
Congenital
Abnormalit ies in
Production Animals
David L. Williams, MA, VetMB, PhD, CertVOphthal, CertWEL, FRCVS
KEYWORDS

� Ruminant � Congenital � Eye � Microphthalmia
The increase in number of food-producing animals raised each year implies that even
small prevalences of congenital anomalies in these ruminant species are still reflected
in a significant number of affected animals born each year. The problem for an
ophthalmologist interested in such conditions is accessing these animals. Most
animals with a spontaneous idiopathic condition present as a single case in a farm
population and are normally euthanized and disposed of without even alerting the
veterinarian responsible for the flock or herd, let alone a specialist in a referral institu-
tion situated at some distance from the farm. It takes a specific investigation, such as
that of Hässig and colleagues1 into the association between congenital bovine cata-
ract and electric power lines, to show the true incidence of such congenital abnormal-
ities. Although insufficient, such studies are currently being undertaken to identify the
true level of uncommon congenital ocular abnormalities. This article does not provide
a complete overview of every congenital eye defect; such overviews are available in
the key textbooks of the subject2,3 and indeed in Leipold’s4 review in the previous
issue of the Veterinary Clinics of North America on large animal ophthalmology.
Rather, this article discusses recent research into several conditions to demonstrate
the opportunities that exist for investigating such conditions both from a genetic
and an environmental perspective.

ANOPHTHALMOS AND MICROPHTHALMOS

It might seem strange to begin the review of ocular abnormalities with anophthalmos,
in which animals are born without eyes. And yet in truth, even when an orbit appears
devoid of ocular tissue (Fig. 1), almost always a vestigial remnant of ocular tissue can
be found; these are cases of extreme microphthalmos. A cattle breed in which anoph-
thalmos is seen as a relatively common disorder is the Japanese brown cow.5 In this
breed, animals are born with a remnant of pigmented tissue deep in the orbit and also
with caudal sacral and tail abnormalities. In a study of 921 calves born with bilateral or
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Fig. 1. The orbit of an anophthalmic calf.
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unilateral apparent anophthalmos of 231,540 births (giving a prevalence of 0.39%) the
authors found that 21% of the animals lacked tail or had other severe sacral abnormal-
ities (Fig. 2). In humans, this so-called anophthalmia-plus syndrome has been
reported,6 but the embryologic link between globe development and caudal vertebral
abnormalities is unclear. The orbit in any anophthalmic animal or human fails to
develop normally because the normally enlarging globe regulates the development
of the surrounding bony structures. Thus anophthalmic or severely microphthalmic
animals have abnormally small orbits (Fig. 3).
It is known that genetic mutations of the homeobox pax 6 gene, the master control

gene of the eye,7 lead to aniridia when in the heterozygous state and anophthalmos
when homozygous.8 In fact, later work has shown a cascade of gene products neces-
sary for normal globe development, with sine oculis and eyes absent activated by the
eyeless gene product9 and vax2 mediating the activation or inhibition of pax 6, with
sonic hedgehog modulating the position of the vax2 gene product in the nucleus or
cytoplasm.10 With such a complex interaction of genes, it is not surprising that the
Fig. 2. The facial features of the calf are distorted by the abnormally small orbit.



Fig. 3. Caudal vertebral abnormalities with lack of tail in this anophthalmic calf.
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mutation responsible for anophthalmos in Japanese brown cattle or the sporadic
cases seen rarely in the United Kingdom and Europe have not been identified.
Indeed, environmental factors may also play an important part. Vitamin A is essen-

tial not only in retinal function when the eye is fully developed but also in eye develop-
ment itself, as described in later sections.11 Piglets born with hypovitaminosis A have
been reported to have abnormalities in globe development.12,13 Attempts were made
to link the birth of clusters of offsprings with anophthalmos to the use of the fungicide
benzimidazole (Benomyl),14 which can cause the developmental defect in rats.15

Indeed, this was the reason for the epidemiologic study in bovine anophthalmos by
the author. Evidence is lacking for a link in humans or cattle.
Microphthalmos in sheep, manifested as clinical anophthalmos, with an apparently

empty orbit (Fig. 4), was first noted in New Zealand16 and has since been intricately
studied through a collaborative effort by researchers in Switzerland, Germany, and
Australia. The condition occurs as an autosomal recessive trait and has been linked
to a region on chromosome 2317 involving a missense mutation in the homeobox
gene PITX3.18 Such detailed work allows the condition to be used as a model for
similar pathologic condition in man.

