofasciata, R. norvegicus, R. microplus, and 
C. felis were illustrated in Figure 1.

Prevalence and species of Bartonella in 
T. rubrofasciata

Table 1 presents the prevalence of Bartonella and its 
species in triatomines, fleas, rats, and ticks. Barto
nella was detected in 25 of 147 triatomine samples, 
corresponding to a 17.01% positivity rate. Among 
the samples from Guangxi, the positivity rate was 
16.67% (22/132), while in Hainan, it was 20% (3/ 
15). All positive samples were identified in intestinal 
DNA, with five also yielding DNA from the heads 
(Table 1). Bartonella infection was observed in 
both adult and nymph stages. Co-infection in two 
samples resulted in the recovery of 27 sequences, 
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producing fragments of 379, 850, and 580 bp for the 
gltA, rpoB, and ITS genes, respectively. BLASTn 
analysis of the ITS and gltA sequences from these 
strains revealed diverse Bartonella species: six strains 
aligned more closely with B. queenslandensis (acces
sion no. EU111769 and MZ570397), showing 
nucleotide identities of 96.10% – 97.38%; three 
strains exhibited higher homology with B. silvatica 
(accession no. AB498008), with nucleotide identities 
of 94.41% – 94.67%; one strain was closely related to 
B. coopersplainsensis (accession no. MK562490), with 
a nucleotide identity of 95.71%; thirteen strains 

aligned with B. rochalimae (accession no. 
DQ683199 and DQ676487), with nucleotide identi
ties ranging from 95.34% to 99.27%; two strains 
showed higher similarity to B. elizabethae (accession 
no. LR746190), with nucleotide identities of 97.22% 
and 98.91%; and two strains were closely related to 
B. tribocorum (accession no. LR746190), with 
nucleotide identities of 98.85% and 99.72%. Details 
of the amplification of the Bartonella gltA, ITS, and 
rpoB genes, as well as the specific identification of 
T. rubrofasciata, were provided in Supplementary 
Table S3.

Figure 1. Collection sites and numbers of Triatoma rubrofasciata, Ctenocephalides felis, Rattus norvegicus, and Rhipice
phalus microplus in Guangxi and Hainan. Triangles indicate the collection sites of Triatoma rubrofasciata, dots represent Rattus 
norvegicus collection sites, stars denote Ctenocephalides felis collection sites, and rhombuses represent Rhipicephalus microplus 
collection sites.
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Prevalence and species of Bartonella in fleas, 
ticks, and rats

Bartonella was detected in 60 of 64 flea samples 
(93.75% infection rate) via PCR amplification target
ing the ITS, gltA, and ropB genes. At least two 
samples from each cat and dog were sequenced, 
and discrepancies in species identification between 
these genes prompted additional PCR testing. 
Among the 26 samples sent for sequencing, one cor
responded to B. rochalimae (100% nucleotide iden
tity; accession number DQ676491), previously 
detected in dogs in the USA. Another matched 
B. henselae (99.81% nucleotide identity; accession 
number CP072898) was found in Felis catus in 
Germany. Twenty-four samples were co-infected 
with B. clarridgeiae and B. henselae. The highest 
homology with B. clarridgeiae (97.82% – 99.81% 
nucleotide identity; accession numbers CP116497 
and OK624793) was observed in fleas from 
C. orientis in Malaysia and Felis catus in Spain. Simi
larly, the highest homology with B. henselae (99.65% 
– 99.88% nucleotide identity; accession numbers 
CP072898 and CP020742) was found in samples 
from Felis catus and Homo sapiens in Germany. In 
rats, PCR amplification of the ITS and gltA genes 
detected Bartonella in 7 of 30 samples (23.33%). 
DNA sequencing and BLASTn comparison of the 
gltA (379 bp) and ITS (580 bp) genes showed that 
six samples were most closely related to 
B. queenslandensis (96.12–98.24% nucleotide identity; 
accession numbers MZ570397 and MH748120). One 
sample aligned with B. silvatica (accession number 
AB498008), isolated from Rattus fulvescens in 
China. In ticks, 5 of 96 samples (5.21%) tested posi
tive for Bartonella via gltA amplification and sequen
cing. Three sequences exhibited the highest 
homology (97.64% – 98.22%) with 
B. queenslandensis (accession number MH748120), 
isolated from Niviventer confucianus in China. The 
remaining two sequences matched an unidentified 
Bartonella species (98.04% and 99.03% nucleotide 

identity; accession number KX000252) detected in 
hard ticks from Tibet, China. Details on the amplifi
cation of Bartonella gltA, ITS, and rpoB genes, as well 
as the identification of C. felis, R. microplus, and 
R. norvegicus, were provided in Supplementary 
Table S3.

Phylogenies based on gltA and ITS sequences

The gltA and ITS sequences obtained were used to con
struct phylogenetic trees, incorporating representative 
species from all major Bartonella clades (Figures 2 and 
3). Phylogenetic analysis revealed distinct clustering 
patterns among isolates from different host species. 
The gltA phylogenetic tree included 34 Bartonella 
sequences from this study and homologous sequences 
distributed across nine clades. Sixteen 
T. rubrofasciata isolates were grouped into six clades: 
Clades 1, 2, 3, 4, 5, and 9 (Figure 2). These clustered 
with B. queenslandensis (from rats), B. elizabethae 
(from humans, rats, and dogs), B. tribocorum (from 
rats), B. silvatica (from Rattus), B. coopersplainsensis 
(from Rattus and lice), and B. rochalimae (from 
humans, foxes, dogs, and fleas). Nine flea isolates 
were distributed among three clades: Clades 6, 8, and 
9 (Figure 2), clustering with B. henselae (from humans, 
cats, and fleas), B. clarridgeiae (from cats, fleas, and 
humans), and B. rochalimae. Five tick isolates were dis
tributed between two clades, Clades 1 and 7 (Figure 2), 
and clustered with B. queenslandensis and Bartonella 
sp. (from ticks). Four rat isolates formed a single 
clade, Clade 1, which clustered with 
B. queenslandensis (Figure 2). Overall, 
T. rubrofasciata harbored a higher number of Barto
nella species compared to ticks, fleas, and wild rodents 
and shared species with these vectors and hosts.

The ITS sequence phylogenetic tree included 37 
Bartonella ITS sequences and homologous 
sequences, categorized into seven distinct clades. 
Of the 24 isolates from T. rubrofasciata, five clades 
– Clades 1, 2, 4, 5, and 9 – were represented 

Table 1. The Bartonella species identification in Triatoma rubrofasciata, Ctenocephalides felis, Rattus norvegicus and Rhipicephalus 
microplus.

