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Ticks are obligate hematophagous arachnids that feed on both humans and animals. Despite the 
extensive research on detection of bacteria in ixodid ticks in Malaysia, there remains limited knowledge 
about the detection of protozoa in these ectoparasites, especially in those that feed on farm ruminants. 
In this study, 1,241 ticks belonging to four species (Rhipicephalus microplus, R. haemaphysaloides, 
Haemaphysalis bispinosa, and H. wellingtoni) were collected from 674 farm ruminants across Peninsular 
Malaysia. The ticks were pooled and subjected to DNA extraction, followed by protozoal screening 
using 18S rRNA gene polymerase chain reaction (PCR). Of the 130 tick pools tested, 15 were positive 
for Babesia (11.54%) and ten for Theileria (7.69%). No Hepatozoon protozoa were detected. All positive 
pools consisted solely of R. microplus ticks, with no protozoa found in the other three tick species. 
BLAST analyses revealed that the Babesia sequences were identical to Babesia bigemina, while the 
Theileria sequences closely resembled Theileria orientalis and Theileria sinensis. This paper presents 
the first nationwide screening of Babesia, Hepatozoon, and Theileria in ticks infesting farm ruminants 
from Peninsular Malaysia.
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INTRODUCTION

Ticks are obligate blood-feeding acari that parasitize a diverse range 
of hosts across various classes and orders (Guglielmone et al., 2014; 
Kazim et al., 2022). They are globally ranked as the second most 
medically important arthropods after mosquitoes, primarily due to 
their ability to harbor and transmit a variety of pathogens to humans 
(Service, 2012; Sonenshine & Roe, 2013). Ticks are known vectors of 
protozoan infections, such as babesiosis, caused by Babesia species, 
and theileriosis, caused by Theileria species (Araya-Anchetta et al., 
2015). Additionally, ticks act as both definitive hosts and vectors for 
Hepatozoon, a primary causative agent of hepatozoonosis (Baneth 
et al., 2007).
 Babesia is the second most prevalent blood parasite in 
mammals and birds, with a global distribution (Schnittger et al., 
2012; Svensson et al., 2019). The protozoa are commonly transmitted 
by Rhipicephalus and Ixodes ticks. In cattle, Babesia bigemina is a 
significant species that can lead to considerable economic losses 
due to symptoms like anemia, fever, jaundice, reduced productivity, 
weight loss, and, in severe cases, death (Bock et al., 2004; Jonsson 
et al., 2008; Martins et al., 2008; Tembue et al., 2011; Pupin et al., 

2019). In Malaysia, several studies have documented various Babesia 
species isolated from domestic animals, livestock, and wildlife, 
including Babesia bigemina, Babesia bovis, Babesia canis, Babesia 
gibsoni, and Babesia vogeli (Chandrawathani et al., 1994; Mokhtar 
et al., 2013; Mohammed et al., 2017; Prakash et al., 2018a; Ola-
Fadunsin et al., 2021). A unique Babesia species was also detected 
from the Bornean sun bear (Helarctos malayanus euryspilus) at 
the Bornean Sun Bear Conservation Centre in Sabah (Chua et al., 
2022). Furthermore, Lau et al. (2022) reported a Babesia protozoan 
closely related to a marsupial-associated species in Sarawak, which 
was detected from an alleged male Haemaphysalis shimoga tick 
infesting a rodent in an oil palm plantation. The authors identified 
the tick species using the 16S rRNA gene sequence but did not 
provide morphological evidence to support the molecular findings.
 Theileria infects blood and lymphatic systems of various 
domestic and wild ruminants (Remesar et al., 2021). Notable species 
like Theileria parva and Theileria annulata are highly pathogenic 
and cause diseases such as East Coast fever and tropical theileriosis, 
which are often fatal in cattle (Mans et al., 2015). Other species, such 
as Theileria orientalis and Theileria sinensis, are less pathogenic but 
can still negatively impact cattle health (Chaisi et al., 2014; Perera 
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et al., 2014). Theileriosis is characterized by symptoms such as 
fever, lymphadenopathy, anaemia, and, in severe cases, death. In 
Malaysia, several Theileria species have been reported in ticks and 
farm ruminants. Kho et al. (2017) identified Theileria buffeli, Theileria 
sergenti, and T. sinensis in cattle, as well as Theileria luwenshuni in 
infected sheep. Additionally, T. buffeli and an undescribed Theileria 
species were detected in Haemaphysalis bispinosa and R. microplus, 
respectively. Lim et al. (2019) also detected T. luwenshuni from H. 
bispinosa ticks infesting goats on a private farm in Perak.
 Hepatozoon, on the other hand, infects tissues of vertebrates, 
including mammals, reptiles, and birds (Hodžić et al., 2018; Keel 
et al., 2018). Unlike many other tick-borne protozoa, Hepatozoon 
is transmitted when the host ingests an infected tick or other 
arthropod vector, rather than through a tick bite (Smith, 1996). 
Symptoms of Hepatozoon infections vary depending on the species 
and host but can include fever, lethargy, anaemia, and weight loss 
(Allen, 2022). In Malaysia, the knowledge of tick-borne Hepatozoon 
is limited, with most research focusing on companion animals such 
as dogs (Rajamanickam et al., 1985; Mohammed et al., 2017; Low 
et al., 2018; Prakash et al., 2018b; Premaalatha et al., 2018). Perison 
et al. (2022) reported that two out of 40 rat blood samples (15.4%) 
tested positive for Hepatozoon ophisauri in southern Sarawak. 
Recent studies have also reported occurrences of Hepatozoon 
species in wild and farm ruminants from other parts of the world 
(Tila et al., 2023; Uiterwijk et al., 2023). Due to the host specificity 
of some Hepatozoon species (e.g., H. canis in dogs) (Duszynski et 
al., 2018), no studies have yet focused on detecting this protozoan 
in Malaysian farm ruminants.
 Currently, information on Babesia, Hepatozoon, and Theileria 
in ticks from ruminants is limited in Malaysia. Therefore, this study 
presents a survey of these protozoa in ticks collected from selected 
ruminant farms in Peninsular Malaysia.

