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Sheep and goats represent an essential source of meat, milk and wool production.
Infectious viral diseases of small ruminants hinder the expected benefits from these animals.
The aim of the present review was to shed light on diagnostic procedures and monitoring of
some important infectious viral diseases that affect small ruminants. Border disease (BDV)
is caused by Pestiviruses. The affected herds are usually expressed high rates of infertility
and production of underweighted-lambs. Affected lambs usually die within days after
lambing. A commercial killed whole virus vaccine was produced for BDV. Louping ill (LI)
is caused by the Louping ill virus, which is transmitted by Ixods ricinus ticks. The LI virus
typically causes fever, anorexia and encephalomyelitis. Death could occur 1-3 days after the
beginning of signs. The available Louping ill vaccine is composed of inactivated killed
virus. Nairobi sheep disease (NSD) is a tick-born infectious disease caused by
Rhipicephalus appendiculatus ticks, characterized clinically by fever, abortion hemorrhagic
gastroenteritis and high mortality. Inactivated killed oil adjuvant virus vaccines are available
for the control of Nairobi sheep disease. Akabane disease (AKAV) is a Culicoides borne
viral disease belongs to orthobunyavirus that has a teratogenic effect on the fetus of cattle
and small ruminants. A live attenuated virus vaccine and inactivated virus are commonly
used. This review concluded that the modern diagnostic tools are urgently needed not only
for diagnosis but also for monitoring viral disease control and control programs.
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Introduction

