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Abstract
Background: Holoprosencephaly is a forebrain deformity that results from varying 
degrees of separation failure of cerebral hemispheres. The condition is classified 
based on the degree of non-separation of the hemispheres which, in turn, deter-
mines its severity. Holoprosencephaly is usually accompanied by craniofacial defects 
whose severity tends to reflect the extent of brain deformities. In humans, holo-
prosencephaly is one of the commonest congenital brain anomalies but in animals, 
reported cases are scarce. The condition has multifactorial aetiology that involves 
interactions between several genetic and environmental factors.
Case presentation: A 4-day-old female Friesian calf with a deformed face was reported 
to the Faculty of veterinary medicine and surgery, Egerton University. The calf and the 
dam were sired by the same bull. On clinical and radiographic examination, the calf 
had a short snout that curved dorsally with bilateral cleft lip, right-sided cleft jaw and 
a largely absent primary palate. Anatomopathological examination revealed brain de-
formities which included ventral fusion of frontal lobes of cerebral hemispheres, large 
merged lateral ventricles without septum pellucidum and fornix, hypoplastic corpus cal-
losum, high degree of non-separation between diencephalic structures, poorly devel-
oped hippocampal formation and hypoplastic olfactory lobe, optic chiasma, and nerve.
Conclusion: The case was confirmed as lobar holoprosencephaly based on character-
istic anatomopathological findings. The aetiology of the defects in the present case 
could not be determined though they are thought to be either a result of recessive 
inheritance or exposure to teratogenic steroid alkaloids through materials fed to the 
dam during early pregnancy.
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1  | INTRODUC TION

Holoprosencephaly (HPE) is a spectrum of congenital brain malfor-
mations that results from varying degrees of failure in cleavage of 

forebrain into distinct left and right cerebral hemispheres (Dubourg 
et al., 2007; Hayhurst & McConnell, 2003; Koch et al., 2005; 
Solomon et al., 2012; Winter, Kennedy, & Woodward, 2015). It is 
one of the commonest congenital forebrain defects in humans but 
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reports in animals, as is the case in other congenital malformations, 
are generally scarce partly due to factors that hamper reporting es-
pecially in the developing world (Kisipan, Orenge, Gacheru, & Ngure, 
2016). However, the defects in reported HPE in animal cases and 
models generally resemble those in humans (Gongal & Waskiewicz, 
2008; Hayhurst & McConnell, 2003; Koch et al., 2005). HPE is 
usually accompanied by craniofacial defects (CFD) whose severity 
often correlate positively with the extent of prosencephalic defor-
mity (Demyer, Zeman, & Palmer, 1964). Cranial anomalies range 
from microcephaly to macrocephaly while in the face, a variety of 
defects, occurring singly or commonly in combinations will be seen 
and include cyclopia or hypotelorism, proboscis-like nose and clefts 
in the lip, jaw and palate (Cho, Zeman, & Miller, 1985; Demyer et al., 
1964; Dubourg et al., 2007; Mercier et al., 2011; Nourani, Karimi, & 
Vardanjani, 2014; Reid, Ziermann, & Gondr e-Lewis, 2015; Winter 
et al., 2015).

The aetiology of this condition is heterogeneous, involving 
an interaction between multiple environmental and genetic pre-
disposing factors (Barr & Cohen, 2002; Dubourg et al., 2007; 
Hayhurst & McConnell, 2003; Hong & Krauss, 2017; Johnson & 
Rasmussen, 2010; Koch et al., 2005; Mouden et al., 2016; Roessler 
& Muenke, 1998, 2010; Solomon et al., 2010; Stashinko et al., 
2004). Environmental factors generally include maternal con-
ditions such as insulin-dependent diabetes mellitus (Dubourg et 
al., 2007; Johnson & Rasmussen, 2010) and exposures to poten-
tial teratogens during gestation such as alcohol, smoking, retinoic 
acid and infections (Hong & Krauss, 2017; Johnson & Rasmussen, 
2010; Stashinko et al., 2004). Several genetic factors associated 
with HPE have so far been identified and these include chromo-
somal defects such as trisomy and a number of gene mutations 
(Barr & Cohen, 2002; Mouden et al., 2016; Roessler & Muenke, 
1998, 2010; Solomon et al., 2010).