Sample Species Collected No.
Poscitve No.

Identifed speices Detected sites (No.)(ratio)

Triatomine 147 25 (17.01%) B. rochalimae intestinal contents (13) heads (2)
B. coopersplainsensis intestinal contents (1) heads (0)
B. silvatica intestinal contents (3) heads (1)
B. queenslandensis intestinal contents (6) heads (1)
B. elizabethae intestinal contents (2) heads (1)
B. tribocorum intestinal contents (2) heads (0)

Flea 64 60 (93.75%) B. rochalimae
B. clarridgeiae
B. henselae

Tick 96 5 (5.21%) B. queenslandensis
Bartonella sp.

rat 30 7 (23.33%) B. queenslandensis spleen (6) kidney (5)
B. silvatica spleen (1) kidney (1)

Total 337 97 (28.78%)

Emerging Microbes & Infections 5



(Figure 3). These isolates clustered with 
B. queenslandensis (from rats), B. elizabethae (from 
Leptopsylla taschenbergi and Rattus), B. silvatica 

(from Rattus), B. coopersplainsensis (from Rattus 
and fleas), and B. rochalimae (from humans, foxes, 
and dogs). The nine isolates from fleas were 

Figure 2. Phylogenetic tree of Bartonella spp. based on the gltA gene. Bartonella sequences obtained from Triatoma rubro
fasciata, Ctenocephalides felis, Rattus norvegicus, and Rhipicephalus microplus are highlighted in red, blue, green, and purple text, 
respectively. The phylogenetic tree was constructed using the neighbor-joining (NJ) method in MEGA, with 1000 bootstrap repli
cations. The accession numbers for the gltA gene sequences of Bartonella spp. are listed in Supplementary Table S2. Host species 
for reference sequences are indicated by icons, and Bartonella species capable of infecting humans are marked with red triangles. 
The phylogenetic analysis revealed the isolation of Bartonella into nine distinct clades. Bartonella sequences from T. rubrofasciata 
are grouped into Clades 1, 2, 3, 4, 5, and 9.
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distributed across three clades – Clades 6, 8, and 9 
(Figure 3) – and clustered with B. henselae (from 
humans, cats, and dogs), B. clarridgeiae (from cats 

and fleas), and B. rochalimae. Four isolates from 
rats were assigned to Clades 1 and 4, clustering 
with B. queenslandensis and B. silvatica (Figure 3).

Figure 3. Phylogenetic tree of Bartonella spp. based on the ITS gene. Bartonella sequences from Triatoma rubrofasciata, Cte
nocephalides felis, Rattus norvegicus, and Rhipicephalus microplus are highlighted in red, blue, green, and purple, respectively. The 
phylogenetic tree was constructed using the neighbor-joining (NJ) method in MEGA, with 1000 bootstrap replications. Accession 
numbers for the ITS sequences of Bartonella spp. are listed in Supplementary Table S2. Icons denote the host species correspond
ing to the reference sequences, and Bartonella species capable of infecting humans are marked with red triangles. Phylogenetic 
analysis revealed that the isolated Bartonella sequences clustered into nine distinct clades. Sequences from T. rubrofasciata were 
assigned to Clades 1, 2, 4, 5, and 9.

Emerging Microbes & Infections 7



Duration of Bartonella detection in triatomine 
feces

ITS gene amplification detected Bartonella in feces 
collected at various stages. PCR analysis identified 
both B. rochalimae and B. elizabethae, two zoonotic 
species, in samples collected on five consecutive 
occasions. Remarkably, Bartonella remained detect
able in the feces of wild triatomines, even after eight 
weeks of rearing (Supplementary Figure S1).

Experimental transmission of Bartonella

Experimental infection studies have shown that 
B. elizabethae can be detected in the blood of 
C57BL/6J mice 14 days post-inoculation with feces 
containing Bartonella, administered either via intra
peritoneal injection or through a triatomine bite, as 
confirmed by ITS PCR amplification. Remarkably, 
infected mice did not display typical symptoms such 
as anemia or depression. Laboratory-reared 
T. rubrofasciata did not show detectable levels of 
B. elizabethae in their feces when tested by PCR 21 
days after feeding on infected mice. However, when 
fecal samples were mixed with Dulbecco’s Modified 
Eagle’s medium (DMEM) and incubated under 
enriched culture conditions at 37°C with 5% CO2 for 
12 days [46], PCR testing identified B. elizabethae. 
Transovarial transmission experiments showed that 
nymphs from a subsequent generation of three 
T. rubrofasciata infected with B. rochalimae and two 
infected with B. elizabethae, which were fed for 20 
weeks until adulthood, exhibited no detectable Barto
nella in eggs, stages I and II nymphs, or fresh feces 
during the entire period.

Discussion

Bartonellosis is a serious global zoonotic disease, yet 
the transmission pathways of Bartonella infections in 
humans remain incompletely understood. Arthro
pod-borne transmission is regarded as the important 
route for human bartonellosis [47]. However, the 
specific vectors and transmission pathways for 
human bartonellosis are still not fully clarified. The 
cat flea plays a crucial role in the transmission cycle 
of B. henselae. These fleas acquire, maintain, and 
spread the bacterium among cats by feeding on their 
blood [33]. Contaminated flea feces can enter human 
skin wounds or mucous membranes, often through 
cat scratches or bites, thereby facilitating bacterial 
inoculation [48,49]. Body lice transmit B. quintana 
to humans through fecal contamination of open 
wounds [50], while sandflies (Lutzomyia verrucarum) 
spread B. bacilliformis via bites [16]. Additional vec
tors, including mites, mosquitoes, and ticks, have 
been shown to harbour Bartonella spp [26-28], but 

no strong evidence currently supports their role in 
transmitting Bartonella to humans. In addition to vec
tor transmission, direct contact may also contribute to 
infection. A case report documented human infection 
with B. vinsonii subsp. berkhoffii following accidental 
needle puncture with a contaminated needle [51]. 
Moreover, B. henselae has been detected in the saliva 
of cats and dogs [52,53], suggesting potential direct 
transmission from infected animals to humans. In 
summary, our understanding of the transmission 
mechanisms of human Bartonella remains incomplete 
(Figure 4), presenting substantial challenges for effec
tive prevention and control of bartonellosis.

