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Abstract

Ovine farming makes a considerable contribution to total milk production, particularly in Mediterranean
regions, in Central and Eastern Europe, and in the Middle East. Diseases caused by viral and microbial
pathogens are responsable for the economic damage in sheep production. The zoonotic diseasease are
transmitted from animals to humans by direct contact or by contaminated milk, water, or the
environment. Milk is a suitable matrice to detect pahogens involved in these infections. In Sardinia,
animal farming can be considered one of the most important productive sectors. The aim of this project is
the detection of microorganisms that cause some common diseases in Sardinia. Bulk Tank Milk (BTM)
analysis was used to monitor health status in herds. In this project we developed qPCR assay for
detecting and quantifying DNA of Coxiella burnetii, Mycoplasma agalactiae (Mag), Maedi-visna virus
(MVV) and Mycobacterium avium subspecies paratubercolosis (MAP) in BTM samples. The results
showed the presence of these microorganisms in different farms in Sardinia. This project showed that
qPCR is more sensitive than others diagnostic assay, suggesting that it may become the "gold standard"
for the detection of several microorganisms from biological samples. qQPCR presented high sensitivity,
specificity and reproducibility and allowed to analyze a large number of samples in a short time.
Furthermore, this molecular assay allows timely diagnosis of infections by detection of very low
quantity of the microorganisms DNA. Early detection of pathogenic microorganisms is of primary
importance to allow prophylactic measures aimed to contain diseases diffusion in animals, and to identify

the presence of zoonotic agents that could represent a serious threat to human health.
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1. Introduction

Ovine species makes a considerable contribution to total milk production, particularly in Mediterranean
regions, Central and Eastern Europe, and the Middle East (Bittante et al., 2016). Nowadays sheep milk
production in the EU represents only 1.8 % of the annual milk production, mainly taking place in Greece,
Spain, France, Italy, and Romania (2011: 92 %). Notably, two thirds of the world’s sheep milk are
produced in the Mediterranean area. Three million tons of sheep milk were produced in Europe in 2016,

mainly used to produce milk products.

1.1 Mediterranean farming systems

The Mediterranean sheep productive cycle is related to the Mediterranean climate, which is represented
by a moderate winter, seasonal precipitation in autumn and spring, and a relatively dry summer. Herbage
growth, which is typically available in autumn and mostly in spring, is influenced by such a climate
(Carta et al., 2009). The usual Mediterranean breeding system involves one lambing per year, with
mature ewes mating in springtime and young ewes (approximately 20% of the flock) mating in early
autumn. Mating is successful when their body weight is around 65-70% of normal adult weight. The
lambing period for mature ewes occurs between October and December, because of the high availability
of the natural pastures. Approximately 75% of young ewes conceive and lamb; the rest are successfully
mated only the following spring and lambs at around 24 months of age during the mature ewes lambing
season. The breeding of small ruminants is raised in Mediterranean areas providing a seasonal milk
productivity that corresponds to that of summer season. Therefore, this period is characterized by

unfavorable condictions regarding physiological aspects and nutritional factors (Bonanno et al., 2015).

1.1.1 Sheep farming in Sardinia

Sardinia has the highest concentration of dairy sheep in the Mediterranean (approximately 3 million head

on 24,090 km?2), and the Sarda sheep breed is the most emblematic dairy sheep breed found in the region
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(Astruc et al., 2008; Bittante et al., 2016). Consistency of Sardinian sheep herds in 2019 was 3,019,108
sheep heads, with a decrease compared to 2016 (3.102.863) and 2018 (3.046.885). Nuoro territory holds
the largest number of sheep heads (768.877, 25,5%), followed by the Sassari area (22.8%), Oristano
(17.6%) and Cagliari (14.5%). During 2016-2019 period, Sassari province recorded the greatest decrease
in heads number (-128.098), while Oristano showed the greatest increase (+19.805). Sassari is the district
with the highest number of sheep heads (84.251). Data confirms that Sardinia is the leader in sheep and
goat farming in Italy, with a number of animals breed of respectively 57.13% and 41.67% of the national
total. Sheep milk (68.92%) and goat milk (57.30%) produced in Italy are harvested in Sardinia. The
regional production of sheep and goat cheese is estimated around 60.000 tons, of which about 30.000 are
DOP (Protected Designation of Origin) (Italian national statistical institute (Istat) and Food and
Agriculture Organization (FAO). Farm sheep represent 75% of all Italian sheep, with semi-extensive
farms based on natural passtures as their primary source of nutrition. Grazing occurs only during certain
seasons and is dependent on the farm location and altitude. It can be concentrated in winter and spring,
while in northern Italy and in the highlands in autumn or late spring. As a result, the milking season lasts
between 150 and 250 days, except for factory farming. The dry period is greater than dairy cattle and
goats (Odintsov Vaintrub et al., 2020). The Sarda sheep is a dairy-specific breed that has adjusted
successfully to the difficult environment of Sardinia's farming, which is characterized by semi-extensive
and semi-intensive farming systems (Macciotta et al., 1999; Carta et al., 2009). Dairy sheep farming in
the Mediterranean area, which has distinctive characteristics due to its climate and cultural conditions, is
one of the most significant sectors of extensive sheep farming. As a result, a variety of milk-specific local
breeds have emerged, with yields more than double of the global average. The animals are grazed outside
for 120-240 days in extended dairy sheep farming, while remaining in contact with the farmer for daily
milking. The milking period can be used to collect data, which might contribute to feeding, breeding, and
flock management, using specific technology solutions (Vaintrub et al., 2020). Homogeneity in
milkability of the entire flock is also important for small ruminants, which are generally milked in
groups. Furthermore, the presence of a single animal which requires a lot of time to milk slows down the

operating rate and lengthens the total milking time. Machine milkability refers to a dairy ewe's purpose of
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allowing a machine to remove milk from the mammary rapidly with minimal manual intervention. The

whole udder empting is determined by physiological and anatomical aspects (Casu et al., 2008).

1.1.2 Livestock milk contamination

Exogenous contamination of milk and dairy products can be avoided or minimized by maintaining
hygienic condictions in the stable, throughout the milking procedure, and during additional processing
(EFSA BIOHAZ Panel, 2015; Gonzales-Barron et al., 2017; van den Brom et al., 2020). Hygiene in the
stable during milking decreases pathogen transmission in the enviroment or from infected animals to
healthy animals, reducing the number of animals potentially excreting pathogenic microorganisms in
milk (van de Brom., 2020). Milk contamination can occur during milking, but it takes place also through
bedding. In order to prevent milk-to-milk contamination, infected animals should be milked in separate
groups, provided with clean bedding, following hygiene rules during milking, culling infected animals
and vaccinating healthy ones. Even animals that do show clinical signs may shed microorganisms (van
de Brom et al., 2020). Diseases caused by viral and microbial pathogens are responsable of the economic
damage in sheep production. Sheep have greater prevalence and morbidity rates than other farmed
animals, according to reports (Roger, 2008). It is impossible to produce sterile milk. Milk is used to
search many infectious pathogens. General improvements in water sources, public health, hygiene, and
pasteurization have essentially reduced microorganisms’ transmission to human (Leedom, 2006). Based
on data collected from 1993 and 2006, the Centers for Disease Control and Prevention (CDC) estimated
that non-pasteurized milk and milk products had a 150-fold higher possibility to cause outbreaks and
outbreak-related diseases per unit of product consumption (Langer et al., 2012; Boor, 2017). Animal
illnesses can decrease farm gross income by up to 20%, with reductions being more visible and
quantifiable during acute outbreaks. The economic impact of chronic diseases, either direct or indirect,
on farm performance is frequently underestimated (Jarvis and Valdes-Donoso, 2018). Directly losses are
mostly indicated by poorer milk outputs and less desirable milk composition, as well as a fertility
reduction, increase exposure to diseases, testing and treatment costs. Local and international trade

limitations may result in indirect loss (Whittington et al., 2019).
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1.1.3 Zoonoses: diseases transmitted from animal to human

More than 60% of infectious diseases in humans are caused by pathogens that are shared with wild or
domestic animals (associated with an increased risk for human disease onset) (Karesh et al., 2012). The
rate of new and re-emerging zoonoses appears to be increasing over the last two decades. Some
high-income countries can control zoonoses, but many low-income countries are unable to appropriately
respond to current and emerging zoonoses (Klempner et al., 2004; Zinsstag et al., 2005). Different
changes in land use, exploitation of natural resources, animal production systems, modern transportation,
antimicrobial compounds use, and worldwide trade are the causes of the establishment of these
pathogens in new ecological niches, such as in human (Woolhouse et al., 2006; Wolfe et al., 2007;
Karesh et al., 2012). Zoonotic diseases are frequently classified by their way of transmission (for
example, vector-borne or foodborne), microorganisms’ type (microparasites, macroparasites, viruses,
bacteria, protozoa, worms, ticks, or fleas), or degree of individual transmissibility (Lloyd-Smith et al.,
2009). The zoonotic diseases are transmitted from animals to humans by direct contact or contaminated
food, water, or by the environment (McArthur, 2019). The majority of zoonotic pathogens is transmitted
to humans by direct contact with animals or indirectly through vectors which act as reservoirs (Gray et
al., 1998). Transmission between animals can occur anywhere, in both urban and rural environments
(Cross et al., 2019). Wildlife reservoirs sustain infective cycles in local livestock, constituting a serious
problem to control zoonosis spread in pastoral communities due to the difficulties of reducing
interactions between wildlife and livestock animals (Bengis et al., 2002). The CDC adopts a One Health
strategy monitoring health and safety concerns and to discover how diseases spread across human,
animals, and the environment by collaborating with health care providers, veterinarians, and ecologists
(CDC, 2018). Collaboration with public health experts, who often use epidemiological approaches
utilizing human case data, and disease ecologists, who typically utilize data from wildlife or livestock to
simulate risk in humans, should be promoted. Modern disease ecology strategies could be particularly
valuable in advancing predictions of new zoonosis emergence and transmission (Morse, 1995; Karesh et

al., 2012).
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1.2 Coxiella burnetii

Coxiella burnetii is the causative agent of Q fever, a zoonosis transmitted by animals. This pathogen
infects different animal species and also humans. The main domestic reservoirs of C. burnetii are the
ruminants, but also birds, rodents and arthropods (Babudieri and Moscovici, 1952). In addition, dogs and
cats can also transmit the microorganism to human (Marrie et al., 1988, Buhariwalla et al., 1996). Q fever
is widespread all over the world except in New Zealand (Woldehiwet, 2004). This disease is endemic and
widespread in several countries although epidemic patterns have also been described with rural
epidemics affecting large numbers of non-work-related individuals (Van den Brom et al., 2015).
Between 2007 and 2009, in south Netherlands there were numerous outbreaks involving 4000 human
cases (Vanderburg et al., 2014). These outbreaks revealed that Q fever is a real risk for public health. The
presence of this microorganism in farm animals and therefore in foods originated from animals, such as
milk, prompts to search coxiella in foods that could be a vehicle for this zoonosis. An important vehicle
for human infection is unpasteurized milk. There is also a close correlation between the consumption of

milk products and the onset of the disease in humans (Pexara et al., 2018).

