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Maedi-visna in sheep is a chronic viral disease with worldwide distribution causing significant monetary losses in

the sheep sector. Lack of effective treatment or vaccines, knowledge gaps regarding the epizootiology of the

disease (e.g. significance of vertical and horizontal transmission) and the scarcity of protocols for the early and

efficient diagnosis of maedi-visna infections are the major obstacles in the implementation of universally accepted

control programs. The diagnostic methods currently used are based on the detection of either antibodies or the

viral genome. In general, accuracy, sensitivity and specificity of the available serological and molecular assays vary

and therefore, modifications on the diagnostic protocols on an evidential basis are necessary. Therefore, the

combination of diagnostic assays and the development of effective strategies for mass implementation thereof are

critical targets to achieve and constitute major challenges in maedi-visna research field.

maedi-visna  small ruminant lentivirus  diagnosis  dairy sheep

1. Introduction

Maedi-Visna (MV) (also known as ovine progressive pneumonia, OPP) is an incurable viral disease of sheep with

very long incubation period that leads to life-long infection . It is caused by non-oncogenic exogenous

retroviruses , namely, maedi-visna virus (MVV) and caprine arthritis-encephalitis virus (CAEV), both belonging to

a subgroup of viruses known as small ruminant lentiviruses (SRLVs). Its clinical manifestations are mainly

pneumonia and mastitis, and secondarily, arthritis and encephalitis . It causes substantial economic losses

associated with involuntary culling or death of infected animals and reduced productivity, challenging the

sustainability of dairy sheep farms. As there is no treatment against MV and all efforts for the development of

vaccines did not produce any satisfactory results , the control of the disease and the reduction of its prevalence

have been achieved to some degree through controlled eradication programs aiming at diagnosis of the infected

animals at an early stage.

Ηence, early and efficient diagnosis of MV is a critical parameter for the control and eradication of the disease. The

diagnosis of SRLVs infections is based on the detection of either antibodies against the virus or the viral genome.

Current control and eradication programs are based on serological tests (mainly Enzyme-linked Immunosorbent

Assay-ELISAs) to detect antibodies against the virus . Therefore, only the seropositive animals are considered

infected and subsequently removed from the flock. This is a major drawback for the eradication of the disease as

the immune response to the disease (seroconversion) requires a long period of time and thereby, many of the

infected animals remain undiagnosed carriers of the virus . The available assays for the detection of antibodies
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are the Agar Gel ImmunoDiffusion (AGID) test, RadioImmunoPrecipitation Assay (RIPA), Western Blotting (WB)

and ELISA as described below.

2. Diagnosis

2.1. Agar gel immunodiffusion test (AGID test)

AGID test is commonly used as a diagnostic tool in MV control programs due to its simplicity. It is a highly specific

diagnostic method but less sensitive than ELISA . For this reason, it is supplementary used for the

confirmation of the ELISA test . The results are qualitative and subjective as they are visually assessed (lines in

agar) . ΑGID cannot be used for the detection of antibodies in milk .

2.2. Radioimmunoprecipitation assay (RIPA)

RIPA is as old as WB and both of them are considered as the reference standards. They have similar sensitivity

and are mainly used as confirmatory assays . RIPA is not frequently used due to its high cost and its difficult

application, as radiolabeling of the virus from cell cultures is required before running the test . RIPA’s results are

imprinted on film and rely on antibody-mediated immunoprecipitation of S-labelled virus. The use of radio-labelled

virus makes RIPA a more sensitive method than AGID .

2.3. Western blot (WB)

WB is a confirmatory laboratory test which has been used to detect antibodies in serum that recognize viral

proteins. It is based on protein gel electrophoresis of cell lysates (cells infected in cultures with MVV), subsequent

transfer onto either Nitrocellulose or Polyvinylidene difluoride (PVDF) membranes, and immunostaining utilizing

whole animal sera as the primary source of antibodies. In the case of MVV, it is primarily used to detect the

presence of antisurface envelope glycoprotein gp135SU, the presence of antitransmembrane protein gp46TM, and

the presence of anticapsid CA antibodies in prospective sera . In general, WB is more sensitive than the

ELISAs but more cumbersome and with lower throughput . Cross-reactivity with non-specific cellular proteins is

also a problem. This is the reason that WB is only used for confirmation of ELISA and AGID test results.

2.4. ELISA

ELISA is the most commonly used test in population screening and for the surveillance of MV. It detects antiviral

antibodies in milk, serum or semen and allows quantitative interpretation , with satisfactory sensitivity and

specificity, indicating the occurrence of infection and seroconversion at some point . Seropositivity is not

necessarily followed by clinical disease and a seronegative animal cannot be safely considered to be free of

infection. In many cases, seroconversion requires several months even in early-infected animals (e.g., lambs

infected via colostrum consumption) . Moreover, the antigenic heterogeneity of SRLVs strains (especially among

different subtypes, like the CAEV-like and the MVV-like) may limit the diagnostic performance of currently available
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ELISA . Antibody titers present remarkable variations during animal’s life and in some cases they are

undetectable using an ELISA, which renders the test unreliable for a definite diagnosis .

