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Abstract

Theileria and Babesia are emerging threats to wildlife health but remain underreported in captive large herbivores. This
study aimed to investigate the presence and genetic identity of Theileria and Babesia in large captive herbivores in Thailand
using PCR targeting the 18 S rRNA gene. Blood samples were collected from 31 individuals representing five herbivore
species: Malayan tapirs (Tapirus indicus), white rhinoceroses (Ceratotherium simum), pygmy hippopotamuses (Choeropsis
liberiensis), bantengs (Bos javanicus), and gaurs (Bos gaurus) across five zoological parks in central Thailand. A total
of 16 positive samples were identified, including one coinfection, resulting in an overall infection rate of 51.6% (16/31;
95% CI: 33.1-69.9). Theileria equi-like was detected in 37.5% (3/8; 95% CI: 8.5-75.5) of Malayan tapirs. Theileria
bicornis was detected in 75% (9/12; 95% CI: 42.8-94.5) of white rhinoceroses. In gaur, the infection rate was 33.3%
(4/12; 95% CI: 9.9-65.1), comprising one Babesia ovata infection, two Theileria orientalis, and one coinfection. This
study provided the first molecular confirmation of Babesia ovata infection in gaurs. No infections were detected in pygmy
hippopotamuses or bantengs. These results provide novel baseline data on tick-borne pathogens in captive environments,
highlighting potential risks to susceptible wildlife, both non-domestic and domestic species, and underscoring implications
for conservation. Our findings emphasize the need for continued surveillance, integrated vector management, and targeted
control strategies in zoological settings to mitigate pathogen transmission and protect animal health.
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Introduction subclinical infections to severe, depending on the host spe-

cies, immune status, and pathogen involved (Pustijanac et

Natural infection with tick-borne pathogens is common
among wild animals in areas where tick vectors are abun-
dant. Among wild herbivores, commonly reported hemo-
parasites are Anaplasma, Babesia, Theileria, and Borrelia
(King’ori et al. 2019; Qiu et al. 2021). These pathogens
are transmitted primarily through the bites of infected
ticks and can cause a wide range of clinical symptoms
(Rocha et al. 2022). Clinical outcomes may vary from
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al. 2023; Gong et al. 2025). In captivity, these wild herbi-
vores are often raised in mixed-species enclosures or near
other breeds, which can facilitate the spread of pathogens.
Captivity-related stress limited genetic diversity, and prox-
imity to domestic animals and humans may further increase
their susceptibility to infection (Fischer and Romero 2019;
Karaer et al. 2023). Importantly, these animals may serve
as reservoirs for hemoparasites, potentially contributing to
pathogen maintenance and transmission cycles, including
spillovers to other wildlife, pets, or humans (Byun et al.
2024; Kazimirova et al. 2024).

Several large herbivore species of conservation con-
cern such as the Malayan tapir (Tapirus indicus) (IUCN
2016), white rhinoceros (Ceratotherium simum) (IUCN
2020), pygmy hippopotamus (Choeropsis liberiensis)
(IUCN 2015), gaur (Bos gaurus) (IUCN 2016), and ban-
teng (Bos javanicus) (IUCN 2016) are currently listed as
near threatened to endangered status on the [IUCN Red List.
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These species play important ecological roles and are often
maintained in captivity for conservation purposes. Malayan
tapir is a browsing herbivore, feeding primarily on leaves,
twigs, and fruits. Pygmy hippopotamus is also primarily a
browser, feeding on ferns, broad-leaved plants, and fruit.
White rhinoceros is a grazer, consuming mostly grass. Both
gaur and banteng are mixed feeders, capable of both grazing
and browsing. However, reports of hemoparasitic infections
in these animals remain limited. Tick-borne apicomplexan
protozoa are members of diverse evolutionary lineages, with
molecular phylogenetic studies identifying major groups
such as coccidians, gregarines, haemosporidians, and piro-
plasms. Current phylogenetic frameworks recognize at least
ten principal lineages within the piroplasmids (Janouskovec
et al. 2019). Among the ten main piroplasmid lineages,
Babesia species form five clades (Babesia sensu stricto,
Percei, Western, B. microti-like, and B. duncani-like), Thei-
leria species form four clades, and one distinct lineage is
represented by Cytauxzoon. Piroplasmids reported in wild
herbivores include genera such as Theileria and Babesia.
Theileria equi has been detected Tapirus terrestris in Brazil
(de Souza Gongalves et al. 2020). Theileria bicornis was
identified in white and black rhinoceroses imported from
Africa but was not detected in captive-born individuals in
Australia (Yam et al. 2017).

