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ABSTRACT

Background: Small ruminant lentiviruses (SRLVs) and Mycobacterium avium subsp. paratuberculosis (MAP) are
major pathogens affecting sheep and goats, leading to significant economic losses and animal welfare concerns.

Aim: To investigate the frequency of SRLV e MAP seropositivity in sheep and goats in the Emilia Romagna region
through a comprehensive serological examination.

Methods: A total of 387 sera (304 sheep and 81 goats) were subjected to enzyme-linked immunosorbent assay for the
detection of antibodies against SRLV serotypes A, B, and E and for the detection of antibodies against MAP.

Results: Serological analysis showed that 81.3% of the animals were positive for at least one causative agent, of which
93% were positive for SRLV, 0.3% for MAP, and 6.6% for SRLV-MAP co-infection. Furthermore, in both SRLV-only
positive and SRLV-MAP co-infected samples, genotype B was the most representative (45.7%).

Conclusion: The results of the study showed the presence of SRLV and paratuberculosis, as well as a prevalence of
SRLV-MAP co-infection, for the first time in sheep and goats in the region, as well as the prevalence of SRLV-MAP
co-infection, underlying the importance of implementing effective measures to control the spread of pathogens in

small ruminants.
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Introduction

Small ruminant lentiviruses (SRLVs) are a group
of highly genetically diverse RNA viruses that
infect monocytes and macrophages, causing chronic
inflammation in multiple tissues (Blacklaws et al.,
2012). The transmission of SRLV primarily occurs
through the exposure of newborn lambs and kids to
virion particles and infected cells present in colostrum
and milk, or via respiratory secretions from the mother
or nearby adults (Ramirez et al., 2013; Furtado et al.,
2020). Additionally, SRLV can be transmitted directly
to the fetus in utero or during birth (Stonos et al., 2017).
Recent studies have shown that seropositivity to
SRLV is a risk factor for Mycobacterium avium
subsp. paratuberculosis (MAP) infection due to
immunological and physiological interactions.
SRLV infection causes chronic inflammation and
immunosuppression, increasing susceptibility to MAP
and impairing macrophage activity and cytokine
dynamics (Cousins et al., 2002; Cecchi et al., 2019).
MAP, the etiologic agent of paratuberculosis or Johne’s
disease, affects domestic and wild ruminants, causing

chronic granulomatous enteritis with tropism for
macrophages in the ileum (Whittington et al., 2019).
MAP infection develops in several stages, beginning
with a subclinical phase in which infected animals
shed MAP in feces, contributing to environmental
contamination. As the disease progresses, clinical signs
include chronic diarrhea, weight loss, and decreased
food intake (Manning et al., 2001). SRLV infections,
although also chronic and without obvious clinical
signs, share with MAP a significant impact on animal
health and the small ruminant industry, negatively
affecting both animal welfare and economic aspects
(Bakker et al., 2010). The economic impact of both
pathogens, even in subclinical forms, results in reduced
productivity and financial losses for farmers, whereas
more severe clinical manifestations can lead to reduced
milk and meat production and increased culling due to
the synergistic effects of both pathogens (Arsenault et
al.,2003; Martinez-Navalon et al.,2013; Windsor et al.,
2015). Early diagnosis of MAP and SRLV infections
is a major challenge for control and eradication: for
SRLYV, there are no “gold standard” tests or diagnostic
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protocols with good sensitivity and specificity; for
MAP, diagnosis is based on isolation of the pathogen
by fecal culture, a lengthy process due to the slow
growth of the microorganism, resulting in difficulties
in early detection and timely implementation of control
measures, which in small ruminants are mainly based
on prevention and biosecurity measures (Robbe-
Austerman, 2011; Barquero et al., 2013; Kalogianni et
al., 2021; Schaer et al., 2022). Biosecurity measures
to control these pathogens are very important and
include isolation and quarantine of new animals prior
to introduction to the farm, segregation by age group,
maintenance of staff and equipment hygiene to prevent
cross-contamination, and strict isolation of infected
animals to prevent transmission of the pathogen
between animals (Reina et al., 2009; Serraino et al.,
2013). Therefore, understanding the associated risk
factors is crucial for the effective implementation
of biosecurity plans. Therefore, understanding the
associated risk factors is critical for the effective
implementation of biosecurity plans.

