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Theileria luwenshuni and Novel
Babesia spp. Infections in Humans,
Yunnan Province, China

Rong Xiang," Chun-Hong Du," Yi-Lin Zhao,! Zhi Luo, Miao Li, Dan-Ni Zeng,
Fan Wang, Chao-Bo Du, Yi Sun, Qiao-Cheng Chang, Jia-Fu Jiang

Piroplasmid parasites such as Theileria luwenshuni pro-
tozoa pose a global threat to both animal and human
health. However, human theileriosis remains underex-
plored compared to infections caused by Plasmodium
and Babesia species parasites. We investigated poten-
tial hemoparasite infections among 1,721 persons with
fever, anemia, or both in Yunnan Province, China. Molec-
ular detection identified 13 cases positive for T. luwens-
huni protozoa, of which 5 patients were further confirmed
by Western blot antibody analysis. We also identified 6
babesiosis cases, 3 infections with B. microti and 3 with
novel Babesia spp. Subsequent vector and host investi-
gations in the vicinity of the index cases revealed T. lu-
wenshuni protozoa in 1 tick and 53 livestock animals. Of
note, 3.3% combined vector-host samples tested posi-
tive for genetically diverse Babesia species. Our findings
highlight the endemic circulation of T. luwenshuni and
Babesia spp. parasites in southwest China, underscor-
ing their importance as emerging public health concerns.

iroplasmorida, a group of tickborne hemoparasites

within the phylum Apicomplexa, includes diverse
protozoa species such as Babesia spp. and Theileria spp.,
which are responsible for causing babesiosis and thei-
leriosis in humans and animals (1,2). Human babesio-
sis is a globally recognized parasitic zoonosis that pri-
marily targets red blood cells. Parasite transmission to
humans occurs predominantly through the bite of an
infected tick; however, alternative transmission routes
include blood transfusion, perinatal transmission, and
organ transplantation (3). Since 1957, the number of
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human babesiosis cases has increased, posing a growing
global public health challenge (4). In China, 317 cases
of human babesiosis or asymptomatic infections had
been reported by 2022 (5). That relatively low number
is likely because of underdiagnosis and limited clinical
recognition of these protozoan infections. Rare human
infections with hemogregarines of the genus Hepato-
zoon, traditionally considered animal pathogens, have
been also detected in immunocompromised patients
in Russia, suggesting potential zoonotic spillover of di-
verse apicomplexan parasites (6).

Theileria spp. parasites primarily infect ruminants
such as cattle and sheep, as well as various wild ani-
mals (7). Historically, Theileria spp. have not been
considered pathogenic to humans. However, a 2014
serosurvey in Italy reported IgG reactivity against T.
equi antigens in veterinary practitioners, indicating
potential human exposure, particularly among per-
sons at higher risk for infection (8,9). That finding has
garnered attention because zoonotic Theileria species
were widespread in livestock.

Yunnan Province, located in southwestern China,
provides an ideal habitat for various tick species and
their host animals because of its distinct geographic
features, dense vegetation, and high biodiversity.
Those characteristics make the region a hotspot for
tickborne diseases (10,11). In Tengchong, along the
China-Myanmar border, 8 cases of human babesiosis
caused by Babesia microti and 2 case co-infections with
B. microti and Plasmodium parasites were confirmed in
2013 (12). To enhance understanding of the prevalence
of tickborne protozoa in China, we studied patients
experiencing fever and anemia in Yunnan Province
and traced potential sources of infection by examin-
ing protozoan prevalence in domestic animals, small
wild animals, and ticks within the affected areas. Our
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goal was to further characterize the epidemiologic
and clinical features of piroplasmid parasite infec-
tions and identified their possible sources.

Materials and Methods

Identification of Piroplasmosis in Patients

We conducted a retrospective investigation among
participants experiencing unexplained fever or ane-
mia across 10 counties in Yunnan Province, China,
during May 2017-June 2020. Demographic data, med-
ical history, and epidemiologic exposure history had
been collected through a structured questionnaire.
We retrieved data on clinical manifestations, un-
derlying medical conditions, laboratory test results,
treatments, and outcomes from medical records; 2
investigators cross-validated the data. The patients’
blood samples were collected at various time points
during their hospital stay; a portion of each patient’s
blood samples were immediately processed for blood
smear preparation, and the residual blood was stored
at —80°C until nucleic acid extraction for batch PCR
amplification and downstream analysis. The Ethics
Committee of the Yunnan Provincial Institute of En-
demic Disease Control approved the study (approval
no. 2016-005), which was conducted in accordance
with medical research regulations in China. All par-
ticipants provided written informed consent before
their inclusion in the study.

