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The complex vertebral malformation syndrome (CVM) is
a congenital autosomal recessively inherited disorder in
Holstein cattle [1]. The syndrome is associated with exten-
sive foetal mortality as analyses of population-based
breeding results have demonstrated a significant lack of
calves born near term. Studies of Danish Holsteins have
shown that the extent of foetal mortality prior to gestation
day 260 is approximately 77% [2].

Calves that survive to the end of the gestation period are
mostly stillborn and morphologically characterized by
growth retardation and mild bilateral flexion of the carpal
and pastern joints with rotation of the digits. Addition-
ally, most animals have vertebral malformation, mal-
formed ribs, and arthrogryposis of the tarsal and posterior
pastern joints. Extensive malformation of cervical and
thoracic vertebrae is found in typical cases causing short-
ening of the neck, but the extent of vertebral malforma-
tion varies considerably between cases. Other
malformations have been reported as a part of this syn-
drome, including cardiac interventricular septal defects,
malformation of the great vessels and myocardial hyper-
trophy [1].

Genomic analysis has identified a single base substitution
in the gene SLC35A3 as the cause of CVM. The gene
SLC35A3 codes for a nucleotide-sugar transporter in
which the base mutation is reflected in a critical amino
acid substitution, thus inhibiting the function of the
transporter. The nucleotide-sugar transporter plays an
essential role in mechanisms controlling the formation of

vertebrae from the unsegmented paraxial mesoderm.
Consequently, the defective transporter molecule leads to
vertebral malformations [3]. The genomic analysis has
formed the basis for the development of commercially
available genotyping tests.

Retrospective studies have traced the origin of the defec-
tive allele to the US Holstein sire Penstate Ivanhoe Star
(US1441440, born in 1963). One of his sons Carlin-M
Ivanhoe Bell (US1667366), which received the defective
allele from his father, founded an important and world-
wide distributed breeding line. Consequently, carriers of
CVM have been identified among sires used for artificial
insemination (AI) worldwide at high prevalence, i.e.
around 30% [3]. More than 500 sires used for AI in Den-
mark have been identified as carriers of CVM, but exten-
sive genotyping of potential breeding sires and culling of
carriers have reduced the prevalence to around zero. Prior
to breeding measures taken to limit the prevalence of
CVM, this syndrome was probably the most frequent
inherited disorder in Holsteins ever recorded.

CVM has had major impact on the on the reproductive
performance in Holsteins. Berglund and co-workers [4]
estimated that 2,200 affected foetuses were produced
annually between 1995 and 1999 in Sweden, while the
annual loss in Germany was estimated to be more than
8,000 foetuses between 1997 and 2000 [5]. In Denmark,
estimates have shown that around 12,000 cases have
occurred until December 31, 2005. The economic impact
of reproductive problems of this magnitude is considera-
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ble. British researchers [6] have estimated that the total
costs, including lost milk production and premature cull-
ing, associated with a case of CVM is £419 (2005 level).
Based on these estimations the economic loss in Denmark
can be calculated to around £5 million or DKK 50 mil-
lion.
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