MATERIALS AND METHODS

Animal ethics approval
This study adhered to the guidelines for the care and use of animals 
as approved by the Committee of Animal Research and Ethics at 
Universiti Teknologi MARA (UiTM CARE), with ethical approval 
number UiTM CARE: 378/2022. Additionally, it received approval 
from the Research Project Evaluation Committee of the Malaysian 
Department of Veterinary Services, under reference number JPV. 
BPI.600-1/7/1 (2021-14).

Study sites, tick collection, and morphological identification
Ruminant farms in Peninsular Malaysia were visited over the course 
of one year, from October 2020 to November 2021. Farms were 
randomly selected across four regions of the peninsula: the central 
region (Selangor and Kuala Lumpur), the southern region (Melaka 
and Johor), the eastern region (Pahang), and the northern region 
(Perak) (Figure 1). Both large ruminants (i.e., cattle and buffaloes) 
and small ruminants (i.e., goats and sheep) were examined for 
tick infestations. Ticks were extracted using fine tweezers and 
preserved in tubes containing 90% ethanol. These samples were 
transported to the parasitology laboratory at the Institute of Medical 
Molecular Biotechnology (IMMB), UiTM Sungai Buloh Campus, for 
morphological identification. Using an Olympus SZX7 Zoom stereo 
microscope (Olympus Europa SE & Co. KG, Germany), the ticks were 
identified based on taxonomic keys from Anastos (1950), Kohls 
(1957), Trapido et al. (1964), Tanskul & Inlao (1989), and Walker 
et al. (2000).

DNA extraction and molecular analyses of tick-borne protozoa
Ten ticks were pooled for DNA extraction, while fully engorged 
females and nymphs were processed individually. After morphological 
identification, different species were kept separate during the 
extraction process. The ticks were initially washed with distilled 

water and dried using KIMWIPES delicate wipers (Kimberly-Clark 
Professional, CA), before being transferred to 1.5 mL microcentrifuge 
tubes and dissected with sterile surgical scissors (S.S. Pakistan, 
Pakistan). DNA extraction was performed using the DNEasy® Blood 
and Tissue Kit (QIAGEN©, California), following the manufacturer’s 
protocol. The eluted DNA was subjected to conventional PCR using 
three sets of 18S rRNA primers specific for Babesia, Theileria, and 
Hepatozoon DNA (Table 1).
 PCR amplification was conducted in a 25 µL reaction volume, 
containing 12.5 µL of GoTaq® Green master mix (Promega, 
Wisconsin), 4 µL of DNA template, 1 µL of each forward and reverse 
primer, and 6.5 µL of nuclease-free water (QIAGEN©, California). 
Amplification followed cycling conditions outlined in reference 
studies (Table 1) using a Biometra TAdvanced Twin 48 thermal cycler 
(Analytik Jena GmbH+Co. KG, Germany). A negative control was 
included in each PCR run to monitor for contamination. Amplicons 
were analyzed by gel electrophoresis using a 1.7% agarose gel 
stained with 1.5 µL FloroSafe DNA stain (1st BASE, Singapore) and 
visualized under UV light. PCR products were sent to an external 
company (Apical Scientific Sdn. Bhd., Selangor) for DNA sequencing. 
Sequences were aligned and trimmed using BioEdit software (Hall, 
1999), then analyzed for similarities using BLAST on the NCBI 
website.

Phylogenetic tree construction
Phylogenetic trees were constructed for Babesia and Theileria 
using 18S rRNA gene sequences. Sequences closely related to those 
identified through BLAST searches and other relevant sequences 
of valid species were incorporated into tree construction. The 
Neighbor-Joining method in MEGA11 (Tamura et al., 2021) with 1000 
bootstrap replicates was used to infer phylogenetic relationships. 
Hepatozoon canis (KX880503) and Toxoplasma gondii (L24381) 
were used as outgroups for the analysis of Babesia and Theileria, 
respectively.

RESULTS

A total of 1,241 ticks were collected from 674 farm ruminants in 
Peninsular Malaysia (Table 2) – Rhipicephalus microplus (1,229/1,241 
ticks; 99.03% prevalence), Rhipicephalus haemaphysaloides (6/1,241 
ticks; 0.48% prevalence), Haemaphysalis bispinosa (5/1,241 ticks; 
0.40% prevalence), and Haemaphysalis wellingtoni (1/1,241 ticks; 
0.08% prevalence). Table 3 shows the prevalence of ticks according 
to species and region. For the molecular screening of Babesia, 
Theileria, and Hepatozoon, 130 tick pools were prepared (Table 4). 
Among these, 15 pools (11.54%) were positive for Babesia, and 10 
pools (7.69%) were positive for Theileria. The southern region had 
the highest number of Babesia-positive pools, accounting for 60.0% 
(9/15 pools), followed by the eastern region with 33.33% (5/15 
pools), and the central region with 6.67% (1/15 pools). Notably, no 
Babesia protozoa were detected in the northern region. In contrast, 
the central region showed the highest number of Theileria-positive 
pools at 40.0% (4/10 pools), followed by the eastern region at 30.0% 
(3/10 pools), the southern region at 20.0% (2/10 pools), and the 
northern region with 10.0% (1/10 pools). No co-infection of Babesia 
and Theileria was detected throughout the study. All positive pools 
were from R. microplus ticks, while no protozoa were detected in 
R. haemaphysaloides, H. bispinosa, and H. wellingtoni. Similarly, no 
Hepatozoon protozoa were detected in any of the pools.
 All 15 Babesia sequences showed high similarity (99.75–100%) 
to Babesia bigemina. Six of the ten Theileria sequences (B11, B32, 
B48, B81, B114, and BS9) were closely similar or identical to Theileria 
orientalis (99.01–100%). Two additional sequences (B6 and B17) 
showed close similarity (99.22–99.77%) to Theileria annulata but 
clustered with T. orientalis in the phylogenetic tree analyses. Further 
investigation of the BLAST hits revealed that these sequences were 
also similar to T. orientalis, with the same percentage similarities 
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Figure 1. Map of the Peninsular Malaysia, illustrating the visited farms and the geographical distribution of Babesia and Theileria. Map shapefiles 
of Peninsular Malaysia and other neighbouring countries were downloaded from https://www.gadm.org. The digital elevation model (DEM) 
data for Peninsular Malaysia was obtained from the United States Geological Survey (USGS) website.

