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Abstract

Introduction: The aim of the study was to investigate the relationship between biosecurity as scored on the Italian National
Animal Welfare Reference Centre (Centro di Referenza Nazionale per il Benessere Animale — CReNBA) checklist and the
prevalence of Mycobacterium avium subsp. paratuberculosis, Chlamydophila abortus and Neospora caninum on dairy farms
located in Ragusa, Italy. Material and Methods: The checklist was used to assign an animal welfare score to 31 dairy farms.
Twenty-one farms with a moderate score (>33%, <66%) formed group 1, and 10 farms with a high score (>66%) were group 2.
Blood samples were collected from all cows on each farm to investigate the titres of antibodies against the relevant pathogens.
Two-way analysis of variance was applied to assess differences between the two experimental groups and the Mann—Whitney test
was applied to evaluate prevalence differences in the tested parasites between the groups. Results: All tested farms had a score that
classified them as either good or excellent. A higher incidence of Neospora caninum was observed in group 1. The incidences of
the other two parasites were no different between the two groups. Conclusion: The CReNBA checklist represents an impartial,
reproducible, functional and smart instrument based on risk analysis and assigns a farm a mathematical animal welfare score.
Among the parasites tested for, only Neospora caninum had prevalence influenced by biosecurity. Our preliminary results
highlighted the positive associations between good animal welfare, high levels of biosecurity, and the prevention of the infectious
diseases caused by the parasites in our focus, which are common on dairy farms.
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factors at the animal level (age, parity, lactation stage,
breed, and immune status), as well as at the farm level
(housing, nutrition, climate, and management)
contribute together to the occurrence of disorders (17).
Poor environmental conditions can affect several
homeostatic functions and reduce the productive and

Introduction

In many countries, the dairy industry is increasingly
focusing on the control of biosecurity and infectious
diseases (2). Such diseases are resisted, if resistance is
possible in the physiological state, by fully

immunocompetent animals which do not have to
contend with significant challenges to the immune
system. However, on a farm these challenges are
manifold and may be from infectious and non-infectious
stressors, the effects of which on immunity cannot easily
be discriminated and can overlap (16). Stressors are the
driving factors in farm animal welfare, and in light of the
varied nature of potential stressors, welfare should be
viewed as a global condition. Different conditions or

reproductive performance of livestock. Stress factors
and poor welfare can also compromise the animal’s
immune system and increase its susceptibility to
diseases (16). Other relevant risk factors are those
related to the calves’ feeding management (20).
Endemic or epidemic diseases jeopardise livestock
production, which directly affects the farmer but also
many formal and informal actors in the often complex
value chains of animal products. Outbreaks of infections
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with high morbidity and clear clinical signs and/or
increased mortality are likely to be recognised by
farmers and linked to losses in production. However,
endemic infections with less dramatic clinical
manifestations such as reproductive disturbances,
diarrhea or poor growth may be a part of what farmers
perceive as normal and not possible and/or worthwhile
to control, despite their negative effects on the farm’s
income and the region’s food security (17, 22). Diseases
that are endemic need not afflict every farm in a region
but can be transmitted from farm to farm if precautions
are not adequate. The prevention of the introduction and
spread of infectious diseases in animal production is the
aim of management practices collectively termed
biosecurity. Studies have shown biosecurity to be
associated with reduced odds of diseases, improved
productivity, and lower use of antimicrobials (8). Risks
to the dairy industry can be reduced if dairy farmers
proactively respond to specific changes, for instance, by
stepping up their efforts to raise biosecurity and cut down
the use of antimicrobials and hormones, while concurrently
ensuring high standards of animal welfare (4). Improving
animal welfare can positively affect numerous aspects of
disease resistance and product quality; these consequences
have immediate relevance to food safety and quality (5).
Biosecurity measures for infectious diseases prevention
comprise two major elements: reducing the probability
ofthe introduction of the infectious agent to the farm and
reducing the likelihood of its transmission within the
herd (12). Among the infectious diseases that can have
subclinical manifestations and can be introduced into the
herds through infected animals, staff, vehicles or by
horizontal transmission, Mycobacterium avium subsp.
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paratuberculosis, Chlamydophila abortus and Neospora
caninum inflict notable economic losses and are the most
investigated in the south of Italy (6, 9, 18).

