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ABSTRACT |

An epidemiological, clinical and pathological study of Maedi-Visna virus (MVV) infection in
sheep was carried out in highland areas of the Amhara National Regional State (ANRS). The
purpose of the study was to estimate the prevalence and distribution of the disease and
identify associated risk factors with the occurrence of the disease. A total of 2417 serum
samples were collected from smallholder farms (n = 1491) and sheep breeding ranches (n =
926) from November 2003 to February 2004. Indirect-Enzyme Linked Immunosorbent Assay
(i-ELISA) and Agar Gel Immunodiffusion (AGID) tests were employed to determine the
presence of antibodies against MVV infection. All sheep sampled were clinically investigated
where as few seropositive sheep were slaughtered and examined for gross lesions and

histopathological pictures.

The apparent seroprevalence of MVV infection was found to be different between the
management types; 6.6% (95% CI = 5.4 - 7.9) in smallholder farms and 30% (95% CI = 27.1
- 33.1) in sheep ranches. The difference in prevalence between the two sheep management
types, among ranches and weredas was statistically significant (P <0.001). The prevalence of
MVYV infection increased with increasing flock size and found to be higher in ranches (82.6%)
than in the smallholder farms (18.8%). The breed related seroprevalence varied from 16% in
indigenous sheep to 77.6% in Awassi sheep. The age-specific seroprevalence increased with
the age of sheep from 2.8% in yearlings to 76.5% at 7 years old. Flock size, breed, age and
contact with ranch sheep were significant (p < 0.0001) risk factors associated with the

occurrence and transmission of MVV infection.

In clinical disease investigation, 31 out of 348 (8.3%) MVV seropositive sheep were found to
express the clinical disease. Among the seropositives with overt clinical disease, 96.8% were
from sheep ranches while 3.2% from smallholder farms. There was statistically significant (x’
= 88.3; df = 1; P < 0.001) association between the clinical disease and the MVV
seropositivity. The clinical disease increased with age of animals. The large proportion of the
clinical disease in ranches and older animals was associated with the flock management and

high level of MVV infection.

The clinical disease was significantly different among sheep breeds (P<0.05), higher in
Indigenous Menz breeds than the Awassi and their crosses. Clinical manifestations with

respiratory symptoms (45.2%) were followed by progressive emaciation (16%). Necropsy
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examination revealed focal and diffused consolidation of lungs, broncho-interestitial
pneumonia. The histopathological investigations with peribronchiolar and perivascular
mononuclear cell infiltration, smooth muscle and lymphoid hyperplasia and thickening of the

alveolar septa indicated the progressive interstitial pneumonia characteristic of MVV

infection.

The serological, clinical and pathological findings suggested that MVV infection is a major
health problem in highland sheep of the ANRS. The ranch management and husbandry
practice consisting of large flocks and high proportion of older animals has contributed for the
occurrence and sprez;d of MVV in a higher rate in ranches than in smallholder farms. The
sheep ranches are considered major sources for the spread of MVV infection to the
smallholder farms. The findings of MVV antibodies in areas hypothetically considered free is
suggestive for poor knowledge and misdiagnosing of the disease. The serological test
agreement between ELISA and AGID found to be almost perfect and this would encourage
the use of the two tests in combination for accurate serological diagnostics in the control of

MVYV infection.

Keywords: Lentivirus, Maedi-Visna Virus, Prevalence, Smallholder Farms, Sheep Breeding

Ranches, ELISA, AGID, Pathology, Amhara National Regional State.
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1. INTRODUCTION

The Lentivirinae subfamily of the Retroviridae family comprises taxonomically related
viruses that cause fatal disease in human and different species of animals: sheep, goats,
horses, cattle, monkeys and cats (Narayan and Clements, 1989; Pepin et al., 1998). The
lentiviruses are non-oncogenic, lytic in cell cultures and cause cell fusion resulting in
multinucleated giant cells or syncytia. They are exogenic and cause life-long systemic
infections, usually with slow development of disease, characterized by chronic inflammation
and leading in a progressive manner to severe disability and death in most cases. Although the
host responds with development o f serological and c ell-mediated i mmune responses to the

virus antigens, it is unable to clear itself of the infection.

The name lentivirus is derived from Sigurdsson's (1954) ideas of a special group of infectious
diseases which he called “slow” infections. The basic genomic structure of lentiviruses is
similar to that of oncoviruses but more complex with a number of regulatory genes, which
influence the replication and the expression of the virus genome which is also influenced by

the differentiation and the physiological state of the host cells (Petursson et al., 1992).

The earliest recognition of the respiratory form of ovine lentivirus dates back to 1915, when a
progressive interstitial pneumonia was reported in South African sheep and later described by
Marsh in the United States in 1923 in Montana, and called "Ovine Progressive
Pneumonia"(Petursson et al., 1992). In Iceland in 1947, a pulmonary form of similar disease
was identified and the disease was called " Maedi", Icelandic word for dyspnea or labored
breathing, which describes the disease associated with a progressive interstitial pneumonitis
(Sigurdsson et al., 1952). Later in 1957, another form of the disease that caused paralysis was
also identified in Iceland. This form was called "Visna", which means wasting or shrinkage in
Icelandic, which describes the signs associated with a paralyzing meningio-encephalaitis
(Sigurdsson et al., 1957). Since then ovine lentiviruses have been isolated from sheep flocks
in many countries. Although there are considerable genetic differences between the various
strains of ovine lentiviruses they are referred collectively as "Maedi-Visna"(MV), which is
used in many countries to d escribe the same disease s yndrome. Morphogenesis, m olecular
hybridization, serology and animal experiments have shown these to be caused by the same
virus (Kimberling, 1988). The pulmonary form of Maedi-Visna virus (MVV infection has

been known under different names in various countries: Graff-Reinet disease in South Africa,



progressive pneumonia in Montana, USA, zwoegerziekte in Holland and /a bouhite in France

(Petursson et al., 1992).

The lentiviruses, Maedi-Visna and Caprine Arthritis-Encephalitis virus (CAEV) causes multi-
systemic disease processes in sheep and goats. Pathological changes are mainly found in the
lungs causing progréssive interstitial pneumonia, and other syndromes such as meningeal
arthritis with encephalitis, indurative mastitis and non-suppurative arthritis. The organs
targeted by the virus in descending order of importance are the lungs, mammary glands, joints

and the brain.

The MVV can cause disease with any of the following signs: severe and progressive weight
loss, labored breathing or pneumonia, paralysis, swollen joints associated with lameness, and
palpably hard, unproductive udders. However, most infected sheep never show clinical signs
of disease. Once a sheep is infected with the virus, that animal stays infected for its lifetime
and serves as a carrier even in the presence of high levels of circulating antibodies. Unlike
some viral diseases, the presence of antibodies is not indicative of immunity (Brodie et al.,
1998). Maedi-Visna virus persists and replicates in the presence of active immune responses
and cause immune-mediated lesions in several organs and this unusual relationship with the

host makes the diagnosis and control difficult and expensive (Cutlip ef al., 1988).

Although the animal lentiviruses of veterinary importance have been studied for several
decades, the realization that the causative agents of Human Immunodeficiency virus (HIV)
belong to the lentivirus group whose biology in humans closely resembles that of MVV of
sheep, has greatly intensified the research effort in lentiviruses (Gonda et al., 1986). Although
the research effort is by far most concentrated on the human lentiviruses, interest in animal
lentivirus research is growing because of the potential comparative value of animal models for

Acquire Immunodeficiency Syndrome (AIDS) (Petursson ef al., 1992; Simon ef al., 1994).

Because of distribution to most major sheep producing countries and a high morbidity, MV is
a major disease of the sheep industry and annually results in financial waste. Because it is a
disease where there are no immediate clinical signs upon infection, the economical impact on
sheep producers may be hard to assess especially if the incidence of clinical disease is low.
The economic importance of the disease rests with losses associated with decreased longevity,
mortality with clinical disease, decreased value of culled animals and possible effects of

subclinical infection on productivity, the cost of treatment of secondary infections and



expensive research and control programs, and loss of marketing opportunities as a result of
restrictions that countries impose on the importation of sheep from places where the infection

exists (Dohoo et al., 1987; Kimberling, 1988).

The occurrence of MVV in Ethiopia was serologically detected in imported sheep breed
(Merino) in 1986 at Agarfa sheep ranch, Bale province. Laboratory test was conducted using
AGID both in the country and abroad (UK) and has provided 30% seropositivity for MVV.
Due to the detection of the disease, the flocks were destroyed with final closure of the ranch

(BoA, 2000).

Maedi-Visna virus was also reported in the year 1996 around Debre Berhan on village sheep
and International Livestock Research Institute (ILRI) research station with a prevalence rate
of 3.7% (Ayelet et al.,2001). In 1999, a respiratory disease outbreak was investigated in
Amed Guya s heep ranch, North Shewa. Histopathological examination of lung tissues had
indicated typical MV lesions with a high degree of mononuclear cell infiltration (Tibbo ef al.,
2001). In the same year a number of serum samples collected from culled and clinical
diseased animals from Debre Berhan and Amed Guya sheep ranches were tested serologically
and the result has indicated 74% seropositivity for MVV with a significant breed difference
varying from 48% in Awassi sheep to 92% in the indigenous Menz sheep (Woldemeskel et

al., 2002). Because ef the emergence of MVV in both ranches with the exception of some

—

- pedigree Awassi sheep breed for replacement through repeated tests, all local, crossbred and

exotic sheep from both ranches were slaughtered in the year 2002 and 2003.

In the past two decades, more than 5000 crossbred rams had been distributed from the two
sheep ranches to the sheep producing areas of the country to the farmers with high proportion
in the Ambhara region. The distributed rams could have been possible sources to spread the
disease. However, there was no information available about the distribution of the disease in
the smallholders’ flocks. Therefore, epidemiological, clinical and pathological study was
required to be undertaken in major sheep producing areas of the country and this study was
conducted particularly in Amhara region to determine the magnitude and impact of the

disease in the highland sheep and for designing prompt control measures.

Finally the outputs of this study would provide ground for further research and designing
control options to- minimize the morbidity and mortality of small ruminants and prevent

further spread of the disease. Therefore, the objectives of the study were in general to assess



the magnitude and distribution of MVV infection in the highland sheep of Amhara National
Regional State and the specific objectives were:

e To estimate the prevalence and distribution of MV in the highland sheep in selected
districts of the Amhara National Regional State,

e To identify the potential risk factors associated with the disease.



2. LITERATURE REVIEW

2.1. The Virus
2.1.1. Viral structure

Lentiviruses are spherical and have a unique three-layered structure. T he ultra-structure o f
lentiviruses is similar to that of C-type retroviruses and the virions are assembled at cellular
membranes in a similar way. They can be distinguished from C-type virions by the presence
of cone-shaped core in the fully formed virion and the core shell is formed closer to the cell
membrane during the budding process and appears thicker than seen in C-type viruses

(Gelderblom et al., 1990).

The size of the virion is about 110-130 nm and the surface is studded with projections or
knobs about 9-10 nm in length, composed of the envelop glycoprotein. The central part of the
virus is the genome-nucleoprotein c omplex, associated with the reverse transcriptase. T his
structure is enclosed within an icosahedral capsid surrounded by an envelope derived from the

plasma membrane of the host cell (Gelderblom et al., 1990; Pepin et al., 1998).