Fig. 1 Map of Thailand showing the sample collection locations
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This study aims to investigate the presence and molecu-
lar characteristics of Babesia, and Theileria in five wild-
captive herbivore species in Thailand, comprising both
native species (Malayan tapir, gaur, and banteng) and
exotic species (white rhinoceros, and pygmy hippopota-
mus) Molecular methods were employed to detect and
identify these pathogens, providing insights into their epi-
demiology and genetic diversity. The findings from this
study will enhance the knowledge base necessary to inform
tick control measures, disease surveillance, and wildlife
health management strategies in captive environments.

Materials and methods
Animal subjects and study sites

The infection rate was investigated between January
2020 and December 2023 in five species of large herbi-
vores: eight Malayan tapirs, twelve white rhinoceroses, six
pygmy hippopotamuses, twelve gaurs, and three bantengs.
All animals were housed in captivity within five zoologi-
cal parks in central Thailand (Fig. 1). This study utilized
data provided by the Monitoring and Surveillance Cen-
ter for Zoonotic Diseases in Wildlife and Exotic Animals
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(MoZWE). Blood samples were collected and submit-
ted to the MoZWE laboratory for molecular detection of
tick-borne pathogens, including Babesia and Theileria.
All procedures were conducted in accordance with ethi-
cal guidelines and were approved by the Animal Ethics
Committee of the Faculty of Veterinary Science, Mahidol
University.

DNA extraction and PCR amplification

Genomic DNA was extracted from 200 pL of whole blood
using the Genomic DNA mini kit® (Geneaid, Taipei, Tai-
wan) following manufacturer’s protocols. The concentra-
tion and purity of extracted DNA were measured using
NanoDrop 1000 spectrophotometer (Thermo Fisher Sci-
entific, USA). DNA samples were stored at —20°C until
investigation. Polymerase chain reaction (PCR) was per-
formed according to the manufacturer’s recommendations
(HotstarTaq Master Mix kit® (Qiagen, Germany). The
PCR reaction volume was 25 pL, consisting of 2x Mas-
ter mix 12.5 pL, 1 pL of each primer at a concentration
of 10 uM, 5 pL of template DNA (20 ng), and 8.5 pL of
nuclease-free water. Specific primer pairs targeting the
18 S rRNA gene of Babesia and Theileria (Spolidorio et
al. 2011) were used. PCR amplifications were performed
using T100 Thermal Cycler (Bio-Rad, USA) under the fol-
lowing cycling conditions: initialed at 95°C 15 min, fol-
lowed by 35 cycles 0of 94°C 45 s, 61°C 45 s, 72°C 1 min,
with a final extension at 72°C 10 min. PCR products were

Table 1 Nucleotide sequence accession numbers

separated on 2% agarose gel and stained with GelRed (Bio-
tium, Fremont, CA, U.S.A). DNA bands were observed by
UV transilluminator. The expected sizes for Babesia and
Theileria were ~550 bps. For amplification of the nearly
full-length 18 S rRNA gene (~ 1600 bp), primers described
by Oosthuizen et al. (2008) were used.

Sequencing and phylogenetic analysis

Positive samples were analyzed and identified by sequenc-
ing. The PCR products were gel purified. Purified PCR
products were both analyzed by Sanger and FastNGS
sequencing, conducted by U2Bio Sequencing Ser-
vice (U2Bio Co., Ltd., Korea). A basic local alignment
search tool (BLAST) was used to identify the sequences,
which were compared with the corresponding nucleotide
sequences from other Babesia and Theileria isolates that
were retrieved from the GenBank database. All sequences
obtained in this study have been deposited in the GenBank
database, with accession numbers provided in Table 1. To
establish genetic relationships among the 550-bp fragments
and the nearly complete (~1600 bp) sequences of 18 S
rRNA gene, phylogenetic analysis and genetic distance
were carried out using the via MEGA XII software (http://
www.megasoftware.net). For the sequencing analysis, a
bootstrap consensus tree was constructed from 1,000 repli-
cates to represent the evolutionary history of the analyzed
taxa. Branches corresponding to partitions reproduced in
<50% of the bootstrap replicates collapsed.

