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Abstract 40 

Bovine leukemia virus (BLV) is primarily transmitted through infected lymphocytes. When 41 

vertical and iatrogenic routes are effectively controlled, horizontal transmission is the major 42 

driver of within-farm spread. Although physical separation has been proposed to reduce 43 

insect-mediated horizontal transmission, long-term field evidence of this approach in actual 44 

farming conditions remains limited. In this 10-year observational study, we evaluated 45 

whether maintaining a fixed 4.8-m physical separation between BLV-positive and BLV-46 

negative cattle could prevent horizontal BLV transmission in a commercial Japanese Black 47 

cattle breeding herd. On the study farm, BLV-positive and BLV-negative cattle were housed 48 

in separate sections of the same barn. A 4.8-m corridor and a 4.8-m vacant pen were 49 

consistently maintained as buffers between the cattle groups. Vertical and iatrogenic 50 

transmission was minimized through colostrum management, calf segregation, and strict 51 

hygiene protocols. BLV testing was performed 21 times over the 10‑year observation period. 52 

Cows in the test barn were tested twice annually using real-time polymerase chain reaction 53 

(PCR) and proviral load (PVL) was quantified. Across the 21 rounds of PCR testing, no BLV-54 

negative cows became PCR-positive, even though high-PVL cattle were present throughout 55 

the study, blood-sucking insects were abundant, and no insect control measures were 56 

implemented in the test barn. These findings suggest that a 4.8-m physical separation, 57 

combined with strict compartmental segregation and accurate diagnostic testing, may help to 58 
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prevent horizontal BLV transmission under specific farm conditions.  59 

 60 

Key words: bovine leukemia virus; horizontal transmission; physical separation; proviral 61 

load; real-time polymerase chain reaction 62 
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Introduction 64 

Enzootic bovine leukosis (EBL) is a malignant B-cell lymphoma caused by the bovine 65 

leukemia virus (BLV), an oncogenic delta-retrovirus that integrates into the genome of host 66 

lymphocytes and persists lifelong in infected cattle (Zhao et al. 2025). In most infected cattle, 67 

BLV infection remains subclinical, whereas approximately one-third develop persistent 68 

lymphocytosis, and a small proportion progress to EBL after years of latency (Murakami et 69 

al. 2013). This results in substantial economic losses in both the dairy and beef industries. 70 

The recently developed BLV vaccine is safe and effective (Suárez Archilla et al. 2022), but is 71 

not yet globally available, and BLV control still relies primarily on preventing new infections 72 

through the prioritized removal of infected cattle as well as implementation of other 73 

transmission-blocking strategies. 74 

BLV spreads through both vertical and horizontal routes. Vertical transmission 75 

occurs in utero, during parturition, and via colostrum or milk, whereas horizontal 76 

transmission occurs through the transfer of infected lymphocytes during iatrogenic 77 

procedures or via blood-sucking insects, such as tabanids and stable flies (Ohshima et al. 78 

1981; Buxton et al. 1985; Manet et al. 1989; Panei et al. 2019).  79 

Although BLV has multiple transmission routes (Kuczewski et al. 2021), practical 80 

measures can be implemented to limit mother-to-calf transmission (Mekata et al. 2015) as 81 

well as iatrogenic transmissions through colostrum management, calf segregation, and strictly 82 
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ensuring hygiene during veterinary procedures. When these routes are effectively controlled, 83 

horizontal transmission becomes the primary pathway for within-farm BLV spread (Nekouei 84 

et al. 2015). Under such conditions, strategies aimed at reducing horizontal transmission are 85 

essential to prevent further within-farm spread of BLV. 86 

Insect-mediated transmission occurs when BLV-infected lymphocytes attached to 87 

insect mouthparts and remain infectious until the mouthparts dry (Hopkins and DiGiacomo 88 

1997). This implies that physical separation of BLV-positive and BLV-negative cattle may 89 

reduce the risk of transmission by prolonging the interval between feeding sessions. 90 