1.2.1 Etiology of Coxiella burnetii

C. burnetii 1s a gram negative, obligate intracellular bacterium, charachterized by a small size (0.2-0.4
um wide and 0.4-1 pum long), and it is resistant to high osmotic pressures. On the basis of its characteristic
gene sequence, the genus coxiella belongs to the order of Legionellales, family Coxiellaceae with
Rickettsiella and Aquicella (Gimenez, 1964; Seshadri et al., 2003; Eldin et al., 2017). Several studies
showed the presence of different microorganism isolates, which have a genome that varies between
1.989.565 and 2.214.254 bp (Seshadri et al., 2003). Different studies confirmed the presence of five
plasmids in coxiella (QpH1, QpRS, QpDG, QpDV, and plasmidless). They have been isolated from
ticks, ruminats, and patients with acute Q fever. The first plasmid Qph1 was isolated from a tick (Samuel
JE et al., 1983). Several studies by Hendrix et al. compared different strains of C. burnetii showing six

distinct genomic groups related to acute and chronic disease (Hendrix et al., 1991). Genomic group I-11I
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strains own the plasmid QpH1 and have been isolated by individuals with acute Q fever, chiggers, cow
milk, goat abortions, and ticks. Strains belong to Group IV, and containing QpRS plasmid, were isolated
from cattle abortion and heart valves of patients with Q fever. The isolates of group V do not have
plasmid but present plasmid-like sequences. These strains have been isolated from patients with Q fever
endocarditis or hepatitis. Strains of group VI, found in rodents in the Utah desert, have an attenuated
virulence and contain QpDG plasmid (Stoenner et al., 1959; Stoenner et al., 1960). The association
between plasmid and disease has been confirmed by MST (Multispacer Sequence Typing) genotyping of
173 isolates. In this study, no correlation was found between the QpH1 plasmid and disease onset. In any
case, a correlation was found between the plasmid QpDV (acute disease) and QpRS (chronic disease)
(Glazunova et al., 2005). Beare et al.,2006 showed that QpDV plasmid is associated with new genomic
groups, which are the VII and VIII. Coxiella has affinity for particular cells of the immune system,
specialized phagocytes, which during the phagocytosis mechanism utilize receptor-ligand interactions
(Flannagan et al., 2012). The bacterium can have two phases: virulent phase I and avirulent phase II.
Antigenic modifications between these phases are due to a change in lipopolysaccharide (LPS) from
smooth to rough. In the virulent phase LPS of coxiella inhibits immune response, enabling the phase I
bacterium to survive and multiply in the host. (Van den Brom et al., 2015). Coxiella morphologically has
three different forms: large-cell variants (LCV), small-cell variants (SCV) and small dense cells (SDC).
The three forms diverge for their morphological and antigenic pattern and on the physical and chemical
resistance (Heinzen et al., 1999). The SCV and the SDC are considered as resistant forms of the
microorganism both in the host and in the environment. The causative agent is resistant to various
conditions such as UV radiation, heat, desiccation, sonication, pressure (> 50 000 psi; 1 psi = 6.89 kPa)
and osmotic and oxidative stress (Amano et al., 1984). This allows the infectious particles to resist up to
150 days in an extracellular environment. The morphological variant SCV or endospore is the form
involved in the response by phagocytes in the early stage of infection and is associated with the
consumption of contaminated food. The endospores can spread in the reproductive organs, such as the
mammary glands, in fact they are secreted in milk of infected animals both with overt disease but also

asymptomatic. They are also excreted by abortion, urine, and feces (Pexara et al., 2018). Different factors
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can influence the maintenance of the infection in farmed animals, depending on manure management in
all its phases, farming characteristics (size and density), and environmental conditions of the farm (EFSA

2010).

1.2.2 Epidemiology

Most common symptom in infected sheep and goats is abortion in late pregnancy. Coxiella burnetii is
eliminated from infected animals through abortive material, milk, urine, faeces and birth fluids (Maurin
and Raoult, 1999, Arricau Bouvery et al., 2003, Wouda and Dercksen, 2007). Infection in humans can be
transmitted from infected animals by direct contact especially during abortion and birth, and by ingestion
of non-pasteurized milk and dairy products (Tissot-Dupont et al.,2008). In humans, the disease occurs
without obvious symptoms, or in acute and chronic forms. The main reservoirs of infection are farm and
domestic animals that can transmit infection to humans by contaminated aerosols (Angelakis et al.,
2010). Q fever usually manifests as an acute illness with flu-like symptoms and a high fever, although
many individuals remain asymptomatic during infection. Full recovery is common after acute illness
following antibiotic treatment. Despite this, some individuals may develop persistent forms ("chronic Q
fever") such as endocarditis, hepatitis, lymphadenitis, myocarditis, osteomyelitis, and/or vascular

infection (Vogiatzis et al., 2008; Eldin et al., 2017); (Fig 1).

Eleonora Schianchi
Development of high throughput molecolar diagnostic tools to monitor sheep and potentially zoonotic infectious diseases
on bulk milk
PhD School in Life Sciences and Biotechnologies
University of Sassari



2-3 weeks

G

ﬁ Fever
b - pReumonia

% * Inhalation

direct ar indirect contact

- endocarditis
% - hepatitis
- neurclogical
signs
- psteomyelitis
l! ’ - Ingestion
Infected milk ?
Predation
Ingestion
bl! ?
\ﬂ“a\amn
W™
\{'Nba\

Fig. 1 Coxiella burnetii transmission. When animals give birth, the organism is most commonly
transmitted to humans. Infection in human occurs by direct contact with birth materials by indirect
contact with organisms that persist in the environment. Most prevalent reservoirs of the microorganism
for human infection are sheep, cattle, and goats, but infected cats and, less typically, dogs can also
transmit the infection to humans. Ticks also carry the organism and are able to transmit it to wildlife,
particularly rodents (such as small mice) and rabbits, as well as birds. When dogs and cats enter in
contact with (or eat) wildlife species, they can be infected transmitting the microorganism to human.

Consumption of contaminated milk could be a less effective form of transmission (Sikes and Norris,

2013).

1.2.3 C. burnetii in Sardinia

In Sardinia coxiella causes economic losses due to abortions, infertility, and stillbirths in small ruminants

(Masala et al., 2007). In the island coxiella has been isolated in ticks and humans (Chisu et al., 2021).
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Each year in Sardinia this microorganism causes a hospitalization rate that corresponds to 11.9 cases per
10° inhabitants. The incidence of ovine abortion is very high, not only regarding the large number of
heads but also due to the high animal density, breeding conditions (primitive herding practices and
transhumance), and not suitable diagnosis and prophylaxis. The mortality of lambs and the missed
lactation cause economic losses of about 10 million euros / year (Masala et al., 2004). In order to detect

coxiella early in small ruminants, control and prevention measures play a key role (Field et al., 2000).

1.2.4 Laboratory diagnosis

For coxiella diagnosis, specific indirect methods are mainly used because isolation is not possible it with
standard culture techniques. To date, serological techniques are the most used to detect coxiella infection.
Currently, the detection of the DNA of this microorganism is carried out by qPCR in different clinical
samples (blood, cardiac valves, or other surgical tissue biopsy specimens). The advantage of using these
methods is the ability to detect the microorganism before seroconversion in patients with primary
infection. A biosafety laboratory 3 (BSL3) is required to culture the microorganism. Analysis of the
infected tissue can also be performed with immunohistochemistry techniques. In recent years, efforts
have been made to improve the sensitivity of the different diagnostic techniques (Eldin et al., 2017).
Several specific PCR tests have been developed for both animal and human samples for the detection of
this etiological agent (Mallavia and Paretsky, 1967). Standard PCR assays are able to detect sequences of
different plasmids, the 16S-23S RNA, the superoxide dismutase gene, the coml gene or the
IS7111 repetitive elements in human or animal samples (Ibrahim et al., 1997; Stein et al., 1997;
Mediannikov et al., 2010). These methods have detection limits that depend by the number of bacteria,
ranging from 10 to 10 2. The most commonly used method to detect coxiella is real-time PCR. The
advantage of this method is that it takes less time than PCR and is able to quantify coxiella in the samples.
The real-time PCR has a high sensitivity towards a target sequence (IS1111) which is an insertion
element repeated a variable number of times in the genome of C. burnetii Nine Mile (Klee et al., 2006;

Denison et al., 2007; Eldin et al., 2017).
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1.2.5 Treatment, preventative measures, and surveillance in small ruminants

The preventive and therapeutic measures for small ruminants allow to decrease abortion rates, the spread
of the bacterium and also the contamination of the environment. Other measures to limit the introduction
of the infection are based on taking specific precautions before introducing animals into uninfected herds
(Arricau Bouvery and Rodolakis, 2005). Considering that coxiella is an intracellular bacterium, is not
clear its susceptibility to antibiotics. Several studies shown that in small ruminants somministration with
two injections of oxytetracyclin (dose rate: 20 mg/ kg body weight) in the last month of pregnancy,
decrease abortion rate. In each case, it was not possible to find beneficial effects on bacterial persistence
and shedding (Berri et al.,2002; Arricau Bouvery and Rodolakis, 2005; Angelakis and Raoult, 2010).
Vaccination can be used to prevent abortion and the spread of coxiella. The development of vaccines
depends on the bacterial strain, and the most effective is the form of coxiella in phase I (Arricau Bouvery
et al., 2005). It is also more effective if it is administered to uninfected animals before pregnancy
(Hogerwerf et al., 2011; Van den Brom et al., 2013). In order to reduce the exposure of individuals to
coxiella it is important to implement hygiene measures within the farms. Considering that the spread of
coxiella occurs mainly during animal birth, it is important to implement hygiene rules in infected farms.
Farmers and veterinarians, that are most exposed, should wear protective clothing even if it has been

shown that this is not enough to prevent infection in humans (Whelan et al., 2011).

1.3 Mycobacterium avium subspecies paratuberculosis

Mycobacterium avium subsp. Paratuberculosis (MAP) causes paratuberculosis (‘Johne's desease), a
chronic bacterial disease affecting primarily domestic and wild ruminants (Windsor, 2015). The disease
was first discovered in cattle in Europe during 1895. From that moment the disease has spread
throughout the developed and developing countries, especially in the cattle dairy industry. The infection
in small ruminants is also widespread, with sheep and goats being diagnosed in several countries, such as
Australia, New Zealand, South Africa, United Kingdom, Norway, and Austria, as well as Mediterranean

countries such as Greece, Spain, Portugal, Morocco, and Jordan (Hailat et al., 2010). M. avium, M.

