
Autosomal recessive genetic diseases in cattle are

breed-specific and one of them is bovine leuko-

cyte adhesion deficiency syndrome (BLAD). It is

a genetic disease that affects especially the Hol-

stein breed (Shuster et al. 1992). The defect was

first identified in North American Holstein and

was exported to other national Holstein popula-

tions. BLAD is a disease characterized by a re-

duced expression of the adhesion molecules on

neutrophils, called β-integrins (a complex of the

CD11/CD18 family of proteins that are structur-

ally and functionally related to glycoproteins).

These proteins help the neutrophils to migrate to

the site of inflammation. Animals with BLAD are

characterized by recurrent pneumonia, ulcerative

and granulomatous stomatitis, enteritis with bacte-

rial overgrowth, periodontitis, loss of teeth, de-

layed wound healing, persistent neutrophilia,

and death at an early age (Nagahata et al. 1987).

The carrier frequency of BLAD among US Hol-

stein cattle had once reached approximately 15%

among active breeding bulls and 8% among cows.

Besides, owing to the widespread use of top breed-

ing HF bulls imported from the USA, many coun-

tries reported a high incidence of BLAD carriers in

their black-and-white cattle population (Pareek

and Kamiñski 1996; Lubieniecki et al. 1999).

The disease is caused by a mutation, which re-

places adenine at 383 with guanine, and that

changes an amino acid: aspartic acid into glycine.

The mutation ultimately leads to a protein (CD18)

whose function is impaired (Shuster et al. 1992).

However, continuous screening of young bulls be-

fore entering in artificial insemination (AI) sta-

tions is reducing the incidence of BLAD carriers

among HF animals. With the wide use of AI and
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Abstract. BLAD is an autosomal recessive genetic disease that affects Holstein-Friesian (HF) cattle worldwide.

It is a disease characterized by a reduced expression of the adhesion molecules on neutrophils. The disease is

caused by a mutation that replaces adenine at 383 with guanine, which causes an amino acid change from aspartic

acid to glycine. Blood samples and a few semen samples were collected from 1250 phenotypically normal indi-

viduals, including HF (N = 377), HF crossbred (N = 334), Jersey (105), other breeds of cattle (N = 160) and wa-

ter buffalo Bubalus bubalis (N=274) belonging to various artificial insemination stations, bull mother farms

(BMFs) and embryo transfer (ET) centres across the country. PCR-RFLP was performed to detect a point muta-

tion in CD18, surface molecules of neutrophils. The results indicate that out of 1250 cattle and buffaloes tested for

BLAD, 13 HF purebreds out of 377 and 10 HF crossbreds out of 334 appear to be BLAD carriers. In the HF and

HF crossbred population, the percentage of BLAD carriers was estimated as 3.23%. The condition is alarming

as the mutant gene has already entered the HF crossbred cattle population and therefore, the population of HF and

its crossbreds needs regular screening to avoid the risk of spreading BLAD in the breeding cattle population of In-

dia.
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international trading of semen and breeding bulls,

these genetic diseases can spread to a large popu-

lation, as the animals carrying the disease look

normal. In India, where HF animals are exten-

sively used for crossbreeding programmes, it has

become necessary to screen all HF and their cross-

breds, to minimize the risk of spreading these dis-

eases among future bulls and bull mothers.

Considering the lethal effect of the diseases in

dairy animals, the present study was undertaken to

screen various breeds of cattle and buffaloes to in-

vestigate the prevalence of the disease in Indian

dairy animals.

Blood samples were collected into heparinized

tubes from 1250 phenotypically normal individu-

als, including 377 Holstein Friesian (HF), 334 HF

crossbred, and different breeds of cattle and water

buffalo (Bubalus bubalis), mainly bulls and calves

belonging to various artificial insemination (AI)

stations, bull mother farms (BMFs) and embryo

transfer (ET) centres across the country (Table 1).

Because of unavailability of a few bulls that were

essential for the present study, DNA was prepared

from their semen doses procured from the AI sta-

tions, as described by Lien et al. (1990). The DNA

was extracted by the phenol-chloroform method,

as described by Sambrook et al. (1989). The qual-

ity and quantity of DNA were determined by using

agarose gel electrophoresis and UV spectro-

photometry.

