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Case report
Κλινικό περιστατικό

ABSTRACT: In this case, it was aimed to report the clinical, hematological and pathological analysis results of a 
lamb born as infected with border disease virus (BDV). Severe central nervous system findings such as standing in-
ability, continuous teeth grinding, muscle fasciculations in the head, ear and tail, hair loss around the eyes, lips and 
ears, abnormal appearance of the fleece, ataxia/rhythmic tremor and incoordination were detected in the case of lamb 
infected with BDV. The presence of BDV antibody and the levels of Triiodothyronine (T3) and Thyroxine (T4) were 
investigated in the serum samples for definite diagnosis. The tissue samples obtained from the brain and cerebellum 
were evaluated histopathologically and diagnosis of BDV was confirmed by necroscopic findings.

Keywords: Border Disease, Lamb, Persistently Infected, Tremor, Triiodothyronine (T3)

J HELLENIC VET MED SOC 2022, 73 (4): 5083-5088
ΠΕΚΕ 2022, 73 (4): 5083-5088

Border disease in a lamb: A Case Report

F. Akkaya¹ , FZ. Evci² ,  Z. Avci Kupeli³ , C. Kandemir¹ , T. Taskin¹ , N. Kosum¹

¹Department of Animal Science, Faculty of Agriculture, Ege University, İzmir, Turkey

²Department of Internal Medicine, Faculty of Veterinary Medicine, Bursa Uludağ University, Bursa, Turkey

³Department of Pathology, Faculty of Veterinary Medicine, Bursa Uludağ University, Bursa, Turkey

Corresponding Author: 
Fatma Akkaya, Department of Animal Science, Faculty of Agriculture, Ege Univer-
sity, 35040, Bornova-İzmir, Turkey
E-mail address: fatma.akkaya@ege.edu.tr

Date of initial submission: 10-12-2021
Date of acceptance: 14-01-2022



J HELLENIC VET MED SOC 2022, 73 (4)
ΠΕΚΕ 2022, 73 (4)

5084 F. AKKAYA, FZ. EVCI,  Z. AVCI KUPELI, C. KANDEMIR, T. TASKIN, N. KOSUM

INTRODUCTION

In the recent years, increased number of Border Dis-
ease cases in sheep caused very highly important 

economic problems for the owners of small ruminant 
enterprises. The agent of this disease, which is also 
called as Border Disease, belongs to Pestivirus genus 
from Flaviviridae family (De Mia et al., 2005). This 
genus comprises four viruses such as Border Disease 
Virus (BDV), Bovine Viral Diarrhea Virus (BVDV) 
Genotype 1, BVDV Genotype 2 and classical swine 
fever virus (KDVV). The primary hosts are the bo-
vines (bovine viral diarrhea) while sheep and goats 
(Border Disease) manifest disease signs (Stalder 
et al., 2005; Oğuzoğlu, 2008; Ural and Erol, 2017). 
There are many antigenic, biological and physical 
similarities between BVDV and BDV isolates. Bor-
der Disease may cause abortion, congenital deforma-
tion, stillbirth and alive born lambs with low viability 
probability depending on gestational stage at birth. 
Abortion is observed in the first gestational periods 
(45th-60th days) of the infected sheep. Viral infection 
persists throughout lifetime in the lambs born to in-
fected sheep after the second gestational month (60th-
80th days). Nervous system-related findings are fre-
quently observed in such persistently infected lambs. 
These findings include rhythmic tremors in the head 
and neck regions, ataxia, severe muscle trembling, 
shortening in the long bones, abnormal appearance of 
fleece coat, remarkable trembling in the hindlegs, hair 
loss around the head, lips and ears, and nystagmus 
(Stalder et al., 2005; Oğuzoğlu, 2008). In this study, 
it was aimed to present the clinical, laboratory and 
pathological analysis reports of a lamb diagnosed 
with Border Disease.

CASE HISTORY
This case report presents a Tahirova crossbred 

male lamb born in a private small ruminant enterprise. 
No clinical finding was detected in the sheep before 
beginning of the birth season in the enterprise. After 
birth season started, several abnormal findings such as 
standing inability, high fever, rhythmic muscle trem-
ors in the head and neck regions and impaired quality 
of fleece were found in an alive-born lamb of a sheep. 