Sample Code Highest Blastn Reference % Query % Pairwise Source Country Accession No.
Match Query Cover Similarlity

White rhinocerus1 Theileria bicornis MF536660 100 100 Blood Thailand PX048407, PX454405
White rhinocerus2 Theileria bicornis MF536660 100 100 Blood Thailand PX048408, PX454406
White rhinocerus3 Theileria bicornis MF536660 100 100 Blood Thailand PX048409, PX454407
White rhinocerus4 Theileria bicornis MT903296 100 100 Blood Thailand PX048410, PX454408
White rhinocerus5 Theileria bicornis MF536661 100 100 Blood Thailand PX048411, PX454409
White rhinocerus6 Theileria bicornis MF536661 100 100 Blood Thailand PX048412, PX454410
White rhinocerus7 Theileria bicornis MF536661 100 100 Blood Thailand PX048413, PX454411
White rhinocerus8 Theileria bicornis MF536661 100 100 Blood Thailand PX048414, PX454412
White rhinocerus9 Theileria bicornis MF536661 100 100 Blood Thailand PX048415, PX454413
Malayan Tapirl Theileria sp. KP995259 98 95.16 Blood Thailand PX048416, PX454414
Malayan Tapir2 Theileria sp OR127029 100 95.43 Blood Thailand PX048417, PX454415
Malayan Tapir3 Theileria sp OR127029 98 95.34 Blood Thailand PX048418, PX454416
Gaurl Theileria orientalis MG599099 99 100 Blood Thailand PX048419, PX454417
Gaur2 Theileria orientalis HMS538222 99 100 Blood Thailand PX048420, PX454418
Gaur3 Theileria orientalis MG599099 99 100 Blood Thailand PX048421, PX454419
Gaurd Babesia ovata MN900524 100 98.44 Blood Thailand PX048422, PX454420
Gaur2 Babesia ovata LC125457 100 98.44 Blood Thailand PX048423, PX454421
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Results

A total of 15 samples from 31 individuals were positive for
Babesia or Theileria infection. One sample showed coinfec-
tion between Babesia and Theileria, resulting in an overall
infection rate of 51.6% [(16/31); 95% confidence interval
(CI): 33.1-69.9]. In Malayan tapirs and white rhinoceros,
only Theileria infection was detected 37.5% [(3/8): 8.5—
75.5] and 75% [(9/12): 42.8-94.5], respectively. In gaur,
four samples were positive, representing a prevalence of
33.3% [(4/12): 9.9-65.1]. Among these, one sample was
positive for Babesia infection, two for Theileria infection,
and one showed coinfection with both Babesia and Thei-
leria. No Babesia or Theileria infections were detected in
pygmy hippopotamus or banteng samples (Table 2).

All positive samples were sequenced. BLASTn analy-
sis revealed that all three Theileria infection sequences in
Malayan tapir were 97.7-98.1% identical (550 bp) to the
Theileria equi 18 S rRNA gene (GenBank KY111761,
EU642508) over approximately 83% of the 550 bp frag-
ment, suggesting a close genetic relationship. However, the
incomplete query coverage may indicate sequence diver-
gence or the presence of a 7. equi-like organism distinct
from known isolates. The 18 S rRNA sequences from white
rhinoceros showed that all nine samples were 100% identi-
cal (550 bp) to Theileria bicornis (MF536660, MT903296)
in GenBank. Theileria infections in gaur, including both
single and coinfections, were 100% identical to Theileria
orientalis (MG599099, HM538222). Similarly, Babesia
infections in gaur, both single and coinfections, were 98.4%
identical to Babesia ovata (MN900524, L.C125457). Phy-
logenetic analysis revealed sequences from Malayan tapirs
formed a separate clade closely related to 7. equi, falling
within the equus-group clades as defined by JanouSkovec
et al. (2019). Sequences from white rhinoceros clustered

tightly with 7. bicornis reference sequences, confirming
species identity. Similarly, 7. orientalis sequences from
gaur grouped with high support alongside known 7. orien-
talis isolates. Babesia sequences from gaur clustered with
Babesia ovata, supporting the BLASTn result but indicat-
ing minor divergence (Fig. 2).