Source Tracing Investigation

As part of the study, we conducted retrospective testing
on ticks, livestock, and small mammals from areas sur-
rounding the participants. Wild small mammals were
captured using snap traps, and aseptic tissue samples,
including liver and spleen, were collected and stored
at —80°C for subsequent analysis. We taxonomically
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identified the captured animals to the species level on
the basis of external morphology, coloration, measure-
ments, and dental characteristics. We collected whole-
blood samples from livestock via jugular vein punc-
ture using EDTA anticoagulant tubes and stored them
at —20°C until DNA extraction. We manually removed
ticks from livestock and collected host-seeking ticks by
flag-sweeping vegetation at the same sampling sites.
An entomologist identified tick species. We preserved
tick samples at —80°C before DNA extraction.

PCR Amplification and Sequencing

We extracted DNA from human blood, livestock
blood, small mammal tissues, and tick samples using
the DNeasy Blood & Tissue Kit (QIAGEN, https://
www.qgiagen.com) in accordance with manufac-
turer’s instructions. To detect Theileria and Babesia
parasites, we performed nested PCR targeting the
18S rRNA gene using outer primers PiroOF/Piro6R
and inner primers PirolF/Piro5.5R (13,14), followed
by agarose gel electrophoresis and Sanger sequenc-
ing. We amplified additional genetic loci, including
the 5.85 rRNA (303 bp), internal transcribed spacer
region (1,300 bp), P32 immunodominant protein gene
(875 bp), and cytochrome oxidase subunit I (1,200 bp).
We conducted concurrent testing for other potential
infections with Rickettsia spp., Borrelia burgdorferi, B
recurrentis, and Bartonella spp., which could poten-
tially be transmitted by similar transmission routes or
cause similar symptoms, to exclude differential diag-
noses (Appendix 1 Table 1, https:/ /wwwnc.cdc.gov/
EID/article/31/9/24-1919-App1.xlsx).

Phylogenetic Analysis

We performed phylogenetic analysis using se-
quences assembled with the CLC Main Workbench
version5.5 (QIAGEN). We conducted comparative

Figure 1. Photomicrographs
from peripheral blood smears

luwenshuni parasite in study
of piroplasmorida in humans,
southwest China, May 2017—
June 2020. Arrows indicate
typical ring forms; single (A) and
multiple (B) parasitism

was observed.

o of a patient (patient 2) who
o o tested positive for Theileria
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Figure 2. Phylogenetic analysis of
18s rRNA (1,600-bp) gene sequences
of Theileria and Babesia spp. isolates
in study of piroplasmorida in humans,
southwest China, May 2017-June
2020. Colored shading represents
groups of isolates by strain. Scale bar
represents 0.01 substitutions per site.
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analysis against sequences in GenBank using BLAST
(https:/ /blast.ncbi.nlm.nih.gov). We conducted phy-
logenetic analysis of all sequences using MEGA ver-
sion11.0software (https:/ /www.megasoftware.net).
We constructed phylogenetic trees using the neigh-
bor-joining method with the p-distance model based
on 1,000 bootstrap replicates.

Morphologic and Serologic Testing

We stained thin peripheral blood smears collected
from the participants with Giemsa and examined

1766

under a light microscope (Olympus, https:/ /evident
scientific.com). We used the recombinant T. uilenbergi
immunodominant protein (rTulP) as the diagnos-
tic antigen for Western blot analysis (15,16). Anhui
Global Gene Technology Company (Chuzhou, Chi-
na) conducted protein expression and purification
using the pQE31 vector as the expression vector and
BL21 (DE3) as the expression host. Tengchong Peo-
ple’s Hospital (Tengchong County, China) provided
serum samples collected for rTulP antibody detec-
tion from some patients with suspected protozoan
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infections and used serum samples from healthy
persons as negative controls.

