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Abstract 
 
Bovine enzootic leukosis (EBL), caused by the Bovine leukemia virus (BLV), is a retroviral disease of major veterinary 
and economic significance worldwide. Although the primary impact is on animal health, the presence of viral genetic 
material in milk and lymphoid tissues has raised concerns regarding food safety and possible zoonotic potential. 
Pasteurization considerably reduces viral infectivity, but complete inactivation remains debated, while ultra-high 
temperature (UHT) treatment eliminates viral RNA. BLV has not been detected in bovine muscle tissue, yet lymph nodes, 
spleen, and liver may act as reservoirs. The European Union applies strict eradication programs and prohibits the 
marketing of raw milk from BLV-positive cattle, while the United States and Canada permit products from infected 
animals provided thermal processing is ensured. This paper provides a systematic review of scientific evidence, 
international legislation, and risk management strategies. The findings emphasize the importance of harmonized global 
standards, strict hygiene, and continued surveillance to ensure consumer confidence and protect food safety. 
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Bovine enzootic leukosis (EBL) is a chronic 

infectious disease caused by Bovine leukemia virus 
(BLV), a deltaretrovirus belonging to the family 
Retroviridae. It primarily targets B-lymphocytes, 
where it integrates into the host genome and 
establishes lifelong infection (Gillet et al., 2017). 
The disease occurs worldwide and has been the 
subject of eradication campaigns in many developed 
countries. Despite these efforts, BLV remains 
endemic in several regions, especially in North and 
South America, parts of Asia, and Eastern Europe 
(Polat et al., 2017; Mesa et al., 2021). 
Epidemiological surveys estimate prevalence rates 
of 30–50% in North American dairy herds, 10–20% 
in parts of Europe, and up to 70% in some Latin 
American herds. By contrast, countries such as 
Australia, New Zealand, and several EU Member 
States have successfully eradicated the infection 
through test-and-slaughter programs combined with 
strict trade regulations (WOAH, 2023). 

The economic consequences of EBL are 
considerable. Infected animals may show reduced 
milk yield, reproductive inefficiency, increased 
susceptibility to secondary diseases, and shortened 
lifespan. Lymphosarcoma develops in about 1–5% 
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of infected cattle, leading to direct losses due to 
carcass condemnation at slaughter and the 
premature death of high-value breeding stock 
(Rodríguez et al., 2020). Indirect losses are equally 
significant, as many countries restrict the import of 
live cattle or animal products from regions where 
BLV remains endemic. The cost of eradication and 
surveillance programs, while high, is often 
outweighed by the long-term benefits of disease-
free status, both in terms of herd health and 
international trade opportunities (EFSA, 2019). 

From a public health perspective, BLV has 
been debated as a potential zoonotic agent. Several 
studies have detected viral DNA fragments and 
antibodies in human samples, sparking concern over 
possible cross-species transmission (Buehring et al., 
2015; Buehring et al., 2019). Although no causal 
link has been definitively established, some 
epidemiological investigations suggest an 
association between BLV exposure and certain 
human cancers, particularly breast cancer. These 
findings remain controversial, yet they underline the 
importance of applying the precautionary principle 
in food safety policy. 

Legislative approaches vary widely. The 
European Union has adopted one of the strictest 
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frameworks, aiming at complete eradication. Under 
the Animal Health Law (Regulation EU 2016/429), 
EBL is listed as a notifiable disease, and infected 
animals must be removed from herds. 
Complementary food hygiene rules are established 
in Regulation (EC) 853/2004  which ban the 
marketing of raw milk from infected cows and 
require strict ante-mortem and post-mortem 
inspection to exclude lymphoid tissues from the 
food chain. These measures not only protect 
consumers but also support the EU’s trade 
reputation as a BLV-free region 

