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Introduction

Enzootic bovine leukosis is a disease of great economic and health care importance in 

dairy farming [1] and has a relevant zoonotic potential [2]. This disease is caused by 

the bovine leukemia virus (BLV), negatively affects the quantity and quality of milk 

production [3], and increases reproductive problems, premature culling of cows [4] 

and cases of clinical mastitis as well as other infectious diseases [3].

 Most infected animals are asymptomatic carriers of the disease [5]. BLV infects the 

lymphocytes and integrates the DNA as a provirus into the genome of cells. Cell-free 

virus is rarely detected in vivo and only appears during the acute stage of infection [6]. 

Once infection is established, immune responses effectively suppress the viral replica-

tion cycle, and the virus replicates only by mitotic division of provirus-bearing cells [7]. 

The virus remains indefinitely throughout the life of the animal [8] and results in per-
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Purpose: The objective of the present study was to evaluate the efficacy of pasteurization, 
freezing, the addition of formaldehyde and peroxymonosulfate on the inactivation of the bovine 
leukemia virus (BLV) present in milk.
Materials and Methods: A sheep bioassay was carried out in 40 sheep, which were intra-
peritoneally inoculated with leukocytes from milk infected by the BLV previously treated with 
one of the virus inactivation methods. Five study groups were evaluated: (1) control group: milk 
without previous treatment, (2) pasteurization group: milk treated by pasteurization, (3) freezing 
group: milk treated by freezing for 36 hours, (4) formaldehyde group: 0.1% formaldehyde, and (5) 
peroxymonosulfate group: 0.05% peroxymonosulfate. The inoculated animals were followed 
for 10 weeks.
Results: At week 10 post-inoculation, all the animals (8/8) of the control group and the peroxy-
monosulfate group were seropositive to BLV, while no animals were seropositive (0/8) to BLV 
in the remaining three groups. Statistically significant differences were found between the 
pasteurization, freezing and formaldehyde groups with respect to the control (p<0.001) and 
peroxymonosulfate groups (p<0.001).
Conclusion: The results indicate that pasteurization, freezing and formaldehyde processes 
are efficient in inactivating the BLV and can be used in milk to prevent the transmission of the 
virus.
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sistent antibody response [9].

 Most BLV transmission occurs through the transfer of pro-

virus-infected lymphocytes, through blood, colostrum, and 

milk [10]. Feeding with infected milk reduces the virus sero-

negative calf population early [11]. Therefore, the manage-

ment of milk and colostrum in the feeding of calves is critical 

for the implementation of a detection and segregation pro-

gram, making treatments that allow the elimination of the 

BLV present in milk and colostrum of infected cows neces-

sary [12,13].

 Studies conducted by Baumgartener et al. [14] and Sando-

val Monzon et al. [15] demonstrated that pasteurization of 

milk eliminates BLV. Likewise, it has been reported that freez-

ing of colostrum inactivates the BLV in colostrum [16] and 

milk [15]. However, the application of chemical treatments 

could be a simpler alternative to inactivate this milk virus in 

the field. Chemical products such as formaldehyde have dem-

onstrated viricidal action and peroxymonosulfate has shown 

to be safe as a viricide [11,17-19].

 Formaldehyde at 0.1% has long been used as an inexpen-

sive preservative in calf feeds of colostrum and milk [20-22]. 

Furthermore, Mbuthia et al. [23] found that the addition of 

formaldehyde to colostrum maintains immunoglobulin con-

centrations during 4 weeks of storage. On the other hand, po-

tassium peroxymonosulfate has been shown to have antimi-

crobial activity against different types of pathogens [19]. There-

fore, the aim of the study was to evaluate the efficacy of physi-

cal (freezing and pasteurization) and chemical (formaldehyde 

and peroxymonosulfate) treatments on the inactivation of 

the BLV provirus present in blood cells present in milk.

Materials and Methods

Ethical considerations
The care and use of animals in this study was approved by 

the Animal Ethics and Welfare Committee of the Universidad 

Nacional Mayor de San Marcos (approval no. 2019-5).

Experimental design
To evaluate the efficacy of physical and chemical treatments 

on the inactivation of BLV provirus present in blood cells in 

milk, a randomized, experimental study was carried out in 

which five experimental groups were evaluated: controls, pas-

teurization, freezing, formaldehyde, and peroxymonosulfate. 

