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Abstract

Background: The dairy sector is one of the leading in agricultural production sectors in the world and the bovine
herpesvirus 1 (BoHV-1) is an important pathogen that causes great losses in most production systems. Moreover,
BoL A DRB3 immunological gene presents different alleles related to protection against many pathogens.

Methods: Serological diagnosis was carried out to determine the BoHV-1 infection and through PCR-RFLP 506
Holstein cows from several municipalities of Antioquia were genotyped for BoLA DRB3.2 gene polymorphisms.
Results: Alleles 8, 16, 22, and 24 were the most common out of the 42 alleles found. By indirect ELISA technique,
a 58.7% prevalence of BoHV-1 infection in this population was diagnosed and Odd ratios for found alleles were
calculated by logistic regression; the only significant association was held for allele 37, which showed that it effects
confers susceptibility to infection. On the other hand, by using generalized linear models, a significant association
between BoLA DRB3.2 gene and milk and fat yield in primiparous and services per conception in multiparous was
found, with the most favorable alleles being 11 and 28 in primiparous and 22 and 28 in multiparous; allele 37 was
unfavorable only in primiparous.

Conclusion: BoLA DRB3.2 gene polymorphisms have shown high variability and significant effects on Holstein cattle

and their performance in production systems in Antioquia are at both sanitary or health and productive levels.
Keywords: Holstein, Immunity, Prevalence, Production, Reproduction.

Introduction

Specialized dairy is one of the main lines of the
agricultural sector, and milk is the main livestock
product in most countries. In Colombia, dairy represents
6.4% of the orientation of the herd and the most
commonly used breed for specialized dairy is Holstein
cows. For many years, the Colombian government has
collected information and statistics about productive,
reproductive, and milk quality traits of Holstein cows
(Jaramillo and Areiza, 2012).

Productive and reproductive strategies to optimize
system performance are supported by selection, which
in recent years has been assisted by the use of molecular
markers (Singh et al., 2014). Some of these markers
are related to the modulation of immune responses and
can affect all aspects of an animal, as production and
reproduction. One of these genes is the BoLA DRB3.2,
part of the major histocompatibility complex, which
has more than 100 polymorphic sites only in exon 2
(Amills et al., 1998). This gene has been widely related
to immunological traits (Dietz et al., 1997), resistance
or susceptibility to various diseases (Keirn ef al., 2001),
and production traits and milk quality (Davies et al.,
1992; Nascimento et al., 2006; Zambrano et al., 2014).
Some diseases affect especially the dairy systems,
and bovine herpesvirus 1 (BoHV-1) is an important

pathogen that causes great losses in most production
systems. The symptoms may be mild and localized or
include severe generalized diseases, leading eventually
to death. BoHV-1linfects the host by viremia and affects
different tissues and organs like neuronal cells. In most
cases, the virus may replicate inside the neuronal cells
and cause neuronal diseases (encephalitis) (Engels
and Ackermann, 1996). Due the importance and great
effect of this virus over cattle yield, it is necessary to
keep researching about it, especially on Holstein cattle
population in Antioquia, which is the most important
dairy region in Colombia. The aim of this work was
to associate BoLA DRB3.2 gene polymorphisms with
productive and reproductive traits of Holstein cattle
from Antioquia and with BoHV-1 infection, to establish
alleles that provide a resistance or susceptibility effect.

Material and Methods

Place and experimental units

Blood samples from 506 Holstein cows of Belmira, San
Pedro de los Milagros, and Entrerrios, municipalities
of Antioquia, and the small town of San Felix, in the
municipality of Bello, which have not been vaccinated
against BoHV-1 were taken. These cows belong to
the project "Genetic Evaluation Program and Dairy
Control" of the BIOGEM group of the Universidad
Nacional de Colombia, Medellin Campus, and Colanta
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LTDA. The blood samples were taken by coccygeal
vein puncture and were collected in BD vacutainer
tubes with purple system (EDTA). They were kept in
the refrigerator until processing (DNA isolation) in the
Laboratory of Basic Animal Science at the Universidad
Nacional Colombia, Medellin Campus.

