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s u m m a r y

Background: Trypanosomiasis continues to pose a global threat to human health, with human infection 
mainly caused by Trypanosoma brucei and Trypanosoma cruzi.
Methods: We present a 30-year-old pregnant woman with persistent high fever from Shandong Province, 
China. High-throughput sequencing revealed the presence of Trypanosoma dionisii in blood. We conducted 
an analysis of the patient’s clinical, epidemiological, and virological data.
Results: The patients exhibited fever, shortness of breath, chest tightness, accompanied by change in liver 
function and inflammatory response. She made a full recovery without any long-term effects. T. dionisii was 
detected in blood collected 23 days after onset of illness. The 18S rRNA gene sequence showed close similarity to 
T. dionisii found in bats from Japan, while the gGAPDH gene was closely related to T. dionisii from bats in 
Mengyin County, Shandong Province. Phylogenetic analysis demonstrated the current T. dionisii belongs to clade 
B within its species group. Positive anti-Trypanosoma IgG antibody was detected from the patient on Day 23, 66 
and 122 after disease onset, as well as the cord blood and serum from the newborn. Retrospective screening of 
wild small mammals captured from Shandong Province revealed a prevalence rate of 0.54% (7/1304) for T. 
dionisii; specifically among 0.81% (5/620) of Apodemus agrarius, and 0.46% (2/438) of Mus musculus.
Conclusions: The confirmation of human infection with T. dionisii underscores its potential as a zoonotic 
pathogen, while the widespread presence of this parasite in rodent and bat species emphasizes the 
emerging threat it poses to human health.
© 2024 Published by Elsevier Ltd on behalf of The British Infection Association. This is an open access article 

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Trypanosoma, a genus of unicellular parasitic flagellate protozoa 
within the family Trypanosomatidae of order Trypanosomatida, is 
capable of infecting various vertebrates, including human beings. As 
one of the most significant parasitic diseases in the world, 
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trypanosomiasis continue to pose threat to human and animal 
health globally, particularly in tropical regions of Africa, parts of Asia, 
and South America.1 Taxonomically classified into ten clades,2 two 
species cause human trypanosomiasis: human African trypanoso-
miasis (HAT), also known as sleeping sickness in Africa, caused by T. 
brucei rhodesiense and T. brucei gambiense,3 and American trypano-
somiasis (Chagas disease) in South America caused by T. cruzi.4

Different transmission pattern has been revealed, HAT is mainly 
transmitted by tsetse flies, however, Chagas disease is mainly spread 
via insect vector, congenital transmission, blood transfusion, and 
organ transplantation.4 The other species are largely known to be 
pathogenic to animals, such as T. congolense and T. vivax causing 
nagana in cattle in sub-Saharan Africa,5 T.equiperdum causing 
dourine in equines6 and T. evansi responsible for surra in camels, 
equids, cattle, and buffaloes worldwide,7 which imposes a high 
economic burden.1

In China, human trypanosomiasis is considered as an imported 
disease. The first imported case of HAT with T. brucei gambiense in-
fection in 2014 involved a male individual returning from West 
Africa.8 Subsequently in 2017, two cases of HAT were confirmed, a 
60-year-old man serving as a seaman and traveled between Libre-
ville and Kango and a 41-year-old woman who traveled to Tanzania 
and Kenya.9,10To date, there is no evidence suggesting that Trypa-
nosoma has established transmission cycle infecting humans within 
China, although positive serological results have been observed for T. 
lewisi infection in healthy people in Guangdong Province.11

In contrast, various animal pathogenic trypanosome species have 
been documented in China, including T. lewisi, T. brucei, T. evansi, T. 
grosi, and T. dionisii.12–17 T. lewisi has been detected in various rodent 
species, such as Rattus norvegicus, Rattus tanezumi, Rattus argenti-
venter, and Niviventer confucianus12,13; T. brucei has been identified in 
bats and horses14,18; T. evansi was identified in buffaloes, horses, 
camels, and rats, while the presence of T. grosi was detected in 
Apodemus agrarius16; the most recent identification of T. dionisii in 
Eptesicus serotinus and Myotis pequinius in Shandong Province has 
further expanded its host range in China.17 However, whether these 
trypanosome species could infect human being remains obscure, 
potentially unspecific clinical disease and low awareness in health-
care workers regarding neglected tropical diseases.

In this study, we report the first human case of T. dionisii infection 
in China, which was identified through Meta-genomics investiga-
tion; the epidemiological, clinical, and genetic characteristics asso-
ciated with the case were identified as well.

Materials and methods

Epidemiological investigations and data collection

On 19 November 2023, a pregnant patient with recurrent fever of 
unknown reason was entered into the Qilu hospital, Jinan city of 
Shandong province, China. Following the identification of infection 
with T. dionisii, an epidemiological investigation was performed on 
the patient and her close-contact family members, to collect de-
mographics information, exposure history prior to her illnesses, the 
presence of febrile disease resembling this patient during the last 
month. Paired serum and whole blood samples were collected from 
patients and the family members. Nasopharyngeal swab (NPS) was 
additionally collected from the patient on admission to the hospital; 
the umbilical cord blood and amniotic fluid were collected during 
her labor. Written informed consent was obtained from the patient, 
her family members after receiving approval from the Ethical 
Committee of Qilu Hospital of Shandong University (KYLL- 
202403–044). The procedures adhered to the Helsinki declaration of 
1975, as revised in 1983.19

To determine the possible source of infection in the patient, we 
performed a retrospective detection on wild small animals collected 

from three locations in Shandong province: Linyi, Qingdao, and 
Yaitai from 2019 to 2023. Wild small mammals were captured with 
snap traps, and aseptic collection of tissues (heart, liver, spleen, lung, 
and kidney) were performed, stored at −80 ◦C for the current use. All 
tested wild animals were taxonomically identified to the species 
level by sequencing of mitochondrial cytochrome b (mt-cyt b) gene 
as previously described.20