HPE occurs as a wide spectrum of malformations categorized on 
the basis of the extent of non-separation between the cerebral hemi-
spheres which, in turn, reflects the severity of the condition (Demyer 
et al., 1964; Dubourg et al., 2007; Marcorelles & Laquerriere, 2010; 
Paulussen et al., 2010; Simon et al., 2002; Solomon et al., 2012; 
Winter et al., 2015). On a decreasing degree of severity, HPE is 
classified as alobar, semi-lobar or lobar with milder variants which 
include the middle interhemispheric (MIH) variant, septopreop-
tic variant and septo-optic dysplasia (SOD) (Hahn & Barnes, 2010; 
Hahn, Barnes, Clegg, & Stashinko, 2010; Simon et al., 2002; Webb 
& Dattani, 2010; Winter et al., 2015). Since HPE forms a continuous 
spectrum of defects, it is often difficult to clearly distinguish differ-
ent forms of the condition.

2  | C A SE REPORT

A case of a 4-day-old female Friesian calf with facial defects 
was reported to the Faculty of veterinary medicine and surgery, 
Egerton University by a small-scale mixed crop and livestock 
farmer. The farmer complained of a new-born calf with a ‘short’ 

face and was unable to suckle. A team of veterinarians visited 
the farm to attend to the case.The patient was the first calf by a 
Friesian heifer bred in the farm. The dam was in a good body con-
dition with no history of malformations in its lineage. The farmer 
reported that he uses a hired ‘communal’ bull to serve his animals 
and the same bull sired the dam itself. There was also no history 
of recent disease condition nor of any medication. From birth, the 
calf could not suckle but was bottle fed by the owner. The calf 
presented with a short ‘bulldog-like’ snout which curved dorsally 
with bilateral cleft lip, right-sided cleft jaw and a generally absent 
primary palate (Figure 1a–c). It exhibited snoring and abdominal 
breathing and did not avoid objects on its path when allowed to 
move about in the shed. On further examinations, it was estab-
lished that the calf was bilaterally blind. It had a rectal tempera-
ture of 39.2°C, pulse of 158 beats per minute and respiration rate 
of 48 cycles per minute.

That evening after it had been bottle fed, the calf was trans-
ported to Egerton University where it was kept overnight in an 
improvised cardboard pen with hay bedding. On the following 
morning, lateral head radiographs were taken which showed 
non-ossification of face around the nasal region (Figure 2). Upon 
consultation among the veterinarians, the calf was euthanized on 
animal welfare grounds using 20 ml of 20% sodium pentobarbi-
tone administered intravenous as a bolus. This was followed by 
anatomopathological examination.

Anatomopathological examination confirmed a complete bilat-
eral cleft lip, complete right-sided cleft upper jaw, a poorly formed 
left upper jaw with incomplete dental pad and a complete absence of 
rostral part the palate and muzzle (see Figure 1c). The nasal passages 
were narrowed and opened rostrally to the oral cavity through the 
palatal defect. The lower jaws were slightly longer than the upper 
ones and the mandibles were curved dorsally (Figure 3). The size of 
the eyeballs and pupils were unequal being larger in the left eye (see 
Table 1). The cranial cavity was asymmetrical with its floor tilting 
ventrally towards the left side which also appeared to be more spa-
cious than the right side. The right cribriform fossa and plate were 
absent while the left one was present as a rather deeper depression 
(Figure 4).