Serological diagnosis of infection with BoHV-1

Blood plasma was obtained by centrifugation of
fresh blood and stored at —80°C until its use in the
serological diagnosis of infection with BoHV-1.
INgezim IBR R.12.IBR.K1 commercial ELISA kit of
INGENASA was used without any modification of the
reagents and protocols specified by the manufacturer.
Only 450 animals out of the 506 sampled could
be analyzed, but it was managed that the samples
of all municipalities remained proportionally
represented before excluding the 50 animals. The
reading of the plates at 450 nm was carried out with
a spectrophotometer EL x 800 (BioTek Instruments
Inc., Winooski, VT) using Gen5 software (BioTek
Instruments Inc., Winooski, VT).

DNA isolation and genotyping by PCR-RFLP

DNA extraction was carried out by using the
salting out procedure (Miller er al., 1988). For
semi-nested PCR amplification and genotyping
by RFLP, primers and protocols described by van
Eijk et al. (1992) for the amplification of a 284 bp
final fragment of exon 2 of the BoLA DRB3 gene
were used. Primers for the first PCR were HLO030:
5'-ATCCTCTCTCTGCAGCACATTTCC-3' and
HLO31:5-TTTAAATTFYFYCTCACCTFYCFYCT-3'
and it was carried out in a reaction volume of 25 pl
which contained 0.4 uM of each ANTP, 0.5 uM of each
primer, 2.5 ul of 10x buffer, 2.5 ul of 25 mM MgClL,
ultrapure water, 1U Taq polymerase, and 100-200 ng of
genomic DNA. Amplification was conducted with the
following thermocycling program: initial denaturation
at 94°C for 240 seconds, followed by 35 cycles of
denaturation at 94°C for 60 seconds, alignment at 60°C
for 120 seconds, extension at 72°C for 60 seconds, and
a final extension at 72°C for 300 seconds. Primers for
the second PCR were HL0O30 and HL032: 5-TFYC
FYCTGCACAGTGAAACTCTC-3' and it was carried
out in a reaction volume of 40 ul containing 0.4 mM of
each ANTP, 0.6 uM of each primer, 4 pl of 10x buffer, 4
pulof25 mM MgCl, ultrapure water, 1U Taq polymerase,
and 2.5 pl of first PCR amplicon. The amplification was
carried out with the following thermocycling program:
initial denaturation at 94°C for 240 seconds, followed
by 35 cycles of denaturation at 94°C for 60 seconds,
alignment at 67°C for 120 seconds, extension at 72°C
for 60 seconds, followed by a final extension of 72°C
for 300 seconds.

Digestion with restriction enzymes Rsal, BstYl, and
Haelll was conducted in a final volume of 20 pl for
each enzyme, which contained 10 pl of the product of
the second PCR, 5 U of enzyme and 2 pl of enzyme

buffer. Reactions with Rsal and Haelll were incubated
at 37°C and with 6 BstYT at 60°C for at least 4 hours and
visualized on 4% agarose gels stained with EZ-Vision.
The strips were read and interpreted according to the
nomenclature reported by van Eijk et al. (1992).

0dd ratios (OR) calculation

To establish the association between alleles,
genotypes, susceptibility, neutrality, or resistance to
infection with BoHV-1, odds ratios were calculated
using a logistic regression model. If the OR is greater
than 1, the relationship of allele or genotype is
resistant and there is low risk of being positive for
BoHV-1, but if it is less than 1, the relationship is
susceptible and there is high risk of being positive
for BoHV-1; neutrality is considered when the OR
is equal to 1 or when it is not significant. Fisher’s
exact test was used to determine the significance
of OR (p < 0.05) and, as an additional test, Chi-
square (y*) Mantel-Haenszel test to determine
general association between alleles and infection
with BoHV-1 was conducted. OR calculations were
executed in SAS® software version 9.2 for Windows
(SAS Institute Inc, Cary NC) and significance
calculations were executed in StatCalc 3.0 (Professor
K. Krishnamoorthy, Dept of Mathematics, UL
Lafayette, LA, software Lafayette, LA).