The aims of this study were: i) to investigate the
seroprevalence of MAP and SRLV, with particular
reference to its genotypes (A, B, E), among sheep
and goats in the Emilia-Romagna region in Italy; ii)
to estimate the herd-level prevalence correlated with
MAP and SRLYV infection.

Materials and Methods

Sample collection

Serum samples were collected individually from 31
sheep and goat farms located in the Emilia-Romagna
region (Italy), randomly selected, and obtained during
the internship activities of the Veterinary Medicine
Degree Course of the University of Bologna, over the
academic years 2016-2017, 2017-2018, and 2018—
2019. Samplings were performed in concomitance
with the health controls performed by the veterinarian
authorized by the Local Health UnitAnimals were
selected randomly on the basis of clinical examination
characteristics and owner availability. As a result,
there was no guarantee of uniformity between the
different sampling sites. The individual serum samples
were collected through the use of sterile needles
with Vacutainer® systems to extract blood from the
jugular vein. Subsequently, the collected samples were
maintained at room temperature and transported to the
laboratory, where they were subjected to centrifugation
at 2,000 rpm for 15 minutes to isolate the serum
component. The serum was then promptly frozen at
—20°C (= 1°C) within Eppendorf® tubes to preserve
it for later analysis. For each sampled animal, the
following data were recorded: species (sheep/goat), age
(<2, 2-4, 5-10, and >10 years). Herd-level variables
were also recorded: productive category (milk, meat,
mixed, other), herd size (<100 individuals; 101-170;
>170), and province (Bologna, Ferrara, Rimini,
Ravenna, Forli-Cesena).

Sample analysis

Two different indirect enzyme-linked immunosorbent
assays tests were used: one to detect antibodies to
SRLV genotypes A, B, and E (Eradikit™ SRLV
Genotyping Kit, In3diagnostic, Grugliasco, Italy),
and another to detect antibodies to MAP (ID Screen®
Paratuberculosis Indirect Kit, Innovative Diagnostics,
Grabels, France) (Se: 58.3%; sp: 99.3%). Results were
read using an Infinite® F50 spectrophotometer and
Magellan™ analysis software (Tecan, Mainnedorf,
Switzerland). Interpretation of results was based on the
cut-off values provided by the kit manufacturers.
Statistical analysis

A descriptive statistical analysis was performed. The
apparent prevalence of both MAP and SRLV was
calculated by dividing the number of positive sera for
the total of sera tested in each farm. At the farm level,
the apparent prevalence was calculated by dividing
the number of farms with at least one positive serum
sample for the total number of included farms. The
association between the variables “species”, “age
group”, “production category”, ‘“farm size”, “farm
geographical area”, and MAP positivity, SRLV
positivity (in general and at genotype-level), SRLV-
MAP co-infection was also assessed. In the analysis,
sheep and goats were considered as one group for all
variables except “species,” where they were considered
as two separate groups. SRLV genotypes were not
considered for the evaluation of the age group, as they
represent an unchanging datum over time. Animals
of unknown species, age, or farm herd size were not
included in the respective analyses.

The Chi-squared test or Fisher’s exact test (whenever
expected frequencies were less than 5) was used to
assess the presence of statistically significant differences
in the number of co-infections among SRLV-positive
patients, taking into account the variables mentioned
above. Analyses were performed using Stata BE (v.
17.0) (StataCorp, Texas, USA). The significance level
was set at p < 0.05.

Ethical approval

The farmers’ informed consent and the protocol
approved by the Ethics Committee were formally
signed by the University of Bologna as part of an
agreement with the host companies. This agreement
allowed educational traineeships to be conducted
at their facilities, guaranteeing compliance with
ethical regulations and adherence to the principles of
transparency and collaboration with the companies
involved.

