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Abstract

The aim of this study was to determine the prevalence of small ruminant lentivirus (SRLV) 
infections on sheep and goat farms which are exempt from state monitoring and carry molecular 
characterisation of strains circulating amongst these farms without SRLV eradication. A total 
number of 3,410 blood samples of sheep and goats from 21 herds were collected for the purpose 
of the project. The detected serological prevalence of maedi visna in sheep was 19.9% (556/2801) 
and the seroprevalence of caprine arthritis and encephalitis in goats was 14.1% (86/609). All 
positive animals were tested by the nested polymerase chain reaction (nPCR) method for the 
presence of provirus in the buffy-coats from EDTA-blood samples.  Phylogenetic analysis of 
93 SRLV strains identified the genotype in 77 sequences, where 60 of them were genotype 
A and 17 belonged to genotype B. Whereas all of the genotype B sequences  were classified 
in subtype B2, the genotype A group of isolates showed higher variability and were related 
to subgenotypes  A2 and A3. This study represents the first report of genetic characterisation 
of SRLV strains circulating in the territory of the Czech Republic.

Maedi visna, caprine arthritis, nested PCR, ELISA

Small ruminant lentiviruses (SRLVs) are widespread in most regions of the world 
and infections are associated with economic losses in small-ruminant production. The 
members of this SRLV group in the Retroviridae family, maedi-visna virus (MVV) and 
caprine arthritis-encephalitis virus (CAEV), infect sheep and goats (L’Homme et al. 
2011). Small ruminant lentiviruses cause persistent infections which can induce systemic 
diseases affecting joints, mammary glands and respiratory and central nervous systems 
after long incubation periods (Narayan et al. 1983). Lentiviruses have in common 
their typical genomic organisation, the induction of slowly progressive diseases, a large 
spectrum of targeted organs and symptoms, and the ability to persist within their hosts 
despite a strong immunological response.  Ingestion of infected colostrum and milk is the 
major transmission mode of SRLV within flocks (Blacklaws et al. 2004) but, at least in 
sheep, horizontal transmission may also play a prominent role (Narayan and Clements 
1989). Common clinical signs caused by SRLV infections include neurological disorders, 
dyspnoea, emaciation, mastitis, and arthritis (Alvarez et al. 2006).

The genomic organisation of SRLVs is typical of lentiviruses: the proviral genome 
consists of two identical positive-sense single-stranded ribonucleic acid (RNA) subunits 
(8.4–9.2 kb) (Gifford 2012).  The SRLV genome contains the structural genes gag, pol 
and env, in addition to the regulatory genes rev, vif, and tat. The gag and pol genes are 
relatively well conserved among SRLVs, which makes them ideal targets for Polymerase 
Chain Reaction (PCR) primer design (Pepin et al. 1998; Grego et al. 2007). The MVV 
prototypical strains such as strain K1514, EV-1, and SA-OMVV from sheep and the CAEV 
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strain Cork-CAEV isolated from goat (L’Homme et al. 2011) were originally viewed as 
distinct viral species restricted to respective host animal species. As more SRLV sequences 
had become available for phylogenetic analyses, it became evident that SRLVs can cross 
the species barrier and can be transmitted from sheep to goats under favourable conditions 
(Shah et al. 2004b; Pisoni et al. 2005).

The classification of viral genotypes into groups and subtypes proposed in the last 
decade by Shah et al. (2004a)  involving two long segments of the SRLV genome (gag-pol 
segment 1.8 kb; and pol segment 1.2 kb) is widely accepted at present. Accordingly, SRLV 
are classified into five genotype groups (A–E) which can vary between 25% and 37% in 
their nucleotide sequences. However, genotypes A, B and E may further be distributed 
into different subtypes, varying between 15% and 27% of their sequence. Group A has so 
far 15 recognised subtypes  (A1–A15); group B has three subtypes (B1–B3); and group 
E has only two subtypes (E1 and E2). Genotype D has only been described in Swiss 
and Spanish sheep, and only regarding pol sequences. Rather, phylogenetic analysis on 
additional (gag) sequences of the same (group D) isolates, classify these sequences with 
genotype A, suggesting that genotype D is in fact genotype A, exhibiting divergence in 
the pol gene (Ramírez et al. 2013). The ocurrence of genotype E is described in local 
goat populations in the northwestern region of Italy and the island of Sardinia (Grego 
2007; Reina 2010). The high genetic variability amongst SRLV and the corresponding 
phylogenetic relationships amongst sequences has been described in numerous studies in 
different countries (Ramírez et al. 2013). Although SRLV infection in small ruminants 
is widespread on all continents, little information is available on the genetic variants 
circulating in different geographic regions. Besides SRLV complete genomes available in 
the GenBank, partial sequences have been published in Brazil, Canada, Finland, France, 
Greece, Ireland, Japan, Netherlands, Poland, Russia, Slovenia, South Korea, Turkey 
(reviewed by Ramírez et al. 2013), Switzerland (Shah et al. 2004a), Italy (Grego et al. 
2002), and Norway (Gjerset et al. 2007).