Eleonora Schianchi
Development of high throughput molecolar diagnostic tools to monitor sheep and potentially zoonotic infectious diseases
on bulk milk
PhD School in Life Sciences and Biotechnologies
University of Sassari

11


https://www.sciencedirect.com/science/article/pii/S0378113515002734?via%3Dihub#bib0035

hominissuis, M. silvaticum, and M. paratuberculosis are the four subspecies of Mycobacterium avium,
each with a high degree of genetic similarity and varying degrees of infectivity in host species. One of the
most important microorganisms in the livestock industry is M. avium subsp. paratuberculosis (MAP)
that is considered a problem for world's milk heards (Hamilton et al., 2017). In a recent study it has been
analyzed a correlation between MAP and Crohn's disease (CD) in humans. In addition, the disease causes
economic losses and trade restrictions (Jarand et al., 2017). Jones disease, or animal paratuberculosis, is a
persistent, contagious, and often lethal colon granulomatous infection. This microorganism was first
detected in cattle, and then in sheep and goats. Most animals, especially domestic or wild ruminants, wild
carnivores, laboratory animals, and nonhuman primates, can be colonized by tuberculosis bacilli

(Waddell et al., 2008).

1.3.1 Etiology of MAP

Mycobacterium avium paratuberculosis belongs to the Mycobacterium avium complex (MAC), which is
part of the Mycobacterium genus and Mycobacteriaceae family (Rathnaiah et al.,2017). Researchers at
the University of Minnesota collaborated with the National Animal Disease Center in Ames, lowa, to
sequence the entire genome of Map strain K-10. In January 2004, the Map genome sequence was
published and put in the GenBank database (accession no. AE016958). Map K-10 has a single circular
sequence of 4.829.781 bp. A recent study compared the genome sequences of Map and three other
Mycobacterium species (M. tubercolisis, M. leprae, and M. bovis), providing new information on the
genetic basis of Map's mycobactin J dependency and slow development. Map has a thick waxy cell wall
that contains 60% lipids, giving it acid fastness, hydrophobicity, and improved resistance to chemicals
and physical processes such as the pasteurization (McNeil and Brennan, 1991; Grant et al., 1998; Wang
et al., 2001; Primm et al. 2004). Mycobacteria is characterized by a lipid-rich cell wall causing slow
growth due to nutrient uptake restrictions (Domingue and Woody, 1997). MAP can survive in the
environment (up to 55 weeks) and in water sources for long periods (up to 48 weeks in dam water, and for

841 days in lake water microcosms) (Whittington et al., 2000; Pickup et al., 2005). In ruminants MAP

Eleonora Schianchi
Development of high throughput molecolar diagnostic tools to monitor sheep and potentially zoonotic infectious diseases
on bulk milk
PhD School in Life Sciences and Biotechnologies
University of Sassari

12



spread through mucosal barrier in the systemic circulation. To survive in the macrophages, MAP inhibits
cell apoptosis, evades phagolysosome activity, avoids detection by modifying chemokine and cytokine
signaling, and alters dendritic cell maturation. Given the limited lifespan of macrophages, cells will die in
approximately 4 to 6 weeks releasing MAP into the local environment. Bacteria cross the intestinal
lumen and are shed by feces or remain locally and start a new cycle. The microorganism and MAP
antigen taken up by phagocytes, spreading in the lamina propria may disseminate to different sites in the
intestine. Alternatively, they can enter in afferent lymph and migrate to the draining lymph node cause
lymph node lesions or activation of T and B lymphocytes (Koets et al., 2015). Different antibacterial
components, such as ROS (Reactive Oxygen Species) and nitric oxide, are not able to kill all
mycobacterium avium species (Li et al., 2010; Schairer et al., 2012). The presence of the insertion
element IS900, which occurs in 14—18 copies throughout the genome of MAP, distinguishes it from other
Mycobacterium spp (McFadden et al., 1987; Green et al.,1989). Insertion sequence elements (ISEs) are
short, mobile genomic elements that include genes involved in transposition. IS900, a member of the
IS110 family of insertion sequences, was the first insertion sequence element discovered in mycobacteria

(Green et al., 1989; Collins et al., 1993).

1.3.2 Epidemiology

The disease is spread predominantly by oral-fecal transmission route, and the main sources of infection
are the infected animals’ feces and milk. Furthermore, bacterial can be found in other body areas such as
the womb, testicular parenchyma, and breast (Sweeney et al., 1992; Ayele et al., 2004; Whittington and
Windsor, 2009). After infection, the disease might remain in a subclinical stage for years, with just a few
animals displaying characteristic paratuberculosis clinical signs (Klinkenberg & Koets, 2015). Because
of the long incubation period, the age profile within flocks influences the occurrence of clinical illness.
While clinical paratuberculosis normally appears in adults, most individuals get infected during the first
weeks of life after being exposed to MAP from older animals and eliminating the bacterium by their
feces. It is also possible to get infected at a later age (Windsor, 2010; McGregor et al., 2012). Several

studies suggested a role of MAP in human diseases, such as Inflammatory Bowel Disease (IBD) and
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autoimmune illnesses (asthma, insulin-dependent diabetic mellitus, sarcoidosis, rheumatoid arthritis,
multiple sclerosis, and celiac disease) (Grant, 2005; Naser and Thanigachalam, 2014). Based on clinical
findings, different chronic gastrointestinal disorders with unknown aetiology are divided into three
categories: ulcerative colitis, Crohn's disease, and inflammatory bowel disease (IBD) (Pierce, 2018).
These bacteria are spread by draining water or rivers, and they can persist in both terrestrial and aquatic
habitats for long periods of time, most likely inside amoebae and other protists (Pistone et al., 2012). The
main sources of MAP transmission to humans and animals are water and milk (Grant et al., 2001).
Furthermore, some studies have suggested that pasteurization may fail to remove MAP (Lund et al.,
2002; Grant, 2003). MAP can be found in milk and colostrum as a result of fecal contamination of teats

or shedding from the udder (Stabel & Lambertz, 2004); (Fig 2).
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Fig 2. Schematic representation of sources and reservoirs of infection of M. avium subsp.
paratuberculosis in the environment in relation to human exposure. This model takes into account both
the known and possible epidemiology of this bacterium to humans via dairy products, particularly milk.
The main routs by which the microorganism is transmitted are represented by domestic livestock, wild

animals. M. avium subsp. paratuberculosis accesses water through water shed runoff, with aerosols
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from contaminated rivers and water used for human consumption. All these ways are potential routes of

exposure to pathogen in humans (Pickup et al., 20006).

1.3.3 Laboratory diagnosis

Isolation of the organism in culture remains the most efficient method for MAP detection. It can be
isolated from different samples (milk, animal feces and blood), but the long doubling time of MAP in this
procedure is slow and takes weeks to produce results. (Bower et al., 2010; Gilardoni et al., 2012). PCR
assay allows the quick detection of the pathogen. (Vary et al., 1990; Moss et al., 1992; Millar et al., 1996;
Grant et al., 1998; Englund et al., 1999; O'Mahony and Hill, 2002; Pillai and Jayarao, 2002; Fang et al.,
2020). The most utilized molecular target for these assays is the insertion element IS900 (found in 14—18
copies in the MAP genome). However, IS900-like sequences have been found in non-Map isolates,
which could give to a false-positive diagnosis (Cousins et al., 1999; Englund et al., 2002; Tasara et al.,
2005; Mobius et al., 2008). As a result, other target elements such as 57, ISMav2 HspX, and locus 255
have been proposed (Poupart et al., 1993; Ellingson et al.,1998; Strommenger et al., 2001; Vansnick et al.
2004; Mobius et al. 2008). A variety of PCR assay (including real-time PCR) detect as Map target the
single copy f57 gene (Tasara and Stephan, 2005; Tasara et al., 2005; Bosshard et al., 2006; Stephan et al.,
2007; Schonenbrucher et al., 2008). The genetic similarity of M. paratuberculosis to other subspecies of
the M. avium complex complicated early attempts to differentiate M. paratuberculosis using molecular
biology techniques. M. avium subsp. avium, M. avium subsp. paratuberculosis, and M. avium subsp.
silvaticum are all members of this complex, with M. paratuberculosis and M. avium sharing 97% of their
genomes and 100% of the 16S rRNA gene (Thorel et al., 1990; Bannantine et al., 2003). M.
paratuberculosis was detected by PCR in 52%-92% of Crohn's disease patients, compared to 5%—26%
of controls, in subsequent studies using molecular-based approaches (Bull et al., 2003; Autschbach et al.,
2005; Ellingson et al., 2000). In mycobacteriology, nucleic acid tests, which have a 99.2% accuracy and
can detect 0.01 pg of DNA or 20-100 genomic copies, are significantly more appealing (Sanderson et al.,
1992; Mobius et al., 2008). It is also difficult to detect MAP DNA in environmental or veterinary

samples. Although molecular assays, such as PCR and real-time quantitative PCR, have the ability to
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detect MAP DNA more quickly and precisely, and their detection performance is primarily dependent on
the quality of the examined samples (Wells et al., 2006). Due to the similarities of M. paratuberculosis to
M. avium and other environmental mycobacteria, immunoassay tests are not really specific and sensible

(Yakes et al., 2008; Huntley et al., 2005).

1.3.4 Control of paratuberculosis

The control of paratuberculosis is based on population-level measures, such as culling of animals that
shed MAP, implementing sanitary measures to prevent infection in neonatal/young stock,
and prophylaxis by vaccine. Ruminant vaccination has been shown in controlled experiments to be able
to minimize the clinical incidence of paratuberculosis, delaying the beginning of the disease, and
reducing MAP fecal shedding, resulting in lower economic losses and MAP transmission (Bastida and
Juste, 2011). Because of the capability of interfering with intradermal testing for bovine tuberculosis,
vaccination is not utilized in the control of paratuberculosis in cattle (Serrano et al., 2017). In contrast,
vaccination has been an important component in control in the Australian, Icelandic, and Spanish sheep
industries, resulting in a large reduction in within-herd prevalence. Communication to farmers and
veterinarians on control programs and monitoring farmers attitudes regarding the implementation of

control measures, is a critical component of MAP control (Benedictus et al., 2000; Ritter et al., 2016).