The brain was easily removed from the cranium and the resis-
tance normally associated with optic nerves was not apparent. 
Dorsal longitudinal fissure was less pronounced towards the rostral 
pole of the organ (Figure 5a) and so was the falx cerebri. The left and 
right frontal lobes of the cerebral hemispheres were fused rostrally 
and ventrally (Figure 5b) with a gyrus crossing the midline to connect 
the rostral ends of frontal lobes (Figure 5c). The olfactory bulbs, the 
optic nerves, chiasma and tracts were all rudimentary. A coronal 
section of the brain revealed an enlarged and merged lateral ven-
tricular spaceswith rudimentary occipital horns and no septum pel-
lucidum (Figure 6a,b). The fornix was absent and the hippocampus 
was poorly developed. The Corpus callosum, particularly its rostral 
portion, was poorly formed and a strip of grey mater formed a bridge 
over it to connect the two cerebral hemispheres. Caudally, a trans-
versely oriented band of white matter reminiscent of the splenium 
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of corpus callosum could be seen in the caudal end of the cavity of 
merged lateral ventricles.

3  | DISCUSSION

Prosencephalon, the most rostral primary brain vesicle from which the 
forebrain develops, undergoes cleavage during early embryogenesis 
to form the right and left cerebral hemispheres (Sadler, 2012). HPE 
results when there is failure or incomplete separation of the cerebral 
hemispheres and the extent of non-separation of the hemispheres 
forms the basis for HPE classification (Demyer et al., 1964; Marcorelles 
& Laquerriere, 2010; Winter et al., 2015). HPE forms can broadly be 
categorized into two as either classical HPE forms or HPE variants. 
Classical HPE forms include alobar, semi-lobar and lobar HPE while 
HPE variants include MIH, septopreoptic variant and SOD (Hahn & 
Barnes, 2010; Hahn et al., 2010; Simon et al., 2002; Webb & Dattani, 
2010; Winter et al., 2015). The extent of non-separation between 
the cerebral hemispheres in HPE generally determines the severity of 
the condition (Demyer et al., 1964; Marcorelles & Laquerriere, 2010; 
Winter et al., 2015). In animals, some cases where marked brain mal-
formation without profound clinical signs have been reported (Keating 

et al., 2016). Since screening of animals for anomalies, be it prenatal or 
postnatal, is not a routine, many mild cases of HPE and other congeni-
tal anomalies without obvious clinical signs will go unreported. Alobar 
HPE, the most severe form, results from complete failure of prosen-
cephalon cleavage and is characterized by a single midline forebrain 
without an interhemispheric fissure, a single ventricle, absence of ol-
factory bulbs and tracts among others features. In semi-lobar HPE, 
there is an incomplete interhemispheric fissure mainly restricted to 
caudal part so that rudimentary cerebral hemispheres are apparent 
but with extensive non-cleavage of the frontal lobes, thalami and hy-
pothalamus, absent or hypoplastic olfactory lobes and tracts and a 
partly formed corpus callosum. Lobar HPE presents a near completely 
formed interhemispheric fissure with non-cleavage of hemispheres 
confined to a ventral portion of the rostral part of frontal lobes. Other 
features include a partly or completely separated thalami, normal or 
partly formed corpus callosum but partition between lateral ventri-
cles is absent (Dubourg et al., 2007; Gonçalves et al., 2014; Hayhurst 
& McConnell, 2003; Koch et al., 2005; Mercier et al., 2011; Nourani 
et al., 2014; Nyberg, Mack, Bronstein, Hirsch1987, & Pagon, 1987; 
Paulussen et al., 2010; Solomon et al., 2012; Winter et al., 2015). A 
middle interhemispheric variant (MIH) has also been described and 
is characterized by separation failure of midline structures, involving 

F I G U R E  1   Head region photographs 
of the patient. (a) A short snout that curve 
dorsally. (b) Bilateral clefts of the upper lip 
with the lip margin traced with a white-
dotted line and a portion of the left jaw 
(J). (c) Complete right-sided cleft jaw (cJ) 
and complete cleft palate (cP). The margin 
of the palate is traced with a black-dotted 
line while that of the jaw is traced with a 
white-dotted double line. Also notice the 
tongue (T)
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mainly the caudal frontal lobe and parietal lobe (Dubourg et al., 2007; 
Simon et al., 2002; Winter et al., 2015).