In the Czech Republic MVV/CAEV was firstly described in the early 1990s based on 
the serological diagnosis by detection of specific antibodies using commercial agar gel 
immunodiffusion test (AGID). First virus isolation and partial genome characterisation of 
the Czech ovine lentivirus isolate OPM was published by Celer et al. in 1997. Further six 
Czech ovine lentivirus isolates were characterised from snPCR products of amplification 
of partial gag gene sequences (Celer et al. 2000), which confirmed the ovine lentivirus 
genotype in the Czech Republic is closely related to the prototype Maedi-Visna strains 
K1514 (Iceland), EV1 (Scotland) and SA-OMVV (South Africa), recently grouped to the 
A1 subgroup. Nevertheless, clear phylogenetic differences can be found between the six 
viruses analysed and the first OPM isolate.

We tested a large number of sheep and goats throughout the Czech Republic within 
the framework of our research project aimed to control the lentiviral infections in small 
ruminants with the use of early detection methods of SRLVs. All samples were tested 
for the presence of SRLV serum antibodies using different ELISA tests (Enzyme-Linked 
ImmunoSorbent Assay). Selected samples from SRLV positive farms were further tested 
by PCR to amplify proviral sequences of sufficient length suitable for the genetic typing of 
SRLVs circulating in the country. The final goal of the project is also the genetic selection 
on the basis of markers of genetic resistance to infection (TMEM154 gene).

Materials and Methods
Animals and blood sampling

Animals at least 4 months after weaning, originating from 21 farms from 7 different regions of the Czech 
Republic (Karlovy Vary, Liberec, Olomouc, Pardubice, Pilsen, South Bohemian and South Moravian Region) were 
used for the study. A total of 3,410 blood samples of sheep and goats were collected for the purpose of the project, 
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of which 2,801 were ovine samples from 16 herds and 609 caprine samples from 7 herds. Two farms were mixed 
flock with sheep and goats. Whole blood from sheep and goats at a volume of 5 ml was drawn by venipuncture 
and collected into tubes with ethylenediaminetetraacetic acid (K3EDTA).    

ELISA tests
All samples were tested for SRLV antibodies by commercially available ELISA test (IDEXX MVV/CAEV 

p28 Ab Screening Test) and the findings were confirmed by additional ELISA assays IDEXX MVV/CAEV p28 
Ab Verification Test (IDEXX, USA), IDEXX CAEV/MVV Total Ab Test (IDEXX, USA), Elitest MVV/CAEV 
(HYPHEN BioMed, France), ID Screen® MVV/CAEV Indirect (IDvet, France) and one agar gel immunodiffusion 
test AGID MAEDITEC (APHA Scientific, UK). Eradikit SRLV ELISA test (IN3 Diagnostics, Italy) based on 
a mix of gag and env peptides belonging to the genotypes A and B was used for serological genotyping. 

Buffy-coat preparation and white blood cell isolation
White blood cells (WBC) were isolated from K3EDTA whole blood by centrifugation at 400 × g for 20 min at 

room temperature (RT). After careful removal of plasma for serological testing, buffy coat layer was transferred 
by pipetting to clean 1.5 ml tubes. Second centrifugation at 400 × g for 20 min was used for the residual plasma 
removal. Final cleaning of buffy coat was performed using the lysis solution (NH4Cl, NaHCO3, EDTA, final pH 
7.3). Samples were centrifuged at 1,000 × g for 5 min at RT and the supernatant was discarded. The obtained pelet 
was stored at -80 °C.

Deoxyribonucleic acid extraction
Deoxyribonucleic acid (DNA) from WBC was extracted using a MagNA Pure LC Total NA Isolation kit 

on MagNA Pure robotic system (Roche). Prelysis step was performed using lysis solution (GuSCN, Tris-HCl 
(pH 6.4), EDTA (pH 8.0), Triton X-100) in the volume of 300 µl and (50 mg/µl) in the volume of 3 µl in 
a thermomixer (56 °C for 90 min). The Proteinase K enzyme was subsequently deactivated at 96 °C for 20 min.