Starting from April 21, 2021, the new 
European Union legislation on animal health 
entered into force, namely Regulation (EU) 
2016/429 on transmissible animal diseases and on 
the amendment and repeal of certain acts in the field 
of animal health (“the Animal Health Law”), as well 
as the Delegated Regulations, in particular 
Commission Delegated Regulation (EU) 2020/689 
of 17 December 2019 supplementing Regulation 
(EU) 2016/429 of the European Parliament and of 
the Council with regard to rules on surveillance, 
eradication programmes, and disease-free status for 
certain listed and emerging diseases and its 
implementation. These establish the new strategy in 
the field of animal health, including the principle of 
“One Health” and the common European Union 
policy on animal health. By contrast, North America 
has opted for a more pragmatic approach. The 
United States and Canada allow the presence of 
BLV in cattle populations and focus on mitigating 

risks through pasteurization of milk and standard 
slaughterhouse inspection for meat. While these 
measures reduce immediate consumer risks, they do 
not eliminate the infection, which remains prevalent 
in dairy herds (Frie and Coussens, 2015). In Japan, 
BLV control programs are ongoing, combining herd 
monitoring, testing, and partial eradication 
strategies (Polat et al., 2017). Australia and New 
Zealand maintain a BLV-free status through 
rigorous import controls and national surveillance 
(WOAH, 2023). 

Given these discrepancies, the global picture 
of BLV control reflects a tension between economic 
realities, animal health priorities, and consumer 
protection. From a food safety perspective, the 
persistence of BLV in many parts of the world 
demands continuous vigilance, harmonized 
international standards, and transparent 
communication with consumers. 

The aim of this paper is to review the current 
scientific evidence concerning BLV in milk and 
meat, evaluate the effectiveness of thermal 
inactivation processes, analyze occupational and 
consumer risks, and compare legislative 
frameworks across different regions. By integrating 
veterinary science, food safety, and regulatory 
perspectives, this study seeks to provide a 
comprehensive overview of the challenges posed by 
BLV and the strategies available to mitigate its 
impact. 

 

 
 

MATERIAL AND METHOD 
 

This research was designed as a systematic 
review, combining peer-reviewed scientific 
publications, epidemiological surveys, and 
international legislative documents in order to 
assess the implications of Bovine leukemia virus 
(BLV) for food safety. The methodological approach 
was structured to provide both a scientific and 
regulatory perspective, ensuring that the 
conclusions drawn are relevant for veterinary 
medicine, food industry stakeholders, and public 
health authorities. 

Databases and sources 
The literature search was carried out 

between January and April 2025 using multiple 
international scientific databases, including 
PubMed, Web of Science, Scopus, and 
ScienceDirect. These databases were selected for 
their comprehensive coverage of biomedical and 
veterinary research. In addition to scientific 
publications, official legislative and regulatory 
documents were retrieved from EUR-Lex 
(European Union legislation), the World 
Organisation for Animal Health (WOAH, formerly 

OIE), the European Food Safety Authority (EFSA), 
the FAO/WHO Codex Alimentarius, and national 
veterinary authorities in countries such as the 
United States, Canada, Japan, and Australia. This 
dual scientific-legislative focus was intended to 
capture both the biological evidence and the applied 
policies influencing food safety. 

Search strategy 
A structured set of keywords and Boolean 

operators was used to maximize sensitivity and 
specificity of the search. The following terms were 
applied in various combinations: “Bovine leukemia 
virus”, “enzootic bovine leukosis”, “BLV food safety”, 
“milk contamination”, “meat inspection”, “thermal 
inactivation”, “pasteurization”, “zoonotic risk”, and 
“international regulation”. Filters were applied to 
restrict results to articles published between 2010 
and 2024, in English language, and indexed in peer-
reviewed journals. 

Inclusion and exclusion criteria 
The inclusion criteria encompassed: (i) peer-

reviewed articles addressing BLV detection in milk, 
meat, or bovine tissues; (ii) studies evaluating 
thermal inactivation of BLV through pasteurization, 
UHT treatment, or cooking; (iii) epidemiological 
studies examining human exposure risks; and (iv) 
international and national legislative documents 
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related to BLV control and food safety. Exclusion 
criteria involved: articles not available in full text, 
non-English publications, reports focusing 
exclusively on laboratory animal models, and 
studies without direct relevance to food safety or 
legislative implications. 

Selection process 
 The initial search yielded 178 records. Titles 

and abstracts were screened independently by two 
reviewers to minimize bias. Of these, 62 
publications were selected for full-text evaluation. 
Following detailed assessment, 35 studies met the 
final inclusion criteria. In parallel, 12 legislative and 
policy documents were incorporated to provide a 
global regulatory context. This process ensured a 
balanced representation of scientific data and policy 
measures. 