A sheep bioassay was performed as an alternative means to 

study BLV transmission in 40 clinically healthy 4-month-old 

male sheep [16,17]. Eight repetitions were carried out, in each 

repetition five sheep were inoculated, one sheep from each 

experimental group. For each repetition, a milk mixture with 

infected leukocytes was prepared. The treatment was consid-

ered effective when there is no seroconversion against BLV 

[16,24].

Preparation of milk with infected cells
For each repetition, 5 L of milk mixture with infected leuko-

cytes were prepared from milk from a cow seronegative to 

BLV and 150 mL of blood from a seropositive cow with per-

sistent lymphocytosis [15,25]. The seropositivity of the cows 

was identified using the commercial INgezim BLV Compac 

2.0 kit (Eurofins, Ingenasa, Spain) and the performance of 2 

blood counts with a difference of 72 days [15]. The mixture 

was distributed in five aliquots, which were destined to each 

of the experimental groups.

BLV inactivation procedures
The mixture was divided into five aliquots of 1 L each, which 

were subjected to the following treatments: (1) control: the 

mixture did not undergo any treatment, (2) pasteurization: 

physical treatment consisting of heating the mixture to 63°C 

and maintaining this temperature for 30 minutes [14], (3) 

freezing: physical treatment in which the mixture was frozen 

at -23°C for 36 hours [15], (4) formaldehyde: chemical treat-

ment that consisted of the addition of 2.7 g of 37% formalde-

hyde to the mixture (0.1% formaldehyde) which was left to 

act at room temperature for 10 minutes, and (5) peroxymono-

sulfate: chemical treatment that consisted of the addition of 1 g 

of 50% peroxymonosulfate to the mixture (0.05% peroxy-

monosulfate) and allowed to act at room temperature for 10 

minutes.

Inoculation of the sheep
After the BLV inactivation treatments had been carried out, 

the treated aliquots were centrifuged at 2,800 g for 15 minutes 

and the milk fat and the supernatant were removed. The pel-

let (cell fraction) was diluted in phosphate buffered saline, 

sufficient for 5 mL. Then, the inoculums were placed in sy-

ringes and labeled until the time of inoculation of the animals. 

It was confirmed that the number of leukocyte cells reached 

a minimum concentration of 3×108 leukocytes in each inocu-

lum [16]. This procedure was carried out in each treatment 

independently and in each repetition.

 Before starting the inoculation, it was verified that the sheep 
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were seronegative to BLV, using the INgezim BLV Compac 2.0 

serological diagnostic kit (Eurofins). The sheep were inocu-

lated intraperitoneally with the inoculum corresponding to 

each experimental group. The previously sedated sheep (0.3 

mg/kg of xylazine) were inoculated intraperitoneally (right 

paralumbar fossa) with 5 mL of the inoculum, using a 16G× 

6.35-cm intravenous catheter [15]. Finally, yohimbine was 

used at a dose of 0.2 mg/kg to reverse the effect of xylazine.

Follow-up
Weekly blood samples were taken over a 10-week follow-up 

period. The leukocyte and lymphocyte counts were analyzed 

by a complete blood count. Animals with values higher than 

12,000 leukocytes/µL and 9,000 lymphocytes/µL were con-

sidered to have leukocytosis and lymphocytosis, respectively. 

Infection with BLV in sheep was determined using the IN-

gezim BLV Compac 2.0 serological diagnostic kit (Eurofins). 

A sheep was considered as infected by BLV when the anti-

body titers increased and remained high during the weeks 

following inoculation.

Statistical analysis
The statistical packages RStudio ver. 4.0 (RStudio, Boston, 

MA, USA), Minitab ver. 18.0 (Minitab Ltd., Coventry, UK), 

and IBM SPSS Statistics ver. 25.0 (IBM Corp., Armonk, NY, 

USA) were used for the statistical analyses. The weekly fre-

quency of seropositive sheep with leukocytosis and lympho-

cytosis was calculated, as well as the weekly average of the 

leukocyte and lymphocyte counts. To compare the weekly 

frequency of seropositive sheep, the Fisher.multcomp func-

tion was used in RStudio, comparing the results obtained 

within each week. To evaluate the weekly leukocyte and lym-

phocyte counts, the BoxCox transformation was used to trans-

form the data to the normal distribution, and then a multi-

variate analysis of variance of repeated measures was used. 

