
SUMMARY
Small ruminant lentiviruses (SRLVs) are a heterogeneous group of viruses of sheep, goats and wild ruminants, causing per-
sistent infection and responsible of chronic degenerative disease of joints, lungs, udder and central nervous system in small ru-
minants. Mycobacterium avium subsp. paratuberculosis (MAP) is also a major production-limiting disease, which causes a
chronic infection of ruminants. The disease causes persistent diarrhea, progressive weight loss, debilitation, anemia, and even-
tually death. Both SRLVs and MAP are widespread in small ruminants in many countries. The aim of this study was to esti-
mate the prevalence of SRLVs and MAP co-infection in a Garfagnina goat flock consisting of 269 females and 20 males and lo-
cated in Garfagnana district (Tuscany, Italy). All adult females were tested for MAP and SRLVs infection. Thirty-six out of 269
animals in total resulted positive for one or both infections. A total of 27 goats (10%) were positive to MAP and 21 goats (7.8%)
were positive to SRLV. The apparent prevalence of co-infection was 4.5%, counting 12 goats positive for both infections. No
significant association was found between subjects seropositive to SRLV and MAP. To investigate possible genetic influences on
susceptibility or resistance of goats for both disease, all co-infected animals were compared with no infected animals (control
group, 12 goats). Blood samples were collected and 12 STR markers (MAF65, SRCRSP5, INRA023, MCM527, CSRD247, SR-
CRSP23 OarFCB20, TGLA53, INRA005, INRA063, ETH10, ILSTS87) were investigated. For each marker, allele and genotypes
frequencies between the two groups of animals were compared using the chi-square test and Fisher’s exact tests. No statistical
differences in STR alleles or genotypes frequency were observed between healthy animals and co-infected animals. Future
works may include replication of this study with a larger number of animals to try to identify candidates genes for the genet-
ic resistance to both infections.
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INTRODUCTION

Maedi/Visna Virus (MVV) and Caprine Arthritis En-
cephalitis Virus (CAEV) are members of the Retrovidae
family, genus Lentivirus. Both viruses are unequivocal close-
ly related lentiviruses and thus designated as Small Rumi-
nant Lentiviruses (SRLV)1. The majority of SRLV isolates
can be classified in 3 main genotypes: A and B including iso-
lates originally isolate from sheep and goats, respectively;
and genotype E firstly identified in certain Italian caprine
isolates2. SRLVs in small ruminants are responsible of per-
sistent infection causing for a slow and progressive clinical
disease involving lungs, mammary glands, joints and in
young kids’ central nervous system. Mycobacterium avium
subsp. paratuberculosis (MAP) is the bacterial etiologic
agent which causes a chronic progressive granulomatous
enteritis known as Paratuberculosis or Johne’s disease and it
primarily affects wild and domestic ruminants3. Nowadays,
Paratuberculosis represents not only an important animal

disease but also a questioned human health problem, since
MAP has been isolated from intestinal tissues of Crohn’s
disease patients, giving rise to a hypothesis of there being a
possible link between these two diseases4. In addition, sever-
al reports of MAP isolation from sheep and goat cheeses
both in Europe5,6 and also in our country7 have been pub-
lished. Both SRLV and MAP are widespread in small rumi-
nants in many countries8,9,10,11,12.
Presently, for both disease, there are no effective vaccines nei-
ther treatments so an alternative strategy to reduce their inci-
dence could be the selection of the most genetic resistant an-
imals. Several attempts to locate loci associated with resist-
ance to MAP and to SRLV have been made during the last 15
years13,14,15,16. In particular, on Garfagnina goats, association
studies between STR markers and susceptibility/resistance to
both SRLV and MAP infections have been made17,18. More-
over, attempt to identify genomic regions associated to the in-
fection using a genome-wide scan19,20 have been carried out.
The aims of this study were to estimate the prevalence of SR-
LV and MAP co-infection in a Garfagnina goat flock located
in Garfagnana district (Tuscany, Italy), and to investigate the
association between both infection-resistant or both infec-
tion-susceptible goats and STR markers.
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MATERIALS AND METHODS

