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S u m m a r y  
 

The association study of BLV status (carrier, non-carrier) with the level of milk productive traits in Black and White cows of dif-
ferent lactation periods was performed. The blood samples were derived from the whole herd including 382 cows of fist lactation period, 253 
cows of second lactation period and 197 cows of third lactation period. The presence of provirus form of BLV in blood leuco-cytes was de-
tected by nested PCR using developed system. Based on results of PCR analysis the cows received BLV+ or BLV- status. The increase of the 
number of cows with BLV+ status from 28.5 per cent of fist lactation period cows to 36.1 per cent of third lactation period cows was ob-
served. The significantly higher BLV prevalence (+9.0…+ 21.7 per cent) in fist lactation period cows with the «mean» (within Xaverage±σ) 
and «high» (more than Xaverage+σ) levels of milk productive traits (milk yield, fat content, milk fat and protein yield) comparing to «low» 
productive cows (less than Xaverage-σ) was observed. The data analysis in aspect of different milk productive traits indicated the higher dif-
ferences between the groups differed in milk fat yield (18.3-21.7 per cent, p < 0.999). The tendencies described above in the most of cases 
were observed in the second and third period lactations' cows. The increase of the level of most milk productive traits (milk yield, fat con-
tent, milk fat and protein yield) in cows of different genealogical lines with BLV+ status comparing to BLV- status was observed. 
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Breeding cattle for high milk production contributes to changes in animals’ health (1). Higher output of milk extends the 
share of available energy utilized in the synthesis of milk, and thereby promotes a negative energy balance that can be restored for the 
expense of body reserves, which in turn, causes a partial decline of condition. Such metabolic load is peculiar to high yielding cows as 
specific type of metabolism associated with increased synthesis and secretion of milk; in most cases it results in metabolic stress – 
violation of some energetic processes related to, in particular, reproduction and health (2). Metabolic stress during lactation affects the 
nature of immune response, which was confirmed by K. Kimura et al. (3) who revealed differences in leukocyte patterns of Holstein 
cows after mastectomy and normally lactating ones. The changed immune profile of high yielding cows is seen as the cause of their 
susceptibility to diseases (4-9). For example, milk yield and susceptibility to mastitis are linked by the positive genetic correlation 
varying from 0,24 to 0,55 (5). K.L. Ingvartsen et al. (9) have detected undesirable genetic correlations between milk yield and the 
incidence of ketosis (0,26-0,65), ovarian cysts (0,23-0,42), mastitis (0,15-0,68), and lameness (0,24-0,48). Increased milk production 
is also associated with widespread occurrence of bovine leukemia virus (BLV) in dairy cattle. It was shown that Holstein cows of 
Canadian breeding – BLV-carriers produce higher milk yield than BLV-negative cows (10). BLV status of cows was found to be 
correlated with a strong genetic potential for milk yield: in cows with persistent lymphocytitosis +204 kg, in hematologically normal 
cows +136 kg above the estimates of BLV-negative individuals (11). In a sample group of Black-and-White fresh cows, BLV-carriers 
exhibited the trend to increased levels of some productivity indices compared to animals not infected by the virus (12). 

The purpose of this work was studying the relationship between BLV infestation and milk productivity in a herd of high 
productive dairy cows with respect to duration of their productive use. 

Technique. Investigations were carried out on Holsteinized Black-and-White cows farmed in one herd. Blood samples were 
obtained from animals with completed lactation: the 1st lactation - 382 individuals, 2nd – 253, and 3rd – 197cows. The detection of pro-
viral BLV form in blood lymphocytes was performed by nested PCR using the own developed highly sensitive test system for BLV 
screening. From results of the screening, individual status of cows was determined as BLV+ (BLV-carriers) or BLV-. Parameters of 
milk productivity  (milk yield for 305 days of lactation, kg; fat and protein content in milk,%) were determined according to 
zootechnical recordings, yields of milk fat and protein (kg) were calculated by multiplying the milk yield (kg) by the content of, 
respectively, milk fat and protein (%) and dividing that value by 100. According to the calculated values, the cows were divided into 
three groups with different productivity: low productive (below the mean minus standard deviation  — <Xaverage), medium 
productive (within standard deviation from the mean — Xaverage±) and high productive (exceeding the mean by more than a 
standard deviation — >Xaverage).  