Six Bartonella species were identified in 
T. rubrofasciata for the first time, including 
B. rochalimae, B. coopersplainsensis, B. silvatica, 
B. queenslandensis, B. elizabethae, and 
B. tribocorum. Notably, B. rochalimae, 
B. tribocorum, and B. elizabethae are known to infect 
humans. Bartonella rochalimae has been detected in 
various regions across the globe [18],[54-57], but its 
transmission route remains unclear; some human 
cases have been linked to contact with dogs [18]. 
The species has a broad range of natural hosts, 
including rodents (54), cats, dogs (55), foxes (56), 
and wolves [57], and has also been detected in 
arthropods such as fleas [54] and ticks [58]. In this 
study, B. rochalimae was found to have a high infec
tion rate (8.84%, 13/147) in T. rubrofasciata, 
detected in both intestinal contents and heads (con
taining salivary glands). This species was also ident
ified in cat fleas, with sequence clustering matching 
those from T. rubrofasciata (Figure 2, 3). Addition
ally, B. rochalimae was shown to persist in 
T. rubrofasciata for extended periods. These results 
suggest that, although human B. rochalimae infec
tions via insect bites have not been reported, the 
possibility of vector transmission cannot be ruled 
out.

Bartonella elizabethae and Bartonella tribocorum, 
both zoonotic species, were identified in 
T. rubrofasciata. B. elizabethae is known to cause 
endocarditis and neuroretinitis in humans [59], and 
has been detected in febrile patients [59], HIV- 
infected individuals [17], and heroin addicts [60], 
with the latter group showing a notably high seroposi
tivity rate of 39%. Known hosts of B. elizabethae 
include rodents (R. rattus, R. norvegicus, and Acomys 
cahirinus) [61,62] and fleas (C. felis and Xenopsylla 
sp.) [63,64]. McKee et al. [64] demonstrated that 
Xenopsylla cheopis could harbour B. elizabethae for 
at least 13 days post-blood meal, indicating the poten
tial role of blood-feeding arthropods in transmitting 
these Bartonella species between rodents and humans. 
Furthermore, human infection with B. elizabethae has 
been linked to contact with dogs and tick bites [19]. 
B. tribocorum, genetically similar to B. elizabethae, 
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causes lymphadenopathy in humans and has been 
found in vectors such as fleas [65], lice [66], and 
ticks [67]. In this study, both B. elizabethae and 
B. tribocorum were exclusively detected in 
T. rubrofasciata, with no presence in cat fleas, rats, 
or ticks. This may be attributed to the flight capability 
of T. rubrofasciata, which allows it to feed on a 
broader range of hosts, potentially harboring a wider 
diversity of Bartonella species compared to more 
restricted vectors like fleas and ticks.

Triatoma rubrofasciata, a vector of T. cruzi with a 
global distribution, transmits pathogens through 
feces and bites [68]. Its habitat overlaps with those 
of humans and livestock, resulting in occasional 
human bites. Previous studies have confirmed the 
widespread presence of T. rubrofasciata in southern 
China, with a rising incidence of triatomine bites 
[37]. Our unpublished data suggests that the primary 
blood hosts for Triatomines in Guangxi, China, 
include rats, cattle, pigs, chickens, birds, and humans. 
This broad spectrum of blood hosts enhances the like
lihood of pathogen transmission between animals and 
humans. In this study, three zoonotic Bartonella 
species were identified in the salivary glands and gut 
of T. rubrofasciata. Additionally, Bartonella was 
found to persist in T. rubrofasciata for extended 
periods. Laboratory experiments further 

demonstrated that Bartonella can infect mice through 
intraperitoneal injection of triatomine feces and via 
triatomine bites. These results indicate that 
T. rubrofasciata may serve as a potential vector for 
Bartonella, despite the absence of transovarial trans
mission. However, there is a lack of clinical evidence 
to support triatomine-mediated transmission and its 
causation of human bartonellosis. This evidence gap 
is likely due to the nocturnal activity of triatomines, 
which rest during daylight hours. The inconspicuous 
nature of triatomine bites often leads to insufficient 
awareness among both patients and clinicians regard
ing the potential risks of these bites and the associated 
transmission of pathogens causing various diseases.

Pathogens such as T. cruzi can reproduce and 
transmit through triatomines, which must also endure 
immune responses from the vector [69]. The gut 
microbiota of triatomines may influence this process 
significantly [70]. For instance, Rhodococcus, a key 
player in the metabolism of T. rubrofasciata, has 
been demonstrated to effectively eliminate pathogens 
[71]. Furthermore, the pathogen’s ability to replicate 
in the triatomine midgut is essential for transmission. 
This study identified B. elizabethae and B. rochalimae 
consistently in the feces of T. rubrofasciata, with Bar
tonella also detectable in the heads of triatomines. 
These findings suggest that Bartonella can resist the 

Figure 4. Transmission routes of Bartonella among human, mammal, and arthropod vectors. Bartonella primarily spreads to 
humans via arthropod vector bites or through fecal contamination of wounds. Known vectors of Bartonella include fleas, lice, and 
sandflies, while other potential vectors, such as ticks, mites, mosquitoes, and triatomines, have been shown to harbor Bartonella, 
though their role in human transmission remains uncertain. Cats and dogs may transmit Bartonella to humans through scratches 
and bites, but the precise transmission mechanism is still unclear. The blue line indicates confirmed Bartonella transmission routes, 
while the dashed line represents potential, but unconfirmed, routes.
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immune response of T. rubrofasciata, proliferate, and 
migrate to the salivary glands, thereby enabling patho
gen transmission.

To investigate the carriage of Bartonella species by 
various vectors and their interrelationships, a compre
hensive analysis was conducted on fleas, ticks, rodents, 
and T. rubrofasciata. B. queenslandensis was detected 
across all four vector types, while B. rochalimae was 
found in both T. rubrofasciata and fleas, and 
B. silvatica was identified in both rodents and 
T. rubrofasciata. Species exclusive to specific vectors 
included B. henselae and B. clarridgeiae, detected 
only in fleas, and B. coopersplainsensis, 
B. elizabethae, and B. tribocorum, which were 
restricted to T. rubrofasciata. These results indicate 
that T. rubrofasciata shares several Bartonella species 
with other vectors and reservoir hosts, while also har
boring a broader range of Bartonella species than the 
other vectors studied.