Polymerase chain reaction 
Two-pair primers (Table 1) corresponding to the most highly conserved sequences in the gag gene from the 

targeted SRLV genomes were used for nested PCR (Grego et al. 2007). The primers GAG F1 and POL R1 were 
used for the first PCR step, where the consequent length of the amplification product was 0.8 kb. The second 
set of primers GAG F2 and POL R2 was used for nested PCR step carried out in a 25 µl reaction volume. The 
extracted DNA was amplified in a reaction mixture of the total volume of 25 µl with the following composition: 
primers (0.3 µM for each), Deoxynucleotide (dNTPs) Solution Mix (0.12 mM), 1 × PCR buffer complete with 
MgCl2 (0.12 mM), Fast Start Taq Polymerase (1 Unit). The temperature profile started with an initial denaturation 
step (95 °C for 10 min), followed by 35 cycles with denaturing (95 °C for 1 min), annealing (55 °C for 30 s) and 
elongation (72 °C for 1 min). Nested PCR was carried out under similar conditions as the first PCR, where 2 µl 
of the first PCR product were transferred into the reaction mix. The temperature profile was the same as in the first 
PCR, except for the annealing step (60 °C for 30 s).

Sequencing
The specificity of the resulting PCR products can be verified using the sequence analysis and by comparing the 

obtained sequences with referential sequences available in the GenBank at the National Center for Biotechnology 
Information (NCBI). Polymerase chain reaction products with specific length were cut out from agarose gel 
and purified on columns (High Pure PCR Product Purification Kit [Roche, Germany] and Expin combo GP 
[GeneAll Biotechnology, Korea]). Purified DNA was sequenced by Sanger method with reamplification primers 
using dye terminator chemistry. The output sequence data were processed in the BioEdit software (Tom Hall, 
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Table 1. Specific primers for the gag gene region designed according to Grego et al. (2007).

PCR: polymerase chain reaction;   nPCR: nested polymerase chain reaction; kb: kilobyte

Primer Sequence 5´- 3´ Length of PCR product Length of nPCR 
   product

GAG F1 TGGTGARKCTAGMTAGAGACATGG 1.3 kb  
POL R1 CATAGGRGGHGCGGACGGCASCA  
GAG F2 CAAACWGTRGCAATGCAGCATGG       0.8 kb
POL R2 GCGGACGGCASCACACG   



Ibis Biosciences, Carlsbad, CA, USA) and modified sequences were compared with sequences in the NCBI 
database via the BLAST (Basic Local Alignment Search Tool) algorithm. Based on this comparison, supposed 
incorporation was estimated of detected proviral sequences to the SRLV genotype groups and their subtypes.

Phylogenetic analysis
Obtained nucleotide sequences were analyzed, adjusted and preliminarily compared by Bio Edit software (Hall 

1999). Multiple alignment of analysed sequences together with reference SRLV sequences was accomplished with 
Clustal W in MEGA 7 (Kumar et al. 2016). Phylogenetic and molecular evolutionary analyses were performed using 
the Neighbour Joining method and the Tamura-Nei model with gamma substitution in MEGA 7 (Nei and Kumar 
2000) and all gaps and missing data were ignored. The statistical confidence of the topologies was assessed using 1000 
bootstrap replicates.

Results

A total number of 3,410 blood samples of sheep and goats from 21 herds were tested for 
presence of specific antibodies against MVV/CAE. Specific SRLV antibodies were detected 
in 642 animals on 7 farms out of 21 (33%). The detected serological prevalence of MVV 
in sheep was 19.9% (556/2801) and the prevalence of CAE in goats was 14.1% (86/609). 
The proviral DNA was detected by PCR in 410 samples (65%) out of 631 seropositive 
animals. A total of 287 suitable reamplification products were sequenced amongst the 410 
PCR positive animals from 7 farms (Table 2). The length of the analysed sequences for the 
phylogenetic tree was adjusted to about 750 bp (1002–1752 according to the location of 
the complete genome sequence of the reference strain M60609.1-Icelandic strain K1514).

