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ABSTRACT

Q fever is an infective, contagious and zoonotsedse caused lyoxiella burnetii, an
obligate intracellular bacterium. The infectionriminants is frequently subclinical, but
late abortions, stillbirths and reproductive disosdcan occur as well. Shedding ©f
burnetii into the environment mainly occurs during partontior abortion, but the
bacterium is shed also in feces, urine, milk, vafgmucus.

The first goal of this research was to assessfti@ey of a diagnostic strategy based on

real-time PCR (r-t PCR) assays on bulk tank milkKNB for the detection of infected

dairy herds/flocks, with the aim of estimating threvalence of Q fever infection in dairy
herds and in goats flocks. The second goal wasdtate the dynamics of the antibodies
response and the. burnetii excretion in infected animals.

The sensitivity and specificity of a single r-t PG@&st on BTM were evaluated using a

control-case study in dairy herds and goat flodkse first step was the identification of

infected and negative farms, in which a sample ©MBwas taken for a r-t PCR test to
detectC. burnetii DNA.

In dairy cattle the infected herds were definethass with:

v clinical symptoms of Q fever like abortions or irifidy and positive r-t PCR results
confirming the presence of. burnetii on specimens from affected animals or
abortions,

v' aprevalence at least of 20%.

Negatives farms were defined as farms with the¥alhg characteristics:

v' aregular surveillance and diagnosis of abortions,

v all the r-t PCR test of the previous 2 years negdtr C. burnetii,

v' aseroprevalence below 20%.



The same features were used for dairy goat flocksthe seroprevalence was set out at
15%.
C burnetii was detected in fetuses or placenta of 17 daitjecarms: among these herds
only 8 were positive at the BTM r-t PCR (50%). @it22 negatives herds, sampled for
prevalence assessment, 10 showed a prevalence ad%?> 20%. All herds defined as
uninfected had a r-t PCR negative in BTM samples $énsitivity and specificity of BTM
r-t PCR were respectively equal to 0.5 and 1.
Out of the 29 flocks sampled in the study, 15 haatg shedding. burnetii from vaginal
mucus after abortions and also after normal paidari No abortion storms were detected
during the study, but only single cases of abortionthe flocks whereC. burnetii was
detected, the prevalence wasl5% in 9 farms. Among these flocks, 7 out of 9 laad
positive r-t PCR BTM sample.
In the 14 flocks withC. burnetii negative vaginal swabs or abortions, none had a
prevalence < 15% and a negative r-t PCR in BTM damihe sensitivity and specificity
of BTM r-t PCR was respectively equal to 0.8 andr'tie difference between cattle and
goats sensitivity is probably due to the differiatures of the reproduction cycle. In goats
kidding are seasonal and. burnetii is shed in milk more often in the two months
following kidding, that was exactly the time of BT8&mpling in this study, while in cattle
calving they are widespread all over the year.
To study theC. burnetii transmission in dairy herds, a longitudinal studysvdesigned as
follow:

1. 4 dairy herds were selected, among the infecteddar

2. a sample of blood and milk was taken from everyakieg cow and tested, serum

with ELISA and CFT for antibodies detection, milit PCR forC. burnetii DNA

detection,



3. according to test results, 4 groups of nearly Mscavere established to be sampled
3 times every 2 months. The cows were sorted artt@groups as follows:
v' group 1: cows ELISA negative and PCR negative (BLRCR-),
v' group 2: cows ELISA negative and PCR positive (A-IBCR+),
v' group 3: cows ELISA positive and PCR negative (A+8CR-),
v' group 4: cows ELISA positive and PCR positive (EA¥PCR+).
4. From these cows at each sampling a sample of biotkiand feces was taken and
tested: serum with ELISA and CFT for antibodiesedgbn, milk and feces with r-t
PCR forC. burnetii DNA detection.
The same study was performed in 3 goat flocksn#dcted byC. burnetii. The goats were
sorted among 3 groups and lacked the group ELISR-PRecause was found only 1 goat
ELISA-PCR+.
The results highlighted in dairy cows a great gapveen the seroprevalence and the
percentage of shedders found in the herds. Themsmence was on average 30,6%,
while the percentage of shedders was at least 1®V4he percentage of strong shedders
was only 1,7%. We observed also the presence ot sheddingC. burnetii in milk
without an appreciable serological response: cdaleattle 11 remained seronegative up to
six months. The time of shedding in these cows vayg short: after 2 months 12 cows
were PCR negatives and from tH&ampling all cows remained negatives to PCR.
Many ELISA+PCR- cows were found sheddi@y burnetii in milk in the following
samplings. The ELISA+PCR+ cows behaved oppositdigse cattle gradually, during the
study, became PCR-, but remained seropositive tinatiend.
Shedding in feces was sporadic and only 9 cows @ued to shed the bacterium
occasionally through this route.

In dairy herds we evaluated also the associatiawdsn the serological response of the



cow to ELISA or CFT test and the occurrenceCoburnetii shedding in milk. The results
obtained highlighted a high statistically signifitaassociation (p value = 0.00) of both
ELISA and CFT, especially for the detection of sent shedders with an odd ratio (OR)
equal to 6.8 for CFT and 29.4 for ELISA. By increasthe ELISA cut-off to a value s/p >
2, only cows with a high serological titer wereeat#ed and these animals had a greater
probability of being persistent shedders. Using ttriteria for detection of seropositive
cows, a highly significant association (OR = 184yalue = 0.00) was found between
serological results and r-t PCR in milk.

The goats sampled were 257, coming from 3 flocky déferent in size, ranging from 12
to 171 goats. The shedders@fburnetii in milk were 59 (23%), the ELISA seropositive
goats 177 (69%), the CFT seropositive goats 11 (F¥g percentage of shedders in milk
was very different among the flocks, ranging fro8®% of farm 2 to 1% of farm 3. A'2
sampling in flocks 1 and 2 the numbers of sheddectined sharply, while in flock 3 the 2
shedders founded carried on the excretion untiaetively 3° and 4" sampling. Shedding
of C. burnetii in stools was detected only occasionally in flo2kand 3, while in flock 1 at
2" sampling 15 positives goats were detected, aB'thts, and at %4 5. The great majority
of ELISA seropositive goats kept this status thiaug the study time: only 3 goats out of
38, tested negative for antibodies &t 8ampling. Among seronegative goats only 3
animals showed seroconversion during the study.sEnalogical response to CFT showed
remarkable variations at each sampling: first thec@ntage of positive goats was low or
even 0, in the following samplings the percentaggerto 35% and even to 90% in one

flock, then all the goats returned negative.



INTRODUCTION

Q fever is an infective and contagious diseaseexhinxy Coxiella burnetii, an obligate
intracellular bacterium. It's a zoonotic diseasa@legpread all over the world except for
New Zealand and is considered as emerging or reéeggngein many countries. This
bacterium can infect a wide range of species, gtikbe hosts including farm animals,
pets, wild mammals and even non-mammalian suchoasestic and wild birds, reptiles
and ticks (Raoult et al., 2005).

The most common reservoir of the infection are dgimeruminants and humans are
primarily infected by inhaling aerosols contamimhteth the bacteria (ECDC, 2012). In
domestic ruminants, which represent the major soofchuman infections, the disease is
frequently subclinical, but late abortions, stifths and reproductive disorders can occur as
well (Arricau-Bouvery and Rodolakis, 2005). Shedgaf C. burnetii into the environment
mainly occurs during delivery or abortion, but thecterium is shed also in feces, urine,
milk, vaginal mucus (Angelakis E., Raoult D., 2010)

In cattle, as in small ruminants, in addition te theripartum excretion other periods of
shedding can be observed: infected cows can pamdisshed bacteria in milk for months
without symptoms, while sporadic or intermittenedding can occur in feces or vaginal
mucus (Guatteo et al., 2007).

Factors affecting the maintenance @f burnetii infection in animal populations can be
grouped according to:

a) Agent factors, related to the characteristics Gf burnetii, and in particular infectivity,
virulence and resistance to environmental condstion

b) Host factors, including animal species, susceptibility, infecBoess, age and sex;



c) Environment factors , related to animal management, as well as manureageament
and farm characteristics.

Diagnosis, particularly the determination of theddher status, is a critical and expensive
process that is not yet completely standardizedei@émethods are available for diagnosis
of C. burnetii infection in animals, including both direct idemtdtion of the agent and
serological testing. Isolatioof C. burnetii can be done by cell or embryonated chicken egg
culture. Such methods are complex and require Bwgntainment (OIE) so they are not
usually adopted in routine diagnostics laboratoiE&ESA, 2010). Polymerase chain
reaction(PCR) is one of the most analytically sensitive aagdid method for both the
direct detection ofC. burnetii and the identification of shedders, and the abitlitydetect
and quantifyC. burnetii DNA by real-time PCR has dramatically enhancedmistic and
research approaches. Real-time PCR can be usedwddearange of samples: vaginal
discharge, abortion material, feces and milk, batkindividual (Kim et al., 2005).
However, also with real-time PCR the detection legdslers is still complex because the
shedding dynamics are not well known (Guatteo et 2007; Sidi-Boumedine et al.,
2009;).

For the serological diagnosis of Q fever there asofficially (OIE) prescribed test, but
among the various techniques that can be empldlged3 most often used are the indirect
immunofluorescence assay (IFA), enzyme linked imoassay test, (ELISA) and the
complement fixation test (CFT). Serological assangs suitable for the screening of herds
or flocks, but interpretation at the individual lewal level is not possible. The CFT was
considered the reference test for historical readt its diagnostic sensitivity was highly
variable . The analytical sensitivity of the ELIS¥as found to be 8-16 times higher than
that of the best CFTs (EFSA, 2010). At present,3ALIs the recommended choice for

seroprevalences studies (Natale et al., 2012).



During the last decade our knowledge on Q feverihagased, however the persistent
considerable uncertainty about this infection cdlls more research. Recently the
European food safety authority (EFSA) scientifianign on Q fever (2010) pointed out
several items to be clarified by new investigatjamcerning diagnostic methods, factors
influencing the maintenance of infection and chimastics of the bacterium, like host
specificity and virulence factors.

Several methods are available for diagnosi€.dburnetii infection in animals, including
both direct identification of the agent and seralabtesting, but none of these is an
officially designated test. The diagnosis of thization should involve the use of multiple
techniques and can be effectively interpreted anlyerd or flock level.

The first goal of this research was to assessfti@ey of a diagnostic strategy based on
real-time PCR assays on bulk tank milk (BTM) fore tidetection of infected dairy
herds/flocks, with the aim of estimating the prevale of Q fever infection in dairy herds
and in goats flocks. The second goal was to evaliminfected animals the dynamics of

the antibodies response and @durnetii excretion.
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CHAPTER 1: Coxiella burnetii in animals and humans

1.1 HISTORICAL BACKGROUND

Q fever was described in 1935 as an outbreak ailéeiness in slaughterhouse workers
in Brisbane, Australia (Derrick EH, 1973). Derriekamined all those who were affected
and could not produce a diagnosis, as a resuftaheed the illness “Q” for query fever.
Later, some workers suggested that the Q stoodtmensland, the state in which the
disease was first described.

Burnet and Freeman (1937) reproduced the diseagpiimea pigs and mice with an
emulsion of infectious guinea pig liver receivednfr Derrick and demonstrated Rickettsial
organisms in spleen sections from infected miceriBuand Freeman 1983).

In the same period, Davis and Cox (1938),workingtlo@ possible vectors of Rocky
Mountain spotted fever at the Rocky Mountain Labamain Hamilton,Montana, USA,
allowedDermacentor andersoni ticks collected near Nine Mile Creek, Montanafged on
guinea pigs and found that some animals develogedrae illness with enlarged spleens.
They further characterized the “Nine Mile” agentheTl organism was observed
intravacuolarly in infected tissue cultures and vi@sd to cause an infection in people
(Cox et al., 1947).

Both groups in Brisbane and Montana demonstratatittie etiological agent displayed
properties of both viruses and Rickettsiae in 188&ettsia diaporica, the proposed name
for the organism, which incorporated both Rickettdieatures and the ability of the
organism to pass through a bacteriological filtesis propagated in tissue cultures and in
developing chicken embryos (Cox, 1941).

American and Australian groups started exchangirigrination and infected materials

11



after a laboratory-acquired Q fever infection ocedrin the Rocky Mountain Laboratory
in 1938 (Dyer, 1949). They demonstrated that thetralian Q fever agent, the zoonotic
agent, and the Nine Mile agent were in fact isalatiethe same microorganisiickettsia
burnetii (Maurin and Raoult, 1999), later renamedCasiella burnetii (Philip, 1952), a

name which honours both Cox and Burnet as pionieerss field.
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1.2 ETIOLOGY

1.2.1 Bacteriology

C. burnetii is a small pleomorphic rod (0.2-0.4 mm wide, 0.8+Im long) obligate
intracellular bacterium, with a membrane similartbhat of a Gram-negative bacterium
(Maurin and Raoult, 1999). Historically the baateni was classified in the order of
Ricketsiales, but now, based on 16S rRNA sequenedysis, had been placed in the
Coxiellaceae family in the ordet_egionellaes of the gamma subdivision &froteobacteria
(Raoult et al., 2005).