However, no long-term field studies have rigorously evaluated whether physical separation 91 

can prevent BLV transmission under real farm conditions when vertical and iatrogenic 92 

transmission routes are appropriately managed. Previous field observations have shown that 93 

short-distance separation within the same barn does not fully prevent BLV transmission, as 94 

seroconversion is observed to occur when BLV-positive cattle are not comprehensively 95 

identified or strictly segregated from the BLV-negative herd (Oshima et al. 2014; Matsuda et 96 

al. 2018). These findings highlight the importance of accurate detection and thorough 97 

separation of BLV-positive cattle when evaluating distance-based transmission control.  98 

In this study, we addressed these issues by evaluating BLV transmission over a 99 

10‑year period on a Japanese Black cattle breeding farm. While complete barn‑level isolation 100 

of BLV‑positive cattle is often recommended, many Japanese beef breeding farms lack the 101 
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physical space to implement full separation. Therefore, a practical “semi‑separation” 102 

approach, which involved continuously maintaining a 4.8‑m buffer space between 103 

BLV‑positive and BLV‑negative cattle, was adopted in this study. The 4.8‑m distance 104 

corresponds to the standard pen-width in Japanese Black breeding barns and represents the 105 

maximum feasible separation within the same barn under typical Japanese farm 106 

infrastructure. During the study period, the cows in the test barn were tested twice annually 107 

using real-time polymerase chain reaction (PCR), and strict measures were taken to minimize 108 

the risk of iatrogenic and vertical transmission.  109 

 110 

Materials and Methods 111 

Farm demographics and environmental conditions 112 

Sixty Japanese Black cows were housed in the experimental barns. On average, the cows on 113 

the farm calved six times and were maintained there for approximately 8 years. 114 

The study farm is located in a mountainous area where tabanid flies and other blood-115 

sucking insects are abundant from early June to late October. 116 

 117 

Observation period 118 

The observation period spanned from November 2015 to November 2025. The 10-year 119 

observation period was designed to reflect realistic fluctuations in herd turnover and seasonal 120 
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exposure to hematophagous insects. 121 

 122 

Initial BLV status 123 

At the beginning of the program, 25 BLV-positive and 35 BLV-negative cattle were present 124 

(BLV-positive rate: 41.6%). About 10 foundation cows were introduced annually to replace 125 

animals that were culled or retired from the herd, and approximately 30% of the introduced 126 

cows tested positive for BLV. 127 

 128 

Initial pen allocation 129 

The barn consisted of two opposing rows of pens, separated by a passageway: the west row 130 

contained 11 pens and the east row contained 10 pens. At the beginning of this study, the 131 

western row of pens in the test barn was designated as the BLV-positive section. It comprised 132 

nine BLV-positive pens, one empty buffer pen, and one BLV-negative pen (Fig. 1a). The east 133 

row contained 10 BLV-negative pens, resulting in an initial configuration of 9 positive pens, 134 

11 negative pens, and 1 empty pen. Each pen housed three adult Japanese Black cows, the 135 

standard stocking density, throughout the study period. 136 

 137 

 138 

 139 
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 140 

Fig. 1 Barn layout before and after implementation of the 4.8‑m spatial segregation scheme 141 

(a) Before implementation 142 

(b) After implementation 143 

 144 
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Distance management 145 

The opposing rows of pens were separated by a 4.8-m-wide central passageway (Fig. 2). The 146 

empty pen on the west side also measured 4.8-m (Fig. 3), matching the width of the 147 

passageway. When BLV-positive and BLV-negative pens were located on the same side of the 148 

barn, a 4.8-m-wide vacant pen was consistently maintained between them to prevent direct 149 

adjacency. High‑proviral load (PVL) cattle were not specifically positioned within the 150 

