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Abstract: Congenital malformations have always fascinated humans but it was not until recently that deeper knowledge on their 
causes have become more evident. The development within genomic analysis has until now resolved the molecular cause of almost 
200 bovine genetic diseases. However, the cause of certain well-known congenital syndromes in cattle have remained unexplained. 
The Danish Bovine Genetic Disease Program was in its current form established in 1989 and many genetic diseases have been 
investigated. Lately, we have focused on some well-known congenital disorders: schistosoma reflexum, congenital syndromic Chiari-
like malformation and the bulldog calf syndrome. Genetic analyses of such cases sampled as part of the bovine genetic disease 
surveillance in Denmark have confirmed their genetic etiology. Investigations into a fourth congenital syndrome, perosomus elumbis, 
are underway. 
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1. Introduction 
Congenital malformations have throughout history 
always puzzled and fascinated people. In the Middle 
Ages, occurrence of malformed animals was considered 
supernatural, while during the Enlightenment (17th and 
18th centuries), scientists tried to understand why 
congenital malformations occurred. However, it was only 
after Gregor Johann Mendel's (1822-1884) description of 
the laws of heredity that a deeper understanding of the 
importance of genetics for the development of 
malformed fetuses grew. Still there was a long way to go 
to understand the causes themselves. In the 1920s, the 
first hereditary malformations in cattle were identified 
based on the Mendelian laws, but the actual 
understanding of why malformations develop had to 
await the breakthrough in genetic technology that 
enabled the identification of mutations, and thereby an 
understanding of the molecular mechanisms that lead to 
abnormal fetal development. 
The number of recognized genetic disorders in cattle has 
raised steadily since Lerner in 1944 published a list of 44 
lethal or sub-lethal conditions in cattle until today (July 
26, 2024), where 270 diseases with Mendelian 
inheritance are recognized and of which at least one 
likely causal variant is known for 189 (OMIA, 2024). 
The development within genetic technology is growing 
fast, which has made identification of mutations and 
other chromosomal abnormalities easier, more rapid and 
less costly.  

Surveillance for genetic diseases in cattle was in 
Denmark formally established in 1989, which has led to 
the recognition and eradication of several genetic 
conditions. During recent years, we have tried to solve 
the riddle of bovine congenital syndromes that have been 
known for many decades or even longer. Here, an 
introduction to our recent research on a number of these 
classical bovine syndromes is given. 
 
2. Schistosoma Reflexum 
Schistosoma reflexum (SR) is a congenital syndrome 
characterized by dorsal retroflexion of the spine. The 
spine will thereby get an almost U-shaped form with the 
consequence that the hindlimbs point in the direction of 
the head. The retroflexion of the spine, hinders ventral 
midline closure of the fetal body cavities and therefore 
their contents (intestines, etc.) protrude (Figure 1). 
A fetus affected by SR is born alive at the end of a normal 
length gestation period, but die immediately due to 
impaired respiration. SR is associated with dystocia and 
affected fetuses must be released by cesarean section or 
fetotomy unless the size of the fetus/the size of the 
maternal birth canal allow assisted vaginal delivering. 
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Figure 1. A typical case of schistosoma reflexum in a 
Holstein calf. 
 
SR occurs sporadically in cattle but its etiology has not 
been known. Recessive inheritance has been proposed as 
some Holstein cases were genetically related (Citek, 
2012), but a genetic cause has not been proven. Genetic 
relationship in cattle breeding as evidence of inheritance 
should be interpreted with caution as some breeding 
lines have been widely used and therefore some sires 
may be present in the pedigree of most cattle of certain 
breeds. 
We investigated DNA of 23 SR cases, mostly Holsteins 
(n=20) and when available, also their parents. Evidence 
of recessive inheritance was not found, but we were able 
to detected frameshift and missense variants in 12 cases. 
These genes belonged to the class of haploinsufficient 
loss-of-function genes, are involved in embryonic and 
pre-weaning lethality or are known to be associated with 
severe malformation syndromes in other species and 
therefore considered causal for development of SR. Study 
details have been published in Jacinto et al. (2024a). 
 
3. Congenital Syndromic Chiari-Like 
Malformation 
Congenital syndromic Chiari-like malformation (CSCM) is 
a sporadically occurring malformation that is often 
associated with dystocia (breech presentation). The most 
striking lesion is an almost bilateral symmetric 
arthrogryposis of the hindlimbs associated with hypo-
/dysplasia of the associated muscles. 
 

 
 

Figure 2. A case of congenital syndromic Chiari-like 
malformation. Notice the bilateral symmetric hindlimb 
arthrogryposis, lumbar lordosis and the flattened 
neurocranium. Reprinted from Jacinto et al. (2024b). 