CYCLOPIA

A well-recognized abnormality is cyclopia in the offspring of sheep feeding on the corn
lily Veratrum californicum (Fig. 5).



Fig. 4. Microphthalmic lamb with PITX3 mutation. (Courtesy of Dr C. Drögemüller, Berne,
Switzerland.)
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The condition was first noted in Idaho in the late 1950s in sheep grazing in fields
containing this plant. The development of cyclopia, in which one frontal eye exists
(see Fig. 5), or synophthalmia, in which both eyes are joined in one frontal orbit (see
Fig. 2A in the article by Middleton elsewhere in this issue), is part of a wide range of
craniofacial abnormalities arising from the teratogenic action of the alkaloidal steroid
cyclopamine,19,20 but with a relatively narrow window of activity, both temporally and
dose-related.21 Cyclopamine inhibits the hedgehog signal transduction pathway.
Mouse embryos cultured in the presence of cyclopamine to silence their sonic
hedgehog gene show these changes of cyclopia and the associated developmental
brain defect holoprosencephaly.22 Given that the sonic hedgehog gene is involved
Fig. 5. A cyclopic lamb born by cesarean delivery at 135 days’ gestation. Note the single
central eye and the proboscis characteristic of such developmental defects. (Courtesy of
Poisonous Plant Research Laboratory, Agricultural Research Service, United States Depart-
ment of Agriculture, Logan, UT.)
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in several cancers, cyclopamine may be a valuable antineoplastic agent.23 The condi-
tion can be avoided by preventing pregnant sheep from ingesting the lilies. Whereas
the teratogens produce craniofacial defects andmicrophthalmia in laboratory rodents,
cyclopia is not a well-recognized consequence of administration.24

MULTIPLE CONGENITAL ANOMALIES: GENETIC AND INFECTIOUS CAUSES

A syndrome of iris and lens defects, microphthalmia, retained embryonic intraocular
vasculature, and retinal dysplasia and detachment has been reported in cattle for
nearly 40 years.25–27 But it is only in the last one year that the genetic mutation respon-
sible for this apparently diverse set of lesions has been discovered.28 The WFDC gene
on chromosome 18 encodes a small secretory protein, which acts as a protease inhib-
itor, and in Japanese black cattle with recessively inherited multiple congenital ocular
defects, a frameshift mutation prematurely terminates gene expression. However, not
all cattle have a recessively inherited trait, and linkage analysis has also shown a domi-
nantly inherited gene mutation on chromosome 5, which accounts for the genetic
heterogeneity of the condition.29

Other nongenetic etiologic factors can be associated with multiple congenital ocular
defects. Of these, a key one is hypovitaminosis A during fetal development. In one
report, microphthalmos, microcornea, aphakia, absence of iridal structures with
retinal dysplasia, and a degree of optic nerve hypoplasia were noted in 25% of calves
born to a group of suckler cows, which themselves showed signs of vitamin defi-
ciency, such as blindness and papilledema.30 A more recent article from France
reported that cows with similar signs and a similar history of maternal malnutrition
produced calves with microphthalmia, aphakic globes with retinal dysplasia, and optic
nerve hypoplasia.31

An important infectious cause of ocular deformities in cattle is the pestivirus bovine
viral diarrhea.32 Retinitis resulting form viral infection leads to retinal dysplasia,33

whereas other defects can include cataract and more profound developmental globe
abnormalities.34 Exposure of the dam to such infection between 125 to 175 days of
gestation can lead to these ocular birth defects together with neurologic abnormali-
ties, whereas exposure after 175 days typically leads to a healthy calf fully immune
at birth.35

Another viral infection, emerging in the United Kingdom and Europe as a conse-
quence of the northerly spread of the transmitting midges, is the orbivirus bluetongue.
Although not causing globe defects, intrauterine infection of the developing calf or
lamb by the virus can lead to hydrencephaly with complete lack of the cerebral hemi-
spheres.36,37 These animals, while still having a pupillary light reflex, because their
midbrain is still present and functioning, are behaviorally blind and are noted to be
“dummy” calves. Profound corneal edema has also been reported in some calves
infected in utero with bluetongue virus,38 although these calves were not affected
by hydrencephaly (Fig. 6).