Results

A total of 387 individual serum samples were collected
from 31 farms. Sera comprise 304 (78.6%) sheep and
81 (20.9%) goats. Median age was 5 years (IQR 3-8
years). The median herd size was 152 animals (IQR
89-169). At the farm level, the apparent prevalence
of SRLV was 67.7% (21/31) and that of MAP+SRLV
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was 32.3% (10/31). The majority of farms were sheep
farms (21/31, 67.7%), followed by mixed farms (6/31,
19.4%) and goat farms (4/31, 12.9%). Productive
category was milk farms (13/31, 41.9%), meat farms
(14/31, 45.2%), mixed farms (3/31, 9.7%), and other
farms (1/31, 3.2%). Overall, 336 of 387 (86.82%)
animals were positive for at least one causative agent.
Among these, apparent seroprevalence for MAP
was 0.2 % (1/387) and 81.1% (314/387) for SRLV.
Apparent cases of co-infection were 5.4% (21/387).
The genotypic distribution of the 314 samples positive
for SRLVs was as follows: 37 (90.2%) exhibited
only the A genotype, 134 (91.8%) carried only the B
genotype, and 40 (100.0%) were characterized only
by the E genotype. In addition, 82 animals (94.3%)
had an indeterminate result and were therefore likely
to be infected with more than one genotype. Among
the 21 co-infected samples, the distribution of SRLV
genotypes was as follows: 4 (9.8%%) possessed the
A genotype, 12 (8.2%) possessed the B genotype, and
none exhibited the E genotype. Five subjects (5.7%)
were positive for more than one genotype.

Table 1 presents the percentage of animals positive
for MAP, SRLYV, and both infections according to the
variables considered. Table 2 presents the percentage of
animals positive for various SRLV serotypes according
to the risk factors considered.

Sheep were significantly more frequently infected
with genotypes B (p-value = 0.004) and E (p-value =
0.009). Seropositivity to MAP, and hence co-infection,
was significantly more common in goats than in sheep
(p-value < 0.001). No significant differences were
found in the SRLV genotypes involved in coinfections.
At the herd level, no significant differences were
found in the prevalence of coinfection according to a
productive category and geographical area. However,
it was observed that herd sizes <101 and 101-170 were
significantly associated with a higher frequency of
serotype A (p-value = 0.004).

Discussion

This study provides an analysis of the prevalence of
MAP, SRLV, and SRLV-MAP coinfection in 31 goat
and sheep farms in the Emilia—Romagna region. The
collected data indicate a high prevalence of SRLV
infection in both sheep and goats, with a positivity rate
0f77.1% in sheep and 22.9% in goats, a difference close
to statistical significance (p = 0.056). This difference
between the two species agrees with a study conducted
by Jacob-Ferreira et al. (2023) in Portugal, which
reported a prevalence of 38.23% in sheep and 51.7% in
goat flocks, but in contrast to data from Michiels et al.
(2018) in Belgium, which reported a prevalence of 9%
in sheep and 6% in goats. The reasons for the different
results may depend on the animal management
practices, flock densities, and environmental or climatic
factors of the respective countries.

A wide variety of SRLV prevalence is found in
several studies in the literature that considered only
one of the two species, ranging from 1.1% to 65%
(Karanikolaou et al., 2005; Giangaspero et al., 2011;
Agnello et al., 2012; Monika et al., 2017; Thomann
et al., 2017; Cirone et al., 2019; Tavella et al., 2021).
Differences in prevalence can be attributed to several
factors, including geographical area, herd management
practices, variability in species and breed susceptibility,
and genetic diversity among animals (Leginagoikoa
et al., 2006; Gjerset et al, 2009; Jacob-Ferreira et al.,
2023). Indeed, Larruskain et al. (2013) suggested that
breed genetic characteristics may play a significant
role in influencing susceptibility or resistance to SRLV
infection and disease progression. Furthermore, the
different diagnostic techniques used in the studies,
coupled with the existence of different SRLV genotypes
(A-E) and their varying geographical distribution, add
another layer of complexity when comparing data on
a global scale (Pérez ef al., 2010; Zhang et al., 2013;
Heinrichs et al., 2017). Regarding the geographic
distribution of the different genotypes, -current
information suggests a wide distribution of genotypes A
and B in different regions of the world (Gomez-Lucia,
2018; Bazzucchi et al., 2021; Arcangeli et al., 2022).
In particular, subtypes A3, A5, A8, A9, All, A19, A20,
A23, A24, BI1, B2, and B3 are mainly circulated in
Italy (Arcangeli ef al., 2022). Genotypes C and D have
been identified in more restricted geographical areas:
genotype C has so far been identified only in Norway,
and genotype D is currently considered limited to Spain
and Switzerland (Minguijon ef al., 2015; Bazzucchi et
al.,2021; Arcangeli et al., 2022). Genotype E (subtypes
E1-E2) is closely associated with Italian goats: subtype
El is mainly associated with goats in northern Italy,
whereas subtype E2 has been identified in goats in
Sardinia and Umbria (Arcangeli ez al., 2022; Carrozza
et al., 2023). The serological analysis performed in our
study showed that genotype B was the most prevalent
genotype in both sheep (71.2%) and goats (28.8%),
in line with previous national studies (Agnello et al.,
2011; Bazzucchi et al., 2021; Arcangeli et al., 2022).
To the best of our knowledge, this is the first time that
genotype E has been reported in goats, suggesting
potential interspecific transmission (Liapi et al., 2011;
larussi et al., 2019), given that genotype E was found
in two individuals, one of them from mixed farms.