We separated recombinantly expressed TulP
protein (20 pg) using 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred it
onto a polyvinylidene difluoride membrane (0.45 pm
pore size). To block nonspecific binding, we incubat-
ed the membrane with 5% skimmed milk powder in
Tris-buffered saline containing Tween 20 for 2 hours.
We used patient serum samples diluted at various
ratios (1:25-1:800) as primary antibodies; serum sam-
ples from healthy persons diluted at 1:100 served as
negative controls. We then incubated the membrane
overnight at 4°C. We applied horseradish peroxi-
dase-labeled human IgG secondary antibody, diluted
at 1:5,000, for a 1-hour incubation at room tempera-
ture. After washes in Tris-buffered saline containing
Tween 20, we detected the signal using an enhanced
chemiluminescence developing reagent.

Results

Identification of Piroplasmosis in Participants

We screened a total of 1,721 participants from 10
counties in Yunnan Province for protozoan infec-
tions; 1,362 participants were experiencing fever,
and 359 had anemia, (Appendix 1 Table 2). Among
those, we identified 18 inpatients and 1 outpatient to
have suspected protozoan infections by 185 rRNA
sequencing of blood samples; amplification for ad-
ditional T. luwenshuni genetic loci was not success-
ful. Meanwhile, molecular testing for Rickettsia spp.,
B. burgdorferi sensu lato, B. recurrentis, and Bartonella
spp. yielded uniformly negative results. We exam-
ined peripheral blood smears from the 19 suspected
cases for intraerythrocytic parasites using Giemsa
staining; patient 2 tested positive for piroplasmosis
parasites (Figure 1). No parasites were detected in the
blood smears of the remaining patients.

We successfully amplified and sequenced the
185 rRNA gene of T. luwenshuni parasites from 13
blood samples, yielding sequences ~1,600 bp long.
Those sequences exhibited a similarity range of
99.28%-100% among the samples; we deposited
them into GenBank (accession nos. PQ720759-71).
Similarity analysis indicated that the T. luwenshuni
samples shared 99.69% identity with a reference se-
quence isolated from a Haemaphysalis longicornis tick
(GenBank accession no. OQ540587.1) and 98.60%
identity with a T. luwenshuni isolate from goats
(GenBank accession no. 0Q134905.1), both collected
in Shandong Province, China. Phylogenetic analysis
further showed that the sequences clustered within
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the same monophyletic branch (Figure 2; Appendix
1 Table 3).

We successfully amplified and sequenced the
18S rRNA gene of Babesia spp. from 6 blood sam-
ples, yielding sequences 1,600 bp long. We sub-
mitted those sequences to GenBank (accession nos.
PQ720772-5, PQ722837, PQ722838). Phylogenetic
analysis demonstrated that samples DQ-H1-33, TC-
H4-76, and TC-H4-54 clustered with multiple B.
microti strains from reference sequences (GenBank
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Figure 3. Western blot analysis of the target protein (55-kDa)
expression in the serum samples from 5 patients with suspected
protozoan infection in study of piroplasmorida in humans,
southwest China, May 2017-June 2020.
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accession nos. KF410825.1 and AB050732.1), exhibit-
ing a high genetic similarity (Figure 2). In addition,
samples TC-H4-11 and TC-H4-56 clustered with
Babesia Tianzhu-like subgroups that were identified
in white yaks in China (14). Meanwhile, sample TC-
H4-53 clustered with another subgroup, which sug-
gested that TC-H4-53 may represent an uncharacter-
ized or novel Babesia variant or strain (Figure 2).

Western blot analysis confirmed the diagnostic
utility of the rTulP protein for detecting T. [uwenshuni
infections. Of 11 serum samples from participants
with suspected hemoprotozoan infections, 6 sam-
ples (from 5 patients) exhibited characteristic rTulP-
specific bands at a 1:25 dilution (Figure 3). Of note,
longitudinal samples from patient 1 (P1-1 and P1-3)
both exhibited positive reactivity. Control samples
from healthy participants showed no target protein-
specific bands.