The most common viral infections of sheep and goats in
Africa are goats/sheep pox (SGPX), peste des petits
ruminants (PPR), contagious ecthyma (CPD or ORF), Rift
Valley fever (RVF), bluetongue (BT), Foot and mouth
(FMD), Nairobi sheep (NSD) and Border (BD) diseases
(1,2). Other viral diseases are present outside Africa included
Louping ill disease (LI), and Akabane disease (3). Some of
these viral diseases have seasonal occurrence as Bluetongue
disease, Rift valley disease, Peste des petites ruminants,
Louping ill, Nairobi disease and Akabane disease. Others
have worldwide distribution (e.g., FMD, PPR and SGPX)
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and others are restricted to particular regions (e.g., Border
disease, Louping ill and Akabane disease). Some of sheep
and goats viral diseases are transmitted directly from
infected animals to the susceptible one (e.g. FMD, PPR,
SGPX and CPD), others need an invertebrate host as
Culicoides spp. (e.g. BT and Akabane disease), mosquitoes
(e.g., RVF) or ticks (e.g., LI and NSD). Some of these viral
diseases have zoonotic importance (e.g., RVF, Louping ill
and CPD) and the others are not considered zoonotic. Many
viral diseases such as FMD, the infectious Bovine
Rhinotracheitis, and herpes viruses continually cause serious
economic complications in the field (4-6). Most of the
reported viral diseases of the small ruminants in Egypt lead
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to heavy losses in sheep and goats husbandry (4,7). In 1959,
Border disease was described in sheep for the first time on
the boundary between England and Wales. Nowadays, it is
reported in several countries worldwide. The prevalence
rates were varied between countries and from area to another
within countries and the range are from 5% to 50% (8). The
causative agent of the disease belongs to genus Pestiviruses,
and is antigenically related to the BVD virus (9). The
affected herds with Border disease usually show high rates
of infertility, and production of underweighted-lambs
(10,11). Louping ill induces congenital deformities of the
CNS in small ruminants that transmitted via ticks. Louping
ill virus is a member of the genus Flavivirus (family
Flaviviridae) (12). It can affect mainly sheep (13), cattle (14)
and red grouse (15), but it also affects a wide range animal
species including goats (16), pigs (17), dogs (18), horses
(19), deer (20,21), alpacas (22) llamas (23) and mountain
hares (24). The occurrence of LI is closely related to the
prevalence of major vector ticks, Ixodes ricinus. The
infection was described in different countries including
Norway, Greece, Bulgaria and England (25). Louping ill is
characterized by an initial febrile phase, which may be
associated with depression and anorexia, and some animals
tend to have nervous symptoms. The clinical signs in animals
showing encephalomyelitis may be accompanied with
muscle tremors that may progress in some cases to
convulsions and/or coma (26). Death could occur 1-3 days
after the beginning of signs. In some recovered animals,
partial paralysis or residual torticollis may persist. All
recovered animals are strongly protected for life (27,28).
When an outbreak of LI occurs in free area for the first time,
the eradication is achieved by condemnation of infected
animals and application of quarantines in combination with
animal movement restrictions. Furthermore, Application of
ticks control is recommended (29). In endemic areas,
vaccination is the ideal methods for protection, or by
avoiding exposure to environments where ticks are
established. Maternal antibodies from naturally infected or
vaccinated ewes usually protect newborn lambs for about 5
months of age (30). Nairobi sheep disease is predominant in
sheep in Africa caused by Nairobi sheep disease virus
(NSDV) or called Ganjam virus in Asia. Regardless of these
two names, Ganjam virus and NSDV are nowadays
considered the same virus, which belongs to the family
Bunyaviridae and the genus Nairovirus. The distribution of
NSD in East Africa is related to the presence of the vector;
Rhipicephalus appendiculatus (31). Clinical signs begin with
fever 41-42°C that lasts for 1 to 3 days after an incubation
period of 4-5 days. IlIness is marked by depression, dyspnea,
anorexia, rotten dysentery that cause painful strain and
mucopurulent or bloody nasal discharge. Death may occur
during the febrile period or follow 2 days after decrease of
the fever (32-34). Pregnant animals are usually abort.
Nairobi sheep diseases must be suspected in the sheep or
goats with severe hemorrhagic gastroenteritis and nasal
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discharge when it is present in or close to an enzootic area.
The susceptibility of sheep is higher than goats. The
existence of attached ticks increases the chance of the
infection. The introduction of new animals into the affected
area is an important epidemiological factor to be considered
(35). In free areas, Nairobi sheep disease can be eliminated
by controlling movement, quarantine and euthanasia of
infected animals with tick control measures. Spraying or
Dipping with acaricides is essential for goats and sheep to
eliminate the vectors. Members of the Bunyaviridae viruses
are liable to most common viral disinfectants like detergents,
chlorhexidine, hypochlorite (bleach), alcohol, and phenols.
Hygienic disposal from the dead animal by burring or
incineration is recommended (36). Akabane disease is a
Culicoides borne viral disease belongs to Orthobunyavirus
that has a teratogenic effect on the fetus of cattle and small
ruminant species. It was isolated in Japan for the first time in
1959 (37). Akabane virus was discovered in some countries
of Africa, Southeast Asia, the Middle East, and Australia
(38). When the following symptoms; Aborted, mummified
fetuses, premature or even stillborn fetuses suffering from
arthrogryposis and hydranencephaly, in association with
high levels of morbidity 15 to 80% and high levels of
mortality rates in newborns, Akabane disease infection is
expected (39,40). The best program for controlling of AKAV
depends on vaccination of the liable animals before the
season of the disease occurrence. A live attenuated virus
vaccine has been applied in Japan, and inactivated virus
vaccine that is appropriate for the emergency vaccination of
pregnant animals was used in Australia, Japan and Korea
(41). Vector control, such as breeding sites protected from
flies, applying insect repellent and pesticide treatments may
be effective (39).

Infectious viral diseases are difficult to be controlled
because of the insufficient data of the epidemiology and
different control strategies in the herds where the problems
occur. Therefore, the aim of this review was to shed light on
the diagnosis and control of some important viral diseases
that affect dairy small ruminants.

Diagnosis of Border Disease
Clinical signs

The affected herds are usually showed high rates of
infertility, and production of underweighted-lambs with
unusual hair and excessive pigmented fleece. Several
skeletal deformities are present. Affected lambs usually die
within days. But some lambs may survive and show a
nervous sign which disappear gradually within 3-4 months
(11,42). Fetal death may occur at any stage of pregnancy, but
it is more common in affected fetuses early in pregnancy.
Small dead fetuses may be absorbed, or an abortion may pass
unnoticed as the ewes remain well fed and show no sign of
distress. As lambing approaches, large fetuses will be
aborted, stillbirths and early and weaker lambs are born (43)
(Figure 1).
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Figure 1: Clinical and pathological observations of Border
Disease in goat: depression, growth retardation and rough
hair-coat (A), emaciation and diarrhea (B.), hemorrhage and
necrosis in large and small intestine (black arrows)
(C and D) (32).