Data extraction 
For each included study, the following 

variables were extracted: country of study, type of 
sample analyzed (milk, muscle, lymphoid tissue), 
diagnostic method employed (PCR, ELISA, culture), 
detection rate of BLV, details of thermal treatment 
applied, and outcomes concerning viral inactivation. 
From legislative sources, extracted information 
included eradication requirements, milk and meat 
regulations, trade restrictions, and surveillance 
strategies. 

Data synthesis 
  Extracted information was synthesized 

using a narrative and comparative approach. 
Scientific data were grouped by sample type (milk 
vs. meat), while legislative data were compared 
across geographical regions. Results were 
presented both narratively and through comparative 
tables to highlight the similarities and differences in 
approaches across Europe, North America, Asia, 
and Oceania. 

Quality assessment 
To ensure reliability, only studies using 

validated diagnostic techniques such as PCR and 
ELISA were included. Priority was given to large-
scale epidemiological surveys and peer-reviewed 
research published in indexed journals. Official 
legislative sources were verified through 
government portals or international organizations, 
minimizing the risk of outdated or non-official 
information. 

Limitations 
Several limitations of the study must be 

acknowledged. First, there is a scarcity of large-
scale epidemiological studies directly linking BLV 
exposure to human health outcomes, which 
weakens the ability to draw definitive conclusions 
about zoonotic risk. Second, differences in 
diagnostic sensitivity and specificity between 
laboratories may have contributed to variability in 
reported prevalence. Third, legislative frameworks 
are dynamic and subject to frequent revision; 
therefore, although this review includes the most 
recent official documents available, future 
regulatory changes may alter the current landscape. 
Despite these limitations, the triangulation of 

scientific evidence, epidemiological surveys, and 
legislative analysis provides a robust and 
comprehensive basis for discussion. 

 
RESULTS AND DISCUSSIONS  

 
This research was designed as a systematic 

review, combining peer-reviewed scientific 
publications, epidemiological surveys, and 
international legislative documents in order to 
assess the implications of Bovine leukemia virus 
(BLV) for food safety. The methodological 
approach was structured to provide both a scientific 
and regulatory perspective, ensuring that the 
conclusions drawn are relevant for veterinary 
medicine, food industry stakeholders, and public 
health authorities. 

Databases and sources 
The literature search was carried out between 

January and April 2025 using multiple international 
scientific databases, including PubMed, Web of 
Science, Scopus, and ScienceDirect. These 
databases were selected for their comprehensive 
coverage of biomedical and veterinary research. In 
addition to scientific publications, official 
legislative and regulatory documents were retrieved 
from EUR-Lex (European Union legislation), the 
World Organisation for Animal Health (WOAH, 
formerly OIE), the European Food Safety Authority 
(EFSA), the FAO/WHO Codex Alimentarius, and 
national veterinary authorities in countries such as 
the United States, Canada, Japan, and Australia. 
This dual scientific-legislative focus was intended 
to capture both the biological evidence and the 
applied policies influencing food safety. 

Search strategy 
A structured set of keywords and Boolean 

operators was used to maximize sensitivity and 
specificity of the search. The following terms were 
applied in various combinations: “Bovine leukemia 
virus”, “enzootic bovine leukosis”, “BLV food 
safety”, “milk contamination”, “meat inspection”, 
“thermal inactivation”, “pasteurization”, 
“zoonotic risk”, and “international regulation”. 
Filters were applied to restrict results to articles 
published between 2010 and 2024, in English 
language, and indexed in peer-reviewed journals. 

Inclusion and exclusion criteria 
The inclusion criteria encompassed: (i) peer-

reviewed articles addressing BLV detection in milk, 
meat, or bovine tissues; (ii) studies evaluating 
thermal inactivation of BLV through pasteurization, 
UHT treatment, or cooking; (iii) epidemiological 
studies examining human exposure risks; and (iv) 
international and national legislative documents 
related to BLV control and food safety. Exclusion 
criteria involved: articles not available in full text, 
non-English publications, reports focusing 
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exclusively on laboratory animal models, and 
studies without direct relevance to food safety or 
legislative implications. 

Selection process 
 The initial search yielded 178 records. Titles 

and abstracts were screened independently by two 
reviewers to minimize bias. Of these, 62 
publications were selected for full-text evaluation. 
Following detailed assessment, 35 studies met the 
final inclusion criteria. In parallel, 12 legislative and 
policy documents were incorporated to provide a 
global regulatory context. This process ensured a 
balanced representation of scientific data and policy 
measures. 