Table 1. Primers used to screen the protozoa in this study

   Base Annealing
Target gene Primer name Primer sequence pair size temperature, Ta Reference
   (bp) (°C)

Babesia 18S  BAB143-167 F: CCG TGC TAA TTG TAG GGC TAA TAC ~551 58 Almeida et al. (2012)
rRNA BAB694-667 R: GCT TGA AAC ACT CTA RTT TTC TCA AAG   
Hepatozoon 18S  HepF F: ATA CAT GAG CAA AAT CTC AAC ~656 57 Inokuma et al. (2002)
rRNA HepR R: CTT ATT ATT CCA TGC TGC AG   
Theileria 18S  Tbs-S F: CAC AGG GAG GTA GTG ACA AG ~450 55 Ghaemi et al. (2012)
rRNA Tbs-A R: CTA AGA ATT TCA CCT CTG ACA G
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Table 2. Prevalence of infested large and small ruminants, and the number 
of ticks, according to region

  Infected Number
Region      Animal host (n) animal of ticks
  host (%) collected

Central Large ruminants (92) 40 (43.48) 149
 Small ruminants (38) 0 (0) –
Southern Large ruminants (94) 61 (55.96) 197
 Small ruminants (75) 0 (0) –
Eastern Large ruminants (129) 111 (86.04) 864
 Small ruminants (101) 0 (0) –
Northern Large ruminants (107) 26 (24.30) 31
 Small ruminants (38) 0 (0) –

Total                 674 238 (35.31) 1,241

Table 3. Tick prevalence according to species and geographical region in Peninsular Malaysia

                                     Tick species    

Geographical region Haemaphysalis Haemaphysalis Rhipicephalus Rhipicephalus Total Prevalence
 bispinosa wellingtoni haemaphysaloides microplus  (%)
  
Central 0 0 5 144 149 12.00
Southern 2 0 0 195 197 15.87
Eastern 2 1 1 860 864 69.62
Northern 1 0 0 30 31 2.50

Total 5 1 6 1,229 1,241 100.00
Prevalence (%) 0.40 0.08 0.48 99.03 100.00

Table 4. Allocation of tick pools for DNA extraction and PCR, and the number of pools positive for Babesia and Theileria

Region Farm Tick species (n) Number of ticks Total pools Total positive for Babesia/Theileria

Central 4 Rhipicephalus haemaphysaloides 5 1 0/0
  Rhipicephalus microplus 14 2 0/0
 10 Rhipicephalus microplus 130 13 1/4

Southern 6 Haemaphysalis bispinosa 2 1 0/0
  Rhipicephalus microplus 5 1 0/0
 7 Rhipicephalus microplus 190 19 9/2

Eastern 5 Haemaphysalis bispinosa 2 1 0/0
  Haemaphysalis wellingtoni 1 1 0/0
  Rhipicephalus microplus 730 73 5/3
 6 Rhipicephalus haemaphysaloides 1 1 0/0
  Rhipicephalus microplus 130 13 0/0

Northern 2 Haemaphysalis bispinosa 1 1 0/0
  Rhipicephalus microplus 30 3 0/1

Total   1,241 130 15/10

as with T. annulata. The last two sequences (B5 and B8) were 
closely related or identical to Theileria sinensis. Sequence B5 was 
99.53% similar to Theileria sp. isolate Thung Song (AB000270) 
and 99.30% similar to Theileria sinensis isolate T64 (MT271911), 
while sequence B8 was 100% identical to Theileria sinensis isolate 
CDA9102 (MZ314843). Figure 2 illustrates the clustering of the 
Babesia sequences in this study with Babesia bigemina (Figure 2A) 
and the Theileria sequences with T. orientalis and T. sinensis (Figure 
2B).
 All protozoa sequences were submitted to the GenBank 
database with their respective accession codes: Babesia (PP267074, 
PP318198–PP318211) and Theileria (PP267992–PP267995, 
PP317917–PP317921, PP488287).