Four ELISA assays have been validated against RIPA, AGID or WB assays and found to present sensitivity and

specificity greater than 95% for the detection of anti-MVV antibodies in serum. Two of them are non-competitive

antibody detection ELISAs (nELISAs) and two are competitive inhibition ELISAs (cELISAs) . In the first nELISA,

whole-virus of Canadian CAEV strain serves as the coated antigen on plates (CAEV/MVV kit, IDEXX Switzerland

AG, Liebefeld, Bern, Switzerland), whereas the only nELISA assay validated by the OIE is based on an assay in

which recombinant CA and TM peptides from the MVV strain EV1 serve as the coated antigen (Elitest-MVV,

HYPHEN Biomed, Neuville-sur-Oise, France and Pourquier) . Concerning the two cELISAs, the first one is an

assay using anti-MVV, ZZV 1050 CA monoclonal antibodies and the second and more recent one is the CAEV-63

cELISA which uses two anti-CAEV-63 SU monoclonal antibodies (cELISA CAEV of VMRD Inc. Pullman, WA).

Τhese monoclonal antibodies compete with serum antibodies against binding sites on coated antigens in the

plates. Except from the aforementioned tests which have been sufficiently validated, there are several other ELISA

tests, like a recently developed ELISA including gag and env proteins from genotype A, B and E which serve as the

coated antigen onto the plates (IN3 diagnostic, Eradikit® SRLV indirect ELISA for Small Ruminant Lentiviruses).

However, they need to be further validated . As described above, in ELISAs, the coated antigens can be whole

virus, recombinant proteins or synthetic peptides . cELISAs present higher sensitivity than nELISAs, but it is

likely to be associated with reduced specificity, due to the use of undiluted sera ; moreover, they demand the use

of monoclonal antibodies, unlike nELISAs .

The validity of ELISA testing depends on the type of the host immune response. It has been found that increased

antibody titers is the norm in the histiocytic pattern of immunological response, while low titers or negative results

are observed in the case of lymphocytic immunological response . This finding underpins the limitations of the

implemented control programs using serological tests, indicating the critical role of undiagnosed, infected sheep in

the epizootiology of MV. In addition, the current ELISA tests do not aid in identifying the circulating strain with high

certainty. ELISA tests need to be strain-specific to be efficiently implemented in an area, a flock or specific

animals , otherwise, failure in antibody detection is likely to occur and the possibility of misdiagnosis increases.

2.5. Detection of proviral DNA by Polymerase Chain Reaction (PCR)

PCR can directly detect proviral DNA in fluids and tissues across the animal body (lungs, milk, peripheral blood,

mammary gland, synovial membranes etc.). The most reliable cells for the detection of virus are the peripheral

blood mononuclear cells . The most significant advantage of PCR is its ability to detect infection before

seroconversion. However, PCR is not a reference method and in practice is suggested to be combined with

serological testing to overcome the problem of selective specificity associated with the lack of reliable universal

primers . In general, cELISAs are more sensitive and nELISAs and AGID are more specific than PCR, due to

the non-generic applicability of the primers which are currently available . PCR nested methods and Real-Time-

PCR (RT-PCR) increase the sensitivity and specificity of the method, however, their use is less frequent . In

particular, RT-PCR is an efficient method for the detection and quantification of viral load, but its sophisticated
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designation and implementation set limitations upon its use . Nevertheless, several RT-PCR assays have been

designed with various results regarding the efficiency and the quantification capabilities. Among them a RT-PCR

assay for the gag gene of the EV1 strain is currently available and commonly used, but the continuous mutations of

the virus seem to question its effectiveness in some cases .

The development of primers for the different strains of MVV will improve the applicability and the value of PCR

assays . Bulk milk testing using specific PCR assays need to be further exploited for the reduction of the

cost, the time and effort required for blood sampling and analyses of individual animals .

2.6. Cell cultures

The isolation of MVV can be achieved after the co-cultivation of animal leukocytes with sheep choroid plexus cells.

The observed cytopathic effect (syncytia and refractile stellate cells with dendritic processes) is the evidence of

MVV infection, which can be further confirmed with electronic microscopy . This diagnostic method cannot be

applied in a routine basis due to its cost, complexity and demand in labour and specialized equipment. Cell cultures

are mainly used as a verification tool of other diagnostic methods or for research purpose. However, co-cultivation

techniques hold promise in aiding very early identification of infected animals when only a small fraction of

circulating immature macrophages are infected.

The development of a universally accepted and verified protocol for the early and definitive diagnosis of MV is

crucial for the suggestion of prevention and eradication programs at national and international level and thereby,

constitutes a challenging research field.
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