C. burnetii replicates, with an estimated doubling time of £®-hours, within a
parasitophorous vacuole of eukaryotic host cellerfphs and Samuel, 2007). This
microorganism has a intracellular development cybkg involves 3 distinct cells type:
large cell variant (LCV), small-cell variant (SC¥y small dense cell (SDC) (Angelakis
and Raoult, 2010).

The 3 forms can be distinguished by morphologidiganic, metabolic differences, and
physical and chemical resistance (Heinzen and Hadks1999). The LCV, which share
features common with Gram-negative bacteria, haffesé chromatin and possess clearly
distinguishable outer and cytoplasmic membranel @iposed LPS on the surface. They
are the metabolically active intracellular form 6f burnetii, and are larger, more
pleomorphic and less electron dense than the dtherforms (Arricau-Bouvery and
Rodolakis, 2005). The LCV form undergoes sporogediiferentiation to produce
resistant, spore-like forms, the SDC and SCV, tratable to survive extracellularly as
infectious particles (Angelakis and Raoult, 20IhHe SCV is a compact small rod with a
center of condensed nucleoid filaments. The SD€méde the SCV in morphology but are

distinct from this form as a result of a higher picgl stability (McCaul et. al., 1991), that
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is highlighted from the resistance of these callsatpressure treatment of 50,000 psi
(corresponding to 350,000 KPa) (Samuel et al., 200Be SDC have been visualized in
LCV as endospores and may be liberated upon thie bfsLCV or binary transverse
fission with unequal cell division (McCaul et. &981).

The formation of the different forms is linked tioet lifecycle ofC. burnetii, a strategy
developed to survive in and out of the parasitophsivacuole. The SCV and SDC forms
enter into the eukaryotic cells by microfilamentpdedent endocytosis and after the
acidification of the phagosome (about pH 5.5) th@vSand SDC cells multiply by
transverse binary fission and differentiate to L@Vricau-Bouvery and Rodolakis, 2005).
The fusion of the phagosome with the lysosome letmlsthe formation of the
phagolysosom, and to a further acidification (akudt4.5) that is an absolute requirement
for the replication of the LCV cells. At this pHn &xponential growth of the LCV cells
occurs for 4-6 days, then a stationary phase stadscoincides with the reappearance of
SCV cells (Rodolakis, 2011).

These 3 bacterial forms express different protesyecific for each form, in the
developmental life cycle (Heinzen and Hackstadf6lHeinzen et al., 1999; Seshadri et.
al, 1999) and recognized by antibodies producedngua C. burnetii infection. These
differentially expressed antigens could allow tlaetbria to escape the immune response.
In particular the major outer protein P1, whichdtions as porin, is absent in SDC cells
and (McCaul et al., 1991) and is responsible fer dheat resistance @. burnetii in the
environment.

C. burnetii displays antigenic variation similar to the smeatugh variation of other
Gram-negative bacteria and this variation is relatechanges in the lipopolysaccharides
(LPS) layer (Woldehiwet, 2004). After several p@esain embryonated eggs or cell

culture, the bacterial population shifts from aulent (phase 1) to an avirulent phase (phase
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II), which corresponds to the rough variants ofeotram negative bacteri@. burnetii

phase | bacteria expresses a smooth full-length dftBare highly infective and naturally
found in infected animals, humans and ticks, wipilese Il bacteria are avirulent and
characterized by a truncated LPS that lacks comlyléhe O-antigenic polysaccharide
chain (Mertens and Samuel, 2007), and also somteipreell surface determinants
(Amano and Williams, 1984). Early activation of imne cells depends primarily on LPS,
and the full-length LPS of phase | bacteria seemisalve a masking effect protecting the

bacteria from Toll-like receptors type 2 (TLR2) ogaition (Mertens and Samuel, 2007).

1.2.2 Genomic

Strains ofC. burnetii have been shown to belong to six (I-VI) genomaugs on the basis
of restriction fragment length polymorphism (RFL{P)endrix et al., 1991). It remains to
be clarified whether the phase variation @f burnetii is related to genetic variation
(Maurin and Raoult, 1999) similar to that obserue&seudomonas aeruginosa (Zielinski

et al., 1991).

C. burnetii possesses a small circular chromosome of approeiyna Mbp (Mertens and
Samuel, 2007). Most isolates harbor additionallg ont of four plasmids of 32 to 51 kb in
size, defined as: QpH1, QpRS, QpDG, QpDV (Jaged8)L9Strains without a resident
plasmid carry instead a 16 kb plasmid-like sequeimtegrated in the chromosome
(Mertens and Samuel, 2007). The plasmids seem tf b®ajor importance for virulence
because their common sequences are conserved ahdsaates ofC. burnetii, but their
biological significance is still unclear (ArricausBvery and Rodolakis, 2005).

The genome is predicted to encode 2,134 codingesegs larger than 30 aa, of which 719
(33.7%) are hypothetical with no significant simitya to other genes in the database
(Arricau-Bouvery and Rodolakis, 2005). In the gewoof C. burnetii 83 pseudogenes

have been identified: many of these genes contimgle frameshifts, points mutations,

15



truncations, which suggest that the genome redudia relatively early, and still ongoing
process. Unlike other intracellular bacter@, burnetii genome has a great variety of
mobile elements: in particular 29 insertion seqee(i§) elements are present. There are
21 copies of a unique IS110-related isotype, naiBdd11, 5 IS30 and 3 ISAsl family
elements, and 3 degenerate transposase genesrawmbkineage (Hoover et al., 1992).
The IS1111 sequence analysis highlighted a less 284 divergence among the strains
tested (Mertens and Samuel, 2007).

Several attempts were made to discriminate amoagliffierentC. burnetii strains based
on phenotypic and genomic characteristics, espgdait the individuation of specific
pathological features. Initially, the plasmid plefivas associated with the so-called acute
or chronicC. burnetii isolates, originating respectively from acute @ronic Q fever
patients. However, recent findings by PCR analg$i€. burnetii strains from patients
exhibiting chronic Q fever have revealed that therao correlation between the plasmid
type and the acute or chronic human infection @auiBouvery and Rodolakis, 2005).
Restriction fragment length polymorphism (RFLP)Igsia of genomic DNA demonstrates
a considerable heterogenic banding pattern for dlassification of genomic groups
(Mertens and Samuel, 2007). Six distinct genomimugs were identified that can be
correlated with specific plasmid types and clinisanptoms (Hendrix, 1991). Multispacer
sequence typing (MST) was performed on 173 isolateharacterize different isolates of
C. burnetii at the molecular level (Glazunova et al., 2003)jisTmethod is based on the
comparison of the nucleotide sequences of interaglons between different genes,
because they are considered highly variable siheg fre subject to lower selection
pressure than the adjacent genes (Mertens and §#00&). Three monophyletic groups
were identified based on MST: a correlation betwdengeographical distribution and the

sequence type was found. Moreover this study detradad a correlation between
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plasmide type and the disease outcome (acute onichmfection) and an association
between some genotypes and disease type (Glazehala2005).

Recently, researchers from different countries happlied the multiple loci variable

number of tandem repeat analysis (MLVA) metho@tburnetii strains typing because of
its quite high discriminatory power and its apptitidy either to isolated bacterial strains
or directly to DNA extracted from clinical sampl@srricau-Bouvery et al., 2006; Svraka
et al., 2006). French researchers identified witthi@ C. burnetii genome a total of 17
different minisatellite and microsatellite markedos be used in MLVA genotyping in 2

successive panels (Arricau-Bouvery, 2006). A ttpahel was implemented during the
Dutch Coxiella burnetii outbreak, involving 6 misadellite markers (Klaassen et al., 2009;

Tilburg et al., 2012).

1.2.3 Resistance features

C. burnetii is able to survive in the outdoor environment kmng time and persist in
contaminated food, due to its physical characiesshat include stability against acids (up
to pH 4.5), temperature (62° C for 30 minutes), lighit and pressure (up to 300.000 kPa)
(EFSA, 2010).C. burnetii can survive for up to 42 months at 4-6°C in milR to 16
months in wool, 120 days in dust, 49 days in dugde, 30 days in dried sputum (EFSA,
2010). Further, the organism can survive for mbent6 months in 10% saline (Williams
1991).C. burnetii is killed following exposure to 5% chloroform arimaldehyde gas (in
an 80% humidified environment) with less than 3Gwmes exposure, to 5% H202, 0.5%
hypochlorite and 70% ethanol (all with 30 minutgp@sure), and following pasteurization

(at least 72°C for 40 seconds) (Angelakis and Ra@0L0; EFSA 2010).
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1.3 EPIDEMIOLOGY

1.3.1 Transmission

C. burnetii is characterized by a remarkable resistance toeradv environmental
conditions. The organism is readily excreted inkylrine, feces and uterine discharge of
affected cattle, sheep, goats and other ungulRedqlakis, 2009)C. burnetii is present in
very high numbers in the amniotic fluid, the plageand foetal membranes of parturient
ewes, goats, cattle and infected aerosols are aedeifrom desiccation of infected
placenta, body fluids, manure or contaminated (fusicau-Bovery and Rodolakis, 2005).
Animals may continue to shed infectious particlastime long after abortion (Berri et al.,
2001). Parturition and abortions in animals assediavith specific climatic conditions,
especially dry, windy weather, has been reporteth@asnain risk factors associated with
spillover of infection from domestic ruminants tarhans in different European Union
(EU) members state (EFSA, 2010). Infection of ddineaminants is usually seasonal and
it occurs mainly in relation to lambing or calvisgasons. In sheep, some experimental
evidence suggests that pregnant animals are maeepible to infection than non-
pregnant ones (Woldehiwet, 2004).

C. burnetii is unique among the members of the faniickettsiaceae in its non-
dependence on arthropod transmission, but tickso#mel arthropods may be a source of
infection for domestic animals. Marrie (1988) hypedized that there may be an
epidemiological circuit involving ticks, wild rod&s) cats and man. Infected ticks are
important for the maintenance of the whole cycletlod organism in nature but not
essential vectors for animal or human infection ([@&biwet, 2004; Marrie, 2007).

The factors affecting the maintenanceCoburnetii infection in animal populations can be

grouped according to:
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a) agent, relating to the characteristic€oburnetii, and in particular infectivity, virulence
and resistance to environmental conditions;

b) host, including animal species, susceptibilitjectiousness, age and sex;

c) environment, related to animal management, dsasemanure management and farm
characteristics.

Agent factors

The importance of strain as a risk factor for bothintenance of infection and disease
progression is unknown. The relationship betwearotype/isolates and virulence is at the
moment unclear, but the presence of a more virdaain or a genetic shift to a more
virulent strain has been suggested as an impddatdr in the occurrence of the outbreaks
(Roest, 2011). Using MLVA Roest and others fourat,tin the outbreaks occurred in The
Netherland during 2007-2010, 1 genotypeCofournetii predominated on all dairy goat
farms. This finding strongly suggests a clonal agrefC. burnetii with this predominant
genotype over the dairy goat farms in the soutleeagiart of the Netherlands. The clonal
spread of this single genotype could have beetittded by the emergence of a genotype
of C. burnetii causing abortion in dairy goats, that could theread successfully over the
dense goat population in the southeastern paneotduntry (Roest et al., 2012).

C. burnetii is highly resistant to environmental conditionarvéving for many months
under a range of conditions (EFSA, 2010; Rodol&ki$1). This feature can explain the
ubiquitous nature of. burnetii and the occurrence of outbreaks in humans far dwoay
their animal source as happened in the Marseia and in a town in the French Alps
(Marrie, 2007). In the first outbreak the preseateontaminated waste from sheep and of
strong wind were the key factors for the widespre&dnfection, while in the second
outbreak the presence of a helicopter landing aeea a slaughterhouse created winds that

facilitated the airborne spread ©f burnetii (Marrie, 2007).
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Host factors
Host factors play a key role in the natural histofyC. burnetii infection in human and
animals. Animal proximity and contact with infectadimals and/or their contaminated
products (e.g. birth products) have been identifisdmportant risk factors for humans. In
most outbreaks, there are reports of spill-overindéction to humans from infected
domestic small ruminants like goats or sheep. hiregt, there is no evidence of any major
contribution of cattle in the history of Q fever mimans (Georgiev et al., 2013). Further,
the evolution of disease, including clinical sigissnot the same in cattle, as in sheep or
goats. The duration of excretion of the agent, hndby conditions and other factors may
each play an important role in the differences plexkin animal seroprevalence and the
persistence of infectiorC. burnetii excretion can last up to several months in runig)an
with some differences among the species. The lardygstion of excretion found during
the follow up of naturally or experimentally infect animals were:

v' 14 days in feces, 13 months in milk in cows,

v' 14 days in vaginal mucus, 20 days in feces, 52 ohagslk in goats,

v' 71 days in vaginal mucus, 8 days after lambingeite$, 8 days in milk in sheep

(Arricau-Bouvery and Rodolakis, 2005).