Small ruminant lentiviruses, MV and Caprine-Arthritis-Encephalitis viruses (CAEV) are
structurally and morphologically similar, cause comparable disease syndromes, and can
reciprocally infect sheep and goats, although they are distinguishable at the molecular level

and by differences in immunologic reactivity (Narayan and Clements, 1989).

The core contains two copies of the RNA genome associated with a few molecules of the
enzyme reverse transcriptase (RT), a small nucleocapsid protein (NC) and is surrounded by a
shell composed of the capsid protein. Together with the so called lateral bodies, the core is in
turn surrounded by a layer of matrix protein (MA). The outer envelop is composed of a lipid
bilayer containing the transmembrane protein (TM) (Gelderblom et al., 1990; Petursson et al.,
1992).



2.1.2. Organization of the viral genome

The MVV has a genome organization similar to other retroviruses. It comprises three
structural and various regulatory genes (Narayan and Clements, 1989; Pepin ef al., 1998). The
basic order o f structural genes arranged fromthe 5’ end to 3’ end of the genome are gag

(group-specific antigen), pol (polymerase) and env (envelope) (DeMartini et al., 1991).

The gag gene of MVV is highly conserved and encodes information for one major and two
minor core proteins (Kwang et al., 1996). The major core protein called the capsid protein
(p24-p27) elicits a strong antibody response. For this reason, this protein has been the target
to develop sensitive diagnostic assays (Marcom et al., 1991; Juste et al., 1995). Conversely,
the two small core proteins, the matrix protein (p16) and the nucleocapsid protein (p14), are
poorly immunogenic (Naryan and Clements, 1989).

The pol gene encodes for several enzymes important in viral nucleic acid transcription and
protein synthesis during replication, including reverse transcriptase, protease, endonuclease,
and the dUTPase. Drugs that disrupt the expression of these enzymes have been the focus for
HIV chemotherapy, but due to the persistence nature of lentivirus infections and high cost of
treatment, these approaches have no practical application for the treatment and control of

MVYV (Brodie et al., 1998).

The env gene encodes the envelope glycoprotein also called the surface protein referred to as
gp135 and the transmembrane protein. Gp135 has been identified as an antigenic target during
immune responses to MVV infection. The surface protein carries the neutralization and fusion
epitopes. Antigen variation within this protein confers the biological and serological
properties of different isolates (Leroux et al., 1996). For this reason, recombinant ELISA tests
that rely on the detection of antibodies against the surface protein may have low sensitivity
(Juste et al., 1995). Conversely, the transmembrane protein, which is much more conserved,

has been used successfully in some recombinant ELISA tests (Kwang and Cutlip, 1992).

In contrast to most oncoviruses, the lentiviruses produce several regulatory proteins located
between the pol and env genes and at the 3’ terminus, which control the rate of viral genome
expression and virus replication. The three major auxiliary genes in MVV, which are essential
for virus replication, are tat, vif (viral infectivity factor), and rev (regulator of virion protein

expression) (Clements and Zink, 1996). In addition to its regulatory role, the product of the



tat gene may contribute to the pathogenesis of multi-organ proliferative disorders and

possibly lesions in the central nervous system (Philipon et al., 1994).

As in the other retroviruses the DNA genomes of lentiviruses are flanked on both sides by
regulatory sequences, the so called long terminal repeats (LTRs) that contain enhancer-
promoter elements for the initiation of DNA transcription and plays a role in tissue tropism.
When the viral RNA enters a permissive cell it is transcribed into double stranded DNA
(DeMartini et al., 1991).

2.1.3. Virus replication

Small ruminant lentiviruses generally replicate to high titers in permissive cell cultures of the
fibroblastic type, such as choroid plexus and synovial cell cultures. Ovine and caprine cells of
the monocyte/macrophage lineage also support productive infection in cultures. Some ovine
field strains replicate poorly in fibroblastic cell cultures. Isolates of Small ruminant
lentiviruses are divided into two types: 1. lytic isolates such as the Icelandic MVV and 2. non-
lytic, persistent isolates typical for CAEV and some sheep isolates of the American ovine

progressive pneumonia (Querat ez al., 1984).

The general feature of the cytopathic effect of these viruses is the production of multi-
nucleated syncytia or giant cells by cell fusion and formation o f star-shaped or spider-like
cells with a rounded refractile cell body and many long filiform cytoplasmic extensions. As
the virus attached to. the cell the virion envelope fuses with the cell membrane. Despite the
principal receptor molecule for HIV is known to be the CD4 surface molecule of the so called
helper-inducer lymphocyte, much less is known about virus receptors for MVV. The attached
virion is decoated and the RNA genome is released and transcribed into double-stranded DNA

with the help of the reverse transcriptase contained in the virion core (Petursson et al., 1992).

In contrast to the oncogenic retroviruses, where viral DNA synthesis takes place in the
cytoplasm, lentiviral DNA is replicated in the nucleus of the cell (Haase ef al., 1982). It has
been proposed that this explains why lentiviruses can replicate in non-dividing cells. One to
two hundred copies of free linear-double stranded DNA molecules are found in lentivirus
infected cells. However, very few viral DNA molecules integrate into the host cell DNA. It

has been suggested that this high number of free viral DNA molecules in infected cells may



be associated with the, cytolytic effects of lentiviruses (Clements et al., 1979; Petursson et al.,

1992).

In contrast to the highly productive viral infection in permissive cells in culture, the
replication of lentiviruses in the tissues of the animal is highly focal and unproductive (Haase
et al., 1986). Very few cells are found to contain the viral DNA and many of those produce
little or no viral RNA and even fewer detectable viral antigens. This restriction seems to
depend on physiological and developmental state of the cells. When cells from tissues of
lentivirus infected sheep are grown in tissue culture, the restriction is relieved with resulting
productive infection (Petursson et al., 1976). It has also been shown that when infected
monocytes with low production of virus differentiate into macrophages the host cell
restriction is lifted leading to increase viral production (Geldelman et al., 1986). Thus it
appears that the expression of viral genes and the replication of the lentiviruses is strictly
controlled by a complex interaction of viral and host cell genes. The restriction of viral
replication in the host is considered a major factor in the slowness of lentiviral diseases

(Petursson et al., 1992).

2.1.4. Variability

Genetically, lentiviruses are quite heterogeneous. This manifests itself in their antigenic
diversity, differences in virulence and growth characteristics in vitro. This genetic plasticity is
believed to contribute to viral persistence in the host animal by permitting evasion of the
immune response. Moreover, antigenic diversity may also present a problem in the diagnosis
of lentviral infections and remains a formidable obstacle to vaccine development.
Antigenically distinct viruses have been isolated from sheep persistently infected with MV'V;

these variants arise by point mutations in the env gene (Braun ef al., 1987).

Genetic variation in MVV has been determined by polymerase chain reaction (PCR)
amplification of portion of the viral genome (Sargan ef al., 1995). These studies have allowed
the extent of variability in different regions of the genome (LTR, gag, pol, env) to be
compared and the heterogeneity of MVV strains to be determined. Moreover, these
techniques permitted the phylogeny of lentiviruses to be established (Pepin ef al., 1998). The
high mutation rate must be of importance for the evolution and the epidemiology of
lentiviruses and may pose problems in attempts to develop vaccines and drugs to control this

disease (Petursson et al., 1992).



When strains of ovine lentivirus from different parts of the world are compared, considerable
biological differences are revealed. Some strains are more lytic in tissue culture and grow to
higher titres than others and differ in their ability to induce neutralization antibodies (McGuire
et al., 1990).

The MVV consists of group of strains, K1514 from Iceland, SA-OMVYV from South Africa,
and EVI from UK (P‘asick, 1998). Sequence analysis studies in the env gene of ovine isolates
in North America showed more similar to CAEV, which suggests that the ovine and caprine

lentiviruses may have descended from a common ancestral genotype (Valas et al., 1997).

2.2. The Disease

2.2.1. Epidemiology

With the exceptions of Australia and New Zealand, MVV is present in all major sheep
producing countries of the world; North and South America, Europe, Asia and Africa
(Clements and Zink: 1996). Antibodies to MVV are not protective against the disease;
therefore if an animal has antibodies to MVV after six months of age then they are considered
infected with the MVV and are carriers of the virus. The incidence of infection increases with
ewe/ram age, probably due to sheep-to-sheep spread of the virus. The percentage of infected
sheep that develop clinical disease is variable and is possibly dependent on flock

management, strain and dose of virus, and genetics of sheep.
2.2.1.1. Prevalence

Prevalence of infection and of disease varies greatly. In USA the infection varied from 1% to
67% in culled sheep from different states and from 51-90% in range sheep (Cutlipetal,
1988). The prevalence of seropositive animals increased with age from 4% in less than 1 year
to 34% in 4 years period (Cutlip ef al., 1992). In range conditions, where lambing occurs in
pasture, seropositivity was only 0.5%. Moreover, the differences in seroprevalence suggested
the close contact during confinement for lambing and cold weather may favor the

transmission of the virus (de la Concha-Bermejillo et al., 1994; Brodie et al., 1998).



A serological survey in Canadian sheep has also indicated a seroprevalence of 19% and a
mean flock prevalence of 12% an increased prevalence with increased age and flock size was
noted but prevalence in sheep older than 8 years was decreased, probably due to losses

through culling and deaths of infected sheep earlier in their life (Simard and Morley, 1991).
2.2.1.2. Susceptibility

Sheep and goats are the only species that have proven to be naturally susceptible to the MVV.
According to Cutlip ef al. (1991) only goats and rabbits could be experimentally infected with
the MVV. The infection in rabbits was acute and virus did not persist or induce antibody
production as it does in sheep and goats. Goats developed characteristic lesions of MV as of
sheep. All breeds and ages of sheep appear to be susceptible to infection. In contrast to
susceptibility to infection breeds o f sheep appear to differ with respect to susceptibility to
development of disease after infection. These findings may also relate to differences in the
pathogenicity of the strains of MVV and not solely a function of genotype of the sheep
(Cutlip et al., 1991).

Natural disease is more common in 2-3 years old sheep but may occur at any age of adult
sheep. The percentage of infected sheep that eventually become clinically affected and the age
of onset appear to be related to the level of infection in the flock (DeBoer ef al., 1979; Cutlip
et al., 1988). '

2.2.1.3. Modes of transmission

Secretions of the udder and lungs are thought to be the main source of virus transmission.
European and Icelandic studies have shown that lactogenic transmission commonly occurs
between ewe and lamb via ingestion of colostrum and milk (DeBoer et al., 1979). In an
endemically infected flock, virus infected mononuclear cells and free virus in the colostrum
and milk are passed through the intestinal e pithelium of the neonate to establish infection
(Cutlip et al., 1988). Naturally, lambing is a time of high lentivirus expression, which
facilitates the spread of infection. Since mastitis is frequent in affected animals, vertical
transmission may be facilitated by the recruitment of mononuclear infected cells to the
mammary gland (Zink and Johnsson, 1994; Pepin et al., 1998). When lambs are separated
from their dams immediately after birth and reared in isolation they remain with few

exceptions free of the infection (Houwers et al., 1983).
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A low incidence of ewe to lamb transmission occurs in the early stages of MVV infection
whereas chronically ‘infected ewes readily infect their lambs (Sihvonen et al., 1980). There
was also a high incidence of transmission with increasing periods of contact, rising to 81% of
lambs showing evidence of MV infection when the flock was maintained intact for one year
(DeBoer et al, 1979). In infected flocks the progeny o f seropositive e wes are much more

likely to show evidence of infection than lambs of seronegative dams (Houwers et al., 1990).