1.4 Mycoplasma agalactiae

Contagious agalactia is a multi-organ illness that causes systemic infections and is thought to be one of
the most devastating diseases in small ruminants. It is caused by mycoplasmas following Contagious
Caprine Pleuropneumonia (CCPP) (Gomez-Martin et al.,, 2012; Gomez-Martin et al., 2013).
Mycoplasma agalactiae is the principal etiological agent of this disease that especially affects goats and
sheep, as well as a variety of wild animals. The disease rapid spread is ascribed to a number of causes,
including primitive herding techniques, ineffective antibacterial drugs, and the implementation of few

preventive measures. Following M. mycoides subsp. mycoides SC type, M. agalactiae has been the
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second mycoplasma described. It was described in 1923, when Bridre and Donatien for the first time
isolated the bacterium that causes contagious agalactia (CA) in goats (Bride and Donatien, 1923). Bridre
and Donatien described CA as a disease characterized by mastitis, arthritis, and keratoconjunctivitis in
sheep and goats caused by M. agalactiae (Briede and Donatien, 1925). The disease has been documented
worldwide and causes high economic loss due to high morbidity in ovine populations (Edward et al.,
1953; Poumarat et al., 2016). In addition, economic losses are due to reduced or suppressed milk supply,

abortion, and high morbidity and mortality rates in adult sheep (Ariza-Miguel et al., 2012).

1.4.1 Etiology

M. agalactiae is a polymorphic bacterium with a genome of 1x 10 ° Da and a size ranging from 124 to
250 nm (Srivastava et al., 1982; Kumar et al., 2014). This microorganism develops colonies with dark
centers that have a fried-egg appearance. M. agalactiae does not ferment glucose or hydrolyze urea or

arginine, according to biochemical analysis (Lambert et al., 1987; Khan et al., Razin et al., 1998);(Fig 3).

Suclicrnd eolnmy

£ Dashml Tons
Perpharalzone  (andbarkded in syerh
imger murtace]

Surface ol cokeny
A [“iried egg” sppeamace)

Fig. 3 Morphology of a typical "fried-egg" mycoplasma colony. A: schematic representation; B:

Mycoplasma agalactiae colonies on solid medium.
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To observe the colony characteristics, Giemsa staining from solid agar media is used to stain the
mycoplasma colonies. Gram staining produces a pink tint in mycoplasma due to the lack of a cell wall
(Srivastava, 1982; Kumar, 2014). M. agalactiae is extremely sensitive to high temperatures and can be
inactivated in as little as 5 minutes at 60°C and in a minute at 100°C. It can also be deactivated by direct
sunlight exposure during the hot summer months. At room temperature and in the refrigerator at 8°C, the
organisms survival time varies from 1-2 weeks to 3-4 months, depending on other factors such as media
pH. M. agalactiae can survive in both humid and cold conditions. At a temperature of 20°C, it can
survive for 8 to 9 months. It is readly inactivated when exposed to UV radiation and dyes. Furthermore,
disinfectants such as potassium hydrochloride, formalin, and chloramines can quickly destroy the
organism (Bergonier et al., 1996). The absence of a cell walls and the presence of a trilaminar membrane,
which mediates all contacts with the environment, distinguish the Mycoplasma genus. Membrane
proteins are important for adhesion to host cell surface receptors and the development of an immune
response (Tola et al., 1996). M. agalactiae is resistant to penicillum and its variants, like other
mycoplasma species. It is susceptible to osmotic shock and detergents (Srivastava, 1982). Membrane
proteins of mycoplasmas are important for their survival and pathogenicity, and those identified as
antigens could be used to produce novel vaccines. Despite this, immunogenic membrane proteins from
M. agalactiae have been discovered, including the P30 protein (Fleury et al., 2001), P40 cytoadhesion
(MAG 2410) (Fleury et al., 2002), P48 protein (Rosati et al., 1999; Chessa et al., 2009), and MAG 5040
lipoprotein (Cacciotto et al., 2010). The complete genome sequence of M. agalactiae can be used to find

new antigenic proteins for vaccines development (Sirand-Pugnet et al., 2007).

1.4.2 Epidemiology and transmission

CA was described for the first time in Sardinia in 1980 when sheep were imported (Tola et al., 1999). The
spread of CA was improved in Sardinia because of several factors, including a large number of sheep
heads (3.5 million milking sheep, or one-third of the total national stock), a high animal density per
square kilometer (149/km? compared to 23/km? on the mainland), breeding conditions (primitive herding

practices and transhumance), and insufficient diagnostic and preventive measures (Tola et al., 1999). As
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the organism can survive at room temperature, it can spread quickly from sick to healthy animals.
Auricular, ocular, and nasal secretions, feces, milk, and urine are the main sources of transmission of
infection. Sexual transmission has been also described, and the microorganism can be transmitted also by
contaminated utensils and milker hands. Vertical transmission occurs when infected colostrum or milk is
consumed (Lamber, 1987; Kinde et al., 1994; Real et al., 1994; Kumar et al., 2014). In most situations, a
flock with a chronic or persistent infection is detected for several months. Clinically positive animals are
observed under favorable environmental conditions, such as during the hot and humid summer months.
Young animals, malnourished, pregnant, or immunocompromised are more subjected to infection
(Levisohn et al., 1991). Furhermore, microorganism excretion in milk have been reported in animals with
mild or without clinical signs also after 8 years. As a result, asymptomatic carriers in herds are the major

source of infection (da Massa and Brooks, 1991; Bergonier et al., 1996; Kumar et al., 2014).

1.4.3 Pathogenesis

Primary sites of clinical manifestation are alveoli of mammary glands, the mucosa of the respiratory
tract, small intestine (Srivastava, 1982; Kumar et al., 2014). The organisms are disseminated through
bloodstream to many organs, including the lungs, lymph nodes, eyes, mammary glands, joints, and
tendons, resulting in various clinical symptoms (Razin et al., 1998; Kizil et al., 2006). Connective tissue
involvement in the mammary glands causes early inflammation, which progresses to catarrhal or
parenchymatous mastitis, resulting in agalactia (Srivastava, 1982). Mastitis-affected animals can

transmit the disease to lambs through colostrum or milk (Bohach et al., 2021).

1.4.4 Clinical Signs

M. agalactiae can infect both male and female sheep and goats. Fever, anorexia, lethargy, and an
inability to follow the herd are common clinical signs, followed by clinical symptoms based on the
involvement of numerous organs such as the mammary glands, lungs, genitalia, joints, and conjunctiva

(Razin et al., 1998). There have also been reports sporadic abortions in pregnant animals (Srivastava,
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1982; Gil et al., 2003; Kizil et al., 2006). Importantly, whereas fever is common in acute infections and
may be accompanied by nervous symptoms, both are uncommon in subacute and persistent infections
Razin et al., 1998). Chronic involvement of joints and cornea losses result in lameness, inability to walk

or stand, and blindness (Kumar et al., 2014).

1.4.5 Diagnosis

Clinical symptoms such as loss of milk production, mastitis, keratoconjunctivitis, and articular lesions
are sufficient to make preliminary diagnosis. The clinical diagnosis is validated in laboratory by isolating
and identifying the pathogen. M agalactiae can be detected in milk, auricular, ocular, vaginal, or nasal
discharges, joints exudates, blood, and urine samples (Nicholas, 2002). The most used diagnostic tests
are ELISA and PCR. ELISA tests allow the detection of specific antibodies, and it is a very symple, fast,
and cheap method (Rosati et al., 1999, 2000; Robino et al., 2005; Alberti et al., 2008). The diagnosis,
characterization, and differentiation of mycoplasmas, including M. agalactiae, have all been improved by
the recent developments in molecular biology and biotechnology. PCR assay is widely used, and it
appears to be a more sensitive method for identification (Bashiruddin et al., 2005). PCR techniques based
on 16S rRNA (Bergonier et al., 1996) uvrC gene (Subramaniam et al., 1998), and multiplex PCR are
routinely utilized and have a good diagnostic value (Greco et al., 2001). According to OIE
recommendations, molecular detection based on the uvrC gene is critical. In both clinical and food
microbiology, the real-time quantitative PCR technique can be employed to quantify the organism and is

becoming increasingly popular for the diagnosis (Oravcova et al., 2008).

1.4.6 Control and Prevention

Infection can be avoided by implementing management practices and continous surveillance and
monitoring for the pathogen. Subclinically infected animals can often spread the pathogen, and the use of

a particular sensitive, and rapid diagnostic approach is necessary to detect it at an early stage. Suspected
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animals should be isolated and monitored until further confirmation. Litter and other materials, such as

discharges and aborted fetuses, should be disposed properly, and infected utensils should be sterilized.

1.4.7 Vaccines

Vaccination against Mycoplasma agalactiae in sheep causes both specific and nonspecific humoral and
cellular responses. Although live attenuated vaccines (LAV) are more efficient and have been shown to
provide better protection in ewes and their lambs than inactivated vaccines, they can cause a transitory
infection with mycoplasma shedding through milk. Inactivated vaccines are significantly safer and have
fewer side effects, but they provide less protection (Nicolet, 1994; Buonavoglia et al., 2012; Kumar et al.,
2014). A DNA vaccine against CA was also developed, encoding P48 Mycoplasma agalactiae. 1t has
been shown that this vaccine is able to induce an immunological response in BALB/c mice. In fact, IgG
and IgGl were identified in mice vaccinated with pVAXI1/P48. In addition, proliferation of
mononuclear cells of the spleen, levels of gamma interferon, interleukin-12, and interleukin-2 mRNAs
were enhanced in immunized animals. Moreover, it has been proven that pV AX1/P48 vaccine can induce
both T-helper 1 and T-helper 2 immune responses. For this reason, this vaccine can be considered a

potential tool to control CA in sheep (Chessa et al., 2009).

1.5 Maedi-Visna: First Reports and epidemiology

Except in the United States, where the term "Ovine Progressive Pneumonia (OPP)" is used, Maedi-Visna
(MV) is a terminology used globally to designate a disease caused by two viruses from the "small
ruminant lentivirus" subgroup: maedi-visna virus (MVV) and caprine arthritis-encephalitis virus
(CAEV). Recent epidemiological studies have discovered some common sheep and goat variants
(Straub, 2004; Leroux et al, 2010) and co-infection have been reported (Straub, 2004). For these reasons,
this cluster of viruses is now referred to as the small ruminant lentiviruses (SRLVs). Maedi—Visna virus
(MVV) was the first member of the class of lentiviruses known as small ruminant lentiviruses (SRLV).