Environment factors
A range of environmental factors have been sugdestenfluence the maintenance of
infection in farmed animal population, includingieased herd/flock size, animal density,
and herd/flock density (EFSA, 2010). Pathogen presss likely to increase in association
with farm factors that increase the concentratib@.dournetii in the environment.
C. burnetii contaminated manure has been identified as a edorcQ fever in human
outbreaks ((Arricau-Bouvery and Rodolakis, 2005SBF2010; Roest et al, 2011a). It is

likely that it also plays a role on the maintenaatafection in livestock.
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1.3.2.Host distribution

Q fever is a zoonosis affecting a wide range ofthoadorses, pigs, dogs, cats, camels,
buffaloes and also wild and domestic birds suclthaskens, pigeons, ducks, geese and
turkeys can be infected without showing any clihisgns. C. burnetii has also been
isolated from rabbits, cats squirrels, mice, deet @ther free-living animals (Woldehiwet,
2004). Farm animals such as cattle, sheep and goathe most important reservoirs for
human infections (Rodolakis, 2006; Marrie, 2007ideénce of infection has also been
shown in various species of ticks, fleas, mitegsfland other arthropods (Dyer, 1949;
Babudieri and Moscovici, 1952). Over 40 tick spscian be naturally infected with.
burnetii: the organism multiplies in the gut cells of tickeddarge numbers df. burnetii

are shed in tick feces. Nevertheless infected tisems not to be important in the
maintenance of infections in livestock or humamgytare probably most important in
maintaining the whole cycle @oxiella burnetii (Marrie, 2007).

C. burnetii infection is widespread all over the word with #ception of New Zealand,
occurring in diverse geographic regions and climatbnes (Hilbink et al., 1993;
Woldehiwet, 2004 ). The real incidence of the infat both in humans and animals is
underestimated in several countries due to thegmagrance of asymptomatic cases and
the lack of efficient diagnostic tools (Porter 20@EEFSA, 2010). In Africa studies on the
seroprevalence of the infection have been carrigdhainly in Egypt, Sudan, Morocco,
Tunisia, Chad, South Africa, and in all the statéshe Western part of the continent. A
seroprevalence ranging from 4% up to 55% was faorahttle, while in small ruminants
the seroprevalence ranged from 13% to 33%. In camsetudy carried out in Chad found a
seroprevalence of 80% (Vanderburg et al., 2014).

In the United States of America (USA) the prevakent the disease in dairy cattle was

estimated greater than 90% analyzing bulk tank milkne study (Kim et al., 2005), and
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in a recent study involving both dairy and goatsikehe presence @f. burnetii DNA was
found in the 96% of the farms tested (Pearson.ef@l4). Several seroprevalence studies
have been performed in USA to assess the diffusidD burnetii in animals. The greater
prevalence was found in goats (41.6%) and in sli#é®%): in dairy cattle, despite the
widespread of the etiological agent in dairy farthe, seroprevalence founded was lower
than 5% (McQuiston and Childs, 2002).

In Humans the 3.1 % of the population was foundesitive (Anderson et al., 2009) but
among veterinarians a seroprevalence almost equ22% was found in a different study
(Whitney et al., 2009).

In EuropeC. burnetii infection is prevalent in domestic ruminants (eatheep, and goats)
in a wide range of countries, based on the refltserological testing over the last
decades, listed in table 1, 2 and 3 (EFSA, 20h0edtent studies herd prevalence for cattle
was estimated to be up to 73.0%, in France, arnd 8@.0 % in the Netherlands. For goats
it was 40.0% in France and 17.8% in the Netherlamtiile for sheep values of 89.0% in
France, and 14.5% in the Netherlands were resmdgtiound (Georgiev et al., 2013).
Within-herd prevalence estimates for cattle weretop20.8% in Bulgaria, 15.0% in
France, 19.3% in Germany,, 21.0% in the Netherlafmisggoats up to 40.0% in Bulgaria,
88.1% in France, 2.5% in Germany, 7.8% in the Né&hds, and for sheep up to 56.9% in
Bulgaria, 20.0% in France, 8.7% in Germany, 3.5%hm Netherlands (Georgiev et al.,
2013).

In humans Q fever has been endemic in large pdrtEuoope for several decades.
Estimates of prevalence @. burnetii infection in human, based on serological studies
conducted in France, The Netherlands, Bulgaria @ednany since 1982 to 2010, are
listed in Table 4 (Georgiev et al., 2013). Seroplence studies from the period 1970-

2009 show that 10-30% of rural populations in ddfe parts of Europe have antibodies
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againstC. burnetii. The seroprevalence is higher in farmers workiriy wattle or sheep,
and highest in persons who are in contact withptteelucts of animal births or abortions.
Other high-risk groups for infection are veteriaas and personnel in research
laboratories working with animals (Lahuerta et 2009; Frode Forland et al., 2010).

There is significant variation in the levels of@=nversion throughout the EU, but that at
the general population level, there are typicallgnaall percentage of individuals (often
between 2-10%) that have evidence of having beéected with C. burnetii. This
evidence inevitably rises in areas with outbrediksumnan Q fever, or where outbreaks are
commonly reported and there is some endemicity. @urnetii (Eurosurvilliance, 2010).

In 2007, the broad epidemiological situation froeparted data was that 22 EU and
European Free Trade Association (EFTA) countripsnted a total of 669 cases of Q fever
(8 countries reported zero cases), 637 of whicheveenfirmed. In 2008, 24 EU/EFTA
countries reported 1,599 Q fever cases (1,594 roefl), representing an increase of over
170% from the previous year. This increase was Ipaitiributed to the increase in the
Netherlands. The number of cases per year repagedlly in the Netherlands from 1980
to 2007 was on average 20 a year (van der Hoek @042). In 2007 a total of 168 human
cases was notified in a specific area, the NoorbBnt. Dairy goats were identified as the
source of the human Q fever due to a consideralmeber of Q-fever abortions in goats:
the unusually hot and dry weather in the spring7286ems to have caused airborne
transmission of contaminated dust particles (vanHteek et al., 2012). The number of Q
fever cases increased dramatically in 2008 an@dtime evident that the 2007 outbreak
was not an isolate incident. A total of 3,489 paseaffected from Q fever were reported
between 2007 and 2009 and looking at the epideorvecof the disease (figure 1) during
this time, a seasonal pattern could be observed tiwt most cases occurring in spring and

early summer (van der Hoek et al., 2012). The egpbal spread of Q fever stopped since

23



2010 and the notification of cases ended by 20Xastiz veterinary intervention such as
culling of pregnant goats from infected farms, massaise of vaccination and enforced
hygiene measures were able to stop the widespfahd disease in humans and animals.
A posteriori, it would be difficult to establish if this epidémnin The Netherlands, with
3523 human cases within 3 consecutive years, repies unique phenomenon (Roest et
al., 2011). The epidemiological situation of Q fewgection in The Netherlands till the
year 2006 was very similar to the most of Europs@mtries, with high seroprevalence in
animal population but few human cases (EFSA, 2010).

It is not clear why Q fever became a major probiermihe Netherlands but not elsewhere.
Several factors might have facilitated a changepidemiology in goats : first, an increase
in goat density in specific areas of The Netherdaadd second, the extension of farms
over the years. The increase in goat density tdaéepn the highly populated province of
Noord-Brabant. This proximity to a source excretinigh numbers ofC. burnetii during
abortion, with transmission facilitated by dry weat and high numbers of susceptible
humans is probably the main cause of the humarv€) fautbreak in The Netherlands.
These two factors associated with the new intradaocof a more virulent strain or a
genetic shift to a more virulent strain could haaféected in-herd and between-herd
dynamics of Q fever, resulting in the human andrats outbreaks (Roest et al., 2011).
The Q fever outbreaks occurred in The Netherlahdgved that this infection can easily be
missed in the human field as well in the veterinBeld and that good monitoring and
surveillance systems are necessary to assessathmagnitude of Q fever.

The most important lesson learned from the DutcHe@er outbreak is that a close
cooperation between the human and veterinary figddessential for responding to
outbreaks of zoonotic diseases. Specific disease/lklge and diagnostic tools from both

fields are needed to manage outbreaks (Roest €044).
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1.3.3 O fever in Italy

C. burnetii infection in ruminants has been reported in Itaigce 1949 associated to
human outbreaks occurred in Marche region in 1949Moretti 1984), Abruzzo in 1953
(Caporale et al, 1953) and Sicily (Moretti 1984heTinfection in ruminants is widespread
in all the country as demonstrated by several studerformed in different area of Italy. In
the Emilia Romagna region Martini et al. in 1994urid in dairy herds, using CFT, a
prevalence rate of 13.1%. In the same region Cabaat (2006) analyzing 650 sera from
dairy cattle with abortion and 600 randomly-seldatentrol sera found a seroprevalence
equal to 44.9% in the animals which experiencedtedroand equal to 22% in the control
group. In the Veneto region both a seroprevalericE88®% in dairy cows after abortion
was reported and the identification@fburnetii in 2.8% of the cattle fetuses tested during
the routine diagnostic activity from 2005 to 20@akberio at al., 2009). In the same
region a serological study performed on bulk tank im the province of Vicenza in 2010
highlighted that among 489 herds tested, 290 (58@&6¥ positives (Barberio et al., 2010).
A survey performed in 2007-08 in the Lombardia oagusing a PCR method for the
detection ofC. burnetii DNA in bulk tank milk of 400 dairy cattle herd$)asved that the
40% of the milk samples analyzed were positive (Miam et al., 2009). In South of Italy
C. burnetii has been detected in the 11.6% of cattle aboeeds , and in the 21,5% of
sheep and goats aborted fetuses (Parisi et al§)200 water Buffalo in the Campania
region a survey performed in 2009 reported a peanad of 17.5% fetuses positive 1Or
burnetii among 164 examined (Perugini et al., 2009).

In spite of the spread of the infection in rumirgariew Q fever outbreaks in humans have
occurred in Italy since the first report of the edise in American soldier in 1945
(Commission on acute respiratory diseases, 194@eaGrottaglie Air base (near Taranto

in the Puglia region).
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Others outbreaks were reported between 1946 ar@ ih9bruzzo (Caporale et al., 1953),
Campania, Sardinia, Friuli Venezia Giulia (Simeo2Q09): all these outbreaks were
associated with the contact with parturient anin@lsvith the passage of sheep flocks
during lambing time. More recently, 4 outbreaksoiwing several people were reported.
The first two occurred in 1987 and 1988 inside amicaltural community for the
rehabilitation of drug users in San Patrignano (RijtfEmilia Romagna). Approximately
40% of the residents were human immunodeficiennysviHIV) positive and 235 of them
presented with clinical evidence of a flulike symahe that was confirmed to be Q fever.
The source of infection was correlated with adtgtin a sheep farm (Boschini et al.,
1999).

The third one occurred in the area of Vicenza iméte in 1993 (Manfredi-Selvaggi et al.,
1996): a total of 58 human cases were identified i month period and 48% patients
were hospitalized. Three flocks of sheep which @édtkrough the outbreak area between
late May and early June were shown to be infectetth, prevalence of antibodies ranging
between 45 and 53%. The case-control study showeifraficant association with
exposure to flocks of sheep (Odds ratio = 6.1).

