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Arastirma Makalesi

oz
Makale Tarihgesi: Calismanin amaci, sigir 16kozis viriisii (BLV) ile enfekte sigirlarda relatif
Gelis tarihi: 20.06.2025 telomer uzunluklar ile fizyolojik parametreler arasindaki iliskiyi arastirmak
Kabul tarihi:29.09.2025 e c o, . el ere 1t . i’ ..
Online Yaymlanma:16.03.2026 ve Tirkiye’deki siit sigirlarinda BLV enfeksiyonu ile iligkili risk faktdrlerini

belirlemektir. Risk degerlendirmesi i¢in yas, parite ve viicut kondisyon skoru
olmak fiizere ii¢ degisken kullanilmistir. En yiiksek seropozitiflik orani

anhtar Kelimeler: (%39,13), viicut kondisyon skoru 3-3,5 olan ve 2-8 yas arasindaki sigirlarda
Viiscut kondisyon skoru gozlenmigtir. BLV ile enfekte sigirlardaki relatif telomer uzunluklarinin
Sigir I6kozis viriisii enfekte olmayanlara kiyasla anlamli derecede daha kisa oldugu bulunmustur
Dogum say1st § (P <0,05). Ayrica, en kisa relatif telomer uzunluklart hem BLV pozitif hem
Goreceli telomer uzunlugu de negatif 8 yas tizeri sigirlarda kaydedilmistir (P < 0,05). Bu sonuglar, BLV

Seropravalans

Epidemiyoloji enfeksiyonu ile telomer kisalmasi arasindaki iliskinin, yas, parite ve viicut

kondisyon skoru gibi faktorlerle birlikte, hastalik kontrolii ve Onleme
programlari i¢in 6nemli olabilecegini gdstermektedir.
Assessment of The Relationship Between Telomere Length and Physiological Parameters in Cattle
Infected with Deltaretrovirus bovleu

Research Article ABSTRACT

Article History: The aim of this study was to investigate the relationship between relative
Received: 20.06.2025 telomere length and physiological parameters in cattle infected with
Accepted: 29.09.2025 . i . . . .
Published online:16.03.2026 deltaretrovirus bovleu (BLV), and to identify risk factors associated with BLV

infection in dairy cattle in Turkey. For risk assessment, three variables were
used: age, parity, and body condition score. The highest seropositivity rate

K ds: K X ..

Ag)éwor S (39.13%) was observed in cattle aged 2-8 years with a body condition score of
Body condition score 3-3.5. Relative telomere lengths were found to be significantly shorter in BLV-
Deltaretrovirus bovleu infected cattle compared to uninfected ones (P < 0.05). Moreover, the shortest
Ea”“f relative telomere lengths were recorded in both BLV-positive and BLV-negative

elative telomere length . .

Seroprovalence cattle over 8 years of age (P < 0.05). These results suggest that the relationship
Epidemiology between BLV infection and telomere shortening, together with factors such as

age, parity, and body condition score, may be important for disease control and
prevention programs.
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1. Introduction
Deltaretrovirus bovleu (formerly known as Bovine leukosis virus, BLV), belonging to the family

Retroviridae, subfamily Orthoretrovirinae, and genus Deltaretrovirus, is widely distributed among
domesticated cattle populations worldwide (Weber et al., 1988; Aida et al., 2013). First identified in
1969 as the causative agent of enzootic bovine leukosis (EBL) (Kettmann et al., 1976), BLV is
responsible for a contagious lymphoproliferative disease in cattle, characterized by B-cell
lymphosarcoma. It belongs to the same viral group as human T-cell lymphotropic virus types | and Il
(HTLV-I and HTLV-II) and simian T-cell lymphotropic virus (STLV) (Camargos et al., 2002; Tozsér,
2010; Aida et al., 2013; Murakami et al., 2013; Polat et al., 2017). BLV infection can lead to a range of
clinical outcomes, often including a prolonged latency period without persistent viremia (Aida et al.,
2013). Approximately one-third of BLV-infected cattle develop persistent lymphocytosis (PL), and 1—
5% may progress to malignant B-cell lymphosarcoma following a latency period of 1 to 8 years.
Unfortunately, there is currently no effective treatment or vaccine available for the control of BLV
(Trono et al., 2001; Watanuki et al., 2019). Given that more than 90% of dairy cattle may be subclinically
infected, accurate diagnosis of BLV is critical for ensuring profitable and sustainable production
(Evermann et al., 2019).