There is ample evidence of horizontal transmission of MV'V infection in sheep. When virus-
carrying sheep are introduced into aT virgin population the infection spreads gradually between
adult sheep (Houwers et al., 1990; Petursson et al., 1992).i Free virus or virus-infected cells
are horizontally transmitted by inhalation of respiratory secretions (Zink and Johnsson, 1994).
Droplet transmission is facilitated by housing and close confinement and was important in
Iceland, where sheep were housed for 6 months during the winter (Carey and Dalziel, 1993).
Evidence of respiratory transmission of the disease between adult sheep was also provided by
Houwers and Van der Molen (1987) who introduced two infected ewes into a flock of 22
seronegative ewes and found that 80% of the flock became infected within five years.
Asymptomatic sheep are rarely a source of virus for infection of other sheep, with the possible

exception of ewe to lamb transmission via milk (Carey and Dalziel, 1993).

Experimental transmission of MVV by intra-tracheal inoculation of lung tissue suspensions or
cell culture derived virus into newborn lambs has been shown not only to reproduce but also

to accelerate the disease process (DeMartini et al., 1987).

The spread of MV infection is frequently very rapid in flocks concurrently infected with the
retrovirus causing pulmonary adenomatosis. The copious lung fluid produced by sheep with
pulmonary adenomatosis contains MVV in dual infected sheep, and the copious secretion
with coughing is believed to increase the risk for horizontal transmission. The increased
number of alveolar macrophages in pulmonary adenomatosis lungs has contributed to an

increase in MVV replication (Dawson et al., 1990).

Arthropod transmission of MVV and other lentiviruses are limited, and not a primary route of
infection (Gurovich, 1989). Dawson (1987) has investigated the potential role of iatrogenic
transmission, and he was unable to transmit MVV by inoculating naive sheep with small

amounts of blood taken from infected animals.

There is little evidence for in-utero transmission of MV virus. In a study where peripheral

blood was taken from lambs immediately following birth and mononuclear cell DNA used for
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PCR, it/ was shown that approximately 10% of lambs were infected in utero (Brodie ef al.,
1994). "No direct evidence for transplacental transmission could be demonstrated in the
experiments of Sihvonen (1980), 50 lambs snatched from their infected dams at birth
remained uninfected (DeBoer et al., 1979). It is generally accepted that in-utero transmission
is of minor significance. However, as fetuses can be experimentally infected in-utero
(Narayan et al., 1974) by direct injection of the virus into the fetus, the lack of natural vertical
transmission may be due to the cell-associated nature of the virus in the blood rather than a
lack of fetal susceptibility (Carey and Dalziel, 1993). There is no evidence in the role of other

excretory products, such as saliva and urine in the transmission of MVV (Brodie ef al., 1998).

Intra-peritoneal inoculation of withers with semen from MVV infected rams failed to infect
them (Dawson, 1987). The result indicates that if venereal infection does occur, it does not
appear to be a significant route of transmission. In a recent study (de la Concha-Bermejillo et
al., 1996), MVV was detected in the ejaculate of rams with concurrent Brucella ovis-induced
epididymitis. Large numbers o f w hite blood cells, including m acrophages, w ere present in
these fluids suggesting that these cells harbor the virus. There are no reports of successful
detection of MVV genome in ova embryos, or purified spermatocytes. In addition, there is no

evidence to suggest that wild animal species act as a reservoir for MVV (Cutlip ef al., 1991).
2.2.2. Clinical and pathological features

The extraordinary long incubation period for MVV noted during the initial outbreaks as of
one to three years or more is followed by the onset of disease symptoms with a generally
progressive clinical course. Because of the long silent preclinical phase of the infection,
clinical signs are rarely seen in animals less than 3-4 years of age. Sheep may exhibit signs of
disease in the second year of infection and die after a protracted and progressive illness
(Haase, 1986). Progressive emaciation, in spite of a normal appetite and temperature, is

usually the earliest symptom recognized (Cutlip et al., 1988).

Maedi-Visna virus causes multi-systemic disease: the lungs and regional lymph nodes, joints,
mammary glands, spleen and blood vessels are affected by the disease, and any or all of these
organs may be involved in a single sheep (Cutlip e al, 1988; Desrosiers, 2001).
Histopathologically the lesions are characterized by their inflammatory nature, mononuclear

cell infiltration and lympho-proliferation. Persistent production of viral antigen by infected
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macrophages may then cause chronic stimulation of the immune system, resulting in

lymphocytic hyperplasia (Cutlip et al., 1988).

Previously, the disease has been known by pulmonary and neurologic disease process.
Indurative m astitis and non-suppurative arthritis are now recognized a s components o f the
MV disease complex. Vasculitis some times affects the small arteries and arterioles of the
kidneys and may also be associated with lesions of the lungs, joints, and central nervous

system (Cutlip et al., 1988; Brodie et al., 1998).

Lymphoproliferative lesions in the testicles of rams seropositive for MVV have been
described although there was no attempt to isolate virus (Palfi et al., 1989). Recently, it was
shown that rams with Brucella ovis-induced epididymitis shed MVV in their semen
associated with infected white blood cells (de la Concha-Bermejillo et al., 1996). Ram
epidedimitis is relatively common and thus may contribute to the venereal spread of MVV

(Brodie et al., 1998).

The clinical and pathological effects of MVV on other organs have not been reported. No
studies investigated MVV as an agent of abortion or have definitively shown the virus to be a
cause of a reproductive failure, although it is known that the virus can be transmitted in utero

but at a frequency of less than 10% (Brodie ef al., 1994).

2.2.2.1. Respiratory tract involvement

The most common clinical manifestation of MVV infection of sheep is a chronic pneumonia
with signs of progressive respiratory failure. When sheep are driven, the affected animals lag
behind, they exhibit labored breathing and after exertion, the respiration becomes rapid and
shallow. These sheep are often referred to as "lungers". As the severity of respiratory disease
progresses, the respiration at rest becomes gradually more difficult with dilated nostril and
flank breathing aided by accessory respiratory muscles accompanied by characteristic
rhythmic jerks of the head. In advanced cases the sheep loose condition and become
emaciated and often recumbent (Cutlip et al., 1986). Coughing is not a prominent sign and not
productive when it occurs. Death is inevitable once symptoms are recognized and may occur
within 6 months to one year. Secondary bacterial pneumonia is a common sequela to the

respiratory form of MVV and the cause of death (Cutlip et al., 1986; Brodie et al., 1998).
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At necropsy, the luﬁgs of sheep with chronic MVV infection are consolidated, 2-3 times
heavier than the normal weight; they have a firm rubbery consistency, lack normal
crepitations. The lungs fail to collapse when the thoracic cavity is opened, and show multiple
gray areas on the pleural surface. In cases with secondary bacterial infection, coalescent
cranioventral areas of consolidation are observed. The tracheobronchial and mediastinal

lymph nodes are found enlarged (Georgsson and Palsson, 1971).

Histologically there is hyperplasia of the fibrous tissue and smooth muscle ofthe alveolar
septae along with inflammatory mononuclear cell infiltration and accumulation of plasma
cells, lymphocytes and macrophages. Lymphoid aggregates frequently with germinal centers
often surround airways and blood vessels and are prominent in sheep with MVV associated

interstitial pneumonia (Georgsson and Palsson, 1971).

In certain flocks, MVV is found as a co-infection with Jaagsiekte retrovirus, the causative
agent of sheep pulmonary adenomatosis (Payne et al, 1986). There have been tentative
suggestions of in vivo synergism between the two retroviruses based on accelerated

development of lesions when both viruses are present (DeMartini ef al., 1987).
2.2.2.2. Udder involvement

Maedi-Visna virus can also infect the udder resulting in a chronic, indurative mastitis. This
involvement becomes apparent as an enlarged firm udder that has reduced milk flow to no
milk flow. This is often referred to as "hard bag". Milk production is decreased because of
infiltration of lymphocytes and macrophages into the surrounding milk ducts where milk is
produced. The changes found with udder involvement during the course of MVV infection are
different from changes associated with mastitis. The udder is not hot or painful, nor are there
abnormal milk secretions as are found in the case of mastitis with bacterial infection. The
main difference is that the changes associated with udder involvement in MVV are generally

irreversible, while the other causes may be reversible (Van der Molen ef al., 1985).

Large numbers of MVV-infected macrophages can be found in association with lymphocyte
infiltrates. Multiple breaks occur in the acinar and ductal epithelium that may be the source of
infected cells, which transmit virus to lambs (Cutlip et al., 1988). Blockage of teat ducts

during lactation may, be associated with failure to properly nurse lambs. Poor lamb growth
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prior to weaning was found to occur in flocks with a high incidence of antibody to MVV and

concurrent indurative mastitis (Van der Molen et al., 1985).

2.2.2.3. Arthritis

Arthritis has been observed in MV infected sheep, involving swelling and calcification of soft
tissue, fibrosis of the joint capsule and synovium and perivascular 1 ymphocytic infiltration
(Oliver et al., 1981), which is similar to arthritis observed in CAEV infected goats (Crowford
et al., 1980). Infection can result in lameness and painful swelling of one or several joints
especially apparent with the "knee" joint of the forelimb and the hock joints of the rear limbs,
the carpus and tarsus. Maedi-Visna virus was isolated from joints in a group of naturally
infected sheep and reproduced disease when introduced into naive animals by intra-articular

injection (Oliver ef al., 1981).

Affected joints are nen-suppurative with fibrin deposition and the proliferated membranes are
hyperemic and infiltrated with lymphocytes and macrophages. Severe erosion of articular
cartilage and subchondral bone and periarticular tissues can also occur in chronic lesions.
Synovial fluids from animals with clinical arthritis often contain infectious virus, viral
antigens, and or high titer anti-viral antibody to MVV surface proteins: particularly the
membrane proteins that may further exacerbate joint lesions (Brodie et al., 1995b).

2.2.2.4. Central nervous system involvement

Central nervous system involvement is the least frequent form of MVV in sheep. In animals
with neurological infection, gait is affected and early signs are muscle quivering and
imbalance seen in the rear legs, with paresis of the hindquarters progressing until paraplegia

develops (Cutlip et al., 1988).

At necropsy, the brain and spinal cord usually appear normal. Histologically, central nervous
system lesions consist of varying degrees of infiltration of the meninges, choroid plexus,
white matter of the brain and spinal cord with lymphocytes (Oliver ef al., 1981; Brodie et al.,
1995b). Lymphocytes and macrophages are accumulated around blood vessels, and
degeneration of nervous tissue is seen too. Infectious virus, viral antigens, and anti-viral
antibody to MVV are relatively common in cerebrospinal fluid of sheep in association with

subclinical MVV-associated encephalomyelitis (Brodie et al., 1995b). In contrast to European
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strains, central nervous system disorders associated with infection by North American strains

of ovine lentiviruses are infrequent and almost always subclinical (Brodie ef al., 1998).