Metagenomic next-generation sequencing

To identify the causative pathogen for the disease, metagenomic 
next-generation sequencing (NGS) was performed on whole blood 
obtained from both the patient and her newborn. In brief, DNA ex-
traction was performed by using QIAamp DNA Micro Kit (Qiagen, 
Germany) following the manufacturer’s instructions. Subsequently, a 
high-throughput sequencing library was constructed using the 
Qiagen library construction kit (QIAseq Ultralow Input Library Kit). 
Quality control of the library was performed by Qubit 3.0 
Fluoremeter (Invitrogen, USA) and Agilent 2100 Bioanalyzer (Agilent 
Technologies, USA), followed by sequencing on the Illumina Nextseq 
550 sequencing platform (Illumina, USA). Trimmomatic program 
(v0.39) was employed to filter low-quality raw reads for each library, 
and Botie2 (v2.4.5)21 was used to remove the ribosomal (r) RNA 
reads while aligning them against the SILVA rRNA database. After 
data filtering, trimming, and error removal steps were completed, 
MEGAHIT (v1.2.9) with default parameter enabled de novo assembly 
of remaining high-quality reads,22 which were then aligned with 
GenBank’s nucleotide database available until 2023 July using Blastn 
(v2.15.0).23 Pathogen-related contigs with e-values lower than 1e-5 

were retained for further analysis, while potential host associations 
for these pathogen contigs were initially identified based on the 
taxonomic information obtained from the Blastn results and subse-
quently confirmed through phylogenetic relationships with patho-
gens having known host associations.

PCR amplification and sequencing

The Trypanosoma-specific DNA was tested on whole blood and 
serum samples of the patient, her close-contact family members, as 
well as mixed tissues (heart, liver, spleen, lung, and kidney) collected 
from wild small mammals (n = 1304). Briefly, DNA was extracted by 
using QIAamp DNA Micro Kit (Qiagen) following the manufacturer’s 
instructions. Subsequentlye amplification of DNA was carried out 
targeting the 18S rDNA and the glycosomal glyceraldehyde phos-
phate dehydrogenase (gGAPDH) loci using previously described pri-
mers (Table S1).24–26 The DreamTaq™ PCR Kit was utilized, and 
thermal cycling conditions consisted of an initial denaturation step 
at 95 °C for 5 min, followed by 40 cycles at 95 °C for 30 s, 50 °C for 
30 s and 72 °C for 30 s in a PCR System 9700 (Applied Biosystems, 
USA). The amplified products were analyzed by agarose gel elec-
trophoresis, and bands of expected size were subjected to Sanger 
sequencing. All steps involving nucleic acid extraction and PCR 
testing were conducted in parallel with positive and negative con-
trols.

Serological testing

The presence of anti-Trypanosoma IgG in serum specimens col-
lected from the patient, newborn and the family members were 
tested using two methods: a rapid immunochromatographic assay 
by using the Chagas Detect Plus (CDP) (InBios, Seattle, WA), and a 
commercial ELISA IgG kit [NovaLisa® Chagas (Trypanosoma cruzi, 
NovaTec Immunodiagnostica GmbH; Germany]. All tests were per-
formed following the manufacturer’s instructions by technicians 
blinded to the participants’s infection and clinical status. 
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Trypanosoma infection was confirmed based on consistent results 
obtained from both assays.

Tests for respiratory pathogens in the patient

The NPS sample was tested for the presence of nine respiratory 
pathogens, including severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), Influenza, adenovirus, respiratory syncytial virus, 
parainfluenza virus, rhinovirus, human boca virus, coronavirus and 
human metapneumovirus by PCR or real-time RT-PCR as previously 
described27–29 (Table S2).

Phylogenetic analysis

The nucleotide sequences of currently detected T. dionisii and 
representative species from genus Trypanosoma which were down-
loaded from GenBank were aligned using the default parameters in 
MAFFT (v7.505) (Table S3). Phylogenetic trees were established using 
the maximum-likelihood method with the best-fitting model de-
termined by the ModelFinder program implemented in IQ-TREE 
(v2.1.4). Bootstrap values were calculated based on 1000 replicates.

Nucleotide sequence accession numbers

The sequences generated in this study were submitted to 
GenBank under the accession numbers PP564961, PP564968, 
PP555249, and PP563742-PP563748.

Results

Clinical features and laboratory abnormalities of the patient

The patient, a 30-year-old pregnant woman (34 1/7 weeks of 
gestation) living in Guangrao County, Dongying City of Shandong 
province (Fig. 1), presented with a febrile illness accompanied by 
chills, fatigue, and weakness on November 1st, 2023. She sought 
medical care at local clinics, where she received oral amoxicillin 
therapy without improvement. On the tenth day of illness, her 
highest temperature reached 39.5 °C. Subsequently on November 13, 
she was transferred to Dongying’s People Hospital (Hospital A in 

Fig. 2) for further management. At the hospital, she underwent 
treatment with dexamethasone and antiviral therapy (Oseltamivir 
75 mg twice daily), along with supportive care. Due to persistent 
high fever, the patient was subsequently transferred to Qilu Hospital 
(Hospital B in Fig. 2) on November 19, day 19 of her illness. Upon 
admission, she presented symptoms including fever, dyspnea, and 
chest tightness. Her physical examination showed no unremarkable 
findings, except for mild splenomegaly revealed by abdominal ul-
trasound. The electrocardiogram (ECG) and echocardiogram showed 
no abnormalities. Blood tests revealed a hemoglobin level of 101 g/L 
(normal range 115–150 g/L) and monocyte percentage of 12% 
(normal range 3–10%), as well as elevated level of lactate dehy-
drogenase (LDH, 254 U/L; normal range 120–230). An inflammatory 
response characterized by persistent elevated C-reactive protein 
(CRP, > 19.83 mg/L; particularly high at 71.3 mg/L on day-30 after 
disease), procalcitonin (> 0.108 ng/ML), and interleukin 6 (IL-6, > 
8.79 pg/ML) were observed on day 21–32 after disease. Chest 
radiography showed no evidence of pneumonia; bacterial culture of 
blood was negative; test for T-SPOT.TB, antinuclear anti-bodies, 
lupus anticoagulant, etc., were all negative. NPS samples showed no 
positive results for any respiratory pathogens tested.

