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Case Report

Multiple congenital encephalic malformations in a calf
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Abstract

Multiple congenital malformations of the central nervous system are uncommonly described in domestic animals.
A 7-days-old, female, Holstein calf was submitted for necropsy with a history of opisthotonus and permanent lateral
recumbence. Clinical signs included apathy, abdominal breathing, occasional flexion of the forelimbs, and decreasing of the
superficial and deep sensibility in all limbs. Necropsy and histopathology revealed cerebellar hypoplasia, stenosis of the
mesencephalic aqueduct, fusion of the rostral and caudal colliculi, secondary hydrocephaly, villous hypertrophy of the
choroid plexus and heterotopy of cerebellar cellular components. Immunohistochemical labeling for the antibody anti-
BVDV in fragments of brain resulted negative, suggesting that this virus did not participate in the pathogenesis of these

malformations.
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Introduction

Malformations of the central nervous system
(CNS) are common in domestic animals, mainly in cattle,
pigs, cats and sheep (3, 10). However, multiple congenital
alterations affecting different regions of the CNS have
rarely been described in cattle (1, 7). These malformations
may account for up to 5% of all neonatal deaths and for an
undetermined number of abortions in various species (12).
The major causes of these congenital lesions include
uterine exposure to microorganisms, mainly virus,
teratogenic chemical agents, and other unknown factors.
The most frequent CNS sporadic anatomic abnormalities
are neural tube defects (2). The cerebellum is a region
frequently affected by these congenital defects and the
most frequent malformations include hypoplasia,
abiotrophy, and dysplasia. Usually, these changes are
caused by primary developmental defects or viral
infection. The main examples of this latter situation

include feline panleucopenia virus in cats, bovine virus
diarrhea (BVDV) in cattle, hog cholera virus in pigs, and
bluetongue virus in lambs. This report describes a rare case
of multiple congenital encephalic malformations in a calf.
Few previous reports of bovine congenital anomalies have
documented the multiplicity and the severity of the lesions
seen in the current case.

Case report

A 7-days-old, female, Holstein calf was submitted
for necropsy with a history of opisthotonus and permanent
lateral recumbence since the first day of life (Fig. 1A).
Treatment was performed by owner in the first hours using
doramectin  (Dectomax, Zoetis) and oxytetracycline
(Terramicina, Pfizer), without improvement. In addition,
clinical signs included apathy, abdominal breathing,
occasional flexion of the forelimbs, and decreasing of the
superficial and deep sensibility in all limbs, culminating
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with spontaneous death. The calf was from a dairy farm
located in the county of Jatai, southwestern region of the
state of Goias, Brazil and occurred at the dry season
(September 2015). Similar cases were never detected
previously in this farm. All cattle of this farm (including
the cows) were vaccinated against foot-and-mouth disease
and rabies.

Grossly, lesions were restricted to the brain.
Moderate cerebellar hypoplasia was observed (Fig. 1B).
There was fusion of the rostral and caudal colliculi,
stenosis of the mesencephalic aqueduct and of the caudal
region of the third ventricle, and secondary dilation of the
lateral ventricles (hydrocephaly), at the level of the parietal
and frontal telencephalon (Fig. 1C). Mild secondary
atrophy of the hippocampus and of the parietal cortex was
noted. Cut surfaces of the dorsal and ventral cerebellar
vermis showed focally extensive, well-delimited, whitish
areas (Fig. 2A). In addition, moderate villous hypertrophy
of the choroid plexus (Fig. 1B) and seven smooth, whitish,
0.3-1.5cm nodules were observed projecting to the internal

space of the lateral ventricles. The fresh whole brain was
submitted for histopathological evaluation. After fixation
with 10% buffered formalin, fragments were processed
routinely and stained with hematoxylin and eosin and
immunohistochemistry (IHC) using streptavidin-biotin-
phosphatase complex, Protease XIV (Sigma) for 15
minutes and Permanent Red (Dakocytomation) as
chromogen. For IHC the antibody anti-BVDV
(monoclonal - IDEXX, 1:500, overnight) was applied. IHC
sections were counterstained with Harris hematoxylin.
Positive control for IHC consisted of cerebellum of a
BVDV naturally-infected heifer. For negative control, the
primary antibody was replaced with PBS. After the gross
evaluation performed in this calve, uncoagulated blood
was sampled from the jugular vein of the dam and a serum
sample was submitted to virus-neutralization test (VNT)
according to OIE modified recommendations (2015). The
initial dilution of the serum was 1:5 follow to two fold
dilutions, and it was challenge with 100-200 tissue culture
infective doses (TCIDsg) of BVDV-1.