2.3. Virus-Host Interactions

2.3.1. Pathogenesis

Cells of monocytes /macrophage lineage have been shown to be infected in all lentivirus
infections of animals and man (Narayan and Clements, 1989). In addition other cell types
have been found to express virus antigens by immunohistochemical methods. They include
lymphocytes, p lasma cells, endothelial cells, fibroblasts, pericytes choroidal epithelial cells
and meningeal cells in MVV infection of sheep (Georgsson ef al., 1989).

Strains of MVV vary in their pathogenecity in vivo and in vitro (Carey and Dalziel, 1993).
Both highly lytic and persistent (in vitro) strains were isolated from naturally infected sheep
(Querat et al., 1984). Intra-tracheal injection of low passage (ten passes) or high passage virus
into lambs, with killing at various time points up to 28 weeks, resulted in the development of
histological and clinical lesions only on those animals infected with low passage virus

(Lairmore et al., 1986).

The predominantly inflammatory nature of the lesions in MVV-induced disease suggested
that the disease meghanism could be immunopathological in nature. Inflammatory lesions
result in part from interactions between viral antigens and mechanisms of the host immune
response. Since few cells in the lesions express viral antigens as revealed by immunostaining
(Georgsson et al., 1989), it appears that tissue damage may be in large part due to
amplification of the immune response to viral antigens with a great influx of macrophages and
lymphocytes and secretions of cytokines and other soluble factors resulting in non-specific

tissue damage (Petursson ef al., 1992).

A number of studies have attempted to characterize the cellular filtrates, which are a feature
of MVV infection in the lung. The basic lesions are characterized by dense infiltrates of
lymphocytes, plasma cells and macrophages. Interferons have been identified and may be
involved in inducing'lymphocyte infiltration and proliferation (Narayan et al., 1985; Lairmore
et al., 1988). Infected macrophages synthesize interferon and other cytokines to which T and

B-lyphocytes respond by accumulating and/or proliferating in target tissues.
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The severe immun’odeﬁciency with associated opportunistic infections and tumors
characteristic of human AIDS is not seen in small ruminant lentivirus infections. However,
there are disturbances of immune functions associated with MVV infection attributed to viral
infection of macrophages rather than to a depletion of CD4 positive lymphocytes (Bird ef al.,
1990)

Persistence of infection within the host is fundamental to the pathogenesis of MVV-induced
diseases and is accomplished by infection of a small percentage of cells of monocytes-
macrophage lineage and the subsequent restriction of virus replication within these cells
(Clements and Gabuzda, 1990). The proviral DNA genome of the virus may integrate into the
host DNA of the macrophage stem cells in the bone marrow and the virus gene expression
occurs only during maturational processes of the cells. This results a constant supply of virus
infected cells from a niche safe from defense mechanism of the host but also provides a
mechanism for macrophages to leave the bone marrow carrying latent viral genomes to

various tissues (Narayan, 1990).

The mechanism of lentivirus persistence is through the formation of antigenic variants of the
virus during the course of infection (Clements ef al., 1988). Mutations in the env gene are
compatible with survival of the virus but they cause structural and conformational changes in
the envelope of the particle. Frequently, these changes affect neutralization sites on the virus
and allow the agent to escape from antibodies directed against the parental virus. These
antibody-escape mutants are the basis of antigenic drift by lentiviruses (Clements et al.,

1988).

The occurrence of antigenic variation on MVV has been well documented (Clements ef al.,
1988). Studies of genomic changes associated with antigenic variation indicate that variants
are a consequence of genomic instability resulting from high rates of mutations, insertions and
deletions, and recombination between different viral strains. Although the significance of
antigenic variation and its contribution to virus persistence and pathogenesis remains obscure

and it is likely to be a major constraint in developing MVV vaccines (Brodie et al., 1998).
Experimental evidence indicates that although there is a long delay between initial infection

and the development of disease, the majority of lentivirus-infected individuals go through an

acute phase of virus replication during the first few weeks after primary infection. This phase
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of acute viraemia is followed by a vigorous immune response that restricts virus replication to

low levels but fails to eliminate the virus completely (Clements and Zink, 1996).

In sheep experimentally infected with MVV cell associated viraemia peaks between 2 and 8
weeks following infection and gradually declines to a low level by 16 weeks. However, MVV
persists in cells of macrophage lineage of infected animals despite the presence of neutralizing

antibodies and cell mediated immune responses (de la Concha-Bermejillo ef al., 1995b).
2.3.2. Immune responses

In experimental and natural infections with MVV of sheep, antibodies specific for the major
viral antigen develops. The lentivirus persists in an infected animal despite an active immune
response to the virus. Both humoral and cell mediated immune responses occurring in MVV
infected animal appear to be incapable of clearing the virus in the early stage of infection and
may contribute to the disease process and there by permitting establishment of infection in the
host tissues (Carey and Dalziel, 1993). The majority of infected sheep respond to infection by
the production of viral specific antibodies (Brodie, ef al., 1998)

The length of time from infection to seroconversion is unpredictable, and may take several
months to years before detectable antibody can be assayed (Petursson and Hoff-Jorgensen,
1990), this reflects the low level of antigen typically presented to the immune system in

lentivirus infections (Brodie et al., 1998).

It is not clear whether antibodies to gpl35 are protective, or may have a deleterious
immunopathological effect. In CAEV, the titres of anti-gp135 in the synovia correlated
directly with disease severity (Knowles ef al., 1990). In studies of lambs experimentally
infected with MVV strains of different in vitro replication characteristics, the mean titre to
gpl35 was three times higher in lambs, which developed lymphoid interstitial pneumonia
(Kajikawa et al., 1990).

Fewer data are available on cell-mediated response to MVV infection. An early cell- mediated
immune response to MVV has been demonstrated one week following experimental
intracerebral inoculation (Griffin et al., 1978) and 4-6 weeks following respiratory infection
(Sihvonen, 1981). A proliferative response to virions and involving CD4™ and CDS8" cells, has

been consistently demonstrated 1-4 years post-infection (Reyburn ef al., 1992).
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2.4. Detection of infected animals

Although clinical symptoms may be highly suggestive and histopathological lesions
practically diagnostic in typical or advanced cases of lentivirus disease in sheep and goats,
serological and virological methods are necessary to confirm the diagnosis, especially in early
phases of the infection and in animals which are infected but show little or no pathological

changes.

2.4.1. Serology

Several serological assays have been used to identify sheep exposed to MVYV, although
currently there is no single recommended test. Early detection of MVV infection in sheep may
be challenging. The accuracy of diagnosis largely depends on sensitivity and specificity of the
assay used. It can also be influenced by the duration of infection, levels of viraemia, integrity
of the host immune system and virus phenotype (virulence factors and propensity for

antigenic variation) (Lairemore et al., 1988; Brodie ef al., 1993)

Of the serological tests, the AGID and the ELISA tests are most suitable for practical
application (Dawson ef al., 1982). The AGID test was one of the first successful serological
assays developed for the detection of specific antibody to MVV (Marcom et al., 1991). The
AGID test is relatively inexpensive, commercially available, easy to perform, and commonly
used. However, recent studies suggest that the AGID test is of limited value in detecting
infected animals at early stages of infection when plasma antibody concentrations are low

(Simard and Briscoe, 1990b).

The Western blot and ELISA (Kajikawa et al., 1990; Simard and Briscoe, 1990a) have more
recently been used to diagnose MVV infection. The Western blot is helpful in confirming
doubtful results in the other tests (Zanoni ef al., 1990).

Simard and Briscoe, (1990b) compared indirect-ELISA with AGID for the detection of the
antibodies to MVV, and the ELISA detected antibody at 2.6 weeks prior to the AGID. The
ELISA had a specificity of at least 98.8% and an increased relative sensitivity of 15.5%
compared to the AGID (the relative sensitivity of the ELISA was 94.7% compared to 79.2%
for AGID). Hence, it was concluded that the AGID test might not be adequate to monitor

serum samples for an eradication scheme (Simard and Briscoe, 1990b).
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Brodie et al,, (1993) has also demonstrated ELISA to be significantly more sensitive in
detecting antibody to MVV when compared with AGID, but less sensitive than
immunoblotting. However, most animals in their study were older and had pathologic

evidence of chronic infection (Brodie ef al., 1993).

In contrast, de la Concha-Bermejillo, (1995a) has shown that when comparing AGID with
two recombinant ELISAs, the specificity of AGID was always 100%, with the sensitivity
ranging from 11% two weeks following infection, and 100% five weeks after infection and
remained constant until the end of the experiment. In this study, the specificity and sensitivity
of the recombinant ELISA tests varied depending on the recombinant MVV protein used. The
sensitivity and specificity of a recombinant ELISA based on a MVV major core protein varied
from 22% to 100% (average 88%) and 50% to 100% (average 95%), respectively. It was
concluded that because most ELISA tests only detect IgG antibody, animals recently infected
and tested by ELISA might have false negative results and IgM responses would be missed
(Juste et al., 1995). Therefore, a combination of serological tests should perhaps be used for
evaluating antibody production to MVV and when these tests give conflicting results, the
serological status of individual animals can be confirmed by immunoblot (Brodie et al.,
1998). In addition to ELISA, AGID and immunoblot, the indirect immunoflourescence,
haemaglutination, complement fixation and neutralization assays have been used for the

diagnosis of MVV and other lentiviruses (Desrosiers, 2001).

Some MVV infected sheep are less likely to be detected with the ELISA because of
fluctuating antibody levels (Simard and Briscoe, 1990b). Houwers and Nauta, (1989) have
also reported a decline of antibody activity over time using immunoblot. In such cases, the
MVYV infected seronegative animals especially ewes might continue to propagate the infection
since the detection of the antibody in their progeny is often quite long and the percentage of

infectivity within the flock might continue to increase (Houwers and DeBoer, 1984).
2.4.2. Virology

The animals seropositive for MVV remain infected for life but infection of individual animals
may be corroborated by virus isolation. Virus isolation from autopsy material (spleen, lymph
nodes, CNS, joints, lungs) can be used to confirm the diagnosis. Isolation could be done by
culturing clinical specimens like peripheral blood cells, lung 1avage cells and other tissues

collected from a suspect animal with an indicator cell line. In the living animal virus may be
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isolated from buffy coat cells by cocultivation with permissive cells such as choroid plexus
cells. Attempts to isolate virus from the buffy coat are not always positive in infected animals

so negative results are not reliable (Petursson ef al., 1992).

In permissive cells in vitro, the MVV cause extensive cytopathic effect (CPE) with formation
of multinucleated giant cells and release free infectious virus into the culture medium. Virus
isolation may take Several weeks, making the technique time-consuming and expensive

(Carey and Dalziel, 1993; Brodie ef al., 1998).