To confirm the species-level identifications obtained
from the partial 18 S rRNA sequences (~550 bp), nearly
full-length 18 S rRNA sequences (~ 1600 bp) were gener-
ated for representative samples and included in a phyloge-
netic analysis (Fig. 3). The longer sequences supported and
refined the initial BLASTn results. Specifically, the 1600 bp
sequences from Malayan tapirs clustered (PX454414—
PX454416) in a distinct clade closely related to 7. equi,
consistent with the 97.7-98.1% identity observed in the par-
tial sequences. Similarly, the longer sequences from white
rhinoceros (PX454405-PX454413) and gaur (PX454417-
PX454421) confirmed the presence of 7. bicornis, T. ori-
entalis, and B. ovata, as indicated by the 550 bp fragments.
The inclusion of nearly full-length 18 S sequences provided
improved phylogenetic resolution and validated the accuracy
of short-amplicon identifications. These findings underscore
the value of full-length 18 S rRNA sequencing for resolv-
ing cryptic diversity and confirming host-specific lineages
of Theileria and Babesia species in megaherbivores.

Sequences from Malayan tapirs formed a distinct clade
closely related to T equi, yet separated from equid -derived
T. equi strains. Pairwise genetic distances (p-distances)
for the tapir-derived sequences (PX454414-PX454416)
were substantially higher (0.0319—0.0431) when com-
pared with published 7. equi sequences. In contrast, the
comparatively low distances among the tapir-derived
sequences themselves (0-0.0121) suggest they are closely
related, potentially representing a distinct but related 7.
equi-like lineage (Table 3).

Table 2 Infection rates of Theileria and Babesia in Malayan tapir, white rhinoceros, pygmy hippopotamus, gaur, and Banteng

Species Enclosure Description Total sample Babesia  Theileria Babesia

+Theileria
% + % + %

Malayan Tapir Open naturalistic enclosures 8 0 - 3 375 0 -

(Tapirus indicus)

White Rhinoceros Open naturalistic enclosures 12 0 - 9 750 0 -

(Ceratotherium simum)

Pygmy Hippopotamus Cement-based habitats 6 0 - 0 - 0 -

(Choeropsis liberiensis)

Banteng Cement-based habitats 3 0 - 0 - 0 -

(Bos javanicus)

Gaur Open naturalistic enclosures (4). Cement-based habitats (8) 12 1 83 2 16.6 1 8.3

(Bos gaurus)

Overall 31 1 32 14 452 1 32
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94L— HQ895984 T. parva Syncerus caffer South Africa

92 JQ743634 T. annulata Bos gaurus Pakistan

AB520958 T. orientalis Australia
LC602477 T. orientalis Canis familaris Myanmar

LC576821 T. orientalis Bos taurus Myanmar
59 PX048419 T. orientalis Bos gaurus Thailand

94 PX048420 T. orientalis Bos gaurus Thailand

PX048421 T. orientalis Bos gaurus Thailand

PX048413 T. bicornis Ceratotherium simum Thailand
PX048414 T. bicornis Ceratotherium simum Thailand
PX048412 T. bicornis Ceratotherium simum Thailand
PX048411 T. bicornis Ceratotherium simum Thailand
PX048409 T. bicornis Ceratotherium simum Thailand
PX048408 T. bicornis Ceratotherium simum Thailand
PX048407 T. bicornis Ceratotherium simum Thailand
MF536661 T. bicornis Ceratotherium simum Australia
51| @ PX048415 T. bicornis Ceratotherium simum Thailand
_[ MF536659 T. bicornis Diceros bicornis Australia
66— MT903284 T. bicornis Diceros bicornis South Africa
61 — LC817777 T. bicornis Rhinoceros unicornis Nepal

MT903307 T. bicornis Diceros bicornis South Africa
93 71‘| @ PX048410 T. bicornis Ceratotherium simum Thailand

LC817772 T. bicornis Rhinoceros unicornis Nepal
MT903281 T. bicornis Diceros bicornis South Africa
100 @ PX048417 Theileria sp. Tapirus indicus Thailand

100)

80) @ PX048418 Theileria sp. Tapirus indicus Thailand
@ PX048416 Theileria sp. Tapirus indicus Thailand
a9 LC781903 T. equi Equus caballus Mongolia
MW872317 T. equi Equus caballus Argentina

93 66) MIN625898 T. equi Equus caballus Egypt

PP965559 T. equi Equus caballus Brazil
PV544919 T. equi Equus asinus Iraq
MT903276 T. equi Diceros bicornis South Africa
62| MK063843 T. equi Equus cabellus Israel

57' MT463338 T. equi Equus cabellus Cuba

100—— AB190459 B. microti Mesocricetus auratus Japan

L kJy8713518B. vulpes Vulpes vulpes Israel
MG758121 T. worthingtonorum Ixodes tasmani Australia