The last one occurred in winter 2003 in a prisopydation near the city of Como, in the
Lombardia region. Overall, 65 of the 600 prison ates developed the disease. The most
probable source of infection has been identifiethfacted dust diffusion, helped by windy

and dry weather, from sheep flock that passed girehis area (Starnini et al., 2005).
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1.4 PATHOGENESIS

1.4.1 Pathofisiology

In ruminants the most important route of infectfoom C. burnetii is the oral route and the
portal of entry is the oropharynx. (McQuiston andil@s, 2002). On the contrary in
humans the most important route of infection isalation of bacteria-contaminated dust,
while the oral route is considered of secondaryartgmce (Porter el al.,, 2011). Once
inhaled or ingested, the extracellular form@fburnetii (SCV or SDC) attaches itself to
the cell membrane of monocytes/macrophages, thg knbwn target cells and is
internalized into the host cells by phagocytosigulnt C. burnetii organisms survive
inside human monocytes, whereas avirulent bactegaeliminated (Capo et al., 1999).
Phagolysosomes are formed after the fusion of gwages with cellular acidic lysosomes.
The multiple intracellular phagolysosomes evenjudilise together leading to the
formation of a large unique vacuol€. burnetii has adapted to the phagolysosomes of
eukaryotic cells and is capable of multiplying hetacidic vacuoles. In fact, acidity is
necessary for its metabolism, including nutriengsimilation and synthesis of nucleic
acids and amino acids (Rodolakis, 2011). The gbiiftC. burnetii to grow and multiply
within phagolysosomes and its propensity to esthhbfiersistent infection, are of central
importance for the pathogenesis of the disease. ddteptation ofC. burnetii to
intracellular life is linked with acidic pH of itghagosome and both virulent and avirulent
bacteria are found in phagosomes. Acidic pH alltdvesentry of nutrients necessary (ar
burnetii metabolism and also protects bacteria from arttdsidoy altering their activity
(Hackstadt and Williams, 1981). Indeed IncreasiHgwith lysosomotropic agents such as

chloroquine restores the bactericidal activity okgcycline (Raoult et al., 2005).
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The mechanisms &. burnetii survival in phagolysosomes are still under studg. éfl al.
(1995) and Akporiaye and Baca (1983) identified r8tgins involved in intracellular
survival: a superoxide dismutase, a catalase, amtheophage infectivity potentiator
(Cbmip). Redd and Thompson (1995) found that secreand export of Cbmip was
triggered by an acid pHin vitro. Later, studies by Zamboni and Rabonovitch (2003)
demonstrated that growth &@. burnetii was reduced by reactive oxygen intermediates
(ROI) and reactive nitrogen intermediates.

In ruminants after primary multiplication in the grenal lymphnodes, an ensuing
bacteraemia lasts for at least 7 days at most 24 alad the organism then localizes in the
mammary glands and the placenta of pregnant anifraltand et al., 2010). The natural
history of C. burnetii infection in cattle, sheapdagoats is that a non-immune (often neo-
natal) animal is infected from the environmentgnftontaminated by parturient or other
animals shedding the organism and it undergoesnaapy infection with weak clinical
signs. However, the organism can persist afteralnicute or subclinical disease, being
shed in large numbers when a persistently infedtedale animal becomes pregnant.
Experimental studies have shown that, during eprggnancy, the organism may be
collected from the liver, spleen, kidney, bone marrlymph nodes and the intestine up to
13 weeks of pregnancy. The placenta becomes pesitily just before parturition (Harris
et al., 2000). At the end of the pregnancy, thegi$a allows the organism to multiply to
high titles and at parturition it is shed in thag#nta through the amniotic and other fluids.
Aerosols are liberated and the environment canyeascome contaminated with highly
resistant bacteria. The level of 1gG, climbs asthkiage. In subsequent pregnancies, the
animal does not excrete again or only at a low.tHHowever, the bacteria may continue to
be shed in the milk, particularly of cattle, fomtp periods of time (Woldehiwet, 2004).

Also in animalsC. burnetii infection may become chronic, like in humans. batgC.
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burnetii shedding was found at successive parturitions esigygy that goats could be
chronically infected and that the multiplicationtbe organism may be reactivated during
subsequent pregnancies (Berri et al., 2007). lorgbally infected ruminants, it is not
clearly understood how and where Coxiella persisthie non-pregnant period and which
mechanism initiated the bacteria multiplicationtlie placenta. It is however known that
pregnancy results in immunomodulation that may beponsible for the increase
multiplication of the organism in the placenta (Rimlurou, 1981). A significant correlation
was found among@. burnetii antibody levels and the concentrations of cortigagnancy-
associated glycoproteins (PAG), and plasma progmeste These findings suggest that the
C. burnetii infection can modify endocrine patterns throughgestation and induce
placental damage and diminishing PAG levels (Gaspé#erto, 2010).

In humans after primary multiplication in the regab lymph nodes, haematogenous spread
results in the organism infecting the liver, spleleone marrow, the reproductive tract and
other organs. Acute infection is usually charagttiby atypical pneumonia and hepaititis,
and is followed by the formation of granulomatoesidns in the liver and bone marrow,
with granulomatous hepatitis being the most freguadication of infection withC.
burnetii. The granulomatous lesions have a central opecespad a fibrin ring and are
referred to as doughnut granulomas (Tissot-Dupadt Raoult, 2007). The formation of
granuloma is due to the activation of the cell gl immunity and tissue granulomas are
present only in patients with acute Q fever, whbeeclinical outcome is usually favorable,
suggesting that granulomas play an important roke resolution of Q fever (Faugaret et
al., 2014). Immune control of. burnetii is T-cell dependent but does not leadGo
burnetii eradication (Honstettre et al., 2004). burnetii DNA can also be found in
circulating monocytes or bone marrow of peopledtdd months or years earlier (Capo et

al., 2003).
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C. burnetii infection may become chronic in patients with gpdsing conditions,
including those with heart valve lesions, vascabnormalities, and immunosuppression
(Fenollar et al., 2001). The latency between aeune chronic infection may last from
months to years (Capo and Mege, 2012). It is neart understood how and where
Coxiella persists during this latency period. Ipralonged Q fever post infection fatigue
syndrome (QFS), the bone marrow was identifiedadsrial focus ofC. burnetii infection
from which placenta and other sites such endocardnay be seeded for recrudescent
infection (Harris et al., 2000; Marmion et al., B3)0Once established, chronic Q fever is
characterized by defective cell-mediated immurihys highlighting the major role of cell-
mediated immunity in the protection agaisburnetii (Angelakis E., Raoult D., 2010).
During chronic Q fever the immune response is gaife (Maurin and Raoult, 1999), and
may also be harmful, causing leucocytoclastic vi#sewand glomerulonephritis (Rault,
1990). C burnetii continues to multiply despite high concentratiarisall 3 classes of
antibodies (IgG, M, and A) to phase | and Il baetecymphocyte counts and the CD4-to-
CDS8 ratio are lowered (Sabatier et al., 1997). @rgapsies do not show granulomas, but
large vacuoles containin@ burnetii can be detected in infected tissues, such as heart
valves and liver and also in aneurysms (Maurin Radult, 1999). Monocytes from these
patients are not able to kil burnetii (Dellacasagrande et al., 2000), and do not migrate
through the endothelium (Raoult et al., 2005). Tin@st prominent lesion of chronic Q
fever are endocarditis, aneurisms, osteomyelitisprac hepatis, pseudotumors of the lung

or of the spleen (Tissot-Dupont and Raoult, 2007).

1.4.2 Immune response

Monocytes and macrophages are the major targetS. durnetii and the intracellular

survival of C. burnetii organisms requires the subversion of the micrdbigoroperties of
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these cells (Capo and Mege, 201@).burnetii induces strong remodelling of the actin
cytoskeleton when interacting with monocytes and@nmghages via $38 integrins, with a
final effect of reduction of the efficiency of bada uptakes (Capo et al., 1999). The
internalization pathway is different for phase irglent), and phase Il (avirulent) forms,
because phase Il attachment is mediated by b@B iategrins and complement receptor
CRS3. Therefore Phase Il internalization is morécifit, resulting in better multiplication,
thus explaining why phase Il bacteria grow morddigpthan phase |, resulting in a shift
from phase | to phase Il in the laboratory (Raaatltal., 2005). VirulentC. burnetii
organisms stimulate transient reorganization oénfiéntous actin (F-actin) and the
formation of pseudopodal extensions that, on ode are associated with phagocytosis
impairment and on the other hand are required foulent C. burnetii entry in
mononuclear cells (Mege, 2007). The low efficienzly virulent bacteria uptakes is
probably critical for the persistence Gf burnetii in monocytes and macrophages, but
besides low bacterial uptake, also a relative aitem in cytokines production is necessary
for the persistence of the bacteria (Capo and M2@E2). A key element in promoting the
persistence of. burnetii in mononuclear cells is the secretion of IL10. Pneduction of
this cytokines has been demonstrated to incr€admirnetii replication in monocytes, to
down-modulate TNF production and to affect the wtign of immune cells to peripheral
tissues. Moreover high levels of IL10 secretion basn found in patients with chronic Q
fever and murine models have confirmed the key miethis cytokine in bacterial
persistence (Maurin and Raoult, 1999).

Also Toll-like receptors (TLRs) play an importardle in the immune response: TLR4,
which recognizes lipopolysaccharides antigens (L.LB&)trol the immune response against
C. burnetii through granuloma formation and cytokines produntiwhile TLR2, which

recognizes peptidoglycan and lipopeptides, is wewlin TNF and IFN¢ production
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(Capo and Mege, 2012). The interactionCofournetii with macrophages, resulting in the
reorganization of the cytoskeleton, depends largetyn TLR4 and theC burnetii-
stimulated formation of pseudopodes is preventethbyabsence of TLR4 (Mege, 2007).
Honestettre et al. (2004) demonstrated, using TU&fEient mice, that TLR4 controls the
inflammatory response 6. burnetii leading to the formation of granuloma, while isha
no microbicidal competence. The role of TLR4 in toatrol of granuloma formation may
result from the modulation of the production ofal§ihes such as IFM and TNF, known

to be required for granuloma formation. The engagenof TLR4 leads to the production
of type 1 cytokines required for protection againgiacellular microorganisms, in contrast
to TLR2 engagement that favors the production pet® cytokines. Therefore TLR4 is
involved in the uptake of virulenE. burnetii by macrophages and is necessary for the
formation of protective granulomas and the produrctof IFN+y and TNF, but do not
control the microbicidal activity of macrophagesittinvolves other defense mechanisms
(Honestettre et al. 2004).

Also TLR2 are involved irC. burnetii infection: Zamboni et al. (2004) showed that TLR2
are involved in TNF and IFN-production and that TLR2 activation interfereshad.
burnetii intracellular replication, as macrophages from Ztdeficient mice were highly
permissive folC. burnetii growth compared with macrophages from wild typeemi

The activation of adaptive immune response in humsaassential to cur€. burnetii
infection. In primary infection the uptake of thewent microrganism by macrophages
and dendritic cells leads to the presentation otdyal antigens to T lymphocytes and to
the production by immune cells of IFNand TNF, that induce the apoptosis of infected
macrophages (Capo and Mege, 2012). In patientseit@alnount a good IFN-response,
like immunecompromized people or pregnant womelected macrophages survives and

their microbicidal activity is impaired, leading #ohigh risk to develop chronic Q fever
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(Maurin and Raoult, 1999). The combination of IFNproduction and granuloma
formation in patients with primar@. burnetii infection suggests a Thl-type polarization of
the immune response (Maurin and Raoult, 1999).

The action mechanism of IFNis due to the restoring of phagosome-lysosomeifusi
infected macrophages, to the promotion of thesés cagboptosis and to the down-
modulation of transferrin receptors, leading toezrdased assimilation of iron from the
infected cells (Capo and Mege, 2012). Furthermaheting C. burnetii infection,
monocytes exhibit a M1 type polarization, able tmtcol bacterial replication, while in
macrophage<. burnetii induces an atypical M2 profile, associated with thkease of
molecules like IL-10, that is unable to control tesi@ replication. The secretion of IFN-
has been demonstrated to reorients macrophagesMib proinflammatory polarization
(Capo and Mege, 2012).

Chronic Q fever is characterized by defective oa#idiated immunity, thus emphasizing
the major role of cell-mediated immunity in the feaiion againstC. burnetii.
Lymphocytes from patients with Q fever endocardiiisnot proliferate in response @
burnetii antigen, in contrast to lymphocytes from patienth acute Q fever (Koster et al.,
1985).

The role of humoral immune responsednburnetii infection has not yet been completely
clarified. The current immunological paradigm suggethat humoral response is more
effective in extracellular bacterial infection wdithe major protective immune response
against intracellular bacteria occurs in cell mesiaimmunity. Large amounts of
antibodies are produced in humans and animals tedewith C. burnetii. Antibodies
develop within 3-4 weeks from the onset of the alse in humans the majority of the
antibodies after primary infection are directed iaglaphase Il antigens and a similar

model account for the response to Q fever vacanatwhile increased levels of antibodies
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directed against phase | antigens are related munchinfection (Capo and Mege, 2012).
Immunoglobulin M antibodies reactive with phas€llburnetii appear rapidly, reach high
titers within 14 days and persist for 10-12 weeldayrin and Raoult, 1999).
Immunoglobulin M antibodies reactive with phasentigens are usually at a much lower
titer during acute infection. Immunoglobulin G ddies reactive with phase Il antigens
reach peak titers about 8 weeks after the onsaywiptoms, while those reactive with
phase | antigens develop only very slowly and renailower titers than antibodies to
phase Il antigens, even after a year. In chroniée@@r, where there is persistence of
organisms, the IgG titers to phase | and phasentibens may both be high, and the
presence of IgA antibody to phase | antigen is lisuathough not exclusively, associated
with chronic infection (Angelakis and Raoult, 2009)

In C. burnetii infection, a study from Humpres and Hinrichs (1@8iowed that treatment
of athymic mice with immune sera agair@t burnetii had no effect on the bacteria
replication within the spleen, suggesting that areils mediated immunity plays a role in
controlling the infection. On the other side twaept studies (Zhang et al, 2007; Shannon
et al., 2009) demonstrated that vaccine induceibaudlies are able to provide complete
protection in immunocompetent mice when infectedhwt. burnetii. Several studies
analyzed the ability of an€. burnetii opsonizing antibodies to reduce the survival ef th
bacteria in mononuclear cells. These studies stighat although antibodies are able to
increase the ability of phagocytes to uptake Abeop=ed Coxiella, they did not affect the
ability of phagocytes to control the organism regiion (Zhang et al., 2012). Moreover
Desnues et al. (2009) showed that macrophagesateailwithC. burnetii cells opsonized
with specific IgG antibodies, released higher anteuof IL10 and thatC. burnetii
opsonization increased bacteria replication. Byiafitibodies proved to protect naive mice

from C. burnetii infection, but their activity is effective only gupported by the cell
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mediate response that is essential for the clearah€. burnetii infection (Zhang et al.,
2012).

