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Introduction

Ticks are among

the most

Abstract: Tick-borne viruses are becoming a serious threat to livestock health,
especially in tropical regions where monitoring systems are still limited. H. bispinosa,
the main external parasite of water buffalo in Eastern Indonesia, is suspected of
carrying several veterinarians' important viral pathogens. This study aims to detect five
viruses consisting of DNA viruses (BuGyKV, BoHV-1, and OvHV-2) and RNA viruses
(FMDV and TAMV). FMDV and TAMYV, both RNA viruses, need to be converted into
complementary DNA (cDNA) through reverse transcription, which is then used as a
template for PCR amplification using virus-specific primers. All viruses were detected
using specific primers and extensive annealing temperature optimization. The results
showed weak and nonspecific amplification bands at one temperature for BuGyKV,
BoHV-1, and OvHV-2, but these bands did not match the expected amplicon size. No
amplification bands were observed for FMDV and TAMV under any conditions. These
findings suggest that this amplification failure is likely due to primer mismatch with
local virus variants resulting from geographical differences. Overall, it can be
concluded that the five target viruses were not detected in the H. bispinosa samples
examined. This preliminary study provides an initial virological overview of H.
bispinosa ticks from Moa Island and emphasizes the need for more sensitive detection
methods, such as nested PCR, qPCR, or metagenomic approaches, to improve the
detection of low-titer viruses in ticks.
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families such as Genomoviridae, Nairoviridae, and
Phenuiviridae, as well as various novel circular DNA

medically and viruses, have been reported from ticks in different parts

economically important arthropods because they act as
vectors of a wide range of pathogens, including viruses,
bacteria, and protozoa, affecting both livestock and
humans. In tropical and subtropical regions, tick
infestation causes direct losses through blood depletion
and reduced body weight, while indirect impacts arise
from the transmission of infectious agents that limit
livestock productivity (Ali etal., 2019; Karim et al., 2017).
Recent advances in molecular diagnostics, particularly
PCR, have revealed a much higher level of viral diversity
in ticks than previously recognized. Viruses from
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of the world (Ma et al., 2025; Moming et al., 2021; Zeng
et al.,, 2025). These findings highlight the need to expand
tick-borne virus surveillance, especially in island and
tropical ecosystems where epidemiological information
remains scarce.

In ruminant production systems, ticks represent one
of the major biological constraints. Although the
prevalence of tick infestation in buffalo is often reported
to be lower than in cattle, its impact should not be
underestimated (Nithikathkul et al., 2002). Parasitism
has been described as the foremost inhibiting factor in
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the development of livestock populations, including
buffalo (Abbasi et al., 2017). Tick-borne protozoan
diseases such as Dbabesiosis, theileriosis, and
anaplasmosis continue to cause substantial economic
losses worldwide (Abdallah et al., 2017; Fuente et al.,
2017). Climate conditions strongly influence tick
distribution and abundance, making island ecosystems
particularly vulnerable to changes in tick ecology and
pathogen transmission dynamics (Anderson et al., 2013).
These global concerns are highly relevant to Indonesia,
where buffalo remain an essential component of rural
livelihoods.

Moa buffalo (B. bubalis Linnaeus, 1758) is a unique
local genetic resource officially recognized by the
Indonesian government and distributed exclusively on
Moa Island, Southwest Maluku District (Minister of
Agriculture Decree No. 2911/Kpts/OT.140/6/2011).
This buffalo population exhibits genetic and phenotypic
uniformity and shows remarkable adaptation to the
island’s harsh environment, characterized by short
rainfall and prolonged dry seasons. Moa Buffalo have
high socioeconomic and cultural value for the Moa
community, yet the island’s dependence on inter-island
animal movement creates potential pathways for the
introduction of infectious agents through livestock trade
and ectoparasites attached to animals. Despite this
strategic importance, Moa Island has not been widely
investigated for the risk of tick-borne virus transmission.

