
BLAD (bovine leukocyte adhesion deficiency) is
an autosomal recessive genetic disease associated
with immune dysfunction that involves an abnor-
mality of neutrophil adhesion and migration in
BL/BL homozygotes (Kehrli et al. 1990). The mo-
lecular basis of BLAD is a point mutation A�G in
a 383-bp cDNA fragment (GenBank, ACC
Y12672) and in a 488-bp cDNA fragment
(GenBank, ACC M81233) of the gene encoding
the CD18 subunit of beta–2 integrin. This muta-
tion substitutes glycine for aspartate acid at posi-
tion 128 of the polypeptide chain (D128G).
The structural change in the CD18 subunit ex-
cludes the possibility of its aggregation with the
CD11a subunit and the formation of a functional
macromolecule of beta–2 integrin (Shuster et al.
1992a). In cattle the gene coding for the CD18
subunit of beta-2 integrin is mapped to the BTA1
chromosome. This mutation is lethal, since reces-
sive homozygotes are naturally eliminated before
they reach the stage of sexual maturity.

Detailed information on the initial frequency of
BLAD carriers in the US Holstein-Friesian cattle
population was for the first time provided by

Shuster et al. (1992b). Those authors reported that
BLAD carriers accounted for 14.1% of active arti-
ficial insemination (AI) bulls, 17.1% of the top
100 bulls ranked according to the Total Perfor-
mance Index, and 5.8% of female Holstein-
Friesians. The highest frequency of BLAD carri-
ers was recorded in the USA (Powell et al. 1996)
among bulls born in 1987 (16.7%), 1988 (24.2%)
and 1989 (17.2%).

In 1993–1994, information was published on
the spread of BLAD in Black-and-White (Hol-
stein-Friesian) cattle populations in Europe
(Bernadina et al. 1993; Jorgensen et al. 1993;
Kuczka et al. 1993) and in non-European coun-
tries, i.e. Japan (Nagahata 2004), Uruguay
(Llambi et al. 2003), Iran (Esmaelizad et al. 2002),
Brazil (Ribeiro et al. 2000) and Taiwan (Huang
et al. 2000). BLAD carriers were also detected in
Red-and-White cattle populations (Hradil et al.
1994). Basing on an analysis of pedigrees, all of
the affected calves have been traced to a common
sire, Osborndale Ivanhoe Star 189870, born in
1952 in Canada (Shuster et al. 1992b). That bull as
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well as his sons and grandsons were characterized
by a very high breeding value with regard to milk
performance traits.

The first estimates of frequency of BLAD car-
riers in the Polish Holstein-Friesian cattle popula-
tions were given by Grzybowski et al. (1994).
The frequency of the BLAD mutant allele was 8%
among cows and 15% among young bulls.
In 1998–1999, the contribution of BLAD carriers
was below 5%, but in selected groups of bulls and
dams it exceeded 12% (Czarnik 2000).

In many countries, including Poland, the re-
sponse of breeders associations to the spread of
BLAD comprised the application of routine
screening procedures followed by the decision to
reduce the number of BLAD-carrier sires used for
reproduction purposes. Since the mid-1990s the
mutated gene carriers have been no longer pur-
chased by AI centres, and since 1999 all young
bulls to be sold at public auctions have been sub-
jected to obligatory tests.

The effectiveness of programs aimed at the
elimination of BLAD-carrier bulls from cattle
populations have not been assessed to date.
The objective of the present study was to deter-
mine the frequency of BLAD carriers among bulls
aged 3 months, sold at auctions in 1995–2006.
A total of 4645 young Polish Holstein-Friesian,
Polish Red and Polish Red-and-White bulls, raised
on farms located all over Poland, were examined.

The detection of the D128G mutation was car-
ried out by using 2 alternative PCR-RFLP meth-
ods developed by Schuster et al. (1992b) or
Kamiñski and Czarnik (1997). The tested popula-
tion was characterized basing on the frequency of
detected BLAD carriers in successive years.

Among the 4645 bulls, 201 (4.3%) were found
to be BLAD carriers. The frequency of carriers of
the mutated allele varied widely between years,
showing a clear decreasing trend (Figure 1).

Their highest frequency, 7.9% (123/1563), was
recorded while implementing the BLAD control
program (1995–1997). Due to the reduced contri-
bution of BLAD-carrier sires to reproduction, a
substantial decrease was observed in the number
of identified carriers. In 1998–1999, the BL/TL
genotype frequency in the tested population was
4.0% (46/1159). Obligatory tests resulted in a fur-
ther decrease in the frequency of BLAD carriers.
In 2000–2001 and 2002–2003, the BL/TL geno-
type frequency was comparable: 2.1% and 1.8%
(16/765 and 12/671, respectively). Single cases of
BL/TL heterozygotes have been noted since 2004,
and their frequency has remained at a stable level
of 0.8% (3/388 in 2004–2005, 1/99 in 2006).

The history of BLAD occurrence in the Polish
Holstein-Friesian cattle population dates back to
the genetic improvement strategy based on im-
ports of semen from HF breeding bulls, adopted in
the 1970s. Two transmission lines of the
BLAD-causing mutation can be distinguished,
tracing back to the sires Carlin-M Ivanhoe Bell
1667366 and Penstare Ivanhoe Star 1441440.
They were sons of Osborndale Ivanhoe Star
189870, identified as common ancestors in the
pedigrees of several hundred bulls used for repro-
duction in the USA, Canada and other countries.

Polish breeders of Holstein-Friesian cattle have
also used outstanding BLAD carriers, primarily
Puget Sund Sheik 24146-4-3 (grandson of
Osborndale Ivanhoe Star 189870) and his sons
at AI centres.
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Figure 1. Dynamics of the frequency of BLAD carriers among young bulls in Poland in 1995–2006



In many cases BLAD-carrier bulls were char-
acterized by a very high breeding value with re-
gard to milk performance traits, mainly protein
content of milk (Lubieniecki et al. 1999; Taralik
1998; Janosa et al. 1999). However, detailed stud-
ies (Czarnik 2000) showed that the positive effects
of the BLAD-causing mutation can be observed in
some carriers only, which indicates the possibility
of coupling among the gene encoding the CD18
subunit and other loci determining the desired pro-
duction results.

The extremely high frequency of BLAD was
really surprising. The pre-selection pressure fa-
vouring BL carriers was an exceptional case of the
spread of a lethal mutation on a macro-population
scale in Holstein-Friesian cattle (Grzybowski et al.
1994). Our results suggest that breeding restric-
tions and long-term investigations have enabled
a great reduction of this threat to the population.
The presented results indicate a considerable de-
crease in the number of identified D128G carriers
in the population of bulls used for reproduction
purposes. This confirms that the response of Pol-
ish breeders to the risks resulting from BLAD was
prompt and effective.

It is noteworthy that closer international inte-
gration of national associations of Holstein cattle
breeders and coordination of genetic defect dis-
covery programs is necessary to decrease the num-
ber of carriers and affected animals at a faster rate.
Such actions would increase confidence in inter-
national exchange of bull semen in order to protect
local cattle populations from ‘imported’ genetic
defects followed by economic losses covered by
breeders or veterinary services.
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