CONGENITAL CATARACT

Congenital cataracts have been documented in cattle in several reports, with the prev-
alence as high as 34% in some herds.39 In a large study in England undertaken as
a doctoral study by Caroline Manser (née Cley),39 3.7% of more than 800 calves
were noted to have lens opacities (Fig. 7). While it was impossible to assign a specific
cause to lens opacities, they were seen in calves born later in the summer months and
were rarely seen in heifers. Cataracts linked to genetic defects generally include other
ocular abnormalities such as retinal detachment, aniridia, microphakia, and



Fig. 6. Profound corneal edema in a calf infected with bluetongue virus.
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hydrocephalus. As discussed earlier, microphthalmia and cataracts with retinal
dysplasia have been documented in calves exposed to bovine viral diarrhea in utero.
Manser’s doctoral studies were undertaken in the late 1970s, and since then little

new work has been reported until last year when Hässig and colleagues1 published
a study potentially linking nuclear cataract in Swiss veal calves with mobile telephone
antennae. On 1 farm, a quarter of newborn calves had lens opacities. In a randomized
study, slightly more than 250 veal calves from Swiss abattoirs were examined, their
proximity of birth to mobile telephone base station antennae was determined, and
samples were taken to evaluate signs of infectious agents, such as bovine viral
diarrhea, Toxoplasma, and Neospora, and to document signs of oxidative stress.
Oxidative stress is a key feature of many forms of cataract, with oxidation causing
cross-linking of thiol groups of lens crystallins with subsequent protein aggregation
and cataract formation.40,41 Of 156 male calves, 37% had cataract, whereas 25%
of female calves showed lens opacities. The association between cataract and prox-
imity to telephone mast and electromagnetic field strength was statistically significant,
as was the association between cataract and intraocular oxidative stress as deter-
mined by the concentration of the protective antioxidant enzymes superoxide dismu-
tase, catalase, and glutathione peroxidase.1 It remains for others to investigate the
extent to which electromagnetic radiation from mobile telephone mast is associated
Fig. 7. Nuclear cataract. (Courtesy of Dr C. Manser (née Cley), Histon, Cambridge.)



Fig. 8. A typical (ie, at 6-o’clock position) coloboma in a Charolais bull.
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with nuclear cataracts in calves. Clearly, there must be other etiologic factors, mobile
telephones were not in existence in the 1970s when Caroline Cley published her
thesis, and anecdotal comments suggest that an association between marshy envi-
ronments and these nuclear cataracts may exist (Scott D, personal communication,
2010).

OPTIC NERVE COLOBOMAS

Optic nerve coloboma (Fig. 8) was first described in Charolais cattle by Barnett and
Ogien42 in 1972 and subsequently reported by others also.43 The genetics of these
lesions is somewhat curious: the autosomal dominant inheritance of the condition is
completely penetrant in the bull but only incompletely penetrant (52%) in the cow,
whereas it is apparently recessive in F1 crossbred animals.44 The condition is still
prevalent in the breed, with the author having seen several herds with significant
numbers of animals affected, as might be expected in a dominantly inherited trait,
but a condition not obvious unless the eye is specifically examined with an ophthalmo-
scope. Animals do not seem to be particularly affected with regard to their vision,
although clear assessment of bovine visual acuity is not readily accomplished in
a farm environment. Whereas developmental defects of the optic nerve in humans
are often associated with other ocular signs related to failure of optic cup closure,45

neurologic abnormalities,46 or genetic systemic disorders,47 none of these seem to
occur in these Charolais cattle. The colobomas are certainly associated with an abnor-
mality in optic cup fissure closure, as demonstrated by their predominantly typical (ie
ventral) appearance (see Fig. 8), but this occurs with the formation of a cystic defect,
as often seen in optic nerve colobomas in other species.48,49

SUMMARY

The substantial volume of research into congenital defects in ruminants means that
a review such as this can only skim the surface of the subject. Whole books could
be written with an article for each condition. Indeed, this author has not touched on
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many interesting areas such as dermoids in cattle or ocular neoplasms seen at or
shortly after birth. Nevertheless, it is hoped that the information presented in this
article has shown the great advances that have been made in many areas, at least
regarding the etiology and pathogenesis of several conditions since Leipold’s4 review.
Emerging diseases such as bluetongue need further work. Although Osburn’s paper
from 197237 shows that this is hardly a new disease, it is just one newly presenting
to us in the cold North as the world warms. Human interventions from Benomyl and
its potential involvement with anophthalmos to mobile phone microwave radiation
and bovine cataract are likely to expand in years to come and may render the field
of congenital eye disease in farm animals even more important than it is at present.
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