Virus isolation

Virus isolation is not applicable in the diagnosis of BDV
except in the case of constantly infected sheep after
congenital infection. Virus exposure by culture and antigen
detection may be less reliable in lambs younger than two
months old who acquired antibacterial antibodies. The acute

infection is often subclinical, and fermi is temporary and
difficult to notice. Isolation culture cells are semi-continuous
cell lines derived from fetal pregnancy muscles (FLM) or
choroid plexus cell culture (Table 1) (44).

Polymerase chain reaction (PCR)

Polymerase chain reaction have the ability to detect and
identify the nucleic acid residues (45,46). Tissues and blood
from persistently infected (PI) sheep older than 3-5 months
shows elevated levels of the virus, which can be easily
detected by PCR. Because BVDV can attach sheep, so we
must use diagnostic techniques that have wide diagnostic
range of sensitivity for detecting all pestiviruses and also
detect all strains of BDV and BVDV (Table 1) (8).

Virus neutralization and ELISA

ELISA is a more reliable test than isolation of the virus
in the presence of antibodies. False negative results may
occur in viraemic lambs less than 9 weeks old. ELISA is
frequently of low sensitivity to detect acute BDV infections
in the blood. Many types of commercial ELISA kits are now
available for diagnosis of pestiviruses (8). ELISA and VNT
are the frequently applied techniques. Acute cases of BDV
could be diagnosed by testing paired serum samples and
detection of the seroconversion. Due to the differences in
antigenicity between BDV and BVDV, analyses needed for
the detection of antibodies against BDV particularly by
VNT, firstly based on a strain of BDV (Table 1) (43,47).

Table 1: Test methods for diagnosis of border disease and its purposes (43)

Purpose

Individual animal

Contribute to

Method Population freedom from eradication policies Conflr_m_anon Pr_evalence
freedom from . X - of clinical of infection/
. - infection prior to Agent .
infection . A cases surveillance
movement identification

Virus isolation + ++ ++ +++ -

Antigen detection by ELISA + ++ +++ +4++ -

NA detection by RT-PCR +++ +++ +H+ i 4+

NA detection by ISH - - - + -

Detection of immune response

ELISA ++ ++ ++ + ++

VN +++ +++ ++ +++ +++

Key: +++ = recommended method, validated for the purpose shown; ++ = suitable method but may need further validation; + =
may be used in some situations, but cost, reliability, or other factors limits its application; - = not appropriate for this purpose;
n/a = purpose not applicable. ELISA = enzyme-linked immunosorbent assay; IHC = immunohistochemistry; NA = nucleic acid;
RT-PCR = reverse-transcription polymerase chain reaction; ISH = in-situ hybridization; VN = virus neutralization.

Control of Border Disease

Serological survey must be applied for all dams that have
kids showing nervous signs. All of them must reveal
appropriate high levels of antibodies to allow them to
overcome the expected challenge with the virulent virus in
the succeeding gestations (46). There is no BDV certified
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vaccine; however, a commercial complete killed virus
vaccine has been produced. It is suitable for vaccination of
the female prior breeding to avoid the transplacental
infection (45). BVDV vaccines that are used in cows is not
be recommended for sheep because the most common border
disease viruses that are isolated from sheep differ from their
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antigens from the most common BVDV virus in cattle (47).
To control BDV in a sheep herd, two conditions are
necessary: ldentifying constantly infected sheep (PI) and
avoiding infecting pregnant sheep, especially in early
pregnancy (42). Controlling of BDV in infected herds is
difficult and depends on farmers' necessities regarding their
farming methods. Before the next breeding season begins, all
the positive animals to BD should be sent to the slaughter
house. In highly infected endemic herds of high commercial
value, antibody analysis for sheep of different ages will
classify immune and vulnerable groups, and more blood tests
can be used to classify the Pl as negative and positive viruses.
The positive animals must be culled (48).