One tick species closely associated with buffalo in
South and Southeast Asia is H. bispinosa, a
hematophagous ectoparasite capable of carrying various
infectious agents (Utami et al., 2024; Utami & Kunda,
2023). However, information regarding the virome of
this species in Indonesia, particularly in eastern regions
such as Maluku, remains extremely limited. Several
viruses of veterinary and zoonotic concern including
Bovine herpesvirus-1 (BoHV-1), Ovine herpesvirus-2
(OvHV-2), Foot-and-mouth disease virus (FMDV), and
Tamdy virus (TAMV) have been reported in other
countries (Riaz et al., 2021; Zeng et al., 2025). In addition,
circular DNA viruses such as Bubaline-associated
gemykrogvirus (BuGyKV) have recently been detected
in ruminants and arthropods elsewhere (Konig et al.,
2023; Yan et al., 2024), yet their presence in H. bispinosa
ticks from Indonesia has never been documented.

PCR remains a pragmatic and affordable
surveillance method for specific target detection in areas
with limited facilities, but amplification failure is
frequently encountered due to the very low abundance
of viral nucleic acids relative to host DNA, primer-
template mismatches, and deterioration of nucleic acid
quality (Kule$ et al., 2017, Lannutti et al., 2022).
Optimization of annealing temperature and rigorous
evaluation of primer performance are therefore essential
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to obtain reliable detection. Based on these
considerations, the present study aims to detect
BuGyKYV, BoHV-1, OvHV-2, FMDV, and TAMV in H.
bispinosa ticks collected from Moa buffalo. The findings
are expected to provide baseline data for tick virological
surveillance in the Maluku region and to support early
disease mitigation strategies in island livestock systems.

Method

Ethical Approval

All research procedures involving sampling were
non-invasive and did not cause physical stress to the
animals, as ticks were only collected from the body
surface. Animal handling followed animal welfare
guidelines for invertebrate ectoparasitic research and
was approved by the South Maluku Regency Animal
Husbandry Office, including the collection of tick
samples from Moa buffalo, to ensure no negative
impacts on animal welfare during the sampling process.
Figure 1 is the overall stage of the research which is
shown in the following flowchart.

Ethical Approval

| Study Area and Sampling

DNA Extraction and
PCR Amplification

HSP70 Gene Data Analysis

Figure 1. Research flow chart

Study Area and Tick Collection

This research was conducted on Moa Island,
Southwest Maluku Regency, one of the centers of buffalo
farming in the Maluku region. Sampling was conducted
in four villages: Werwaru, Tounwawan, Klis, and Moain
(Figure 2) from March to May 2025.
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Figure 2 . Map of tick collection locations on Moa Island

A total of 85 individuals (45 males and 40 females)
of local buffalo (B. bubalis) were visually examined on
several body parts that are the predilection locations for
ticks (lower abdomen, perineum, neck, and groin). A
total of 100 adult ticks were collected, cleaned, labeled
with special identification tags, and then recorded with
information about the location and date of collection. All
ticks obtained were divided into 5 pools for DNA
extraction. Identification of H. bispinosa ticks was carried
out using a special morphological key for the Ixodidae
family and referring to the research findings of Utami et
al. (2024) and confirmed with a taxonomic reference
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guide for ticks in the Australasia region (Durden et al.,
2008; Kwak & Ng, 2022). Intact adult ticks were collected
using sterile tweezers and placed into 1.5 mL
microcentrifuge tubes containing 70% ethanol. All
samples were coded, stored in a cooler, and then taken
to the Biotechnology Laboratory for preparation and
molecular analysis at the Biochemistry Laboratory of the
Faculty of Veterinary Medicine, Universitas Gadjah
Mada, Yogyakarta.