Data extraction 
For each included study, the following 

variables were extracted: country of study, type of 
sample analyzed (milk, muscle, lymphoid tissue), 
diagnostic method employed (PCR, ELISA, 
culture), detection rate of BLV, details of thermal 
treatment applied, and outcomes concerning viral 
inactivation. From legislative sources, extracted 
information included eradication requirements, 
milk and meat regulations, trade restrictions, and 
surveillance strategies. 

Data synthesis 
  Extracted information was synthesized 

using a narrative and comparative approach. 
Scientific data were grouped by sample type (milk 
vs. meat), while legislative data were compared 
across geographical regions. Results were presented 
both narratively and through comparative tables to 
highlight the similarities and differences in 
approaches across Europe, North America, Asia, 
and Oceania. 

Quality assessment 
To ensure reliability, only studies using 

validated diagnostic techniques such as PCR and 
ELISA were included. Priority was given to large-
scale epidemiological surveys and peer-reviewed 
research published in indexed journals. Official 
legislative sources were verified through 
government portals or international organizations, 
minimizing the risk of outdated or non-official 
information. 

Limitations 
Several limitations of the study must be 

acknowledged. First, there is a scarcity of large-
scale epidemiological studies directly linking BLV 
exposure to human health outcomes, which 
weakens the ability to draw definitive conclusions 
about zoonotic risk. Second, differences in 
diagnostic sensitivity and specificity between 
laboratories may have contributed to variability in 
reported prevalence. Third, legislative frameworks 
are dynamic and subject to frequent revision; 
therefore, although this review includes the most 

recent official documents available, future 
regulatory changes may alter the current landscape. 
Despite these limitations, the triangulation of 
scientific evidence, epidemiological surveys, and 
legislative analysis provides a robust and 
comprehensive basis for discussion. 

Table 1 
 

Localization of BLV in cattle tissues 
 

Tissue 
type 

BLV 
detection References 

Muscle Not detected Zanuzzi et al., 2018; 
Rodríguez et al., 2020 

Lymph 
nodes Frequent Kettmann et al., 2019 

Spleen Frequent Mesa et al., 2021 

Liver Occasional Kettmann et al., 2019 

 
The absence of BLV in muscle demonstrates 

that beef derived from infected animals is not 
inherently unsafe if standard hygiene measures are 
applied. However, the frequent detection of the 
virus in lymph nodes and spleen highlights the 
importance of post-mortem inspection and 
removal of these organs at slaughterhouses. This is 
why regulations require lymphoid tissues to be 
excluded from the food chain. The occasional 
detection in the liver also underlines the need for 
vigilance when offal is destined for human 
consumption. 

Thermal inactivation of BLV 
The effectiveness of thermal treatments is 

central to the discussion of BLV and food safety. 
Cooking methods vary in their ability to inactivate 
the virus. 

Table 2 
 

Thermal processing and BLV inactivation 
 

Method Temperature Effect on 
BLV References 

Pasteurization 72°C/15 s Partial 
inactivation 

Frie & 
Coussens, 

2015 

UHT milk >135°C Complete 
elimination 

Zanuzzi et 
al., 2018 

Boiling meat 100°C Complete 
elimination 

Rodríguez 
et al., 2020 

Oven roasting >70°C Inactivation Frie et al., 
2016 
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Method Temperature Effect on 
BLV References 

Rare grilling <60°C Not 
effective 

Rodríguez 
et al., 2020 

 
While pasteurization ensures safety against 

most pathogens, it is not fully effective in 
eliminating BLV RNA fragments. UHT treatment, 
by contrast, achieves complete elimination, 
justifying its use for long-life milk. For meat, 
boiling or roasting above 70°C ensures safety. 
However, rare or medium cooking of beef, where 
the internal temperature does not exceed 60°C, 
cannot guarantee inactivation. This is particularly 
relevant in culinary cultures where raw or lightly 
cooked offal is consumed, as it may represent a 
theoretical risk of exposure. 