Considering the potential risks posed to the fetus by recurrent 
fever and the possibility of congenital transmission of Trypanosoma, 
a cesarean section was performed on November 29. Subsequently 
the high fever resolved one day after delivery. No abnormalities were 
observed for the newborn through physical examination, and scores 
of 10 on the Apgar scale at 1 min, 5 min, and 10 min post-delivery 
were obtained. She was treated with Benznidazole on November 4, 
day 34 of her illness. The patient made a full recovery without any 
clinical sequalae; no occurrences of cardiomyopathy, arrhythmias, 
megaviscera or other rare complications such as polyneuropathy or 
stroke were detected through medical examination. The patient was 
discharged on December 9th after a hospitalization duration of 27 
days. Follow-up visit at Day 27 and Day 82 after discharge for both 
the patient and newborn revealed no abnormalities.

Identification of T. dionisii infection of the patients

By performing NGS on the blood sample collected on November 
23 (day 23 of illness), a total of 256 reads were successfully aligned 

Fig. 1. Geographic distribution of Trypanosoma dionisii in Shandong province, China. The areas where surveillance of T. dionisii was carried out are shown in orange on the map. 
The location of the patient is highlighted in red. Blue color indicates the locations where T. dionisii-positive bats and rodents were captured in Mengyin county. Green color 
represents the location where T. dionisii-positive rodents captured in Qingdao. Maps were produced using ArcGIS Desktop 10.6.
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to specific sequences of T. dionisii for the patient (Fig. 2), However, no 
T. dionisii specific sequence was detected for the newborn. PCR de-
tection confirmed the presence of two genes for the Trypanosoma 
spp., 18S rRNA gene and gGAPDH gene, in the blood sample of pa-
tients obtained on her 23 days of disease onset. The amplified se-
quence of the 18S rRNA gene spanned a length of 2106 bp and 
exhibited a remarkable similarity of 99.38% with T. dionisii isolated 
from bats in Japan (GenBank: LC326397) (Fig. 3A and Table S4). The 
amplified 799 bp within the gGAPDH gene exhibited a high similarity 
of 99.49% to T. dionisii isolated from bats in Mengyin County, Shan-
dong Province, China (MH393931), located approximately 200 kilo-
meters away from this patient’ residence (Fig. 3B and Table S4).

The phylogenetic relationships of the currently determined T. dio-
nisii to other Trypanosoma species at the partial 18S rRNA (2106 bp) and 
gGAPDH (799 bp) genes showed similar tree topologies, all clustering 
within the T. dionisii clade B (Fig. 3C). Based on the 18S rRNA gene, the 
current T. dionisii was most closely related to a T. dionisii isolated from 
Japan in 2016 (GenBank: LC326397) and phylogenetically grouped into 
the T. dionisii clade B group, along with other bat -originating T. dionisii 
isolates including TryCC 211(FJ001666) and TryCC 495 (FJ001667) from 
Brazil, x842 (FN599058) from United Kingdom, and SD109 
(MH393947) collected in China in 2015 (Fig. 3C). Based on the gGAPDH 
gene, the curernt T. dionisii strain was most closely related to a bat- 
originating T. dionisii obtaimed from Eptesicus serotinus, collected from 
Mengyin County, Shandong Province, China in 2015 (GenBank: 
MH393931), and also phylogenetically grouped into the same T. dionisii 
clade B, along with other widely distributed T. dionisii, including TryCC 
211 (GQ140362) from Eptesicus brasiliensis and TryCC 495 (GQ140363) 
from Carollia perspicillata collected in Brazil, x842 (FN599055) from 
Nyctalus noctule and gnash (FN599056) from Ep. Serotinus in United 
Kingdom, KTD (LC326399) from Miniopterus fuliginosus in Japan in 

2016, and SD104 (MH393937) from Myotis pequinius and SD027 
(MH393930) from Ep. Serotinus collected in China, all with bat origin 
(Fig. 3C).

The patient’s sample collected on day 23 after disease, as well as 
on days 27 and 82 after discharge, yielded positive results for IgG 
antibodies agains Trypanosoma infection by both assays. No trypa-
nosomes were found in the thin or thick peripheral-blood smears. 
Both the giemsa-stained thin and thick blood smears, as well as the 
malaria antigen test (immuno chromatographic test) showed nega-
tive results.

Epidemiological investigations

The patient is an employee of an insurance company who resides 
with her husband, daughter and mother. She recalled no blood 
transfusions or international travel in the past three years. There are 
no animals kept by her family, and she does not recall having any 
contact with birds, rodents, or other animals. She has no history of 
skin damage or tick bites; however, she did report a history of 
mosquito bites at the local hospital approximately two weeks prior 
to her current presentation. None of the three family members re-
ported experiencing any illness similar to that of the patient during 
her illness period or during follow-up after the episode. PCR testing 
for T. dionisii, and serological testing yielded negative results for 
whole blood and serum samples collected from three family mem-
bers. T. dionisii PCR detection were negative for amniotic fluid and 
cord blood collected during delivery, however, anti-Trypanosoma IgG 
antibody was positive in the cord blood. Positive IgG antibody was 
also identified from serum of newborn three days after birth (Fig. 2).

A total of 1304 wild small mammals belonging to 8 species from 
6 genera were subjected to PCR analysis for the presence of T. dionisii 

Fig. 2. Timeline of the clinical course of the patient and identification of T. dionisii infection. 
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(Table S5). Positive detection was obtained in two species, Apodemus 
agrarius (5/620, 0.81%) and Mus musculus (2/438, 0.46%), resulting an 
overall positive rate of 0.54% (7/1304). The rodents with positive 
detection was captured in Mengyin county, and Qingdao city. The 
remaining 6 species of wild small mammals tested negative for T. 
dionisii. A phylogenetic tree was constructed based on partial se-
quences of 18S rRNA (359-bp), demonstrating that the sequences 
from the two rodent species clustered together with those obtained 
from the current patients and bats collected in Mengyin county, 
while distant from other T. dionisii sequences obtained in Australia, 
United Kingdom, and Russia (Fig. 4). The nucleotide sequences of 
partial 18S rRNA from rodents showed a range of identity between 
97.49–98.88% compared to those from the patient, and between 
98.32–99.44% compared to those from bat-originating T. dionisii 
(MH393931) collected in Mengyin County, Shandong Province, 
China.

