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ARTICLE INFO ABSTRACT

Small ruminant lentiviruses (SRLVs) can drastically affect milk production in goat flocks and only an early
detection can control and prevent their spread. Since SRLVs are responsible for persistent infections, antibody
Goats screening is the most valuable tool to identify infected animals. ELISA is recommended as the election test both
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Af“}ibedies for its sensitivity and for its ability to detect low antibody titers, thus identifying infected animals earlier than
lé‘s ) alctors agar gel immunodiffusion (AGID). In the present study, an investigation was conducted to assess the SRLV
Oontro.

seroprevalence in goat flocks in southern Italy and a transversal comparative study was carried out through the
analysis of the possible risk factors influencing SRLV spread. A total of 4800 sera from 1060 flocks were analyzed
and overall seroprevalences of 18,64% and 51,69% at animal and herd levels, respectively, were observed. Both
the region and the herd production systems were able to affect seroprevalence, differently from the herd size,
probably because the mean number of goats per herd is low and the semi-intensive management is similar
regardless of the dimensional class of each herd. In particular, meat producing herds showed the higher ser-
oprevalence, as a result of the poor sanitation and low animal monitoring in comparison to milk producing
herds, where animals are managed twice daily and the relationship between dams and kids is checked to
guarantee an adequate quantitative/qualitative milk yield. In the absence of vaccines or effective treatments,
health preventive management and seroepidemiological investigations are the only successful approach to re-

strict SRLV spread as observed in countries were official/voluntary control programs are carried out.

1. Introduction

Caprine arthritis encephalitis virus (CAEV) and Maedi Visna virus
(MVV) are currently referred to as small ruminant lentiviruses (SRLVs)
due their phylogenetic correlation and the interspecies transmission
between goats and sheep. SRLV, a member of the genus Lentivirus of the
Retroviridae family (subfamily Orthoretrovirinae), represents a serious
economic threat to small ruminant farming, which has led to the de-
velopment of control programs all over the world.

Genetic variability is a trait of SRLV genome: the emergence of new
field isolates in different geographical areas, is a consequence of the
virus quasi-species caused by mutations, recombinations and selection
pressure by the host immune system. Early phylogenetic studies have
suggested that SRLV can be divided into five genetic groups, A to E, that
differ from each other in 25-37% of their nucleotide sequences, with A
and B further subdivided in subtypes A1-A15 and B1-B3, respectively
(Minguijoén et al., 2015). Virus isolates from goats in Norway belong to
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group C, those from Switzerland and Spain are representative of group
D (Gjerset et al., 2006; Glaria et al., 2009), while group E is divided into
two subtypes, E1 and E2, from northern Italy and Sardinia, respectively
(Grego et al., 2009; Reina et al., 2010; Bertolotti et al., 2013;). Subtypes
A5 and A7, as well as groups C and D have been isolated only in goats,
while subtypes A2 seem to circulate only in sheep. Subtypes Al, A3, A4,
A6, B1 and B2 have been found in both species (Olech et al., 2012).
CAEV is largely diffused in dairy goats in most industrialized
countries, but it is rarely found in the indigenous breeds of developing
areas unless they have had contact with imported goats. Virus trans-
mission usually occurs early in life from infected dams to their kids by
the ingestion of virus-containing colostrum or milk. CAEV infects goats
for life, but most infected animals remain asymptomatic, though both
asymptomatic and symptomatic animals can shed and transmit the
virus during all their life and the unapparent carriers represent an
important and potential source of infection. The initial clinical signs in
kids may include lameness, ataxia, hind limb placing deficits,
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hypertonia and hyperreflexia, albeit they appear bright, alert, and
continue to eat and drink normally. The neurologic signs gradually
worsen to paraparesis, tetraparesis or paralysis. Affected kids are either
euthanized for welfare/economic reasons or eventually die of sec-
ondary causes such as pneumonia or exposure. Neurological signs are
rarely reported in adults. Chronic, painful polyarthritis (the carpal
joints are most often affected), accompanied by synovitis and bursitis, is
the main syndrome in adult goats. Indurative mastitis with progressive
decrease in normal-appearing milk production is evident, often asso-
ciated with agalactia at parturition. It is evident that the diffusion of
SRLV infection in the herd can significantly affect milk production.
Overall, milk production is estimated to decrease by 10% in affected
herds (Martinez-Navalén et al., 2013). Occasionally, goats with ser-
ologic evidence of CAEV infection may develop chronic interstitial
pneumonia and progressive dyspnea (Barrero Dominguez et al., 2017).
In the absence of vaccines or effective treatment, health preventive
management remains the only approach to limit the spread of SRLV,
thus reducing the prevalence of infection. These prophylactic measures
include: i) separation of kids from seropositive dams immediately at
birth; ii) use of heat-treated colostrum or CAEV-negative colostrum; iii)
increase of culling rate; and iv) periodic serological surveillance and
immediate segregation of seropositive goats. In nation-wide eradication
programs, quarantine of infected herds aids the final stages of a control
program.