PCR amplification and sequence analysis of the ITS 
and gltA genes were employed to identify Bartonella 
species in T. rubrofasciata, C. felis, R. microplus, and 
R. norvegicus. In cases where amplification of gltA or 
ITS failed or yielded inconsistent results, additional 
genes (rpoB, ribC, or nuoG) were targeted to verify 
species identification using at least two distinct 
genes. Mixed infections with multiple Bartonella 
species were observed in triatomines and fleas, par
ticularly in C. felis, where co-infection rates reached 
92.30% for B. clarridgeiae and B. henselae. Detection 
of all species in mixed infections proved challenging 
when relying solely on gltA and ITS sequences, due 
to the amplification bias of certain Bartonella species 
identification genes, including gltA, ITS, and rpoB. 
This bias may result in incomplete detection of species 
present in mixed infections. In the B. clarridgeiae and 
B. henselae co-infection in fleas, the ITS gene preferen
tially amplified B. clarridgeiae, while rpoB favored 
B. henselae. The gltA gene was able to amplify both 
species, with priority identification potentially 
influenced by DNA concentration. In the 
B. rochalimae and B. tribocorum co-infection in 
T. rubrofasciata, the ITS gene exhibited a bias towards 
B. rochalimae, whereas gltA favored B. tribocorum. 
These results highlight the necessity of utilizing 
more than three genes for accurate species identifi
cation in mixed infections. Additionally, consistency 
across at least two genes provided more reliable confir
mation of species identification.

Transovarial transmission of Bartonella varies 
among blood-feeding arthropods and between differ
ent Bartonella species. B. washoensis was detected in 
the ovaries of fleas collected from various mammals, 
supporting the potential for transovarial transmission 
[72]. Additionally, transovarial transmission of 
B. henselae and B. quintana has been observed in 
ticks (Rhipicephalus sanguineus) [73] and body lice 

[74], respectively. In contrast, B. henselae does not 
exhibit transovarial transmission in fleas [75], and 
B. bacilliformis, transmitted by sandflies, also lacks 
vertical transmission [76]. In this study, no transovar
ial transmission of B. elizabethae and B. rochalimae, 
carried by T. rubrofasciata was detected, suggesting 
that the primary source of Bartonella in 
T. rubrofasciata is likely the host and environment 
or horizontal transmission. However, due to the 
small sample size, further research is necessary to ver
ify this conclusion.

The limitations of this study include the restricted 
sample size and geographic range of the collected vec
tors, particularly in the assessment of transovarial 
transmission. Additionally, no confirmed cases of Bar
tonella infection attributable to triatomine bites are 
identified in clinical settings, preventing clinical vali
dation of triatomines as vectors for human bartonello
sis. Nevertheless, the study suggests that 
T. rubrofasciata may serve as a potential vector for 
both human and animal bartonellosis, highlighting 
the need for heightened awareness of Bartonella trans
mission by triatomines, especially in regions where 
these insects are prevalent. Enhanced detection and 
surveillance of Bartonella in triatomines, animals, 
and humans, along with improved control measures, 
are essential to mitigate the spread of human bartonel
losis. In future research, immunoscreening for Barto
nella will be conducted in humans. Patients testing 
positive will be analyzed for associations with 
T. rubrofasciata bites. Whole-genome sequencing 
and traceability analysis of Bartonella will be per
formed in humans, T. rubrofasciata, and other vectors 
and hosts. In-vitro infection assays on erythrocytes 
and endothelial cells will be executed to determine 
whether Bartonella can infect human cells. These 
studies will provide clinical evidence for the potential 
role of T. rubrofasciata as a human Bartonella trans
mission vector.

Conclusion

This study demonstrates that T. rubrofasciata can har
bour multiple Bartonella species, including zoonotic 
strains, in both the salivary glands and the gut. Fur
thermore, Bartonella can persist within 
T. rubrofasciata for extended periods. Laboratory 
experiments confirm that Bartonella can infect mice 
via T. rubrofasciata bites and through intraperitoneal 
injection of triatomine feces. These results suggest 
that T. rubrofasciata is a potential vector for certain 
Bartonella spp., despite the absence of transovarial 
transmission. This study provides new insights into 
the sources and mechanisms of Bartonella trans
mission, advancing our understanding of the role of 
triatomines as vectors.

10 P. Deng et al.



Author contributions

YLS, YWL, DYL, and PCD developed the study proto
col. PCD, BLQ, ALL, QAZ, XYF, XQL, CHL, SHH, 
LLT, ZWZ, and WJC conducted the field and labora
tory work and contributed to data analysis. YLS, DYL, 
YWL, and PCD performed the final data analysis. YLS 
and PCD drafted the manuscript. All authors reviewed 
and approved the final manuscript.

Availability of data and materials

Data from this study are available upon request from 
the corresponding author.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

This work was supported by the National Natural Science 
Foundation of China: [grant number 82260413]; Youth 
Science Foundation of Guangxi Medical University: [grant 
number GXMUYSF202201]; Guangxi Medical University 
2024 National College Students Innovation and Entrepreneur
ship Training Program [Project Number S202210598101].

ORCID

Yunliang Shi http://orcid.org/0000-0003-0380-3522

References

[1] Karem KL, Paddock CD, Regnery RL, et al. Bartonella 
henselae, B. quintana, and B. bacilliformis: historical 
pathogens of emerging significance. Microbes Infect. 
2000;2(10):1193–1205. doi:10.1016/s1286- 
4579(00)01273-9

[2] Spach DH, Koehler JE. Bartonella-associated infec
tions. Infect Dis Clin North Am. 1998;12(1):137– 
155. doi:10.1016/s0891-5520(05)70414-1

[3] Nelson CA, Saha S, Mead PS. Cat-Scratch disease in 
the United States, 2005-2013. Emerg Infect Dis. 
2016;22(10):1741–1746. doi:10.3201/eid2210.160115

[4] Okaro U, Addisu A, Casanas B, et al. Bartonella 
species, an emerging cause of blood-culture-negative 
endocarditis. Clin Microbiol Rev. 2017;30(3):709– 
746. doi:10.1128/cmr.00013-17

[5] Krügel M, Król N, Kempf VAJ, et al. Emerging rodent- 
associated bartonella: a threat for human health? 
Parasit Vectors. 2022;15(1):113. doi:10.1186/s13071- 
022-05162-5

[6] Mullins KE, Hang J, Clifford RJ, et al. Whole-Genome 
analysis of bartonella ancashensis, a novel pathogen 
causing verruga peruana, rural ancash region, Peru. 
Emerg Infect Dis. 2017;23(3):430–438. doi:10.3201/ 
eid2303.161476