DISCUSSION

The Babesia samples obtained in this study were identified as 
Babesia bigemina, a significant pathogen affecting cattle. This 
pathogen was detected in all regions of Peninsular Malaysia except 
for the northern region, which might be due to the low number of 
tick specimens collected from that area.
 Nur Mahiza (2010) reported a very low prevalence of B. 
bigemina (0.1%), whereas Rahman et al. (2010) found a prevalence 
of 16.0% for B. bigemina and 17.0% for B. bovis in Peninsular 
Malaysia. In contrast, Ola-Fadunsin et al. (2021) reported a much 
higher prevalence of 30.5% for B. bigemina based on serological 
tests using cattle blood samples. These discrepancies in prevalence 
could be due to differences in diagnostic methods. For example, Nur 
Mahiza (2010) used conventional microscopy to detect B. bigemina, 
while Rahman et al. (2010) utilized serological techniques, which 
may be more sensitive. Additionally, the type of samples used for 
screening could also explain the differences in prevalence. Ola-
Fadunsin et al. (2021) used cattle blood samples, and it is likely 
that infected cattle with active parasitemia would show a higher 
prevalence of the protozoan. Furthermore, McCoy et al. (2014) 
suggested that the low number of endoparasites in ticks could 
result from recent tick infestations on cattle, which might provide 
insufficient time for the protozoa to establish in the tick midgut 
during blood feeding. Interestingly, no B. bovis was detected in 
any of the 130 tick pools, and the reason for its absence remains 
unknown.
 Babesia bigemina is an important parasite that negatively 
affects cattle health, causing signs such as fever, hemoglobinuria, and 
anemia (World Organization for Animal Health, 2021). No abnormal 
signs were observed in the cattle during tick collection, which may 
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indicate that the cattle act as reservoirs for B. bigemina (Iseki et al., 
2010).
 In contrast to Babesia, Theileria was detected in all four regions 
of Peninsular Malaysia, including the northern region. Although the 
overall prevalence of Theileria was lower than that of Babesia (7.69% 
vs. 11.54%), Theileria showed a wider geographical distribution. 
Kho et al. (2017) reported that 10.3% of cattle ticks (seven out of 
68) tested positive for Theileria. Sequence analysis of the 18S rRNA 
gene of Theileria spp. found in a R. microplus tick revealed 99.7% 
similarity to Theileria sp. type C (U97051), while a sequence from a 
H. bispinosa tick demonstrated 99.7% similarity to Theileria buffeli 
Warwick-Australia (AB000272). Apart from that, Rohaya et al. 
(2017) documented a high prevalence of theileriosis in cattle, with 
55.2% (1,074 out of 1,946 cattle blood samples) testing positive in 
Sepang, Selangor. Similarly, Ola-Fadunsin et al. (2020) reported a 
prevalence of 49.76% for T. orientalis in 1,045 cattle blood samples. 
Conversely, Ab Manap et al. (2024) reported a very low prevalence 
of T. orientalis, at only 0.81% in Mafriwal cattle.
 Several factors can influence the overall prevalence of protozoa, 
such as the farm management system and the frequency of de-
ticking of animals (Ola-Fadunsin, 2017). The first author observed 
that cattle raised extensively in open fields have a higher prevalence 
of tick-borne protozoa compared to those raised intensively in 
controlled environments. This is because cattle raised extensively in 
open fields are more exposed to tick infestations when they graze in 
the fields, thereby increasing the risk of acquiring Theileria. Similarly, 
cattle that are infrequently or rarely de-ticked are at a higher risk, as 
prolonged tick infestations can facilitate the transmission of Theileria 
and other protozoa from ticks to their hosts.
 BLAST analysis in this study revealed the presence of two 
Theileria species: Theileria orientalis and Theileria sinensis. 
Interestingly, two of the ten positive Theileria samples were closely 
related to Theileria annulata. However, phylogenetic tree analyses 
showed that both sequences clustered with T. orientalis rather 
than T. annulata. This suggests that the T. annulata sequences in 
the BLAST hits may have been misidentified or could represent a 
different species. In this study, no Theileria luwenshuni was detected 
in the tick pools, unlike in previous reports by Kho et al. (2017). 
This absence could be due to the fact that T. luwenshuni is more 
commonly found in small ruminants, such as goats and sheep, rather 
than in cattle (Phipps et al., 2016).
 No Hepatozoon was detected in any of the 130 tick pools 
in this study. This finding contrasts with a study by Tila et al. 
(2023), who reported the detection of Hepatozoon ayorgbor in R. 
haemaphysaloides and Hepatozoon colubri in Haemaphysalis sulcata 
and Hyalomma anatolicum, with all these tick species collected from 
farm ruminants in Pakistan. However, the authors noted that both 
H. ayorgbor and H. colubri are commonly associated with reptiles, 
leading to the presumption that the protozoa detected in domestic 
animals and ticks might have originated from wildlife. Although 
the risk of hepatozoonosis among cattle appears to be very low or 
non-existent in this study, it does not rule out the possibility that 
these animals could contract Hepatozoon protozoa from nearby 
wildlife such as snakes, rodents, and wild boars, or from known 
animal vectors such as stray dogs. Thus, the potential for cross-
species transmission from wildlife to domestic animals remains 
a consideration, especially in areas where livestock and wildlife 
habitats overlap.
 The absence of Babesia and Theileria in tick species other than 
R. microplus observed in this study may be due to the small sample 
size, rather than the actual absence of these protozoa in those ticks. 
Rhipicephalus haemaphysaloides, for instance, is known to transmit 
several Babesia and Theileria protozoa. Previously, Gill et al. (1980) 
demonstrated that R. haemaphysaloides adults could transmit 

Theileria ovis to susceptible sheep. The infected sheep subsequently 
developed parasitaemia and other clinical symptoms indicative 
of T. ovis infection. Similarly, Ma et al. (1989) reported that R. 
haemaphysaloides adults could transmit B. bovis to a healthy buffalo. 
In their study, ticks were experimentally infested on the ear of a 
splenectomised buffalo, and ticks were collected daily. The salivary 
glands of these ticks were subjected to Giemsa’s stain to examine 
the presence of the pyriform bodies of B. bovis. The pyriform body 
was observed in the tick salivary glands on day 2 post-infection, 
and B. bovis was detected in the buffalo’s peripheral blood by day 
4. The infection rate of erythrocytes peaked at 9.6% on day 19 post-
infection, followed by a decline. The buffalo exhibited symptoms 
such as high body temperature (up to 41.6°C), depression, anaemia, 
and icterus. Furthermore, Li et al. (2016) provided evidence that B. 
microti could be artificially transmitted by R. haemaphysaloides. 
The authors suggested that this tick species might be a potential 
vector of human babesiosis in southern China, posing a public health 
concern. Other Babesia species, such as B. orientalis, have also been 
detected in R. haemaphysaloides (Liu et al., 2007), although the 
vector competence of this tick for these protozoa has not been fully 
confirmed. Additionally, Shastri et al. (1988) and Hamid et al. (2022) 
have reported the detection of Babesia naoakii and T. orientalis in 
H. bispinosa, respectively, although the vector competence of this 
tick species remains unconfirmed. To date, no Babesia or Theileria 
has been reported from Haemaphysalis wellingtoni tick (Kazim et 
al., 2022).
 The lack of detection of Babesia and Theileria in tick species 
other than R. microplus in this study does not necessarily indicate 
the absence of these protozoa. Further research with larger sample 
sizes and broader geographic coverage is needed to assess the true 
prevalence and distribution of these protozoa in various tick species 
across Malaysia.