As described by Shuster et al. (1992), the 58-bp

DNA fragment was amplified by polymerase

chain reaction (PCR), which was initiated by add-

ing a sense primer (5’ TCC GGA GGG CCA AGG

GCT A 3’) and an antisense primer (5’ GAG TAG

GAG AGG TCC ATC AGG TAG TAC AGG 3’).

The other method used by Czarnik and Kaminski

(1997) was also performed in the case of carrier

animals to confirm the results. As described by

them, the 367-bp DNA fragment was amplified by

polymerase chain reaction (PCR), which was initi-

ated by adding a forward primer (5’ AGG TCA

GGC AGT TGC CTT CAA 3’) and a reverse primer

(5’ GGG GAG CAC CGT CTT GTC CAC 3’).

The amplified PCR product was digested by using

Taq I at 65oC overnight. The digested product was

visualized on 2.5% agarose gel.

All the enzymes, dNTPs etc., used in

PCR-RFLP were procured from Genei,

Bangalore, India. Reagents required for DNA iso-

lation were procured from Sigma Chemicals,

USA.

The amplified PCR product of 58-bp for the

CD18 locus, upon digestion with the Taq I restric-

tion enzyme, yielded 2 bands of 32 bp and 26 bp

for normal animals, and 58 bp, 32 bp and 26 bp for

carrier animals. The results revealed that out

of 1250 cattle and buffaloes tested for BLAD,

23 cattle were BLAD carriers. The RFLP pattern

revealed that 13 HF purebreds out of 377 (3.45%)

and 10 HF crossbreds out of 334 (2.99%) were

BLAD carriers. The overall percentage of animals

showing the mutated gene is 3.23% in the HF and

HF crossbred population (Table 1).

Similarly, to confirm the point of mutation ob-

served by Shuster’s method in all carrier animals,

the method described by Czarnik and Kaminski

(1997) was applied. The amplified PCR product

of 367 bp for the CD18 locus upon digestion with

the Taq I restriction enzyme yielded 2 bands

of 313 bp and 54 bp for normal animals,

and 367 bp, 313 bp and 54 bp for carrier animals.

Similarly to the reports of Padeeri et al. (1999) and

Ribeiro et al. (2000), no buffalo and no breed

of cattle other than HF and HF crossbred, were

found to be BLAD carriers. This confirms that the

disease affects only HF worldwide. As a result, ex-

cept HF and HF crossbred, routine screening

of cattle and buffalo of various breeds is now dis-

continued in India. The prevalence of BLAD
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Table 1. Frequency of bovine leukocyte adhesion deficiency (BLAD) carriers in Indian cattle and buffalo breeds

Breed No. of animals No. of BLAD
carriers

% of carriers

Holstein Friesian (HF) 377 13 3.45

HF crossbreds 334 10 2.99

Other cattle: Jersey (N=105), Jersey crossbreds (N=69), Kankrej (N=23),
Sahiwal (N=16), Red Sindhi (N=16), Khillari (N=13), Gir (N=11), Ongole
(N=5), Hariana (N=4), Rahti (N=2), Nagori (N=1)

265 – –

Buffalo: Murrah (N=180), Mehsana (N=46), Pandharpuri (N=34), Surti
(N=10), Jaffarabadi (N=4)

274 – –



is still existing, as cases have been reported from

many countries in recent years: Slovenia (Snoj

and Majdic 2003), Uruguay (Llambi et al. 2003),

Iran (Esmaelized et al. 2002), Korea (Lee et al.

2002), Taiwan (Huang et al. 2000), etc. No af-

fected animal (with 2 mutant genes) was observed

in our study. Only a few cases of affected animals

were reported worldwide (Nagahata et al. 2002;

Lee et al. 2002). Earlier in India, a low incidence

(1.33%) of BLAD was observed in 2 imported HF

bulls (Padeeri et al. 1999). As imported HF bulls

or their semen doses were extensively used during

the last 5 decades in India, mainly for

crossbreeding programmes, it became mandatory

to screen farm-born HF and HF crossbreds for

autosomal recessive disorders before they are used

in breeding programmes. Although the initial inci-

dence of BLAD is low, the actual number of carri-

ers could be substantially higher in the future if the

animals are not regularly screened for BLAD.