Evaluated productive and reproductive traits

All information of the animals was compiled by the
"Genetic Evaluation and Dairy Control Program" of
the BIOGEM group of the Universidad Nacional de
Colombia, Medellin Campus, and Colanta LTDA for 5
years from all lactating animals. The traits evaluated
were actual milk yield per lactation (AMYL) in kg,
percentages of protein and fat in milk (PP and FP),
and protein and fat yield in milk (PY and FY) in kg,
calculated with the percentage of each one and the
AMYL, calving interval (CI), services per conception
(SXC), and somatic cell score (SCS), calculated by
logarithmic transformation of somatic cell count
in milk (SCC) with the following equation: SCS =
(Log,(SCC/100)) + 3. Data were adjusted by eliminating
extreme values that could alter the performance of the
model; lactations under 250 days and over 450 days,
and AMYL under 2,500 kg and over 12,000 kg were
removed.

Association of BoLA DRB3 gene with productive and
reproductive traits

A descriptive analysis of evaluated traits was made and
frequency tables were used to characterize the averages
of the traits according to the alleles. In order to make
the association, primiparous (1 and 2 calving) and
multiparous (3—8 calving) were analyzed separately
and a generalized linear model was used; the effect of
replacing the allele 24 was evaluated through Dunnett’s
test. All calculations were made with the SAS®
software version 9.2 for Windows (SAS Institute Inc,
Cary NC).
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The model used was:
=p+HFAFM)+ G, +L +P +E

ijklmnop ijklmnop

Where:
ikimnop® productive or reproductive traits
e u: average population of productive or reproductive
traits
+ Contemporary group: H, : herd effect, A : calving
year effect, M;: month—year effect
* G, : fixed effect of the gene (allele)
* L :lactation period effect
* P, effect of the AMYL

; : random experimental error
ijklmnop

For AMYL trait, was not used.

Ethical approval and consent to participate

This study was derived from the project “Efecto de
la nutricion sobre la asociacion de los polimorfismos
de 4 genes (bGH, prolactina, STATS ¢ IGF2A) con
caracteristicas productivas y reproductivas en ganado
Holstein del departamento de Antioquia”, funded by
Colciencias, code No. 111856935121; this project was
approved by the Ethics Committee of Agricultural
Sciences Faculty of Universidad Nacional de Colombia,
Medellin Campus.

Results

Genotyping by PCR-RFLP

Forty-two alleles were found in the total population
(506 animals), with BoLA DRB3.2 *8 (17.79%), *22
(14.53%), *16 (11.66%), and *24 (9.09%) being the
most frequent alleles. Alleles that had frequencies
lower than 2% were 32 out of the 42 found and were
grouped in the category "Other" (*1, *2, *6, *9, *10,
*12, *¥13, *14, *18, *19, *20, *21, *25, *26, *27, *32,
*34, *35, *36, *47, *48, *49, *51, *iaa, *gbb, *ibb,
*ibe, *kaa, *kha, *dbb, *fdb, *fbb). In Table 1, the
allele frequencies of the entire population (506 animals)

and by municipality are shown. Allele 8 was the most
common in all municipalities, followed by allele 22
in Bello (18.75%), Belmira (17%), and Entrerrios
(13.82%), and allele 16 in San Pedro de los Milagros
(15.09%).

Serological diagnostics and OR

Indirect ELISA tests showed a 58.7% prevalence of
infection with BoHV-1, having 264 positive animals
out of the 450 tested. Chi-square test to establish a
relationship between infection with BoHV-1 and the
place of origin of the sample (municipality) was 3.49,
with p-value = 0.32, indicating that in this study there
was no association between the municipality and the
infection.