CONCLUSION

A total of 15 pools of R. microplus ticks tested positive for Babesia 
bigemina, while another 10 pools were positive for Theileria species 
closely related to T. orientalis and T. sinensis. No Hepatozoon 
protozoa were found in any of the four tick species collected. Further 
studies are needed to explore the tripartite interactions between 
Babesia and Theileria in ticks and their cattle hosts.

ACKNOWLEDGEMENTS

This study was supported by the Higher Institution Centre of 
Excellence (HICoE) program (MO002-2019 & TIDREC-2023) and 
funded by the Bernhard Nocht Institute for Tropical Medicine, 
Hamburg, Germany (100-TNCPI/INT 16/6/2(005/2020)). The authors 
would like to extend their sincere gratitude to Dr. Sangeetha D/O 
Sarvananthan from Ulu Lepar Animal Breeding Centre, Mrs. Aznida 
Che Ali from Farm 16, Universiti Putra Malaysia (UPM), Mrs. Suriaty 
Ramli from the National Veterinary Biodiversity Institute, Mrs. 
Sabariah Basir and Dr. Mohd Asraf bin Asmat from the Malaysian 
Veterinary Institute, Mr. Taufik Mohd Noor, and Mr. Muhammad Lutfi 
Zakaria for granting permission to visit the farm sites. The authors 
also express their appreciation to the Institute of Medical Molecular 
Biotechnology (IMMB), Universiti Teknologi MARA (UiTM), Sungai 
Buloh campus, Malaysia, and the Bernhard Nocht Institute for 
Tropical Medicine, Hamburg, Germany, for their unwavering support 
throughout this research. Special thanks are extended to the family 
members of the first author, especially Mrs. Rohaidah, Mr. Mohd 
Taupik, Hidayah, Abdullah, Muhammad, Nazmi, and Saufi, for their 
encouragement throughout the writing of this manuscript.



397

Kazim et al. (2024), Tropical Biomedicine 41(S): 392-398

REFERENCES

Ab Manap, M.A.H., Mustaza, N.S.A., Nasruddin, N.A., Wan Abdullah, W.L., 
Yaakub, H. & Nurul Hayyan, B.N. (2024). Molecular prevalence of 
Anaplasma marginale, Babesia bigemina, and Theileria orientalis and 
their associations with Mafriwal cattle’s age groups. Journal of Advanced 
Veterinary Animal Research 11: 384-391.

 https://doi.org/10.5455/javar.2024.k787
Allen, K.E. (2022). Old World hepatozoonosis and American canine 

hepatozoonosis. MSD Manual Veterinary Manual.
 https://www.msdvetmanual.com/circulatory-system/blood-parasites/

old-world-hepatozoonosis-and-american-canine-hepatozoonosis. 
Accessed 30 August 2024.

Almeida, A.P., Marcili, A., Leite, R.C., Nieri-Bastos, F.A., Domingues, L.N., 
Martins, J.R. & Labruna, M.B. (2012). Coxiella symbiont in the tick 
Ornithodoros rostratus (Acari: Argasidae). Ticks and Tick-Borne Diseases 
3: 203-206. https://doi.org/10.1016/j.ttbdis.2012.02.003

Anastos, G. (1950). The scutate ticks, or Ixodidae, of Indonesia. Entomologica 
Americana 30: 1-144.

Araya-Anchetta, A., Busch, J.D., Scoles, G.A. & Wagner, D.M. (2015). Thirty 
years of tick population genetics: a comprehensive review. Infection, 
Genetics and Evolution 29: 164-179. 

 https://doi.org/10.1016/j.meegid.2014.11.008
Baneth, G., Samish, M. & Shkap, V. (2007). Life cycle of Hepatozoon canis 

(Apicomplexa: Adeleorina: Hepatozoidae) in the tick Rhipicephalus 
sanguineus and domestic dog (Canis familiaris). Journal of Parasitology 
93: 283-299. https://doi.org/10.1645/ge-494r.1

Bock, R., Jackson, L., De Vos, A. & Jorgensen, W. (2004). Babesiosis of cattle. 
Parasitology 129: S247-S269. 

 https://doi.org/10.1017/S0031182004005190
Chaisi, M.E., Collins, N.E. & Oosthuizen, M.C. (2014). Phylogeny of Theileria 

buffeli genotypes identified in the South African buffalo (Syncerus caffer) 
population. Veterinary Parasitology 204: 87-95. 

 https://doi.org/10.1016/j.vetpar.2014.06.001
Chandrawathani, P., Tsuji, N., Kawazu, S., Ishikawa, M. & Fujisaki, K. (1994) 

Seroepidemiological studies of bovine babesiosis caused by Babesia 
ovata, B. bigemina and B. bovis in Peninsular Malaysia. Journal of 
Veterinary and Medical Science 56: 929-932. 

 https://doi.org/10.1292/jvms.56.929
Chua, T.H., Yeoh, B.N., Manin, B.O. & Wong, S.T. (2022). First detection 

of Babesia sp. in Bornean sun bear (Helarctos malayanus euryspilus 
Horsfield) in Sabah, Malaysia. Tropical Biomedicine 39: 179-184. 

 https://doi.org/10.47665/tb.39.2.003
Duszynski, D.W., Kvičerová, J. & Seville, R.S. (2018). Adeleorina in 

the Carnivora. In: The Biology and Identification of the Coccidia 
(Apicomplexa) of Carnivores of the World, Duszynski, D.W., Kvičerová, 
J. & Seville, R.S. (Eds.). London: Academic Press, pp. 125-139. 

 https://doi.org/10.1016/b978-0-12-811349-3.00013-x
Ghaemi, P., Hoghooghi-Rad, N., Shayan, P. & Eckert, B. (2012). Detection of 