Discussion

Compared to the limited distribution of HAT and Chagas disease, 
animal trypanosomiasis is endemic in extensive tropical regions of 
Africa, parts of Asia, and South America.30 A diverse range of do-
mestic and wild vertebrate hosts (such as horses, deer, elephants, 
camelids, equines birds, reptile, amphibians and fishes) are known 
carrier or vectors for Trypanosoma transmission through various 
routes, such as blood-sucking arthropods (e.g., fly, tick, and flea), oral 
transmission, vertical transmission as well as through coitus.31 Li-
vestock worldwide suffer from trypanosomosis across a wide geo-
graphical area, which poses severe threats to livestock production, 

while hindering economic development and significantly impacting 
human health.32

Due to the broad host range of trypanosomes, various biological 
factors such as host spillover and close proximity between different 
animal species, along with abiotic factors like climate change, de-
forestation, and globalization, have contributed to the emergence of 
atypical human trypanosomosis (a-HT) caused by animal trypano-
somes. While most cases of a-HT are transient, some require treat-
ment and can be fatal.33,34 In recent decades, there has been an 
increasing overlap between human settlements, grazing lands, and 
wildlife reserves leading to heightened risks of wildlife-livestock- 
human infections and exacerbating zoonotic transmission. An in-
creasing number of a-HT cases that were previously limited to ani-
mals, such as T. congolense, T. lewisi, and T. evansi, have been 
reported,35 indicating their potential for infecting humans under 
undetermined circumstances.

In 2021, there were reports of molecularly confirmed cases of T. 
congolense infection in 11 individuals from Southern Chad in Africa. 
Additionally, an infection caused by an unidentified Trypanosoma sp- 
125-H that phylogenetically clustered with a hyaena isolate was also 
reported in the same country.36 The first documented case of a-HT 
caused by T. lewisi occurred in a 4-month-old infant from Malaysia in 
1933.37 A recent report from India in 2023 recorded an atypical 
neonatal infection of T. lewisi presenting with high fever, poor ap-
petite, and lethargy for 3 days.38 The first confirmation of human 
infection with T. evansi infection was identified in a herdsmen re-
siding in Chandrapur, Maharashtra in 2004 who presented inter-
mittent fever, chills and sweating.39 A similar case involving T. evansi 
infection was reported in Vietnam in 2015.40 The only documented 

Fig. 3. Phylogenetic analysis of Trypanosoma dionisii. (A) The nucleotide similarity of 18S rRNA between the T. dionisii identified in this study and other related species in genus 
Trypanosoma. (B) The nucleotide similarity of gGAPDH gene between the T. dionisii identified in this study and other related species in genus Trypanosoma. Similarity values were 
shown as colored squares. The rows and columns were clustered based on Euclidean distance. The scale values range from 85 to 100. (C) The Maximum Likelihood phylogenetic 
tree constructed based on the 18S rRNA and gGAPDH sequences of the species in genus Trypanosoma. The best-fitting model was determined by the ModelFinder program 
implemented in IQ-TREE based on the Bayesian information criterion (BIC). Phylogenetic inference was performed using maximum likelihood (ML) method with 1000 bootstrap 
replicates. Branch lengths are indicated by the scale bar. Bootstrap values over 90% were shown in the nodes. T. dionisii detected in the patient in this study is labeled with red font. 
Parabodo caudatus was used as an outgroup.
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case of human infection with T. dionisii involved the detection of the 
parasite in cardiac tissue from a child who succumbed to Chagas 
disease.33

The trypanosome T. dionisii, which is genetically related to T. 
cruzi, exhibits a global distribution and has been documented in bats 
across six continents, including North America, South America, 
Europe, Africa, Asia, and more recently Oceania.41 While previously 
considered non-pathogenic, Maeda et al. reported the capacity of T. 
dionisii to invade and replicate within mammalian cells in vitro.42 In 
China, only one study has identified the presence of T. dionisii in 
Eptesicus serotinus and Myotis pequinius(17). Given its potential to 
infect mammalian species other than bats, understanding its pa-
thogenesis to humans and the mode of transmission is imperative.

In this study, we present a comprehensive investigation into the 
first confirmed human infection of T. dionisii in a previously healthy 
progenant woman in China. The majority of pregnant women with 
Chagas disease are asymptomatic but may face an increased risk of 
preterm birth, low-birth weight and stillbirth.43 In the current case, 
the patient exhibited symptomps such as febrile, chills, fatigue and 
weakness. Her illness resolved after anti-Trypanosoma therapy with 
no observed relapse during the three-month follow-up post-dis-
charge. Unlike T. cruzi,43 no congenital transmission was observed 
for this case presumably due to the implementation of cesarean 
section and avoidance of breastfeeding, which have been proven 
effective in interrupting T. cruzi transmission.44,45

The source of infection in the patient remained obscure, as no 
blood transfusions or organ transplant have been reported. Bats 
were previously considered to be the main hosts of T. dionisii, with a 
highly similar strain found in Didelphis albiventris (order 
Didelphimrphia)46 and carnivore Lycalopex gymnocercus (order Car-
nivora).47 However, considering the patient’s limited exposure to 
bats, it is unlikely that they were the source of infeciton. To in-
vestigate the potential for T. dionisii to infect other mammals, we 
conducted a retrospective screening of mammal species in Shandong 

province and discovered its presence in at least two rodent species: 
A. agrarius and M. musculus, both abundant in peri-domestic habitats 
closely associated with humans and domestic animals. Furthermore, 
phylogenetic analyses of 18S rRNA and gGAPDH demonstrated a high 
similarity between the T. dionisii identified from the patient and 
those found in these two rodent species. The patient did not recall 
any animal exposure but remembered being bitten by mosquito 
before disease onset. Whether the patient was infected by arthropod 
vector remains unknown, although previous reported have men-
tioned infection or transmission of T. dionisii through bat bugs (fa-
mily Cimicidae),41 bat flies (family Nycteribiidae)41; gamasine mite 
Steatonyssus periblepharus,48 there is still no direct evidence avail-
able regarding human infction via vector bites. The close phyloge-
netic relationship between T. cruzi and T. dionisii suggests that these 
parasites might employ similar strategies to complete their life cy-
cles and share common vectors. Triatomines are natural vectors of T. 
cruzi and are mainly prevalent in the Americas. Two species of 
triatomine bugs, Triatoma rubrofasciata and T. sinica have been re-
corded elsewhere but not specifically within Shandong province.49

Considering the diverse range of arthropods that feed on bats and 
rodents, there is a high likelihood of vector associated transmission 
for T. dionisii.