[7] Harms A, Dehio C. Intruders below the radar: mol
ecular pathogenesis of bartonella spp. Clin Microbiol 
Rev. 2012;25(1):42–78. doi:10.1128/cmr.05009-11

[8] Breitschwerdt EB, Kordick DL. Bartonella infection in 
animals: carriership, reservoir potential, pathogen
icity, and zoonotic potential for human infection. 
Clin Microbiol Rev. 2000;13(3):428–438. doi:10. 
1128/cmr.13.3.428

[9] Biswas S, Rolain JM. Bartonella infection: treatment 
and drug resistance. Future Microbiol. 
2010;5(11):1719–1731. doi:10.2217/fmb.10.133

[10] Boodman C, Gupta N, Nelson CA, et al. Bartonella 
quintana endocarditis: A systematic review of individ
ual cases. Clin Infect Dis. 2024;78(3):554–561. doi:10. 
1093/cid/ciad706

[11] Waseem R, Seher M, Ghazal S, et al. Cat scratch dis
ease in a 23-year-old male-case report. Front Public 
Health. 2023;10:1046666. doi:10.3389/fpubh.2022. 
1046666

[12] Tu N, Carroll RK, Weiss A, et al. A family of genus- 
specific RNAs in tandem with DNA-binding proteins 
control expression of the badA major virulence factor 
gene in bartonella henselae. Microbiologyopen. 
2017;6(2). doi:10.1002/mbo3.420

[13] Duckwitz TM, Yazdi AS, Kluwig D. Multilocular sub
cutaneous bacillary angiomatosis as a primary mani
festation of AIDS. Skin Health and Disease. 
2024;4(6):e454. doi:10.1002/ski2.454

[14] Florin TA, Zaoutis TE, Zaoutis LB. Beyond cat scratch 
disease: widening spectrum of bartonella henselae 
infection. Pediatrics. 2008;121(5):e1413–e1425. 
doi:10.1542/peds.2007-1897

[15] Swarath S, Maharaj N, Kawall T, et al. Culture- 
Negative endocarditis in an immunocompromised 
patient: A case of suspected bartonella and coxiella 
Co-infection. J Investig Med High Impact Case Rep. 
2023;11:23247096231192811. doi:10.1177/ 
23247096231192811

[16] Lydy SL, Lascano MS, Garcia-Perez JE, et al. 
Seroprevalence and risk factors for infection with bar
tonella bacilliformis in loja province, Ecuador. 
Emerging Microbes Infect. 2018;7(1):115. doi:10. 
1038/s41426-018-0110-5

[17] Corral J, Manríquez Robles A, Toussaint Caire S, et al. 
First report of bacillary angiomatosis by bartonella eli
zabethae in an HIV-positive patient. Am J 
Dermatopathol. 2019;41(10):750–753. doi:10.1097/ 
dad.0000000000001439

[18] Traver EC, Saharia K, Luethy P, et al. Severe infective 
endocarditis caused by bartonella rochalimae. Emerg 
Infect Dis. 2023;30(2):394–396. doi:10.3201/eid3002. 
230929

[19] Vayssier-Taussat M, Moutailler S, Féménia F, et al. 
Identification of novel zoonotic activity of bartonella 
spp., France. Emerg Infect Dis. 2016;22(3):457–462. 
doi:10.3201/eid2203.150269

[20] Logan JMJ, Hall JL, Chalker VJ, et al. Bartonella clar
ridgeiae infection in a patient with aortic root abscess 
and endocarditis. Access Microbiology. 2019;1(10): 
e000064. doi:10.1099/acmi.0.000064

[21] Puges M, Ménard A, Berard X, et al. An unexpected 
case of bartonella alsatica prosthetic vascular graft 
infection. Infect Drug Resist. 2019;12:2453–2456. 
doi:10.2147/idr.S206805

[22] Oksi J, Rantala S, Kilpinen S, et al. Cat scratch disease 
caused by bartonella grahamii in an immunocompro
mised patient. J Clin Microbiol. 2013;51(8):2781– 
2784. doi:10.1128/JCM.00910-13

[23] Xi Y, Li X, Liu L, et al. Sneaky tactics: ingenious 
immune evasion mechanisms of bartonella. 

Emerging Microbes & Infections 11

http://orcid.org/0000-0003-0380-3522
https://doi.org/10.1016/s1286-4579(00)01273-9
https://doi.org/10.1016/s1286-4579(00)01273-9
https://doi.org/10.1016/s0891-5520(05)70414-1
https://doi.org/10.3201/eid2210.160115
https://doi.org/10.1128/cmr.00013-17
https://doi.org/10.1186/s13071-022-05162-5
https://doi.org/10.1186/s13071-022-05162-5
https://doi.org/10.3201/eid2303.161476
https://doi.org/10.3201/eid2303.161476
https://doi.org/10.1128/cmr.05009-11
https://doi.org/10.1128/cmr.13.3.428
https://doi.org/10.1128/cmr.13.3.428
https://doi.org/10.2217/fmb.10.133
https://doi.org/10.1093/cid/ciad706
https://doi.org/10.1093/cid/ciad706
https://doi.org/10.3389/fpubh.2022.1046666
https://doi.org/10.3389/fpubh.2022.1046666
https://doi.org/10.1002/mbo3.420
https://doi.org/10.1002/ski2.454
https://doi.org/10.1542/peds.2007-1897
https://doi.org/10.1177/23247096231192811
https://doi.org/10.1177/23247096231192811
https://doi.org/10.1038/s41426-018-0110-5
https://doi.org/10.1038/s41426-018-0110-5
https://doi.org/10.1097/dad.0000000000001439
https://doi.org/10.1097/dad.0000000000001439
https://doi.org/10.3201/eid3002.230929
https://doi.org/10.3201/eid3002.230929
https://doi.org/10.3201/eid2203.150269
https://doi.org/10.1099/acmi.0.000064
https://doi.org/10.2147/idr.S206805
https://doi.org/10.1128/JCM.00910-13


Virulence. 2024;15(1):2322961. doi:10.1080/21505594. 
2024.2322961

[24] Foucault C, Brouqui P, Raoult D. Bartonella quintana 
characteristics and clinical management. Emerg Infect 
Dis. 2006;12(2):217–223. doi:10.3201/eid1202.050874

[25] Lee DAB, Fernandes Shimabukuro PH, Brilhante AF, 
et al. Bartonella spp. in phlebotominae sand flies, 
Brazil. Emerg Infect Dis. 2024;30(10):2099–2107. 
doi:10.3201/eid3010.240397