Occupational risks 
Slaughterhouse workers and veterinarians are 

at higher risk of exposure to BLV, particularly 
through contact with infected blood and lymphoid 
tissues. Although zoonotic transmission has not 
been proven, the handling of infected tissues 
without protective measures could pose a hazard. 
Personal protective equipment such as gloves, 
masks, and goggles, combined with hygienic 
slaughter practices, are essential to mitigate these 
risks (Frie et al., 2016; Mesa et al., 2021). The 
occupational dimension underscores that BLV is 
not only a food safety concern but also a workplace 
safety issue, requiring adherence to veterinary 
public health standards. 

International legislative frameworks 
Global differences in legislative approaches 

to BLV are significant and reflect varying balances 
between public health priorities, economic 
considerations, and consumer perceptions. 

 
Table 3 

 
International regulations on BLV and food safety 

Region Cattle 
policy Milk regulation Meat 

regulation 

EU 

Eradication 
mandatory 
(Reg. EU 
2016/429) 

Raw milk banned; 
only 

pasteurized/UHT 
allowed 

Muscle 
meat 

allowed; 
lymphoid 
tissues 

excluded 

USA 

No 
eradication; 

40–50% 
prevalence 

Pasteurization 
mandatory; raw 
milk varies by 

state 

Meat 
allowed 

after 
inspection 

Canada Similar to 
USA 

Pasteurization 
mandatory 

No 
restriction 

Region Cattle 
policy Milk regulation Meat 

regulation 

on muscle 
meat 

Japan 
Monitoring 

and 
eradication 

Raw milk banned 

Meat 
inspection, 
lymphoid 
removal 

Australia 

Very low 
prevalence 

due to 
import 

restrictions 

Preventive 
measures 

Safe trade 
with strict 
inspection 

 
The European Union applies the strictest 

measures, requiring eradication of infected herds 
and banning raw milk from positive cows, ensuring 
consumer protection and trade security. The United 
States and Canada, in contrast, prioritize economic 
feasibility: they tolerate high prevalence rates, 
relying on pasteurization and inspection rather than 
eradication. This approach is less costly but 
perpetuates endemicity. Japan combines eradication 
with milk bans, reflecting a more precautionary 
stance, while Australia maintains a BLV-free status 
through stringent import controls and effective 
surveillance. 

These discrepancies illustrate the lack of 
global consensus. While EFSA (2019) considers 
BLV not to be a proven zoonotic pathogen, it 
supports the EU’s precautionary approach. 
FAO/WHO Codex standards emphasize the need 
for hygienic slaughter and thermal treatment, 
aiming for a balance between safety and trade. 
 

CONCLUSIONS 
 

1. Bovine enzootic leukosis (EBL) remains an 
endemic disease worldwide, with high 
prevalence in North and South America, 
parts of Asia, and Eastern Europe, while 
several EU Member States, Australia, and 
New Zealand have achieved eradication. 
This uneven distribution has direct 
consequences on international trade and 
consumer confidence. 

2. Food safety concerns are primarily linked to 
the detection of BLV RNA in raw milk and 
lymphoid tissues. Although no viral 
material is found in muscle tissue, the 
presence of BLV in lymph nodes, spleen, 
and liver highlights the need for strict 
hygienic slaughter and removal of risky 
tissues from the food chain. 

3. Thermal treatments are effective in risk 
reduction. Pasteurization significantly 
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decreases viral infectivity but may leave 
detectable fragments, while UHT treatment 
and cooking above 70°C guarantee viral 
inactivation. Consequently, raw milk and 
undercooked offal may represent potential 
risk factors and should be discouraged. 

4. Occupational exposure is a relevant issue 
for veterinarians and slaughterhouse 
workers. Direct contact with blood or 
lymphoid tissues from infected animals 
requires strict use of personal protective 
equipment and adherence to hygiene 
protocols to prevent theoretical risks. 

5. International legislative frameworks remain 
heterogeneous. The EU applies strict 
eradication and raw milk bans, ensuring 
both consumer protection and trade 
advantages. North America tolerates BLV 
endemicity while relying on processing 
measures, whereas Japan applies partial 
eradication and Australia sustains freedom 
through preventive measures. This lack of 
harmonization complicates global trade and 
consumer trust. 

6. Future perspectives should prioritize 
harmonized international standards, 
continued research on zoonotic potential, 
and transparent communication with 
consumers. Eradication remains the most 
sustainable long-term strategy, both for 
animal health and for food safety assurance. 
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