It is crucial to acknowledge the limitations of this study. With 
only one case available, our understanding of the clinical aspects 
related to T. dionisii infection remains limited. A full understanding 
of the clinical spectrum might be proposed based on a large-scale 
population surveillance or and active screening of pregnant women 
from endemic areas. Further investigation is required regarding si-
milar transmission patterns for T. dionisii compared to its close re-
lative, T. cruzi, particularly through Triatomine insect vectors, blood 
transfusion, organ transplantations, congenital infections and oral 
transmissions resulting from food contaminated with feces from 
insects or hosts.43 Secondly, previous studies have demonstrated 
that closely related Trypanosoma species T. dionisii and T. cruzi share 

Fig. 4. Phylogenetic analysis of partial 18S rRNA of Trypanosoma dionisii. The Maximum Likelihood phylogenetic tree was constructed based on partial 18S rRNA of T. dionisii from 
seven T. dionisii-positive rodents. The Australia JPV sequences were labeled in orange. The current T. dionisii from two rodent species were labeled in red (Apodemus agrarius) and 
blue (Mus musculus). T. dionisii detected in the patient in this study is labeled with green font.The best-fitting model was determined by the ModelFinder program implemented in 
IQ-TREE based on the Bayesian information criterion (BIC). Phylogenetic inference was performed using maximum likelihood (ML) method with 1000 bootstrap replicates. Branch 
lengths are indicated by the scale bar. Bootstrap values over 90% were shown in the nodes.
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common epimastigote epitopes, amastigote-specific epitopes, as 
well as trypomastigote epitopes.50–52 Due to unavailability of anti-
body testing for T. dionisii in this study, serological tests for T. cruzi 
were employed to assess the presence of anti-Trypanosoma IgG an-
tibodies. The positive serological findings presented herein suggest 
that cross-reaction with T. cruzi should be evaluated in the further 
study to improve serologic testing of T. dionisii.

In conclusion, this study presents the first documentation of 
human infection with T. dionisii, as well as its circulation in rodent 
species. These findings expand the range of host species for T. dio-
nisii, and underscore its potential as a zoonotic pathogen.Given the 
wide distribution of the currently identified rodent species (A. 
agrarius and M. musculus) and bat species are widely distributed,53 it 
is imperative to raise awareness regarding Trypanosoma as a po-
tential differential diagnosis for patients presenting with fever of 
unknown cause.

Author contributions

SL, GW, QL, and WL designed the study. NX, XZ, HL, LZ, YH, MZ 
and GS did the experiments. NX, XZ, HL, YX, HLu, JZ, ZW, MC, YC, YZ, 
QW, YH, YL, ZZ, YG, CC, ML, CM, YW, and LF collected and analyzed 
the data. NX, XZ, HL, SL, GW, QL, and WL interpreted the data. NX, 
XZ, HL, SL, GW, QL, and WL wrote the paper.

Declaration of Competing Interest

The authors declare no conflicts of interest.

Acknowledgments

The authors thank all the subjects, their families, and collabor-
ating clinicians for their participation and contribution to the study. 
This work was supported in part by grants from the National Key 
Research and Development Plan of China (2023YFC2605603), the 
Clinical Research Project of Shandong University (2021SDUCRCC004) 
and National Natural Science Foundation of China (81825019).

Appendix A. Supporting information

Supplementary data associated with this article can be found in 
the online version at doi:10.1016/j.jinf.2024.106290.

References

1. Ungogo MA, de Koning HP. Drug resistance in animal trypanosomiases: epide-
miology, mechanisms and control strategies. Int J Parasitol Drugs Drug Resist 2024 
Aug;25:100533. PubMed PMID: 38555795. Pubmed Central PMCID: 
PMC10990905 competing financial interests or personal relationships that could 
have appeared to influence the work reported in this paper. Epub 2024/04/01.

2. Koual R, Buysse M, Grillet J, Binetruy F, Ouass S, Sprong H, et al. Phylogenetic 
evidence for a clade of tick-associated trypanosomes. Parasit Vectors 2023 Jan 
5;16(1):3. PubMed PMID: 36604731. Pubmed Central PMCID: PMC9817367. Epub 
2023/01/06.

3. Büscher P, Cecchi G, Jamonneau V, Priotto G. Human African trypanosomiasis. 
Lancet 2017;390(10110):2397–409.

4. Hochberg NS, Montgomery SP. Chagas disease. Ann Intern Med 
2023;176(2):ITC17–32.

5. Morrison LJ, Vezza L, Rowan T, Hope JC. Animal African trypanosomiasis: TIme to 
Increase Focus on Clinically Relevant Parasite and Host Species. Trends Parasitol 
2016;32(8):599–607.

6. Büscher P, Gonzatti MI, Hébert L, Inoue N, Pascucci I, Schnaufer A, et al. Equine 
trypanosomosis: enigmas and diagnostic challenges. Parasites Vectors 
2019;12(1):234.

7. Kim J, Álvarez-Rodríguez A, Li Z, Radwanska M, Magez S. Recent progress in the 
detection of surra, a neglected disease caused by Trypanosoma evansi with a one 
health impact in large parts of the tropic and sub-tropic world. Microorganisms 
2023;12(1):44.