Telomerase is a conserved reverse transcriptase enzyme that elongates telomeric DNA using its own
RNA template. Discovered by Greider and Blackburn in 1985, it compensates for telomere loss caused
by end-replication issues (Greider and Blackburn, 1985; Blackburn, 1991). While normally active in
germ and proliferative cells, elevated telomerase activity is a hallmark of many tumors and is considered
a potential diagnostic and therapeutic target. High telomerase activity has also been reported in blood
lymphocytes and dendritic cells of BLV-infected cattle (Suzuki et al., 2008; Szczotka et al., 2019). The
oncogenic potential of BLV suggests that the virus may interact with telomerase to prevent telomere
attrition, potentially leading to persistent lymphocytosis (PL) and tumorigenesis (Hemmatzadeh et al.,
2015). The clinical manifestations of lymphoma associated with BLV infection are largely dependent
on the anatomical location of neoplastic lesions. Frequently reported symptoms include gastrointestinal
disturbances (such as indigestion and anorexia), progressive weight loss, lethargy, reduced milk
production, generalized weakness, and, in some cases, neurological signs due to tumor infiltration into
the central or peripheral nervous system. The sporadic form of BLV-associated lymphoma is primarily
observed in juvenile cattle aged < 2 years, while the enzootic form is more prevalent in adult cattle aged
> 3 years (Sparling, 2000).

The aim of this study was to investigate the degree to which relative telomere lengths are shorter in dairy
cattle infected with bovine leukosis virus (BLV) compared to uninfected cattle, to determine whether

this difference varies in relation to physiological parameters such as age, parity, and body condition
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score (BCS), and whether these physiological variables constitute potential risk factors for BLV

seropositivity.

2. Materials and Method

2.1. Selection of the animals and sampling

The study was carried out in cattle farms located in the Marmara region of Tiirkiye, which were raised
under intensive conditions and whose records were followed regularly. A total of 131 Simmental cattle
of different ages (< 2, 2-8, and > 8) and different body condition scores (< 2, 3-3.5 and > 4) comprised
the animal material of the study. A purposive sampling strategy was employed to ensure that cattle
representing all age categories (< 2, 2-8, and > 8 years) and body condition score groups (< 2.5, 3-3.5,
and > 4) were adequately included. Only clinically healthy animals without signs of acute disease at the
time of sampling were selected. This sampling approach was chosen to provide sufficient representation
of the study factors under investigation. Detailed information on cattle used in the study is presented in
Table 1. The BCS procedures rely on visual, tactile, or combined evaluations of the amount of body
condition (fat) carried by the cattle. Cattle are normally scored on a five-point scale (1: cachectic, 2:
weak, 3: medium, 4: fat, 5: obese). Body condition scores were determined by the palpation method
reported previously (Hady et al., 1994). Five ml blood samples were taken from the neck vein (vena
jugularis) into tubes with anticoagulant (BD Vacutainer EDTA Tube 10 ml) and without anticoagulant
(Vacuette® Tube 9 ml Z Serum Clot Activator). Blood samples were centrifuged at 3000 rpm for 10
minutes in a refrigerated centrifuge (NF 1200R, Nuve, Ankara, Tirkiye), and then serum samples were

transferred into sterile tubes and stored at —80 °C until the analysis.

Table 1. Number of cattle included in the study at different ages and body condition scores

Age
BCS <2 2-8 >8
<25 14 21 16
3-35 11 23 13
>4 9 16 8
Total 34 60 37

BCS: Body condition score
2.2. Antibody ELISA test
Svanova BLV gp51-Ab ELISA, an indirect ELISA, was used for the detection of antibodies against
BLYV in serum samples in line with the manufacturer’s protocol. The sensitivity (Se) and specificity (Sp)
of the ELISA test were 100 and 99.4 %, respectively. Positive, negative, and blank controls and the
samples were run in parallel. Optical density (OD) values were determined at 450 nm absorbance with
an ELx800 microplate reader (BioTek Instruments, Winooski, USA). Before the interpretation of the

results, all OD values in wells coated with BLV gp51 viral antigen were corrected by subtracting the
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ODs of negative control from the samples' ODs (OD corrected = OD sample — OD control). Percentage
positivity values (PP values) were evaluated. The PP values equivalent to or greater than 10 were
considered positive for BLV infection.