Small ruminant lentivirus sequences were compared to reference strains from genotype 
groups A, B, C and E. Due to the high number of positive samples within infected farms, 
a total of 77 samples representative of each flock were randomly selected for further 
phylogenetic analysis. Amongst the 77 gag gene sequences, genotype A was identified 
in 60 of them, and 17 belonged to genotype B. A total of 40 representative sequences 
(5–8 for each farm) are presented in the phylogenetic tree (35 of them belonging to genotype 
A and 5 of them to genotype B) (Fig. 1). Whereas all the genotype B sequences clustered 
clearly in subtype B2, the genotype A group of isolates showed higher variability and were 
related to subgenotypes A2 and A3. Detailed comparison of partial nucleotide sequences 
from Farm E with reference strains A1, A2, and A3 (Fig. 2) revealed circulation of more 
than one subtype (A2/A3 and B2) in this flock. 

Nucleotide diversity within each group was compared in group A (mean nucleotide 
diversity, 15.3 %; range, 0.1–22.5%) and group B (mean, 2.4%; range, 0.2–9.0%). Intra-
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Table 2. Results of serological testing, PCR and genetic typing on Czech farms.

ELISA: Enzyme-Linked ImmunoSorbent Assay; PCR: polymerase chain reaction

Farm   Sample code Species Nr. of animals ELISA PCR positive Genotype
 Ab+ Ab- gag gene genotype ELISA

A Po sheep 243 211 32 29 A2/A3 NDet
A Pk goat 431 389 42 18 A2/A3 A
B Br sheep 150 126 24 11 A2/A3 A
C Sch sheep 230 210 20 14 A2/A3 A,B
D M sheep 200 103 97 70 A2/A3 A
E Ab sheep 300 91 209 139 B2, A2/A3 B
F Sl sheep 113 74 39 23 A2/A3 NDet
G Zo sheep 59 45 14 14 A2/A3 A
G Zk goat 274 120 154 92 A2/A3 A
total   2000 1369 631 410   



farm heterogenity in group A: farm A 
(mean, 6.0%; range, 1.0–18.4 %), farm B 
(mean, 11.4%; range, 3.4–15.5%), farm 
C (mean, 14.7%; range, 2.4–21.0%), 
farm D (mean, 4.3%; range, 0.1–10.7%), 
farm E (mean, 5.6%; range,0.4–8.4%), 
farm F (mean, 2.4%; range, 
0.1–3.8%), farm G (mean, 9.4%; range, 
0.3–15.2%)  and  group B: farm E 
(mean, 2.4%; range, 0.2–9.0%).

Results of serological examination of 
90 serum samples by subunit ELISA on 
genotype A and B derived matrix protein 
(Eradikit SRLV ELISA test) confirmed 
the presence of genotypes detected 
by molecular genotyping on 6 out of 
7 farms, while on one of them 
(farm C) a suspected additional presence 
of genotype B besides genotype 
A was revealed by sequence analysis. 
Otherwise, on farm E showing circulation 
of genotypes A and B, solely genotype 
B was presented in all significant results 
(33/55). Even particular samples tested 
positive for genotype A by PCR reacted 
in this ELISA obviously with a B subunit 
antigen.

Discussion

A ‘gold standard’ for the detection 
of SRLV infection has not existed up 
until now. Tools recommended for early 
detection consist of laboratory methods 
for detection of the humoral immune 
response (serology) and methods 
detecting the (pro-)viral nucleid acid. 
The proviral DNA was detected by 
PCR in 410 samples (65%) out of 
631 seropositive animals. This result 
corresponds to past studies (Celer et al. 
1997; Shah et al. 2004a; De Andrés 
et al. 2005) where the sensitivity of 
various PCR approaches related to 
different ELISA tests vary from 60 to 
95%. Polymerase chain reaction tests 
tend to be less sensitive than many 
ELISA tests regarding the identification 
of infected individuals by laboratory 
testing (De Andrés et al. 2005). 
Polymerase chain reaction appears to 
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Fig. 1. Phylogenetic relationship of goat and sheep 
lentivirus nucleotide sequences of isolates from Czech 
flocks by the Neighbour joining method.



be able to detect an infected animal prior to seroconversion, but due to low viral load 
in the post seroconversion phase of infection, PCR tests are generally less sensitive than 
ELISA techniques. It is suggested that the combination of serology and PCR together 
with relatively short sampling intervals is optimal for detecting SRLV infected animals 
especially in eradication programmes where the early detection of infection is needed 
(De Andrés et al. 2005). 

In the Czech Republic, an eradication program has never been officially established but 
breeding flocks under official control of production efficiency were systematically tested 
for presence of MVV/CAEV antibodies since late 1990s. This attempt has reduced the 
prevalence of SRLVs in these flocks under 1%. However, there is no exact defined number 
of other flocks out of this program, where the detected serological prevalence of MVV 
in sheep was 19.9% (556/2801), and of CAE in goats 14.1% (86/609). Eventually, on 
7 farms out of 21 (33%) the SRLV infection was detected. Prevalence within individual 
herds ranged between 4.5 and 56.2% (Bartak et al. 2017). 

