Rev. sci. tech. Off. int. Epiz., 2013, 32 (3), ... - ...

Detection of sheep-associated malignant
catarrhal fever from clinical cases in
Ethiopian cattle
E. Gelaye (1)*, G.A. Mekonnen (2), S. Jenberie (1) & G. Ayelet (1)
This paper (No. 09122013-00023-EN) has been peer-reviewed, accepted, edited, and
corrected by authors. It has no yet been formatted for printing. It will be published in
December 2013 in issue 32-3 of the Scientific and Technical Review.

(1) National Veterinary Institute, P.O. Box 19, Debre Zeit, Ethiopia
(2) National Animal Health Diagnostic and Investigation Center,
P.O. Box 04, Sebeta, Ethiopia
*Corresponding author: egelaye@yahoo.com
Summary
Mucoid nasal discharge, loss of weight, decreased milk production,
diarrhoea, salivation, dyspnoea, fever, lacrimation, bilateral corneal
opacity and bloody urine were observed in cattle located in the Arbe
Gona district of southern Ethiopia. The disease was associated with a
high case fatality rate: diseased cattle died within four to five days
after showing clinical signs. The clinical presentation, gross
pathological
observations,
histopathological
findings
and
epidemiological data strongly suggested malignant catarrhal fever.
Subsequently, the ovine herpesvirus type 2 (OvHV-2) DNA
polymerase (UL30) gene was detected in pathological tissue samples
using pan-herpesvirus nested polymerase chain reaction (PCR) and
real-time PCR. As far as the authors are aware, this is the first report
of a diagnostic investigation resulting in the detection of ovine OvHV2 in cattle and confirming the existence of sheep-associated malignant
catarrhal fever in Ethiopia.
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Introduction
Malignant catarrhal fever (MCF) is a lethal infection of many species
of Bovidae and Cervidae caused by a member of the Macavirus genus
in the Gammaherpesvirinae subfamily (1, 2, 3). Alcelaphine
herpesvirus type 1 (AlHV-1) and ovine herpesvirus type 2 (OvHV-2)
are the major causative agents responsible for wildebeest-associated
MCF and sheep-associated MCF, respectively (1, 3). The AlHV-1 is
endemic in wildebeest, in which it causes a subclinical infection (3).
Domestic and wild sheep are reservoirs for OvHV-2 (3, 4).
Malignant catarrhal fever occurs in clinically susceptible hosts, such
as cattle, bison, deer and pigs, when a sufficient dose of malignant
catarrhal fever virus (MCFV) is transmitted from a reservoir host. The
disease usually has an acute onset and involves a spectrum of clinical
signs that may include corneal opacity, profuse ocular and nasal
discharge, diarrhoea, enlarged lymph nodes, fever and anorexia. The
distribution of lesions differs slightly depending upon the species
affected, but the basic pathological features are consistent and include
widespread lymphoproliferation, vasculitis and epithelial necrosis (1,
3, 5). The transmitted viral dose does not affect lesion severity once
clinical MCF has developed; however, the transmitted viral dose is
significantly correlated with the incubation period and the timing of
first viral DNA detection by polymerase chain reaction (PCR) in
peripheral blood leucocytes (PBL) (6). Both the clinical presentation
and the pathological features are of significant diagnostic value (5).
Detection of viral DNA by PCR in PBL and tissues can support the
diagnosis of disease caused by MCFV (7).
The epidemiology of MCF, with respect to the pattern of virus
transmission from reservoir hosts to clinically susceptible hosts, has
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been relatively well defined for AlHV-1 and OvHV-2 (4). Both
viruses are shed into the environment through nasal, and perhaps
ocular, secretions from their reservoir hosts (8). Clinically susceptible
species acquire the virus through inhalation, although ingestion of
virus-laden secretions from contaminated feed or water has also been
suggested as a route of transmission (8). Efficient transmission via
infected secretions is enhanced by close contact and by a cool moist
environment; however, long-distance transmission has also been
documented (9). The MCFV is not transmitted by natural means from
one clinically susceptible host to another; thus, affected animals are
dead-end hosts (10).
The objective of this paper is to describe the molecular diagnostic
detection of OvHV-2 in pathological tissue samples, and to document
the existence of sheep-associated malignant catarrhal fever in
Ethiopian cattle.