The study also assessed the prevalence of MAP in
small ruminants. Currently, studies on these species are
limited and inconsistent, both in terms of sample size
and diagnostic techniques used. Our study showed that
5.7% of the 387 (304 sheep, 81 goats, and 2 not-defined)
samples tested were positive for MAP. This result is
consistent with previous data from the literature, which
indicates that MAP seropositivity generally ranges
from 5% to 20% (Attili et al., 2011; Liapi et al., 2012;
Salgado et al.,2011; Stau et al., 2012; Kumthekar et al.,
2013; Barrero et al., 2017; Galiero et al., 2017; Iarussi
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Table 1. Prevalenceoff MAP, SRL, and coinfections.

Individual variables

SRLYV infection
Negative Positive Total p-value
N=173 N=314 N =387
Species
Goat 9 (12.7%) 72 (22.9%) 81 (21.0%) i
Sheep 62 (87.3%) 242 (77.1%) 304 (79.0%)
MAP infection
Negative Positive Total
N=1386 N=1 N =387
Species
Goat 80 (20.7%) 1 (100%) 81 (21.0%)
Sheep 304 (79.0%) 0 (0.0%) 304 (79.0%) Not applicable
MAP + SRLYV infection
Negative Positive Total
N=2366 N=21 N=387
Species
Goat 67 (18.5%) 13 (61.9%) 81 (21.0%) D
Sheep 296 (81.5%) 8 (38.1%) 304 (79.0%)
Herd-level variables
SRLV SRLV+MAP Total
N=21 N=10 N=31
The production category
Meat 11 (52.4%) 2 (20.0%) 13 (41.9%)
Milk 8 (38.1%) 6 (60.0%) 14 (45.2%) R
Mixed 2 (9.5%) 1 (10.0%) 3 (9.7%)
Other 0 (0.0%) 1 (10.0%) 1 (3.2%)
Herd size
<100 5 (23.8%) 5 (50.0%) 10 (32.3%)
101-170 9 (42.9%) 3 (30.0%) 12 (38.7%) s
>170 6 (28.6%) 2 (20.0%) 8 (25.8%)
Unknown 1 (4.8%) 0 (0.0%) 1 (3.2%)
Province
BO 12 (57.1%) 6 (60.0%) 18 (58.1%)
FC 1 (4.8%) 0 (0.0%) 1 (3.2%)
FE 5 (23.8%) 3 (30.0%) 8 (25.8%) 1
RA 1 (4.8%) 0 (0.0%) 1 (3.2%)
RN 2 (9.5%) 1 (10.0%) 3 (9.7%)

This table shows the prevalence prevalence of Mycobacterium avium subspecies paratuberculosis (MAP), small ruminant lentiviruses (SRLVs),
and their co-infections, categorized by species, age group, production category, farm size, and geographical area.

et al., 2019). However, it is important to note that the
prevalence of seropositivity can vary significantly
between geographical regions. For example, studies in
Spain reported positivity in 22.5% of goats, whereas in

Italy, the reported values ranged from 2.5% to 9.7% in
sheep and goats (Stau ez al., 2012; Barrero et al., 2017).
The notable SRLV-MAP coinfection prevalence is a
cause for concern. While sheep had a low coinfection
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Table 2. Prevalence of different SRLV serotypes.