Few studies have been performed in animals comggimmune response and the great
majority investigated the humoral immune respondg im dairy cows.

Bottcher et al. (2011) observed in an endemicalfedted dairy herd the presence of 3
different patterns of antibody: phase | negativd phase Il positive, phase | positive and
phase Il negative, phase | and phase Il positihe. @hase | negative and phase Il positive

was the predominant pattern found at the first dengn cows 2 3 years old, but one year

later there was an increase in the prevalenceeopbiase | and phase Il positive pattern.
This change in serological patterns could demotestatransition from acute to chronic
infection. Another aspect that was highlighted hrs tstudy was that about 60 % of the
cows older than 4 years remained seronegative tdesipe intensive shedding .
burnetii in the herd and the frequent seroconversion imrmiparous cows. This
phenomenon was explained assuming that at least ebthese multiparous cows built up
an efficient cellular immunity with low or undetabtie levels of antibodies (Bottcher et al.,
2011). Another abnormal pattern of humoral immuesponse in cattle is the presence of
seronegative cows, sheddid burnetii, as reported by several authors (Guatteo et al.,
2007; Rousset et al. 2009a; Boettcher et al., 20@aatteo et al. (2007) found that in this
cows the shedding was sporadically or intermittemite cows with a high serological titer
were persistent shedders. A possible explanatiathisfbehavior is that also these cows
had built up an efficient cellular immunity agair@tburnetii, so shedding of the bacteria
is only sporadic.

Pregnancy has been considered by some authorsliBotet al 2011; Nogareda et al.,
2012) an important event in determining the outcanhmfection byC. burnetii in cows,

because during pregnancy, a shift of immunity talsarH2-activity with elevated levels
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of immunosuppressive IL-10 occurs: TH2-activityvés the immune response towards an
unfavorable direction to control an intracellulaarasite like C. burnetii and IL-10-
mediated immune suppression could also acti€ataurnetii in persistently infected cows
during pregnancy. The hypothesis that pregnan@nismportant trigger relies on non-

immune heifers at the time of first pregnancy (Bl et al., 2011).
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1.5 CLINICAL SYMPTOMS AND PATHOLOGY

1.5.1 Animals

The natural history o€. burnetii infection in cattle, sheep and goats is that aimonune
(often neonatal) animal is infected from the enwinent, often contaminated by parturient
or other animals shedding the organism and undsrgoprimary infection with weak
clinical symptoms. However, the organism can periter initial acute or subclinical
disease, being shed in large numbers when thespardy infected female animal becomes
pregnant (Harris et al., 2000).

There is very little information about the clinicgigns of Q fever in domestic animals. Q
fever clinical symptoms in animals as in humans aseally non-specific and often
relatively mild. Despite the earlier reports of pieatory disease due tG. burnetii in
sheep, goats and cattle (Babudieri, 1953; Aitke®89}, the only clinical disease of
domestic animals attributable ©. burnetii is abortion in naturally and experimentally
infected sheep, goats and cattle (Woldehiwet, 2088prtion is more frequent in goats
and sheep than in cows, while infection in dairytleais considered to reduce fertility
(Lang et al., 1991). All pregnant ruminants arehhjgsusceptible to infection and the
abortions occurs only at the first parturition afitgection, while the following gestations
terminated normally without any reproductive fadsr In goatsC. burnetii can induce
pneumonia as well as abortion with stillbirth arglieery of weak kids being the most
important clinical signs (Berri et al., 2007). Quée abortions in caprine herd are more
important than in sheep flocks, affecting sometimpeto 90% of females (Palmer et al.,
1983). Furthermore in goats, unlike in sheep, paagy subsequent ©. burnetii abortion

may not be carried to term (Berri et al., 2007).
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An investigation by Berri et al. (2007) also showbdt C. burnetii was excreted in birth
products of either affected goats or females thed hormal delivery and that they
continued to shed the organism long after the eathrAlthough most of the females had a
normal delivery,C. burnetii was highly excreted at the second kidding seasotha
bacteria were found in vaginal swabs taken from @4%e tested goats. In addition, this
study showed that goats sh€dburnetii at successive parturitions suggesting that these
goats could be chronically infected (Berri et 2007).

In chronically infected ruminants, it is not clgatinderstood how and whe€ burnetii
persists in the non-pregnant period and which masha initiated the bacteria
multiplication in the placenta. Similar latent pgetsnce and recrudescence of Q fever
occurs in humans but the organ site for latentiide is still unknown (Berri et al., 2007).
However, in a prolonged Q fever post infectiongaé syndrome (QFS), the bone marrow
was identified as potential focus Gf burnetii infection from which placenta and other
sites such endocardium may be seeded for recruttesdection (Harris et al., 2000;
Marmion et al., 2005).

In dairy cattle the others clinical symptoms repdrin literature further than abortion are
placenta retention, metritis, and mastitis. Positerrelation between seropositivity @
burnetii and placenta retention was found by Lopez-Gatias. €2012).

Some authors have reported an increased prevadémeetritis in seropositive animals (To
et al., 1998), while others didn't detect such tietship (Muskens et al., 2011).
Considering that the detection 6f burnetii in the uterus may often happen in healthy
animals, also this finding in case of metritis @bulot be so resolutive to demonstrate a

link between metritis an@. burnetii infection.
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In a study performed on an infected dairy herd BAJC. burnetii shedding in milk was
associated with chronic subclinical mastitis in soseemonstrated to be free of infection
caused by common aerobic mastitis pathogens (Baatal 2007).

Significant macroscopic pathological lesions repaiin animals naturally infected wit
burnetii are rare. Usually there are no macroscopic fegbhs, but the infected placenta
can exhibit the following histopathological featstrénfiltration of the chorionic stroma by
mononuclear cells, necrosis of chorionic trophaslasnd focal exudation of fibrin and
neutrophils. A significant statistical associatias found between these lesions in cases
of bovine abortion and the presenceCoburnetii demonstrated by immunohistochemical
(IHC) test (Bildfell et al., 2000). In another sju(Hansen et al., 2011) the microscopic
examination of cotyledonary sections from infegacenta showed only minor lesions or
absence of lesion at all. The findings suggestglatificantC. burnetii associated lesions
of the bovine placenta at parturition are rare. @hsence of severe lesions indicates that
placental dysfunction is not a feature of late tguacental coxiellosis in cattle and this
may explain why increased stillbirth rates have lbeén reported €. burnetii infected
cattle herds (Hansen et al., 2011).

In pregnant goats after experimental infection ogécrand suppurative placentitis were
observed from day 130 of gestation. The placentsemied after the abortion were
characterized by multifocal necrosis of the chagoepithelium and severe suppurative
inflammation at the base of the villi. The inflamioiy exudate was composed mainly of
neutrophils, with occasional macrophages (Sanches.,e2006). In the same study the
only fetal organ in which lesions were observed thasliver, which usually showed mild-
to-moderate perivascular hepatitis with neutroplaled lymphocytes surrounding the
vessels. Neutrophils sometimes formed foci or apgueas a diffuse infiltrate in the hepatic

parenchyma.
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Other fetal lesions, described in literature are flresence of peribronchiolar, renal

medullary and hepatic portal lymphocytic aggreg@tésGavin and Zachary, 2006).

1.5.2 Humans

The main characteristic of Q fever in humans isclisical polymorphism, therefore the

diagnosis is quite difficult and a laboratory comfation test is needed.

Gender and age also affect the expressio@.dfurnetii infection. Men are symptomatic

more often than women despite comparable exposutesaroprevalence (Tissot-Dupont
and Raoult, 1992; Maltezou and Raoult, 2002). Meeeothe prevalence of clinical cases
in children significantly increases with age andmpyomatic Q fever occurs more

frequently in people over 15 years old (Maltezod Baoult, 2002).

Acute Q fever

The incubation period has been estimated to beoappately 20 days (range, 14-39
days). There is no typical form of acute Q feved #ime clinical signs vary greatly from

patient to patient. The most frequent clinical nfestation of acute Q fever is probably a
self-limited febrile illness (91%) which is assdei with severe headaches (51%),
myalgias (37%), arthralgias (27%) and cough (34%9 main symptoms fever, pulmonary
signs, and elevated liver enzyme levels can cae&ispical pneumonia is also a major
clinical presentation and abnormal chest X rays banfound in 27% of the patients
(Tissot-Dupont et al., 2007). Atypical pneumonia@ine of the most commonly recognized
forms of acute Q fever. Most cases are clinicatlynaptomatic or mild, characterized by a
nonproductive cough, fever and minimal auscultatabpormalities, but some patients
present with acute respiratory distress. Pleurhls&fn can also appear (Raoult et al.,
2005).

Hepatitis is also very frequent in predominatelfoBns: an infectious hepatitis-like form
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of hepatitis with hepatomegaly but seldom with gige, clinically asymptomatic
hepatitis, and prolonged fever of unknown origiittweharacteristic granulomas on liver
biopsy. Q fever hepatitis is usually accompaniacdiadlly by fever and less frequently by
abdominal pain, anorexia, nausea, vomiting, andritka (Marrie and Raoult, 1987;
Marrie, 1988).

Cardiac involvement is found in 2% of the acute @@ef cases and myocarditis is the
leading cause of death (Fournier et al., 2001).

Skin lesions have been found in 5-21% of Q fevéepts in different series. The Q fever
rash is nonspecific and may correspond to pink taadesions or purpuric red papules of
the trunk (Maurin, 1999).

Among neurological symptoms 3 major entities asgedi with Q fever have been
described: meningoencephalitis or encephalitis; plyatytic meningitis and peripheral
neuropathy (Bernit et al, 2002).

According to the literature, 60% of infected patgeare asymptomatic, while 20% develop
mild symptoms. The remaining 20% (40% symptomati@sent with a self-limiting flu-
like illness with some more severe manifestatiorcduiding high fever, severe headache,
night sweating, nausea, diarrhea, pneumonia,, tigpapericarditis, myocarditis,
neurological symptoms and weight loss (Mertens@athuel, 2007; Angelakis, 2010).

The acute illness spontaneously resolves afterwkéks. However the organism may
persist in the bone marrow and the disease cativa&cafter appropriate stress. Acute Q
fever may develop into chronic iliness in 2% ofipats (Frode-Forland et al.,, 2010) and
can express itself in different forms (Wildman ¢t 2002a; Wildman et al., 2002b;
Karakousis et al., 2006).

Chronic Q fever

Chronic Q fever may develop many months to yedes afitial infection. It occurs almost
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exclusively in patients with predisposing condigpnincluding those with heart valve
lesions, vascular abnormalities, cancer and immup@ession. Pregnant women are at
high risk of a developing chronic infection (Femwllet al., 2001). Chronic Q fever
manifests mainly as bacterial culture negative eadtitis in up to 48% of cases
(Houpikian and Raoult, 2005). Recrudescent granatoos infection can also occur.
Another long term effect of Q fever is the post&€ydr fatigue syndrome (QFS). Up to
60% of patients may experience QFS symptoms whach persist for 6-12 months and

then spontaneously resolve (Ayres et al., 1998).
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1.6 DIAGNOSIS

1.6.1 Animals

Diagnosis of Q fever based on clinical symptom$ast-mortem examination is almost
impossible due to unspecific or missing symptomsesions caused by the disease. For
this reasons the laboratory diagnosis is the agliglsle way to confirm the presence@f
burnetii in domestic or wild animals. Several assays haenlgescribed for the diagnosis
of C. burnetii in animals, including both direct identificatiof the agent and serological
testing.

