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Periventricular leukomalacia in a neonatal calf
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ABSTRACT. A 10-day-old, Japanese Black, female calf had shown astasia since just after birth. Focal symmetrical periventricular malacic 
lesions of the cerebrum and suppurative arthritis of the left hip joint were observed in macroscopic examination. Histologically, the cerebral 
lesions were confirmed as periventricular leukomalacia (PVL). The location and histological features of the lesions were similar to PVL in 
humans, caused by neonatal ischemia/hypovolemia. This is the first report of PVL in a neonatal calf.
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In humans, periventricular leukomalacia (PVL) is a 
cerebral white matter injury due to ischemia/hypovolemia 
experienced during the prenatal period and is most often ob-
served in premature infants [5, 6]. Histologically, the lesions 
are recognized as focal leukomalacia in the periventricular 
area with bilateral and symmetrical distribution.

PVL has been reported in pups and lambs in the veteri-
nary literature [2, 10, 11]. Therefore, sheep are utilized as an 
experimental animal model for PVL pathogenesis studies 
for humans [1, 8, 9, 12]. However, to the best of our knowl-
edge, there has been no reported case of PVL in calves. In 
the present study, we described the clinical and pathologic 
characteristics of PVL observed in a calf. Furthermore, in a 
study of possible etiological factors, congenital bovine viral 
diarrhea virus (BVDV) and Neospora caninum infections 
were investigated for their association with PVL.

A 10-day-old, Japanese black, female calf had shown asta-
sia since just after birth. The calf was delivered tail-first with 
human assistance at 289 gestational days and was the first 
calf of the dam. Birth weight of the calf was 27 kg, and the 
value was within the normal range of Japanese black neona-
tal calves. There was no obvious increase in the number of 
abortion and stillbirth in the herd. At postnatal day (PD) 8, 
despite the ability to stand up by herself, the calf showed 
dysfunction of the left hind limb. At PD 11, the calf was eu-
thanized under deep barbiturate anesthesia due to poor prog-
nosis. The clinical and pathological examination procedures 
were approved by the Animal Care and Use Committee of 

Obihiro University of Agriculture and Veterinary Medicine.
At necropsy, suppurative arthritis of the left hip joint, and 

ulceration and periarthritis of the left knee were the only no-
table findings. Tissue samples of the central nervous system 
and representative tissues were collected and fixed in 15% 
neutral-buffered formalin. At brain cutting, focal bilateral 
and mostly symmetrically distributed whitish demarcated 
lesions were detected in the cerebral periventricular area 
(Fig. 1A). These lesions were prominent in the dorsolateral 
and rostral areas around the lateral ventricle and were mild 
in the caudal area (Supplementary Fig. 1).

Fixed samples were trimmed, embedded in paraffin and 
cut into 3-µm thick sections. Paraffin sections were stained 
with hematoxylin and eosin (HE), and selected sections 
were stained with Luxol fast blue-HE or subjected to im-
munohistochemical stainings. The immunohistochemical 
examinations were performed using a simple stain MAX-
PO polymer reagent (Nichirei Bio-science, Tokyo, Japan). 
The following primary antibodies were used: polyclonal 
anti-glial fibrillary acidic protein (GFAP) (dilution 1 in 500; 
Dakocytomation, Tokyo, Japan), monoclonal anti-vimentin 
(dilution 1 in 200; Dakocytomation), monoclonal anti-Iba1 
(dilution 1 in 500; Wako Pure Chemical Industries, Osaka, 
Japan) and polyclonal anti-Neospora caninum (dilution 1 in 
2,500; VMRD, Pullman, WA, U.S.A.). For antigen retrieval, 
microwave antigen retrieval (15 min in 0.01 M citrate buffer, 
pH 6.0) was performed for staining against vimentin, Iba1 
and Neospora caninum, and enzymatic predigestion (30 min 
at 37°C with 0.1% trypsin) was performed for staining 
against GFAP.