New analytical methods based on immunological and molecular techniques have been
developed. These techniques are based on the detection of viral nucleic acid or viral proteins
and can circumvent the need for virus isolation in culture (Brodie et al, 1995b).
Amplification of viral DNA sequences using the Polymerase chain reaction (PCR) has been
used as a research and diagnostic tool for detection of lentivirus infection (Brodie et al.,
1995b). Using PCR, MVV DNA could be detected at one-day post infection in cultured sheep
choroid plexus cells. This was 4 days before viral proteins could be demonstrated by
immunoblot (Zanoni ef al., 1990). PCR has recently been used as a diagnostic tool to
demonstrate specific MVV DNA in clinical specimens from naturally infected sheep and
experimentally infected cell culture. In these studies, viral DNA was best demonstrated in cell
culture lysates with which MV V-infected cells or tissues had been cultivated for at least
several days (Brodie et al., 1998).

2.5. Prevention and Control
2.5.1. Test and removal

Disease could be controlled through drug use, changes in animal management, and
vaccination. In the case of MVV infection several compounds, including phosphonoformate,
2', 3’-dideoxynucleosides, and interferon alpha have been shown to inhibit MVV replication
in vitro (Beaussoleil et al., 1989). In addition, recombinant ovine interferon tau, a non-toxic
Type I interferon has been shown to have in vitro and in vivo antiviral activity against MVV
(Juste et al., 2000). Because of costs and the need for continued therapy, the method is not

practical and economical.
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, One of the practical and effective means of controlling the spread of MVV and associated
diseases has been through test and slaughter or quarantine policies. Eradication of MV was
first accomplished successfully in Iceland in about 20 years (1944-1965) before reliable
diagnostic tests were available. Over 650,000 MV infected and exposed sheep were
slaughtered, and farms repopulated with unexposed sheep (Cutlip et al., 1988). Today Iceland

remains the only country where a lentiviral infection has been totally eradicated.

After serological tests became available, some countries have eradicated MVV from sheep
flocks by annual or semi-annual bleeding of all sheep in the farms, testing serologically for
antibodies and culling of all seropositive animals and their progeny of less than one year of
age (Cutlip er al., 1988). Such practices require extensive, repeated serological testing and
restrictions o f movement of animals between flocks (Houwers ef al., 1990). Infection was
eradicated in 6 years from a closed flock and was controlled in an open flock by annual AGID
testing and culling of seropositive sheep (Cutlip and Lehmkuhl, 1986). On the basis of this
method, Voluntary control programs have been established in some European countries and

have achieved considerable success (Houwers ef al., 1987).

2.5.2. Isolation and artificial rearing of progeny

Attempts to clean up infected flock by removal of lambs at birth and raising them artificially
in isolation from the flock either on pasteurized milk or milk substitute have been successful
in some countries (Houwers et al., 1987; Cutlipetal, 1988). Wiliams-Fulton and Simard
(1989) had evaluated two management procedures for eradicating MVV from a single
Canadian sheep flock. In the first management program, all seropositive ewes and lambs were
removed from the flock. The prevalence of infected sheep decreased gradually and a
seronegative flock was obtained after 30 months of monitoring. In the second program, lambs
were removed from seropositive ewes before taking colostrum. Antibodies to MVV were not
demonstrated in this flock. The results indicated that MVV could be successfully eliminated
from a flock by either of the methods. The second program is more effective because of the

early establishment of a MVV seronegative flock (Wiliams-Fulton and Simard, 1989).

Methods of elimination of infection from infected flocks are mostly difficult, expensive and
time consuming. It i$ therefore of great importance to prevent introduction of infection into
lentivirus-free populations. There are numerous examples of introduction of lentiviruses into

free countries invariably associated with importation of infected animals. In order to prevent
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import controls are necessary. Serological testing of individual animals is not enough; the
whole flock of origin must be tested repeatedly; since animals in early stages of infection may

be serologically negative (Petursson et al., 1992).

2.5.3. Vaccines

The unusual c haracter o f lentiviruses makes the development of conventional vaccines for
MVYV and other lentiviruses a major challenge (Pearson et al., 1989). Vaccines have not been
successful in controlling the infection, although the vaccinated sheep produced precipitating
antibodies against the virus, but were not protected against infection when challenged with
live MVV (Cutlip et al., 1988). Attempts to prevent infection by using formalin-inactivated
lentivirus vaccines have failed (Cutlip et al,, 1987), and in some cases have resulted in

exacerbated signs of disease in immunized animals (McGuire et al., 1986).

Since the discovery that the agent causing AIDS in humans is a lentivirus, intensive research
has been directed towards the identification of protective immunogens and new approaches
for vaccine development, which could improve prospects fora MVV vaccine (Perk et al.,
1996). Commercial availability of a subunit vaccine for feline leukemia and development of
genetically engineered virus-vectored vaccines for bovine leukemia, both retrovirus-induced
diseases, give some cause for optimism (Brodie ef al., 1998). A preliminary work in using
genetically engineered ovine lentivirus that contains the green fluorescent protein gene (GFP)

attenuated for pathogenecity indicated effective protection against MVV (Zhang ef al., 2000) .

The only lentivirus for which vaccine has been so far used in the field is equine infectious
anemia virus. The vaccine is a live attenuated strain developed by researchers in China by
repeated passage in donkey cells. The vaccine has been extensively used in China and Cuba

for horses with apparent safety and efficiency (Desrosiers, 2001).

2.6. Economic Importance of Maedi-Visna

The economic importance of MV and whether control efforts are financially justifiable are
much debated issues. The economic consequences of MVV infection for sheep breeding vary
depending on several factors, the virus strain, the animal breed, husbandry and management

(Petursson ef al., 1992). The most dramatic example of direct losses due to MVV infection
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comes from Iceland where the importation of silent carrier sheep in 1933 resulted in severe
economic losses (Carey and Dalziel, 1993). The economic importance of the MV disease rests
with losses associated with decreased longevity, mortality with clinical disease, decreased
value of cull animals and possible effects of subclinical infection on productivity (Radostits et

al., 2000).

The major economic loss associated with infection rests with the effects of subclinical
infection of breeding ewes in some flocks associated with a reduction in conception rates, and
lowered birth weights and reduced growth rates in lambs associated with changes in the udder
of the ewe and probably from lowered milk intake (Dohoo ef al., 1987). It was estimated that
MVYV infection of Dutch sheep caused 10-20% animal losses (De Boer et al., 1979) and
Dohoo et al. (1987) estimated 33% reduction in conception rate and 3-6% reduction in birth

weight of lambs due to MVV infection of sheep.

Maedi-Visna has been considered as a major cause of ovine pneumonia and able to predispose
to other respiratory infections. A Canadian study over a 4-year period identified MVV as the
primary causative agent in 26% of sheep with pneumonia (Dohoo ef al., 1985). The incidence
and importance of MVV in mixed or concurrent infections is unknown. Loss of trade due to
international export restrictions of breeding sheep from a MVV infected country has got
considerable effects (Houwers et al., 1987).

The economic consequences of lentiviral infection of sheep are difficult to evaluate in exact
financial terms. They may be predicted to become of increasing concern with the apparent
tendency towards intensification of the sheep industry and further information from well
controlled studies o f the e ffects of M VV infection on sheep productivity (Petursson et al.,
1992).

2.7. Importance of Maedi-Visna in Ethiopian Sheep

The occurrence of MVV in Ethiopia was serologically detected for the first time in 1986 in
imported sheep breed, Merino (BoA, 2000). In Bale province, there had been a serious
respiratory disease problem with high mortality on the Merino sheep at Agarfa sheep ranch in
1983 and animals tested for MVV using AGID both in the country and abroad (UK) resulted
30% seropositivity. Due to the disease and other management problems, the flocks were de-

stocked, which resulted in total closure of the ranch. Even if the cause was not confirmed,
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similar clinical symptoms with high mortality were observed at Debre Berhan sheep ranch in

that same year (BoA, 2000).

Maedi-Visna virus was also reported in indigenous Menz and Horro sheep breeds of the
village farms and International Livestock Research Institute (ILRI) research station at Debre
Berhan in 1996 (Ayelet et al., 2001). Serological test using AGID indicated a prevalence rate
of 3.7%. High prevalence was observed in sheep flock of ILRI D ebre Berhan (5.4%) and
1.4% on village sheep farms (Ayelet et al., 2001).

In a recent investigation of respiratory disease outbreak, alarmingly high mortality rate was
observed in Amed Guya sheep ranch, North Shewa. A histopathological examination of lung
tissues from morbid sheep revealed a characteristic MV lesion with a high degree of
mononuclear cell infiltrations (Tibbo et al., 2001). In similar year, serum samples collected
from culled and diseased animals from both Debre Berhan and Amed Guya sheep ranches
were serologically tested and 74% were seropositive for MVV. The infection was detected in
all breeds of sheep examined (Awassi, Hampshire, Corriediale, indigenous Menz breeds and
their crosses) with a significant breed difference varying from 48% in Awassi sheep to 92% in

the indigenous Menz sheep (Woldemeskel ez al., 2001).

Because of the emergence of MVV and continuous build up of respiratory disease cases in
sheep at ranches ané to minimize the risk of contaminating the smallholder farm flocks, a
decision has been made for a complete de-stocking of sheep from both ranches and to
repopulate with MV free sheep through repeated serological tests (BoA, 2001). Based on the
decision, with the exception of little p edigree A wassi sheep, all local and crossbred sheep

(about 6000) from both ranches were slaughtered in the year 2002/3.

There is a strong assumption that the MVV might have been introduced to Ethiopia when
exotic sheep breeds were imported from abroad (Table 1) with out testing for the disease. All

sheep source countries were known with MV disease (Brodie et al., 1998).
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Table 1. Exotic sheep breeds introduced to Ethiopia

Sheep breed Source country Year of introduction
Merino Italy 1944
Romney Kenya 1968
Corriediale Kenya 1968
Hampshire Kenya 1968
Ramboyle USA 1968
Awassi Israel 1980, 1985,1994

Source: BoA (2001)

For the last 20 years, more than 5000 crossbred rams had been distributed from sheep
breeding ranches to gheep producing areas of the country. Those distributed rams might have
been possible carriers to spread the disease as well. However, the extent and distribution of
the disease in the Ethiopian indigenous sheep in smallholders in different parts of the country

is not established and demands further investigation.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area and Livestock Population

The study was conducted in selected sheep rearing highland weredas and sheep breeding and
research centers in the ANRS (Fig.1). MVV was diagnosed in the Amhara region recently
during respiratory disease outbreak investigations in sheep ranches and has been considered
as a major sheep health concern in the region. Six administrative weredas (districts); Meket
and Wadila (North Wollo), Dessie Zuria and Legambo (South Wollo), Gera Keya and
Basona-worana (North Shewa) were selected for the study. The sheep breeding and research
centers available in the region; Debre Berhan, Amed Guya, Sheno (North Shewa) and
Guguftu private sheep farm (North Wollo) were also included in the study.

The altitude of the study area ranges from 2500 to 3100 meters above sea level with annual
rainfall ranging between 800-1000mm with bimodal rainfall in pattern: a long rainy season
that extends from June to September, and a short rainy season from February to May. Average
monthly minimum air temperature ranges 2.4°C in November to 8.5°C in August where as the
average monthly maximum air temperature ranges from 18.3°C to 23.3°C in June. Mean

relative humidity is 68°C. Frost usually occurs between the months of October and January.