In 2011, the Istituto Zooprofilattico Sperimentale
della Lombardia e dell’Emilia Romagna (IZSLER) developed
a draft welfare assessment protocol on dairy farms. This
was possible thanks to the aid of the Italian National
Animal Welfare Reference Centre (Centro di Referenza
Nazionale per il Benessere Animale — CReNBA) and its
composition of a checklist. Welfare assessment requires
a multidisciplinary approach, and the CReNBA
checklist monitors both animal-based measures and non-
animal-based measures on dairy cattle farms. Health is
the key component of welfare (e.g. the presence or
absence of disease, organ function, metabolic processes,
and internal body condition) and is primarily monitored
using haematological and biochemical tests (16).

The aim of the present study was to investigate the
prevalence of Mycobacterium avium subsp. paratuberculosis,
Chlamydophila abortus and Neospora caninum on dairy
farms classified on the basis of their biosecurity score in
the CReNBA welfare assessment protocol.

Material and Methods

The study was carried out on 31 high-producing
dairy farms located in the province of Ragusa, Italy
(36°55'48" N, 14°4424" E and 515 m above sea level)
(Fig. 1), with stocks of a variety of breeds of lactating
cows (Italian Friesian, Italian Brown, Red Pied
Fleckvieh, Jersey and crossbreeds) aged between
6 months and 12 years.

934m

Fig. 1. Map of the province of Ragusa, Italy (36°55'48"” N, 14°4424" E and 515 m above sea level)
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The herds varied in size from 28 to 418 cows per
farm made a total of 2,312 cows and averaged 110.10
head each in group 1, which was a group of farms with
good biosecurity and welfare; they varied from 52 to 228
cows per farm, made a total of 1,270 cows and averaged
127 head each in group 2, which was a group of farms
with excellent biosecurity and welfare. On all farms,
cows were housed in barns with access to a grazing area
at least 10 hours a day, and milking was performed twice
a day with a milking machine. They were fed a balanced
diet daily (fodder, hay and silage), and water was
available ad libitum.

The CReNBA method was used for the assessment
of the quality of animal welfare maintained on each
farm. The checklist provides a 360° view of the farm by
the scores assigned to explicit criteria. The evaluators
are qualified veterinarians who take a specific training
course. Structural, managerial and biosecurity aspects
contribute to determining the final score of the
production enterprise, together with the evidence of the
animals’ ability to adapt to the environment. The
checklist is composed of five macro-areas of
investigation: A — Farm management and personnel; B—
Facilities and equipment; C — Animal-based measures
(where the assessment of risk and of the consequent
negative effects on cattle is carried out); D — Inspection
of microclimatic environmental conditions and alarm
systems (where the fitness to respond in the event of
serious negative events (e.g. fire) is assessed); and E —
Biosecurity, for a total of 90 items. The score for each
item was put into the appropriate database created by
CReNBA (http://benessereruminanti.izsler.it), and then
a score for each macro-area and an overall score for the
farm was obtained. Certification of “Animal Welfare
and Biosecurity Assessment” inspected status by
CReNBA is the end of the procedure. The score ranges
from 0 to 100 and identifies general welfare conditions
of the herd, bracketing scores into “unclassified”,
“acceptable”, “enhanced” and “excellent” categories.

Based on the result in the Area E, Biosecurity, the
Ragusa farms were divided into two groups: group 1
consisting of 21 farms with a score between 33% and
66% (good welfare or biosecurity) and group 2,
consisting of 10 farms with a score greater than 66%
(excellent biosecurity).