Sigurdsson in 1954 was the first scientist to describe these "slow infections", which are distinct from
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acute and chronic disease. According to his observations, these infections had a long incubation period in
which the virus spread throughout the body without causing clinical signs, followed by severe symptoms
and death occurs after several months or years. Maedi—Visna was first described in Iceland in 1939,
where it was named "Purra Maedi" (dry dyspnoea in Icelandic) by herders to distinguish it from "Wota
Maedi" (in Icelandic watery dyspnoea that is pulmonary adenomatosis). The disease was introduced in
summer 1933 by the introduction of 20 apparently healthy Karakul sheep from Germany, that were
introduced to improve the Icelandic native breed. According to Gislason (1947) epidemiological
research, at least two of the rams were infected with MV'V, resulting in epizootics in two distant parts of
the island, with maedi (pneumonia) appearing about 6 years after the original introduction. The presence
of MVV in flocks after the introduction of new animals could be tracked, and the pre-clinical incubation
period has been estimated to be at least 2—3 years (Gislason, 1947; Sigurdsson, 1954; Straub, 2004;
Blacklaws 2004). Later, it was determined that the same Karakul flocks are also responsible for
pulmonary adenomatosis (wota maedi', or watery dyspnoea in Icelandic), paratuberculosis, and visna
(which means "spinal cord" in Icelandic). After this first signalling, other reports on disease spread have
been reported: Texel sheep from Holland introduces MVV in Denmark between 1955 and 1965
(Hoft-Jorgensen, 1978); by the same route from Denmark to Norway the disease was introduced between
1962-1970, causing Maedi-Visna in 104 flocks diagnosed in 1977; from Scotland to Canada in 1970
(Dukes et al, 1979); from Great Britain to Hungary in 1972; from Holland to France in 1956 (Cottereau et
al, 1977); and from Sweden to Finland in 1981 (Sihvonen et al, 1999; Sihvonen et al, 2000). Caporale and
colleagues described Maedi-Visna for the first time in Italy in 1983, describing MVV in two separate
flocks in Central Italy (Abruzzo and Umbria). Later, Christodoulopoulos (2006) presented
epidemiological data collected in Italy at the beginning of the 2000s, which revealed high prevalence
levels across the country, ranging from 60 to 90%. Another report by Cirone et al in 2019 analysed 4800
serums from goats sampled from 1060 flocks in South Italy (Calabria and Apulia). He found a
seroprevalences of 18,64% and 51,69% in animals and herd levels for SRLV, respectively. Pazzola et

collegues in 2020, in a study which involved 1,079 Sarda sheep kept on 23 farms, obtained results
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consistent with the study by Christodoulopoulos (2006): the prevalence of MVV-positive ewes was
43.6%, with only one farm out of 23 tested negatives for MVV.

1.5.1 Etiology

SRLV are related to human, simian, feline, and bovine immunodeficiency viruses, as well as horse
infectious anaemia virus. The CAE virus and the MV virus have a tight association, and cross-species
transmission is possible, especially when infected milk from one species is fed to the other (Pritchard and
Dawson, 2000). The SRLV genome is a positive sense single-stranded RNA with three genes: GAG,
POL and ENV. GAG gene is involved in the synthesis of structural protein: matrix (MA, p17), capsid
(CA, p25), and nucleocapsid (NC, p14); POL gene encodes for enzymatic function involved in viral
replication: reverse transcription and integration (protease (PRO), reverse transcriptase (RT), RNaseH,
dUTPase, and integrase (INT); ENV gene encodes for envelope protein: trans-membrane proteins (TM,

gp46); and surface subunit (SU, gp135) (Vigne et al, 1982; Desrosiers 2007); (Fig 4).

Retrovirus
5§ LTR l PBS 3LTR

Accessory genes

Fig. 4 Retrovirus genome: gag, pol and env are the three structural genes that encode the proteins of the virus. The

group-specific gene (gag), pol, and envelope (env) genes, which are flanked by the R regions and code for capsid, reverse
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transcriptase, integrase, protease, and envelope proteins, are the three important protein-coding genes. The 5' and 3' long
terminal repeat (LTR) sequences, which they control gene expression, are used to identify retroviruses. Every LTR has two
non-protein-coding regions, U5 at the 5' end and U3 at the 3' end, that encode regulatory elements. The R region is a short
repetitive sequence at every end of the genome that ensures accurate end-to-end transfer in the expanding chain during

reverse transcription (Saxena et al., 2016).

There are other auxiliary genes along the lentivirus genome: REV is a gene that permits unspliced and
incompletely spliced viral mRNAs to be exported from the nucleus. (Toohey and Haase, 1994; Tiley et
al, 1990). It is hypothesized that it could be also responsible for the formation of viral particles (Mazarin
et al, 1990); another accessory gene called TAT, like to HIV-1 vpr, may be important in the nuclear
localisation of the pre-integration complex (Villet et al, 2003); finally, the third accessory gene, named
VIF, seems to be implicated in the inhibition of Apobec3 family members, like HIV-1 vif
(Kristbjornsdottir 2004). Due to the large genetic variability, SRLVs are divided in five genotypes named
from A to E, that differ from each other in 25-37% of their nucleotide sequences. Groups A and B are
subdivided in subtypes A1-A15 and B1-B3, respectively. Group A consists of MVV strains, while
group B consists of CAEV strains (Minguijon et al, 2015). The other three groups refer to strains which
have been isolated from Norway (group C), Spain and Switzerland (group D) (Gjersetet al, 2006; Glaria
et al, 2009), and Italy (group E). 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, Bl and B2 have been found in both species (Olech et al, 2012).
Recently, a new strain, named CRFO1 ABSRLYV, was isolated from Canadian goats. Probably this new
strain was developed because of the recombination between of A2 and B1 subtypes (L’Homme et al,

2015).

1.5.2 Risk factors and pathogenesis
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Susceptibility to the infection does not appear to be influenced by sex or age, while the breed could be a
predisposing factor (Straub, 2004). The main route of transmission to lambs is colostrum or contaminated
milk. The infection can also be transmitted by direct contact between animals (Dawson, 1980). MVV
transmission between and within flocks is influenced by several risk factors. The close contact between
animals and the likelihood of airborne transmission by respiratory droplets and coughing, favouring
horizontal transmission according to flock size, animal density, and intensive farming. (Pérez et al, 2010;
Lago et al, 2012; Michiels et al, 2018; Schaller et al, 2000; Junkuszewa et al, 2016; Shuaib et al, 2010;
Blacklaws, 2012). The increased secretions in animals, co-infected of Jaagsiekte sheep retrovirus (JRSV)
enhances the probability of MV transmission (Perez, 2010; Blacklaws, 2004). Poor cleaning and
disinfection of milking equipment (Blacklaws, 2004; Minguijon, 2015), the use of the same needle or
unsterilized surgical instruments on several animals, poor farm cleanliness, and sharing pastures with
other flocks are all significant risk factors for MVV horizontal transmission. (Lago et al., 2012; Shuaib et
al., 2010). Seroprevalence has also been shown to be greater in mixed-species flocks (sheep and goats),
probably due to cross-species transmission of various SRLV strains (Lago et al., 2012; Alba et al., 2008).
SRLVs show a tropism for several cells: monocyte/macrophage and dendritic cells, epithelial cells in the
mammary gland, endothelial cells, and dendritic cells in the nervous system (Narayan et al., 1982;
Narayan et al., 1983 Ryan et al., 2000; Lerondelle et al., 1999; Stowring et al., 1985). Transplacental
transmission of the infection is debatable, whereas transit of lamb during partorition appears to be a route
of infection (Blacklaws et al., 2004; Broughton-Neiswanger et al., 2010). The infection is spread over the
mucosal barrier via macrophages and dendritic cells, and it is transmitted by colostrum or respiratory
secretions (direct contact or emission of aerosolized droplets) (Blacklaws et al., 2004; McNeilly et al.,
2008; McNeilly et al., 2007; Niesalla et al., 2008). Infected macrophages can reach myeloid stem cells in
the bone marrow, allowing the provirus to integrate and infect the animal for the rest of its life
(Gendelman et al, 1985; Grossi et al, 2005). The virus disseminates into the lymph nodes through the
dendritic cells, and with macrophages spread into bloodstream allowing systemic infection (Ryan et al,
2000; McNeilly et al, 2008). Immature macrophages carry the virus into tissues where these cells mature

and allow virus replication (Peluso et al., 1985; Haase., 1986). Virus replication is slow, so the number of
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infected blood cells in bloodstream is quite low (McNeilly et al., 2008). Immune responses to viral
replication and antigens generate chronic inflammation (Haase, 1986). The MV virus can survive in an
inactive form (integrated provirus) inside monocytes and macrophages for a long time, and clinical signs
are not always present (Blacklaws, 2012). Some factors such as age, the coexistence of multiple
pathologies and environmental stress favor the moltiplication of the virus in animals, causing clinical
manifestations of the disease. The infected animals seroconverted approximately 6 months after
infection. Histopathological abnormalities in one or more target organs, such as the lung, central nervous
system, mammary glands, and joints, may occur after a period of 1-2 years. The onset of histological
lesions does not always coincide with the onset of symptoms, and the animal can stay in a preclinical
state for months or years. Many sheep remain asymptomatic carriers for the rest of the life, and only
small percentage of seropositive animals (25-30%) show clinical signs. The course of the disease is

predictable once clinical signs appear, and it is ultimately fatal (Christodoulopoulos, 2006).

1.5.3 Clinical signs

The viral strain, the host immunological response, and the host genetic profile for virus resistance or
susceptibility are factors influencing clinical manifestation of SRLV infection (Reina et al, 2013; Gayo et
al, 2018). Lesions of SRLVs infection in tissues and organs are caused both by the immune response to
the viral antigens and the viral replication (Blacklaws, 2012). The tissues and organs target of MV'V are
lungs, mammary gland, nervous system, and joints. (Blacklaws, 2012; Minguijon et al., 2015). The most
common clinical manifestations of MVV in sheep are pneumonia and mastitis (Blacklaws, 2012).
Lymphocytic hyperplasia can also manifest itself in the liver, heart, and kidneys (Angelopoulou et al.,
2006; Brellou et al., 2007). Multiple-organ infection can occur as the disease progresses. However, the
severity of lesions depends on organs involvment (Minguijon et al, 2015). Dyspnoea and elevated
respiratory rate are two clinical symptoms (Minguijon et al, 2015, Lopez, and Martinson, 2017); ataxia,
weakness in the hind limbs, incoordination, paresis, are signs of the neurological system (Blacklaws,

2012; Minguijon et al., 2015). Virus can induce an indurative non-suppurative interstitial mastitis
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(Blacklaws, 2012; Minguijon et al., 2015); more rarely, signs of arthritis may appear (Blacklaws, 2012,
Christodoulopoulos, 2016; Gomez-Lucia et al., 2018, Minguijon et al., 2015).