BLV‑positive section; cattle placement followed routine herd management and was not based 151 

on PVL category. The separation protocol was maintained throughout the entire 10-year 152 

observation period. 153 
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 154 

Fig. 2 The 4.8-m central corridor separating bovine leukemia virus (BLV)-positive and 155 

BLV-negative pens 156 

 157 

 158 

 159 

 160 

 161 

 162 

4.8m 
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 163 

 164 

Fig. 3. The 4.8-m vacant pen used as a buffer between BLV-positive and BLV-negative pens 165 

 166 

 167 

 168 

 169 

 170 

 171 

 172 

Fig. 3 The 4.8-m-wide vacant pen used as a buffer between bovine leukemia virus 173 

(BLV)-positive and BLV-negative pens 174 

 175 

Changes in the number of BLV-positive cattle 176 

BLV-positive cattle were progressively culled as part of the herd replacement, with removal 177 

generally prioritized for animals with high-PVLs. However, cows with high genetic value 178 

were exempt from this rule and were retained even when classified as having a high-PVL; 179 

consequently, at least one cow with a high-PVL remained in the BLV-positive group 180 

throughout the observation period. 181 
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Movement of cattle between barns  182 

Calves were not housed in the test barn (Fig. 4). Pregnant BLV-negative cows were moved 183 

from the test barn to a BLV-negative calving barn located 50 m away, by 14 days before their 184 

expected calving dates. After birth, the calves were allowed to suckle maternal colostrum for 185 

1 week and were then transferred to a pre-weaning calf barn located 30 m away from the test 186 

barn, which housed the pre-weaning calves, without undergoing PCR testing. Pregnant BLV-187 

positive cows calved in a separate BLV-positive calving barn located 25 m away from the test 188 

barn. These calves were immediately separated from the cows, fed a colostrum replacement 189 

(Matsuda et al. 2026), and underwent PCR testing. Calves that tested negative by PCR were 190 

transferred to the pre-weaning calf barn. Calves born to BLV-negative cows, as well as 191 

PCR-negative calves born to BLV-positive cows, were moved to a post-weaning calf barn for 192 

rearing after weaning. PCR-positive calves were moved to an external calf-rearing facility at 193 

Iwate University and were raised until shipment; they did not return to the study farm. 194 

 195 

 196 
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 197 

Fig. 4 Overall test farm layout showing the spatial arrangement of barns used for bovine 198 

leukemia virus infection-based segregation of cattle 199 

 200 

Elimination of iatrogenic transmission 201 

Iatrogenic transmission is a major horizontal infection route in BLV epidemiology, and strict 202 

hygiene is essential for successful eradication programs (Kuczewski et al. 2021). To prevent 203 
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horizontal iatrogenic transmission, single-use needles, syringes, and rectal examination 204 

gloves were used for each cow during all veterinary procedures. The instruments used for 205 

hoof trimming and castration were disinfected between animals to avoid cross-contamination.  206 

Management of introduced cattle  207 

All newly introduced cattle were housed in a dedicated introduction pen located at one end of 208 

the post-weaning calf barn for approximately 14 days after introduction, while awaiting the 209 

results of PCR testing (Murakami et al. 2013) (Figs. 5, 6). As the introduced cattle included 210 

BLV-positive animals, strict adherence to the 4.8-m separation rule was maintained to prevent 211 

potential insect-mediated transmission to BLV-negative candidate animals housed in the post-212 

weaning calf barn. This pen was separated from the calf-rearing pens by a fixed 4.8-m 213 

distance created by a passageway and a vacant pen, following the same spatial-segregation 214 

principle used in the test barn. An anti-insect net was installed only while introduced cattle 215 

were kept in the introduction pen to protect post-weaning calves in the adjacent calf barn 216 

from insect bites and was removed after the introduced cattle were transferred out of the pen. 217 

Before entering either section of the test barn, each introduced animal was tested for 218 

BLV by real-time PCR. PCR-positive cattle were transferred to BLV-positive sections and 219 