In the ANRS, the livestock comprises of cattle, sheep, goats, equines and camels raised as
integrated part of the crop agriculture. Backyard poultry and apiculture are also practiced and
have significant contribution in supplementing the smallholders’ subsistence economy. Sheep
and equines are dominant species in the highlands, while cattle, goats and camels are mainly
reared in the mid to lowland areas of the region. The livestock and poultry population in the
region is estimated at 10.5 million cattle, 5.3 million sheep, 3.8 million goat, 1.88 million
equines, 18,186 camels and 13.4 million chickens (CACC, 2003). The major livestock

production system in the region is mixed crop-livestock farming.
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Map of Ethiopia with regional boundaries
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Fig.1. Map of the Amhara National Regional State and specific Maedi-Visna study sites
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3.2. Study Population

The study population considered was adult sheep of one year and above in the smallholder
farms of selected weredas and in the sheep breeding ranches. It was assumed that 65% of the
flock in smallholders’ sheep would be greater or equal to one year of age. The sheep
population in the study weredas is estimated 976,049 (CACC, 2003). The number of adult

sheep in ranches was determined based on animal records and found to be 4630.
3.3. Study Design
3.3.1. Seroepidemiology

The study design was cross-sectional. Data and sera were collected from the study population
from November 2003 to February 2004. Serological tests; indirect-ELISA (Simard and
Briscoe, (1990b) and AGID (OIE, 1996) were used to determine the presence of specific

antibodies against MVV and to estimate the seroprevalence in the study population.
3.3.2. Clinical and pathological study

Data characterizing the host; age, sex, and breed description of the animal and the clinical
status was recorded during serum collection. Clinical assessment was done based on clinical
manifestations associated with MVV infection. The assessment was made in sheep both in
smallholder farms and sheep breeding ranches during sera sample collection for serological
test. Necropsy examinations were made on seropositive adult sheep culled from Debre Berhan
sheep breeding ranch and gross pathological findings were recorded and tissue collected were

subjected for histopathological examination.
3.3.3. Questionnaire survey

A structured questionnaire format was developed and administered with the aim of collecting
data from the stockowners. The questionnaire was designed to generate information on the
sheep husbandry and management practices, their knowledge about the disease and the
importance of the disease in the producer. The format was coded for computer database entry

and analysis. The questionnaire format used is shown in Annex 4.
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3.4. Sample Size Determination

The sample size was determined using 95% levels of confidence and 7% estimated prevalence
of MVV antibodies and with a desired absolute precision of 1%. The estimated prevalence
was determined based on a previous report of MV (Ayelet et al., 2001). Sampling size was

calculated using the formula for random sampling (Thrusfield, 1995).
2

- o=

L

(Where, n = sample size, t, = student t-value (1.96 at 95%), P = estimated prevalence of MV,
L = desired absolute precision)

Then the required sample size (n = 2501) for prevalence estimate was obtained using the Win

Episcope software 2.0 (2000).

3.5. Sampling Strategy

The study population was stratified into two strata based on the management types; sheep
flocks in ranches and smallholder farms. The stratification was required because the study
population is kept under different management types, which could influence the prevalence of
MYV antibodies to be estimated. Stratification with a variable sampling fraction was used and

the proportional allocation was 20% for ranch sheep and 0.25% for smallholder farms.

Stratum 1. Sheep flocks on-station: the adult sheep population in ranches was 4630. The
sampling frame wastcomprised of individual animals from farm records and animals were
sampled by taking 20% random sample. Individual animals (n = 930) were sampled using

systematic random sampling.

Stratum 2. Sheep flocks on smallholder farms: the adult sheep population in selected
districts/weredas was estimated 634,432 and then, 0.25% of the adult population (n = 1580)
was considered as sample size. The sample was proportionally distributed to randomly
selected weredas (n = 6) and kebeles/localities. Adult animals in each kebele were sampled

using systematic random sampling.
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3.6. Sample Collection

3.6.1. Sera

Whole blood was collected aseptically from jugular vein of each sample animal using 10ml
non-heparinized vacutainer tubes. The blood containing tubes were provided identification
number. After centrifugation, the serum was decanted into another 5ml vial similarly
identified. The collected sera were held under refrigeration until submission to the laboratory.
Data including the owner’s name, address, flock location, name of sheep/ear tag number, age
of animal, sex, and,breed description and clinical status of animal and vial number was

recorded at the time of blood sampling.

3.6.2. Tissue specimens

Tissue samples were collected form slaughtered seropositive adult sheep (n = 12) during
necropsy examination. The post mortem examination was conducted on seropositive animals
that were culled from the ranch flocks and slaughtered in Debre Berhan. Tissue specimens
having relevance for the detection of MV associated lesions were collected from lungs,
mammary glands and brains, and preserved in 10% buffered formalin solution until submitted

and processed in the laboratory.

3.7. Serological Tests

All serum samples were processed and tested by i-ELISA and AGID techniques using readily
available kits. Both kits used were products of Pourquier Institute, France. The test procedures
recommended by the manufacturer (Annex 1 and 2) were strictly followed in both tests for

MVYV antibody verification. Sera sample were processed and tested within 2 months period.

3.7.1. Indirect-ELISA

The ELISA method used for the detection of MV antibodies in this kit was an indirect ELISA
based on the use of an immunogenic peptide of a trans-membrane protein (TM, ENV gene)
and on the other hahd, on the use of the recombinant P28 protein which enters into the
composition of the viral capsid (gag gene). The appearance of anti-P28 antibodies can occur
slightly later than that of the anti-viral envelope protein antibodies. The use of the much

conserved viral capsid protein p28 allows the serological detection of a very wide spectrum of
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serological variants; the use of the trans-membrane protein allows a premature detection of

infection and impro(zes the sensibility of the kit.
3.7.1.1. Enzyme Linked Immunosorbent Assay test protocol

e The wells of the polystyrene microplates were precoated with viral antigen (only the
wells of even-numbered columns were coated with MV antigen).

e Sera samples to be tested were diluted and incubated in the wells for an hour.
Antibodies specific to the antigen present in the serum form an antigen-antibodies
immune-complex and remains bound in the wells.

e After a washing steps (three washes), a monoclonal anti-ovine IgG antibody coupled
to peroxydase was added to incubate for halfan hour. This c onjugate binds to the
immune complex.

e After a washing steps (three washes), the enzyme substrate (TMB) was added to the
conjugate, forming a blue compound becoming yellow after blocking. The intensity of
the color was a measure of the level of antibodies present in the serum sample.

e The cut-off/limit of positivity was set by using a positive control serum supplied with

the kit, which must be added to each microplate.
3.7.1.2. Enzyme Linked Immunosorbent Assay plate lay out

The ELISA plate lay out for the distribution of the sample and control sera was used
according to the instruction of the manufacturer (Fig.2). The position of controls in Al, A2
and B1, B2 was not important, they were dispensed any where on the plate and replicates of
controls (one negative and one positive) were added in the middle of the same plate in order

to establish an average OD (Optical Density) value.
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Key: N = Negative control, P = Positive control, 1 = Sample no. 1, 2 = Sample no. 2,3 = ...

Fig.2. Enzyme Linked Immunosorbent Assay plate lay out for sera distribution

3.7.1.3. Enzyme Linked Immunosorbent Assay test validation and interpretation

The samples were tested in duplicate on antigen pre-coated polystyrene microplates with a
total of 44 samples per plate. Each serum samples and control sera were diluted 1:20 in the

ELISA buffer. Negative and positive reference sera were tested on each plate in replicate.

The optical density for each sample was read at 450nm after the photometer was blanked on
air. The corrected OD 450 was calculated for each serum by subtracting the OD 450 value
obtained from the uncoated well from the OD 450 value of the coated well. The test result
was considered reliable when the positive control serum has a minimum uncorrected OD 450
value of 0.350 and a ratio between the corrected OD 450 value of the positive control and

uncorrected OD 450 value of the negative control is greater than or equal to 3.5.

Formula for calculatipn of the ratio S/P for each sample;

S/P Corrected OD 450 value of the sample x 100

Corrected OD 450 value of the positive control

Each sample was considered seronegative with (S/P % less than or equal to 110), doubtful
(S/P % between 110 and 120) or seropositive (S/P % greater than or equal to 120). Suspicious

reactions were confirmed by a second test.
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3.7.2. Agar Gel Immunodiffusion test

The AGID kit was used to detect antibodies to the MV viral envelop glycoprotein (gp 135)
using the agar gel immuno-diffusion technique. The kit uses Ouchterlony method (also called

double immuno-diffusin method) of precipitation on agar-gel.

3.7.2.1. Agar Gel Immunodiffusion test protocol

o The antigen was placed in the central well and the sera to be tested were placed in the
wells around the antigen.

e Antigens and antibodies of the sera diffuse in the agar-gel. Their concentration
decreases proportionally to the distance from the deposit.

e A zone of equivalence between gp135 antigens and antibodies in the serum tested was
demonstrated by a continuous line between the control serum and the wells containing
the serum tested.

o The reading was standardized by adding, from time to time, a positive limit and

negative control sera in each series of test analysis.
3.7.2.2. Agar Gel Immunodiffusion test lay out
Ready-to-use agar-gel supplied with the kit was heated and poured (33ml) in 90x90mm Petri
dishes at most one day earlier. A metal gel cutter of seven cylinders was used to cut seven

wells of Smm diameter for sample sera and 3.5mm diameter for control sera and antigen

deposition (Fig 2).
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Key: A = Antigen
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@L 1, 3 and 5 = sample sera
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Fig.3. Agar Gel Immpunodiffusion test lay out for serum and antigen distribution

The negative serum shows spontaneous inflection of the control precipitation line. Sera
displaying a precipitin arc inflection greater or equal to that of obtained with the positive limit

control serum was considered positive.

3.8. Data Storage and Management

Data collected during sampling, laboratory results and questionnaire data were entered and
stored in a separate database in both MS-Access database and MS-Excel spread sheet. Data

were screened for proper coding and errors were corrected prior to statistical analysis.

3.9. Data Analysis

Descriptive statistics such as mean, median, standard errors and confidence intervals of means
were used to approximate the seroprevalence of MVV antibodies. Chi-square tests of
independence and multiple logistic regressions were used to investigate differences and
associations between serological test results and different locations, flock sizes, breed, age
and sex categories of test animals. STATA computer software (Stata Corp. 2001) was used
for analysis. Kappa statistics using Win Episcope software (2000) software was used for the
analysis of test agreement and evaluation between the ELISA and AGID tests.

Factors of epidemiological relevance such as breed, flock sizes, age, crossbred ram
distribution, contact between sheep in ranches and smallholders were considered as risk

factors for comparison of test results (out come variables). Animals having the same risk
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factor were measured to have some degree of dependency in contrast to those with out the
factor of interest. Multivariate model of logistic regression was used to identify the actual risk

factors and quantify the strength of associations with the individual serostatus.
A questionnaire data collected from stockowners was analyzed using descriptive statistics of

Stata software (2001). Frequency and proportions were used for disease ranking, identifying

disease causes, seasons of occurrence and syndromes.
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4. RESULT

4.1. Seroprevalence of Maedi-Visna Virus Infection in Sheep Using ELISA

A total of 2510 serum samples were collected from selected study weredas and sheep
breeding ranches. One hundred serum samples were not tested for limited test materials. A
total of 2417 sera samples (1491 from smallholder farms and 926 from sheep ranches) were
tested for the presence of serum antibodies against MVV infection. The sera were tested using
established ELISA and AGID tests for the detection of antibodies to MVV. All the

seroprevalence estimates presented in the paper are with reference to ELISA result.