The lamb was taken to a separate chamber for reg-
ular evaluation of the clinical findings immediately 
after the birth (Figure 1). Since the clinical findings 
suggested Border Disease; the blood samples were 
properly taken from vena jugularis to serum tubes 
without anticoagulant (8.5 ml) and with EDTA (3 ml) 
for definite diagnosis before the newborn lamb re-

ceived colostrum yet. Additionally, CSF was also ob-
tained from the animal (Pescador et al., 2004). After 
death of the lamb was confirmed; brain tissue samples 
were also referred to the laboratory for pathological 
analysis. A control group was created by obtaining 
blood samples of 5 healthy lambs from the same 
age group (Table 1). The blood samples were centri-
fuged at 3000 rpm for 5 mins within the first 4 hours 
to remove serum. The serum samples were stored by 
freezing at –20°C until analysis. 

Table 1. The clinical findings of the lamb with Border Disease 
and control group animals
The Parameters BVD

Positive Case
Control 
Group

Body Temperature 40.1°C 39.1 ± 0.3°C
Appetite	 Normal Normal
Pupillary Light Reflex Decreased Normal
Heartbeat Rate (P/min) 148 122 ± 5
Respiratory Rate (R/min) 62 41 ± 3
Nasal Discharge Present Absent
Conjunctival 
Examination

Conjunctivitis 
Positive Normal

The obtained serum samples were sent to Balıke-
sir System Laboratory for analysis. T3 and T4 hor-
mone analysis were performed with electrochemilu-

Figure 1. The appearance of a lamb infected with Border disease 
virus
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minescence (ECL) method using Roche Cobas e801 
device (Roche Diagnostics GmbH Sandhofer Strasse 
116, 68305 Mannheim, Germany). The serum sam-
ple of the lamb with clinical symptoms was assayed 
for BDV antibody levels with ELISA method (Elisa 
Detection of Specific Antibodies to the P80 Protein 
of the Viruses of BVD and BD) using the Biotek 
ELx808 Elisa Reader (Biotek Instruments, Highland 
Park, Box 998, Winooski, VT05404-0998, USA).

The tissue samples taken from brain and cerebel-
lum were sent to the Pathology Laboratory of Bursa 
Uludag University Veterinary Faculty. The samples 
were fixed in 10% buffered formaldehyde for two 
days and dehydrated by applying graded alcohol se-
ries and xylene. After paraffin blocking procedure, 
the tissues were taken to 4-micron-thick sections and 
stained with hematoxylin eosin (HE) and luxol fast 
blue (LFB).

Free T3 and T4 levels in the serum samples of the 
lambs included in the study were presented in Table 2. 
Free T3 level of the infected lamb was very low (1.99 
pg/ml) whereas mean level of this parameter was 5.70 

pg/ml in the control group. Mean free T4 levels of the 
lambs in the control group was 1.76 ng/dL whereas a 
very low level such as 0.89 ng/dL was found in the in-
fected lamb. Also, BDV antibody analysis of the lamb 
reported as the case resulted positive.

Table 2. Free T3 and Free T4 levels in the 5 lambs of the control 
group and the BDV-positive lamb 
Lambs Free T3

(pg/mL)
Free T4
(ng/dL)

Healthy Lamb-1 6.10 1.76
Healthy Lamb -2 5.51 1.35
Healthy Lamb -3 7.29 2.46
Healthy Lamb -4 4.55 1.44
Healthy Lamb -5 5.07 1.79
BDV Positive Lamb 1.99 0.89

The vacuolization of the substantia alba, hyper-
emia of blood vessels as well as disappearance of 
Purkinje cell nuclei (necrosis) and complete loss of 
morphology in some nuclei (hypoplasia) were noticed 
in the cerebellum (Figure 7). Vacuolization (hypomy-
elination) of substantia alba was encountered in the 
brain (Figure 8).

Figure 2. Cerebellum. Hypomyelination . Luxol Fast Blue x20

Figure 4. Brain. Hypomyelination areas in substantia alba. Luxol 
Fast Blue x10

Figure 3. Cerebellum. Hypomyelination . Luxol Fast Blue x40

Figure 5. Cerebellum. Hypomyelination areas in substantia alba. 
H&E x4
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DISCUSSION
Border Disease is a viral disease that causes im-

portant economic losses in small ruminant breeding 
worldwide (Monies et al., 2004). Hence, early di-
agnosis and the soonest determination of protection 
methods for the disease has very great importance. 
The case presented in the report was detected to be 
infected with Border Disease Virus (BDV) by anti-
body screening specifically performed for the disease 
according to the clinical findings. 