In Table 2, the OR of each allele and genotype and their
descriptive information are shown. Chi-square test
showed that there is a significant relationship between
DRB3.2 BoLA gene alleles and infection with BoHV-1
(¢*=4.27, p=0.039). By analyzing the relationship of
each allele, it was found that the only allele that showed
effect on infection was 37 (OR = 0.317, p = 0.0057),
which was considered to be susceptible; all other alleles
that showed no significant effect were considered
neutral. Twenty nine out of the 450 diagnosed animals
had allele 37, and 23 out of 264 animals positive with
BoHV-1 had this allele (79.31%), with only 6 negative
animals. Table 2 also shows the relationship between
genotypes (according to the allele classification made
by its OR) and infection with BoHV-1. Alleles of
neutrality are denoted by N and susceptibility alleles
by S, no resistance (R) alleles were found. As expected,
the NN genotype had no significant effect, but NS
genotype had an OR <1 (0.448) due to susceptibility
allele presence, but the confidence interval contains
values above 1 (0.176—1.144). Although the effect of NS
genotype was not significant (p = 0.0627, p > 0.05), it

Table 1. Allelic frequencies of BoLA DRB3.2 gene for the total population (506 animals) per municipality.

Municipalities
Bello Belmira Entrerrios San Pedro Total

Alleles Frequency % Frequency % Frequency % Frequency % Frequency %
11 17 7.08 5 532 39 11.47 24 7.1 85 8.40
16 20 8.33 12 12.77 35 10.3 51 15.09 118 11.66
22 45 18.75 16 17 47 13.82 39 11.54 147 14.53
23 21 8.75 7 7.45 28 8.24 21 6.21 77 7.61
24 20 8.33 7 7.45 27 7.94 38 11.24 92 9.09
28 3 1.25 2 2.13 15 4.41 8 237 28 2.77
3 17 7.1 4 4.26 23 6.76 24 7.1 68 6.72
37 8 3.33 5 5.32 9 2.65 17 5.03 39 3.85
8 51 21.25 18 19.15 48 14.12 63 18.64 180 17.79
Others 38 15.83 18 19.15 69 20.29 53 15.68 178 17.59
Total 240 100 94 100 340 100 338 100 1012 100
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shows a tendency to be, considering other studies where
alleles are considered to have a significant effect with p
< 0.1; these results may indicate that the susceptibility
allele has no dominance on the allele of neutrality,
which does not make the risk of infection increase
significantly. Since only 4 animals were found for SS
genotype and none of them was negative to infection, it
was not possible to properly calculate the OR, since this
would be 0 (maximum risk) and the confidence interval
would be between 0 and +oo; however, it is clear that
there is a relationship of susceptibility to infection with
this genotype. Studies with a larger sample number are
needed, in which more animals with this genotype are
detected and calculating the OR is more reliable. Due
to positive or negative animals that have at least one out
of the evaluated alleles counted, this might cause each
animal to be repeated in different alleles and therefore
it is invalid to emit a total count.

As shown in Table 1, susceptibility allele 37 was
more common in Belmira (5.32%) and San Pedro de

los Milagros (5.03%); in parallel, it is in these two
municipalities where the prevalence of positive is
greater on total animals with this allele, with 100%
(5/5) in Belmira and 91.7% (11/12) in San Pedro de los
Milagros (Table 3).

Association with production traits

Significant association (p < 0.05) of BoLA DRB3.2
gene with milk yield and fat yield in primiparous cows
(1 and 2 calving) was found; for protein yield and fat
percentage, the p value of the gene in the model was 0.05,
which for our study does not indicate an association but
a very strong trend to association between the gene and
both traits (Table 4). In multiparous cows, the effect
of the gene was only significant on SXC. Multiparous
cows, compared to primiparous, presented favorable
averages in milk yield, protein, and fat yield due to
high milk yield and not to percentages, and CI, are
unfavorable in SXC and SCS.