Direct identification of the agent

The most useful samples for the detectiorCoburnetii in livestock are vaginal mucus,
placenta or foetal tissue (Sidi-Boumedine et &1®. Samples should be collected from
aborted fetuses, placenta and vaginal dischargas afber abortion or parturition. Milk,
colostrum and feces samples can also be takernéytare not reliable to detect clinically
affected herds or flocks (Sidi-Boumedine et al.1@0 For direct identification ofC.
burnetii, sampling should be targeted at pregnant animtdsregiving birth normally or
aborting. This is because infected female animalen with normal parturition, are high
shedders ofC. burnetii into birth products (Arricau-Bouvery et al., 2003he sampling
should be carried out as soon as possible aftéurfieon or abortion and more precisely
within a week because the shedding level of theéebiacdecreases sharply after that time
(Sidi-Boumedine et al., 2010), alsodf burnetii shedding may persist over several months
(Kim et al., 2005; Berri et al., 2007).

Conventional staining techniques (Stamp, Gimeneacdiiiavello, Giemsa and modified
Koster) are available within the context of thegthastic of abortion and are used on

tissues from fetus or placenta and on vaginal digggh These tests have low diagnostic
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sensitivities and specificities. They need attenbecaus€. burnetii can be confused with
Chlamydophila abortus or Brucella spp (EFSA, 2010).

Detection ofC. burnetii can also be achieved with IHC. The method usterindirect
immunofluorescence or an immunoperoxidase assaig upolyclonal C. burnetii
antibodies (either a well characterized antiserdrhnuman origin or a specific antiserum
produced in rabbits or guinea pigs). An anti-spe¢®iman, rabbit or guinea pig) anti-lgG
conjugate labeled with Fluorescein isothiocyan&@ C) or peroxidase is then used to
visualize the bacteria (EFSA, 2010). No specifitikmdies for IHC are commercially
available (OIE, 2015). IHC in placenta was usedHaysen et al. (2011) with paraffin-
embedded section that included a central area efctityledon, margin and adjacent
chorion laeve. Antibodies againSt burnetii were produced by intraperitoneal inoculation
of mice with Nine Mile strain and immunoperoxidasezd to stain bacteria.

Isolation ofC. burnetii could be performed from fetuses, placenta, vagnalbs, milk and
feces.

Samples can be refrigerated at +4° C before shgpfonthe laboratory only if they are
delivered at least 24 hours after collection, otheg they should be frozen at -18° C
immediately after sampling and then shipped tol#@heratory (Vicenzoni and Barberio,
2013).

Isolation of C. burnetii can be done by cell or embryonated chicken egtureul Such
isolation is possible when microscopic examinatiadicates a large number Gfburnetii
and a low level of contamination. With heavily caminated samples, such as placentas,
vaginal discharges, feces or milk, the inoculatidmaboratory animals may be necessary.
Mice and guinea pigs are the most appropriate (ERBAO).C. burnetii is classified as a
biological agent of level 3: for this reason all thels involving manipulation and

replication of live bacteria should be performedienel 3 containment facility (WHO,
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2004). However this kind of facility is availablalg in few laboratories so isolation is
usually not adopted in routine diagnostic, but omyspecific studies that require the
isolation of the microrganism.

Currently the PCR is one of the most sensitive rapid means for the direct detection of
C. burnetii and the identification of shedding animals. PCRdapted to a wide range of
samples like vaginal discharge, abortion matefémes and milk (bulk or individual). It is
sensitive and rapid and is becoming increasingtyroon in diagnostic laboratories (Berri
et al., 2000; Nicollet and Valognes, 2007).

The level of detection of conventional PCR is miato the sample under investigation (1—
500 bacteria/ml of milk; 1 bacteria/mg of fecesdv&al target genes have been used, such
as the multicopy insertion sequence 1S1111 or singpy genes encoding various proteins
(e.g dismutase [sodB]; coml encoding a 27 kDa omtembrane protein; heat shock
proteins [htpA and htpB]; isocitrate dehydrogendsed]; macrophage infectivity
potentiator protein [cbmip]) (EFSA, 2010).

The development of real-time PCR technology hasnig allowed the quantification of
C. burnetii in samples using a logarithmic scale (Pfaffl, 200Real-time PCR techniques
have been described by several authors (Stemmievager, 2002; Kim et al., 2005; Klee
et al., 2006;).

Real-time PCR is considered the most sensitiverapatl mean for the identification of
animals sheddingC. burnetii. The specificity levels of different laboratoridsr the
detection ofC. burnetii DNA in different spiked matrices (PBS, placentakrand aborted
fetuses) and of different protocols are compargblequesne et al., 2008; Jones et al.,
2011). Regarding sensitivity, PCR tests directedliresy the multiple-copy target I1IS1111
(real-time and conventional) were found to be sigpé¢o tests detecting single-copy genes.

Although a threshold for quantitative real-time PG not officially approved at
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international level a group of French experts baggested that abortion in ruminants
should be confirmed to be caused ®yburnetii when at least TObacteria per gram of
placenta or vaginal swabs are detected (Touratial.e 2007). In tissues or stomach
contents from aborted foetuses, the same groupidsyed that a positive result by
quantitative PCR is sufficient to diagnose Q feasrthe origin of abortion. For pooled
samples, the proposed threshold i écteria per pool. These thresholds are indicative
and may be revised especially if new scientificoinfation becomes available (Sidi-
Boumedine et al., 2010).

Molecular characterization of strains is crucial compare genotypes isolated from
different animal species, to trace outbreaks andskess relationships between genotype
and virulence of the strains with a special regarpublic health (Ceglie et al., 2015).
Several typing methods have been used for the cesization ofC. burnetii strains,
including restriction endonuclease of genomic DNHeI(drix et al., 1991), pulsed-field gel
electrophoresis (Heinzen et al., 1990; Jager £1908).

More recently the availability of complete genonegsences has allowed to apply to this
bacterium many highly discriminatory methods, maimhsed on molecular techniques like
multispacer sequence typing (MST), 1S1111-elemeastitipning, infrequent restriction
site-PCR (IRS-PCR), multiple loci variable numbértandem repeat analysis (MLVA)
and single nucleotide polymorphism (SNP) (Vergnand Pourcel, 2006; Massung et al.,
2012). Recently, researchers from different coasthave applied the MLVA method to
C. burnetii strains because of its quite high discriminatoryve@o and its applicability
either to isolated bacterial strains or directly DOIA extracted from clinical samples
(Arricau-Bouvery, 2006; Svraka, 2006). French redsars identified within theC.

burnetii genome a total of 17 markers different minisateliind microsatellite to be used
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in MLVA genotyping in 2 successive panels. A thpdnel was implemented during the
DutchCoxiella outbreak, involving 6 microsatellites (Tilburg,12).

Indirect identification of the agent

Q fever serology is used for different veterinaggearch objectives throughout the world,
but is far from being standardized. There is naciflly prescribed test for the serological
diagnosis of Q fever. Serological antigens are dhasethe two major antigenic forms Gf
burnetii: phase |, obtained from spleens after inoculatibtaboratory animals and phase
II, obtained by repeated passages in embryonatgd eg in cell cultures. Currently
available commercial tests allow the detectionltdg® 1l or of both phases Il and | aGti-
burnetii antibodies (OIE, 2015).

Among the various techniques that can be employer 3 most common are CFT, IFA
and ELISA.

The CFT was considered the reference test for ritaloreasons but its diagnostic
sensitivity was highly variable (Roest et al., 2D13everal studies showed that the CFT
has a low relative sensitivity, but converselyasta high specificity for the high levels of
anti-C. burnetii antibodies generated in a Q fever aborted herflook (Rousset et al.,
2007; Kittelberger et al., 2009; Horigan et al. 120Natale et al., 2012; Emery et al.,
2014).

In goats a study by Rousset et al. (2007) showatdGRT was less performing than ELISA
and IFA, giving a large proportion of dubious rés|l’1%), whereas these same sera gave
positive results with ELISA. Moreover, no asso@atiwas found between positive (or
strongly positive) CFT results and Q fever abortidherefore the authors did not
recommend the use of this test for serologicalestrg, because of its low sensitivity.
Several reason could explain the poor test perfoc@af CFT. The antigen used for CFT,

obtained from Nine Mile strain, utilizes only phaZeantigens (Porter et al., 2011).
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Moreover CFT can fail to detect antibodies wheni-eoinplementary substances are
present in the tested sera and can't detect alkigi@lasses. In ruminants for example only
IgG1 antibodies are known to fix the complemenCiRT (Micusan and Borduas, 1977;
Schmeer, 1985) and the presence of IgG2 and Ighbhaies can suppress complement
fixation by IgG1 antibodies (Schmeer, 1985).

The IFA adapted as a micro-immunofluorescence igalenis the current method for the
serodiagnosis of Q fever in humans (Tissot-Dupotial.e1994). Both phase | and phase Il
C. burnetii antigens are used; phase Il antigen is obtainegrowing C. burnetii Nine
Mile reference strain in cell culture, while phdsantigen is obtained from the spleens of
laboratory animals. The test can be adapted tagkdn veterinary medicine by replacing
the human conjugate with a conjugate adapted tcattmal species (OIE, 2015). IFA
showed in a study on goats (Rousset et al., 20@g}tar sensitivity than CFT and a good
agreement with ELISA, both qualitatively, in theteldion of positive animals and
quantitatively, in term of correlation between Ififers and ELISA optical densitiy . The
study also reported that IFA results obtained oa séaborting goats and of non-aborting
goats were significantly different and were asdedawith occurrence of abortion.
Currently, IFA is not commercially available foriarals so the test should be prepared in
house following the OIE method description. Thereftd-A in respect to ELISA has the
disadvantage of being less reproducible betweeratgre and laboratories (OIE, 2015).
ELISA is the most used test in animals for the clete of antiC. burnetii antibodies
because is a sensitive technique, easy to perfodhstandardize.

The ELISA is preferred to IFA and CFT, particulafty veterinary diagnosis, because it is
convenient for large-scale screening and the moswust. Ready-to use kits are
commercially available and can detect mixtures mif-phase | and Il antibodies (OIE,

2015).
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The antigens present in commercial ELISA are of pessible origins: antigens of the
American Nine Mile strain o€. burnetii isolated from an endogenous tick, or antigens of
a strain originating from infected European dontesiminants. ELISA kits coated by the
latter antigens are more sensitive and are advidederological diagnosis (Rodolakis,
2006). The commercial ELISAs available for veterjndiagnostic purposes detect total
antibodies and do not differentiate anti-phased ati-phase 2 antibodies but a prototype
with Phl- and Il antigens coated separately is pced on demand by Ideex (Boettcher et
al., 2011).

The ELISA commercial kits currently available ftretdiagnosis of Q fever in ruminants
are 3. Comparative analyses of available serolbgiethods have been conducted during
a ring trial assessments as part of a EU-fundedmeéwork 6 project. The IFA and
commercially available ELISAs were each reprodgiblvith comparable diagnostic
sensitivity (EFSA, 2010).

The analytical sensitivity of all the different BBA was found to be 8-16 times higher than
that of the best CFT (Roest et al., 2011). Basedegent work, it was found that two
commercial ELISAs can display different diagnostensitivities (81 and 95%,
respectively) using a panel of sera from cattl@atgmd sheep (Kittelberger et al., 2009).

In goats a strong association between abortionthadoccurrence of strongly positive
ELISA results was demonstrated when sera were riatairom goats 15 days after the
abortions and not later (Rousset et al., 2007)tudlysperformed in Poland on ruminants
(cattle, sheep and goats) demonstrated a mod&iateonship between the identification
of C. burnetii in fetus or placenta by real-time PCR, and ELIS&ipve results (r = 0.37—
0.48) (Niemczuk et al., 2014), while in a similaiudy performed in Italy a poor

relationship was found (r = 0,01-0,16) (Natalelgt2012).
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A study performed on dairy cattle showed that géesi shedders cows had mainly a
persistently highly seropositive status and thabtuad 50% of persistently highly
seropositive cows were found to be persistent svsgddvhile non highly seropositive
cows were mainly either non- or sporadic sheddatsfteo et al., 2006).

Diagnostic approach to the disease

The serological methods are useful for carrying praliminary surveys of infection at
herd level but they do not allow for the identitiocm of C. burnetii shedding animals.
When the positive serological results are fountheatd level, the PCR is the method of
choice to trace shedders. However, it should ndbbgotten that if there is suspicion of
infection or shedding of. burnetii despite the absence of serological responsegsidor
pathogen detection (PCR or culture) should be pad (Niemczuk et al., 2014), because
a significant proportion of animals sheddi@gburnetii bacteria and even some Q fever
aborted animals, are found to be seronegative (€Guat al., 2007; Rousset et al., 2007;
Rousset et al., 2009a; de Cremoux et al., 2012a).

None of the 3 serological available tests can leel tis accurately discriminate an abortion
case from a normal delivery at individual level.r Rbese reasons Q fever diagnosis in
animals should not rely on a unique diagnostic @aghn. The global clinical and
epidemiological context must be taken into accasnivell as the limitations of diagnostic
assays (Porter et al., 2011).