[26] Kaminskienė E, Paulauskas A, Balčiauskas L, et al. 
Bartonella spp. detection in laelapid (mesostigmata: 
laelapidae) mites collected from small rodents in 
Lithuania. J Vector Ecol. 2022;47(2):195–201. doi:10. 
52707/1081-1710-47.2.195

[27] Rudolf I, Blažejová H, Mendel J, et al. Bartonella 
species in medically important mosquitoes, central 
Europe. Parasitol Res. 2020;119(8):2713–2717. 
doi:10.1007/s00436-020-06732-1

[28] Regier Y, Ballhorn W, Kempf VA. Molecular detection 
of bartonella henselae in 11 ixodes ricinus ticks 
extracted from a single cat. Parasit Vectors. 
2017;10(1):105. doi:10.1186/s13071-017-2042-7

[29] Hertig M. Phlebotomus and carrion’s disease: II. 
transmission experiments with wild sandflies. Am J 
Trop Med Hyg. 1942;1(4_Suppl):11–22. doi:10.4269/ 
ajtmh.1942.s1-22.11

[30] Noguchi H, Shannon RC, Tilden EB, et al. Etiology of 
oroya fever. XIV. The insect vectors of carrión’s dis
ease. J Exp Med. 1929;49(6):993–1008. doi:10.1084/ 
jem.49.6.993

[31] Cruz T, Gonçalves LR, Furquim MEC, et al. Threat 
under cats’ claws: molecular detection and risk factors 
for zoonotic bartonella species in blood and claw 
samples from cats in Brazil. Acta Trop. 
2022;232:106496. doi:10.1016/j.actatropica.2022. 
106496

[32] Sepúlveda-García P, Alabi A, Álvarez K, et al. 
Bartonella spp. in households with cats: risk factors 
for infection in cats and human exposure. One 
Health. 2023;16:100545. doi:10.1016/j.onehlt.2023. 
100545

[33] Chomel BB, Kasten RW, Floyd-Hawkins K, et al. 
Experimental transmission of bartonella henselae by 
the cat flea. J Clin Microbiol. 1996;34(8):1952–1956. 
doi:10.1128/jcm.34.8.1952-1956.1996

[34] Laroche M, Berenger JM, Mediannikov O, et al. 
Detection of a potential new Bartonella species “candi
datus bartonella rondoniensis” in human biting kis
sing bugs (reduviidae; triatominae). PLoS Negl Trop 
Dis. 2017;11(1):e0005297. doi:10.1371/journal.pntd. 
0005297

[35] Zhang B, Nurland RA, Guan Y, et al. Detection of bar
tonella in kissing bugs triatoma rubrofasciata collected 
from huizhou city, south China. New Microbes New 
Infect. 2023;54:101170. doi:10.1016/j.nmni.2023. 
101170

[36] Dos Santos LS, Oliveira J, Mendonça VJ, et al. 
Detection of bartonella henselae DNA in triatoma sor
dida collected in peridomiciliary environments. Braz J 
Infect Dis. 2024;28(5):103875. doi:10.1016/j.bjid.2024. 
103875

[37] Shi Y, Wei Y, Feng X, et al. Distribution, genetic 
characteristics and public health implications of tria
toma rubrofasciata, the vector of chagas disease in 
guangxi, China. Parasit Vectors. 2020;13(1):33. 
doi:10.1186/s13071-020-3903-z

[38] Linardi PM, Santos JL. Ctenocephalides felis felis vs. cte
nocephalides canis (siphonaptera: pulicidae): some 
issues in correctly identify these species. Revista 
Brasileira de Parasitologia Veterinária. 2012;21(4):345– 
354. doi:10.1590/s1984-29612012000400002

[39] Kazim AR, Low VL, Tappe D, et al. Rhipicephalus 
annulatus, R. australis or R. microplus? discordance 
between morphological and genetic data among 
three cattle tick species. Experimental and Applied 
Acarology. 2022;87(1):119–131. doi:10.1007/s10493- 
022-00726-7

[40] Lőw P, Molnár K, Kriska G. Dissection of the rat (rat
tus norvegicus). In: Lőw P, Molnár K, Kriska G, editor. 
Atlas of animal anatomy and histology. Cham: 
Springer International Publishing; 2016. p. 325–399.

[41] Norman AF, Regnery R, Jameson P, et al. 
Differentiation of bartonella-like isolates at the species 
level by PCR-restriction fragment length polymorph
ism in the citrate synthase gene. J Clin Microbiol. 
1995;33(7):1797–1803. doi:10.1128/jcm.33.7.1797- 
1803.1995

[42] Böge I, Pfeffer M, Htwe NM, et al. First detection of 
bartonella spp. in small mammals from rice storage 
and processing facilities in Myanmar and Sri Lanka. 
Microorganisms. 2021;9(3). doi:10.3390/ 
microorganisms9030658

[43] Bai Y, Hayman DT, McKee CD, et al. Classification of 
bartonella strains associated with straw-colored fruit 
bats (eidolon helvum) across Africa using a multi- 
locus sequence typing platform. PLoS Negl Trop Dis. 
2015;9(1):e0003478. doi:10.1371/journal.pntd. 
0003478

[44] Colborn JM, Kosoy MY, Motin VL, et al. Improved 
detection of bartonella DNA in mammalian hosts 
and arthropod vectors by real-time PCR using the 
NADH dehydrogenase gamma subunit (nuoG). J 
Clin Microbiol. 2010;48(12):4630–4633. doi:10.1128/ 
jcm.00470-10

[45] Johnson G, Ayers M, McClure SC, et al. Detection and 
identification of bartonella species pathogenic for 
humans by PCR amplification targeting the riboflavin 
synthase gene (ribC). J Clin Microbiol. 
2003;41(3):1069–1072. doi:10.1128/jcm.41.3.1069- 
1072.2003

[46] Liedig C, Neupane P, Lashnits E, et al. Blood sup
plementation enhances bartonella henselae growth 
and molecular detection of bacterial DNA in liquid 
culture. Microbiol Spectr. 2023;11(3):e0512622. 
doi:10.1128/spectrum.05126-22

[47] Dehio C. Bartonella-host-cell interactions and vascu
lar tumour formation. Nat Rev Microbiol. 
2005;3(8):621–631. doi:10.1038/nrmicro1209

[48] Stepanić M, Duvnjak S, Reil I, et al. Epidemiology 
of bartonella henselae infection in pet and stray 
cats in Croatia with risk factors analysis. Parasit 
Vectors. 2024;17(1):48. doi:10.1186/s13071-024- 
06117-8