PCR-negative cattle were transferred to BLV-negative sections of the test barn. 220 
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 221 

Fig. 5 Layout of the post-weaning calf barn within the 4.8‑m spatial segregation scheme 222 
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 223 

Fig. 6 Layout of the introduction pen, which was separated from calf pens by a 4.8-m buffer 224 

zone and a net barrier  225 

 226 

Insect control measures 227 

Insect nets, fly traps, and tabanid traps were not used in the test barn, with the exception of a 228 

temporary net barrier installed between the introduction pen and the adjacent vacant pen (Fig. 229 

6), which was used only during the short period of introduction of new cattle (approximately 230 

14 days). Tabanid flies and other hematophagous insects were abundant from early June 231 

through late October every year. Thus, the 4.8-m distance served as the sole barrier against 232 

insect-mediated horizontal transmission in the test barn throughout the study. 233 
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 234 

Diagnostic method: real-time PCR 235 

PVL is strongly correlated with infectivity and horizontal transmission risk of BLV (Matsuda 236 

et al. 2018; Panei et al. 2019), making quantitative real-time PCR (qPCR) the most sensitive 237 

and important diagnostic tool for BLV surveillance (Bai et al. 2021). All PCR tests, including 238 

the diagnosis of newborn calves born to BLV-positive dams, were performed using the qPCR 239 

assay described below. 240 

 Blood samples were collected from the jugular vein into EDTA tubes (Venoject II 241 

VP‑DK052K, Terumo Corp., Tokyo, Japan). DNA was extracted from the blood samples by 242 

using an automated nucleic acid extraction device (Magtration System 12GC PLUS; 243 

Precision System Science, Chiba, Japan). The DNA concentration was measured at 260 nm 244 

using a spectrophotometer (NanoDrop One, Thermo Fisher Scientific, Waltham, MA, USA). 245 

BLV proviral DNA was quantified using a commercial qPCR reagent (Bovine Leukemia 246 

Virus qPCR Detection Kit, Takara Bio, Shiga, Japan), which targets the BLV pol gene and 247 

has a diagnostic sensitivity comparable to that of other validated assays (Pluta et al. 2024). 248 

Bovine RPPH1 served as the internal control. qPCR was performed using a QuantStudio 3 249 

system (Thermo Fisher Scientific K.K., Tokyo, Japan), with quantification based on 10 ng of 250 

extracted DNA. 251 

 252 
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Definition and interpretation of BLV test results 253 

BLV-infected cattle were defined as those in which BLV proviral DNA was detected by PCR. 254 

PVL was quantified using real-time PCR. The tested cattle were categorized into three 255 

categories according to the grouping criteria defined in previous studies that demonstrated 256 

that cattle with a high-PVL exhibited increased infectivity (Matsuda et al. 2018; Kuczewski 257 

et al. 2021), as follows: 258 

Low-PVL (< 100 copies per 10 ng DNA), 259 

Medium-PVL (100–499 copies per 10 ng DNA), and 260 

High-PVL (≥ 500 copies per 10 ng DNA). 261 

 262 

BLV testing schedule 263 

BLV testing was performed 21 times over the 10‑year observation period. Testing was 264 

conducted twice annually: in May, prior to the active insect season, and in November, after 265 

the active insect season ended. 266 

 267 

Ethical approval 268 

All study procedures were approved by the Miyagi Prefectural Agricultural Mutual Aid 269 

Association (approval no. MN20170008) and were conducted in accordance with the 270 

institutional guidelines for the care and use of agricultural animals. 271 
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 272 

Results 273 

Twenty-five BLV-positive cattle were identified in the herd at the beginning of the study. 274 

These included 4 high-PVL cattle, 6 medium-PVL cattle, and 15 low-PVL cattle. 275 