In case of suspect the diagnosis of Q fever shimwdlve the use of multiple techniques
and can be interpreted validly only at herd orKltevel.

In order to identifyC. burnetii, sampling should be performed on pregnant animither
giving birth normally or aborting. This is becauséected female animals, even with
normal parturition, are high shedders®tburnetii into birth products (Arricau-Bouvery et

al., 2003).C. burnetii shedding may persist over several months (Beal.e2005; Kim et
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al., 2005). However, the shedding level of the &aatdecreases after parturition or
abortion. Thus, sampling should be carried out iwitthe week following abortion or

parturition. The identification of the presence tbé bacteria in the vaginal mucus of
animals having aborted, or in their foetuses, byecuwar methods, will then be more
reliable. (Sidi-Boumedine et al., 2010).

The serological analyses for the diagnosis of effeshould be based mainly on the
ELISA test. A minimum number of 6 animals havingodbd or shown reproductive

problems should be taken. These animals shouldidecimultiparous and primiparous
females which experienced abortions between at lEaslays to a maximum of 3 weeks
before. Serology should be used as a complemahet®CR and carried out, preferably,
by means of a test using antigens from a rumi@ardurnetii isolate (Sidi-Boumedine et

al., 2010).

1.6.2 Humans
Q fever clinical symptoms in humans are usually-specific and often relatively mild;
hence, classical differential diagnosis must bepetipd by laboratory tests for accurate
diagnosis of clinical disease. For the direct amdirect diagnosis in humans the methods
used are the same described for animals, but the diféerence is that in human medicine
the diagnosis of Q fever is based on serology, lWwihikows for differentiation between
acute and chronic cases (Tissot-Dupont and R&zQ0().
Serology in humans can differentiate between aante chronic infection o€. burnetii
because phase | and phase Il antigens vary deggemainthe clinical progression of
infection. Each phase has a different antigen lexofi

v' in acute Q fever, the immune response is primatiliven by IgM and IgG

antibodies directed against the avirulent fornColburnetii (phase II).
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v in the chronic form, IgG and IgA antibodies predoatiée and are directed against
both the virulent and avirulent forms of bactepadse I).

Acute infection is therefore characterized by elegiaphase Il antibody levels and it is
generally first detectable after the second weeKrass.
In chronic Q fever, typically the opposite is truphase | antigens significantly
predominate over phase Il.
This happens because antibodies to phase | antig€hdurnetii generally require longer
to appear and indicate continued exposure to toeeba. Thus, high levels of antibody to
phase | in later specimens, in combination withstant or falling levels of phase i
antibodies and other signs of inflammatory diseasggest chronic Q fever. Antibodies to
phase | and Il antigens have been known to pefsismonths or years after initial
infection (Maurin and Raoult, 1999).
The most commonly used serological methods are jhikveterinary medicine:

v ELISA,
v CFT
v IFA.

IFA is commonly considered the reference diagndsst and is the most frequently used
worldwide (Tissot-Dupont and Raoult, 2007). It xarate, highly sensitive, and specific

(Fournier et al., 1998).

Both phase | and phasedl burnetii Nine Mile strain are used as antigens and antdsodi

of the 1gG, IgM, and IgA subclasses can be detezthinSera are screened by
microimmunofluorescence at al:50 dilution with gh#santigens. Positive sera found on

screening are serially diluted and then testedath phase Il and phase | antigens for the
presence of IgG, IgM, and IgA (Maurin and Raou#99).

A titer > 200 for IgG and > 50 for IgM against phds antigen indicate a recent Q fever

infection, while an IgG titer > 800 against phasantigen suggests chronic infection
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(Fournier et al, 1998). IFA titers usually reackitmaximum levels 4 to 8 weeks after the
onset of acute disease and then decrease gradwatythe following 12 months. The
persistence of high levels of anti-phase | antibsdir the reappearance of antibodies after
treatment my signal the development of chronic aiém (Tissot-Dupont and Raoult,

2007).
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1.7. DISEASE CONTROL

There are 3 broad measures to limit transmissiah spread of directly transmissible
infections in populations: reducing the adequacyamitact between individuals (animal-
animal, animal-human, human-human), reducing thepgmtion of the population
susceptible through vaccination and decreasinginfectivity of infected individuals
through vaccination or other medical treatment (&F3010). All 3 measures should be
implemented to control the spread ©f burnetii infection. The first type of measure is
defined as direct prophylaxis, while the second #rel third are described as indirect
prophylaxis.

It should be highlighted that control measures @rburnetii can only be effectively
implemented if cases are detected and confirmets fEyuires systematic and reliable
classification of units/farms as cases. The bawmissfich a classification is a commonly
agreed case definition. Case detection can be baiseslispect case reporting (passive
surveillance) or screening (active surveillancéjSB, 2010).

Then the choice of a Q fever control strategy dépend on the overall goal of the control
effort. This could, for example, be limited to ashoig severe cases or focus on problem
farms, or at the other end of the spectrum, attecoptplete eradication df. burnetii

infection in the entire population (EFSA, 2010).

1.7.1 Direct prophylaxis measures

The main concept behind direct prophylaxis is tthe optimal control strategy may
require a combination of several control intervems$i. This control strategy should be

applied through measures to:
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v' Reduce the number of contacts per unit time. A droenge of measures are
commonly applied to limit contact during animal else control, including
guarantine, test and slaughter, livestock movenwmnttrol, changes in farm
management etc.

v' Reduce the transmission potential per contact. tDube feature of the infectious
agent, it is generally difficult to influence theamsmission potential within
populations. However, these measures can be veportant to limit the
transmission potential per indirect contact betwekifierent flocks (hygienic
measures).

v" Reduce the number of different farms in contacbubh trade restrictions (EFSA,
2010).

All these measures are not specific to Q fever amlg the efficacy of each to reduce the
infectious pressure or th€. burnetii transmission between animals and herds remains
unknown. Case control studies allowing the idecaifion of risk factors for Q fever
outcome may not be reliable enough, due to thertaiogy about the true status of the
control. A survey conducted in almost 100 infectizdry herds reported 2 main factors
associated with an increase of seroprevalencenttauction of more than 10 animals in
the herd per year and the absence of disinfectfate calving pen after each calving
(Taurel et al., 2009).

Control measures should pay attention to the bgddiaterial as a source Gf burnetii
transmission among animals and from animals to Imsmas described in several studies
(Manfredi_Selvaggi, 1986; Arricau-Bouvery et al002; Berri et al., 2004; Starnini et al.,
2005). In The Netherlands, spread of manure frdected herds was forbidden for at least
90 days after suspicion of infection (Schimmer let 2008). The effectiveness of this

measure must be evaluated and modified if necesgarncau-Bouvery et al. (2001)
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performed decontamination of feces of experimentatifected goats with calcium
cyanamid. However there are considerable differeitenethods of manure management,
consequently a specific standardized protocol h@syat been established for bedding
manure treatment and decontamination.
The following systems were assessed for effectisgne
v' Deep litter systems, where goats are kept indoostraw litters, straw is added
regularly and removed only 3-4 times a year. Thaumais usually moved to
another location in or out of the farm.

v" Slurry treated with cyanamide calcium,

v" Manure composting for a period of time with or with covering (EFSA, 2010).
Composting is a manure fermentation process thigt béacteria as the temperature rises.
Traditional composting consists in piling manurehivi concrete walls and fermentation
for 3 months. The inside temp is estimated to beramum of 50° C and this process will
lead to a minimum of 4.3x10reduction of C. burnetii.

Manure must be covered and composted or treatddlwie or calcium cyanamide 0.4%
before being spread on the field; spreading of m@ashbould never be performed when the
wind blows (Arricau-Bouvery and Rodolakis, 2004).

Abortions have been identified as an important rigktor for herd or flock status.
Consequently, husbandry practices that controeiposure of animals to infectious doses
of C. burnetii, such as segregation of areas for calving, lambimd) kidding as well as
removal of placenta and abortion materials, aréulise reduce bacterial exposure (EFSA,
2010).

The removal of these materials that have the pialetiot contain very high numbers Gf
burnetii to specific rendering plants could reduce the remvnent contamination. The

parturition pens must be disinfected as well agyewensil used for delivery (Arricau-
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Bouvery and Rodolakis, 2005).

In the context of Q fever, the introduction of iofed animals into naive herds could be
avoided if there were control of movement of ansnail defined status between herds of
defined status. However, this strategy is relianthe reliable classification of animals and
herds (for example, a farm-level certification gystincluding testing scheme, cut offs,
status definition etc). Given the diagnostic qyabf currently available diagnostic tests
however, considerable uncertainty is likely to remes to the true status of an animal or
herd (EFSA, 2010).

A number of Q fever outbreaks in humans have besocgated with the shearing of sheep
(Hellenbrand et al.,, 2001; Hellenbrand et al.,, 300Sheep wool can be heavily
contaminated with infected birth products. Dusttaoring C. burnetii is produced during
shearing and bacterial DNA can be found in theohlvarns where sheep have been shorn
(Schulz et al., 2005). In such situations, sheapgagsonnel should wear protective filter
masks and the fleece should be kept wet or evamfelised. (EFSA, 2010).

Drinking milk containingC. burnetii can result in sero-conversion although it remains
unclear as to whether, and if so, to what extelmjcal disease can result from the
consumption of milk or dairy products or of otheodls containingC. burnetii (EFSA,
2010). Therefore pasteurization at 72 °C during dibsterilization of milk from infected
flocks is regularly recommended even if the oralteois not the main one (Arricau-

Bouvery and Rodolakis, 2005).

1.7.2 Indirect prophylaxis measures

Vaccination
Current vaccines used in humans and animals indludealin-killed, whole-cell vaccine
preparations (WCV) (Marmion et al., 1990) and cbform methanol-extracted bacterial

residue (CMR) (William et al, 1986; Waag et al. 9T A WCV from the Henzerling
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strain (Q vax, CSL Limited, Parkville, Victoria, Atralia) has been commercially
available and used for human vaccination in Ausstraince 1989 (Arricau-Bouvery and
Rodolakis, 2005). The vaccine has been licensedAustralia to protect at-risk
slaughterhouse employees and veterinary profedsiohlae vaccine can only be given to
people not previously in contact wi€ burnetii, as vaccinating subject that have already
mounted an immunological response may lead to Eeramverse reaction like systemic
symptoms of inflammation. In the Netherland, durthg epidemic of 2007-2011, 1354
people were vaccinated, all from the defined higk patient group, people with heart or
severe vascular disease (Van der Hoek et al., 2012)

In animals the most effective vaccines are thoseposed of inactivated whole phase |
bacteria (Arricau-Bouvery and Rodolakis, 2005).

An inactivated non-adjuvanted phaseCl burnetii antigen Nine Mile strain vaccine
(Coxevac, CEVA Santé Animal, France) is availablegoats and cattle in Europe.

In goats the efficacy of vaccination with phasent gphase Il vaccines was compared,
using this phase | (COXEVAC™) vaccine and a phasadcine (CHLAMYVAX FQ™),

in pregnant animals, experimentally infected witdose ofC. burnetii sufficient to cause
abortion or premature birth in 85% of the goatshi@ control group (Arricau-Bouvery et
al., 2005). the phase | vaccine significantly pcttéd goats against the developmenCof
burnetii infection causing abortions, as it reduced plaadecdlonization, eliminated milk
shedding and strongly reduced vaginal and fecatldihg of C. burnetii particles. In
contrast, the phase Il vaccine did not showed affgrence compared to the control group
(Arricau-Bouvery et al., 2005).

Vaccination with Coxevac is targeted in all goat® months of age and should be
performed at least 3 weeks prior to breeding (EM210). Booster vaccines are

recommended every 280 days thereafter, but thet eikaation of immunity has yet to be
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determined (de Cremoux et al.,, 2012b). The immunicgg of commercially available
vaccines in open does and ewes may be more etfetttan in those pregnant for long-
term control of within-herdC. burnetii spread (Porter et al., 2011). However, the efficac
to prevent shedding from infectious animals needset assessed if vaccination is to be a
method of public health intervention.

In a systematic review and metanalysis about phasecine (O'Neill et al., 2013) all
publications reviewed but one (Hogerwerf et al.1POreported preventive vaccination
exclusively to reduce the risk of shedding or clahieffects ofC. burnetii infection
following vaccination. During the Dutch Q fever brgak, Hogerwerf et al. (2011)
reported farms vaccinated reactively to reduce dingdand clinical effects or to prevent
infection or subsequent clinical effects.

Previous studies have shown that shedding is grteatehe first and second parturitions
after infection in both goats and sheep, with nastnals becoming infected in the first
year of life (Hogerwerf et al., 2011; Porter ef aD11).