[49] Foil L, Andress E, Freeland RL, et al. Experimental 
infection of domestic cats with bartonella henselae 
by inoculation of ctenocephalides felis (siphonaptera: 
pulicidae) feces. J Med Entomol. 1998;35(5):625–628. 
doi:10.1093/jmedent/35.5.625

[50] Henderson R, Mosites E, Koehler JE, et al. 
Homelessness and organ donor-derived bartonella 
quintana infection. Emerg Infect Dis. 
2024;30(12):2459–2466. doi:10.3201/eid3012.240389

12 P. Deng et al.

https://doi.org/10.1080/21505594.2024.2322961
https://doi.org/10.1080/21505594.2024.2322961
https://doi.org/10.3201/eid1202.050874
https://doi.org/10.3201/eid3010.240397
https://doi.org/10.52707/1081-1710-47.2.195
https://doi.org/10.52707/1081-1710-47.2.195
https://doi.org/10.1007/s00436-020-06732-1
https://doi.org/10.1186/s13071-017-2042-7
https://doi.org/10.4269/ajtmh.1942.s1-22.11
https://doi.org/10.4269/ajtmh.1942.s1-22.11
https://doi.org/10.1084/jem.49.6.993
https://doi.org/10.1084/jem.49.6.993
https://doi.org/10.1016/j.actatropica.2022.106496
https://doi.org/10.1016/j.actatropica.2022.106496
https://doi.org/10.1016/j.onehlt.2023.100545
https://doi.org/10.1016/j.onehlt.2023.100545
https://doi.org/10.1128/jcm.34.8.1952-1956.1996
https://doi.org/10.1371/journal.pntd.0005297
https://doi.org/10.1371/journal.pntd.0005297
https://doi.org/10.1016/j.nmni.2023.101170
https://doi.org/10.1016/j.nmni.2023.101170
https://doi.org/10.1016/j.bjid.2024.103875
https://doi.org/10.1016/j.bjid.2024.103875
https://doi.org/10.1186/s13071-020-3903-z
https://doi.org/10.1590/s1984-29612012000400002
https://doi.org/10.1007/s10493-022-00726-7
https://doi.org/10.1007/s10493-022-00726-7
https://doi.org/10.1128/jcm.33.7.1797-1803.1995
https://doi.org/10.1128/jcm.33.7.1797-1803.1995
https://doi.org/10.3390/microorganisms9030658
https://doi.org/10.3390/microorganisms9030658
https://doi.org/10.1371/journal.pntd.0003478
https://doi.org/10.1371/journal.pntd.0003478
https://doi.org/10.1128/jcm.00470-10
https://doi.org/10.1128/jcm.00470-10
https://doi.org/10.1128/jcm.41.3.1069-1072.2003
https://doi.org/10.1128/jcm.41.3.1069-1072.2003
https://doi.org/10.1128/spectrum.05126-22
https://doi.org/10.1038/nrmicro1209
https://doi.org/10.1186/s13071-024-06117-8
https://doi.org/10.1186/s13071-024-06117-8
https://doi.org/10.1093/jmedent/35.5.625
https://doi.org/10.3201/eid3012.240389


[51] Oliveira AM, Maggi RG, Woods CW, et al. Suspected 
needle stick transmission of bartonella vinsonii sub
species berkhoffii to a veterinarian. J Vet Intern 
Med. 2010;24(5):1229–1232. doi:10.1111/j.1939-1676. 
2010.0563.x

[52] Oskouizadeh K, Zahraei-Salehi T, Aledavood S. 
Detection of bartonella henselae in domestic cats’ sal
iva. Iran J Microbiol. 2010;2(2):80–84.

[53] Duncan AW, Maggi RG, Breitschwerdt EB. Bartonella 
DNA in dog saliva. Emerg Infect Dis. 
2007;13(12):1948–1950. doi:10.3201/eid1312.070653

[54] Müller A, Gutiérrez R, Seguel M, et al. Molecular sur
vey of bartonella spp. in rodents and fleas from Chile. 
Acta Trop. 2020;212:105672. doi:10.1016/j.actatropica. 
2020.105672

[55] Rizzo MF, Billeter SA, Osikowicz L, et al. Fleas and 
flea-associated bartonella species in dogs and cats 
from Peru. J Med Entomol. 2015;52(6):1374–1377. 
doi:10.1093/jme/tjv137

[56] Wang S, Cui N, Lv Z, et al. Molecular detection of bar
tonella rochalimae and hepatozoon canis in red foxes 
(vulpes vulpes) from China. International Journal for 
Parasitology: Parasites and Wildlife. 2024;23:100925. 
doi:10.1016/j.ijppaw.2024.100925

[57] Greco G, Zarea AAK, Sgroi G, et al. Zoonotic barto
nella species in eurasian wolves and other free-ranging 
wild mammals from Italy. Zoonoses Public Health. 
2021;68(4):316–326. doi:10.1111/zph.12827

[58] Billeter SA, Cáceres AG, Gonzales-Hidalgo J, et al. 
Molecular detection of bartonella species in ticks 
from Peru. J Med Entomol. 2011;48(6):1257–1260. 
doi:10.1603/me10240

[59] Kosoy M, Bai Y, Sheff K, et al. Identification of barto
nella infections in febrile human patients from 
Thailand and their potential animal reservoirs. The 
American Society of Tropical Medicine and Hygiene. 
2010;82(6):1140–1145. doi:10.4269/ajtmh.2010.09- 
0778

[60] McGill S, Hjelm E, Rajs J, et al. Bartonella spp. anti
bodies in forensic samples from Swedish heroin 
addicts. Ann N Y Acad Sci. 2003;990:409–413. 
doi:10.1111/j.1749-6632.2003.tb07402.x

[61] Pangjai D, Nimsuphan B, Petkanchanapong W, et al. 
First report of three novel bartonella species isolated 
in rodents and shrews from nine provinces of 
Thailand. Veterinary World. 2022;15(7):1624–1631. 
doi:10.14202/vetworld.2022.1624-1631

[62] Hatyoka LM, Brettschneider H, Bennett NC, et al. 
Bartonella diversity and zoonotic potential in indigen
ous tete veld rats (aethomys ineptus) from South 
Africa. Infect Genet Evol. 2019;73:44–48. doi:10. 
1016/j.meegid.2019.04.012

[63] Zouari S, Khrouf F, M’Ghirbi Y, et al. First molecular 
detection and characterization of zoonotic bartonella 
species in fleas infesting domestic animals in 
Tunisia. Parasit Vectors. 2017;10(1):436. doi:10.1186/ 
s13071-017-2372-5