The SRLYV genotype
A B E Undetermined Total
N=41 N=146 N=40 N=87 N=314
Individual variables
Species
Goat 8 (19.5%) 42 (28.8%) 2 (5.0%) 20 (23.0%) 72 (22.9%)
Sheep 33 (80.5%) 104 (71.2%) 38 (95.0%) 67 (77.0%) 242 (77.1%)
p-value 0.800 0.004 0.009 0.612
Infection
SRLV 37 (90.2%) 134 (91.8%) 40 (100.0%) 82 (94.3%) 293 (93.3%)
MAP-+SRLV 4 (9.8%) 12 (8.2%) 0 (0.0%) 5(5.7%) 21 (6.7%)
p-value 0.497 0.305 0.088 0.686
Herd-level variables
The production category
Meat 8 (19.5%) 39 (26.7%) 10 (25.0%) 33 (37.9%) 90 (28.7%)
Milk 26 (63.4%) 86 (58.9%) 27 (67.5%) 45 (51.7%) 184 (58.6%)
Mixed 5 (12.2%) 10 (6.8%) 2 (5.0%) 6 (6.9%) 23 (7.3%)
Other 2 (4.9%) 11 (7.5%) 1 (2.5%) 3 (3.4%) 17 (5.4%)
p-value 0.655 0.306 0.747 0.049
Herd size
<101 20 (48.8%) 42 (28.8%) 6 (15.0%) 21 (24.1%) 89 (28.3%)
101-170 14 (34.1%) 75 (51.4%) 26 (65.0%) 52 (59.8%) 167 (53.2%)
>170 7 (17.1%) 28 (19.2%) 8 (20.0%) 12 (13.8%) 55 (17.5%)
p-value 0.004 0.276 0.152 0.569

This table presents the prevalence prevalence of different serotypes of small ruminant lentiviruses (SRLVs), categorized according to species,

production category, and farm size.

rate (38.1%), goats had a much higher rate (61.9%).
This divergence may indicate different susceptibility
or transmission dynamics between the two species, but
further studies are needed.

Regarding the prevalence at the herd level, only
the “between-herd” prevalence could be calculated
because the samples were not fully representative.
The observed prevalence was 67.7% for SRLV and
32.3% for coinfection. Although these results are not
representative of the entire region, they provide a useful
overview for a general assessment of the situation.
The patterns observed can guide targeted control
measures, inform management practices, and improve
disease surveillance. However, further studies are
needed to elucidate the mechanisms behind genotype-
specific interactions, age-dependent susceptibility, and
regional variations. In addition, longitudinal studies can
provide insights into disease dynamics over time and
the effectiveness of interventions. The major limitation
of this study was the lack of a consistent distribution
of animals in terms of age, production category,
geographical area, and herd size. Additionally, the

nature of the samplings (“convenience samplings”)
did not allow a systematic selection of the animals. A
further limitation concerns the absence of Se and Sp
values for Eradikit, which precluded the possibility of
performing an accurate analysis of the true prevalence.
Despite these limitations, the collected data provide a
good basis for understanding MAP, SRLV, and their
interactions.

Conclusion

Research focusing on SRLV and MAP co-infection in
small ruminants remains limited, and even fewer studies
have addressed the co-occurrence of infectious diseases
of viral and bacterial origin. Although our study was
limited by the small sample size and the heterogeneity
in the selection of subjects, the preliminary results
were remarkable. The epidemiological characteristics
of the two pathogens, in agreement with the results
of other studies, suggest associations with various
factors, including animal-related aspects such as
species involvement and management practices specific
to Italian small ruminant production in Italy. By
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comprehensively analyzing these interrelated aspects,
we aim to contribute to the development of more
targeted and effective measures to safeguard the health
and productivity of sheep and goats while addressing the
complex challenges posed by these pathogens within the
livestock industry. In conclusion, despite the inherent
limitations of the study, due to the small sample size
and the type of sampling, the results obtained provide
a significant contribution to the prevalence of SRLV
and MAP, as well as co-infection in small ruminants
in the Emilia—Romagna region. Of particular interest is
the detection of SRLV genotype E in a goat population,
which was documented here for the first time. Although
these results are preliminary, they provide a basis for
further studies to understand the complex interactions
between these pathogens and their impacts on sheep
and goat flocks. In addition, the results can be used
as a starting point for the development of biosecurity
checklists aimed at controlling these diseases.
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