The mean seroprevalence of MVV infection in the smallholder farms was 6.6% (95% CI =
5.4 -7.9) and 30% (95% CI = 27.1 - 33.1) in the sheep breeding ranches as given in Table 2
and 3, respectively. There was a significant difference (p < 0.001) in seroprevalence between

the two sheep management types.

The distribution of Maedi-Visna seroprevalence was given in Fig.5. Among different
weredas, the seroprevalence for MV antibodies was higher in Gera Keya (15.4%) followed by
6.9% and 4.5% in Basona-Worana and Wadilla weredas, respectively. In sheep breeding
ranches, the seroprevalence was much higher (87.4%) in Sheno Agricultural Research Centre
than Amed Guya (20.5%) and Debre Berhan (20%) (P < 0.001).

Table 2. Seroprevalence of Maedi-Visna in smallholder farms (weredas) using Enzyme

Linked Immunosorbent Assay

Zones Weredas Sera Sero- 95% Cenf.
Tested Positive prevalence (%) Interval

North Shewa Gera Keya 364 56 15.4 11.8-19.5
Basona-Worana 202 14 6.9 38-114
South Wollo Dessie Zuria 240 6 2.5 09-54
Legambo 181 = 2.2 0.6-5.6
North Wollo Meket 259 7 2.7 1.1-55
Wadilla 245 11 4.5 23-79
Total 1491 98 6.6 54-7.9
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Table 3: Seroprevalence of Maedi-Visna in sheep ranches using Enzyme Linked

Immunosorbent Assay

Sheep Breeding Sera Seroprevalence 95%
Ranches No. Tested No. Positive (%) Conf. Interval
Debre Berhan 335 67 20.0 15.9-24.7
Amed Guya 375 77 20.5 16.6 - 24.9
Sheno ARC 151 132 87.4 81.1-923
Guguftu 65 2 3.1 0.4-10.7
Total 926 278 30.0 27.08 - 33.09

The seroprevalence distribution in smallholder farms varied among the three zones (Fig. 4).
The prevalence was as high as 12.4% in North Shewa followed by North Wollo (3.6%) and
South Wollo (2.4%). The seroprevalence difference, North Wollo and South Wollo compared
to North Shewa was significant (p < 0.001), whereas the difference between North Wollo and
South Wollo was not significant (p > 0.05).
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Fig.4. Zonal distribution of Maedi-Visna seroprevalence in smallholder farms

The seroprevalence of MV in sheep also varied among the different localities (Kebeles)
ranging from 2.2% to 37.9%. Seroprevalence was higher in two localities of North Shewa
namely Tsehaysina (37.9%), which borders the Amed Guya sheep ranch and Faji (12.1%),

which surrounds the previous ILRI sheep research centre (Table 4).
38



Table 4. Seroprevalence of Maedi-Visna in smallholder farms at kebele level based on

Enzyme-Linked Immunosorbent Assay result

Sera Seropreval- 95%
Weredas Kebeles No. No. ence Confidence
Tested  Positive (%) Interval
Basona- Angolela 103 2 1.9 0.2-6.8
Worana Faji 99 12 12.1 6.4-20.2
Sarmidir 121 3 2.5 0.5-7.1
Gera- Keya Sinamba 127 9 7.1 3.3-13.0
Tsehaysina 116 —= 37.9 29.1-474
Dessie- Zuria  Gelsha 119 2 1.7 0.2-59
Gerado 121 - 33 09-83
Legambo Chiro 91 2 22 0.3-7.7
Segnogebiya 90 2 22 03-7.8
Akat 136 - 29 0.8-74
Meket Estayish 123 3 24 0.5-69
Gashena 124 4 32 09-8.1
Wadilla Kuana 121 7 5.8 24-11.6
Total 1491 98 6.6 54-79
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Fig.5. A map showing seroprevalence of Maedi-Visna in the Amhara National Regional State

The mean flock seroprevalence with at least one seropositive sheep in smallholder farms was
18.8% (95% CI = 14:1 —24.2) and 86.2% (95% CI = 68.3 — 96.1) in sheep ranches as given in
Table 5 and 6, respectively. In smallholder farms, the flock seropositivity varied considerably
among the weredas and it was higher in Gera Keya (41.7%) followed by B asona-Worana
(33.3%) while in ranches all flocks (100%) in Sheno and Debre Berhan had at least one sheep

seropositive.
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Table 5. Flock level seroprevalence of Maedi-Visna in smallholder farms based on Enzyme

Linked Immunosorbent Assay result

Flocks Flock 95%
Zones Weredas No. No. Seroprevalence Confidence
Tested Positive (%) Interval
North Shewa  Basona -worana 21 7 333 14.6 - 56.9
Gera-keya 36 15 41.7 25.5-59.2
North Wollo  Legambo 38 = 10.5 2.9-248
Dessie-zuria 77 6 7.8 2.9-162
North Wollo  Meket 43 7 16.3 6.8-30.7
Wadilla 30 7 233 9.9-423
Total 245 46 18.8 14.1-24.2

Table 6. Flock level seroprevalence of Maedi-Visna in sheep ranches based on Enzyme
Linked Immunosorbent Assay result

Sheep Breeding Sera Flock 95%
Ranches No. Tested No. Positive Seroprevalence Conf.
(%) Interval
Amed Guya 12 2 75.0 42.8-94.5
Debre Berhan 7 7 100 59.0 - 100
Sheno ARC 7 7 100 59.0-100
Guguftu 3 2 66.7 9.4-99.2
Total 29 25 86.2 68.3 - 96.1

4.2. Univariate Analysis of Risk Factors for Maedi-Visna Infection in sheep

Univariate analysis using logistic regression was conducted for assumed risk factors which
have epidemiological importance. The effect of Breed, age, sex flock size, contact of sheep
between smallholders and ranches and Awassi crossbred rams distribution to smallholder

farms on the out come (seropositivity of Maedi-Visna) was analyzed and presented in Table 7.
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Table 7: Univariate logistic regression estimates for risk factors of Maedi-Visna in sheep

ranches and smallholder farms

Risk Factors Odds Ratio P-value 95% CI
Awassi breed Vs Indigenous 18.3 0.000 9.9-33.6
Awassi cross Vs Indigenous 79 0.000 5.6-11.3
Awassi cross Vs Awassi breed 0.4 0.000 0.2-0.8
Age category 3<6 Vs 1<3 2.06 0.000 1.6-2.6
Age category >6 Vs 1<3 7.8 0.000 5.3-11.6
Age category 3<6 Vs >6 0.3 0.000 0.2-0.4
Sex 1.9 0.000 1.4-2.5
Flock size 11-20 Vs 1-10 4.6 0.000 3.0-6.9
Flock size >20 Vs 1-]0 9.6 0.000 6.4-14.3
Flock size 11-20 Vs >20 0.5 0.000 0.4-0.6
Contact with ranches 6.1 0.000 4.0-9.3
Awassi crossbred ram access 1.4 0.135 0.9-2.1
4.2.1. Breed

The seroprevalence among three breeds of sheep varied from 16% in Indigenous sheep to
77.6% in Awassi sheep (Table 8). The difference was significant (p < 0.001). Using logistic
regression, the OR value for Awassi sheep was 18.3 (95% CI=9.9 - 33.6) and 7.9 (95% CI =
5.6 - 11.3) for Awassi x Indigenous crosses as compared to the Indigenous sheep while the

OR value for Awassi crosses as compared to Awassi breed was 0.4 (95% CI = 0.2 - 0.8).

Table 8. Seroprevalence of Maedi-Visna in different breeds of sheep in ranches in the Amhara

National Regional State

Sera Seroprevalence 95% confidence
Breed Type Tested Positive (%) Interval

Awassi sheep 67 52 77.6 65.8 - 86.9
Awassi x Indigenous 201 121 60.2 53.1- 67.0
crossbred

Indigenous sheep 658 105 16 13.2-19.0
Total 926 278 30 27.1-33.1
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4.2.2. Age

Age-specific seroprevalence increased from 2.8% in yearlings to 76.5% in 7 years old sheep

but decreased slightly in older animals (Table 9). The majority of seropositive sheep were in

the range of 3-5 years old.

Table 9. Seroprevalence of Maedi-Visna in relation to age groups of sheep in the Amhara

National Regional State

Age Sera Seroprevalence  95% Confidence
Tested Positive (%) Interval
1 36 1 2.8 0.1-14.5
2 443 49 11.1 83-144
3 868 88 10.1 82-123
- 580 83 14.3 11.6-17.4
5 367 97 26.4 22.0-313
6 85 30 353 25.2-464
7 17 13 76.5 50.1-93.2
8 17 12 70.6 44.0 - 89.6
9 - 3 75.0 19.4-994
Total 2417 376 15.6 14.1-17.1

The age was categorized in 3 groups as given in Fig.6. The seroprevalence difference was
significant (p < 0.001) among age categories ranging from 10.2% in age category 1<3yrs to
47.2% in age category >6yrs. Logistic regression analysis for age and seropositivity provided
an OR value of 2.06 (95% CI = 1.6-2.6) for category 3<6yrs compared to category 1<3yrs and
7.8 (95% CI = 5.3-11.6) for age category > 6yrs compared to age category 1<3yrs. The OR
value for age categor;/ 3<6yrs compared to age category >6yrs was 0.3 (95% CI=0.2 - 0.4).
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Fig.6. Seroprevalence of Maedi-Visna by age category of sheep in smallholders and ranches

4.2.3. Sex

A considerable difference was also observed between female (14.4%) and male (24.1%) in
MV seropositivity (Table 10). However, the ratio of female to male sheep tested was 7:1. The
difference was significant (p < 0.001) and the OR value was 1.4 (95% CI =0.9 - 2.1).

