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ABSTRACT.	 Bovine leukemia virus (BLV) is horizontally transmitted among cattle through 
infected blood. This 3-year field study (2013–2016) aimed to confirm the potential of the blood-
sucking stable fly as a risk factor of BLV transmission and to determine the efficacy of vector 
control on preventing the transmission of BLV. The BLV-positive conversion rate during summer 
was higher than that during winter in a model dairy farm, where many stable flies were observed 
during the summer. After fly nets were fixed onto the barn to prevent fly invasion, the BLV-positive 
conversion rate during the summer was significantly decreased compared with that in the 
absence of fly nets (P<0.01). These findings suggest that vector control using a fly net may inhibit 
BLV transmission.
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Bovine leukemia virus (BLV) is an oncogenic retrovirus and a causative agent of enzootic bovine leukosis (EBL). Once cattle 
are infected with BLV, they remain infected for life. However, the majority of infected cattle do not display clinical signs of the 
disease. Persistent lymphocytosis (PL) will occur in approximately 30% of infected cattle, and fewer than 5% of them will develop 
malignant lymphoma [3, 10]. In Japan, the incidence of EBL has been increasing since 1997, and the spread of BLV infections is a 
great concern [16].

In general, BLV is horizontally transmitted among cattle through infected lymphocytes in the blood. Iatrogenic transmission 
was considered to be responsible for most new infections, including common use of rectal palpation sleeves, injection needles, 
and dehorners [7, 12, 13]. BLV can also be transmitted by blood-sucking insects such as tabanid and stable flies. Mechanical 
transmission of BLV by virus-infected lymphocytes on the mouthparts of flies has been experimentally demonstrated [4, 6, 17, 20]. 
Although BLV transmission might occur in regions with high populations of blood-sucking insects, the role of the insects in BLV 
transmission under natural conditions is still uncertain. Field studies have reported that increased prevalence of BLV infection 
in the summer season was associated with the activity of the horsefly population, while other prospective studies observed no 
seasonal variation in the BLV seroconversion rate [14, 15, 23]. The proviral load in BLV-infected cattle is an important factor 
of BLV transmission via insect vectors, and PL cattle, which have a high proviral load, become infectious sources in farms 
[9, 19]. Although previous studies considered that blood-sucking insects were low risk factors for BLV transmission [8, 18, 24], 
transmission might be dependent on the density of insects around the cattle, the proportion of BLV-infected cattle within farms, 
and the level of proviral load in BLV-infected cattle [1].

The objectives of our study were to investigate the potential of stable flies as a risk factor for BLV transmission under natural 
conditions in dairy farms and to determine the efficacy of a fly net in controlling vector insects of BLV.

This field study was conducted at a model farm (Dairy farm A) in eastern Hokkaido, Japan. One of the dairy cows in the farm 
developed EBL in 2003, and the BLV prevalence rate in cows was 52.1% at the beginning of this study in July 2013 (Table 1). Dairy 
farm A housed 270 Holstein cows including 150 dairy cows. These dairy cows were housed in freestall barns and were not allowed 
to graze on pasture. During the dry period, the cows were kept in a dry cow barn for about 6–8 weeks and they returned to the 
freestall barn of milking cows with milking parlor after calving. To prevent BLV transmission within the farm, pasteurized colostrum 
feeding, single use of needles and plastic sleeves, and disinfection of dehorning and hoof cutting instruments were implemented. 
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However, planned elimination or segregation of BLV-infected cattle was difficult, and thus vector insects were not controlled.
According to interviews with farmers in 2013, stable flies were frequently observed in both the barns for milking cows and dry 

cows from August to October. To prevent the invasion of stable flies into barns and decrease the occurrence of BLV transmission by 
blood-sucking flies, a commercially available fly net (SC Environmental Science Co., Ltd., Osaka, Japan) was fixed onto the wall 
surrounding the freestall barn of milking cows from June to November in 2014 and 2015. The fly nets measuring 2 m in width, with 
a 6 × 6 mm mesh size, contained pyrethroid insecticides. The dry cow barn remained unprotected against flies without the fly net.