LC477139 B. divergents Homo sapiens Ireland

Theileria sensu stricto
Clade IX

Rhinocerotidae group
Clade VI

Equus group
Clade VIII

Babesia microti like
Cladel

Marsupialia group
Clade IV

82 MG569902 B. ovis Equus caballus Turkey

64

98
89|

03
98 4‘— HQ331479 B. occultans Hyalomma marginatum Tunisia

Babesia sensu stricto

MH208614 B. bigemina Rhipicephalus microplus China Clade X
XR 003751966.1 B. ovata Bos taurus Japan

PX048422 B. ovata Bos gaurus Thailand
PX048423 B. ovata Bos gaurus Thailand

MF288028 B. ugwidiensis Phalacrocorax capensis South Africa E‘l’airdcgi roup
HQ285838 B. duncani Homo sapiens USA
AF158702 B. conradae Canis familiaris USA ‘é‘{gﬁf i

55 KC790443 B. lengau Felis catus South Africa

Fig. 2 Phylogenetic tree of Theileria and Babesia species based on
partial 18 S rRNA gene sequences, constructed using the maximum
likelihood method. Sequences generated in this study are indicated by
colored circle representing the host species: blue for white rhinoceros,

Discussion

This study provides molecular evidence of Theileria and
Babesia infections in captive megaherbivore in Thailand,
including Malayan tapir, white rhinoceros, and gaur. Phy-
logenetic analyses of partial 18 S rRNA gene sequences
confirmed the presence of T. orientalis and B. ovata-like
organisms in gaur and 7. bicornis in white rhinoceros.

U03070 Toxoplasma gondii Felis catus

purple for Malayan tapir, and green for gaur. Bootstrap values (1,000
replicates) are shown at branch nodes. Toxoplasma gondii was used as
an outgroup. Clade numbers represent phylogenetic lineages inferred
from the 18 S rRNA gene analysis

Sequences from Malayan tapirs exhibited close but vari-
able similarity to 7. equi, suggesting the presence of a
potentially divergent or uncharacterized lineage. These
findings highlight the diversity of tick-borne protozoan
parasites in zoological captive and underscore the impor-
tance of continued surveillance and molecular character-
ization to better understand their epidemiology and health
implications.
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Fig. 3 Circular phylogenetic tree
based on a 1600 bp fragment of
the 18 S rRNA gene, illustrating
the relationships among Theileria
biconis (orange), T. equi (green),
T. orientalis (yellow), and Babe-
sia ovata (blue). The tree was
constructed using the Maximum
Likelihood method, and bootstrap
values (1,000 replicates) are
shown at the nodes to indicate
branch support
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Table 3 Evolutionary divergence of Theileria equi from three Malayan tapirs in Thailand, based on a 1600 bp sequence region, expressed as pair-
wise distance (p-distance) values (bottom left) and standard error (top right) in comparison with 7. equi sequences from GenBank

Accession no._host origin 1 2 3 4 5 6 7 8 9

1. PX454416 T. equi Tapirus indicus Thailand 0.0000 0.0041 0.0107 0.0115 0.0109 0.0124 0.0125 0.0124
2. PX454415 T. equi Tapirus indicus Thailand 0.0000 0.0041 0.0107 0.0115 0.0109 0.0124 0.0125 0.0124
3. PX454414 T. equi Tapirus indicus Thailand 0.0121  0.0121 0.0099 0.0101 0.0098 0.0111 0.0112 0.0111
4.KY111760 T. equi Equus caballus Cuba 0.0356  0.0357 0.0324 0.0036  0.0066 0.0070 0.0071  0.0072
5. LC649067 T. equi Equus africanus Sri lanka 0.0378  0.0379  0.0324  0.0097 0.0071  0.0069 0.0071  0.0069
6. MT463338 T. equi Equus caballus Cuba 0.0357 0.0357 0.0319 0.0207 0.0217 0.0062  0.0063  0.0064
7. KF559357 T. equi Equus caballus China 0.0412  0.0412 0.0364 0.0227 0.0221  0.0189 0.0010  0.0000
8. KM046921 T. equi Equus caballus Switzerland ~ 0.0431  0.0431  0.0383  0.0244 0.0239  0.0206  0.0015 0.0010
9. HM229408 T. equi Equus caballus South Korea  0.0412  0.0412  0.0364 0.0233  0.0221  0.0194 0.0000 0.0016