 BLV-positive cattle were progressively culled as part of the herd replacement. The 276 

number of BLV-positive cattle gradually decreased over time. Thus, the number of BLV-277 

positive pens decreased from nine to one over the course of this study (Fig.1b). Conversely, 278 

the number of BLV-negative pens increased from 11 to 19 as positive cattle were removed, 279 

and their pens were reassigned as negative sections. By the end of the observation period, 2 280 

BLV-positive cattle and 58 BLV-negative cattle remained in the herd. The annual changes in 281 

the numbers of high-, medium-, and low-PVL cattle are shown in Online Resources 1 and 2. 282 

Removal by culling generally prioritized animals with a high-PVL. The number of 283 

high-PVL cattle thus decreased from the initial 4 to 2 in year 2, and to 1 in year 4. One high-284 

PVL cow was newly introduced in year 5 and another in year 8, resulting in the presence of 2 285 

high-PVL cattle in years 5 and 8. The number of high-PVL cattle decreased to 1 in years 6, 9, 286 

and 10. Thus, at least 1 cow with a high-PVL was present every year during the 10-year 287 

observation period (Online Resource 1).  288 

In the 21 BLV PCR rounds conducted over the 10-year period, no BLV-negative cow 289 

became PCR-positive. 290 
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 291 

Discussion 292 

In this 10-year study, under the experimental conditions, namely, a fixed 4.8-m physical 293 

separation and a barn layout that prevented any direct adjacency between BLV-positive and 294 

BLV-negative pens, no new BLV infections were detected among BLV-negative Japanese 295 

Black cattle. Across 21 PCR testing rounds; thus, no BLV-negative cows converted to BLV-296 

positive. These findings indicated that physical distance plays an important role in reducing 297 

the risk of horizontal BLV transmission under certain farming conditions. 298 

 A high-PVL is a well-established risk factor for BLV transmission. Previous studies 299 

have shown that cattle with a high-PVL shed larger numbers of infected lymphocytes and act 300 

as major transmission sources within herds (Murakami et al. 2013; Ooshiro et al. 2013; 301 

Mekata et al. 2015; Nekouei et al. 2015). At the beginning of the study, the herd contained 25 302 

BLV-positive cattle, including 4 high-PVL cattle (≥500 copies/10 ng DNA) and 6 303 

medium-PVL cattle (100–499 copies per 10 ng DNA). As high-PVL cattle remained present 304 

throughout the observation period, the separation strategy was evaluated under sustained 305 

transmission pressure in this study. In addition, the farm was located in a mountainous area 306 

where tabanid flies and other hematophagous insects are abundant from early June to late 307 

October every year. Moreover, no insect control measures, including nets, were implemented 308 

in the test barn itself, although a net barrier was installed in the introduction pen where 309 
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introduced cattle remained for approximately 14 days until their PCR results were available. 310 

Our findings under these conditions, i.e., persistent presence of high-PVL cattle, and seasonal 311 

exposure to blood-sucking insects in the absence of insect control measures, indicate that 312 

maintaining a 4.8-m physical separation may be an effective measure for preventing BLV 313 

infection in BLV-negative cattle via horizontal transmission. 314 

 Previous on-farm studies evaluating the effectiveness of physical separation between 315 

BLV-infected and non-infected cattle reported BLV seroconversion even when separation 316 

distances of approximately 4–5 m were maintained (Oshima et al. 2014; Matsuda et al. 2018). 317 

Thus, the differences between the findings of our study and those of these earlier studies 318 

cannot be attributed to the distancing alone. Instead, the key distinction lies in the accuracy of 319 