Embryonic deaths and abortions occur since virus 
causes acute necrotising placentitis without manifest-
ing remarkable clinical symptoms in the sheep infect-
ed in the first gestational period (Thabti et al., 2005). 
On the other side, the viral agent transmitted to the 
newborn that don’t have a complete immune system yet 
(until 60th-80th and 80th-100th days of gestation in 
the sheep and the goats, respectively) via transplacen-
tal route leads to fetal infections in the newborn ru-
minants of the sheep infected between the 60th-80th 
days of gestation. It negatively affects the release of 
thyroid hormones in the fetus and causes irreversible 
damages in the brain (Stalder et al., 2005). Inadequate 

release of thyroid hormones negatively affects also 
release of phosphodiesterase-CNP enzyme which is 
responsible for myelination and that leads to negative 
events such as hypomyelination in the cerebellum, 
perivascular cell infiltration in the white matter of the 
brain and lymphoid depletion in the thymus (Thabti 
et al., 2005; Oğuzoğlu, 2008). The thyroid hormone 
levels of the presented case were detected to be very 
lower compared with the levels of FT3 and FT4 hor-
mones assessed in the healthy lambs. 

Myelin defects that occur in Border Disease have 
remarkable clinical implications. These clinical im-
plications include the picture termed as “hairy shak-
ers” generally as a because of muscle tremor in com-
bination with abnormal hair appearance due to hair 
follicular pathology, incoordination, ataxia and con-
tinuous teeth grinding in the lambs born as infected 
with virus (Monies et al., 2004). Several findings such 
as loss of hair around eyes and lips, abnormal appear-
ance of fleece like dog hair and muscle tremors were 
observed also in the lamb presented in our case report 
(Figure 1; Table 1).

The most consistent and severe microscopic 

Figure 6. Cerebellum. Hypomyelination areas in substantia alba. 
H&E x10

Figure 8. Brain. Hypomyelination areas in substantia alba. H&E 
x20

Figure 7. Cerebellum. Disappearance of Purkinje cell nuclei in 
substantia grisea. H&E x10
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changes occur in the periventricular fields, cerebel-
lum, brain stem, cerebral hemispheres and occasion-
ally medulla spinalis while it is characterized with 
nonsuppurative and/or necrotising meningoenceph-
alomyelitis and frequently seen accompanied with 
hypomyelinogenesis. The most prominent findings 
include periventricular leukomalacia as well as glio-
sis and infiltration of ependymal mononuclear cells 
along cerebrospinal axis. Focal or multifocal mala-
cia may be encountered in the substantia grisea and 
substantia alba of the cerebral hemispheres, thala-
mus, hypothalamus, periventricular areas and brain 
stem. The parenchyma neighboring to malacic lesions 
demonstrates neuronal loss, neuronal eosinophilia or 
dystrophic mineralization accompanied with neuronal 
necrosis, mononuclear inflammatory reactions, focal 
or diffuse gliosis and neurophagia. It is characterized 
with the most severe necrotic and dysplastic chang-
es due to hypoplastic cerebella, loss of Purkinje cells 
and focal to diffuse depletion of granulocytes (Toplu 
et al., 2011). In a similar way, histopathological im-
plications such as hypomyelination in the cerebellum 
(Image 2-3) and loss of Purkinje cells (Figure 7) were 
determined. 

Although, vaccination is important in prevention 
of such diseases, unfortunately, as far as known, no 
specific vaccine for sheep and goats against the viral 
agent of Border Disease is available in our country 
and worldwide. BVDV vaccine is commonly used 
in bovines as the primary host while it shows partial 
protection in sheep (Valdazo-Gonzales et al., 2006). 
After removal of the lamb born as persistently infect-
ed in case report and its mother sheep from the flock, 
whole remaining flock was applied Bovine viral diar-
rhea vaccine (Hiprabovis-3®) with a half bovine dose 

even it provides partial protection (Arnal et al, 2004; 
Monies et al., 2004; Oğuzoğlu, 2008).

CONCLUSION AND RECOMMENDATIONS
Taking the economic losses caused by this disease 

into consideration; it is concluded that development 
of a specific vaccine against the viral agent should 
be primarily considered. On the other side, the ur-
gently detection of the persistently infected animal 
and removal from the flock is one of the commonly 
used protection methods. It is critically important to 
detect the presence of persistently infected animal in 
the flock for this type of diseases (Arnal et al, 2004). 
The organization of the regular screening tests for the 
reported disease by the enterprises will assure early 
detection of the disease in the peracute period yet and 
taking the precautions urgently. The awareness of the 
fact that there is no currently known treatment of the 
irreversible damages in the brain caused by the dis-
ease, the importance of the regular screening tests is 
emphasized more strongly. On the other side, it has 
been suggested that this disease causes pathological 
effects on the thyroid gland and leads to significant 
decreases in the levels of the thyroid hormones. The 
case presented in the report points out that more stud-
ies that are comprehensive needed to clarify the effect 
of Border Disease virus on the function of thyroid 
gland. 
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