1.5.4 Diagnosis

A timely and accurate diagnosis of MV is required for effective disease control and eradication in ovine
flocks. Serological tests currently used to make diagnoses are mainly enzyme-linked immunosorbent
assays (ELISAs) to detect specific antibodies against the virus (Kaba et al., 2013). Seropositive animals
are considered infected and must be removed from the flock. There are significant barriers in disease
eradication, such as immune response to disease, and seroconversion takes a long time resulting in
animals that became carriers of virus (Hiittner et al., 2010; Azkur and Aslan, 2011). Available assays for
detection of antibodies are agar gel immunodiffusion (AGID) test, radioimmunoprecipitation assay
(RIPA), Western blotting (WB) and ELISA. PCR is used for detection of pro-viral DNA. Peripheral
blood mononuclear cells are used for viral detection (Reina et al, 2009; Herrmann-Hoesing, 2010).
Advantage of PCR is to detect infection prior to the seroconversion. Serological tests may be used in
conjunction with PCR to solve the problem caused by lack of specific universal primers (Peterhans et al.,
2004; Reina et al., 2009; Herrmann-Hoesing, 2010). Nested-PCR techniques and Real-Time PCR
increase method sensitivity and specificity; nonetheless, they are less used (Reina et al., 2009;
Herrmann-Hoesing, 2010., Carrozza et al., 2010). Until today, no vaccine or cure are available against

MV.
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2. Aim of the project

Animal farming can be considered one of the most important productive sectors of the Sardinia Island. In
Sardinia, about 3.5 million sheep are bred, representing more than 40% of the national population with
regional agricultural turnover (25%). Animal infectious disease can decrease the gross income. This can
be observed especially during acute outbreaks. The economic impact of chronic diseases on farm earning
is underestimated. Directly losses are mostly indicated by poorer milk outputs and less desiderable milk
composition. Early identification of pathogenic microorganisms is of primary importance in order to plan
prophylactic measures suitable to control animal but also to identify the presence of zoonotic agents
potentially dangerous to human health. This project has been financed by the PON Programma Operativo
Nazionale “Ricerca e Innovazione” in collaboration with  NUREX S.r.l.
The project aimed to the detection of microorganism that cause some common diseases in Sardinia and
are difficult to detect by classic routine analysis. Bulk Tank Milk (BTM) analysis were used for
monitoring health status in herds. BTM analysis is less expansive, more convenient, and faster than
testing samples from individual animals or groups of sheep. The aim of this study is: 1) standardization
and validation of new diagnostic methods for the detection of pathogens in sheep’s milk; ii)
epidemiological analysis of collected data according to different parameters (etiological agents, type and
characteristics of the farms and geographical location); iii) implementation of operative protocols in
order to reduce infections caused by the selected microorganisms. The research was targeted to different
microorganisms that cause pathologies of considerable economic and health impact. The selected
pathogens were: Coxiella burnetii, Mycobacterium avium sub. Paratuberculosis (Map), Mycoplasma

agalactiae (Mag), Small Ruminant Lentivirus (SRLV).
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3. Materials and Methods

3.1 Sample collection

The milk samples were collected from different herds of sheep from various geographical areas of
Sardinia. BTM samples were taken from the Tank of the companies registered with ARAS (Regional
Breeders Association of Sardinia) and transported in cool boxes to the laboratory (Department of
Veterinary Medicine, infectious diseases section, University of Sassari), where they were tested for the
identification of the pathogens of interest. A total of 1000 unpasteurized sheep milk samples were
collected from dairy herds in Sardinia between 2014 and 2015. The samples were stored at -20°C for
DNA extraction. The samples were taken in a sterile condition, kept a 4°C during transport. The samples
were immediately transfered to the diagnostic laboratory and were stored at -20°C without using any

preservatives.

3.1.1 Isolation of milk somatic cells

- Falcon tubes containing 20 ml of milk were centrifuged for 15 min at 3500 g at 4 °C;

- 1 mL of skim milk was transferred to 1.5 mL microtubes and frozen at -20 °C;

- Supernatant was subsequently discarded;

- Cellular pellets were washed twice with Phosphate Buffered Saline (PBS) and resuspended in 0.2
mL of PBS and stored at -20 °C;

3.1.2 DNA extraction from BTM

DNA extraction was performed on 1000 BTM samples with an automated nucleic acid extraction method

using an automatic high-throughput "robot" developed by Nurex s.r.l., based on the use of paramagnetic
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beads with high affinity for nucleic acids. The microscopic paramagnetic beads bind with different
nucleic acids molecules. The commercial kit used for the isolation of total nucleic acids is the MagMAX
Total Nucleic Acid Isolation Kit (Life technologies). The first phase is characterized by the
homogenization of the sample with zirconia beads (present inside the bead tubes, supplied in the kit) by
the use of TissueLyser (Qiagen). Process takes 15 minutes and uses a frequency of 30Hz in a solution of
guanidinium thiocyanate, which causes a rapid release of nucleic acids and simultaneously inactivates
the nucleases. Purification of DNA was performed by the automatic extractor. The samples were eluited
with isopropanol and a resin containing the paramagnetic beads is added. Beads / nucleic acids
complexes were immobilized with magnet fingers and washed to remove proteins and other
contaminants. Finally, DNA was eluted in a small volume (= 50ul) of low salt concentration buffer, or in
sterile MilliQ H20. The DNA obtained was subjected to quantitative and qualitative evaluation by means
of a UV-visible spectrophotometer (Biophotmeter, Eppendorf) which allowed the determination of both
the concentration and the degree of purity of our DNA (A260 / A280 and A260 / A230).

3.1.3 Preparation of plasmid standards

PCR profile details are shown in the following table:

Reagent Volume
CoralLoad buffer 10X 5uL
Dntp 10 mM 1uL
Primer forward L.5pL
Primer reverse L.5pL
Taq DNA polymerase 0.25uL
Template DNA variable
H-O0MQ to 50 pL

Composition of the reaction mix of PCR (QIAGEN Kit)

C. burnetii specific PCR primers were designed to amplify an 86 bp portion of the IS1111. Primers were:
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e cox FOR (5’-GATAGCCCGATAAGCATCAAC-3’)
e cox REV (5’-GCATTCGTATATCCGGCATC-3’)

The following reaction profile was used: initial denaturation: 3 minutes at 94°C; 30 cycles of:
denaturation at 94°C for 20 seconds, annealing at 55°C for 20 seconds, extension to 72 ° C for 20 seconds

and final extension to 72°C for 10 minutes.

94°C 94°C

72°C 72°C

3 min 20 sec

550C 20 sec 10 min

30 cycles

Schematic representation of the PCR protocol with primers cox_FOR+cox_REV

To detect Mycoplasma agalactiae (Mag), primers were:

e FS1 (5-AAAGGTGCTTGAGAAATGGC-3’)
e FS2 (5-GTTGCAGAAGAAAGTCCAATCA-3’);

The following reaction profile was used: initial denaturation 5 minutes at 95°C; 30 cycles of denaturation

at 95°C for 60 seconds, 57°C for 60 seconds, 72°C for 60 seconds and 72°C for 10 minutes.
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95°C 95°C
5 min | min 72°C 72°C

60 sec 10 min
57°C
1 min

30 cycles

Schematic representation of the PCR protocol with primers FS1+FS2

To detect maedi-visna virus (MVV) the specific nested-PCR primers were designed to amplify an 816 bp
portion of primers targeting a conserved region of the gag gene mapped into the reference sequence
CAEV-Cork (Genbank accession number M33677) between nucleotides 1070-1801 (Grego et al.,2007).
In the first PCR primers used to amplify DNA fragments (1320 bp) were:

e GAGFI (5-TGGTGARKCTAGMTAGAGACATGG-3’)
e GAGRI1 (5-CATAGGRGGHGCGGACGGCASCA-3’);

The following reaction profile was used: initial denaturation 3 minutes at 94°C; 35 cycles of denaturation
at 94°C for 30 seconds, annealing at 55°C for 45 seconds, extension to 72°C for 90 seconds and final
extension to 72°C for 10 minutes. The samples were re-amplified after the first PCR to increase the
sensitivity of the reaction. In the second PCR primers were used to amplify DNA fragments (816 bp)

WCEre:

e GAGF2(5-CAAACWGTRGCAATGCAGCATGG-3’)
e GAGR2 (5°-GCGGACGGCASCACAGG-3’)

The following reaction profile was used: initial denaturation 3 minutes at 94°C; 35 cycles of denaturation
at 94°C for 30 seconds, annealing at 55°C for 45 seconds, extension to 72°C for 60 seconds and final

extension to 72°C for 10 minutes.
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94°C 94°C
3 min 30 sec 72°C 72°C 94°C 94°C

90 sec 10 min 3 min 30 sec 72°C 72°C
60 sec 10 min
55°C
45 sec 55°C

35 eycles

35 cycles

Schematic representation of the nested-PCR protocol with primers GAGF1+GAGRI1; GAGF2+GAFR?2

To detect M. avium subsp. paratuberculosis (MAP) specific PCR primers were designed to amplify a
108 bp portion of the insertion element IS900, (present as 14—18 copies in Map genome). Primers were:
IS900_F (5’- GATGGCCGAAGGAGATTG-3") and IS900 R (5’-CACAACCACCTCCGTAACC-3),
with the following reaction profile: initial denaturation 3 minutes at 94°C; 30 cycles of: denaturation at
94°C for 20 seconds, annealing at 55°C for 20 seconds, extension to 72 ° C for 20 seconds and final

extension to 72°C for 10 minutes.

94°C 94°C

72°C 72°C

3 min 20 sec

550C 20 sec 10 min

20 sec

30 cycles

Schematic representation of the PCR protocol with primers 15900 F+15900 R
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3.1.4 Agarose gel electrophoresis

2% agarose gels were prepared in 1X TAE buffer. After boiling GelRed® (BIOTUM, Italian Chemical
Society, Rome) was added to final 1X concentration and mixed. GelRed® was used for analytical
visualization of DNA fragments. DNA samples supplemented with loading buffer were loaded into wells
together with 1kb plus DNA ladder (Invitrogen). Agarose gel electrophoresis was performed at 80V, and
DNA was visualized with the GelDoc EZ® system (Biorad).

3.1.5 Cloning and sequencing

Two positive samples were purified with the kit DNA Clean & concentrator™ (Zymo Research, Italia,
Cat n® D4033) with the following protocol: five volumes of DNA Binding Buffer have been added to the
PCR products; the mix was transferred to a provided column in a collection tube and was centrifuged for
30 seconds at 16,000xg. One sample was quantified with the NanoDrop™ Lite Spectrophotometer
(Thermo Fisher Scientific). Purified samples were cloned into the plasmid pCR®2.1 vector (Invitrogen,

Italia cat. N° K450002) (Fig 5).

518) AhdT

2652) Bsal
s4) BpmI

2437) Seal
a1s) Tatl

Msel (1529
PAIFL - Tth111l (1565)

218 Xmnl

EBssHII
Btal - Neel (187%)

Fig.5 pCR®2.] vector (Invitrogen)
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- First day. Each amplified was subjected to a ligation reaction as shown in the table:

Reagent Volume
Fresh PCR product 0.5-4 uL
Salt Solution luL
Water Add to a total volume of 5 UL
TOPO vector 1ul
Final volume 6uL

Ligation mix
The reaction mix was incubated for 5 minutes at room temperature (22°C to 23°C).