Theileria orientalis in Iran by semi-nested PCR. Parasitology Research 
110: 527-531. https://doi.org/10.1007/s00436-011-2517-y

Gill, H.S., Bhattacharyulu, Y. & Gill, B.S. (1980). Attempts to transmit Theileria 
ovis through the ticks Haemaphysalis bispinosa and Rhipicephalus 
haemaphysaloides. Tropical Animal Health & Production 12: 61. 

 https://doi.org/10.1007/BF02242632
Guglielmone, A.A., Robbins, R.G., Apanaskevich, D.A., Petney, T.N., Estrada-

Peña, A. & Horak, I.G. (2014). The hard ticks of the world (Acari: Ixodida: 
Ixodidae). Dordrecht: Springer, 751 pp. 

 https://doi.org/10.1007/978-94-007-7497-1
Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment editor 

and analysis program for Windows 95/98/NT. Nucleic Acids Symposium 
Series 41: 95-98. 

 https://doi.org/10.14601/Phytopathol_Mediterr-14998u1.29
Hamid, P.H., Cahyadi, M., Wardhana, A.H., Sawitri, D.H., Setya, N.N.R., 

Insyariati, T., Kurnianto, H. & Hermosilla, C.R. (2022). First autochthonous 
report on cattle Babesia naoakii in Central Java, Indonesia, and 
identification of Haemaphysalis bispinosa ticks in the investigated area. 
Pathogens 12: 59. https://doi.org/10.3390/pathogens12010059

Hodžić, A., Alić, A., Beck, R., Beck, A., Huber, D., Otranto, D., Baneth, 
G. & Duscher, G.G. (2018). Hepatozoon martis n. sp. (Adeleorina: 
Hepatozoidae): Morphological and pathological features of a Hepatozoon 
species infecting martens (family Mustelidae). Ticks and Tick-Borne 
Diseases 9: 912-920. https://doi.org/10.1016/j.ttbdis.2018.03.023

Inokuma, H., Okuda, M., Ohno, K., Shimoda, K. & Onishi, T. (2002). Analysis of 
the 18S rRNA gene sequence of a Hepatozoon detected in two Japanese 
dogs. Veterinary Parasitology 106: 265-271. 

 https://doi.org/10.1016/s0304-4017(02)00065-1
Iseki, H., Zhou, L., Kim, C., Inpankaew, T., Sununta, C., Yokoyama, N., Xuan, 

X., Jittapalapong, S. & Igarashi, I. (2010). Seroprevalence of Babesia 
infections of dairy cows in northern Thailand. Veterinary Parasitology 
170: 193-196. https://doi.org/10.1016/j.vetpar.2010.02.038

Jonsson, N.N., Bock, R.E. & Jorgensen, W.K. (2008). Productivity and health 
effects of anaplasmosis and babesiosis on Bos indicus cattle and their 
crosses, and the effects of differing intensity of tick control in Australia. 
Veterinary Parasitology 155: 1-9. 

 https://doi.org/10.1016/j.vetpar.2008.03.022
Kazim, A.R., Houssaini, J., Tappe, D. & Heo, C.C. (2022). A checklist of the ticks 

of Malaysia (Acari: Argasidae, Ixodidae), with lists of known associated 
hosts, geographical distribution, type localities, human infestations and 
pathogens. Zootaxa 5190: 485-530. 

 https://doi.org/10.11646/zootaxa.5190.4.2
Kho, K.L., Amarajothi, A.D.G., Koh, F.X., Panchadcharam, C., Hassan Nizam, 

Q.N. & Tay, S.T. (2017). The first molecular survey of theileriosis in 
Malaysian cattle, sheep and goats. Veterinary Parasitology: Regional 
Studies and Reports 10: 149-153. 

 https://doi.org/10.1016/j.vprsr.2017.08.003
Keel, K.M., Terio, K.A. & McAloose, D. (2018). Canidae, Ursidae, and Ailuridae. 

In: Pathology of Wildlife and Zoo Animals, Terio, K.A., McAloose, D. & 
St. Leger, J. (Eds.). London: Academic Press, pp. 229-261. 

 https://doi.org/10.1016/b978-0-12-805306-5.00009-2
Kohls, G.M. (1957). Malaysian parasites. 18. Ticks (Ixodoidea) of Borneo and 

Malaya. Studies from the Institute of Medical Research, Federation of 
Malaya 28: 65-94.

Mans, B.J., Pienaar, R. & Latif, A.A. (2015) A review of Theileria diagnostics 
and epidemiology. International Journal of Parasitology, Parasites and 
Wildlife 4: 104-118. https://doi.org/10.1016/j.ijppaw.2014.12.006

Mokhtar, A.S., Lim, S.F. & Tay, S.T. (2013). Molecular detection of Anaplasma 
platys and Babesia gibsoni in dogs in Malaysia. Tropical Biomedicine 
30: 345-348.

Lau, A.C.C., Qiu, Y., Moustafa, M.A.M., Nakao, R., Shimozuru, M., Onuma, M., 
Nakajima, N., Sashika, M., Mohd-Azlan, J. & Tsubota, T. (2022). Detection 
of a Babesia sp. genotype closely related to marsupial-associated 
Babesia spp. in male Haemaphysalis shimoga from Sarawak, Malaysian 
Borneo. Journal of Veterinary Medical Science 84: 1469-1473. 

 https://doi.org/10.1292/jvms.22-0304
Li, L.-H., Zhu, D., Zhang, C.-C., Zhang, Y. & Zhou, X.-N. (2016). Experimental 

transmission of Babesia microti by Rhipicephalus haemaphysaloides. 
Parasites & Vectors 9: 231. https://doi.org/10.1186/s13071-016-1517-2

Lim, F.S., Khoo, J.J., Akhavanrezeai, M., Loong, S.K., Khor, C.S. & Abubakar, S. 
(2019). Detection of Theileria luwenshuni (Piroplasmida: Theileriidae) 
from ticks infesting goats in peninsular Malaysia. Systematic and Applied 
Acarology 24: 1971-1974. https://doi.org/10.11158/saa.24.10.14