The traits that presented less variation were protein
and fat percentage; and the highest variation was for

Table 2. Association between BoLA DRB3 alleles, genotypes, and infection with BoHV-1

Prequeny % (B imals O® Cerval Fiher
11 80 8.89 43 32 1109 0.697 1767 0,702
16 99 11 50 45 1238 0.812 1886 0,8526
22 132 14.67 62 57 1384 0.955 2006 0,9563
23 70 7.78 40 28 1009 0.613 1659 0,5599
24 76 8.44 42 28 0.930 0.574 1507 0,4312
Alleles 28 28 3.11 14 12 1070 0.499 2293 0,6423
3 59 6.56 35 22 0.911 0.529 1569 0,4216
37 33 3.67 23 6 0.317 0.129 0.777 0,0057
8 163 18.11 93 56 0.809 0.569 1150 0,1459
Others 160 17.78 - - - - - -
Total 900 100 - - - - - -
NN 421 93.56 241 180 1060 0.810 1.388 0.6892
Genotypes NS 25 5.56 19 6 0.448 0.176 1.144 0.0627
SS 4 0.89 4 0 - - - -
Total 450 100 264 186 - - - -
Table 3. Distribution of negative and positive BoHV-1 by genotype and by municipality.
Municipalities
Genotypes Bello Belmira Entrerrios San pedro
Negative Positive Negative Positive Negative Positive Negative Positive
NN 37 61 16 69 77 58 82
NS
SS 0 0 0 4
Total 39 65 16 72 80 59 93
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SXC, which ranged from 1 to 9. The coefficients of
determination (R?), in both models primiparous and
multiparous cows, were high, with the lowest being
58.61% and the highest above 90%; this indicates that
the used models and included variables explain most of
the evaluated traits’ variation.

In Tables 5 and 6, the difference between the averages
of each trait by allele and the average of each trait
of BoLA DRB3.2 allele *24, which was used as
substitution allele, is shown. In primiparous cows,
alleles with a significant difference to allele *24
according to Dunnett’s test for one or more traits were

Table 4. Descriptive data by calving and p value of BoLA DRB3.2 gene in the model.

Primiparous Multiparous
Trait
Average Cv p value of gene R? Average Cv p value of gene R?

AMYL 5354,32 32,53 <0.01 83.37 5760,12 30,02 0.68 79.15
PP 3,01 7,65 0.21 86.87 2,97 8,43 0.59 72.85
PY 146,37 26,49 0.05 98.56 160,14 23,13 0.78 95.59
FP 3,78 13,00 0.05 823 3,75 12,25 0.74 72.32
FY 184,01 28,89 0.02 96.37 203,51 27,22 0.45 94.48
SXC 1,29 90,27 0.46 80.49 1,63 82,70 0.03 74.45
CI 472,65 42,35 0.19 64.74 434,96 29,84 0.57 65.45
SCS 4,15 32,70 0.18 80.88 4,54 29,40 0.48 58.61

Table 5. Average difference between alleles and allele 24 (substitution allele) in primiparous cows. Differences marked * are

significant (p < 0.05).
Trait Alleles
11 16 22 23 28 3 37 8

AMYL 282 -213.9 187.7 224.1 143.5 —138.7 —705.1* -318
PP —0.05 0.02 —0.02 —-0.03 0.1* 0.02 —0.07 0.05%*
PY 12.06* —2.26 1.76 2.87 7.42% —90.48%* —-17.83 —11.36*
FP —-0.07 0.01 —0.07 —0.14 0.28* 0.04 —0.14 0.05
FY 15.17*% -3.62 —-1.56 —-1.89 15.79% —10.4* —26.8%* —14.57*
SXC 0.12 —-0.13 —0.04 —-0.08 —0.13 —-0.03 —0.24 —0.09
CI —4.98 —57.89 —54.25 —44.47 —70.81 —63.95 —147.45% =71.13
SCS 0.06 0.004 0.18 —0.12 0.28 —-0.06 0.06 0.005