The artificial insemination programme in dairy

animals accelerates the spread of undesirable ge-

netic disorders. Therefore, caution is required for

reducing the risk of dissemination of recessive de-

fects resulting from increased selection pressure

within the dairy industry, which is presently domi-

nated by HF breed worldwide. The present find-

ings and eradication of the BLAD carriers are of

great significance in India for animal improve-

ment programmes.

REFERENCES

Czarnik U, Kaminski S, 1997. Detection of intronic se-
quence in the bovine ITGB2 gene. Anim Genet 28:
320–321.

Esmaelizad M, Asadzadeh N, Molasalehi M,
Hashemnejad-Kh, 2002. Molecular characteriza-
tion of CD18 gene and identification of BLAD car-
rier bulls in Iran. Proceedings of the 7th World
Congress on Genetics Applied to Livestock Produc-
tion, Montepellier, France: 1–3.

Huang YC, Chang HL, Lin DY, Liaw RB, et al. 2000.
Gene frequencies of Bovine Leukocyte Adhesion
Deficiency of Holstein in Taiwan. J Taiwan Livest
Res 33: 37–47.

Lee YK, Chang KM, Nam IS, Chang WK, Tak JY,
Kim KN, 2002. Studies on the detections of congen-
ital genetic disorder in Holstein proven and candi-
date bulls. J Anim Sci Tech 44: 279–288.

Lien S, Rogne S, Brovold MJ, Alestrom P, 1990.
A method of isolation of DNA from frozen (A.I.)
bull semen. J Anim Breed Genet 107:74.

Llambi S, Guevara K, Rincon G, Zaffaroni R,
Torres E-de, Barrera J, et al. 2003. Frequency of
leukocyte adhesion deficiency in a population
of Holstein-Friesian cattle in Uruguay. ARS
Veterinaria 19: 52–56.

Lubieniecki K, Grzybowski G, Lukaszewicz M,
Lubieniecka J, 1999. Association between the pres-
ence of allele BL in the genome of dairy cows and
their productivity. Anim Sci Pap Rep 17: 189–194.

Nagahata H, Hagiwara K, Kasamatsu M, Higuchi H,
Kurosawa T, 2002. Cytokine profile of a Holstein
calf with bovine leukocyte adhesion deficiency dur-
ing the acute-phase inflammatory response. J Vet
Med Sci 64: 1141–1143.

Nagahata H, Noda H, Takahashi K, Kurosawa T,
Sonoda M, 1987. Bovine granulocytopathy syn-
drome: Neutrophil dysfunction in Holstein Friesian
calves. Zentralbl Veterinarmed A 34: 445–451.

Padeeri M, Vijaykumar K, Grupe S, Pratp Narayan M,
Schwerin M, Hitesch Kumar M, 1999. Incidence of
hereditary citrullinemia and bovine leucocyte adhe-
sion deficiency syndrome in Indian dairy cattle (Bos
taurus, Bos indicus) and buffalo (Bubalus bubalis)
population. Arch Tierz 42: 347–352.

Pareek CS, Kamiñski S, 1996. Bovine leukocyte adhe-
sion deficiency (BLAD) and its worldwide preva-
lence. J Appl Genet 37: 299–311.

Ribeiro LA, Baron EE, Martinez ML, Coutinho LL,
2000. PCR screening and allele frequency estima-
tion of bovine leukocyte adhesion deficiency in
Holstein and Gir cattle in Brazil. Genet Mol Biol 23:
831–834.

Sambrook J, Fritsch EF, Maniatis T, 1989. Molecular
cloning: A laboratory Manual, 2nd ed., Vol. 3, Cold
Spring, Harbour Laboratory Press, New York.

Shuster DE, Kehrli ME, Ackermann Jr MR,
Gilbert RO, 1992. Identification and prevalence
of a genetic defect that causes leukocyte adhesion
deficiency in Holstein cattle. Proc Natl Acad Sci 89:
9225–9229.

Snoj T, Majdic G, 2003. Bovine leukocyte adhesion de-
ficiency (BLAD) in Slovenian population of Hol-
stein-Friesian bulls. Veterinarske Novice 29:
445–448.

BLAD incidence in Indian cattle and buffalo 155