Table 10. Sex related seroprevalence of Maedi-Visna in sheep

Sex Sera Sera Seropositivity 95% Confidence
Tested Positive (%) Interval
Female 2118 304 14.4 12.9-15.9
Male 299 12 241 19.3, - 293
Total 2417 376 15.6 14.1-17.1
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4.2.4. Flock size

Fig.7 shows the status of MV seropositivity in relation to flock size. The prevalence increased
with an increase in flock size ranging from 14% to 98.6%. T he a verage number of s heep
sampled per flock was considered as the flock size. Considering at least one seropositive in a
flock, which makes that flock positive, almost all flocks consisting of above 21 animals were
seropositive for MVV antibodies. Logistic regression analysis for flock size and seropositivity
indicated that there is a significant difference (p < 0.0001) among flock categories. The OR
value for flock size category of 11-20 animals/flock and flock category >21 animals
compared to the flock category 1-10 animals was 4.6 (95% CI =3.0—6.9) and 9.6 (95% CI =
6.4 - 14.3), respectively. The OR value for flock category of 11-20 animals compared to the
flock category >21 animals was 0.5 (95% CI = 0.4 — 0.6).
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Fig.7. Seroprevalence of Maedi-Visna in relation to flock size

4.2.5. Awassi crossbred rams distribution

The number of Awassi x Menz cross rams distributed since 1990 to1999 from sheep breeding
ranches and introduced to village flocks in the study weredas was compared along with the
serology result in each study wereda (Fig 8). However, no statistical significant

seroprevalence difference (p < 0.05) was observed.
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Fig.8. Relation between the Awassi cross rams distribution and Maedi-Visna seroprevalence
in smallholder flocks

4.3. Multivariate Analysis of Risk Factors for Maedi-Visna Virus Infection

The logistic regression test criteria set by Stata software (2001) was used to fit a model that
reflected the variability in the data. The overall multivariate model adjusted for assumed risk
factors; flock size, breed and age (Table 11) was found to be significant (p < 0.0001) in
ranches. However, the difference between some categories (Awassi cross Vs Awassi breed;
age category (3<6yrs) Vs age category (>6yrs); flock category (11-20) Vs flock category (1-
10) and flock category (>21) Vs flock category (1-10)) was no significant (p>0.05).
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Table 11. Multivariate logistic regression estimates for risk factors of Maedi-Visna virus

infection in sheep ranches

Risk factors Odds Ratio | Std. Err. p 95% CI
Awassi breed Vs Indigenous * 14.9 6.7 0.000 6.2-358
Awassi cross Vs Indigenous* 10.2 2.8 0.000 59-17.3
Awassi cross Vs Awassi breed* 0.7 0.3 0.362 03-1.6
Age (3<6yrs) Vs age (1< 3yrs)* 9.0 2.0 0.000 5.8-13.9
Age (>6yrs) Vs age (1< 3yrs)* 17.3 7.1 0.000 7.7-38.8
Age (3<6yrs) Vs age (>6yrs)* 0.5 0.2 0.138 02-12
Flock (11-20) Vs flock (1-10)* 0.3 0.3 0.180 0.1-1.8
Flock (>21) Vs flock (1-10)* 1.2 1.2 0.842 0.18-8.1
Flock (11-20) Vs flock (>21)* 0.2 0.1 0.000 0.1-04

No. of obs =926; LR xz (9) =396.3; P =0.0000; Pseudo R*= 0.3502 * References

The multivariate analysis using logistic regression adjusted for a ssumed risk factors; flock
size, breed, age, ram access and contact with ranches was carried out in smallholder farms
(Table 12). The overall model with assumed risk factors; flock size, age and c ontact was
found to be statistically significant (p < 0.05) with the exception of some categories (flock
category (11-20) Vs flock category (>21), age category (3<6yrs) and age category (>6yrs) Vs
age category (1< 3yrs) and could be considered as risk factors for the occurrence of the

disease in the smallholder farms.

Table 12. Multivariate logistic regression estimates for risk factors of Maedi-Visna virus

infection in smallholder farms

Risk factors Odds Ratio | Std. Err. P 95%C1
Flock (11-20) Vs flock (1-10)* 22 0.6 0.009 1.2-39
Flock (>21) Vs flock (1-10)* 2.5 1.2 0.046 1.0-6.1
Flock (11-20) Vs flo¢k (>21)* 0.9 0.3 0.717 04-18
Age (3<6yrs) Vs age (1< 3yrs)* 1.6 0.4 0.052 1.0-24
Age (>6yrs) Vs age (1< 3yrs)* 0.5 0.6 0.547 0.1-4.1
Age (3<6yrs) Vs age (>6yrs)* 20 3.0 0.303 0.4-21.7
Ram access 1.2 0.3 0.559 0.7-1.8
Contact to ranches 4.4 1.1 0.000 2.7-1.1

Number of obs = 1491; LR %2 (8) = 84.53; Prob =0.0000; Pseudo R’ =0.1169, * References

47



4.4. Comparison between ELISA and AGID Tests

Maedi-Visna seropositivity comparison between the ELISA and the AGID tests is given in
Fig.9 and 10. In the ELISA test, positive results were found in 376(15.6%) samples, while
positive results in the AGID test were 353 (14.6%). There were discordant results between the
two tests. Fifty two samples which were identified as negative by AGID were positive by
ELISA while 29 samples identified as negative by ELISA were positive by AGID (Table 10
and Annex 5). In smallholder farms more animals were positive with ELISA than in ranches.
In this study the reldtive sensitivity and specificity was 91.8% and 97.5% for ELISA while
86.2% and 98.6% for AGID test, respectively.
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Fig.9. Maedi-Visna seropositivity comparison between ELISA and AGID tests in smallholder
farms
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Fig.10. Maedi-Visna seropositivity comparison between ELISA and AGID tests in ranches
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Test agreement for ELISA and AGID based on the crude agreement (concordance) and the
agreement beyond chance (Kappa value) were performed on sera samples from different
localities and ranches (Table 13). The mean concordance and kappa value for overall sera
samples regardless of the origin, was found to be 96.6% and 0.87 (95% CI = 0.83 - 0.91),
respectively. The statistical agreement between the AGID and ELISA tests was almost perfect.

Table 13. Test agreement between ELISA and AGID in Maedi-Visna diagnosis in sheep

AGID
Positive Negative Total
Positive 324 52 376
ELISA | Negative 29 2012 2041
Total 353 2064 2417

The mean concordance and kappa value for smallholders in each wereda and sheep ranches is
presented in Table 14. The mean concordance and kappa value was 97.4% and 0.76 in
smallholder farms and 95.4% and 0.89 in ranches, respectively. The minimum and maximum
concordance and kappa values for smallholder were 95.9-98.4 % and 0.00-0.94, respectively.

The corresponding values in ranches were 91.4-96.9% and 0.00-0.88, respectively.

Table 14. Concordance and kappa values on sera samples from smallholder farms and sheep ranches

Zone Weredas Sera  Serologic Assays Concor- Kappa Agreement

Tested ELISA AGID dance (%) Value

North Gera Keya 364 56 54 98.4 0.94 Almost perfect
Shewa  B/Worana 202 14 12 96.0 0.67 Substantial
South Dessie Zuria 240 6 - 98.3 0.59 Moderate
Wollo Legambo 181 - 0 913 0.00 Poor
North Meket 259 7 2 97.3 0.21 Good
Wollo Wadila 245 11 3 95.9 0.27 Good
Total 1491 98 75 97.4 0.76 Substantial
D/Berhan 335 67 66 96.1 0.88 Almost perfect
Sheep Amed Guya 375 77 73 96.3 0.88 Almost perfect
Ranches Sheno 151 132 139 91.4 0.53 Substantial
Guguftu 65 2 0 96.9 0.00 Poor
Sub total 926 278 278 95.4 0.89 Almost perfect
Overall total 2417 376 353 96.6 0.87 Almost perfect

49



4.5. Clinical and Pathological Findings

4.5.1. Clinical evaluation

Forty one clinical cases were identified from smallholder flocks and ranches. Of 376 MVV
seropositive sheep 8.3% had overt clinical disease and 0.4% of the clinical cases were
seronegative (Table 15). The result indicated that there was statistically significant association

(1> =88.3; d.f=1, p <0.001) between the clinical disease and the ser status.

Table 15. Relationship between the clinical disease and Maedi-Visna seropositivity in sheep

Serological Health status
Result Apparently Healthy Clinically Diseased Total Percentage
Positive 348 31 376 8.3
Negative 2028 10 2041 0.4
Total 2376 41 2417 1.7

Among 31 seropositive animals with overt clinical disease, 30 (96.8%) were from sheep

ranches and 3.2% from smallholder farms (Table 16).

Table 16. The proportion of clinically diseased sheep in smallholders and ranches

Management No. of Flocks No. of No. of Proportion
Type Clinical Seropositive Exposed
Cases Animals (%)
Smallholder 6 7 1 3.2
farms
Sheep ranches 8 34 30 96.8
Total 14 41 31 13:.2

The percentage of clinically diseased MVV seropositive animals increases with age ranging
from 56.3% in animals less or equal to 4 years to 100% in above 6years old (Fig.11).

However, the difference among age groups was not significant (P>0.05).
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Fig.11. Age distribution of clinically diseased sheep in ranches and smallholder farms.

The percentage of clinical disease varied c onsiderably among breeds (Fig.12), 61% inthe

Indigenous sheep followed by the Awassi x Indigenous crosses (36%) and Awassi (4%).
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Fig.12. Clinical cases of Maedi-Visna related to breeds of sheep

The distribution of clinical signs in seropositive sheep is given in Table 17. Among the
clinical signs observed, respiratory distress was dominant (45.2%) followed by combined

signs of ill-thriftiness and respiratory distress (22.6%). Firm udder and lameness were rare

events (one each).
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Table 17. Proportion of clinical syndromes in sheep seropositive for Maedi-Visna

Type of Clinical Syndromes Clinically Diseased Proportion
Seropositive Animals (%)
Respiratory distress 14 45.2
Combined (Respiratary distress
and Ill-thriftiness) 7 —
I11-thriftiness - 16.1
Nervous signs 3 9.7
Firm udder 1 32
Lameness 1 3.2
Total 31 100

4.5.2. Gross pathological findings

Necropsy examination was made on seropositive Awassi X Menz crossbred sheep(n = 12) at
Debre Berhan sheep ranch and the seroprevalence of source flocks was 82.4% and 84.6%. At
postmortem examination, 11/12 animals (91.7%) showed gross lesions including heavy and
enlarged lungs some of which were attached to the pleura and ribs and mottled by diffused
gray and brown areas of consolidation. In some animals, the tracheobronchial and mediastinal
lymph nodes were enlarged and edematous. No gross lesion was detected in the examined

mammary glands, brains and joints.

4.5.3 Histopathological findings

Tissue specimens collected from sacrificed seropositive Awassi x Menz crosses (n =12) were
subjected to histopathological examination. All lungs (12/12) showed microscopic lesions
characteristic to MVV infection. Diffused interstitial pneumonia with multiple lymphoid
follicles and marked peribronchiolar and perivascular lymphoid hyperplasia were seen
through out the lungs (Fig.13 and 14). There was also hyperplasia of the smooth muscle of the
respiratory bronchioles (Fig.14) and diffuse thickening of the alveolar septa by mononuclear
cells (macrophages and lymphocytes). In some foci there was a connective tissue proliferation
in the interstitium. In severe lymphoid infiltrations the combined peribronchiolar and

perivascular changes have reduced and obliterated the alveoli.
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Fig.13. Lymphoid infiltration and hyperplasia in the lung of Maedi-Visna infected sheep

In one of the animals, there was perivascular and peribronchiolar cellular infiltration with
some polymorphic nuclear and a high degree of mononuclear cells in the interstitium and in
the lumen of the bronchioles and the alveoli (Fig.14) indicating presence of secondary

complication forming Maedi-bronchopneumonia complex.

Fig.14. Peribronchiolar smooth muscle and lymphoid hyperplasia with polymorphic nuclear

cells in the bronchiolar lumen

On a further case, there was interstitial mononuclear cell infiltration and alveoli filled with
sections of adult and larvae parasitic worms (Fig.15) forming Maedi-verminous pneumonia

complex.
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Fig.15. Interstitial mononuclear cell infiltration and lung worm sections in the lung

Tissues from mammary glands of non lactating ewes (n = 3) subjected for histopathology
examinations had no microscopic lesion. From the brain samples of two animals, one showed
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