8. Sun Y, Huang WH, Niu ZG, Wang H, Guo J, Hu XX, et al. Pathogen identification for 
an imported case with African trypanosomiasis. Zhongguo Ji Sheng Chong Xue Yu Ji 
Sheng Chong Bing Za Zhi 2016 Aug;34(4):350–4. PubMed PMID: 30148317. Epub 
2016/08/01.

9. Wang X, Ruan Q, Xu B, Gu J, Qian Y, Chen M, et al. Human African trypanosomiasis 
in emigrant returning to China from Gabon, 2017. Emerg Infect Dis 2018 
Feb;24(2):400–4. PubMed PMID: 29350158. Pubmed Central PMCID: 
PMC5782869. Epub 2018/01/20.

10. Liu Q, Chen XL, Chen MX, Xie HG, Liu Q, Chen ZY, et al. Trypanosoma brucei 
rhodesiense infection in a Chinese traveler returning from the Serengeti National Park 
in Tanzania. Infect Dis Poverty 2018 May 21;7(1):50. PubMed PMID: 29779491. 
Pubmed Central PMCID: PMC5961482. Epub 2018/05/22.

11. Sun X-K, Jin Y, Deng Y-L, Chen B, Zeng X-X, Tang J-H. A survey on population and 
host animal infections of Trypanosoma Lewisi in Qingyuan, Guangdong. South China 
Prev Med 2013;39(01):76–8.

12. Tang H-J, Lan Y-G, Wen Y-Z, Zhang X-C, Desquesnes M, Yang T-B, et al. Detection of 
Trypanosoma lewisi from wild rats in Southern China and its genetic diversity based 
on the ITS1 and ITS2 sequences. Infect Genet Evol 2012;12(5):1046–51.

13. Mafie E, Saito-Ito A, Kasai M, Hatta M, Rivera PT, Ma X-H, et al. Integrative taxo-
nomic approach of trypanosomes in the blood of rodents and soricids in Asian 
countries, with the description of three new species. Parasitol Res 
2018;118(1):97–109.

14. Cai Y, Wang X, Zhang N, Li J, Gong P, He B, et al. First report of the prevalence and 
genotype of Trypanosoma spp. in bats in Yunnan Province, Southwestern China. Acta 
Trop 2019 Oct;198:105105. PubMed PMID: 31348896. Epub 20190723. eng.

15. Calderaro A, Gummery L, Jallow S, Raftery AG, Bennet E, Rodgers J, et al. 
Comparison of loop-mediated isothermal amplification (LAMP) and PCR for the di-
agnosis of infection with Trypanosoma brucei ssp. in equids in The Gambia. PLoS One 
2020;15:8.

16. Guan G, Niu Q, Yang J, Li Y, Gao J, Luo J, et al. Trypanosoma (Herpetosoma) grosi: 
first isolation from Chinese striped field mouse (Apodemus agrarius). Parasitol Int 
2011;60(1):101–4.

17. Wang L-J, Han H-J, Zhao M, Liu J-W, Luo L-M, Wen H-L, et al. Trypanosoma dionisii 
in insectivorous bats from northern China. Acta Trop 2019;193:124–8.

18. Liao D, Shen J. Studies of quinapyramine-resistance of Trypanosoma brucei evansi in 
China. Acta Trop 2010 Dec;116(3):173–7. PubMed PMID: 20813092. Epub 2010/ 
09/04.

19. Goodyear MD, Krleza-Jeric K, Lemmens T. The Declaration of Helsinki. BMJ 335. 
2007 Sep 29. p. 624–5. PubMed PMID: 17901471. Pubmed Central PMCID: 
PMC1995496 Statement, KKJ is a member of the Scientific Advisory Group, 
International Clinical Trials Registry Platform, World Health Organization. Epub 
2007/09/29.

20. Nicolas V, Querouil S, Verheyen E, Verheyen W, Mboumba JF, Dillen M, et al. 
Mitochondrial phylogeny of African wood mice, genus Hylomyscus (Rodentia, 
Muridae): implications for their taxonomy and biogeography. Mol Phylogenet Evol 
2006 Mar;38(3):779–93. PubMed PMID: 16414288. Epub 2006/01/18.

21. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. Nat Methods 
2012 Mar 4;9(4):357–9. PubMed PMID: 22388286. Pubmed Central PMCID: 
PMC3322381. Epub 2012/03/06.

22. Li D, Liu CM, Luo R, Sadakane K, Lam TW. MEGAHIT: an ultra-fast single-node so-
lution for large and complex metagenomics assembly via succinct de Bruijn graph. 
Bioinformatics 2015 May 15;31(10):1674–6. PubMed PMID: 25609793. Epub 2015/ 
01/23.

23. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic local alignment search 
tool. J Mol Biol 1990 Oct 5;215(3):403–10. PubMed PMID: 2231712. Epub 1990/ 
10/05.

24. McInnes LM, Gillett A, Ryan UM, Austen J, Campbell RS, Hanger J, et al. 
Trypanosoma irwini n. sp (Sarcomastigophora: Trypanosomatidae) from the koala 
(Phascolarctos cinereus). Parasitology 2009 Jul;136(8):875–85. PubMed PMID: 
19570316. Epub 2009/07/03.

25. Maslov DA, Lukes J, Jirku M, Simpson L. Phylogeny of trypanosomes as inferred from 
the small and large subunit rRNAs: implications for the evolution of parasitism in the 
trypanosomatid protozoa. Mol Biochem Parasitol 1996 Jan;75(2):197–205. PubMed 
PMID: 8992318. Epub 1996/01/01. eng.

26. Hamilton PB, Stevens JR, Gaunt MW, Gidley J, Gibson WC. Trypanosomes are 
monophyletic: evidence from genes for glyceraldehyde phosphate dehydrogenase and 
small subunit ribosomal RNA. Int J Parasitol 2004 Nov;34(12):1393–404. PubMed 
PMID: 15542100. Epub 2004/11/16.