In Italy, a record growth rate was observed for the national pro-
duction of goat milk that, between 2010-2016, registered a 162% in-
crease, going from 11,840 to 31,000 tons, relaunching goat breading as
a profitable livestock activity. Nevertheless, few studies have described
SRLV prevalence, the risk factors associated to SRLV infection in goat
population and the negative impact on performance parameters such as
decrease in milk production and milk quality (Gufler et al., 2008;
Tavella et al., 2018). In this study, the current seroprevalence of SRLV
among goat flocks in southern Italy was evaluated and a transversal
comparative study was carried out through the analysis of the possible
risk factors influencing SRLV spread.

2. Materials and methods
2.1. Study plan and sampling

The goat population of two large regions of southern Italy where
small-ruminants breeding is one of the most important livestock ac-
tivities, consists of 202,125 animals (60,085 in Apulia and 142,040 in
Calabria) distributed in 5682 flocks (1439 in Apulia and 4243 in
Calabria) (data upload on 12/31/2017, National Reference Center). A
total of 1060 goat herds were tested from January 2016 to January
2018. Veterinary officers of the National Health System (NHS) visited
flocks and collected a total of 4800 blood samples from the selected
herds during the compulsory, official eradication and surveillance
programs on brucellosis of small ruminants, for which sheep and goats
must be periodically sampled. Sera were separated at laboratories of the
NHS and aliquots were sent to our laboratories for SRLV serological
testing. No further blood sampling was carried out. Animal sampling
was approved by the Ethical Committee of the Department of
Veterinary Medicine, Bari, Italy (prot. n. 1153-III/13). On the day of
sampling, goat farmers answered a questionnaire prepared by the au-
thors to get information on the last 5 years, regarding flocks and in-
dividual animals: gender, age, breed, origin (purchased or born in the
flock), number of goats in the flock, health status, vaccination history,
management (breeding, dairy or meat attitude), housing conditions,
introduction of goats from other herds, and feeding.

The age-categories sampled were productive animals starting from
the age of 1 year, to avoid misinterpretations due to the potential pre-
sence of maternally derived antibodies. After centrifugation, serum
samples were stored at —20 °C until serological testing.
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2.2. Enzyme-linked immunosorbent assay

Detection of antibodies directed against SRLV in individual caprine
serum samples was performed using the enzyme immunoassay MVV/
CAEV p28 Ab verification (IDEXX Laboratories, Inc, USA), following the
manufacturer’s instructions. The test is an indirect ELISA based on the
use of an immunogenic peptide of a transmembrane protein (TM, env
gene) and of the recombinant p28 protein, which enters into the com-
position 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 very stable protein p28 allows the
serological detection of a wide range of SRLV variants. The antibody
test kit reported a sensitivity (Se) of 97.9% and a specificity (Sp) =
99.8%.

Microplates were coated in alternating with control antigen (-Ag)
and MVV/CAEV antigen (+ Ag). Samples to be tested were dispensed in
duplicate in the appropriate —Ag well and in the appropriate + Ag well.
Upon incubation of the test samples, any antibody specific for MVV/
CAEV bound to the antigen in the + Ag wells and formed antigen-an-
tibody immune complexes on the plate well surface. Reading of optical
density (OD) was performed using microplate photometer (Microplate
Reader, Model 680, Biorad Laboratories Inc.) at 450 nm. The amount of
specific antibodies (NE) value for each sample (S) was calculated by
subtracting the corresponding OD value obtained in the Control well (S.
ag) from the OD value obtained in the coated well (S, 5g). The result
was obtained by comparing the NE of each sample with the mean NE of
the positive control (NEX,.). Interpretation of the OD results was ob-
tained calculating the sample to positive ratio (S/P) for each sample by
this formula: 100x(NE/NEX,). Sera were considered positive when the
ratio S/P was higher than or equal to 120%. Doubtful results were re-
corded when S/P ranged between 110% and 120%. Samples with an S/
P < 110% were considered negative.