2.3. DNA extraction

DNA was extracted from whole blood samples with an anticoagulant of 200 uL using High pure viral
nucleic acid kit (Ref: 03038505001, Roche Diagnostics GmbH, Germany) according to the
manufacturer’s instructions. The purified nucleic acids were eluted in a final volume of 50 pL and stored

at + 4 °C. The quantifications of all samples were performed on the same day.

2.4. Quantitation of DNA

The DNA was measured using a UV/VIS spectrophotometer (ND-1000, NanoDrop, Thermo Fisher
Scientific, USA) according to the user guide. The optical surfaces of the spectrophotometer were cleaned
by bathing with sterile deionized water of 2 ul before and after each measurement. And then, both
surfaces were wiped with a Kimwipe (Kimberly-Clark Professional, USA). The nucleic acid samples
(six replicates) of 2 ul were used to measure total DNA. Sterile DNAse/RNAse free water was used for

the blank. The absorption ratios of 260/280 were verified for the measurement quality.

2.5. PCR assay for relative telomere lengths

RTLs were measured using a SYBR® Green based real-time PCR assay. This assay was performed using
BIORAD-CFX-96 RT-PCR system and iTaq™ Universal SYBR® Green Supermix (Cat no: 172-5120,
BioRad) as described previously (Cawthon, 2002; Seeker et al., 2016). Ten ul of iTaq™ Universal
SYBR® Green Supermix and 2.5 ul of DNA (25-30 ng) were mixed in a reaction volume of 20 pl (7.1 ul
of dH20, 0.2 ul of forward and reverse primers TELO and 36B4) for each analyzed sample, and the
reactions were conducted in duplicate. Primers of telomere (TELO 1b, 5-
CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-3 TELO 2b, 5'-
GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-3") and ribosomal genes (36B4u, 5'-
CAGCAAGTGGGAAGGTGTAATCC-3; 36B4d, 5-CCCATTCTATCATCAACGGGTACAA-3)

were taken from a previously published study (Gil and Coetzer, 2004). RTLs analyses were performed

with the following cycling conditions: initial denaturation at 95 °C for 3 minutes, 40 cycles of 95 °C for
5 seconds, and 60 °C for 1 minute. The average RTL per genome is represented by the T/S ratio. RTLs
measurement analysis is determined according to the difference between the CTs of the telomere
reaction (T) and single-copy gene (S). Therefore, the delta-delta Ct method, (222 method), is a formula
used to analyze the RTL of samples when performing real-time PCR. We calculated ACt for 36B4 and
TELO genes. ACt is the difference in (36B4 or TELO) quantification cycle number between the two

genomic DNA samples.
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2.6. Statistical analysis

All data were analyzed using GraphPad Prism 7.04 and SPSS 16 (SPSS Inc., Chicago, USA) package.
The normal distribution of the data was demonstrated by the Shapiro-Wilk normality test. The t-test was
used to compare RTLs in BLVpos and BLVneg cattle. In addition, One-way ANOVA test was applied
to compare RTLs among age and BCS groups. After the one-way ANOVA test, Tukey’s HSD post-hoc
multiple comparison test was performed to determine which groups differed significantly. A
significance level of P < 0.05 was considered. The association of cow-level BLV seroprevalence with
different risk factors was evaluated using the Cochran-Armitage trend test. The strength of the
relationship between risk factors and BLV seroprevalence was determined by Phi and Cramer's V value.
Chi-square and stepwise forward multivariable logistic regression were used to identify the most
important risk factors associated with BLV infection. The fit of the multivariable logistic regression

model was evaluated with the Hosmer-Lemeshow goodness-of-fit test.

3. Results

3.1. Antibody ELISA results

BLV seropositivity was found in 43 of the 131 serum samples tested. The prevalence ranged from 11.11
% to 39.13 % within the groups according to age and BCS, and the average seropositivity was 32.82 %
(Table 2). The seropositivity rates in cattle aged < 2, 2-8 and > 8 years were approximately 26.47 %,
36.67 % and 32.43 %, respectively. The lowest seropositivity rate 11.11 % was found in BCS > 4 cattle
under two years of age, while the highest seropositivity rate 39.13 % was found in BCS 3-3.5 cattle aged
2-8 years (Table 2). The results showed that the number of seropositive animals increased in direct
proportion with increasing age, but decreased inversely with increasing BCS. In addition, the results of
the study showed a strong correlation between BLV infection seroprevalence and parity (Phi Coefficient
and Cramer's V = 0.74). The final multivariable logistic regression model showed that parity and age
were important risk factors for BLVpos cows (Table 3). Cows with multiple births had a greater number
odds for BLV seropositivity (OR = 3.68, 95 % CIl = 2.21-5.68), where cows with parities > 4 had an
increased risk (65 %) of being seropositive for BLV.
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Table 2. Distribution of Deltaretrovirus bovleu antibody ELISA results by age and body condition