- Second day. Transformation of chemically competent Escherichia coli cells (One shot TOP10
strain, Invitrogen) following the protocol provided by the kit. The tubes containing the ligation
products were briefly centrifuged and placed on ice; the vials containing 50 pl of competent cells
(One Shot ® Competent cells) were thawed on ice; 2 pl of ligation product were pipetted into the
vials, mixed gently and incubated for 30 minutes on ice; the cells were subjected to thermal
shock: 30 sec at 42 ° C and immediately transferred to ice; 250 pl of S.0.C. were added medium
(previously brought to room temperature) with each vial. The vial was shaken (200 rpm) at 37°C
for 1 hour. Two plates of LB agar containing ampicillin (100 ug / ml) were seeded for each cell

vial. The plates were incubated at 37 ° C overnight.

- Third day. 2 colonies were selected for each plate. These were grown in 3 ml of LB with
ampicillin (100 pg / ml) at 37 © C overnight at 225 rpm.

- Fourth day. Plasmid was extracted from liquid medium cultures by purification using the
ZuppyTM Plasmid miniprep Kit cat n © D4020. 600 uL of bacterial culture grown in LB medium
was added to a 1.5 ml microcentrifuge tube. The bacterial culture was centrifuged for 30 seconds
at maximum speed. The supernatant was discarded, and the bacterial cell pellet was resuspended

in 600 pL of H2OMQ. 20 uL of 7X Lysis Buffer (Blue) was added and mixed by inverting the
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tube 4-6 times. 350 uL of cold Neutralization Buffer (Yellow) was added and the sample was
inverted 2-3 times to ensure complete neutralization. The samples have been centrifuged at
11,000 — 16,000 x g for 2-4 minutes. The supernatant (~900uL) has been transferred into the
provided Zymo-Spin™ IIN column. The column was placed in a collection tube and have been
centrifuged for 15 seconds. Then it was eliminated the flow-through and the column was put back
into the collection tube and was added 200 pL of Endo-Wash Buffer. They have been centrifuged
foe 30 seconds and then was added 400 pl of Zyppy™ Wash Buffer to the column. After
I-minute centrifugation they were transferred into a 1.5 ml microcentrifuge tube. Into the column
matrix was added 25 uL of H2OMQ and the samples have been left for 1 minute at room
temperature. They were then centrifuged for 30 seconds to elute the plasmid DNA. The obtained
plasmid minipreps were subjected to enzymatic digestion with EcoRI to verify the presence of the
corresponding band. The following digestion mix was used: (20000U / ml) EcoRI HF 0.3uL, 10X
cutsmart 3 uL, plasmid about 500 ng, H2OMQ up to 30 pL. The digestion product was subjected
to electrophoretic running in 2% agarose gel. Then the ultraviolet light DNA bands were
visualized using GelRed® Nucleic Acid Gel Stain (BIOTUM, Societa Italiana Chimici, Rome) as
a nucleic acid intercalator. The sample showing the expected size insert was sent to BMR
Genomics s.r.l. of Padova for sequencing using the universal primers M13 Forward
(5’-GTAAAACGACGGCCAG-3’) and M13 Reverse (5’-CAGGAAACAGCTATGAC-3’). A
quantity of plasmid equal to 400-500 ng was placed in a 200 pL eppendorf. The plasmid was
completely dried at 65 ° C and shipped. The sequences obtained in this study was processed with
Chromas 2.2 software (Technelysium, Helensvale, Australia) and aligned with CLUSTALX
version 2.0 (Larkin et al., 2007) to obtain the type sequences. These typical sequences were
compared with the sequences deposited on the GenBank database by means of the BLASTN
program (http://blast.ncbi.nlm.nih.gov/, Altschul et al., 1990).
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3.1.6 Real time PCR

Real-time PCR, or qPCR (quantitative PCR), allows you to quantify the PCR product at each
amplification cycle in real time. A quantitative analysis of the amount of initial DNA template is thus
carried out with the emission of fluorescence emitted by fluorophores at each amplification cycle. These

probes equipped with a high-energy fluorophore (reporter) and a fluorophore inhibitor (quencher).

3.1.7 Standard DNA construction

After sequencing the plasmids containing the inserts of our interest, the recombinant plasmids specific

for each microorganism analyzed were used to construct the standard curve.

3.1.8 qPCR setup and standard curve

For each microorganism (C. burnetii, Mag, MVV and MAP) the real-time PCR was performed with
specific primers and probes. B-actin was used as the housekeeping gene. Serial dilutions from 1x10°
copies to a single copy of the sequence were used to establish a standard curve. The qPCR was run on
three replicates of each dilution to establish a measure of intra-assay variation and single replicates of

each dilution.

3.1.9 Real-Time PCR assay

To detect C. Burnetii, Real time PCR assay was performed to amplify an 86 bp target of the IS1111
sequence using the primers cox_FOR (5’-GATAGCCCGATAAGCATCAAC-3’and reverse (cox REV:
5’-GCATTCGTATATCCGGCATC-3’), and the cox probe (5’-FAM-TCATCAAGGCACAAT-3’)
(Panning et al., 2008). Sensitivity for this qPCR was determined to be 100 copies of the target sequence
per microliter. Cycle threshold was obtained with scalar dilutions of pCR2.1/IS1111 plasmid.
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To detect Mag primers and probes were designed complementary to the coding region for the P48
lipoprotein of Mag; MAG48 FORWARD (5’-TTCAGGAACACCTCAAGCTACTACA-3’), MAGP48
REVERSE (5’-TGAACCAGCAACAGGGTAAGAA-3’) and MAGP48 probe (5-
FAM-TAACTCTGTGGTTAAAGCT-3’). Cycle threshold was obtained with scalar dilutions of
pCR2.1/MAGP48 plasmid. For MVV detection, specific primers and probes were design to amplify a
conserve regions of gag / pol gene using v3.0 Software (Applied Biosystems). A further set of primers
and probe was designed to target ruminant B-actin encoding gene as the internal control of the reaction.
Sensitivity for this qPCR was determined to be 100 copies of the target sequence per microliter. To detect
MAP, Real time PCR assay was performed to amplify 108 bp target of the sequence using the primers
IS900_F: (5’-GATGGCCGAAGGAGATTG-3") and IS900 R (5’-CACAACCACCTCCGTAACC -3°)
and IS900 probe (5’-FAM-ATTGGATCGCTGTGTAAGGACACGT -3°). Sensitivity for this qPCR
was determined with scalar dilutions from pCR2.1/IS900 plasmid. For each microorganism the standard
curve (Cycle threshold vs copy number) was obtained through scalar dilutions of the plasmid containing
the target gene in H20 milli Q, subsequently amplified in triplicate for each dilution. The ct values
corresponding to the different dilutions were thus obtained. Luna® Universal gPCR Master Mix kit
(New England Biolabs) with the following protocol was used:

COMPONENTS 20 pL. REACTION FINAL CONCENTRATION
Luna Universal gPCR Mix 10 uL 1X
Forward primer (10 pM) 0.5 uL 0.25 uM
Reverse primer (10 pM) 0.5uL 0.25 uM
Template DNA variable <100 ng
Nuclease-free Water to 20 uLb

Composition of the reaction mix (Luna Universal gPCR Master Mix Kit)
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3.1.10 Quantitative Real-Time PCR

The amplifications were performed with real-time thermal cycler CFX96 (Bio-Rad) with the following
program: 1 minute at 95°C, 40 cycles for denaturation at 95°C for 15 seconds and extension at 60 °C for
30 seconds. The plasmids constructed for each microorganism with the sequence of the target gene inside

are used as standard construct the standard curve for the calculation of copy number.
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4. Results

4.1 Real-time PCR (C. Burnetii)

A total of 806 samples of BTM have been examined in qPCR for detection of C. Burnetii DNA. The
samples analyzed were from different areas of Sardinia. Bulk tank milk samples representing 79 herds
result positive for the presence of C. Burnetii DNA. Cycle threshold vs copy number was obtained with
scalar dilutions ranging from 100 to 100000 copies/pul of pCR2.1/IS1111 plasmid. Samples with a cycle
threshold (CT) value less than or equal to 36.5 were considered positive (Fig 6).

Fig.6 Standard curve obtained by amplifying scalar dilutions of pCR2.1/ IS1111 with cox FOR/cox REV and

cox_probe.

4.1.2 Interpretation of the data

The sample is defined as compliant if an amplification curve is found similar to that observed in the
positive control. Samples are tested in duplicate.

Each sample was evaluated individually in the replicates following the scheme following: two positivity
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= positive sample; two negativities = negative sample; one positivity and one negativity = doubtful

sample and repetition of the amplification.

4.1.3 Geographic distribution of positive herds

Herds positive for shedding of C. burnetii DNA were identified in different areas of Sardinia (Tab.1).
The number of positive samples was highest in the center of Sardinia (50%) than in North (13.6%) and
South (2.5%). Out of 806 tested samples, the total number of coxiella positives in all the geographical
areas considered was 79 samples (9,8%). The number of positive samples out of the 806 tested divided
by geographical area is as follows: North Sardinia (3,6%), Center Sardinia (4,6%) and South Sardinia
(1,6%) (Tab.1; Fig 7).

Positive samples / n° Positive samples/ n° tot.
geogr. area Samples

North 29/214 (13.6%) 29/806 (3,6%)
Center 37/74 (50%) 37/806 (4.6%)
South 13/518 (2.5%) 13/806 (1.6%)
Total 79/806 (9.8%)

Tab.1 Geographic distribution of positive samples a coxiella in dairy herds of Sardinia.
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Fig.7 Geographic Information System (GIS). Geographic distribuiton of coxiella samples milk positive and negative.

Some of the positive samples were tested in PCR have confirmed results obtained in qPCR. The IS1111

insertion sequence appareance was confirmed by its amplification from samples (Fig 8).
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Fig.8 Agarose gel: amplification of IS1111 insertion sequence (86bp).1: 1kb plus DNA ladder,2-14:
BTM samples;15:1kb plus DNA ladder;16-27: BTM samples; 28: positive control.

Samples were sent for sequencing to BMR Genomics s.r.l. (Padova). The analysis of sequence (45
nucleotides length) with BLASTN showed a 100% similarity with Coxiella burnetii, confirming the
specificity of the PCR tool:

e coxl col2 F CTTGCATAATTCATCAAGGCACCAATGGTGGCCAATTTAAATTGT

4.2 Real-time PCR (M. agalactiae)

A total of 1000 samples of BTM have been examined in qPCR for detection of Mag DNA. Bulk tank
milk samples representing 65 herds were positive for the presence of Mag DNA. Cycle threshold vs copy
number it was obtained with scalar dilutions ranging from 10 to 1.000.000 copies/ul of pCR2.1/Mag48

plsmid. Samples with a cycle threshold (CT) value less than or equal to 36.9 were considered positive

(Fig 9).
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1.000

Fig.9 Standard curve obtained by amplifying scalar dilutions of pCR2.1/P48 with MAG48 FORWARD/ MAGP48
REVERSE and MAGP48 PROBE.