Primer Design for Amplification

This study used five specific primer sets to detect
the presence of five target viruses: Bubaline-associated
gemykrogvirus (BuGyKV), Bovine herpesvirus-1
(BoHV-1, gl gene), Ovine herpesvirus-2 (OvHV-2), Foot-
and-mouth disease virus (FMDV), and Tamdy virus
(TAMYV). The primer sequences used to amplify the
target genes of each viral DNA were obtained from
previous publications with validated gene targets (Table
1). Prior to use, all primers were analyzed in silico using
BLAST (NCBI) to ensure specificity, predict potential
dimers/loops, and assess compatibility with reported
viral sequences in Southeast Asia. The primers were
then optimized through testing over a wide annealing
temperature range.

Table 1. Primer sequence for virus detection in Moa buffalo ticks (B. bubalis)

Virus Primer Sequence (5'->3')  Lenght Reference Target Gen
Gemykrogvirus F: GATCGTTCGCTTCTTTCGGTAT 60bp  (Lechmann associated
(BuGyKV) R: TGGCTAGGCGCACAAAAAC etal, 2021) protein (Rep)
gene
Bovine F: TGTGGACCTAAACCTCACGGT 97 bp (X.Maet glikoprotein I
alphaherpesvirus 1 R: GTAGTCGAGCAGACCCGTGTC al., 2025) (gI) gene
(BoAV-1)
Foot-and-mouth F: GCCTGGTCTTTCCAGGTCT 328 bp  (Tesfaye et 3Dpol gene
disease (FMD) R: CCAGTCCCCTTCTCAGATC al., 2020)
virus
Ovine herpesvirus- F: AGTCTGGGTATATGAATCCAGATGGCTCTC 422bp  (Riazetal, tegument
2 (OvHV-2) R: AAGATAAGCACCAGTTATGCATCTGATAAA 2021) protein
(pORF48)
gene
Tamdy virus F: ACACGTTTCTTGGGAGATGC 168 bp (Cuietal, small(S)gene
(TAMV) R: GAGCTTGCGCTGCTTTTATT 2025) segment

DNA Extraction and PCR Amplification

The collected ticks were cleaned and homogenized
using 200 pL of 10x PBS solution. DNA extraction was
performed using the DNeasy Blood & Tissue kit
(Qiagen, Hilden, Germany) according to the
manufacturer's protocol with some adjustments for
arthropod samples. Prior to extraction, H. bispinosa ticks
were washed three times with 1x PBS to remove surface
contaminants, then crushed using a sterile homogenizer
until the tissue was evenly disrupted. The lysis step was
carried out using lysis buffer containing proteinase-K

and incubated at 56°C for 3-12 hours until the tissue was
completely degraded. DNA was then purified through a
silica column and eluted in 50 pL of nuclease-free buffer.
DNA concentration and purity were measured using a
NanoDrop™  spectrophotometer (Thermo  Fisher
Scientific) at 260/280 nm wavelengths to ensure a purity
ratio within the range of 1.7-2.0.

Given the potentially low concentration of viral
DNA in tick samples, concentration normalization was
not performed to maintain the presence of viral DNA,
and extensive annealing temperature optimization was
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performed. Meanwhile detection of FMDV and TAMYV,
both RNA viruses, was performed using reverse
transcription-polymerase chain reaction (RT-PCR).
Total RNA extracted from tick samples was first reverse-
transcribed into complementary DNA (cDNA), which
subsequently served as a template for PCR amplification
using virus-specific primers. This approach was
employed to ensure sensitive and accurate detection of
viral RNA, considering the inherent instability and low
abundance of RNA viruses in arthropod samples (Dias
et al., 2023).

PCR reactions were carried out in a total volume of
25 pL using a commercial PCR master mix containing
Taq DNA polymerase, dNTPs, MgCl,, and reaction
buffer. The PCR program included initial denaturation
at 95°C for 3 minutes, followed by 35 cycles consisting of
denaturation (95°C, 30 seconds), annealing at the tested
temperature (30 seconds), and extension (72°C, 30-60
seconds depending on the target size), and a final
extension at 72°C for 5 minutes. PCR products were
visualized by 1.5% agarose gel electrophoresis stained
with DNA intercalating dye and evaluated using a UV
transilluminator.