The overall study period spanned 3 years from July 2013 to April 2016, and was divided into six periods: periods 1, 3, and 5 
included the summer season, while periods 2, 4, and 6 included the winter season (Fig. 1). Blood samples from dairy cows were 
collected seven times at the beginning and end of each period. The BLV prevalence rate in cows was confirmed by detecting 
anti-BLV antibodies using a commercial ELISA kit (JNC Inc., Tokyo, Japan) at the beginning of periods 1, 3, and 5 and the end of 
period 6. Lymphocytic cows were detected according to absolute lymphocyte count and age based on European Community’s Key 
[2]. Genomic DNA was isolated from the blood of lymphocytic cows using the Wizard Genomic DNA Purification Kit (Promega, 
Tokyo, Japan), and proviral load was quantified using BLV-CoCoMo-qPCR (RIKEN Genesis, Tokyo, Japan). New cases of BLV 
infection were screened by detecting anti-BLV antibodies and confirmed by detecting BLV provirus using nested PCR targeting the 
BLV long terminal repeat region [22]. The BLV-positive conversion rate in dairy cows was calculated as the number of new cases 
of BLV infection during each survey period. The number of flies in the barns was counted to demonstrate the effect of fly nets on 
the prevention of flies entering barns. Flies were trapped in insect bags between 2 p.m. and 3 p.m. in the milking cow and dry cow 
barns, once a month from July to October 2015. Stable flies were morphologically identified under a stereomicroscope, and DNA 
was extracted for PCR analyses targeting the bovine leukocyte antigen DRA gene [21] to confirm that they sucked cow blood. The 
presence of BLV provirus in the fly was also analyzed.

Fisher’s exact test was used to compare the BLV prevalence rate of cows in later periods to that of July 2013 and the BLV-
positive conversion rate between each survey period. The unpaired t-test was used to compare the number of stable flies in cow 
barns with or without fly nets. Differences were considered significant at P<0.05.

The BLV prevalence rate of cows in March 2014 was 49.4%, which was similar to that in July 2013. After employing the fly net 
on the barn of milking cows from June to November 2014, the BLV prevalence rate in April 2015 significantly decreased to 36.2% 
(P<0.001) compared with the rate in July 2013 (Table 1). The prevalence rate in April 2016 was slightly decreased compared 
with that in April 2015. Foot disease, gastroenteric disorder, and abomasum displacement occurred frequently in 2014 and 2015. 
Affected cows, which included BLV-infected cows, were removed from the farm, which might have contributed to the decreased 
BLV prevalence rate.

Nineteen lymphocytic cows were detected in July 2013, and their mean (± standard deviation) blood proviral load was 18,946 ± 
10,670 copies/µl (Table 1). Most of the BLV-infected cows with PL were not eliminated during the study period, and the ratio of 

Table 1.	 Bovine leukemia virus (BLV) prevalence rates and numbers of lymphocytic cows from farm A

Year 2013 2014 2015 2016
Month July March April April
Number of cows tested 263 261 284 255
BLV prevalence rate (%) 52.1 49.4            36.2***            29.0****
Number of lymphocytic cowsa) 19 22 18 13
Proviral load in lymphocytic cows (copies/µl) 18,946 ± 10,670 18,090 ± 9,999 17,961 ± 8,461 13,346 ± 3,073
Ratio of lymphocytic cows (%) 7.2 8.4 6.3 5.1

a) Lymphocytic cows were detected according to absolute lymphocyte count and age based on European Community’s key. ***P<0.001, ****P<0.0001, 
compared with 2013.

Fig. 1.	 Blood sampling and fly trapping protocols. Blood of dairy cows (●) was collected seven times from July 2013 to April 
2016. Fly nets were fixed onto the wall of a freestall barn of milking cows from June to November in 2014 and 2015. Flies 
(○) were trapped in insect bags in both milking cow and dry cow freestall barns once a month from July to October 2015.
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lymphocytic cows remained about the same from July 2013 to April 2016.
In survey period 1, from July to November 2013, the BLV-positive conversion rate in dairy cows was 20.3%, which was 

significantly higher than that in period 2 (1.7%) from November 2013 to March 2014 (P<0.01) (Table 2). In survey periods 3 and 
5, which included the summer and fall seasons, milking cows housed in the freestall barn with fly nets had significantly decreased 
BLV-positive conversion rates of 8.5 and 5.1% (P<0.05 and P<0.01), respectively, compared with the rate in period 1 without fly 
nets on the stall (Table 2).