Liu, Q., Zhou, Y.Q., Zhou, D.N., Liu, E.Y., Du, K., Chen, S.G., Yao, B.A. & Zhao, 
J.L. (2007). Semi-nested PCR detection of Babesia orientalis in its 
natural hosts Rhipicephalus haemaphysaloides and buffalo. Veterinary 
Parasitology 143: 260-266. 

 https://doi.org/10.1016/j.vetpar.2006.08.016
Low, V.L., Prakash, B.K., Lim, Y.A.-L., Tan, T.K., Vinnie-Siow, W.Y., Sofian-Azirun, 

M. & AbuBakar, S. (2018). Detection of Anaplasmataceae agents and 
co-infection with other tick-borne protozoa in dogs and Rhipicephalus 
sanguineus sensu lato ticks. Experimental and Applied Acarology 75: 
429-435. https://doi.org/10.1007/s10493-018-0280-9

Ma, L.H., Liu, Z.L. & Zao, J.L. (1989). An investigation of babesiosis in 
buffaloes in Hubei Province. 5. The experimental demonstration 
of the transovarian transmission of Babesia bovis by Rhipicephalus 
haemaphysaloides haemaphysaloides. Acta Veterinaria et Zootechnica 
Sinica 20: 67-70.

Martins, T.M., Pedro, O.C., Caldeira, R.A., do Rosário, V.E., Neves, L. & 
Domingos, A. (2008). Detection of bovine babesiosis in Mozambique by 
a novel seminested hot-start PCR method. Veterinary Parasitology 153: 
225-230. https://doi.org/10.1016/j.vetpar.2008.01.037

McCoy, B.N., Maïga, O. & Schwan, T.G. (2014). Detection of Borrelia theileri 
in Rhipicephalus geigyi from Mali. Ticks and Tick-Borne Diseases 5: 401-
403. https://doi.org/10.1016/j.ttbdis.2014.01.007



398

Kazim et al. (2024), Tropical Biomedicine 41(S): 392-398

Mohammed, K, Tukur, S.M., Watanabe, M., Abd Rani, P.A.M., Sharma, R.S.K., 
Fong, L.S. & Watanabe, M. (2017). Molecular and serological detection 
of tick-borne hemopathogens among stray dogs in East Malaysia. Journal 
of Veterinary Medicine and Research 4: 1074.

Nur Mahiza, M.I. (2010). Dissertation: Prevalence of bovine haemoparasites 
and risk factors associated with Trypanosoma evansi infection in 
Malaysia. Universiti Putra Malaysia.

Ola-Fadunsin, S.D. (2017). Dissertation: The diversity and epidemiology 
of bovine haemoparasites and their potential arthropod vectors in 
Peninsular Malaysia. Universiti Putra Malaysia.

Ola-Fadunsin, S.D., Sharma, R.S.K., Abdullah, D.A., Gimba, F.I., Abdullah, F.F.J. 
& Abdullah Sani, R.A. (2021). The molecular prevalence, distribution and 
risk factors associated with Babesia bigemina infection in Peninsular 
Malaysia. Ticks and Tick-Borne Diseases 12: 101653.

 https://doi.org/10.1016/j.ttbdis.2021.101653
Ola-Fadunsin, S.D., Sharma, R.S.K., Abdullah, D.A., Gimba, F.I., Jesse, F.F.A. 

& Sani, R.A. (2020). Molecular detection, prevalence and risk factors 
of Theileria orientalis infection among cattle in Peninsular Malaysia. 
Preventive Veterinary Medicine 180: 105027. 

 https://doi.org/10.1016/j.prevetmed.2020.105027
Perera, P.K., Gasser, R.B., Firestone, S.M., Anderson, G.A., Malmo, J., Davis, 

G., Beggs, D.S. & Jabbar, A. (2014). Oriental theileriosis in dairy cows 
causes a significant milk production loss. Parasites & Vectors 7: 73. 

 https://doi.org/10.1186/1756-3305-7-73
Perison, P.W.D., Amran, M.S., Adrus, M. & Khan, F.A.A. (2022). Detection 

and molecular identification of blood parasites in rodents captured 
from urban areas of southern Sarawak, Malaysian Borneo. Veterinary 
Medicine and Science 8: 2059-2066. https://doi.org/10.1002/vms3.849

Phipps, L.P., Hernández-Triana, L.M., Goharriz, H., Welchman, D. & Johnson, 
N. (2016). Detection of Theileria luwenshuni in sheep from Great Britain. 
Parasites & Vectors 9: 203. https://doi.org/10.1186/s13071-016-1486-5

Prakash, B.K., Low, V.L., Vinnie-Siow, W.Y., Tan, T.K., Lim, Y.A.L., Morvarid, A.R., 
AbuBakar, S. & Sofian-Azirun, M. (2018a). Detection of Babesia spp. in 
dogs and their ticks from Peninsular Malaysia: emphasis on Babesia 
gibsoni and Babesia vogeli infections in Rhipicephalus sanguineus sensu 
lato (Acari: Ixodidae). Journal of Medical Entomology 55: 1337-1340. 
https://doi.org/10.1093/jme/tjy072

Prakash, B.K., Low, V.L., Tan, T.K., Vinnie-Siow, W.Y., Lim, Y.A.-L., Morvarid, 
A.R., Azman, A.S., Yeong, Y.S., AbuBakar, S. & Sofian-Azirun, M. (2018b). 
Detection of Hepatozoon canis in the brown dog tick and domestic dogs 
in Peninsular Malaysia. Journal of Medical Entomology 55: 1346-1348. 
https://doi.org/10.1093/jme/tjy081

Premaalatha, B., Chandrawathani, P., Jamnah, O., Zaini, C.M., Mariappan, C., 
Ramlan, M., Losheni, S. & Banumathy, G. (2018). A survey of parasite 
pathogens in stray dogs from Pudu Pasar and Chow Kit area of Kuala 
Lumpur. Malaysian Journal of Veterinary Research 9: 130-135.