score.
Age
Body <2 2-8 >8 Total
condition . ) ;
score Heifer Heifer Heifer

Avarege

% Total

Neg Pos %  Total Neg Pos %  Total Neg Pos %  Total Neg Pos

<25 9

5 371 14 13 8 3810 21 10 6 3750 16 32 19 37.25 51

3-35 8 3 2727 11 14 9 3913 23 8 5 3846 13 30 17 36.17 47
>4 8 1 1111 9 11 5 3125 16 7 1 1250 8 26 7 21.21 33
Total 25 9 2647 34 38 22 3667 60 25 12 3243 37 88 43 32.82 131

Table 3. Final multivariable logistic regression analysis of variables associated with cows that are
seropositive for BLV infection

Variables Estimated value SE OR 95 % ClI P-value
Age 1.12 0.23 144 0.89-2.37 0.001

Parity 2.25 0.17 3.68 2.21-5.68 <0.001

Intercept -5.23 0.86 - - <0.001

SE: Standard error
OR: Odss ratio
CI: Confidence interval

3.2. Determination of RTLs

Relative telomere lengths were measured in whole blood of BLVpos and BLVneg cattle using real-
time PCR method. The results showed that the RTLs of BLVpos cattle were found to be shorter than
those of BLVneg cattle (P < 0.05) (Figure 1).
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Figure 1. Relative telomere lengths in whole blood of BLV-positive (BLV*) and BLV-negative
(BLV") cattle measured by real-time PCR. BLV* cattle exhibited significantly shorter telomere lengths
compared to BLV™ cattle (P < 0.05).

Evaluated according to age groups (< 2, 2-8 and > 8), it was observed that RTLs of BLVpos cattle older

than 8 years were shorter than the others, but it was not statistically significant (P > 0.05) (Figure 2).
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Figure 2. Relative telomere lengths of BLV-positive cattle across different age groups (< 2, 2-8, and
> 8 years). Cattle older than 8 years showed shorter RTLs compared to the other groups, but the
difference was not statistically significant (P > 0.05).
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RTLs of BLVneg cattle aged > 8 years, on the other hand, were statistically substantially shorter than
the age (< 2; 2-8) groups (P < 0.05; P < 0.05), respectively (Figure 3). Tukey’s HSD post-hoc analysis
revealed that in the BLV-negative group, cattle older than 8 years had significantly shorter RTL values
compared to those aged < 2 years and 2-8 years (P < 0.05 for both comparisons). No statistically
significant differences were found among BLV-positive groups or across BCS categories (P > 0.05)
(Table 4).

P <0.05
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Figure 3. Relative telomere lengths of BLV-negative cattle across age groups. Cattle older than 8
years had significantly shorter RTLs compared to those aged < 2 years and 28 years (P < 0.05 for
both comparisons).
Table 4. Tukey HSD post-hoc analysis of RTL values among age and BCS groups.

Group comparison P value
BLV <2vs BLV >8 0.012*
BLV 28 vs BLV > 8 0.021*

Other comparisons >0.05

Taking into account BCS groups (< 2.5, 3-3.5 and > 4), RTLs of BLVposin BCS < 2.5 and BLVnegin
BCS 3-3.5 cattle appeared to be shorter than the other groups, but these were not statistically significant

(P >0.05 and P > 0.05), respectively (Figure 4).
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Figure 4. Relative telomere lengths of BLV-positive and BLV-negative cattle by body condition score
(BCS). Shorter RTLs were observed in BLV-positive cattle with BCS < 2.5 and BLV-negative cattle
with BCS 3-3.5, but differences were not significant (P > 0.05).

4. Discussion

Enzootic bovine leucosis (EBL) is an economically significant disease in the cattle breeding industry,
leading to production losses and trade restrictions. EBL is a malignant, systemic tumor disease of the
reticuloendothelial system, observed worldwide and in Tiirkiye, particularly prevalent in regions where
dairy cattle farming is well-developed (Sparling, 2000).