The study was performed in a Garfagnina goat breed flock.
Garfagnina is an Italian native goat population registered on
the Tuscan regional repertory of genetic resources at risk of
extinction, with about 745 animals belonging to 17 flocks.
The origin of this population is still uncertain, even if it
seems to derive from crossings between native goats from
Alpine Arc and from the Tuscan-Emilian Apennines; local
breeders refer that the population was reared for generations
for its milk and meat production. The flock under study con-
sisted of 269 females and 20 males. Age ranged from 2 to 9
years. All animals were recorded in the herdbook, but ge-
nealogical information was not available. The flock was lo-
cated in the Garfagnana district (Media Valle del Serchio,
Lucca, Italy) and a semi-extensive farming was practiced.
The goats grazed during the morning (feed supplements are
given mainly over the winter), and were housed overnight,
when they received an integration of forage and feed. Flock
management was of a family farm type. Milking was prac-
ticed twice a day using a trolley milking and the milk was
conveyed in refrigerated tanks.
From 269 female goats, 5 mL of blood were collected into
tubes (Vacutainer, BD Biosciences) without anticoagulant;
the samples were transported, under refrigeration condi-
tions, to the laboratories (Department of Veterinary Sci-
ences, University of Pisa) and sera were separated from the
clot by centrifugation at 2000 g for 10 min and frozen at −20
°C until performing serological analyses.
Serum samples were analyzed by ELISA ID screen® Paratu-
berculosis Indirect screening test (ID.VET, Montpellier,
France) and the positive samples were subsequently tested
with ELISA ID screen® Paratuberculosis Indirect confirma-
tion test (ID.VET, Montpellier, France).
To evaluate the SRLV seroprevalence and characterize the
SRLV antibody response sera samples were analyzed by a
genotype specific ELISA test (Eradikit™ SRLV Genotyping
kit, In3diagnostic, Torino, Italy). The genotyping ELISA
plates were coated with a mix of gag and env peptides be-
longing to the three most divergent SRLV viral genotypes:
genotype A, B, and E. The serum samples were examined ac-
cording to the manufacturer’s instructions. Specific geno-
type was assigned when the OD value of a single well was
>40% when compared to the OD value of the same sera in
other wells coated with different antigens. Sera were consid-
ered as SRLV positive when positive on at least one genotype.
Blood were collected from 48 goats (including all MAP and
SRLV positive goats and twelve healthy goats as control
groups). Blood samples were collected in Vacutainer tubes
with K-EDTA as anticoagulant and stored at −20 °C until ge-
nomic DNA was extracted using Qiagen QIAamp DNA
blood mini/midi kit (Qiagen, San Diego, CA, USA).
Twelve microsatellites were considered: MAF65, SRCRSP5,
INRA023, MCM527, CSRD247, SRCRSP23 OarFCB20,
TGLA53, INRA005, INRA063, ETH10, ILSTS87; some of
these markers belonged to a panel validated by the Interna-
tional Society of Animal Genetics (ISAG) and others rou-
tinely were used by the facilities of the Laboratorio di Genet-
ica e Servizi (Associazione Italiana Allevatori, Migliaro,
Italy). The markers were located in 12 chromosomes and
amplified in one multiplex PCR reactions21.
The association for each single animal between MAP and

SRLV serological results were verified by Chi-square test22.
For each marker, the following parameters were computed
using the Molkin v2.0 program23: number of alleles, effective
allele size, observed heterozygosity and polymorphism infor-
mation content (PIC). Allelic and genotype frequencies were
estimated by direct counting. To investigate possible genetic
influences on susceptibility or resistance of goats to both in-
fections, for each marker, alleles and genotypes frequencies
between co-infected animals and negative animals were
compared using the Chi-square test and Fisher’s exact tests.

RESULTS

Serological analysis revealed that 36 out of 269 animals were
positive for one or both infections. Twenty-seven goats
(10%) were positive to MAP and twenty-one goats (7.8%)
were positive to SRLV. Genotype analysis for SRLV could
classify 15 out of 21 seropositive sera into the 3 genotypes, in
details four sera reacted specifically to genotype A antigens,
five to genotype B and six to genotype E. Genotype charac-
terization was not determined in six sera, although reactive
to SRLV (Table 1).
Table 2 reports the number of positive animals for MAP and
SRLV or both infections according to the animals’ age. The
greatest number of infected animals were aged between 5
and 7 years. The highest number of co-infected animals were
aged between 5 and 6 years (50%).
Analysis of the goat MAP/SRLV data revealed no significant
associations between the two infections (Table 3).
Detailed information of the used markers and the results of