The detection of Theileria and Babesia infections in only
certain herbivore species suggests potential host-specific
patterns of susceptibility or exposure. Tick-borne pathogen
infections were found in white rhinoceros, Malayan tapirs,
and gaur. However, no infections were detected in banteng
or pygmy hippopotamus. These differences may be attrib-
uted to a combination of factors, including species-specific

@ Springer

immune responses, behavior, and ecological interactions
with tick vectors (de la Fuente et al. 2017). In our study,
the white rhinoceros and Malayan tapirs, which showed
relatively high infection rates, typically inhabit open natu-
ral enclosures. All four gaur infections rose in open natural
enclosures, while the captive cement-based gaur had no
infection. In contrast, banteng and pygmy hippopotamus
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were kept in more enclosed, cement-based habitats that
may limit tick infestation and vector contact. These find-
ings indicate the complex between host biology and
environmental exposure of tick-borne pathogens in cap-
tive settings. Habitat type and infection status may also
influence tick host-seeking behaviors, which can play a
pivotal role in disease dynamics (Richardson et al. 2022).
Further investigation into the relationship between enclo-
sure design, tick presence and pathogen prevalence stud-
ies would clarify the mechanisms underlying host-specific
infection patterns observed.

Phylogenetic analysis of 7. bicornis revealed that one
sample clustered separately from the remaining samples.
This genetic divergence suggests the possibility of mul-
tiple introductory sources or distinct transmission events
within captive populations, potentially reflecting differ-
ent geographic origins or vector associations. Our study
detected 7. equi-like organisms in Malayan tapirs suggested
the presence of divergent or potentially novel genotypes
by differences in nucleotide sequences compared to refer-
ence strains. Although 7. equi is primarily associated with
equids. However, the natural infections of 7. equi have also
been reported in tapirs (Da Silveira et al. 2017; de Souza
Gongalves et al. 2020). The observed genetic variability
may reflect either natural evolutionary divergence within
T. equi or the presence of previously uncharacterized Thei-
leria species that share close sequence similarity. Given
that Malayan tapirs are not traditional hosts for 7. equi, this
finding highlights the need for further investigation into the
diversity, pathogenicity, and vector associations of Theileria
spp. in non-equid hosts. Comprehensive molecular and vec-
tor surveillance studies would be valuable in clarifying the
epidemiological significance of this variation, particularly
in the context of mixed-species captive environments where
cross-transmission may occur.

The detection of Torientalis and B. ovata-like organ-
isms in gaur, including a case of coinfection, highlights the
potential role of tick vectors in the transmission of mul-
tiple hemoparasites within captive herbivore populations.
T. orientalis and B. ovata are known to be transmitted by
tick of genus Haemaphysalis. These ticks have been docu-
mented in diverse habitats throughout Southeast Asia (Yean
et al. 2024). A study in an open zoo environment in Thai-
land identified four tick species: Rhipicephalus microplus,
Haemaphysalis lagrangei, Haemaphysalis wellingtoni, and
Dermacentor auratus with Anaplasma spp. showing the
highest infection rate, followed by Babesia spp. and Theile-
ria spp. Coinfections and tri-infections were also detected,
indicating complex pathogen interactions within these ticks
(Yean et al. 2024). The occurrence of coinfection in a single
host suggests either simultaneous transmission by a shared
tick vector or sequential infection involving different vector

species (Levin and Fish 2000; Maitre et al. 2025). In open,
naturalistic captive environments where tick populations are
not rigorously controlled, cohabitation of diverse ungulate
species may facilitate cross-species transmission and main-
tenance of vector populations. These findings underscore
the importance of vector surveillance in captive settings
to identify tick species present and assess their potential to
transmit multiple pathogens. Implementing integrated tick
control strategies in such interface zones, alongside routine
screening for hemoparasites, is essential to managing the
risk of infection and coinfection in captive population.

Conclusion

This study identified the infections of Theileria and Babe-
sia in captive herbivores in Thailand. 7. orientalis and
B. ovata-like organisms were identified in gaur, with B.
ovata-like being reported for the first time in this species.
T. bicornis was confirmed in white rhinoceros, and 7. equi-
like sequences were detected in Malayan tapirs. This work
contributes to a broader understanding of the infections by
tick-borne pathogens and provides valuable insights into
the development of effective prevention and control strate-
gies in both exotic and native wildlife species, particularly
within captive environments characterized by the close
cohabitation of diverse wildlife species.

Supplementary information The online version contains supplementary
material available at https://doi.org/10.1007/s00436-025-08618-6.
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