Analysis of longitudinal antibody responses also
revealed dynamic seroconversion patterns over time

(Appendix 2 Figure, panel A, https://wwwnc.cdc.
gov/EID/article/31/9/24-1919-App2.pdf). Sample
P1-1 exhibited faint reactivity at 1:25 dilution but
was negative at >1:50. In contrast, subsequent sam-
ples from the same patient (P1-2 and P1-3) displayed
strong immunoreactivity across all consecutive dou-
bling tested dilutions (1:50-1:800) (Appendix 2 Figure,
panel A), indicating the maturation of antibody titers.
We saw similar consistently high-titer responses in
patient 2 at 2 timepoints, with clear bands visible from
1:50-1:800 dilutions (Appendix 2 Figure, panel B).

Epidemiologic and Clinical Characteristics

of the Patients

Among the 13 patients with suspected T. luwenshuni
infection (Appendix 1 Table 4), the median age was 40
(interquartile range [IQR] 32.5-68.0) years; 10 (77%)
patients were male and 13 (23%) female. The median
hospital stay was 13 (IQR 7.5-17.0) days. All patients
were engaged in farming. Underlying conditions

Table 1. Characteristics of 18 patients hospitalized for Theileria luwenshuni and Babesia spp. infection, China*

Characteristic T. luwenshuni cases, n = 13 Babesia spp. cases,n =5
Age, y (IQR) 40 (32.5-68.0) 56 (25.5-59.5)
Sex
M 10 (77) 4 (80)
F 3(23) 1 (20)
Length of hospital stay, d (IQR) 13 (7.5-17.0) 10 (5.5-10.5)
Occupation as farmer 13 (100) 5 (100)
Medical history and underlying disease
Renal failure 5(38) 1(20)
Cancer 3 (23) 0
Upper gastrointestinal bleeding 5(38) 3 (60)
Clinical manifestationst
Nonspecific symptoms
Dizziness 3(23) 4 (80)
Malaise 5(38) 4 (80)
Cough 1(8) 0
Jaundice 1(8) 0
Splenomegaly 1(8) 0
Weight loss 1(8) 0
Cardiovascular manifestations
Chest discomfort 1(8) 1 (20)
Palpitations 3(23) 1 (20)
Dyspnea 2 (15) 1 (20)
Gastrointestinal manifestations
Anorexia 8 (62) 2 (40)
Vomiting 4 (31) 0
Bloating 1(8) 1 (20)
Stomachache 1(8) 0
Hematemesis 3(23) 0
Melena 4 (31) 3 (60)
Neurologic manifestations
Syncope 1(8) 1 (20)
Listlessness 8 (62) 2 (40)
Laboratory findings
Anemia 13 (100) 5(100)
Leukocytosis 2 (15) 1 (20)
Elevated serum AST or ALT or y-GGT concentration 1(8) 0

*Values are no. (%) patient except as indicated. ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GGT, gamma-glutamyl transferase;

IQR, interquartile range.
tPatients could report >1 symptom.
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Table 2. Piroplasmorida infections by pathogen in humans, livestock, small mammals, and ticks, southwest China, May 2017—June 2020*