BLV detection and the thoroughness of transmission-blocking management. In previous 320 

studies, BLV-positive cattle may have gone undetected because antibody-based screening 321 

methods, such as enzyme-linked immunosorbent assays or phytohemagglutinin assays were 322 

used, which are less sensitive for detecting early infections. In addition, vertical transmission 323 

and iatrogenic exposure were not fully controlled in the earlier studies. In contrast, the 324 

present study minimized the influence of transmission routes other than horizontal infection 325 

via insect‑mediated spread. This was achieved by preventing vertical transmission through 326 

managing colostrum intake and segregating infected calves (Matsuda et al. 2026), reducing 327 

iatrogenic transmission via strict hygiene protocols (Kuczewski et al. 2021), and ensuring 328 
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accurate identification of BLV‑infected cattle by using real-time PCR, which is more 329 

sensitive than antibody‑based assays for detecting early infection (Bai et al. 2021). Under 330 

these conditions, maintaining a 4.8‑m separation, equivalent to a single pen-width, was 331 

sufficient to prevent horizontal BLV transmission. These findings suggest that appropriate 332 

diagnostic testing and calf management measures are essential prerequisites for evaluating 333 

distance-based control and that physical separation becomes effective only when these 334 

foundational measures are in place.  335 

In addition, as no insect control measures were used in the test barns, the results 336 

imply that the 4.8-m separation served as the primary barrier against insect-mediated 337 

transmission throughout the study. A net barrier was used in the introduction pen to protect 338 

the BLV-negative post-weaning calves in the adjacent calf barn, only while the introduced 339 

cattle were housed there while awaiting PCR test results. This net represented an isolated 340 

management measure rather than being a part of the distance-based separation strategy. These 341 

methodological differences likely explain why some distance separation failed to prevent 342 

BLV transmission in previous barn-based studies, but succeeded in the present study.  343 

Furthermore, the relatively small number of high-PVL cattle in this study may have 344 

contributed to the reduced transmission risk. High-PVL cattle are a major source of infected 345 

lymphocytes, and farms with a large number of high-PVL animals generally experience 346 

greater infection pressure. Consequently, the opportunity for horizontal transmission 347 
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increases and maintaining effective physical separation within the same barn becomes more 348 

difficult. Thus, the low prevalence of high‑PVL cattle in the study herd likely supported the 349 

effectiveness of the 4.8‑m separation under the specific conditions of this study.  350 

Taken together, these findings suggest that preventing vertical transmission, 351 

eliminating iatrogenic transmission, and ensuring accurate identification of BLV-positive 352 

cattle are prerequisites for evaluating distance-based control. When these measures are in 353 

place, maintaining the physical separation of at least 1 pen-width (4.8-m) within the same 354 

barn may be sufficient to prevent horizontal BLV transmission under certain farming 355 

conditions. Although the present study demonstrated the effectiveness of 4.8‑m separation, 356 

further research is needed to determine the minimum effective distance under varying insect 357 

burdens and barn structures. 358 

 This study had some limitations. As the investigation was conducted on a single 359 

farm, the reproducibility of the study findings remains uncertain. Farm-specific factors, 360 

including insect burden, barn structure, herd turnover, and the frequency of high-PVL cattle 361 

movement, may influence transmission dynamics. Thus, the present findings should not be 362 

interpreted as evidence that a separation distance of 4.8-m will universally prevent horizontal 363 

BLV transmission across all farm environments. Nevertheless, the presence of high-PVL 364 

cattle throughout the study period and the farm’s location in an area with abundant blood-365 

sucking insects provide contextual support for the conclusion that a 4.8-m separation distance 366 
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may be an effective control measure under conditions similar to those at this farm. 367 

Furthermore, the 10-year observation period captured variations in management practices and 368 

environmental conditions, thereby strengthening the reliability of the findings. 369 

In conclusion, the results of this study offer valuable practical insights for BLV 370 

eradication programs. Physical separation is a low-cost infrastructure-based strategy that can 371 

be implemented without the need for specialized equipment. Our results indicate that, when 372 

combined with accurate diagnostic testing and strict compartmental segregation, distance 373 

management may be a useful component of integrated BLV eradication strategies, 374 

particularly in herds in which vertical and iatrogenic transmission routes are effectively 375 

controlled.  376 
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