Materials and methods
Study area
The cattle disease problem occurred in the Arbe Gona district of
southern Ethiopia (Fig. 1). The population depends on agricultural
activities, mainly livestock production.
Insert Figure 1
Outbreak history
The disease affected only cattle and started in August 2009. The early
clinical signs were lacrimation, serous nasal discharge, a dry muzzle
and elevated body temperature (41.5°C). Mucoid oculonasal
discharge, loss of weight and decreased milk production, diarrhoea,
salivation, difficulty in breathing/dyspnoea, bilateral corneal opacity
and bloody urine were observed later. Animals died within four to five
days of showing clinical signs. Eighteen animals died during the
outbreak (two calves, five heifers, four bulls, three pregnant cows and
four lactating cows that had given birth recently). All animals that
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showed prominent clinical signs died. The disease had no age or sex
predilection.
The disease was manifested only in cattle owned by one farmer in a
single village, and no animals were affected in the neighbouring herd.
The cattle that showed clinical signs were treated with broad-spectrum
antibiotics (short-acting oxytetracycline and penicillin–streptomycin;
Norbrook), but without any improvement in the clinical signs.
Sample collection for virus detection
Tissue samples were collected from the lungs, heart muscle with
carotid artery, brain (cerebrum, cerebellum, midbrain), lymph nodes
(at various sites), tonsil, liver, kidneys and adrenal glands from
recently deceased animals and kept in sterile universal media
containing antibiotics and an antifungal agent. The samples were
transported under cold-chain conditions to the laboratory.
Virus isolation
A 10% tissue homogenate (weight/volume) was prepared using sterile
phosphate-buffered saline (PBS). Subsequently, 0.5 ml of the
homogenate supernatant was inoculated into confluent monolayers of
African green monkey kidney (Vero) and baby hamster kidney
(BHK21) cells grown in 25 cm2 plastic tissue culture flasks. After
incubation for 1 h at 37°C to allow adsorption, the inoculating
suspension was discarded. The cell culture flasks were washed with
10 ml sterile PBS and refilled with 10 ml of Glasgow minimal
essential medium (GMEM; Sigma-Aldrich) supplemented with 5%
fetal calf serum, 100 IU/ml penicillin G and 100 µg/ml streptomycin
(Invitrogen, Eugene, Oregon, United States of America [USA]) and
incubated at 37°C. The cultures were observed daily for the
development of cytopathic effect (CPE). Subculture was performed by
harvesting 1 ml of cell suspension after repeated freeze and thaw
cycles. When CPE was not observed in three blind passages the
sample was considered negative for virus isolation.
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Nucleic acid extraction
The DNA was extracted from 200 µl of tissue homogenate using a
DNeasy® mini kit (Qiagen, Hilden, Germany), following the
manufacturer’s protocol. The DNA was eluted with 50 μl nucleasefree water into a new clean microcentrifuge tube, labelled and stored
at –80°C until analysis.
Polymerase chain reaction
The DNA extracted from 16 pathological tissue samples (liver, lung,
spleen, prescapular lymph node and mesenteric lymph node) collected
from three dead cattle was tested by real-time PCR for the presence of
OvHV-2 DNA and also by degenerate nested pan-herpesvirus PCR, as
described previously (11, 12). The amplicons generated by the panherpesvirus PCR were sequenced (Eurofins MWG Operon, Ebersberg,
Germany). The sequences were analysed and compared using
bioinformatics software with sequences retrieved from GenBank (13).
Samples for histopathological examination
Gross pathological lesions were recorded and appropriate tissue
samples were collected for histopathological examination. These
samples were obtained from the lungs, heart muscle with carotid
artery, brain (cerebrum, cerebellum, midbrain), lymph nodes, tonsil,
liver, kidneys, adrenal glands, ureter, tongue, bile duct, bronchial wall,
blood vessels and eye (cornea, lens, choroid). The tissues were fixed
in 10% buffered formalin and processed using paraffin wax; 4 μm
sections were cut and stained with haematoxylin and eosin (14).

Results
Gross pathological findings
The major pathological lesions encountered were enlarged liver and
kidneys, oedematous, haemorrhagic and/or hyperaemic lymph nodes,
haemorrhagic renal cortex on incision, especially along the
corticomedullary junction, pinpoint haemorrhages on the mucosa of
the bile duct and ureters, and haemorrhagic adrenal glands. Bilateral
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corneal opacity was observed, together with sloughing of mucous
membranes on the hard palate, dorsum of the tongue and gums, with a
foul-smelling oral cavity. There was a yellow hue on the walls of the
nasal and frontal sinuses, congestion of the turbinates, frothy bloodtinged fluid in the trachea and bronchi, and slight greyish
discoloration of the cranioventral portion of the lungs. On opening of
the cranium, congested blood vessels in the brain and black
discoloration on the upper part of the cerebrum were noted.
Histopathological findings
Histopathological examination demonstrated fibrinous oedema and
necrosis in the lymph nodes; vasculitis in blood vessels of the brain
and kidney; inflammation and necrosis of the mucosal epithelium of
the tongue, bronchi and ureters; necrosis of the renal cortex,
glomerular atrophy, congestion of blood vessels in the
corticomedullary region of the kidney; mononuclear infiltration in the
adrenal glands; necrotic liver and chronic cholangitis with remarkable
proliferation of bile ducts replacing the hepatic tissue, and infiltration
of the lymphocytes in the portal areas (Fig. 2).
Insert Figure 2
Molecular findings
Ovine herpesvirus type 2 DNA was detected by real-time PCR in all
16 pathological tissue samples tested. Six positive PCR products were
generated by the degenerate nested PCR from the pathological
samples tested and were sequenced; all six sequences were identical to
each other and to OvHV-2 DNA polymerase gene sequences from
GenBank (NCBI, BLASTN v2.2.25). Sequence information has been
deposited in GenBank with accession number HQ450395.