2.3. Statistical analysis

To include different areas of the regions, the herds were selected
through a stratified sample proportional to the province distribution of
herds, with a random selection in each stratum. The analysis was per-
formed with the sample size calculator (Creative Research System,
Sebastopol, USA). The sample size has been calculated setting a con-
fidence interval of 2.73% and 1.4% for herds and animals respectively,
a confidence level of 0.95, and the number of herds and animals as
scheduled by the national database. Besides, the number of calculated
goats has been distributed among each herd in proportion to its di-
mensional class (Thrusfield, 2004). The data set was subjected to Chi-
quadro test in order to compare incidence of serology positivity be-
tween geographic areas (Apulia vs. Calabria), different herd size
(<100 vs. > 100) and different production (meat vs. milk/meat).
Moreover, variables were submitted to multivariate logistic regression
in order to determine their association power and to calculate Odds
ratio (OR) (confidence level 95%, Clgs) to confirm their role as risk
factors.

3. Results

Though the questionnaire addressed to the farmers the possible risk
factors were elaborated, and a transversal comparative study was car-
ried out from the serological results and from the information obtained
during the visit in the flocks. Goat breeding in southern Italy is mainly
semi-intensive, no kidding area is planned in the flocks, the re-
productive system is based exclusively on natural mating and no regular
and systematic cleaning and disinfection programs are planned.
Consequently, seroprevalence was determined according to two re-
levant risk factors: size herd and type of breeding, beyond the region
factor.

During the observation period, a total of 4800 goat sera were
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Table 1
SRLV seroprevalence (%) and confidence interval (Clos%) according to geographic area, herd size and herd specialization.
Analysed Positives Seroprevalence Clos (%) P value
Geographic area
Apulia 268 160 59.70 53.82-65.57 < 0.05
Calabria 792 388 48.99 45.50-52.47
Herd size
< 100 412 207 50.24 45.41-55.07 n.s
> 100 231 126 54.54 48.12-60.96
Production
Meat 244 145 59.42 53.26-65.58 < 0.001
Milk/Meat 303 131 43.23 37.65-48.81

collected from 1060 flocks and analyzed for SRLV antibody detection.
The individual detected seropositivity was 1864%. The total percentage
of goat flocks exposed to SRLV infection was 51.69%, geographically
distributed per region, herd size and production, as reported in Table 1.
Seroprevalence was significantly higher in farms of Apulia than in those
of Calabria (P < 0.05). On the contrary, the herd size did not show
significant differences in seroprevalence. The management of the farm,
in particular the productive specialization of animals, showed the
higher difference in seroprevalence (59.42% vs 43.23% for meat pro-
ducing farms and milk and meat producing farms, P < 0.001, Table 1).

From the bivariate analysis the geographical area and the produc-
tive specialization of animals showed to be the main risk factors for
SRLV seroprevalence (Table 2). According to recorded results, the herd
size cannot be considered a risk factor.

4. Discussion

Early diagnosis of SRLV infection is crucial for monitoring and
prevention (Reina et al., 2009) and different diagnostic tools, based on
both serological and molecular methods, are available. PCR is sensitive
to monitor and point out amino acids changes within target sequences,
but as SRLVs are responsible for persistent infections, the antibody
screening is the most valuable tool to identify infected animals. As re-
commended by the World Organization for Animal Health (OIE), ELISA
is the most widely used test in the CAEV control programs all over the
world (Reina et al., 2009; Mussi et al., 2015), due to its high sensitivity
and ability to detect low antibody titers earlier than AGID (Lara et al.,
2003).

Though the data on SRLV prevalence observed in different countries
cannot be compared each to other because of differences in sensitivity
and specificity of the diagnostic tests employed, in sampling methods
used and in herd management, bibliography clearly demonstrates that
Europe cannot be considered free of SRLV as defined by Office
International des Epizooties (Peterhans et al., 2004). In the early 1980s,
the pioneer in the control of SRLV was the Netherlands (Houwers et al.,
1987), followed by Finland, Germany, Switzerland, France, Spain and
Italy that adopted voluntary programs (Péretz et al., 1994; Sihvonen
et al., 2000) because, lacking a fit legislation on the matter, the Na-
tional Official Health Authorities were reluctant to start SRLV control
programs. In Italy, however, limited data are currently available on the
prevalence of SRLV antibodies in goat population (Pisoni et al., 2006;
Gufler et al., 2008), probably due to lack of knowledge on the disease,
to poor surveillance from the National Health Authorities and to poor

Table 2
Significance of geographical area, herd size and herd specialization as risk
factors associated with SRLV virus infection.

Odds ratio Clos (%) Z statistic P value
Geographic area 1.26 0.98-1.63 1.822 0.0684
Herd size 0.91 0.68-1.21 0.622 0.5341
Production 1.39 1.04-1.89 2.199 0.0279

farmers’ motivation, with the last being a fundamental aspect of the
voluntary control programs (Peterhans et al., 2004). About 11 years
ago, a compulsory CAEV eradication program was launched in the
Autonomous Province of Bolzano (South Tyrol). It was based on a strict
census of small-ruminant population and on the serological testing of
all animals, followed by the culling of the seropositive goats. As a
consequence of these strict prophylactic measures, during the period
2007-2015, the herd and the individual seroprevalence suffered a
drastic reduction (Tavella et al., 2018).