Statistical calculations were performed by standard methods (13) using MS Excel software. 
 



Results. A comparison of BLV infestation (Fig. 1) in groups with different 
duration of productive use showed the higher proportion of BLV-carriers among the cows 
that had fulfilled the 2nd and 3rd lactation - by, resp., 4,3 and 7,6% than in cows of the 1st 
lactation. 

Since BLV status of cows wasn’t reliably correlated to their kinship to particular 
genealogical lines, the analysis of correlations between BLV infestation and productivity 
was carried out over the total sample group not considering individuals’ membership in 
genealogical lines. 

The productivity groups distinguished among cows that had fulfilled the 1st 
lactation (Table 1) exhibited reliable differences in the analyzed parameters of milk 
productivity (p <0,999).  In the low productive group, fat content in milk was reliably 
lower than in the groups of medium- and high-productive cows (resp., 0,11 and 0,12 
abs.%, P <0, 99). 

1. Productivity parameters of Holsteinized Black-and-White dairy herd during the 
1st lactation, represented by different productivity groups 

Productivity group Parameter 
< Xaverage. Xaverage.± > Xaverage+ 

Milk yield, kga 4569±50*** 6053±33*** 7731±68*** 
Number of animals, n 59 265 58 
Milk fat content, % 3,90±0,04* 4,01±0,03* 4,02±0,04* 
Yield of milk fat, kg 178,0±2,7*** 242,5±2,0*** 311,3±4,9*** 
Milk protein content, % 3,13±0,02 3,13±0,01 3,10±0,02 
Yield of milk protein, kg 142,6±1,7*** 189,6±1,2*** 239,7±2,4*** 

Milk fat content, %a 3,45±0,01*** 3,98±0,01*** 4,61±0,02*** 
Number of animals, n 67 253 58 
Milk fat content, % 5918±97 6130±69 6004±116 
Yield of milk fat, kg 204,4±3,5*** 244,4±2,9*** 278,2±5,8*** 
Milk protein content, % 2,97±0,01*** 3,15±0,01*** 3,21±0,03*** 
Yield of milk protein, kg 176,2±3,0*** 192,7±2,1*** 192,7±3,6*** 

Yield of milk fat, kga 173,1±1,7*** 242,2±1,7*** 318,6±3,8*** 
Number of animals, n 63 258 61 
Milk fat content, % 4709±62*** 6091±41*** 7440±99*** 
Yield of milk fat, kg 3,69±0,03*** 3,99±0,02*** 4,30±0,04*** 
Milk protein content, % 3,06±0,02 3,15±0,01 3,12±0,02 
Yield of milk protein, kg 143,8±1,6*** 191,4±1,3*** 231,5±3,3*** 

Milk protein content, %a 2,88±0,01*** 3,12±0,01*** 3,42±0,01*** 
Number of animals, n 60 264 58 
Milk fat content, % 6093±131 6131±64* 5824±116* 
Yield of milk fat, kg 3,74±0,06*** 3,99±0,02*** 4,30±0,04*** 
Milk protein content, % 228,7±6,6 245,0±3,0 247,5±3,6 
Yield of milk protein, kg 176,0±3,8 191,1±2,0 199,3±4,0 

Yield of milk protein, kga 143,1±1,4*** 190,0±1,0*** 241,9±1,9*** 
Number of animals, n 68 253 61 
Milk fat content, % 4694±57*** 6076±36*** 7634±77*** 
Yield of milk fat, kg 3,82±0,04*** 4,02±0,02*** 4,06±0,04*** 
Milk protein content, % 178,8±2,6*** 243,9±1,9*** 310,9±4,6*** 
Yield of milk protein, kg 3,06±0,02**, *** 3,13±0,01** 3,17±0,02*** 

N o t e . a — selective criteria for considering individuals’ membership in a relevant group.   
*, ** and *** resp., p < 0,99; p < 0,995 and p < 0,999. 