It can be difficult to distinguish between different forms of HPE 
as characteristic defects often overlap. The features suggested to 
distinguish lobar from semi-lobar HPE include presence of third 

ventricle, rudimentary frontal horns of lateral ventricles, sple-
nium and caudal body of corpus callosum (Volpe, Campobasso, De 
Robertis, & Rembouskos, 2009; Winter et al., 2015). In the present 
case, fusion between the left and right cerebral hemispheres is con-
fined to the rostral and ventral parts of frontal lobe. Even though 
there was complete merger of lateral ventricles with no apparent 
frontal horns, extensive fusion of thalami with a poorly developed 
third ventricle, the case was still categorized as lobar HPE. In the 
authors’ judgement, less than 50% of the frontal lobes were fused, 
thereby ruling out semi-lobar HPE following a suggested arbitrary 
criterion that classifies a condition as semi-lobar HPE if more than 
50% of frontal lobes are fused (Kousa, du Plessis, Vezina, & Youssef 
Kousa, 2018; Winter et al., 2015). Continuity of the rostral ven-
tral gyrus between the frontal lobes has also been earlier reported 
in lobar HPE (Winter et al., 2015). Cortical continuity across the 
hemisphere reported in this case is also a feature shared with MIH. 
However, MIH is characterized by fusion confined to caudal parts of 
frontal lobes and parietal lobe (Bulakbasi, Cancuri, & Kocao, 2016; 
Kousa et al., 2018; Winter et al., 2015).

The other brain defects in this case were seen in the optic (optic 
nerves and chiasma) and olfactory structures. Poorly developed visual 
structures in brain (optic nerve, optic chiasma and tract) account for the 
bilateral blindness noticed during clinical examination of the calf and 
ease of removal of brain from the cranial cavity. Underdevelopment of 
these structures together with other midline defects such as the ab-
sence of septum pellucidum closely resemble the features seen in sep-
to-optic dysplasia, SOD (Webb & Dattani, 2010; Winter et al., 2015). 

F I G U R E  2   A lateral head radiograph showing diffuse 
radioluscence in the rostral portion of the snout (asterisk). Dorsal 
curvature of mandible can also be appreciated

F I G U R E  3   A photograph of a mandible from the affected calf. 
Notice its dorsal curvature

TA B L E  1   Comparative parameters of the left and right eyeballs. 
All values are in centimetres

Aspect Parameter
Left 
eyeball

Right 
eyeball

Whole eyeball Diameter 2.9 2.6

Pupil Gap between medial and 
lateral angles

1.9 1.7

Gap between dorsal and 
ventral borders at widest part

1.4 1.3

F I G U R E  4   A photograph of the cranial cavity taken through an 
opening made on the caudo-dorsal wall of the cranium. The left 
cribriform fossa (white arrow) is rather deep while the right one is 
absent. Notice the occipital condyles (asterisks)
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However, in SOD, interhemispheric fissure is fully formed (Volpe et al., 
2009; Winter et al., 2015) and its previous reports generally do not 
indicate the presence of marked facial defects. Absence or hypopla-
sia of olfactory bulb and tract is a feature that had been reported in 
semi-lobar HPE (Dubourg et al., 2007; Koch et al., 2005). In previous 
report of semi-lobar HPE in a Morgan horse (Koch et al., 2005), olfac-
tory bulbs were absent and the left and right olfactory peduncles as 
well as the rhinal sulci were continuous across the midline rostral to 
the optic chiasma. In the current case, olfactory bulb was hypoplastic 
but the other components of rhinencephalon were fairly well formed 
and the connection between the left and right components was not 
seen. The characteristic features that distinguish different HPE forms 

may still overlap underscoring the fact that HPE is a continuous spec-
trum of malformations.