Several studies have reported the seroprevalence of BLV infection in Tirkiye (Burgu et al., 1991;
Batmaz et al., 1995; Yilmaz et al., 1997; Uysal et al., 1998; Tan et al., 2006; Yavru et al., 2007; Yildirim
et al., 2008; Avci et al., 2013; Sevik et al., 2015; Simsek et al., 2017; Dogan et al., 2020; Ayvazoglu et
al., 2022). However, to the best of our knowledge, this is the first study in Tiirkiye to examine the
interaction between BLV seroprevalence and relative telomere lengths. The aforementioned studies
from Tiirkiye have reported BLV seroprevalence rates ranging from 0% to 59.2% in cattle. For example,
Yildirim et al. (2008) reported no seropositivity in cattle from Kars province, whereas Avci et al. (2013)
found a seroprevalence of 59.2% in cattle from Isparta province. Nationally, overall seropositivity rates
have been reported between 3.1% and 26.6% (Sevik et al., 2015). In the present study, we observed
BLV seropositivity rates of 11.11% in cattle under 2 years of age and 39.13% in those aged 2—8 years.
The variation in findings among previous studies may be attributed to factors such as the diagnostic
methods employed, differences in geographic location, and varying population densities (Mousavi et

al., 2014; Hemmatzadeh et al., 2015). Sample size recognized as an important risk factor in earlier
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studies may also explain the discrepancy and relatively high prevalence observed in our study
(Haghparast et al., 2012; Aveci et al., 2013; Mousavi et al., 2014; Sevik et al., 2015). This investigation
was conducted on a small sample population. Additionally, the exclusion of cattle with unknown age or
inconclusive ELISA results—intended to clarify the relationship between infection status and RTL—
may have contributed to the higher seroprevalence reported. Therefore, the seropositivity rates identified
in this study reflect the viral prevalence within the sampled subgroups rather than the overall herd-level
prevalence. Our data also demonstrated a significant age-related increase in the number of seropositive
cattle, consistent with the findings of numerous previous studies (Brenner et al., 1989; Wu et al., 1989;
Ladronka et al., 2018).

As the likelihood of exposure to BLV increases with age in dairy cattle, the potential for BLV
seropositivity also rises (Brenner et al., 1989; Ladronka et al., 2018; Wu et al., 2018). In agreement with
previous studies (Haghparast et al., 2012; Mousavi et al., 2014; Sevik et al., 2015), our findings
confirmed a positive correlation between age and BLV seroprevalence, suggesting that age may serve
both as a major risk factor for and a consequence of BLV infection. It should also be emphasized,
however, that telomere shortening is a well-documented age-related process independent of BLV
infection. In cattle, relative telomere length (RTL) generally decreases with advancing age, driven by
cumulative cell divisions, oxidative stress, and reduced telomerase activity, with rapid shortening in
early life and slower attrition or stabilization in adulthood (Seeker et al., 2018; Zhang et al., 2023). Thus,
the shorter RTLs observed in older animals, including those in the BLV-negative group, likely reflect
physiological aging effects rather than solely viral influence. These overlapping effects of age and
infection may complicate the interpretation of associations observed between BLV and telomere length,
highlighting the need for longitudinal and age-stratified analyses to better clarify the direct impact of
BLV on telomere dynamics.

In this study, which examined the relationship between BLV infection and relative telomere lengths
(RTLs), the RTLs of BLV-positive cattle were significantly shorter than those of BLV-negative cattle
(P < 0.05). When comparing BCS groups, the shortest RTLs were observed in BLV-positive cattle with
a BCS < 2.5 and in BLV-negative cattle with a BCS of 3-3.5, while the longest RTLs (P > 0.05) were
found in both BLV-positive and BLV-negative cattle with a BCS > 4. These findings indicate that body
condition score (BCS), an indirect marker of nutritional status, metabolic activity, and systemic stress,
may play an important role in telomere dynamics in cattle. Low BCS (< 2.5) generally reflects
malnutrition, metabolic strain, and systemic stress, while intermediate BCS values (3—-3.5) may involve
increased metabolic activity and inflammatory burden; both conditions are associated with oxidative
stress and inflammation that can accelerate telomere shortening regardless of BLV status. By contrast,
a high BCS (> 4) has been associated with greater energy reserves and reduced physiological stress,
which may contribute to the relatively longer RTLs observed in both BLV-positive and BLV-negative
cattle (Seeker et al., 2021; Meesters et al., 2023; Zhang et al., 2023; Dewulf et al., 2024; Dewulf et al.,

2025). Taken together, these results suggest that both intrinsic factors (age, BCS) and extrinsic factors
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(BLV infection) should be considered simultaneously when interpreting telomere length differences,
and more comprehensive studies are needed to clarify these interactions more conclusively.