Bioinformatic Data Analysis

PCR results will be visualized through agarose gel
electrophoresis to ensure the successful amplification of
five viruses suspected of infesting H. bispinosa ticks from
Moa buffalo. The presence of amplicons at basepair sizes
corresponding to the target gene indicates a specific size,
which is then purified and continued with sequencing to
obtain accurate nucleotide data. Sequencing results are
analyzed bioinformatically using MEGA 12 software
(Kumar et al., 2024), and compared with the NCBI
database via BLASTn to identify the level of similarity
with the reference virus and ensure the specificity of the
amplification followed by determination of genetic
identity, multiple sequence alignment, and phylogenetic
tree reconstruction.

Results and Discussion

PCR Screening and Phased Optimization for Detecting Five
Target Viruses in H. bispinosa Ticks

This study conducted molecular screening of five
viruses suspected to be associated with ticks.H. bispinosa,
namely BuGyKV, OvHV-2, BoHV-1, FMDV, and TAMYV,
using a conventional PCR approach combined with
stepwise annealing temperature optimization. All
optimization stages were designed to address the main
challenges in virus detection in ectoparasite samples,
particularly low viral titers and host DNA dominance.
Overall results showed no specific amplicons for all
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target genes, despite varying annealing temperatures
and adjusting template  concentrations.  Gel
electrophoresis visualization served as the main basis for
interpreting PCR results at each optimization stage.

In the DNA virus group, i.e BuGyKV (bubaline-
gemykrogvirus associated protein (Rep) gene), BoHV-1
(glycoprotein I (gl) gene), and OvHV-2 (tegument
protein (pORF48) gene), the initial PCR optimization
stage (PCR optimization stage 1) with 1 ng and 5 ng
template DNA input using an annealing temperature of
60°C for BuGyKV and OvHV-2 and 62°C for BoHV-1 did
not produce a specific DNA band that corresponds to the
target size (Figure 3). Further optimization stage 2 with
5 ng template DNA input, with an annealing
temperature range of (BuGyKV 58, 59, 61-63°C; OvHV-
2 59, 61-64°C, and BoHV-1 (gl) at an annealing
temperature range of 63-67°C) also showed a consistent
pattern, ie the absence of specific amplification,
although the band Weak, smear, or non-specific
multibands were observed under certain conditions
(Figure 4). The third stage of optimization, carried out
with successively wider annealing temperatures
(BuGyKV 64-68°C; OvHV-2 65-69°C, and BoHV-1 (gI)
with annealing temperatures of 68-72°C), also showed a

consistent pattern.
— 150
,7 $0e
(b)

(@)
Figure 3. PCR optimization 1: Annealing temperatures of
60°C for BuGyKV and OvHV-2 and 62°C for BoHV-1: (a) 1 ng
DNA input; and (b) 5 ng DNA input

These non-specific bands do not correspond to the
target size, thus interpreted as mispriming or primer-
dimer formation. Biologically, this finding is consistent
with reports that viruses from the Genomoviridae
family and ruminant herpesviruses are generally
present at very low levels in ticks and do not actively
replicate, so conventional PCR is often not sensitive
enough to detect them (Ci-Xiu et al., 2015; Cui et al,,
2025; R. Ma et al., 2022; Riaz et al., 2021; Tesfaye et al.,
2020).
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Figure 4. PCR optimization 2: Annealing temperatures (BuGyKV: 58-63°C); (OvHV-2: 59-64°C), and (BoHV-1 (gl): 63-67°C),
with 5 ng of DNA input