Histologically, the periventricular lesions of the cerebrum 
were identified as well-demarcated focal leukomalacia 
(Fig. 1B). In the necrotic foci, there were severe accumula-
tions of gitter cells, vascularization with swelling of vascular 
endothelial cells. Numerous spheroids were found in and 
around the necrotic foci. A few spheroids were also seen in 
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the internal capsules. Luxol fast blue-HE staining sections 
revealed marked loss of myelin in the foci (Supplementary 
Fig. 2). Some myelin debris were found in the cytoplasm 
of the gitter cells. There was no myelin hypoplasia in any 
other area of the cerebral white matter. Immunostaining 
against GFAP and vimentin revealed mild proliferation of 
fibrillary astrocytes around the foci, but few within the foci 
(Fig. 1C). Iba1 immunohistochemistry revealed that almost 
all accumulated cells in the foci were macrophages/microg-
lia. Furthermore, diffuse infiltration of microglia was also 
widely observed in the cerebral white matter around the foci 
(Fig. 1D). For investigation of possible etiological factors, 
Neospora immunohistochemistry showed no positive stain-
ing structures in the cerebrum.

We also examined whether persistent infection of BVDV 
was associated with the present disease condition. The single 
tube RT-PCR method was used to detect BVDV genetic ma-
terial according to a previous report [14], and the present calf 
was shown to be free from persistent BVDV infection.

Pathologic characteristics of the present case included the 
presence of periventricular necrotic foci that were distributed 

in a bilateral symmetrical pattern. Focal necrosis within this 
region has never been reported in calves. The location and 
histological features of the lesions were similar to those of 
PVL in humans and lambs [4, 9]. With aggregation of mac-
rophages/microglia and vascularization within the necrotic 
foci, we believe that the cerebral lesions in the present case 
were older lesions. Furthermore, the present case did not 
show astrocytic reactivity, which is known to not be pres-
ent in premature brain damage [13]. These findings suggest 
that the brain injury of the present case occurred during the 
prenatal period.

PVL is a well-studied diseased state in humans and has 
also been reported in lambs [5, 10]. However, there have 
been no reports of PVL in calves. The cause of human and 
ovine PVL is ischemia/hypovolemia [5, 6] due to the follow-
ing two factors: 1) the periventricular area is distant from the 
blood supply and is vulnerable due to the premature cerebral 
arteries of the infant, and 2) insufficient cerebral blood sup-
ply to the cerebrum during infancy [4, 5]. In cattle, the main 
sources of the cerebral blood supply to the periventricular 
area are the rostral cerebral artery and middle cerebral artery, 

Fig. 1. (A) Focal, symmetric periventricular lesions located in the deep cerebral white matter (surrounded by arrowheads). (B) 
Photomicrograph of the periventricular white matter lesion at the level of the corpus striatum. Note the well-demarcated necrotic 
lesion filled with macrophages/microglia, with prominent vascularization. HE. Bar=300 µm. (C) Mild proliferation of fibrillary 
astrocytes around the foci, but few within the foci. IHC. Bar=300 µm. (D) Numerous Iba1-positive macrophages/microglia 
within the necrotic focus. IHC. Bar=300 µm.
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similar to humans [3]. In the present case, the lesions were 
distributed throughout the periventricular area bilaterally, 
known to be distant from the blood supply in humans, sug-
gesting ischemia/hypovolemia during the prenatal period as 
the cause.

In lambs, PVL has been reported in association with 
placentitis due to toxoplasmosis, tick-borne fever and chla-
mydiosis [2, 10]. In the present case, there were no lesions 
suggestive of fetal infections of these pathogens. In addition, 
there was no increase in the number of abortion and stillborn 
in the herd. Therefore, these infections were thought to be 
less likely to be involved in the pathogenesis of the present 
disease condition. However, we could not completely ex-
clude the possibility, becasuse the pathological examination 
of the placenta was not performed.

Motor impairment, such as cerebral palsy, is the most com-
mon clinical sequela of PVL in humans, although patients 
with PVL on magnetic resonance imaging do not always 
show motor impairment [5, 15]. Injury of the corticospinal 
tract within the periventricular white matter may underlie the 
motor impairment [7]. In the present case, dysfunction of the 
hind limb was severe on the arthritic side. Thus, the main 
cause of hind limb dysfunction may have been due to the 
suppurative arthritis of the hip joint, and PVL may have been 
associated with no or slight symptoms. The lack of clinical 
signs may be one reason why there have been no reported 
cases of PVL in calves.

In conclusion, to the best of our knowledge, this is the 
first report of PVL in a neonatal calf. To clarify the clinical 
significance and prevalence of such lesions in calves, further 
studies are warranted.
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