This study represents the first report of genetic characterisation of SRLV strains circulating 
within the territory of the Czech Republic. Previous study reporting about the phylogenetic 
analysis of the MVV strains in the Czech Republic (Celer et al. 2000) comparing partial 
gag gene sequences considered the relevance to prototype MVV isolates K1514, EV1 
and SA-OMVV without further recently used identification of the genotype. Our results 
identified the genotypes in 77 sequences, of which 60 were genotype A present in both 
animal species, and 17 belonged to genotype B occurring in one sheep flock. Ovine and 
goat sequences, which belong to genotype A could not be assigned to existing subtypes, 
however, they were found to be related to subtype A2 or A3. Further analyses have to be 
performed on larger segments of gag-pol and env or rev gene to classify the relevance to 
existing subtypes. The length of gag gene part analysed in our study was defined by the 
size of the reamplification product for the reason of the detection of sensitivity. Published 
data on the distribution of SRLV genotypes and subtypes in goats and sheep from different 
countries (Ramírez et al. 2012) state the presence of subtype A2 in Canada, Finland, 
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Fig. 2. Comparison of two field strains from farm E with the reference strain (subtype A1, A2, A3, B1, B2).



Turkey, and USA, meanwhile subtype A3 was declared in Spain, Switzerland, and Turkey. 
In contrast, the genotype B strains limited only to one flock were clearly identified as 
subtype B2 occurring in France, Italy, Poland, Spain and Switzerland. 

Maedi-visna virus prototypes originally isolated from sheep are now referred to as group 
A, further divided into several subtypes isolated from sheep, goats or both species (Shah et 
al. 2004a,b). Caprine arthritis-encephalitis virus prototypes originally isolated from goats 
are referred to as group B, divided into subtypes as well isolated from both species (Pisoni 
et al. 2005; Shah et al. 2004a). It is clearly confirmed by numerous other studies from 
several countries that CAEV and VMV often cross the species barrier infecting the new 
host, persisting in it and spreading across the new host population (Valas et al. 1996; 
Leroux et al. 1997; Germain et al. 2006). Our study revealed the parallel occurrence of 
genotype A in a mixed flock on farm A and “CAEV-like” genotype B in sheep on farm E. 
Thus, even if some genotypes might have been originally assigned to a single host species, 
the host species spectrum may be wider in nature.

Small ruminant lentivirus displays a high genetic and antigenic heterogeneity and 
includes diverse genotypes and subgenotypes that display great genetic variability. The 
molecular epidemiology of SRLV is constantly changing due to animal movements, 
cross-species transmission and due to their rapid evolutionary rate. Mutations are very 
frequent in lentiviruses and also the recombination can occur between different SRLVs, 
creating new variants. Heterogeneous SRLV genotypes may affect the diagnostic sensitivity 
and specificity. The development of assays tailored by region might help resolve the 
problem of high mutation rates of SRLV. Sequencing of lentivirus isolates from the area 
of interest is a prerequisite for this approach. The phylogenetic analysis and nucleotide 
diversity comparison proved the variability of analysed viral strain across different Czech 
flocks, except for farm C which had sequences clustered together with two other farms 
(Farm A and D). On farm E, where mixed infection genotypes A and B were detected in 
sheep, there is the possibility of introduction of some of them by the purchase of animals 
from another country.

Comparing the serological and molecular approaches to determining the SRLV genotypes 
in positive flocks, the results of ELISA designated for that purpose (Eradikit SRLV ELISA 
test) coincided in the majority of the tested samples with the molecular characterisation of 
genotypes. There were some exceptions in several individual samples where the genotype 
was not correlated in both methods, which can be attributed to lower ELISA specificity. If 
ELISA is used on the flock level rather than the individual level, it could be a suitable tool 
to differentiate genotypes A and B in case the sequencing analysis is not available in the 
laboratory. 

This study describes an epidemiological situation of SRLV in the Czech Republic. It 
declares the presence of two SRLV genotypes A and B within the territory of the country 
and the distribution of different subtypes in sheep and goats. The data reported in this study 
suggest that Czech SRLV strains are more divergent within the A genotype and further 
characterization of the A2/A3 strains should be performed to classify them precisely or to 
confirm a new subtype. 
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