Border Disease in Egypt

Few works have been done in Egypt on border disease.
One study indicated positive results for BDV antibodies in
27.5, 31.4, 49.2, 52.0 and 52.5% in sheep, goats, cattle,
buffalo and camels, respectively. In another study, sheep and
goats fetuses were tested by using immunohistochemistry
(IHC) and virus isolation (49). Two goats’s kids showing
classic border disease (BD) tested positive using
immunohistochemistry (IHC), but when examined by four
various monoclonal antibodies (MADbs) they showed
negative results. By using PCR, one goat kid was positive for
BVDV subtype 1b. The authors admitted that they isolated a
pestivirus from goats for the first time in Egypt and perhaps
the second finding worldwide of lamb presenting nervous
signs accompanying with this disease (50).

Diagnosis of Louping ill disease
Clinical signs in sheep

The incubation period of the disease ranges from six to
eighteen days in sheep. Louping ill is characterized by an
initial febrile phase, which may be associated with
depression, anorexia and neurological symptoms. In
endemic areas, many animals grow a mild or non-
communicable infection. In animals that show encephalitis,
clinical signs may be accompanied by muscle tremors that in
some cases developed to convulsions and/or coma (26).
Observation of clinical symptoms together with the
information of the existence of ticks and a history of the
disease within the area, will give a strong idea of LIV
infection. Signs include fine muscle tremor, nerve signs and
ataxia (especially posterior limbs). Death can occur 1 to 3
days after signs begin. Per-acute deaths may also occur. In
some recovered animals, partial paralysis or residual
torticollis may persist. All recovered animals are strongly
protected for life (27,28) (Figure 2).

Differential diagnosis

The differential diagnosis in sheep and goats includes
other causes of acute neurological disease. Toxemia,
Scrapie, rabies, listeriosis, hypocalcemia, Coenurosis

516

cerbralis, hypocuprosis and various poisons are among the
considerations in sheep (51).

Figure 2: Clinical symptioms of Louping ill disease in
sheep. Depression, (A), ataxia of the hind limbs (B), muscle
tremors and neck rigidity (C) and Ixods ricinus ticks (vector)
embedded in the wool of infected sheep (D) (32).

Post Mortem Lesions

Louping ill attacks the CNS and leads to nonsuppurative
meningitis and encephalomyelitis in the brain stem and
cerebellum, as well as in the spinal cord (26).

Laboratory diagnosis
Virus isolation

The disease is caused by a member of the genus
Flavivirus, family Flaviviridae named Louping ill virus (12).
The virus could be isolated in lamb kidney cell lines, in
addition to the embryonated eggs. It could also be cultivated
by inoculation of suckling mice intra-cerebrally (28).

Immunohistochemical staining
This technique is helpful for the detection of LI viral
antigens in the CNS (52).

Reverse transcriptase polymerase chain reaction (RT-
PCR) assay

Nucleic acids of LI virus can be diagnosed by RT-PCR
assay. This method was conducted to detect LIV in collected
Ixodis ricinus ticks in Scotland endemic areas (53,54). The
assay showed similar sensitivity to virus identification and
could be applied in cases where the virus cannot be isolated
from tissue due to sample decomposition (55).

Serological tests
LI virus has hemagglutination inhibiting properties, so
hemagglutination inhibition test could be helpful in the



Iragi Journal of Veterinary Sciences, Vol. 35, No. 3, 2021 (513-521)

disease confirmation (56). Plaque inhibition neutralization
test using LIV can also be applied to measure antiviral titers
27).

Control of louping ill disease

In free area eradication is achieved by condemnation of
infected animals and application of quarantines in
combination with animal movement restrictions. In endemic
areas, controlling of the disease is achieved by vaccination
and the use of insecticides (30). In any viral disease, there is
no specific treatment. Good nursing and supportive
treatment including is recommended. The most common
disinfectants can affect the virus as it contains an envelope
(57).

Control of tick infestation

Ticks control is recommended. It is essential to prevent
the tick populations from being virally infected (29). Control
of tick infestation is completed via treatment of sheep with
acaricides, although there is an increasing evidence for the
resistance of ticks to commonly used products. Land
managing decreases the mat of plant material existing, which
ticks need to stay alive during periods of low humidity (58).