Table 6. Average difference between alleles and allele 24 (substitution allele) in multiparous cows. Differences marked * are

significant (p < 0.05).
ol Alleles
11 16 22 2.3 28 3 37 8
AMYL 314.6 —-14.6 153.2 211.1 164.7 —6.52 617.4 * 22.6
PP 0.03 0.09 * 0.06 0.05 0.11 * 0.11 * —-0.03 0.06
PY 6.34 * 3.25 523 * 7.62 * 10.44 * 0.37 13.1 * 0.49
FP =0.11 0.11 0.02 0.03 0.16 0.01 0.02 0.03
FY —-1.05 3.87 3.12 5.49 14.66 * —6.72 21.25 * -2.36
SXC 0.34 0.25 0.58 * 0.36 0.51 * 0.4 0.02 0.21
CI -21.05 -3.95 -9.41 —-13.79 —55.45 * -3.96 -16.51 —18.44
SCS 0.37 0.37 0.37 0.84 * 0.2 0.53 * 0.01 0.2

335


http://www.openveterinaryjournal.com

336

http://www.openveterinaryjournal.com
J. P. A. Morales et al.

Open Veterinary Journal, (2020), Vol. 10(3): 331-339

*11, *28, *3, *37, and *8. For traits in which the gene
had a significant effect on (AMYL and FY), allele *37
was most unfavorable, along with allele *8 (for FY
only); for FY, alleles *11 and *28 were favorable. Allele
*11 was also favorable for PY, *28 was favorable for
PP, PY, and FP, *37 for CI, and *8 for PP; on the other
hand, allele *3 was unfavorable for PY and *8 for PY. In
multiparous cows, alleles *22 and *28 had a significant
favorable effect on SxC (trait on which the gene had a
significant effect). In contrast, allele *37 was favorable
on the AMYL and FY, and for most traits, contrary to
what happened in primiparous cows, in which it had
mostly unfavorable effects. For PP, alleles *16, *28,
and *3 were favorable; for PY, alleles *11, *22, *23,
*28, and *37 were favorable; for FY, allele *28 was
also favorable, but unfavorable for CI, and for SCS,
alleles *23 and *3 were favorable.

Most variables were significant in almost all used
models, except days of lactation for SCS (in primiparous
cows), FP and CI (in multiparous cows), and AMYL for
SxC and CI (in both groups of cows).

Discussion

Many studies around the world have genotyped cattle
of several breeds for BoLA DRB3.2 polymorphisms,
especially Holstein cattle, which have been highly
selected for zootechnical traits. Duangjinda et al.
(2009) also found in Holstein x Zebu cattle, in addition
to alleles 16, 23, 11, and 8, that alleles 52 and 1 were
also the most frequent. Gilliespie et al. (1999) found
that in Jersey cows, the most frequent alleles are not
the same as in the Holstein population, with allele 8
being the only common and most frequent in both
breeds. Juliarena et al. (2009) reported alleles 24,
16, and 22 as the most common in the Argentinean
Holstein population, along with alleles 8 and 11. Kelm
et al. (1997) reported, similar to the above, that the
most frequent alleles are 8, 11, 23, 24, 22, and 16 in
the US (Iowa) Holstein population. The Canadian
Holsteins also presented alleles 8, 22, 24, and 16 as
the most common (Rupp et al., 2007). Contrasting to
this, populations of Japanese black cattle have allele 10
as the most common, and in Japanese Holstein cattle,
alleles 16 and 24 are presented as the most common,
revealing that allele frequency depends more on the
breed than on the region of origin (Miyasaka et al.,
2011). Takeshima et al. (2014) found that in Japanese
black cattle the most common allele was 3, while in
Holstein and Japanese Shorthorn cattle alleles 22 and
8 were more common, respectively. Starkenburg et
al. (1997) found that alleles 22, 23, and 24 were the
most common in selected production lines, compared
to control lines; these results suggest a relationship
of these alleles with performance traits, for which a
traditional selection has been made for many years in
most dairy systems, which would explain largely why
these alleles are so prevalent in Holstein cattle around
world. Hernandez et al. (2013) found that in Harton