Bonferroni multiple comparison was performed to deter-

mine differences between treatments within each week. All 

analyses were performed with a significance level of 5%.

Results

Table 1 shows the weekly serological response of sheep inoc-

ulated with milk containing cells infected by BLV previously 

treated with the different inactivation procedures. The ani-

mals in the control group began to seroconvert from the first 

week post inoculation and maintained this condition during 

the 10-week study period. On the other hand, none of the 

sheep from the pasteurization, freezing, and formaldehyde 

treatments seroconverted along the 10 weeks of the study. 

However, similar to the control group, the peroxymonosulfate 

treatment group began to seroconvert from the first week 

post-inoculation. Significant statistical differences were ob-

served among the pasteurization, freezing, and formalde-

hyde treatments from the second week compared to the con-

trol group (p<0.001) and from the third week compared with 

the peroxymonosulfate group (p=0.01).

 Fig. 1 shows the mean leukocyte counts in sheep post-in-

oculation. At week 1 post-inoculation, there was a significant 

increase in the leukocyte counts of the control group com-

pared to the formaldehyde group (p=0.04). This increase was 

maintained during the following week, with statistically sig-

nificant differences between the control group and the pas-

teurization (p=0.02) and freezing (p=0.04) groups. On the 

other hand, the counts in the peroxymonosulfate group in-

creased from week 3, with statistical differences compared to 

the freezing group (p=0.04). Likewise, the highest leukocyte 

counts were found in the control and peroxymonosulfate 

groups, coinciding with the seroconversion of the animals 

post-inoculation.

 Fig. 1 shows that in week 3 there was a significant increase 

in lymphocyte counts in the peroxymonosulfate group com-

pared to the freezing (p=0.04) and pasteurization groups (p= 

0.02). Likewise, at week 8, the lymphocyte count of the per-

Table 1. Weekly results of the enzyme-linked immunosorbent assay 
test of the sheep that received intraperitoneal inoculum of milk with 
cells infected by the bovine leukemia virus previously treated with 
different inactivation methods

Week Control Pasteuri-
zation Freezing Formal-

dehyde
Peroxy-

monosulfate

  0 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a)

  1 1/8 (12.5)a) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 1/8 (12.5)a)

  2 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 4/8 (50)a),b)

  3 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 6/8 (75)b)

  4 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

  5 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

  6 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

  7 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

  8 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

  9 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

10 8/8 (100)b) 0/8 (0)a) 0/8 (0)a) 0/8 (0)a) 8/8 (100)b)

Values are presented as number of seropositive animals/total number of animals 
(% of seropositive).
a),b)Different letters indicate statistically significant differences in rows (p=0.05).
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oxymonosulfate group was significantly higher than the pas-

teurization group (p=0.03), with the sheep in the peroxymono-

sulfate presenting the highest lymphocyte counts.

 None of the animals in the pasteurization, freezing or 

formaldehyde groups presented leukocytosis or lymphocyto-

sis during 8 weeks post-inoculation. In the control group, one 

animal presented leukocytosis at week 3, and in the peroxy-

monosulfate group, one animal presented leukocytosis for 

three weeks, and another animal presented leukocytosis only 

at week 3. Likewise, it was found that one animal from the 

peroxymonosulfate group presented lymphocytosis for 4 

consecutive weeks. These results coincide with the serocon-

version in the peroxymonosulfate and control groups post-

inoculation and the absence of seroconversion in the other 

groups.

Discussion

The results of this study show that the two physical treatments 

(pasteurization and freezing) and one of the chemical treat-

ments (formaldehyde) inactivated the BLV provirus present 

in blood cells from milk, with peroxymonosulfate not achiev-

ing the same results. The sheep bioassay was also found to be 

an effective method for the study of BLV infectivity [26], since 

100% of the sheep in the control group seroconverted in the 

second week after inoculation [7] and the antibodies remained 

present throughout the study [9], verifying the replication of 

the virus in the organism of inoculated animals [26].