4.2.1 Interpretation of the data

The sample is defined as compliant if an amplification curve is found similar to that observed in the
positive control. Samples are tested in duplicate. Each sample was evaluated individually in the
replicates following the scheme following: two positivity = positive sample; two negativities = negative

sample; one positivity and one negativity = doubtful sample and repetition of the amplification.

4.2.2 Geographic distribution of positive herds

Herds positive for shedding of Mag DNA were identified in different areas of Sardinia (Tab.2). The
number of positive samples was highest in the center of Sardinia (16.8%) than in North (4.6%) and South
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(1.9%). Out of 1000 tested samples, the total number of Mag positives in all the geographical areas
considered was 65 samples (6.5%). While the number of positive samples out of the 1000 tested divided
by geographical area is equal to: North Sardinia (1%), Center Sardinia (4,5%) and South Sardinia (1,3%)

(Tab.2).
Positive samples / n° Positive samples/ n° tot.
geogr. area Samples

North 10/214 (4.6%) 10/1000 (1%)
Center 45/268 (16.8%) 45/1000 (4.5%)
South 10/518 (1.9%) 13/1000 (1.3%)
Total 65/1000 (6.5%)

Tab.2 Geographic distribution of positive samples a Mag in dairy herds of Sardinia.

Some of the positive samples were tested in PCR have confirmed results obtained in qPCR. The

MAGP48 sequence appareance was confirmed by its amplification from samples (Fig 10).

1 2 3 4 5 6 7 8 9 10 11 12

Fig.10 Agarose gel: amplification of MAGP48 sequence (375bp).1: 1kb plus DNA ladder,2-7:
BTM samples;8:1kb plus DNA ladder;9-11: BTM samples; 12: positive control.
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Samples were sent for sequencing to BMR Genomics s.r.l. (Padova). The analysis of sequence (375bp
nucleotides length) with BLASTN showed a 100% similarity with Mycoplasma agalactiae, confirming
the specificity of the PCR tool.

4.3 Real-time PCR (Maedi-visna virus)

A total of 1000 samples of BTM have been examined in qPCR for detection Maedi-visna virus DNA.
Bulk tank milk samples representing 55 herds were positive for the presence of MVV DNA. Cycle
threshold vs copy number it was obtained with scalar dilutions ranging from 10 to 10000 copies/ul of
pCR2.1/gag-pol plasmid. Samples with a cycle threshold (CT) value less than or equal to 38.8 were
considered positive (Fig 11).

45

40

Fluorescence

Cycle

Fig.11 Standard curve obtained by amplifying scalar dilutions of pCR2.1 / gag-pol plasmid with
qGAG fw_Monastir_Biorad primers with Monastir _Biorad probe
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4.3.1 Interpretation of the data

The sample is defined as compliant if an amplification curve is found similar to that observed in the
positive control. Samples are tested in duplicate. Each sample was evaluated individually in the
replicates following the scheme following: two positivity = positive sample; two negativities = negative

sample; one positivity and one negativity = doubtful sample and repetition of the amplification.
ple; positivity and gativity = doubtful ple and repetit fth plificat

4.3.2 Geographic distribution of positive herds

Herds positive for shedding of MVV DNA were identified in different areas of Sardinia. The number of
positive samples was highest in the center of Sardinia (57.4%) than in North (46.2%) and South (21.8%).
Out of 1000 tested samples, the total number of MVV positives in all the geographical areas considered
was 366 samples (36.6%). While the number of positive samples out of the 1000 tested divided by

geographical area is equal to: Center Sardinia (9.9%) North Sardinia (15.4%), and South Sardinia
(11.3%) (Tab.3)

Positive samples / n° Positive samples/ n° tot.
geogr. area Samples

North 99/214 (46.2%) 99/1000 (9.9%)
Center 154/268 (57.4%) 154/1000 (15.4%)
South 113/518 (21.8%) 113/1000 (11.3%)
Total 366/1000 (36.6%)

Tab.3 Geographic distribution of positive samples a MVV in dairy herds of Sardinia

Some of the positive samples were tested in PCR have confirmed results obtained in qPCR. The gag/pol

gene appareance was confirmed by its amplification from samples (Fig 12).
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Fig.12 Agarose gel: amplification of gag/pol gene (816bp).1:1kb plus DNA ladder;2-13: BTM
sample;14:1kb plus DNA ladder;15-25: BTM samples, 26.: positive control.

Samples were sent for sequencing to BMR Genomics s.r.l. (Padova). The analysis of sequence (816bp
nucleotides length) with BLASTN showed a 100% similarity with MVV, confirming the specificity of
the PCR tool.

4.3.3 Real-time PCR (MAP)

A total of 1000 samples of BTM have been examined in qPCR for detection of MAP DNA. Bulk tank
milk samples representing 2 herds were positive for the presence of MAP DNA. Cycle threshold vs copy
number it was obtained with scalar dilutions ranging from 10 to 1.000.000 copies/pl of pCR2.1/IS900

plasmid. Samples with a cycle threshold (CT) value less than or equal to 38.96 were considered positive.

4.3.4 Interpretation of the data

The sample is defined as compliant if an amplification curve is found similar to that observed in the
positive control. Samples are tested in duplicate. Each sample was evaluated individually in the
replicates following the scheme following: two positivity = positive sample; two negativities = negative

sample; one positivity and one negativity = doubtful sample and repetition of the amplification. Some of
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the positive samples were also tested in PCR. The IS900 sequence appareance was confirmed by its

amplification from samples (Fig 13).

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21

Fig.13 Agarose gel: amplification of 1S900 sequence (108bp).1: 1kb plus DNA ladder;2-11: BTM
sample; 12:1kb plus DNA ladder;13-20: BTM samples; 21: positive control.

Sample was sent for sequencing to BMR Genomics s.r.l. (Padova). The analysis of sequence (108
nucleotides length) with BLASTN showed a 100% similarity with MAP, confirming the specificity of
the PCR tool.
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5. Discussion and conclusion

The obtained results show that qPCR is a really sensitive diagnostic assay suggesting that it could be the
"gold standard" for the detection of pathogens from biological samples. qPCR has high sensitivity,
specificity and reproducibility and permit to analyze a large number of samples in a short time (Bottero
and Dalmasso, 2011). Furthermore, this molecular assay allows timely diagnosis of infection by
detection of very low quantity of the microorganism's DNA (Mackay, 2004). The methodology used in
this project showed: 1) the use of nucleic acid automatic extractor that has a sensitivity comparable to
other methods; ii1) the possibility to test more samples at a time, with less costs and in a short time. The
use of Tag Man MGB (Minor groove binder) probe, FAM labeled (6-carboxy-fluorescein), allowed
sensitive and specific detection of selected microorganisms. The detection of C. burnetii DNA in sheep
BTM showed the presence of this important zoonotic pathogen in different areas of Sardinia. Positive
samples number were 79/806 (9.8%). Etiological and pathogentic characteristics of coxiella, such as the
ease of transmission through aerosol and food (raw milk), may constitute a risk for public health, as
suggested by the increment of epidemic cases between 2009 and 2010 in livestock and in human in
Netherlands. Seventyfive sheep and goat herds tested positive and there were over 3000 human cases of
Q fever. People that are most exposed to coxiella infection are Veterinarians, laboratory staff, breeders,
and slaughterers. For this reason, it would be important to establish a monitoring plan, control programs
and prophylaxis activities aimed at limiting economic and health impact in the livestock and humans
(Roest et al., 2011). In this project we developed qPCR assay for detecting and quantifying M. agalactiae
DNA in BTM samples. For M. agalactiae, qPCR is more sensitive than traditional PCR. This assay is
reproducible and linear in range of scalar orders of magnitude between 10! and 10° copies of plasmid
DNA, ensuring a precise estimation of quantity of M. agalactiae DNA in milk samples. When compared
to traditional PCR assay, qPCR takes less time for analysis of samples, shows minor contamination
hazards, and has higher specificity because of the use of hybridization probes. Direct analysis of BTM
samples by qPCR allows us to replace microbial cultures of Mag. Subclinical infected animals can shed

the microorganism, therefore the use of this rapid, sensitive, and specific method is important for early
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diagnosis. Rapid disease spread, the presence of different sources of infection, the vertical and horizontal
transmission of the pathogen, are the principal causes of economy demage. For this reason, it would be
necessary to implement research on microrganism epidemiology in domestic and wild animals, in order
to manage and protect sheep populations from infection. This project allowed to confirm that a timely
and accurate diagnosis of MV is also required to control and eradicate the disease in ovine flocks.
Usually, for diagnoses Serological tests (enzyme-linked immunosorbent assays (ELISAs) were used to
detect antibodies against the virus (Kaba et al., 2013). An important problem in disease eradication is the
immune response to the disease beacause it takes a long time before clinical signs development, and the
affected animals remain carriers of virus (Hiittner et al., 2010; Azkur and Aslan, 2011). The qPCR
system developed in this project for MVV was used to evaluate the positivity of the BTM samples. This
allowed us to confirm the development of a rapid and economical protocol based on proviral load of
infected animals. The number of positive samples was 366/1000 (36.6%). The obtained results show the
presence of this microorganism in several farms in Sardinia with high prevalence of positive samples in
the central area of the island (57.4%) on the total number of farms sampled in this region. The obtained
data are probably understimated because it has been shown in a previous study that aproximately 90% of
sheep livestock presented at least one infected animal (Puggioni et al., 2007). Furthermore, it has been
discovered that majority of sheep are genetically resistent to lentivirus infection. Transmembrane protein
gene (TMEM154) has been identified as the responsible for this resistance in sheep (Heaton et al., 2012).
For this reason, it would be appropiate to select genetically resistent animals in order to eradicate the
disease. For this reason, it would be necessary to implement the number of samples in order to have a
more suitable analysis. Finally, it would be important to increase appropriate monitoring and control plan
with prophylaxis programmes, carryin out further research to verify the effects of the virus on public
health. Among 1000 samples tested for MAP, only 2 samples resulted positive. This result is in contrast
with the high positivity rate described in Sardinia before and this could be due to the different matrice
used in this study. In fact, MAP is mainly present in fat milk whereas in this work the DNA was extracted
from somatic cells. Early detection of microorganisms is of primary importance to allow prophylactic

measures aimed to contain diseases diffusion in animals, and to identify the presence of zoonotic agents
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that could represent a serious danger for human health (Rahman et al., 2020). The detection of
microorganisms is extremely complex and articulated due to the multitude of bacteria genera and species,

virus groups and fungi that can be found in milk (Tonamo et al., 2020).
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