HPE is accompanied by a spectrum of craniofacial defects (CFD) 
whose severity reflect the extend of brain deformity (Demyer et al., 
1964; Dubourg et al., 2007; Winter et al., 2015). This is attributable 
to close relationship between embryonic establishment of ventral 
midline of CNS and facial development (Heyne et al., 2015; Marcucio, 
Cordero, Hu, & Helm, 2005; Sadler, 2012; Volpe et al., 2009). In some 
cases however, the positive correlation between extend of facial and 
brain defects was not apparent (Barr & Cohen, 2002; Mercier et al., 
2011; Winter et al., 2015). It is reported that up to 20% of human 
HPE cases, including the most severe form in spectrum,the alobar 

F I G U R E  5   Brain photographs. (a) Dorsal view of the brain showing the cerebral hemispheres (H) intervened by an interhemispheric 
fissure (f). The cerebellum is also shown. (b) Ventral view of the brain showing ventral fusion of frontal lobes (along the black dotted line) 
and a rudimentary optic chiasma (arrow). Also shown are the pyriform lobes (p), olfactory tracts (t) and rhinal sulcus (arrowhead). (c) Rostral 
view of the brain showing a gyrus (arrow) crossing the midline to connect the two frontal lobes. Notice a rostral part of the interhemispheric 
fissure (f)

F I G U R E  6   Coronal sections of the brain of HPE calf. (a) Cranial portion of the brain. (b) Caudal portion of the brain. The photographs 
show enlarged and merged lateral ventricles (v) with no frontal horns rostrally and rudimentary occipital horns caudally. On the caudal end 
of the merged ventricular space, a transversely oriented band of white matter (white arrow) can be seen. The hemispheres are connected by 
a bridge of grey matter (asterisks) under a less pronounced interhemispheric fissure (black arrow) while the thalami (T) are extensively fused. 
Notice the infundibular recess (arrowhead) of third ventricle
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HPE, do not exhibit facial defects (Barr & Cohen, 2002; Dubourg et 
al., 2007; Winter et al., 2015). Some reports suggest that positive 
correlation between brain malformation and facial defects is a fea-
ture of HPE resulting from specific gene mutations (Mercier et al., 
2011).

Orofacial clefts (OFC) are common birth defects in humans 
and their classification follows different systems (Gfrerer et al., 
2014; Heyne et al., 2015; Khan et al., 2013; Wang et al., 2014). 
They constitute one of the CFD associated with HPE. OFC result 
from failure of closure in facial processes/prominences (Sadler, 
2012; Smolec, Vnuk, Kos, Bottegaro, & Pirkic, 2010) which is pre-
cipitated by a myriad of factors including those that cause HPE 
(Heyne et al., 2015; Hu & Helms, 1999; Incardona, Gaffield, Kapur, 
& Roelink, 1998). OFC have also been reported in cattle and a 
classification system developed (Moritomo, Tsuda, & Miyamoto, 
1999; Reinartz, Hellige, Feige, Wenning, & Distl, 2015; Smolec et 
al., 2010). In the present case, there was a bilateral complete cleft 
of the upper lip and a complete right-sided cleft of the upper jaw. 
On the palate, the whole rostral portion which constitutes the pri-
mary palate was missing allowing for free communication of nasal 
and oral cavities. The defects are most likely due to deficiency 
in development of nasal prominences, particularly the medial nasal 
prominences. This generally agrees with reported OFC in mice ex-
posed to hedgehog signalling antagonist (Heyne et al., 2015). It 
appears that there was total or marked failure in development of 
the right medial nasal prominence, a feature that can be attributed 
to the wide cleft of the upper jaw with accompanying ipsilateral 
clefts of the lip and primary palate. On the left side, the features 
of the defects suggest that the upper jaw component of the me-
dial nasal prominence developed to a large extend but the labial 
and palatal components did not (Sadler, 2012). Due to the absence 
of these upper jaw and lip components,the calf presented with a 
short snout that gave it a bulldog-like appearance. Deviation of 
the face is a common feature in cases of cattle with OFC (Lupp et 
al., 2012; Reinartz et al., 2015). In our case, the jaws were asym-
metrical, the lower ones being longer, with dorsal deviation of the 
snout that mainly resulted from dorsal curvature of mandibles. 
The curvature of mandible has been suggested to occur due to the 
absence of occlusal forces between the mandibles and the missing 
segment of the upper jaw (Reinartz et al., 2015).