FMDV detection targeting the conserved region of
the 3Dpol gene was performed using five annealing
temperature variations (53-57°C). All optimization steps
showed no amplification bands at the target size (Figure
5). Given that the 3Dpol gene is a commonly used and
relatively sensitive target for FMDV detection, these
negative results indicate that viral RNA was likely

ladder FMD FMD FMD

54 55

FMD
56 57 54 55 56 57 58

absent from the tested tick samples or present at very
low concentrations. This finding is consistent with
epidemiological understanding that ticks are not the
primary biological vector of FMDV (Yoo, 2011) and that
the presence of the virus in ectoparasites, if present, is
usually transient and dependent on the host's viremia
phase (Byamukama et al., 2025; Elnekave et al., 2016).

FMD TAMV TAMV TAMV TAMV TAMV

Figure 5. PCR amplification of FMDV (53-57°C), and TAMYV (54-58°C), with 5 ng DNA input

Molecular screening of TAMV targeting the small
(S) gene segment also failed to produce any
amplification bands wunder all tested annealing
conditions (54-58°C) (Figure 5). TAMV is an emerging

RNA virus from the Nairoviridae family commonly
found in certain genera of ticks in Central and East Asia
(Moming et al., 2024; Wu et al., 2024). The absence of
TAMYV in ticks H. bispinosa from Moa Island may reflect
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several possibilities, including low viral RNA titers,
RNA degradation during the extraction process, or the
absence of TAMYV in the Moa tick-buffalo tick ecological
system in this study area. This pattern of results is

Heatmap of Annealing Temperature Optimization

Optimasi 1

Optimasi 2 5_}
4
3
o
]
a

Optimasi 3 5

Optimasi 4

Min Arnealing Temp

Max Annealing Temp

(@)
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consistent with reports that nairovirus detection in
arthropods often requires more sensitive methods, such
as nested PCR, qPCR, or metagenomic approaches (Gao
etal, 2025; Liu et al., 2022; Tokarz et al., 2014).

PCR Optimization Results Across Optimization Stages

A

Nan-spetific

\

Py

PCR Outcoma
/’

/ \
No amplificatan { @ —
Optimasi 1 Optimas: 2 Optemasi 3 Dptimasi £
PCR Optimization Stage

Figure 6. (a) Heatmap of PCR annealing temperature optimization for five target viruses H. bispinosa ticks; (b)Summary of PCR
optimization results for the detection of BuGyKV, OvHV-2, BoHV-1 (gl), FMDV, TAMYV, and PCPV in H. bispinosa ticks

All PCR optimization steps in this study were
grouped into four main stages based on the similarity of
the experimental approach and the consistency of the
amplification results, with the distribution of minimum
and maximum annealing temperatures at each stage
summarized in Figure 6a, and the PCR output and
amplification specificity visualized in Figure 6b.
Integration of PCR results and gel electrophoresis
visualization showed that the lack of specific
amplification of all target viruses occurred consistently
across all optimization steps, making it unlikely to be
due to a single technical failure but rather reflecting the
limitations of conventional PCR in detecting low-titer
viruses in tick samples. Although negative, these
findings have important scientific value as baseline
virological data, H. bispinosa from Moa Island and serve
as a methodological basis for further research requiring
molecular approaches with higher sensitivity.

Conclusion

Overall, the results of this study indicate that no
specific amplicons were found for all target viruses,
namely BuGyKV, BoHV-1, OvHV-2, FMDV, or TAMV,
despite extensive annealing temperature optimization
and variations in DNA input. This amplification failure
is likely due to primer mismatches with local virus
variants due to geographical differences. The results also
indicate that ticks collected from Moa buffaloes during
the sampling period likely did not carry the five viruses
tested. These findings are important as a virological
basis for the H. bispinosa population in Maluku and may
serve as a foundation for recommendations for the use

of more sensitive methods in the future, such as nested
PCR, qPCR, or shotgun sequencing-based metagenomic
approaches, which have been proven capable of
detecting low-titer viral pathogens in arthropods.
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