Pupin, R.C., Guizelini, C.C., Lemos, R.A.A., Martins, T.B., Borges, F.A., Borges, 
D.G.L. & Gomes, D.C. (2019). Retrospective study of epidemiological, 
clinical and pathological findings of bovine babesiosis in Mato Grosso 
do Sul, Brazil (1995-2017). Ticks and Tick-Borne Diseases 10: 36-42. 

 https://doi.org/10.1016/j.ttbdis.2018.08.015
Rahman, W.A., Lye, Y.P. & Chandrawathani, P. (2010). The seroprevalence 

of bovine babesiosis in Malaysia. Tropical Biomedicine 27: 301-307.
Rajamanickam, C., Wiesenhutter, E., Zin, F.M. & Hamid, J. (1985). The incidence 

of canine haematozoa in peninsular Malaysia. Veterinary Parasitology 
17: 151-157. https://doi.org/10.1016/0304-4017(85)90101-3

Remesar, S., Díaz, P., Prieto, A., García-Dios, D., Panadero, R., Fernández, G., 
Brianti, E., Díez-Baños, P., Morrondo, P. & López, C.M. (2021). Molecular 
detection and identification of piroplasms (Babesia spp. and Theileria 
spp.) and Anaplasma phagocytophilum in questing ticks from northwest 
Spain. Medical and Veterinary Entomology 35: 51-58. 

 https://doi.org/10.1111/mve.12468

Rohaya, M.A., Tuba Thabitah, A.T., Kasmah, S., Azzura, L., Chandrawathani, 
P. & Saipul Bahari, A.R. (2017). Common blood parasites diagnosed 
in ruminants from 2011 to 2015 at the Central Veterinary Laboratory, 
Sepang, Malaysia. Malaysian Journal of Veterinary Research 8: 163-167.

Service, M.W. (2012). Medical entomology for students. United Kingdom: 
Cambridge University Press, pp. 314.

Schnittger, L., Rodriguez, A.E., Florin-Christensen, M. & Morrison, D.A. (2012). 
Babesia: A world emerging. Infection, Genetics and Evolution 12: 1788-
1809. https://doi.org/10.1016/j.meegid.2012.07.004

Shastri, U.V., Pathak, S.V., Jadhav, K.V. & Deshpande, P.D. (1988). Occurrence of 
Theileria orientalis in bovines from Maharastra state and its transmission 
by Haemaphysalis bispinosa ticks. Indian Journal of Parasitology 12: 
173-177.

Smith, T.G. (1996). The genus Hepatozoon (Apicomplexa: Adeleina). Journal 
of Parasitology 82: 565-585. https://doi.org/10.2307/3283781

Sonenshine, D.E. & Roe, R.M. (2013). Biology of ticks. Volume 1. New York: 
Oxford University Press, pp. 557.

Svensson, J., Hunfeld, K.-P. & Persson, K.E.M. (2019). High seroprevalence 
of Babesia antibodies among Borrelia burgdorferi-infected humans in 
Sweden. Ticks and Tick-Borne Diseases 10: 186-190. 

 https://doi.org/10.1016/j.ttbdis.2018.10.007
Tamura, K., Stecher, G. & Kumar, S. (2021). MEGA11: Molecular Evolutionary 

Genetics Analysis Version 11. Molecular Biology and Evolution 38: 3022-
3027. https://doi.org/10.1093/molbev/msab120

Tanskul, P.L. & Inlao, I. (1989). Keys to the adult ticks of Haemaphysalis Koch, 
1844, in Thailand with notes on changes in taxonomy. Journal of Medical 
Entomology 26: 573-600. https://doi.org/10.1093/jmedent/26.6.573

Tembue, A.A.M., Silva, F.J.M., Silva, J.B., Santos, T.M., Santos, H.A., Soares, 
C.O. & Fonseca, A.H. (2011). Risk factors associated with the frequency 
of antibodies against Babesia bovis and Babesia bigemina in cattle in 
southern Mozambique. Pesquisa Veterinבria Brasileira 31: 663-666. 
https://doi.org/10.1590/S0100-736X2011000800005

Tila, H., Khan, M., Almutairi, M.M., Alouffi, A., Ahmed, H., Tanaka, T., 
Tsai, K.-H. & Ali, A. (2023). First report on detection of Hepatozoon 
ayorgbor in Rhipicephalus haemaphysaloides and Hepatozoon colubri 
in Haemaphysalis sulcata and Hyalomma anatolicum: risks of spillover 
of Hepatozoon spp. from wildlife to domestic animals. Frontiers in 
Veterinary Science 10: 1255482. 

 https://doi.org/10.3389/fvets.2023.1255482
Trapido, H., Varma, M.G.R., Rajagopalan, P.K., Singh, K.R.P. & Rebello, M.J. 

(1964). A guide to the identification of all stages of the Haemaphysalis 
ticks of South India. Bulletin of Entomological Research 55: 249-270. 
https://doi.org/10.1017/S0007485300049439

Uiterwijk, M., Vojta, L., Šprem, N., Beck, A., Jurković, D., Kik, M., Duscher, 
G.G., Hodžić, A., Reljić, S., Sprong, H. & Relja Beck, R. (2023). Diversity 
of Hepatozoon species in wild mammals and ticks in Europe. Parasites 
& Vectors 16: 27. https://doi.org/10.1186/s13071-022-05626-8

Walker, J.B., Keirans, J.E. & Horak, I.G. (2000). The genus Rhipicephalus (Acari: 
Ixodidae): a guide to the brown ticks of the world. United Kingdom: 
Cambridge University Press, pp. 614.

World Organization for Animal Health. (2021). Bovine Babesiosis. World 
Organisation for Animal Health. https://www.woah.org/app/
uploads/2021/03/bovine-babesiosis-1.pdf. Accessed 30 August 2024