In the age-based analysis, the shortest RTLs were detected in BLVpos cattle older than 8 years (P >
0.05), and in BLVneg cattle of the same age group (P < 0.05). Conversely, the longest RTLs were
observed in both BLVpos and BLVneg cattle younger than 2 years, with statistical significance reached
only in the BLVneg group (P < 0.05). These findings align with the well-documented progressive
telomere shortening in most somatic cells (Suzuki et al., 2008; Chebel et al., 2009; Lu et al., 2013) as
well as increased telomerase activity observed in lymphatic tumors of BLVpos cattle (Counter et al.,
1994, Szczotka and Kuzmak, 2013; Szczotka et al., 2019). A statistically significant interaction between
age and BLV infection was identified with respect to telomere shortening. Older BLV-infected cattle
exhibited a marked reduction in RTLs. This study demonstrated a strong association between BLV
infection and telomere shortening, consistent with previous findings; however, although these data
indicate a possible relationship, further research is required to more clearly establish the causal nature
of this association and to determine the extent to which other factors in the study may have influenced
the results. The shortening of RTLs in BLVpos animals may be attributed to the accelerated aging of
tumor cells induced by the virus (Szczotka and Kuzmak, 2013; Hemmatzadeh et al., 2015; Szczotka et
al., 2019). Telomere length in blood cells varies considerably among individuals, influenced by factors
such as age, antigenic stimulation of resting lymphocytes, and genetic variability (Hiyama et al., 1995;
Tilesi et al., 2010). Telomerase activation is believed to be a critical step in the immortalization of tumor
cells and the progression of cancer in BLVpos animals (Hiyama et al., 1995; Suzuki et al., 2008).
Progressive telomere shortening, commonly observed in individuals with impaired telomerase function
or defective telomere maintenance mechanisms, is a well-established marker of genomic instability and
increased cancer susceptibility (Hemann et al., 2001; Armanios and Blackburn, 2012). Similar
mechanisms appear relevant in BLVpos cattle, where telomere lengths were found to be significantly
shorter than in BLVneg cattle, suggesting that BLV contributes to chromosomal instability. This
observation aligns with findings in human hematologic malignancies, where telomere attrition and
elevated telomerase activity correlate with disease progression and severity (Shay, 1995; Ohyashiki et
al., 1997; Uchida et al., 1998). Therefore, monitoring telomere length and telomerase activity in BLV-
infected cattle could offer valuable insights into disease dynamics and may serve as a useful prognostic
tool.

At the cow level, the strongest positive association identified in this study was between BLV
seroprevalence and parity. This finding is consistent with several previous studies (Erskine et al., 2012;
Ladronka et al., 2018; Selim et al., 2020). Cows with a parity of > 4 are at a higher risk of BLV infection
compared to those with a parity of less than 3 (Yang et al., 2016). The increased prevalence of BLV in
older cows may be attributed to the chronic nature of the disease and the prolonged exposure to
transmission-related risk factors over time, such as direct physical contact between infected and

uninfected animals.
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5. Conclusion

As a result of the study, the effects of BLV infection, age and BCS on relative telomere length were
revealed in Simmental cattle. To the best of our knowledge, this is the first study conducted in our
country to examine these relationships. It was determined that the telomere length in BLVpos cattle
was significantly shorter (P < 0.05) compared to BLVneg cattle. Moreover, the telomere shortening in
BLVpos cattle over 8 years of age was also found to be statistically significant (P < 0.05) compared to
BLVneg cattle in the same age group. Although a notable shortening was observed in BLVpos cattle
with a BCS of < 2.5 aged over 8 years, this difference was not statistically significant (P > 0.05).
Investigating the relationship between BLV infection and telomere length, age, and BCS may contribute
to the development of more effective control and eradication programs for the disease. However, further

studies with larger sample sizes are recommended to support and expand upon these findings.
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