27. Tiveljung-Lindell A, Rotzen-Ostlund M, Gupta S, Ullstrand R, Grillner L, 
Zweygberg-Wirgart B, et al. Development and implementation of a molecular di-
agnostic platform for daily rapid detection of 15 respiratory viruses. J Med Virol 2009 
Jan;81(1):167–75. PubMed PMID: 19031448. Pubmed Central PMCID: 
PMC7167155. Epub 2008/11/26.

28. Gunson RN, Collins TC, Carman WF. Real-time RT-PCR detection of 12 respiratory 
viral infections in four triplex reactions. J Clin Virol 2005 Aug;33(4):341–4. 
PubMed PMID: 15927526. Pubmed Central PMCID: PMC7108440. Epub 2005/ 
06/02.

29. Zhang XA, Fan H, Qi RZ, Zheng W, Zheng K, Gong JH, et al. Importing coronavirus 
disease 2019 (COVID-19) into China after international air travel. Travel Med Infect 
Dis 2020 May-Jun;35:101620. PubMed PMID: 32222421. Pubmed Central PMCID: 
PMC7102655. Epub 2020/03/31.

30. Aregawi WG, Agga GE, Abdi RD, Buscher P. Systematic review and meta-analysis on 
the global distribution, host range, and prevalence of Trypanosoma evansi. Parasit 
Vectors 2019 Jan 31;12(1):67. PubMed PMID: 30704516. Pubmed Central PMCID: 
PMC6357473. Epub 2019/02/02.

31. Desquesnes M, Dargantes A, Lai DH, Lun ZR, Holzmuller P, Jittapalapong S. 
Trypanosoma evansi and surra: a review and perspectives on transmission, epide-
miology and control, impact, and zoonotic aspects. Biomed Res Int 
2013;2013:321237. PubMed PMID: 24151595. Pubmed Central PMCID: 
PMC3789323. Epub 2013/10/24. eng.

N. Xu, X. Zhang, H. Liu et al. Journal of Infection 89 (2024) 106290

7

https://doi.org/10.1016/j.jinf.2024.106290
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref1
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref1
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref1
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref1
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref1
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref2
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref2
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref2
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref2
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref3
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref3
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref4
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref4
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref5
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref5
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref5
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref6
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref6
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref6
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref7
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref7
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref7
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref7
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref8
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref8
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref8
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref8
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref9
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref9
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref9
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref9
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref10
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref10
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref10
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref10
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref11
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref11
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref11
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref12
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref12
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref12
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref13
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref13
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref13
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref13
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref14
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref14
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref14
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref15
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref15
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref15
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref15
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref16
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref16
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref16
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref17
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref17
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref18
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref18
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref18
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref19
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref19
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref19
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref19
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref19
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref20
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref20
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref20
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref20
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref21
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref21
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref21
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref22
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref22
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref22
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref22
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref23
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref23
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref23
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref24
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref24
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref24
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref24
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref25
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref25
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref25
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref25
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref26
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref26
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref26
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref26
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref27
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref27
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref27
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref27
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref27
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref28
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref28
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref28
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref28
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref29
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref29
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref29
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref29
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref30
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref30
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref30
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref30
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref31
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref31
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref31
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref31
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref31


32. Angwech H, Nyeko JHP, Opiyo EA, Okello-Onen J, Opiro R, Echodu R, et al. 
Heterogeneity in the prevalence and intensity of bovine trypanosomiasis in 
the districts of Amuru and Nwoya, Northern Uganda. BMC Vet Res 
2015;11(1):255.

33. Dario MA, Rodrigues MS, Barros JH, Xavier SC, D’Andrea PS, Roque AL, et al. 
Ecological scenario and Trypanosoma cruzi DTU characterization of a fatal acute 
Chagas disease case transmitted orally (Espírito Santo state, Brazil). Parasit Vectors 
2016 Aug 31;9(1):477. PubMed PMID: 27580853. Pubmed Central PMCID: 
PMC5006519. Epub 20160831. eng.

34. Doke P, Kar A. A fatal case of Trypanosoma lewesi in Maharashtra, India. Ann Trop 
Med Public Health 2011;4(2):91–5.

35. Kumar R, Gupta S, Bhutia WD, Vaid RK, Kumar S. Atypical human trypanosomosis: 
potentially emerging disease with lack of understanding. Zoonoses Public Health 
2022;69(4):259–76.

36. Phillips MA, Ibrahim MAM, Weber JS, Ngomtcho SCH, Signaboubo D, Berger P, 
et al. Diversity of trypanosomes in humans and cattle in the HAT foci Mandoul and 
Maro, Southern Chad-A matter of concern for zoonotic potential? PLoS Negl Trop Dis 
2021;15:6.

37. Johnson PD. A case of infection by trypanosoma lewisi in a child. Trans R Soc Trop 
Med Hyg 1933;26(5):467–8.

38. Goyal V, Jain P, Agrawal R. An atypical Trypanosoma lewisi infection in a 22-day-old 
neonate from India: an emergent zoonosis. Indian J Pathol Microbiol 
2023;66(1):199–201.

39. Joshi PP, Truc P, Salkar HR, Dani VS, Shegokar VR, Bhargava A, et al. Human try-
panosomiasis caused by Trypanosoma evansi in India: the first case report. Am J Trop 
Med Hyg 2005;73(3):491–5.

40. Van Vinh Chau N, Buu Chau L, Desquesnes M, Herder S, Phu Huong Lan N, 
Campbell JI, et al. A clinical and epidemiological investigation of the first reported 
human infection with the zoonotic parasiteTrypanosoma evansiin Southeast Asia. 
Clin Infect Dis 2016;62(8):1002–8.

41. Austen JM, Van Kampen E, Egan SL, O’Dea MA, Jackson B, Ryan UM, et al. First 
report of Trypanosoma dionisii (Trypanosomatidae) identified in Australia. 
Parasitology 2020 Dec;147(14):1801–9. PubMed PMID: 32981530. Pubmed 
Central PMCID: PMC10317716. Epub 2020/09/29.