In many cases, a closer examination reveals a hairless 
skin lesion in the dorsal midline of the lumbar spine. This 
represents spina bifida, i.e. a lesion where the vertebral 
arch is not complete so the spinal cord is exposed. The 
spina bifida is sometimes covered by skin (a so-called 
spina bifida occulta). 
The rostral aspect of neurocranium is often flattened. 
This causes compression of the developing brain and due 
to insufficient space, parts of the brain is dislocated 
caudally and some parts even protrude through the 
foramen magnum into the vertebral canal, a so-called 
Chiari type II like malformation. 
 

 
 

Figure 3. Chiari type II-like malformation. Notice that the 
occipital lobes are dislocated towards the foramen 
magnum and the cerebellum and parts of the brain stem 
protrudes into the vertebral canal. 
 
We performed a genomic analysis of 14 cases of CSCM 
(mainly Holsteins) and when available, also their parents 
and discovered that CSCM is due to extensive genetic 
heterogeneity, including both possible recessive alleles 
and dominant acting de novo mutations. The two 
recessive missense variants were identified in the genes 
SHC4 and WDR45B, respectively. Analysis of 1209 sires 
included in the 1000 Bull Genomes Project (Hayes and 
Daetwyler, 2019) revealed the presence of carriers of 
both variants. The SHC4 variant may originate from the 
sire Wapa Arlinda Conductor (born 1970) or one of his 
parents, while the WDR45B variant could be traced to the 
sire Mascol (born 2000). Partial monosomy of 
chromosome 2 was identified in two other cases. Study 
details have been published in Jacinto et al. (2024b). 
 
4. Perosomus Elumbis 
Perosomus elumbis (PE) is a congenital syndrome 
characterized by lack of development of the lumbar, 
sacral and coccygeal spinal segments (Figure 4 and 5). 
The spine and the spinal cord end near the thoraco-
lumbar junction and the caudal part of the body therefore 
consists of a hypoplastic pelvis, hypoplastic hindlimbs 
with arthrogryposis, and an abdominal wall sac-like 
structure that encloses the abdominal organs (Agerholm 
et al., 2014). 
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This syndrome occurs sporadically and is associated with 
dystocia as the fetus is often in breech presentation.  
We have recorded several cases in the Danish 
surveillance program for bovine genetic diseases. Some 
have occurred sporadically, but we have also 
encountered a cluster of cases after a Belgian Blue sire 
used for crossbreeding. Multiple cases after a single sire 
indicates that a dominant paternal germline mutation is 
the cause of PE in this particular family and that the sire 
is mosaic for a causal mutation, but as found for SR and 
CSCM, PE can probably develop due to a range of genetic 
scenarios. 
 

 
 

Figure 4. Surface rendered computed tomography image 
of perosomus elumbis. The lack of spinal development 
caudal to the thorax is visualized. Reprinted from 
Agerholm et al. (2014). 
 

 
 

Figure 5. Surface rendered computed tomography image 
of perosomus elumbis The skin surface of the calf is 
visualized. Reprinted from Agerholm et al. (2014). 
 
5. Bulldog Calf Syndrome 
The bulldog calf syndrome (BCS) or bovine congenital 
generalized chondrodysplasia was the first hereditary 
disorder to be reported in cattle (Seligmann, 1904) and 

was therefore given the number A1 on Lerner’s list from 
1944. BCS was originally reported in the Dexter breed, 
but BCS has turned out to consist of a very heterogeneous 
group of skeletal malformations that have disturbed 
endochondral ossification in common (Agerholm, 2007). 
The phenotype and mode of inheritance varies across 
different cases. 
The “prototype” of BCS has dysplasia of the 
viscerocranium, a doomed neurocranium, a short 
compact body and short compact limbs (Figure 6). The 
tongue is often protruding because of the short 
viscerocranium and eventration of parts of the 
abdominal organs is a common finding, which is due to 
the short body that reduces the size of the body cavities. 
 

 
 

Figure 6. Typical case of the bulldog calf syndrome. 
Holstein fetus. Reprinted from Jacinto et al. (2020). 
 
Genetic analyses of BCS cases have in many cases 
identified a causal mutation in the collagen type II alpha 1 
chain gene (COL2A1) as reviewed by Jacinto et al. (2020). 
Some cases have occurred in clusters related to a single 
phenotypically normal sire, who had then been mosaic 
for the causal mutation and carried the dominant 
mutation for BCS at a certain level in his spermatozoa (1-
21%) (Daetwyler et al. 2014; Bourneuf et al. 2017). Other 
cases have been due to a de novo mutation occurring in 
the developing embryo. Study details have been 
published in Jacinto et al. (2020). 
 
6. Conclusions 
Identifying the cause of a congenital syndrome in cattle is 
important to prevent spread of genetic disorders, to 
increase the breeders’ economy by reducing loss of 
offspring and future breeding animals, and to reduce the 
critical animal welfare issues related to birth of defective 
offspring. However, as many important congenital 
syndromes share a common morphology (disease 
prototype), detailed genetic investigations are needed to 
differentiate between inherited and de novo mutations 
that have occurred in the developing embryo. While the 
former may require implementation of breeding 
restrictions, lethal mutations occurring in the developing 
embryo are not transmitted to the next generation. 
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