The survey of stable flies during the summer and fall of 2015 revealed that the stable flies containing cow blood and BLV provirus 
were present in the dairy cow barns. This finding suggested that the blood-sucking stable flies might be responsible for transmission 
of BLV within dairy cows. The numbers of all flies and ones containing cow blood and BLV provirus were significantly lower in the 
barn with fly nets than in the barn without fly nets (P<0.01, P<0.01, and P<0.05, respectively) (Fig. 2). It may be difficult to directly 
compare the number of flies between the milking cow barn and the dry cow barn because of the location, building size, and number 
of cows that differed between these buildings. However, this finding suggested that the fly net decreased the number of flies in the 
milking cow barn. Follow-up interviews with farmers in November 2014 revealed that stable flies were rarely seen in the freestall 

Table 2.	 Bovine leukemia virus (BLV)-positive conversion rates in dairy cows from July 2013 to April 2016

Survey perioda) 1 2 3 4 5 6
Year 2013 2013–2014 2014 2014–2015 2015 2015–2016
Days in the period 126 126 247 147 211 153
Season Summer/Fall Fall/Winter Spring/Summer/Fall Winter/Spring Spring/Summer/Fall Winter/Spring
Number of cows testedb) 74 60 82 90 98 99
Number of BLV non-infected cows 59 59 75 88 93 96
Number of BLV infected cowsc) 15 1 7 2 5 3
BLV-positive conversion rate (%) 20.3 1.7** 8.5* 2.2** 5.1** 3.0**

a) Period 1: July–November 2013; period 2: November 2013–March 2014; period 3: March–November 2014; period 4: November 2014–April 2015; period 5: 
April 2015–November 2015; period 6: November 2015–April 2016. b) BLV non-infected cows at the beginning of the survey period. c) The number of cows 
newly infected with BLV during the survey period. *P<0.05, **P<0.01, compared with period 1.

Fig. 2.	 Number of stable flies in a milking cow barn with fly nets (□) and in a dry cow barn without fly nets (■). 
Stable flies were trapped in insect bags once a month from July to October 2015 (*P<0.05, **P<0.01).
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barn of milking cows after employing the fly net, confirming that the fly net had a beneficial effect on the prevention of fly invasion.
Seasonal variations in the BLV-positive conversion rates were observed, and the rate in the summer was higher than that in the 

winter (Table 2). The presence of many stable flies from July to October suggested that blood-sucking flies might be responsible for 
BLV transmission in the summer season, in accordance with previous studies [15, 18]. However, the BLV-positive conversion rate 
was very low in the winter season. These observations suggested that the presence of blood-sucking insects should be considered 
as a greater risk factor of BLV transmission than direct contact between infected cows and healthy cows. Some statistical analyses 
presented blood-sucking insects and a lack of controlling flies as risk factors [5, 11]. Additionally, a field study noted that 
controlling vector insects with insect repellents efficiently prevented the spread of BLV infection [19]. In our study, with the fly net 
fixed onto the barn to prevent fly invasion, the BLV-positive conversion rate during the summer decreased significantly compared 
with that under the condition without fly nets. The decreased BLV-positive conversion rate could lead to a decrease in the BLV 
prevalence rate of cows. These findings indicated that controlling vectors with fly nets in dairy farms is very useful for decreasing 
new BLV infections without culling PL cows or segregating infected cattle.

ACKNOWLEDGMENTS. The authors thank Aiko Hiyoshi, Yuri Itagaki and Ai Kago for providing technical assistance.

REFERENCES

	 1.	 Baldacchino, F., Muenworn, V., Desquesnes, M., Desoli, F., Charoenviriyaphap, T. and Duvallet, G. 2013. Transmission of pathogens by Stomoxys 
flies (Diptera, Muscidae): a review. Parasite 20: 26. [Medline]  [CrossRef]

	 2.	 Bendixen, H. J. 1963. Preventive measures in cattle leukemia: leucosis enzootica bovis. Ann. N. Y. Acad. Sci. 108: 1241–1267. [Medline]  [CrossRef]
	 3.	 Burny, A., Cleuter, Y., Kettmann, R., Mammerickx, M., Marbaix, G., Portetelle, D., van den Broeke, A., Willems, L. and Thomas, R. 1988. Bovine 

leukaemia: facts and hypotheses derived from the study of an infectious cancer. Vet. Microbiol. 17: 197–218. [Medline]  [CrossRef]
	 4.	 Buxton, B. A., Hinkle, N. C. and Schultz, R. D. 1985. Role of insects in the transmission of bovine leukosis virus: potential for transmission by stable 

flies, horn flies, and tabanids. Am. J. Vet. Res. 46: 123–126. [Medline]
	 5.	 Erskine, R. J., Bartlett, P. C., Byrem, T. M., Render, C. L., Febvay, C. and Houseman, J. T. 2012. Herd-level determinants of bovine leukaemia virus 