In the present study, a large-scale survey was carried out in southern
Italy to investigate the SRLV status of goats flocks. The investigation
demonstrated that SRLV is widespread, with overall seroprevalences of
18.64% and 51.69 at the animal and herd levels, respectively. This
finding reasonably reflects the current SRLV herd prevalence in the
global Italian goat population, as different provinces with large number
of goat flocks were tested, and it is also in accordance with the ser-
oprevalences observed all over the world (Aslantas et al., 2005;
Bandeira et al., 2009; Ali et al., 2016; Konishi et al., 2016; Barrero
Dominguez et al., 2017; Yang et al., 2017). In particular, our results
revealed that both the regions and the production systems are able to
affect SRLV seroprevalence, differently from the herd size. Barrero
Dominguez et al. (2017), on the contrary, highlighted a key role of herd
size factor in CAEV, showing that herd size and management techniques
are two associated factors. These difference between Spain and Italy can
be the consequence of the different goat producing system adopted in
southern Italy, where the mean number of goats per herd is significantly
lower than in Spain, and herd management is similar regardless of the
dimensional class of each herd. In fact, the management of all herd is
based on a semi-intensive rearing system, with pasture associated to
indoor housing during nighttime. Herd size influences seroprevalence
of SRLV also in Japan. Konishi et al. (2016) observed that large herd
sizes (> 10 goats) enrolled a seroprevalence higher than 32% at the
herd level, while smaller herd sizes (< 10 goats) registered a lower
prevalence (about 10%) at herd level. Probably, this may be due to a
different clustering of data set according to herd size, as a consequence
of the different situation in southern Italy compared to goat herd
management in Japan.

Interestingly, the herd production specialization seems to be the
main risk factor in Italy, with higher seroprevalences observed in meat
production herds. Herds management is really different in relation to
the productive specialization. In the meat producing herds there are
neither high-standard hygienic procedures nor animal monitoring as
instead occurs in milk producing herds, where animals are managed
twice daily for milking and the relationship between dams and kids is
well conducted for ensuring an adequate quantitative and qualitative
milk yield, in addition to a correct weaning method for kids.

Regardless of the overall prevalence observed, in the presence of a
low seropositivity, the objective of the control programs should be to
obtain an SRLV-free country, or at most, to maintain the low-prevalence
status, whereas countries with a high SRLV prevalence should aim to
reduce the virus circulation in small ruminant flocks. Considering that
the animal trade represents the main route of SRLV spreading (Shah
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et al., 2004; Konishi et al., 2016), animal importation and individual
trading among herds should be restricted to herds having the same
sanitary status (Tavella et al., 2018). In Italy, no CAEV-free certification
is required when importing goats and goat products. Therefore, to re-
duce and/or minimize the risk of SRLV infection, extensive control and
eradication programs should be introduced: i) newborn kids should be
removed from their dams right after birth and artificially fed with heat-
treated colostrum (56 °C for 1h), bovine colostrum or commercially
available colostrum; ii) infected animals should be segregated from
negative goats; iii) animals aged over three months should be periodi-
cally tested for SRLV; iv) goats and goat semen should be selected from
certified SRLV-free goat farms. Even the implementation of less ag-
gressive and drastic control measures, such as only replacing goats with
the offspring of seronegative animals and separating infected from non-
infected goats, could significantly reduce virus circulation in infected
flocks, thus leading to the progressive control of the infection in highly-
infected areas, as observed elsewhere (Péretz et al., 1994). However,
since farmers’ motivation is a fundamental aspect of the voluntary
control programs (Peterhans et al., 2004), the prophylactic measures
cannot be implemented by many farmers that do not see immediate
economic and productive benefits in controlling the infections (Pérez
et al., 2010), mostly because of the greater workload implication and
the lack of extra-housing facilities.

It is evident that the seropositivity observed in goat flocks of
southern Italy was the direct and obvious consequence of the lack of
mandatory SRLV eradication programs. The reduction of the percentage
of positivity in the herd and the eradication of the infection could be
achieved through different strategies and operating modes that should
take into account the structures, the type of breeding and the spread of
the infection within the herd.

Our investigation represents only a preliminary study aiming to
raise the “SRLV problem”, which is greatly underestimated in our
country. The next phase in the SRLV surveillance should be the char-
acterization of the genome of the circulating strains and consequently
the set-up of specific serological tools that could improve the sensibility
of the serological monitoring program.
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