Public Health

Humans can be infected the virus by tick bites or by direct
contact with infected tissues or cultures. Transmission
through wound contamination may occur. The aerosol
infection has been reported. Drinking unpasteurized milk
may lead to infection (28).

Louping ill vaccines

The available vaccine for animal use is manufactured
commercially and composed of inactivated killed virus
grown in tissue culture mixed with liquid paraffin/
montanide as an adjuvant. The appropriate age for
vaccination is 6-12 months of age. A single dose is sufficient
to induce defense for two years if injected under the skin
(26,59).

Diagnosis of Nairobi sheep disease
Clinical signs

Clinical signs begin with fever (41-42°C) and last for 1-
3 days after an incubation period of 4-5 days. Fever may be
biphasic. Leukopenia and viraemia usually correspond to the
febrile stage of diseases. The disease is characterized by
depression, loss of appetite, shortness of breath and moldy
dysentery that causes painful strain and discolored nasal
discharge. Death may occur during the fever stage, or two
days after the fever is left behind (36). Pregnant animals
frequently abort. Nairobi sheep diseases should be suspected
in sheep or goats with severe gastroenteritis and nasal
secretions when present in or near enzootic area. The
susceptibility of sheep is higher than goats. The existence of
attached ticks is helpful. The introduction of new animals
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into the affected area is an important epidemiological factor
to be considered (35) (Figure 3).

Figure 3: Nairobi sheep disease: clinical observations of
mucopurulent, nasal discharge (A), acute haemorrhagic
abomasitis (B) and the male and female Rhipicephalus
appendiculatus ticks (transmissible vector) (C) (51).

Post Mortem Lesions

Both of the serous and mucosal surfaces of the visceral
organs are hemorrhagic principally the abomasums, colon
and female genital tract. Dried crust around nostril and
conjunctivitis with is often noted (36). Enlarged and
edematous lymph nodes are usually present. Hemorrhagic
fetal skin and uterus are noticed. Ticks are possible to be
existed in the body, mainly in the head and ear (32). The
spleen is engorged with blood and severely enlarged (34).

Laboratory Diagnosis

For laboratory diagnosis, the sample includes blood or
non-coagulated plasma, mesenteric lymph node, spleen, and
serum safely to avoid aerosols. (32). No virus can be found
in the blood after body temperature returns to normal. Two
serum samples must be collected, apparently and recovered
for serology. The sample for virus isolation should be kept
cool as freezing reduces virus recovery (35).

Isolation Nairobi sheep disease virus
Nairobi sheep disease in Africa or a variant Ganjam virus
in Asia can be isolated from whole blood obtained from
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tested animal at the early febrile stage. But in the case of the
dead animal, the virus could be recovered from the
mesenteric lymph nodes and spleen. Different cell lines,
BSR cells or chiefly BHK-21-C13r, could be used for the
isolation of the virus by following the examination of the cell
culture using the indirect fluorescent test after staining or the
direct fluorescent antibody test, provide the most dependable
means of ascertaining NSDV. Using of fluorescein-
conjugated antibody test help detection of the virus within
24-48 hours (34).

Molecular detection

RT-PCR is used for diagnosis in several laboratories and
is said to detect the virus in an uncertain animal. Currently,
marketable tests for the detection of viral antigens are not
announced; however, antigens can be found in clinical
specimens (for example, lymph nodes in the spleen and
mesenteric) by diffusion of immunoglobulin gel, and ELISA
has been identified in the literature. Cross reactions can
occur with other Nero virus antigens (42,60).

Serological diagnosis

Several serological tests have been used to identify
antibodies to the NSDV / Ganjam virus. Double serum
samples should be collected to detect increased titer. As
reported by the World Organization for Animal Health,
indirect immunofluorescence is the most appropriate assay,
but ELISAs can also be used. Complementary fixation and
indirect hematopoque were used, although it is rarely
difficult to identify antibodies to neutralize the virus. Cross
reactions with other Nair viruses, especially the Dugbe virus,
can occur in serological tests (42,60).