No. positive/no. tested

Pathogen Tengchong Puer Jianchuan Yunlong Dali Gengma Fugong Deqgin  Weixi SL Total
Human with fever
Babesia microti 0/583 0/171 0/28 0/64 0/141 0/325 0/10 1/40t 1/1,362
Total 0/583 0/171 0/28 0/64 0/141 0/325 0/10 1/40t 1/1,362
Human with anemia
B. microti 2/174 NA NA 0/21 0/151 0/13 NA NA NA NA 2/359
B. tianzhu like 3/174 NA NA 0/21 0/151 0/13 NA NA NA NA 3/359
Theileria 13/174 NA NA 0/21 0/151 0/13 NA NA NA NA 13/359
luwenshuni
Total 18/174 NA NA 0/21 0/151 0/13 NA NA NA NA 18/359
Livestock
B. microti 1/758 0/10 1/2,100
B. tianzhu like 2/758 NA 26/175 16/212 NA 1/54 NA NA 2/200 0/450 47/2,100
B. bigemina 20/758 NA 0/175 0/212 NA 0/54 NA NA 8/200 5/450 33/2,100
B. bovis 7/758 NA 0/175 0/212 NA 0/54 NA NA 2/200 4/450 13/2,100
T. luwenshuni 53/758 NA 0/175 0/212 NA 0/54 NA NA 0/200 0/450 53/2,100
Total 82/758 0/10 26/175 16/212 1/54 0/139  0/102 12/200 9/450 147/2,100
Small mammals
B. microti 8/299 3/10 0/212 19/177  0/126 NA 0/135 3/346 2/99 0/126 35/1,530
Babesia sp. 0/299 0/10 0/212 0177  2/126 NA 0/135 0/346 0/99 0/126  2/1,530
Total 8/299 3/10 0/212 0/177  0/126 NA 0/135 3/346 2/99  0/126  37/1,530
Ticks
B. microti 8/405 0/10 0/284 21127 NA 0/187 NA 0/144  0/359 NA 10/1,516
B. bigemina 0/405 0/10 3/284 0/127 NA 0/187 NA 1/144  0/359 NA 4/1,516
B. tianzhu like 0/405 0/10 2/284 2/127 NA 0/187 NA 0/144 5/359 NA 9/1,516
B. bovis 0/405 0/10 1/284 0127 NA 0/187 NA 0/144  0/359 NA 1/1,516
Babesia sp. 0/405 0/10 0/284 0/127 NA 0/187 NA 0/144 12/359 NA 12/1,516
T. luwenshuni 0/405 0/10 0/284 0/127 NA 0/187 NA 1/144  0/359 NA 1/1,516
Total 405 10 284 127 NA 0/187 NA 144 359 NA 37/1,516

*NA, not available; SL, Shangri-La.

1These patients are from the same autonomous prefecture, and the case records do not specify the county-level units.

noted at admission included renal failure in 5 (38%)
patients, upper gastrointestinal bleeding in 5 (38%)
patients, and a history of cancer in 3 (23%) patients;
1 patient reported prior blood transfusion history.
The primary clinical manifestations were anorexia
(8 [62%] patients), listlessness (8 [62%] patients),
malaise (5 [38%] patients), and melena (4 [31%] pa-
tients). Other reported symptoms included vomit-
ing (4 [31%] patients), dizziness (3 [23%] patients),
and palpitations (3 [23%] patients); cough, jaundice,
splenomegaly, and weight loss were each observed
in 1 patient (8%). One patient reported neurologic
symptoms (Appendix 1 Table 4). Laboratory find-
ings revealed anemia in all 13 patients and leuko-
cytosis in 2 (15%) patients. Elevated serum levels of
aspartate aminotransferase, alanine aminotransfer-
ase, or gamma-glutamyl transferase were present
in 1 patient (8%). All patients received general sup-
portive and symptomatic treatment; 4 (31%) patients
underwent blood transfusions, and 5 (38%) patients
required hemodialysis (Table 1).

Among the 5 patients with suspected Babesia in-
fections (Appendix 1 Table 5), median age was 56
years (IQR 25.5-59.5 years); 4 (80%) patients were
male and 1 (20%) female. Similar to the T. luwenshuni
cohort, all patients were engaged in farming. Under-
lying conditions were renal failure in 1 patient (20%)
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and a history of upper gastrointestinal bleeding in 3
patients (60%). Median hospitalization duration was
relatively short at 10 days (IQR 5.5-10.5 days). Two
patients (40%) had a history of blood transfusion;
1 (20%) patient had a history of gastric hemorrhage
or hypertension. The most frequently reported symp-
toms were nonspecific. Four (80%) patients experi-
enced dizziness and malaise, 3 (60%) patients melena,
and 2 (40%) listlessness. Bloating, chest discomfort,
palpitations, and dyspnea were all present in 1 (20%)
patient. Of note, none of the patients in this group
reported vomiting, jaundice, or splenomegaly. Labo-
ratory tests revealed anemia in all patients and leu-
copenia in 1 (20%) patient. Elevated serum levels of
aspartate aminotransferase, alanine aminotransfer-
ase, or gamma-glutamyl transferase were not detect-
ed in any case. In terms of treatment, 3 (60%) patients
received blood transfusions, and 1 patient (20%) re-
quired hemodialysis (Table 1).