[64] McKee CD, Osikowicz LM, Schwedhelm TR, et al. 
Acquisition of bartonella elizabethae by experimen
tally exposed oriental rat fleas (xenopsylla cheopis; 
siphonaptera, pulicidae) and excretion of bartonella 
DNA in flea feces. J Med Entomol. 2018;55(5):1292– 
1298. doi:10.1093/jme/tjy085

[65] Nziza J, Tumushime JC, Cranfield M, et al. Fleas from 
domestic dogs and rodents in Rwanda carry rickettsia 
asembonensis and bartonella tribocorum. Med Vet 
Entomol. 2019;33(1):177–184. doi:10.1111/mve.12340

[66] Reeves WK, Szumlas DE, Moriarity JR, et al. Louse- 
borne bacterial pathogens in lice (phthiraptera) of 
rodents and cattle from Egypt. J Parasitol. 
2006;92(2):313–318. doi:10.1645/ge-717r.1

[67] Kim CM, Kim JY, Yi YH, et al. Detection of bartonella 
species from ticks, mites and small mammals in Korea. 
J Vet Sci. 2005;6(4):327–334. doi:10.4142/jvs.2005.6.4.327

[68] Vieira CB, Praça YR, Bentes K, et al. Triatomines: try
panosomatids. Bacteria, and Viruses Potential 
Vectors? Front Cell Infect Microbiol. 2018;8:405. 
doi:10.3389/fcimb.2018.00405

[69] Mwangi VI, Martinez EG, Leda RL, et al. Resisting an 
invasion: A review of the triatomine vector (kissing 
bug) defense strategies against a trypanosoma sp infec
tion. Acta Trop. 2023;238:106745. doi:10.1016/j. 
actatropica.2022.106745

[70] Omondi ZN, Caner A, Arserim SK. Trypanosomes 
and gut microbiota interactions in triatomine bugs 
and tsetse flies: A vectorial perspective. Med Vet 
Entomol. 2024;38(3):253–268. doi:10.1111/mve.12723

[71] Sassera D, Epis S, Pajoro M, et al. Microbial symbiosis 
and the control of vector-borne pathogens in tsetse 
flies, human lice, and triatomine bugs. Pathog Glob 
Health. 2013;107(6):285–292. doi:10.1179/ 
2047773213y.0000000109

[72] Brinkerhoff RJ, Kabeya H, Inoue K, et al. Detection of 
multiple bartonella species in digestive and reproduc
tive tissues of fleas collected from sympatric mammals. 
ISME J. 2010;4(7):955–958. doi:10.1038/ismej.2010.22

[73] Wechtaisong W, Bonnet SI, Chomel BB, et al. 
Investigation of transovarial transmission of barto
nella henselae in rhipicephalus sanguineus sensu lato 
ticks using artificial feeding. Microorganisms. 
2021;9(12):2501. doi:10.3390/microorganisms9122501

[74] Kress L, Potts R, Pietri JE. Examination of vertical 
transmission of bartonella quintana in body lice fol
lowing multiple infectious blood meals. Pathog Dis. 
2022;80(1):1–5. doi:10.1093/femspd/ftac028

[75] Chomel BB. Lack of transovarial transmission of bar
tonella by rodent fleas. Mol Ecol. 2011;20(13):2660– 
2661. doi:10.1111/j.1365-294x.2011.05141.x

[76] Battisti JM, Lawyer PG, Minnick MF. Colonization of 
lutzomyia verrucarum and lutzomyia longipalpis sand 
flies (diptera: psychodidae) by Bartonella bacilliformis, 
the etiologic agent of carrión’s disease. PLoS Negl 
Trop Dis. 2015;9(10):e0004128. doi:10.1371/journal. 
pntd.0004128

Emerging Microbes & Infections 13

https://doi.org/10.1111/j.1939-1676.2010.0563.x
https://doi.org/10.1111/j.1939-1676.2010.0563.x
https://doi.org/10.3201/eid1312.070653
https://doi.org/10.1016/j.actatropica.2020.105672
https://doi.org/10.1016/j.actatropica.2020.105672
https://doi.org/10.1093/jme/tjv137
https://doi.org/10.1016/j.ijppaw.2024.100925
https://doi.org/10.1111/zph.12827
https://doi.org/10.1603/me10240
https://doi.org/10.4269/ajtmh.2010.09-0778
https://doi.org/10.4269/ajtmh.2010.09-0778
https://doi.org/10.1111/j.1749-6632.2003.tb07402.x
https://doi.org/10.14202/vetworld.2022.1624-1631
https://doi.org/10.1016/j.meegid.2019.04.012
https://doi.org/10.1016/j.meegid.2019.04.012
https://doi.org/10.1186/s13071-017-2372-5
https://doi.org/10.1186/s13071-017-2372-5
https://doi.org/10.1093/jme/tjy085
https://doi.org/10.1111/mve.12340
https://doi.org/10.1645/ge-717r.1
https://doi.org/10.4142/jvs.2005.6.4.327
https://doi.org/10.3389/fcimb.2018.00405
https://doi.org/10.1016/j.actatropica.2022.106745
https://doi.org/10.1016/j.actatropica.2022.106745
https://doi.org/10.1111/mve.12723
https://doi.org/10.1179/2047773213y.0000000109
https://doi.org/10.1179/2047773213y.0000000109
https://doi.org/10.1038/ismej.2010.22
https://doi.org/10.3390/microorganisms9122501
https://doi.org/10.1093/femspd/ftac028
https://doi.org/10.1111/j.1365-294x.2011.05141.x
https://doi.org/10.1371/journal.pntd.0004128
https://doi.org/10.1371/journal.pntd.0004128

	Abstract
	Introduction
	Materials and methods
	Ethical considerations
	Sample collection and species identification
	DNA extraction and polymerase chain reaction (PCR) detection
	Molecular and phylogenetic analyses
	Duration of bartonella detection in triatomine feces
	Transovarian transmission experiment
	Infection experiment

	Results
	Specimen identification
	Prevalence and species of Bartonella in T. rubrofasciata
	Prevalence and species of Bartonella in fleas, ticks, and rats
	Phylogenies based on gltA and ITS sequences
	Duration of Bartonella detection in triatomine feces
	Experimental transmission of Bartonella

	Discussion
	Conclusion
	Author contributions
	Availability of data and materials
	Disclosure statement
	ORCID
	References