Blood sample collection and serum analysis.
Blood samples were collected from all animals on each
farm by coccygeal venipuncture into Vacuette vacuum
tubes (Greiner Bio-One, Kremsmiinster, Austria) with
no anticoagulant additive. Blood samples were centrifuged
at 3,500 rpm for 10 min and the obtained sera were
transferred into plastic tubes. The serum samples were
analysed for the detection of Mycobacterium avium
subsp. paratuberculosis, Chlamydophila abortus, and
Neospora caninum antibodies using an indirect ELISA
and following the manufacturer’s instructions (ID.Vet,
Grabels, France). Each serum sample was tested in
duplicate and the final results were read by a
spectrophotometer (Sirio, SEAC, Florence, Italy)
measuring the optical density (OD) at 450 nm.

Data analysis. All data were expressed as mean +
standard deviation (SD). Data obtained from the
CReNBA analysis for the five inspected areas were
normally distributed (Shapiro—Wilk test; P < 0.05).
Two-way analysis of variance (ANOVA) was applied to
compare the groups and the five areas. Bonferroni’s test
was applied for post-hoc comparison. Data obtained by
the serological test were not normally distributed
(Shapiro—Wilk test; P > 0.05). The Mann—Whitney test
was applied to compare the prevalence of antibodies to
the investigated bacteria and protozoa between the two
groups. Values of P <0.05 were considered statistically
significant. Statistical analysis was performed using
Statistica 7.0 (Stat Soft, Tulsa, OK, USA).

Results

The mean percentages and standard deviations
(+SD) of animal welfare assessment areas D, the
biosecurity area E and the overall score in group 1 and
group 2 are reported in Table 1.

The two-way ANOVA showed a significant effect
of the group (P < 0.0001) and the area of the facilities
(P<0.0001). In particular, Bonferroni’s post hoc comparison
indicated a higher percentage in area B in group 2 than
group 1 (P <0.05). The Mann—Whitney test made a higher
incidence of Neospora caninum in group 1 than in group
2 (P = 0.0008). The incidences of the bacteria did not
show statistical differences (Table 2).

Table 1. Mean percentages and standard deviations (+SD) of animal welfare assessment areas A and D, the biosecurity area E, and the overall

score in group 1 and group 2

Area A Area B Area C Area D Area E
Farm Inspection
Facilities and Animal-based of microclimatic . . Overall score
management . . o Biosecurity
equipment measures environmental conditions
and personnel
and alarm systems

Group 1
Biosecurity 70.63 £10.68° 6235+ 13.11°  82.30+7.15° 53.90 £8.19° 50.13+£847°  74.91+7.29°
between 33%
and 66%
Group 2
gr‘;’;g“my 7640 £11.47% 7105+ 10.64°  85.69 +4.86° 58.65 £8.76° 71.16£559°  79.64+5.17°
than 66%

Different superscript letters show significant differences between groups (P < 0.05)
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Table 2. Mean percentages and standard deviations (£SD) of the antibodies against Mycobacterium avium subsp. paratuberculosis, Chlamydophila
abortus and Neospora caninum recorded in the animals of group 1 and group 2 farms

Mycobacterium avium subsp. paratuberculosis

Chlamydophila abortus Neospora caninum

Group 1
Biosecurity between
33% and 66%

4.11+5.63°

0.89+1.37% 23.08+12.17*

Group 2
Biosecurity greater than
66%

432+4.00?

027+0.81* 16.52 £28.23"

Different superscript letters show significant differences between groups (P = 0.0008)

All the tested farms attained an overall animal
welfare score greater than 60% (4). Among the 31
examined farms, 21 achieved an overall animal welfare
score between 60 and 80% and were classified as
“good”. The remaining 10 achieved an overall animal
welfare score >80% and were graded as “excellent” (13).
In group 1, 76.19% of the farms merited the evaluation
“good” and 23.81% of the farms were at the “excellent”
standard; in group 2, 50% of the farms were “good” and
50% of the farms were “excellent”.