POS1 0.835 0.387 0.463 A

POS2 0.414 0.182 0.237 A

POS3 1.078 0.352 0.615 A

POS4 0.554 0.277 0.184 A

POS5 0.19 0.422 0.187 B

POS6 1.043 2.656 0.63 B

POS7 0.446 2.134 0.204 B

POS8 0.378 1.855 0.26 B

POS9 0.337 1.254 0.279 B

POS10 0.2 0.162 1.923 E

POS11 0.142 0.169 1.774 E

POS12 0.44 0.456 1.457 E

POS13 0.523 0.352 0.956 E

POS14 0.144 0.321 0.456 E

POS15 0.144 0.18 1.532 E

POS16 0.663 0.595 0.238 Ind

POS17 0.333 0.613 0.485 Ind

POS18 0.126 0.476 0.411 Ind

POS19 0.375 0.371 0.434 Ind

POS20 0.497 0.349 0.504 Ind

POS21 0.456 0.177 0.574 Ind

Table 1 - Serological results.

Goat OD vs A OD vs B OD vs E Genotype
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the microsatellite analysis in term of number of alleles ob-
served, alleles size, PIC and observed heterozygosity of the
total analyzed Garfagnina goat population were reported in
a previous paper21. No statistical differences in STR alleles or
genotypes frequency were observed between healthy animals
and co-infected animals. 
Since in previous papers SRCRSP0518 and ETH10 mark-
ers17,18 showed significant association with the infections in
this paper we report the percentage of each of the most fre-
quent alleles (>15%) for both SRCRSP05 and ETH10 mark-
ers in co-infected group (SRLV and MAP seropositive) and
control group (SRLV and MAP Seronegative) (Table 4).
The co-infected group showed a higher frequency of allele
205bp of ETH10 marker (0.583 vs 0.458 in control group) and
of allele 203 bp (0.250 vs. 0.125 in control group) and a less
frequency of allele 207bp (0.167 vs 0.0.417 in control group).
Consequently, the frequencies of the six genotypes of this
marker were different in the two groups. Co-infected group
presented a higher frequency of homozygous genotype
205205 of ETH10 marker (41.7% vs 16.7%) and a low fre-
quency of heterozygous 205207 and heterozygous 207207
genotypes (8.30% vs 33.30% for the first genotype and
8.30% vs 25% for the second one).

Regarding SRCRSP05 marker six different alleles were ob-
served but only three alleles had a frequency higher than
15%. Co-infected animals had a lower frequency of 163bp
(0.25 vs. 0.375) allele and 173bp (0.25 vs. 0.375) allele and
a higher frequency of allele 179 (0.25 vs. 0.167). For this
reasons differences were observed for 163173 genotype
with a frequency of 41.7% in control group vs 16.7% in co-
infected group.

DISCUSSION

To our knowledge only a single research carried out by
Stones et al.24 discussed SRLV and MAP co-infection consid-
ering 28 Ontario goats flock (about 20 goats per flock)
recording a prevalence of 14.3%. Our co-infection preva-
lence of 4.5% was lower than that reported by these Authors.
Moreover, the lack of association between the two infec-
tions highlighted in this work seems to be in contrast with
the results obtained by Stones et al.24. Nevertheless, these
Authors observed a significant association only when con-
sidering the total data deriving from 558 goats irrespective-
ly to flock origin, while the associations carried out in each
single flock was not significant, given the small number of
subjects.
Finally, despite the possible implication of the ETH10 mark-
er in the resistance to the two infections, previously high-
lighted by the studies of association analysis between mi-
crosatellites and each infections17,18, it is possible to suppose
that there is no correlation between genetic resistance to the
two infections, in consideration of the evidence that the can-
didate genes for genetic resistance to MAP19 and to SRLV20

carried out with SNPs, were different and located on differ-
ent chromosomes.

CONCLUSIONS

The observed results were obtained from the analysis of ani-
mals from a single farm, indicating that few animals are co-
infected and that there is not association between these two
infections.
For this reason, our results must be supposed completely
preliminary. Future works may include replication of this
study involving different flocks to increase the number of
observations to better understand the role of the ETH10
marker and to try to reveal and identify candidates genes im-
plicated in genetic resistance to both infections.
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2 2 2 1 5

3 3 0 2 5

4 0 0 2 2

5 2 1 3 6

6 4 1 3 8

7 4 3 0 7

8-9 0 2 1 3

Tot 15 9 12 36

Table 2 - Positive records according to the animals’ age.

Age (years) PosMAP PosLentivirus PosBoth Tot

MAP negative 9 233 242
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Group N°
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