prevalence in dairy farms. J. Dairy Res. 79: 445–450. [Medline]  [CrossRef]
	 6.	 Foil, L. D., Seger, C. L., French, D. D., Issel, C. J., McManus, J. M., Ohrberg, C. L. and Ramsey, R. T. 1988. Mechanical transmission of bovine 

leukemia virus by horse flies (Diptera: Tabanidae). J. Med. Entomol. 25: 374–376. [Medline]  [CrossRef]
	 7.	 Hopkins, S. G., Evermann, J. F., DiGiacomo, R. F., Parish, S. M., Ferrer, J. F., Smith, S. and Bangert, R. L. 1988. Experimental transmission of 

bovine leukosis virus by simulated rectal palpation. Vet. Rec. 122: 389–391. [Medline]  [CrossRef]
	 8.	 Hopkins, S. G. and DiGiacomo, R. F. 1997. Natural transmission of bovine leukemia virus in dairy and beef cattle. Vet. Clin. North Am. Food Anim. 

Pract. 13: 107–128. [Medline]  [CrossRef]
	 9.	 Juliarena, M. A., Gutierrez, S. E. and Ceriani, C. 2007. Determination of proviral load in bovine leukemia virus-infected cattle with and without 

lymphocytosis. Am. J. Vet. Res. 68: 1220–1225. [Medline]  [CrossRef]
	10.	 Kettmann, R., Burny, A., Callebaut, I., Droogmans, L., Mammerickx, M., Willems, L. and Portetelle, D. 1994. Bovine leukemia virus. Retroviridae 3: 

39–81.  [CrossRef]
	11.	 Kobayashi, S., Hidano, A., Tsutsui, T., Yamamoto, T., Hayama, Y., Nishida, T., Muroga, N., Konishi, M., Kameyama, K. and Murakami, K. 2014. 

Analysis of risk factors associated with bovine leukemia virus seropositivity within dairy and beef breeding farms in Japan: a nationwide survey. Res. 
Vet. Sci. 96: 47–53. [Medline]  [CrossRef]

	12.	 Kohara, J., Konnai, S. and Onuma, M. 2006. Experimental transmission of Bovine leukemia virus in cattle via rectal palpation. Jpn. J. Vet. Res. 54: 
25–30. [Medline]

	13.	 Lassauzet, M. L. G., Thurmond, M. C., Johnson, W. O., Stevens, F. and Picanso, J. P. 1990. Effect of brucellosis vaccination and dehorning on 
transmission of bovine leukemia virus in heifers on a California dairy. Can. J. Vet. Res. 54: 184–189. [Medline]

	14.	 Lassauzet, M. L. G., Thurmond, M. C., Johnson, W. O., Stevens, F. and Picanso, J. P. 1991. Factors associated with transmission of bovine leukemia 
virus by contact in cows on a California dairy. Am. J. Epidemiol. 133: 164–176. [Medline]  [CrossRef]

	15.	 Manet, G., Guilbert, X., Roux, A., Vuillaume, A. and Parodi, A. L. 1989. Natural mode of horizontal transmission of bovine leukemia virus (BLV): 
the potential role of tabanids (Tabanus spp.). Vet. Immunol. Immunopathol. 22: 255–263. [Medline]  [CrossRef]

	16.	 Murakami, K., Kobayashi, S., Konishi, M., Kameyama, K. and Tsutsui, T. 2013. Nationwide survey of bovine leukemia virus infection among dairy 
and beef breeding cattle in Japan from 2009–2011. J. Vet. Med. Sci. 75: 1123–1126. [Medline]  [CrossRef]

	17.	 Ohshima, K., Okada, K., Numakunai, S., Yoneyama, Y., Sato, S. and Takahashi, K. 1981. Evidence on horizontal transmission of bovine leukemia 
virus due to blood-sucking tabanid flies. Nippon Juigaku Zasshi 43: 79–81. [Medline]  [CrossRef]

	18.	 Onuma, M., Watarai, S., Ichijo, S., Ishihara, K., Ohtani, T., Sonoda, M., Mikami, T., Izawa, H. and Konishi, T. 1980. Natural transmission of bovine 
leukemia virus among cattle. Microbiol. Immunol. 24: 1121–1125. [Medline]  [CrossRef]

	19.	 Ooshiro, M., Konnai, S., Katagiri, Y., Afuso, M., Arakaki, N., Tsuha, O., Murata, S. and Ohashi, K. 2013. Horizontal transmission of bovine leukemia 
virus from lymphocytotic cattle, and beneficial effects of insect vector control. Vet. Rec. 173: 527. [Medline]  [CrossRef]