del Valle creole breed, the most common allele is 22.
Zambrano et al. (2011) also reported alleles 23, 22,
24, 16, 8, and 37 as the most common in a Holstein
population of Santa Elena, Medellin, representing more
than 50% of the cumulative allele frequency. In the
same study, they also found high variability in BON
populations and their crossbreeding with Holstein. In
several municipalities in northern and other subregions
of Antioquia, Ramirez ef al. (2014) found that the most
common alleles are 8, 24, and 22, with alleles 11 and 16
having greater than 2% prevalence.

The serological prevalence of BoHV-1 infection found
in this study is similar to other prevalences found in
Antioquia and other regions, particularly to areas of
the Magdalena; Piedrahita et al. (2010) reported 55.5%
prevalences in the middle Magdalena. In Antioquia,
BoHV-1 infection has been studied in several towns
and has reported prevalences ranging from 85.51% to
4.3% (Ruiz-Saenz et al., 2010).

Several studies have linked BoLA DRB3.2 gene
polymorphisms with various animal diseases and
alleles that confer resistance and susceptibility to these
conditions have been identified. Immunological traits
such as lymphocyte response to mitogens, antibody
titers, leukocyte count, and neutrophil function have
been highly associated with different BoLA DRB3.2
gene alleles (Dietz et al., 1997). Zambrano ef al. (2011)
found in Holsteins and Holstein x BON cattle that
allele 33 offered resistance to subclinical mastitis and
allele 8 was associated with susceptibility to it, finding
no associations between alleles and clinical mastitis.
Ramirez et al. (2014) associated alleles 23 and mbb
with increased occurrence of subclinical mastitis and
infection with coagulase — negative Staphylococci;
they also related alleles jba and 15 with resistance to
these last pathogens; this work also showed that allele
23 is related to increased mastitis since it increases the
SCS.

Although BoLA DRB3.2 gene polymorphisms have
not been associated with herpesvirus, they have been
associated with another set of viruses with zootechnical
importance, particularly with bovine leukemia virus.
Juliarena et al. (2009) evaluated BLV viral load with
DRB3 alleles and found that alleles 11 and 12 offered
resistance (low viral load) and allele 16 generated
susceptibility (a high viral load); resistant/susceptible
genotypes could not be identified with any trend or
particular profile. Concerned about the relationship
between low viral load of BLV (resistance) and low
antibody titers to BLV, this same group evaluated
whether the alleles of resistance to BLV affected the
response to other pathogens such as foot-and-mouth
bovine virus, virus-linked diarrhea, and BoHV-1,
finding no association between these polymorphisms
and antibody titers against these pathogens; so, the
selection to resistance to BLV does not affect resistance
or susceptibility to other evaluated viruses. In general,
DRB3.2 gene has been postulated as a great candidate
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for molecular selection and research on vaccines
against viruses such as foot-and-mouth bovine virus,
bovine respiratory syncytial virus, and the ones that
cause bovine respiratory disease complex (like BoHV-
1), given its important role in immune response levels
(Glass et al., 2012).