Figure 1. Multiple congenital encephalic malformations in a calf. Animal presents opisthotonus and lateral recumbency
(A). Grossly, lesions included cerebellar hypoplasia (B), hydrocephaly, hypertrophy of the choroid plexus (arrows), and
stenosis of the mesencephalic aqueduct (C).
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Figure 2. Multiple congenital encephalic malformations in a calf. A. There is a focally extensive, well-delimited, and
whitish area in the cut surface of the cerebellar vermis. B. Cerebellum: microscopic view of this whitish area showing
severe disorganization and blending of molecular, Purkinje cells, and granular layers (heterotopy) and subcortical white
matter. C. Midbrain: note stenosis and two segments (arrows) of the mesencephalic aqueduct. D. Midbrain: there were few
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neurons in the oculomotor nucleus.

Histopathologically, there was severe stenosis of
the mesencephalic aqueduct which was divided in three
segments, loss of definition with few neurons in the
oculomotor and red nuclei, and mild vacuolization of the
parenchyma. There were focally extensive areas in the
cerebellum consisting of severe disorganization, atrophy
and blending of molecular, Purkinje cells, and granular
layers (heterotopy) and subcortical white matter. The
whitish nodules observed grossly peripheral to the lateral
ventricles consisted of foci of proliferative neuroblasts
surrounded by a moderate layer of white matter. At this
region the lateral ventricle was not lined by ependymal
cells. There was moderate villous hypertrophy of the
choroid plexus that consisted of many irregular layers of
epithelial cells projecting to the ventricles. Severe atrophy
of the gray and white matter of the parietal and frontal
telencephalon and hippocampus at the level of the
hydrocephalic ventricles was noted. There was also

moderate swelling of endothelial cells at the frontal cortex
and basal nuclei. On IHC evaluation, there was no labeling
for the antibody anti-BVDV. BVDV-1 titles shown by
virus neutralization test were 1:40.

Discussion

Usually, the diagnosis of congenital anomalies in
domestic animals is made based in the clinical evaluation
and imaging (radiography, computerized tomography,
magnetic resonance) and it is confirmed by necropsy and
histopathology (7, 8, 14). The localization and severity of
the multiple congenital brain malformations detected in the
calf of the current report were compatible with the
neurological clinical signs displayed by the calf. These
signs can vary according to localization or the anomaly in
the affected CNS and frequently have an insidious onset.
Blinding, apathy and incoordination were observed in a 3-
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month-old calf with extensive congenital cerebrum
encephalopathy (1). When the cerebellum is severely
affected in these congenital cases, clinical signs such as
ataxia, dysmetria, and intention tremors can be observed

(5).

The cause of the developmental anomalies in the
calf of the current case could not be determined. Many of
such anomalies in cattle have been associated to genetic
factors (7), environmental agents (toxins, viral infections,
management) or a combination of those. Some authors
suggest that calves produced by in vitro fertilization and by
other reproduction advanced techniques can present higher
probability of develop similar anomalies in the CNS and in
other organs (13). In some cases, a genetic basis associated
to simple autosomal recessive trait has been determined for
bovine internal hydrocephalus (6). Necropsy and
histopathology revealed this and other encephalic
malformations. Based on the clinical signs, BVDV
infection causing cerebellar hypoplasia was suspected but
the negative labeling to antibody anti-BVDV in the brain
observed by IHC suggests that BVDV did not participate
in the pathogenesis of the malformations. The moderate
positive serologic reaction of the dam to BVDV was
interpreted previous contact this cow with the infectious
agent and do not correlate with active viral infection. This
type BVDV-serologic detection to BVDV viral antibodies
are extremely common in Brazilian adult cattle (4). There
was no information on the vaccination against BVDV in
the herd.

The main malformations detected in the calf of
this report included cerebellar hypoplasia, stenosis of the
mesencephalic aqueduct, fusion of the rostral and caudal
colliculus, secondary hydrocephaly, hypertrophy of the
choroid plexus and cerebellar heterotopy. Some of these
lesions are rarely described in cattle and the affected
animals usually die early (as in the present report) or are
euthanized in extremis (1, 5, 6, 7). It is possible that
hypertrophy of choroid plexus has involvement with the
hydrocephaly detected in the current case, but the stenosis
of mesencephalic aqueduct was clearly an important
predisposing lesion. Heterotopy of cerebellar cortex, as
visualized in the present case, is a congenital lesion
uncommonly detected in calves and has been attributed to
Akabane virus, especially in Japan (11). This anomaly
might be caused by inhibition of neuroblastic migration
(11).

The congenital malformations found in the current
case resemble Dandy-Walker syndrome, a condition
described more frequently in humans and occasionally in
domestic animals, such as calves, foals and lambs (8, 12,
14). Dandy-Walker syndrome has unknown etiology and is
characterized mainly by agenesis of the cerebellar vermis,
cystic dilation of the expanded fourth ventricle,
enlargement of the caudal fossa and hydrocephalus (10, 12,
14).
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