Control of Nairobi sheep disease
Prevention

There is no available effective valid treatment for Nairobi
sheep disease. Fluid therapy is suggested in diarrheic or
dysenteric cases. Isolation and good nursing for the sick
animal is recommended (34). In free zones, the disease can
be eliminated by controlling movement, quarantine and
euthanasia of infected animals with tick control. Dipping or
spraying with acaricides is recommended for sheep and goat
to eliminate tick vector. Members of the Bunyaviridae are
easily affected by the most viral antiseptics such as
hypochlorite, phenols, detergents, chlorhexidine, and
alcohol. Hygienic disposal from the dead animal by burring
or incineration is recommended (36). Vaccination of liable
risk group such as native animal before the introduction to
an endemic area is recommended.

Vaccines for Nairobi sheep disease

An attenuated live virus vaccine through inoculation in
the mouse brain or killed inactivated virus vaccines
combined with oil adjuvant are available. However,
vaccination is not commonly practiced in endemic area
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because the animals tend to be immune and losses are
sporadic (34). The two vaccines are preferable to be applied
in two doses to elicit good protection. However, both
vaccines are not commercially produced and accessibility is
unclear (35).

Diagnosis of Akabane disease
Field diagnosis

Akabane disease has a teratogenic effect on the fetus of
cattle and small ruminants. Presence of the following
symptoms; mummified fetuses, aborted or premature and
even stillborn fetuses suffering from hydranencephaly and
arthrogryposis in association with high levels of morbidity
(15 to 80%) and high levels of mortality rates in newborns
leads to the suspicion of Akabane disease infection (39,40)
(Figure 4).

Figure 4: Akabane disease: clinical observations of
hydranencephaly lamb (A), arthrogryposis (B), aborted,
mummified fetus (C) and mummified fetus (D) (51).

Laboratory diagnosis
Virus isolation and identification

Akabane disease is a Culicoides borne viral disease
belonging to Orthobunyavirus. Detection of the virus by
virus isolation on BHK-21 (40) or polymerase chain reaction
(PCR) may be considered if abortion occurred in the first
third of pregnancy. By means of real-time PCR, it could be
possible to detect residual RNA in suspected tissues of
neonates and examinations of placental swabs might give
positive results (61).

Serological diagnosis

Serological identification of the AKAV specific
antibodies is most applicable and frequently used technique
(62). Both the Virus neutralization test (VNT) and enzyme-
linked immunosorbent assay used for the identification of the
specific antibodies against AKAV (63). Inadequate
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information established on virus detection and/or serology
revealed the presence of AKAV in Africa (64,65), and in
China (66). Serological identification of the maternal
immunity is of significance only in non-endemic areas. In
these circumstances, positive maternal results raise the index
of doubt, while a negative result will strongly reject the
Akabane virus as the etiological agent.

Control of Akabane disease

The best program for combating AKAV depends on
vaccination of the liable animals before the seasonal disease
occurrences. A live attenuated virus vaccine has been applied
in Japan, and inactivated virus vaccines that is appropriate
for the emergency vaccination of pregnant animals was used
in Australia, Japan and Korea (41 Adjustments to herd
management can be applied, such as delaying mating or
changing pregnancy periods from spring to autumn to avoid
disease outbreaks if there is a warning that vector activity is
approaching. Vector control measures, such as covering
breeding sites, applying insect repellent and pesticide
treatments, may be effective for a short time, but they are
often ineffective in avoiding infection to the fetus for more
than a few days but cannot control the disease forever (39).

Conclusion

Diagnosis of any viral disease depends on rapid
identification of causative agents. Isolation of the causative
virus from the field samples is the gold step for the diagnosis.
Molecular technology provides the potential for more
efficient and reliable methods for diagnosis of viral infection
in case of the inability of viral isolation. The control program
depends mainly on vaccination according to every virus,
effective quarantine measures, hygiene and sanitation
measures and finally vector control. BDV control depends
on the identification of persistently infected (PI) sheep and
the protection of the early pregnant sheep from the infection.
Louping ill vaccine is inactivated killed virus whereas A live
attenuated virus vaccine is available for Nairobi sheep
disease. The best program for combating Akabane disease
depends on a live attenuated virus vaccine in Japan, and
inactivated virus vaccines in Australia, Japan and Korea.
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