Discussion
The disease outbreak caused morbidity and mortality in 18 cattle out
of a total of more than 2,000 kept by farmers in the village and
surrounding area. This observation is in agreement with a previous
report (1) that OvHV-2 occurs worldwide in cattle and other species,
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normally appearing sporadically but occasionally causing local
epizootic outbreaks. Thus, the current cattle disease problem
represented a local epizootic outbreak of MCF. It was not clear why
this particular disease problem occurred only in these cattle in one
village. This might have been due to the nature of the virus, the host
reaction to the pathogen, environmental factors, animal movement, or
the probability of having contact with wild ruminants. The clinical
presentation, pathological findings and epidemiological data strongly
suggested the occurrence of MCF. Corneal oedema is a frequent
clinical finding in diseased cattle with MCF, and this is consistent
with previous reports (1, 3). The gross and histopathological findings
also supported the existence of MCFV infection. Virus isolation was
conducted to detect the presence of cytopathic virus in the
pathological samples, but there was no evidence of virus growth after
three blind passages. This finding is in line with the study of Li et al.
(15), who reported that OvHV-2 does not grow in cell culture.
Therefore, MCF-specific diagnosis was performed by PCR detection
of the virus genome. A rinderpest-specific competitive enzyme-linked
immunosorbent assay (C-ELISA) was also conducted on serum
samples collected from cattle showing clinical signs and from
apparently healthy animals to confirm the absence of specific antibody
to rinderpest virus (data not shown), because rinderpest is a known
differential diagnosis with similar clinical signs to MCF.
Real-time PCR analysis confirmed the existence of OvHV-2 viral
DNA in the pathological tissue samples collected, supporting a
diagnosis of sheep-associated MCF (1, 4, 15, 16). The sequences of
the OvHV-2 DNA polymerase (UL30) gene obtained were aligned
with each other and with the OvHV-2 genome sequence (17) from the
GenBank database, and revealed 100% sequence identity. As far as
the authors are aware, there is no previous report of the existence and
confirmatory diagnosis of MCF in Ethiopia. Thus, the current report
of molecular characterisation and sequencing of the OvHV-2 DNA
polymerase gene from clinical cases in Ethiopian cattle has confirmed
the existence of sheep-associated MCF in Ethiopia.
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The authors recommend that veterinary laboratory diagnosticians and
researchers should consider MCF as one of the potential differential
diagnoses for disease in ruminants. Further studies are warranted to
increase understanding of the circulating virus strains, and to estimate
the impact of the disease on livestock production.

Acknowledgements
The authors acknowledge the National Veterinary Institute and
National Animal Health Diagnostic and Investigation Center of
Ethiopia for the provision of laboratory facilities and reagents. We
thank Mr Alebachew Belay for his technical assistance. Drs Kim
Willoughby and Madeleine Maley, from the Moredun Research
Institute, United Kingdom, are gratefully acknowledged for assistance
in the molecular identification of the isolates.

References
1. World Organisation for Animal Health (OIE) (2012). –
Malignant catarrhal fever, Chapter 2.4.15. In Manual of Diagnostic
Tests and Vaccines for Terrestrial Animals, 7th Ed. OIE, Paris.
2. Yazici Z., Arslan H.H., Gumusova S.O., Meral Y. &
Albayrak H. (2009). – Occurrence of ovine herpesvirus type-2
infection in sheep and cattle in Samsun Province, Turkey. Dtsch.
tierärztl. Wochenschr., 113 (9), 348–350.
3. Zemljič T., Pot S.A., Haessig M. & Spiess B.M. (2012). –
Clinical ocular findings in cows with malignant catarrhal fever: ocular
disease progression and outcome in 25 cases (2007–2010). Vet.
Ophthalmol., 15 (1), 46–52.
4. Russell G.C., Stewart J.P. & Haig D.M. (2009). – Malignant
catarrhal fever: a review. Vet. J., 179, 324–335.
5. O’Toole D., Li H., Sourk C., Montgomery D.L. & Crawford
T.B. (2002). – Malignant catarrhal fever in a bison (Bison bison)
feedlot, 1993–2000. J. vet. diagn. Invest., 14 (3), 183–193.