	20.	 Perino, L. J., Wright, R. E., Hoppe, K. L. and Fulton, R. W. 1990. Bovine leukosis virus transmission with mouthparts from Tabanus abactor after 
interrupted feeding. Am. J. Vet. Res. 51: 1167–1169. [Medline]

	21.	 Polat, M., Ohno, A., Takeshima, S. N., Kim, J., Kikuya, M., Matsumoto, Y., Mingala, C. N., Onuma, M. and Aida, Y. 2015. Detection and molecular 
characterization of bovine leukemia virus in Philippine cattle. Arch. Virol. 160: 285–296. [Medline]  [CrossRef]

	22.	 Tajima, S., Takahashi, M., Takeshima, S. N., Konnai, S., Yin, S. A., Watarai, S., Tanaka, Y., Onuma, M., Okada, K. and Aida, Y. 2003. A mutant form 
of the tax protein of bovine leukemia virus (BLV), with enhanced transactivation activity, increases expression and propagation of BLV in vitro but 
not in vivo. J. Virol. 77: 1894–1903. [Medline]  [CrossRef]

	23.	 Thurmond, M. C., Carter, R. L. and Burridge, M. J. 1983. An investigation for seasonal trends in bovine leukemia virus infection. Prev. Vet. Med. 1: 
115–123.  [CrossRef]

	24.	 Weber, A. F., Moon, R. D., Sorensen, D. K., Bates, D. W., Meiske, J. C., Brown, C. A., Rohland, N. L., Hooker, E. C. and Strand, W. O. 1988. 
Evaluation of the stable fly (Stomoxys calcitrans) as a vector of enzootic bovine leukosis. Am. J. Vet. Res. 49: 1543–1549. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/23985165?dopt=Abstract
http://dx.doi.org/10.1051/parasite/2013026
http://www.ncbi.nlm.nih.gov/pubmed/14081503?dopt=Abstract
http://dx.doi.org/10.1111/j.1749-6632.1963.tb13448.x
http://www.ncbi.nlm.nih.gov/pubmed/2847391?dopt=Abstract
http://dx.doi.org/10.1016/0378-1135(88)90066-1
http://www.ncbi.nlm.nih.gov/pubmed/2982293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22963749?dopt=Abstract
http://dx.doi.org/10.1017/S0022029912000520
http://www.ncbi.nlm.nih.gov/pubmed/2848127?dopt=Abstract
http://dx.doi.org/10.1093/jmedent/25.5.374
http://www.ncbi.nlm.nih.gov/pubmed/2839925?dopt=Abstract
http://dx.doi.org/10.1136/vr.122.16.389
http://www.ncbi.nlm.nih.gov/pubmed/9071749?dopt=Abstract
http://dx.doi.org/10.1016/S0749-0720(15)30367-4
http://www.ncbi.nlm.nih.gov/pubmed/17975977?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.68.11.1220
http://dx.doi.org/10.1007/978-1-4899-1730-0_2
http://www.ncbi.nlm.nih.gov/pubmed/24370261?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2013.11.014
http://www.ncbi.nlm.nih.gov/pubmed/16786975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2155048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1845922?dopt=Abstract
http://dx.doi.org/10.1093/oxfordjournals.aje.a115855
http://www.ncbi.nlm.nih.gov/pubmed/2560857?dopt=Abstract
http://dx.doi.org/10.1016/0165-2427(89)90012-3
http://www.ncbi.nlm.nih.gov/pubmed/23563620?dopt=Abstract
http://dx.doi.org/10.1292/jvms.12-0374
http://www.ncbi.nlm.nih.gov/pubmed/6270442?dopt=Abstract
http://dx.doi.org/10.1292/jvms1939.43.79
http://www.ncbi.nlm.nih.gov/pubmed/6261092?dopt=Abstract
http://dx.doi.org/10.1111/j.1348-0421.1980.tb02916.x
http://www.ncbi.nlm.nih.gov/pubmed/24158325?dopt=Abstract
http://dx.doi.org/10.1136/vr.101833
http://www.ncbi.nlm.nih.gov/pubmed/2167027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25399399?dopt=Abstract
http://dx.doi.org/10.1007/s00705-014-2280-3
http://www.ncbi.nlm.nih.gov/pubmed/12525624?dopt=Abstract
http://dx.doi.org/10.1128/JVI.77.3.1894-1903.2003
http://dx.doi.org/10.1016/0167-5877(83)90016-8
http://www.ncbi.nlm.nih.gov/pubmed/2851955?dopt=Abstract