Traceability Survey

We performed PCR analyses on 2,100 livestock, 1,530
wild small mammals, and 1,516 ticks collected from
10 counties in Yunnan Province to detect Piroplas-
morida infections (Table 2). We used the same protocol
previously optimized for human diagnostics. Among
the livestock samples, 147 (7.00%) tested positive. We
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constructed a phylogenetic tree using 185 rRNA se-
quences (~1,600 bp) to classify the positive samples
into 5 species: B. microti, Babesia sp. Tianzhu-like,
B. bigemina, B. bovis, and T. luwenshuni (Figures 4, 5).
We detected 1 strain of B. microti and 2 strains of T. [u-
wenshuni parasites in livestock from Tengchong Coun-
ty. The overall positivity rate for small mammals was
2.42%. We identified B. microti as the predominant spe-
cies. Phylogenetic analysis identified a variant, tenta-
tively named Babesia sp. YN-2, in small mammals (Fig-
ure 4). Among tick samples, 37 (2.44%) tested positive
for Piroplasmorida; detected species including B. mi-
croti, B. bigemina, Babesia sp. Tianzhu-like, B. bovis, Ba-
besia sp., Colpoda sp., and T. luwenshuni. Phylogenetic
analysis further classified the novel Babesia sp. into 2
clades: Babesia sp. YN-2 and Babesia sp. YN-3.

Genetic analysis of the Babesia sp. Tianzhu-like
isolates identified in patients, livestock, and ticks
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yielded 2 major clades with high homology (96.11%-
98.67%) but distinct variations of 21-62 bp. We
tentatively designated those clades as Babesia sp.
isolate Tianzhu-like 1 and Babesia sp. isolate Tian-
zhu-like 2. The phylogenetic tree depicted the re-
lationships among Babesia and Theileria species
collected from various hosts and vectors. Of note,
we identified B. microti in multiple host and vec-
tor types, indicating its high adaptability across
diverse environments (Figure 5). In addition, we
detected the novel Babesia sp. YN-2 in both small
mammals and ticks, suggesting the existence of a
potential transmission cycle between wildlife and
arthropod vectors. The detection of Babesia sp. iso-
late Tianzhu-like parasites across humans, live-
stock, and ticks highlights its broad host range and
geographic distribution. Similarly, the widespread
occurrence of T. luwenshuni parasites in humans,
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livestock, and ticks underscores the species’ poten-
tial for transmission among multiple hosts.

Discussion

This study identified 4 tickborne hemoparasites with
human infectivity, including a zoonotic infection
caused by 2 known pathogenic agents and 2 novel
Babesia species. It characterized the diversity and
complexity of tickborne protozoa in ticks, small wild
animal hosts, and livestock in southwestern China.
Our findings are critical for public health and the en-
hancement of parasitic disease surveillance systems
in Yunnan Province. The study presented a clinically
relevant finding of human Theileria infections, cor-
roborated through molecular diagnostics and West-
ern blot serology, which were validated previously
(16) and were further confirmed by our serologic ti-
ters and longitudinal testing, with no cross-reactivity
against other tickborne pathogens.

A previous serosurvey in Italy (8) reported IgG
reactivity against T. equi antigens in veterinary prac-
titioners, indicating potential human exposure to this
pathogen, particularly among persons at heightened
risk for infection. That result raised considerable in-
terest because of the prevalence of zoonotic Theileria
species in livestock. Of note, our study reported a
series of human infections with T. [uwenshuni para-
sites, previously recognized as primarily affecting ru-
minants, with less reported pathogenicity in humans.

Our study also identified potential host-vector
transmission routes involving domestic animals
and ticks. Genetic analysis indicated that T. [uw-
enshuni isolates exhibited high similarity to vector-
derived strains from Shandong Province, in the
east of China. That finding indicates a widespread
distribution, an emerging epidemic trend, and the
potential for cross-species transmission of these or-
ganisms. Those results provide valuable insights
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for future epidemiologic investigations targeting
affected populations, hosts, and vectors across di-
verse regions.