Discussion

Mycobacterium avium subsp. paratuberculosis can
frequently be found in dairy cattle, which results in
significant economic losses because of persistent
contagious infection and animal morbidity (11). This
bacterium is usually introduced into herds via
contaminated faeces from infected but asymptomatic
cattle. Other routes, such as via contaminated faeces
carried by vehicles, equipment, or visitors, grazing on
contaminated pasture or drinking from contaminated
water sources, or via other ruminants’ faeces, are less
common but may be involved. Biosecurity is therefore
of paramount importance to prevent the introduction of
this disease to herds (21). This study indicated a very
low seroprevalence of Mycobacterium avium subsp.
paratuberculosis, with no differences between the two
tested groups. Bates ef al. (3) reported results partially
similar to ours: with a combination of pre-calving
diagnostic testing to identify and remove animals that
were the major source of disease spread, and simple
management changes, there was a reduction in infection
over a 4-year period in multiparous cows from 29.9% to
2.3%.

Chlamydial infections in cattle can range from
subclinical to sporadic acute disease manifestations and
have an impact even at subclinical levels (1).
Chlamydophila abortus has garnered significant
research attention owing to its potential to cause
zoonotic infection, its veterinary importance, and its
economic impact (7). In contrast to the results gained by
Zhou et al. (23), who found a seroprevalence of
Chlamydophila abortus in Chinese cows between 3 and
35%, it was evident in the Italian herds that
Chlamydophila abortus in general had a low incidence
with a seroprevalence of 0.89% in group 1 and of 0.27%
in group 2. This is in accordance with Anstey et al. (1)
who stated that animal husbandry and management

systems can potentially influence infection loads in
cattle. Talafha et al. (19) showed that the source of feed
and water, whether newly purchased animals were
isolated, whether calving took place in pens, and the
abortion rate were not significantly associated with
seropositivity to Chlamydophila abortus.

Neonatal mortality is a major problem in livestock
operations, as are abortions, of which neosporosis is
a major cause in cattle. Neosporosis has emerged as
a serious disease of cattle and dogs worldwide (10). It is
very difficult to eradicate this disease because dogs may
wander around farms and have close contact with cattle.
Therefore, the presence of dogs on a farm could
potentially raise the risk of horizontal transmission (9).
Our results are in accordance with a review (14) where
it was highlighted that the application of management-
based control options could limit transmission. In herds
with seroprevalence below 18-21% in particular,
implementing suitable biosecurity measures aimed at
managing host-pathogen interaction can reward the
farmer and be beneficial for the control of other
infectious diseases of cattle. Llano et al. (15) showed
a prevalence of 28.3% for Neospora caninum in cattle
which was slightly higher than what we found. In
preliminary observations made in Sicily in dairy and
meat cattle, Neospora caninum had an incidence rate of
88.23% on the tested farms (6).

In conclusion, we can affirm that the application of
a validated checklist indicated a good percentage of
farms in the investigated region to merit being graded
“excellent” in animal welfare and showed this to be
concomitant with a high level of biosecurity. The
checklist may become a fundamental veterinarian tool
for the early detection of stress conditions. In this
preliminary study, the achievement of none of the
evaluated farms of a welfare score so low as to grade it
“poor” bears out the high quality of animal husbandry in
the Ragusa region and attests to the attention that
farmers pay to the welfare of the animals on their farms.

The high level of biosecurity was reflected in other
checklist areas, and together all areas produced an
overall percentage score for animal welfare which was
good. Farms that have high levels of biosecurity may be
more likely to have better management overall, which
could lead to improved animal welfare. This condition
could have a positive effect on the reduction of
infectious diseases occurrence on the farms.

In the light of the obtained results, it would be
useful to carry out further research on this topic; in
particular, efforts could be made to decrease infection
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pressure in general by improving biosecurity and
consequently improving infectious disease control.
Mounting active surveillance, broadening producer
awareness, and improving diagnostic testing and
epidemiology are also goals for research which would
deliver results leading to higher productivity. The future
of farms will be increasingly related to the ethics they
observe in production and the environment from which
the farm products originate. Further studies involving
a greater number of farms and provinces in the Sicilian
region will be desirable in order for various expert
bodies to form a reliable and above all repeatable
judgment, regardless of the geographical location and
size of the evaluated farms.
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