09122013-00023-EN

8/12

Rev. sci. tech. Off. int. Epiz., 32 (3)

6. O’Toole D., Taus N.S., Montgomery D.L., Oaks J.L.,
Crawford T.B. & Li H. (2007). – Intra-nasal inoculation of American
bison (Bison bison) with ovine herpesvirus-2 (OvHV-2) reliably
reproduces malignant catarrhal fever. Vet. Pathol., 44 (5), 655–662.
7. Traul D.L., Taus N.S., Lindsay Oaks J., O’Toole D.,
Rurangirwa F.R., Baszler T.V. & Li H. (2007). – Validation of nonnested and real-time PCR for diagnosis of sheep-associated malignant
catarrhal fever in clinical samples. J. vet. diagn. Invest., 19 (4), 405–
408.
8. Li H., Taus N.S., Lewis G.S., Kim O., Traul D.L. &
Crawford T.B. (2004). – Shedding of ovine herpesvirus 2 in sheep
nasal secretions: the predominant mode for transmission. J. clin.
Microbiol., 42 (12), 5558–5564.
9. Li H., Karney G., O’Toole D. & Crawford T.B. (2008). –
Long distance spread of malignant catarrhal fever virus from feedlot
lambs to ranch bison. Can. vet. J., 49 (2), 183–185.
10. Berezowski J.A., Appleyard G.D., Crawford T.B., Haigh J.,
Li H., Middleton D.M., O’Connor B.P., West K. & Woodbury M.
(2005). – An outbreak of sheep-associated malignant catarrhal fever in
bison (Bison bison) after exposure to sheep at a public auction sale. J.
vet. diagn. Invest., 17 (1), 55–58.
11. Ehlers B., Borchers K., Grund C., Frölich K., Ludwig H. &
Buhk H.J. (1999). – Detection of new DNA polymerase genes of
known and potentially novel herpesviruses by PCR with degenerate
and deoxyinosine-substituted primers. Virus Genes, 18, 211–220.
12. Hüssy D., Stäuber N., Leutenegger C.M., Rieder S. &
Ackermann M. (2001). – Quantitative fluorogenic PCR assay for
measuring ovine herpesvirus 2 replication in sheep. Clin. diagn. Lab.
Immunol., 8, 123–128.
13. Zhang Z., Schwartz S., Wagner L. & Miller W. (2000). – A
greedy algorithm for aligning DNA sequences. J. comp. Biol., 7, 203–
214.
09122013-00023-EN

9/12

Rev. sci. tech. Off. int. Epiz., 32 (3)

14. Whitaker K.A., Wessels M.E., Campbell I. & Russell G.C.
(2007). – Outbreak of wildebeest-associated malignant catarrhal fever
in Ankole cattle. Vet. Rec., 161 (20), 692–695.
15. Li H., Shen D.T., O’Toole D., Knowles D.P., Gorham J.R.
& Crawford T.B. (1995). – Investigation of sheep-associated
malignant catarrhal fever virus infection in ruminants by PCR and
competitive inhibition enzyme-linked immunosorbent assay. J. clin.
Microbiol., 33, 2048–2053.
16. Baxter S.I., Pow I., Bridgen A. & Reid H.W. (1993). – PCR
detection of the sheep-associated agent of malignant catarrhal fever.
Arch. Virol., 132, 145–159.
17. Hart J., Ackermann M., Jayawardane G., Russell G., Haig
D.M., Reid H. & Stewart J.P. (2007). – Complete sequence and
analysis of the ovine herpesvirus 2 genome. J. gen. Virol., 88, 28–39.
__________

09122013-00023-EN

10/12

Rev. sci. tech. Off. int. Epiz., 32 (3)

Fig. 1
Map of Ethiopia showing the outbreak area
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Congested corticomedullary region of the kidney
Perivascular lymphocyte infiltration in the bronchial wall
Vasculitis (brain tissue)
Lymphoid infiltration of nephrotic tissue
Lymphoid infiltration along the portal areas and pericentral veins in the liver
Haemorrhagic and oedematous lymph node

Fig. 2
Histopathology findings in tissues from cattle that died during the
outbreak of disease, 100 × magnification
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