HPE is precipitated by an interaction of multiple genetic and en-
vironmental factors (Barr & Cohen, 2002; Dubourg et al., 2007; 
Hayhurst & McConnell, 2003; Heyne et al., 2015; Hong &Krauss, 
2017; Incardona et al., 1998; Johnson & Rasmussen, 2010; Koch et al., 
2005; Mouden et al., 2016; Roessler & Muenke, 1998, 2010; Solomon 
et al., 2010; Stashinko et al., 2004). Several genetic conditions associ-
ated with occurrence of HPE, including chromosomal anomalies and 
gene mutations, have been identified and these can be transmitted 
down the lineage (Barr & Cohen, 2002; Collins et al., 1993; Hayhurst & 
McConnell, 2003; Mouden et al., 2016; Paulussen et al., 2010; Roessler 
& Muenke, 1998, 2010; Solomon et al., 2012, 2010; Stashinko et al., 
2004). From the history, though there were no records to confirm, the 
calf was sired by the same bull that sired the dam. Inbreeding among 

Kenyan dairy herds is not uncommon (Gorbach et al., 2010; Muasya, 
Peters, & Kahi, 2013) and it is even bound to be higher among small-
scale farms where communal bulls are used for breeding. Although no 
genetic analyses were carried out, the current case points to a possible 
autosomal recessive inheritance. The condition could not be associated 
with any diseases, medication or other husbandry activities as none was 
reported in the dam during pregnancy. However, this was not based 
on records as the farmer did not keep any, makingit difficult to isolate 
the likely environmental predisposing factors. Factors in the diet are 
likely contributors to the genesis of the anomalies in the calf. The main 
source of feeds to the cows in the farm included wild fodder gathered 
from the roadsides, post-harvest crops remnants and also home refuse 
such as peelings. These are usually chopped into smaller pieces and 
then mixed with other feeds such as maize bran, chopped maize stalks 
among others to improve palatability then fed to the animals. Certain 
plants, including some crops such as potatoes and tomatoes, contain 
steroidal alkaloids known to be teratogenic (Hossain, Rawson, Aguiló-
Aguayo, Brunton, & Rai, 2015; VanGelder, Vinke, & Scheffer, 1988). In 
fact, these steroidal alkaloids have been shown to inhibit hedgehog 
signalling thus causing HPE (Keeler, Baker, & Gaffield, 1990; Lipinski, 
Dengler, Kiehn, Peterson, & Bushman, 2007). Notably, the farm was 
located in a potato-growing region and the farmer himself plants the 
same in a portion of his land. Lack of enough land to grow adequate 
fodder, low income from animal products and high cost of commercial 
animal feeds push small-scale farmers to rely on gathered fodder whose 
composition and safety is uncertain. The owner of the calf, as would be 
the case in most small-scale farmers, was not aware that some of the 
crop plants could be harmful if fed to livestock. When such a condi-
tion occurs in an animal, the veterinarian has no option but to recom-
mend euthanasia based on animal welfare considerations (Kisipan et 
al., 2016). The recommendation was agreeable to the owner based not 
only on animal welfare considerations but also on myths. Such a condi-
tion causes great economic losses and it was especially so in the current 
case which involved a valuable heifer belonging to a small-scale farmer 
who had just started developing his dairy herd.

4 | CONCLUSION

Facial defects reported by the farmer were confirmed to be OFC dur-
ing clinical examination. Anatomopathological findings revealed HPE 
which was further classified as lobar HPE based on characteristic brain 
defects. Besides OFC, the other accompanying CFD included facial 
deviation and a defective and asymmetrical cranial cavity. The factors 
that could have caused the defect could not be ascertained but thought 
to be, most likely, a result of either recessive inheritance or exposure 
to teratogenic compounds from plants consumed by the dam during 
pregnancy. Farmer education on good animal breeding practices and 
feeding could help reduce the incidence of such cases.

E THIC S APPROVAL
Since the case came in as an emergency, prior ethics approval for 
the initial steps of the study including clinical examination through 
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to euthanasia was not sought but the owner's consent was obtained. 
Animal handling and procedures were handled professionally by 
qualified and duly licenced veterinarians. Later steps of the study 
(mainly anatomopathological examination) were approved by Egerton 
University ethics committee and owner's consent was obtained. In all 
steps, ethical policies of the journal have been adhered to.
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