 

Significant differences in milk yield provided reliable differences in yields of milk fat (p <0,999) and protein (p <0,999). 
Along with it, groups differing in content of milk fat had reliable differences in the yield of milk fat (p <0,999). In the group of cows 
producing low-fat milk, protein content in milk was reliably inferior (p <0,999) to the other two groups, which contributed to lower 
yield of milk protein (p <0,999) in this group.  

Comparing productive parameters in groups of cows with different yield of milk fat (p <0,999), it was found that the 
observed differences were caused by both variation in milk yield (p <0,999) and variation in fat content (p <0,999). The reliable 
intergroup differences in milk yield against the insignificant variation in protein content resulted in reliable differences in the yield of 
milk protein (p <0,999).  

Groups with different content of protein (p <0,999) also showed reliable differences in fat content (p <0,999). Such 
differences while the insignificant intergroup variation in milk yield contributed to reliable differences in the yield of milk fat and 
protein; the groups with increased yield of milk protein (p <0,999) exhibited higher yield of milk fat (p <0,95). Differences in the 
yield of milk protein (p <0,999) were largely associated with differences in milk yield (p <0,999). Variation in milk yield along with 
reliably lower fat content in milk of cows producing low yield of milk protein provided reliable intergroup differences in yield of milk 
fat (p <0,999). The similar patterns were revealed by comparison of groups with high, medium and low productivity that had fulfilled 
the 2nd and 3rd lactation (data not shown). 

2. The incidence of BLV-carriers (%) in Holsteinized Black-and-White dairy herd 
during the 1st lactation, represented by different productivity groups  

Productivity group, % Parameter Xср. у < Xaverage Xaverage± > Xaverage+ 
Milk yield, kg 6079 1019 16,9±4,9*, ** 29,4±2,8* 36,2±6,3** 
Milk fat content, % 3,99 0,39 19,4±4,8* 30,4±2,9* 30,6±5,9 
Yield of milk fat, kg 243,0 48,8 12,7±4,2***, **** 31,0±2,9**** 34,4±6,1*** 
Milk protein content, % 3,13 0,18 21,7±5,3 30,7±2,8 25,9±5,8 
Yield of milk protein, kg 189,9 32,3 17,6±4,6*, ** 30,3±2,9** 32,8±6,0* 
*, **, *** and **** resp., p < 0,95; p < 0,98; p < 0,995 and p < 0,999. 

 

In the 1st lactation, in groups with different milk yield (Table 2), the incidence of BLV-carriers was reliably higher among 
medium- and high-productive cows (by 9,0-21,7%) than in low-productive animals. In respect to individual parameters, the highest 
differences were observed between groups with different yield of milk fat: in the low-yielding group, the number of BLV-positive 

 
Fig. 1. The proportion of BLV-carriers (bovine 
leukemia virus) in a herd of Holsteinized Black-
and-White cows represented by number of lacta-
tion. Horizontal line – the  mean proportion of 
BLV-carriers over the herd  
 



cows was 18,3% lower (p <0,999) than the mean, and it was 21,7% lower (p <0,999 ) than in the high-yielding group. For protein 
content, no reliable intergroup differences in BLV incidence was observed. At the same time, for the yield of milk protein, the 
incidence of BLV carriers in the low-yielding group was 12,7% (p <0,98) and 15,2% (p <0,95) less than in, respectively, medium- 
and high-yielding groups. Apparently, the yield of milk fat is such trait whose manifestation reflects metabolic load to the greatest 
extent, and therefore, it indicates the amount of metabolic load as well as the level of metabolic stress. 