In this study, we detected >6 species of Piroplas-
morida in livestock, small mammals, and ticks: B.
microti, Babesia sp. Tianzhu-like, B. bigemina, B. bovis,
Babesia sp., and T. luwenshuni. We observed genetic
diversity within Babesia sp. Tianzhu-like; homology
was 96.11%-98.67% and 21-62 bp variations. Four of
those species are known or suspected to exhibit ex-
plicit pathogenicity. Of note, we identified Babesia sp.
Tianzhu-like 1 in patients, livestock, and ticks, with
homology of 99.10% -99.61%. However, the exact in-
fection source remains uncertain for some patients
who lacked a clear history of tick bites but reported
previous blood transfusions. In addition, most pa-
tients were immunocompromised, raising questions
about the potential for opportunistic infections. Sim-
ilar to B. venatorum and B. microti (17), asymptomatic
carriage of T. luwenshuni and other Babesia spp. para-
sites may occur in healthy persons. Furthermore, as
the endemic regions expand, T. luwenshuni parasites
may emerge as a more frequent complication in im-
munosuppressed hosts, akin to patterns observed
in human babesiosis (18). Enhanced surveillance,
particularly among blood donors in this region,
is imperative (19).

Since the earliest report of Theileria parasites
in Sichuan Province in 1958, >4 species have been
documented in China: T. luwenshuni, T. unilenbergi,
T. ovis, and T. annulata. Among them, T. luwenshuni,
designated in 2007 (20,21), has been a species recog-
nized for its high pathogenicity in sheep and goats.
The presence of T. luwenshuni parasites has now been
confirmed in multiple provinces, including Yunnan,
Hubei, Henan, Gansu, Jilin, Hunan, and Shandong
(20). Of note, the prevalence of T. luwenshuni parasites
in goats in Shandong Province has been reported to
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reach 81.5%, higher than rates previously reported in
small ruminants and deer in central and northwest-
ern China (22-25). Those findings suggest an emerg-
ing epidemic trend of T. luwenshuni infections in
humans across multiple regions.

B. microti is the predominant species causing hu-
man babesiosis in the United States. In China, it has
been associated with >100 reported human infections,
most occurring in Guangxi Province (9). Of note, 10 B.
microti infections were identified in a study of 449 pa-
tients with fever in Tengchong County, Yunnan Prov-
ince, along the China-Myanmar border (12). Babesia
sp. isolate Tianzhu was initially discovered in Tianzhu
Tibetan Autonomous County, northwestern China,
in 2017. In our study, we identified this agent in both
ticks and water buffalo, demonstrating a close genetic
relationship to isolates obtained from 2 human patients
(Figure 2); that finding suggests that Babesia sp. isolate
Tianzhu may present a public health risk.

A limitation of this study is that T. luwenshuni
infections were identified in immunocompromised
patients, and as a retrospective investigation, it
was not possible to establish causal relationships
between the protozoan infection and patient symp-
toms or clinical features. Specifically, whether the
observed anemia resulted directly from protozoan-
induced red blood cell damage or from comorbid
conditions (e.g., bleeding disorders or renal failure)
remains unclear. Future research should prioritize
prospective cohort studies at in sentinel hospitals
involving similar patients. Such studies should ex-
clude anemia caused by renal failure or other un-
derlying conditions using interventions such as
erythropoietin combined with iron therapy. Those
patients should receive antiprotozoal therapy with
monitoring of parameters, such as reticulocyte
counts and L-lactic dehydrogenase levels, to assess
treatment efficacy.

In conclusion, we used molecular biology tech-
niques, including PCR, serology, and phylogenetic
analysis, to characterize the diversity and poten-
tial risks of tickborne protozoa in Yunnan Province,
China. Our findings confirmed the endemic circula-
tion of T. luwenshuni and multiple Babesia spp. para-
sites in southwestern China. Further investigation of
T. luwenshuni infection will elucidate transmission
dynamics, clinical impact, and targeted prevention
strategies, as well as its implications for public health.
Clinicians in this region should remain aware of these
emerging public health concerns.
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Streptococcus

From the Greek streptos (“chain”) + kokkos (“berry”),
streptococcal diseases have been known since at least the 4th
century BCE when Hippocrates described erysipelas (Greek
for “red skin”). The genus Streptococcus was named by
Austrian surgeon Theodor Billroth, who in 1874 described
“small organisms as found in either isolated or arranged in
pairs, sometimes in chains” in cases of erysipelas or wound
infections. Over subsequent decades, as microscopy and

; staining techniques improved, many different researchers
o characterized the bacteria now known as Streptococcus
pyogenes (Lancefield group A B-hemolytic streptococcus),

S. pneumoniae, and other species.
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