42. Maeda FY, Cortez C, Alves RM, Yoshida N. Mammalian cell invasion by closely re-
lated Trypanosoma species T. dionisii and T. cruzi. Acta Trop 2012 Feb;121(2):141–7. 
PubMed PMID: 22079376. Epub 20111106. eng.

43. Howard EJ, Xiong X, Carlier Y, Sosa-Estani S, Buekens P. Frequency of the congenital 
transmission of Trypanosoma cruzi: a systematic review and meta-analysis. BJOG 

2014 Jan;121(1):22–33. PubMed PMID: 23924273. Pubmed Central PMCID: 
PMC3914719. Epub 2013/08/09.

44. Klein MD, Tinajeros F, Del Carmen Menduina M, Malaga E, Condori BJ, Verastegui 
M, et al. Risk factors for maternal chagas disease and vertical transmission in a 
Bolivian Hospital. Clin Infect Dis 2021 Oct 5;73(7):e2450–6. PubMed PMID: 
33367656. Pubmed Central PMCID: PMC8561268. Epub 2020/12/29.

45. Norman FF, Lopez-Velez R. Chagas disease and breast-feeding. Emerg Infect Dis 2013 
Oct;19(10):1561–6. PubMed PMID: 24050257. Pubmed Central PMCID: 
PMC3810739. Epub 2013/09/21.

46. Dario MA, Furtado C, Lisboa CV, de Oliveira F, Santos FM, D’Andrea PS, et al. 
Trypanosomatid richness among rats, opossums, and dogs in the caatinga biome, 
Northeast Brazil, a former endemic area of chagas disease. Front Cell Infect Microbiol 
2022;12:851903. PubMed PMID: 35795183. Pubmed Central PMCID: 
PMC9251133. Epub 2022/07/08.

47. Rodrigues MS, Lima L, Xavier S, Herrera HM, Rocha FL, Roque ALR, et al. 
Uncovering Trypanosoma spp. diversity of wild mammals by the use of DNA from 
blood clots. Int J Parasitol Parasites Wildl 2019 Apr;8:171–81. PubMed PMID: 
30847276. Pubmed Central PMCID: PMC6389730. Epub 2019/03/09.

48. Malysheva MN, Ganyukova AI, Frolov AO, Chistyakov DV, Kostygov AY. The mite 
Steatonyssus periblepharus is a novel potential vector of the bat parasite 
Trypanosoma dionisii. Microorganisms 2023;11(12):2906. PubMed PMID: 
38138050. Pubmed Central PMCID: PMC10745657. Epub 2023/12/23.

49. Liu Q, Guo Y-H, Zhang Y, Zhou Z-B, Zhang L-L, Zhu D, et al. First records of Triatoma 
rubrofasciata (De Geer, 1773) (Hemiptera, Reduviidae) in Foshan, Guangdong 
Province, Southern China. Infect Dis Poverty 2017;6(1):129.

50. Petry K, Baltz T, Schottelius J. Differentiation of Trypanosoma cruzi, T. cruzi mar-
inkellei, T. dionisii and T. vespertilionis by monoclonal antibodies. Acta Trop 1986 
Mar;43(1):5–13. PubMed PMID: 2424290. Epub 1986/03/01.

51. Petry K, Voisin P, Baltz T. Complex lipids as common antigens to Trypanosoma cruzi, 
T. dionisii, T. vespertilionis and nervous tissue (astrocytes, neurons). Acta Trop 1987 
Dec;44(4):381–6. PubMed PMID: 2449808. Epub 1987/12/01.

52. Oliveira MP, Cortez M, Maeda FY, Fernandes MC, Haapalainen EF, Yoshida N, et al. 
Unique behavior of Trypanosoma dionisii interacting with mammalian cells: invasion, 
intracellular growth, and nuclear localization. Acta Trop 2009 Apr;110(1):65–74. 
PubMed PMID: 19283898. Epub 2009/03/14.

53. Chen YL, Guo XG, Ren TG, Zhang L, Fan R, Zhao CF, et al. A report of chigger mites on 
the striped field mouse, Apodemus agrarius, in Southwest China. Korean J Parasitol 
2021 Dec;59(6):625–34. PubMed PMID: 34974669. Pubmed Central PMCID: 
PMC8721306. Epub 2022/01/03.

N. Xu, X. Zhang, H. Liu et al. Journal of Infection 89 (2024) 106290

8

http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref32
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref32
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref32
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref32
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref33
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref33
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref33
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref33
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref33
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref34
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref34
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref35
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref35
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref35
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref36
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref36
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref36
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref36
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref37
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref37
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref38
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref38
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref38
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref39
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref39
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref39
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref40
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref40
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref40
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref40
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref41
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref41
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref41
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref41
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref42
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref42
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref42
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref43
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref43
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref43
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref43
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref44
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref44
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref44
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref44
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref45
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref45
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref45
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref46
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref46
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref46
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref46
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref46
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref47
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref47
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref47
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref47
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref48
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref48
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref48
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref48
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref49
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref49
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref49
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref50
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref50
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref50
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref51
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref51
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref51
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref52
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref52
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref52
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref52
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref53
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref53
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref53
http://refhub.elsevier.com/S0163-4453(24)00224-X/sbref53

	Clinical and epidemiological investigation of human infection with zoonotic parasite Trypanosoma dionisii in China
	Introduction
	Materials and methods
	Epidemiological investigations and data collection
	Metagenomic next-generation sequencing
	PCR ampliﬁcation and sequencing
	Serological testing
	Tests for respiratory pathogens in the patient
	Phylogenetic analysis
	Nucleotide sequence accession numbers

	Results
	Clinical features and laboratory abnormalities of the patient
	Identification of T. dionisii infection of the patients
	Epidemiological investigations

	Discussion
	Author contributions
	Declaration of Competing Interest
	Acknowledgments
	Appendix A. Supporting information
	References