Regarding to the association between BoLA DRB3.2
and traits, the different and contrasting effects of the
alleles on the traits are due to the different physiological,
nutritional, management requirements, uses, and aims
of primiparous and multiparous cows. Primiparous
cows are in a transition state in which their bodies are
adapting to high productive demands that will have the
rest of their life in the herd; so, they are particularly
sensitive to all factors that influence performance
(Wathes et al., 2007). Management and health are
some of the factors this will be reflected in production,
wherein immune response is essential for the defense
of the body and for sustaining the health of the animal
(Mehrzad et al., 2001, 2009). It is expected, therefore,
that the effect of immunity genes such as BoLA DRB3
on the productive traits is important (significant or high
tendency to significance). In the case of allele *37, for
example, it can be observed that it considerably reduces
the production in primiparous cows, but, as a result of
less physiological wear, reproductive processes are
facilitated, which is reflected in a considerable reduction
of CI. By contrast, in multiparous cows, which have
reached or are close to reaching peak production and
have already adapted to the production demand of the
herd, the reproductive aspect is more sensitive because
their reproductive system is under great challenges
of performance and efficiency, which only can be
accomplish with proper nutrition and reproductive
management, especially in heat detection and voluntary
waiting period (Wittrock et al., 2011). That is why
immunity genes become important in proper recovery
and operation of that system; this will be reflected in
traits such as SxC. On the other hand, it is known that
cows with more lactation usually have higher values
of SCS due to wear and sensitivity of the mammary
gland (Rodriguez-Zas et al., 2000). Genes that have a
favorable or unfavorable effect in primiparous cows
may have opposite effects on multiparous cows due to
management, demands, and levels of gene expression
of their own condition.

Relationships between BoLA DRB3.2 gene and animal
diseases have been established by other researchers and
its effect is also known for various production traits,
particularly those related to health quality of milk, as the
SCS. Dietz et al. (1997) found that allele *16 of BoLA
DRB3 gene is a potential risk factor for high levels of
SCS, and *22 decreases it in second lactation. Kelm
et al. in (1997) also significantly associated allele *16
with higher levels of SCS; they also associated allele
*8 with clinical mastitis, alleles *11 and *23 with lower
levels of clinical mastitis, and alleles *3 and *24 with
IMI (intramammary infection). This study also recorded

allele *3 as an increase factor for SCS. Nascimento et
al. (20006) reported an association between decreased
protein and fat yield in milk and allele *54, as well as
association between decreased milk protein with allele
*6, and increase milk protein with allele *7. A trend of
increased association between SCS and alleles *3 and
*31 was also elucidated. Rupp et al. (2007), contrary to
the results of Nascimento ef al. (2006) and of this work,
reported that allele *3 of DRB3 is associated with low
SCS and high clinical mastitis and antibody production.
They also found an association between allele *11 with
low levels of SCS, *22 and *23 with high levels of
SCS, and *8 with high risk of mastitis. Antagonistically,
they found that alleles *11 and *23, being the first
associated with low levels of SCS and the second with
high levels of SCS, were also associated with increased
production. Also antagonistically, they found that
alleles associated with an increased humoral response
reduced cellular response and vice versa. Kulberg et al.
(2007) related alleles *3, *9, *11, and *26 with high
yields of milk protein, and alleles *22 and *26 were
associated with increased clinical mastitis. Starkenburg
et al. (1997) found contradictory results; although they
found that allele *8 increases acute SCS, they also
reported decreases in second lactation mastitis. They
reported as well, that allele *16 decreases acute and
chronic SCS, that allele *22 increases chronic SCS in
first lactation, allele * 7 increases milk yield and udder
health problems (but strangely in production systems
milk has low frequency), allele *24 increases udder
health problems, and allele *26 decreases milk yields.
In Colombia, Zambrano et al. (2014), analyzing DRB3
polymorphisms and productive traits of the same type
of livestock analyzed for mastitis, determined that allele
*36 decreased milk yield adjusted to 305 days, but
increased percentages of fat and protein in multiparous
and primiparous cows, respectively; likewise, they
determined that allele *33 increased percentage of
protein and allele *19 increased percentage of fat but
only in BON x Holstein cows.

In the Holstein cattle population studied, the most
common BoLA DRB3.2 alleles were *8, *22, *16, and
*24; also, a 58.7% BoHV-1 prevalence was detected.
The only allele statistically associated with the BoHV-
1 infection was *37, which had a susceptibility
effect. Broadly, the most favorable allele, in both
primiparous and multiparous cows, is *28, and the less
favorable is *37. However, larger studies are needed
to continue determining the relationship between these
polymorphisms and diseases, and productive and
reproductive traits in specialized dairy populations,
which are always subject to selection processes that
optimize certain traits but hurt others.
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