 The efficiency of pasteurization depends on critical vari-

ables such as temperature, time, and product composition 

[27]. Heat thermally destabilizes intermolecular interactions 

Fig. 1. Weekly evolution of the leukocyte counts (cells/µL; dotted 
line, blue square marker), lymphocytes (cells/µL; dotted line, red tri-
angle marker), seroconversion frequency (number of animals; solid 
line, green diamond marker), presentation of leukocytosis (number 
of animals; solid line, purple circle marker), and lymphocytosis 
(number of animals; solid line, light blue marker) in sheep (n=8) in-
traperitoneally receiving an inoculum from milk with cells infected 
by the bovine leukemia virus previously treated with different in-
activation methods: (A) control; (B) pasteurization; (C) freezing; (D) 
formaldehyde; (E) peroxymonosulfate.
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between capsid proteins and the integrity of the free virus en-

velope. This thermal destabilization produces the loss of in-

fectivity of the viruses [28], although Reichert et al. [29] found 

that pasteurization does not denature BLV provirus DNA. How-

ever, in this case, BLV was present in a proviral form within 

lymphocytic cells [6]. In the present study, the effect of pas-

teurization on BLV infectivity, which involves various cellular 

mechanisms, was evaluated.

 Several studies have shown that pasteurization reduces the 

viability of cells in milk by more than 90% [30], preventing the 

provirus from replicating and infecting other cells. Other re-

cent investigations have demonstrated the inactivation of 

BLV by pasteurization [15,31] and the inactivation of a wide 

range of enveloped and non-enveloped viruses [27]. While 

pasteurization is an effective method, unfortunately, some 

studies have shown that it destroys some nutritional and im-

mune components [32].

 Freezing efficiently inactivates BLV. Our results coincide 

with those in human studies that report that the process of 

freezing breast milk prevents the transmission of certain vi-

ruses, such as cytomegalovirus and human T-cell lympho-

tropic virus type I [33,34]. Likewise, it has been reported that 

freezing inactivates BLV [15,16]. Although it has been found 

that the freezing process does not significantly alter proviral 

DNA [29], it does produce intracellular ice formation, which 

causes the loss of membrane potential when the ice crystals 

break the membrane preventing the cell from surviving the 

process [35].

 In relation to chemical treatments, formaldehyde was found 

to inactivate the BLV provirus, preventing the infection of in-

oculated sheep. Formaldehyde is a commonly used inactiva-

tor for killed vaccines [36]. There is scientific evidence show-

ing that 0.02% formaldehyde destroys almost 50% of the gly-

coproteins of BLV, demonstrating its deleterious effect on the 

viral antigen [17].

 The results of this study demonstrate the effectiveness of 

formaldehyde in inactivating the provirus present in blood 

cells. BLV inactivation may be due to the effects exerted by 

formaldehyde on cells that contain it. Formaldehyde has 

been found to have a cytostatic effect [36]. Chemical studies 

indicate that formaldehyde is a reactive electrophilic species 

that readily reacts with various functional groups of biologi-

cal macromolecules such as proteins, glycoproteins, nucleic 

acids, and polysaccharides in a cross-linking manner [37]. 

Likewise, formaldehyde has been found to act on the amino 

and sulfate groups of proteins and the nitrogen atoms of the 

purine base ring [38].

 On the other hand, the results obtained with peroxymono-

sulfate show that, at the dose used, the treatment was not ef-

fective in inactivating the BLV provirus. Peroxymonosulfate 

has viricidal action and has been shown to be more effective 

than other compounds [18,19]. The ineffectiveness of peroxy-

monosulfate to inactivate the BLV provirus could be due to its 

viricidal action on the capsid proteins of free viruses [19,39]. 

Although peroxymonosulfate was ineffective in this study, it 

could be effective at doses higher than those used in this study.

 Implementing pasteurization, freezing, or formaldehyde 

treatments in milk and colostrum supplied to calves can re-

duce the rate of transmission in neonates, which has been 

determined to occur in approximately 6% to 16% of animals 

[40]. Both pasteurization, freezing and formaldehyde are good 

alternatives to prevent the transmission of BLV. However, pas-

teurization and freezing require having the necessary infra-

structure and equipment to be carried out; therefore, treat-

ment with formaldehyde could be an option in places in which 

the necessary infrastructure is not available to implement the 

other two methods.

 In conclusion, the physical treatments of pasteurization 

and freezing inactivated the BLV provirus present in blood 

cells found in milk. Of the chemical treatments only formal-

dehyde effectively inactivated BLV, while peroxymonosulfate 

did not achieve the same results.
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