The observed patterns in most cases persisted in cows of the 2nd and 3rd lactations (Fig. 2). 
Thus, in the group with high milk yield, the incidence of BLV-carriers exceeded the mean for corresponding lactations, and it 

was below the mean in groups with low and medium milk (Fig. 2). At the same time, for fat content and the yield of milk fat, there 
was a different pattern of correlations to BLV infestation: among low-productive animals there was lower BLV incidence, while 
among medium- and high-productive ones the proportion of BLV-carriers exceeded the mean over the total sample of the relevant 
lactation. The least pronounced differences in BLV incidence were found in groups differing in content of milk protein. Using the 
yield of milk protein as a criterion has not allowed to reveal any clear correlations between this parameter and BLV incidence in 
different lactation cycles. In cows of the 1st and 2nd lactations, the growth in yield of milk protein was accompanied by the trend of 
increasing BLV infestation, which though wasn’t peculiar to the 3rd lactation.  The above data suggest that metabolic stress is largely 
determined by enhanced synthesis of milk fat. Increasing the number of lactations smoothes any differences in BLV incidence, 
probably, due to exceeding the mean value of productivity indices and a subsequent increase in proportion of cows with metabolic 
stress (including a group with low productivity). 

 

 

 

Fig. 2.  Variation («+»/«») in the incidence of BLV-
carriers (bovine leukemia virus) relative to the sample 
mean for a corresponding lactation in Holsteinized 
Black-and-White dairy herd, represented by different 
productivity groups : A — milk yield, kg; B — milk 
fat content, %; C — yield of milk fat, kg; D — milk 
protein content, %; E — yield of milk protein, kg; a, b, 
c — resp., groups with low (< Xaverage), medium 
(Xaverage.±) and high (> Xaverage+) productivity. 

 
 

Knowing the role of genealogy for milk productivity of dairy cows, the authors investigated productivity indices of three genealogical 
lines  represented by maximum number of cattle with various incidence of BLV infestation – Wis Back Ideal (WBI, n = 175), 
Montwick Chieftain (MCh,  n = 76), and Reflection Soverng (RS, n = 110) (Table 3). 



3. Productivity parameters of Holsteinized Black-and-White cows of various genea-
logical lines during the 1st lactation, with respect to their BLV-status (bovine leu-
kemia virus) 

BLV-positive BLV-negative Parameter Genealogical 
line n Xaverage±Mx n Xaverage±Mx 

WBI 50 6233±125 125 6008±90 
MCh, 24 6074±158 52 5774±140 

Milk yield, kg 

RS 29 6506±219 81 6066±120 
WBI 50 4,05±0,06 125 3,93±0,04 
MCh, 24 4,11±0,07*** 52 3,88±0,04*** 

Milk fat content, % 

RS 29 4,00±0,08 81 4,09±0,04 
WBI 50 251,9±5,7* 125 237,1±4,6* 
MCh, 24 250,0±8,2** 52 224,2±6,1** 

Yield of milk fat, kg 

RS 29 261,2±11,5 81 248,2±5,3 
WBI 50 3,15±0,02 125 3,11±0,02 
MCh, 24 3,12±0,03 52 3,12±0,02 

Milk protein content, % 

RS 29 3,08±0,03 81 3,17±0,02 
WBI 50 195,6±3,7 125 186,8±2,9 
MCh, 24 189,0±4,8 52 179,7±4,4 

Yield of milk protein, kg 

RS 29 200,0±6,8 81 192,3±3,9 
N o t e .  WBI, MCh, and RS – resp., cattle lines With Back Ideal, Montwick Chieftain and Reflection Soverng. 
*, **, *** resp., p < 0,95; p < 0,98 and p < 0,99. 

 

As it can be seen from Table 3, cows of the 1st lactation - BLV carriers showed a trend to growth in most of the productivity 
indices (milk yield, fat content in milk, the yield of milk fat and protein). The most pronounced differences were observed in the yield 
of milk fat (reliable in two of the three lines), which repeatedly confirms the prior informativeness of this parameter in evaluation of 
the severity of metabolic stress caused by lactation. The similar trends were revealed in cows of the 2nd and 3rd lactation. 

Thus, the data of this research clearly demonstrate correlations between BLV (bovine leukemia virus) status of dairy cows 
and milk productivity during the 1st-3rd lactation: the growth of milk yield, fat content and yield of milk fat are accompanied by the 
increase in BLV incidence, which is possibly associated with changes in the animals’ immunity during metabolic stress of lactation.  
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