Vaccination with the phase | vaccine was also aatet with prevention and/or reduction
of shedding in ruminants (Hogerwerf et al., 20EEpecially when applied on primiparous
and/or susceptible goats (De Cremoux et al., 20b23usceptible non-pregnant dairy
cows (Guatteo et al., 2008). Non-pregnant and entefl dairy cows when vaccinated had
a 5 times lower probability of becoming a shedtk@ntan animal receiving a placebo. On
the contrary cows vaccinated when pregnant hachgasilikelihood of becoming shedder
as an animal receiving the placebo. The authorsamgu this outcome of their study
assuming that pregnancy had an adverse effect enntimune response of the cow
(Guatteo et al., 2008). However, several studigsrted that phase | vaccines failed to
prevent shedding . burnetii in naturally infected prior to vaccination in cqug®ats and

sheep (Guatteo et al., 2008; Rousset et al., 2088topiza et al., 2010a), highlighting the
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role of the vaccine in protecting uninfected but indtreating infected animals.

Coxevac is registered for use in non pregnant cmmeduce excretion of. burnetii.
Under field conditions however it is frequently dseut of label in pregnant cows to
prevent shedding in a contaminated environmenthése terms the vaccine safety on
pregnant animals it's fundamental. Guatteo et28l08) observed in their study that the use
of Coxevac in pregnant animals had no impact ogr@ecy in cattle.

Therefore vaccination cannot be considered as ssickl treatment and a significant
reduction of shedding in infected animals was namdnstrated. Also based on current
diagnostic tests, it is not possible to serolodycdistinguish vaccinated and naturally-
infected animals. Nevertheless, vaccination oncief®# herds allowed to prevent the
appearance of clinical signs and to significantgr@ase the zootechnical losses to Q fever
(Guatteo et al., 2008; EFSA, 2010; Guatteo ekall2).

Antibiotic treatment

Antibiotic treatment is used effectively in humaosreduce clinical symptoms associated
with Q fever. Doxycycline, 100 mg twice daily foet ldays (Dumler et al., 2002) is
recommended for acute illness. Antibiotic treatmlessens the time in which the patient
has fever, (Gikas et al., 2001) and hastens regdvem pneumonia (Marrie, 2003). For
endocarditis has been recommended a 18 monthm&eabf doxycycline (100 mg, twice
daily) and hydroxychloroquine (200 mg, three tintgsly) (Maurin and Raoult, 1999).
Chloroquine raises the pH in the phagolysosomeeasing the efficacy of doxycycline
((Raoult et al., 2005).

In animals, antibiotic treatment did not show toelfiective to prevent shedding of bacteria
or limiting the duration of bacterial excretion sheep (Astobiza et al., 2010b) and goats
(Blain, 2006).

In cattle antibiotic therapy is also frequently lempented in routine practice either at
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drying off to prevent late abortion or at calving prevent the shedding peak. Like in
humans, because of its activity and its intracatldliffusion, tetracycline are the most used
antibiotic (Taurel et al., 2014). The use of teyrdimes was associated with a prevention of
vaginal shedding at calving in dairy cows, whereabg¢d once at drying off (Taurel et al.,
2012).

The most used protocol consists of two injection®xytetracycline (20 mg/kg) during the
last month of gestation (Arricau-Bovery and Rod@ak005).

In a study comparing the effectiveness of vacamatand/or antibiotics at different
regimens to prevent and lim@. burnetii shedding at calving in dairy cows, the use of
tetracycline was associated with a lower risk ahfeletected shedder at calving, but had
no significant effect on the bacterial load shedufEl et al., 2012). On the basis of the
update knowledge, the antibiotic treatment in ddimesuminants was considered not
effective to substantially reduce either the lewgelthe duration of bacterial shedding

(EFSA, 2010).
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1.8 TABLES AND FIGURES OF CHAPTER 1

Table 1: Prevalence o€. burnetii (animal and herd level) in cattle in Europe andkKéyr
(EFSA, 2010).

Country Yea No. testec % positive Tesf Reference
r of Cattle Herds Cattle Herd
Albania ihglgg 552 8.5 ) ELISA Cekani et al., 2008
1995-1997 311 10.9 ELISA Cekani et al., 2008
Bulgaria 2002 3,006 8.2 CFT Martinov 2007a
2003 3,714 6.5 CFT Martinov 2007a
2004 120 20.8* IFA Panaiotov et al.,
2004 3,188 9.7 CFT Martinov 2007a
2005 3,026 8.1 CFT Martinov 2007a
2006 2,932 10.6 CFT Martinov 2007a
1989-2006 95,737 5.4 CFT Martinov 2007a
1977-1988 20,086 11.8 CFT Martinov 2007a
1950-1976 4,749 19.8 CFT Martinov 2007a
Cyprus NA 75 24.0 IFA Psaroulaki et al.,
Denmark 2008 100 59.0 ELISA- Agger et al., 2010
milk
2007 742 57 ELISA- Bodker and
milk Christoffersen
Italy 1998 544%** 21 13 nd IFA In Arricau-
Bouvery and
155+ 6 2 nd IFA In Arricau-
Bouvery and
486 26 20 nd IFA In Arricau-
Bouvery and
NA 650 44 9** ELISA Cabassi et al., 2006
NA 600 22.0 ELISA Cabassi et al., 2006
Germany 1998-2000| 1,167 105 1.4 nd ELISA Sting et al., 2002
to
1998 21,191 544 8 nd ELISA| In Arricau-Bouvery
1996-1997 826 38 14.3** | nd ELISA Sting et al., 2000
0.6
1992-1993| 500 NA 7.6 nd CFT Wittenbrink et al.,
66E 39 9.6 76.¢ 1994
383** 33 19.: 78.¢
61ZBulls 1 5.€ 10C
1991 1,095 21 11.8 81 ELISA Rehacek et al., 1993
1989-1990 3,500 155 13.3 57.4 ELISA Klemt and Krauss,
Netherlan 1987 1,160** 234 21 37 ELISA Muskens et al., 2007
Spain 2006-2007 79 354 IFA Ruiz-Fons et al.,
2008- 626 6.7 ELISA Ruiz-Fons et al.,
2008- 42 42.9 ELISA Ruiz-Fons et al.,
Turkey 2006-2008| 92 16.3 ELISA Ceylan et al., 2009
2005 230 9.6 ELISA Seyitoglu et al.,
1998 416 48 6 nd In Arricau-
Bouvery and
UK (NI) 2009 5,182 6.2 ELISA McCaughey et al.,
2009 273 48.4 ELISA McCaughey et al.,

(a) Indirect Immunofluorescence assay (IFA), Enzyomked Immunosorbent assay (ELISA), Complement
fixation test (CFT), Microagglutination test (MAT)
* Investigation in relation to a human outbreak
** |[nvestigation in relation to clinical symptoms the population (animals)
*** The study was conducted to compare animals kegbors (544) and outdoors (155) NA - not avagaiML-
most likely
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Table 2: Prevalence o€. burnetii (animal and herd level) in sheep in Europe and &yrk
(EFSA, 2010).

SHEEP
Country Year No. tested %positive Test Reference
Sheep Flocks Sheep | Floc
Albania 1999 292 123 | ELISA | Cekani etal., 2008
1995-1997 350 8.9 ELISA Cekani et al., 2008
Bulgaria 2002 1,819 12.7 CFT Martinov 2007a
2003 1,811 8.3 CFT Martinov 2007a
2004 100 21.0* IFA Panaiotov et al.,
2004 1,258 14.1 CFT Martinov 2007a
2005 1,911 15.2 CFT Martinov 2007a
2006 1,925 8.4 CFT Martinov 2007a
1950-1976 17,088 16.7 CFT Martinov 2007a
1977-1988 16,593 18.8 CFT Martinov 2007a
1989-2006 99,189 4.8 CFT Martinov 2007a
NA 153 56.9** CFT Martinov. 2007b
Croatia 2004 182 11.0* CFT Medic et al., 2005
Cyprus NA 481 18.9 IFA Psaroulaki et al.,
Germany NA 95 2.7 Runge and Ganter|
1998 1,346 1.3 ELISA In Arricau-
Bouvery and
1999 100 1 57 ELISA In Arricau-
Bouvery and
3,460 8.7 ELISA Sting et al., 2002
Greece NA 554 10.5 IFA Pape et al., 2009a
Italy 1999-2002 7,194 675 9/38 ELISA In Arricau-
Bouvery and
Netherlan 1987 3,603 3.5 ELISA In Muskens et al.,
2008 12,363 2.4 ELISA Van den
Brom and P.
Spain 1999-2003 148 8.8** PCR Oporto et al., 2006
1999-2003 148 2.7** CFT Oporto et al., 2006
1999-2003 38 42.1** CFT Oporto et al., 2006
2005 34 67.6** ELISA Garcia-Perez et al,
2005 1,011 8.9 ELISA Garcia-Perez et al,
2005 154 22.1 ELISA Garcia-Perez et al,
2007-2008 1,379 11.7 ELISA Ruiz-Fons et al.,
46 34 ELISA Ruiz-Fons et al.,
Turkey NA 465 21.1* ELISA Karaca et al., 2009
2001-2004 743 42 20 83 ELISA| Kennerman etal.,
1998 411 10.5 IFA In Arricau-
Bouvery and
UK (NI) NA 20097 1,022 12.3 ELISA McCaughey et al.,
NA 2009? 58 62.1 ELISA McCaughey et al.,

(a) Indirect Immunofluorescence assay (IFA), Enzyomked Immunosorbent assay (ELISA), Complement
fixation test (CFT), Microagglutination test (MAT)
* Investigation in relation to a human outbreak
** |nvestigation in relation to clinical symptoms the population (animals)
*** The study was conducted to compare animals kegdors (544) and outdoors (155) NA - not avagabl
ML- most likely
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Table 3: Prevalence o€. burnetii (animal and herd level) in goats in Europe and @&yrk
(EFSA, 2010).

GOATS
Country Year No. tested % positive Test@ Reference
Goats Herds Goats Her
Ao
Albania 1999 260 4.2 ELISA Cekani et al., 2008
1995- 443 8.8 ELISA Cekani et al., 2008
Bulgaria 2002 677 11.8 CFT Martinov, 2007a
2003 1,044 7.4 CFT Martinov, 2007a
2004 50 40.0* IFA Panaiotov et al.,
2004 1,016 21.7 CFT Martinov, 2007a
2005 832 11.1 CFT Martinov, 2007a
2006 359 19.2 CFT Martinov, 2007a
1950- 1,417 20.5 CFT Martinov, 2007a
1977- 1,791 10.8 CFT Martinov, 2007a
1989- 54,175 7.6 CFT Martinov, 2007a
Cyprus NA 417 48.2 IFA Psaroulaki et
France 2006 359 36.0 ELISA Dubuc-Forfait et
2006 42 88.1 ELISA Dubuc-Forfait et
2006 75 65.3** ELISA Chaillon et al.,
2008 1,057 32.0 ELISA Dubuc-Forfait et
2008 42 88.1 ELISA Dubuc-Forfait et
Germany 1998 278 25 ELISA In Arricau-
Bouvery and
Greece NA 61 6.6 IFA Pape et al., 2009a
Italy 1999- 2,155 104 13 47 ELISA | In Arricau-
2002 Bouvery and
Rodolakis 2005
Netherlan 1987 498 1 goat ELISA Muskens et al.,
ds 2007
2008 3,409 7.8 ELISA Van den
Brom and P.
Poland NA, 98 79.6** MAT Platt-Samoraj et
ML al., 2005
Spain 2007- 115 8.7 ELISA Ruiz-Fons et al.,
2007- 11 455 ELISA Ruiz-Fons et al.,
Turkey 2006- 92 5.4 ELISA Ceylan et al., 2009
UK (NI) NA, 54 9.3 ELISA McCaughey et al.,
ML 2010
NA, 7 42.9 ELISA McCaughey et al.,
ML 2010

(@) Indirect Immunofluorescence assay (IFA), Enzyomked Immunosorbent assay (ELISA), Complement
fixation test (CFT), Microagglutination test (MAT)
* Investigation in relation to a human outbreak
** |nvestigation in relation to clinical symptoms the population (animals)
*** The study was conducted to compare animals kegdors (544) and outdoors (155) NA - not avagablL-
most likely
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Table 4: Estimated prevalence of Coxiella burnetii infectionpeople, based on studies
conducted in Bulgaria, France, Germany and the édkethds, 1982-2010 (Georgiev,
2013).

Country Year of Number Sample % Test
BG 1993-2000 14,353 RG 15.0 CFT, MIFT
BG 1995-1997 224 BD 38.0 MAT, MIFT
BG 2001-2004 5,207 RG 18.0 CFT, MIFT
BG 2004 104 HO (PW) 7.7 IFA
DE 2002 255 HO 22.0 NA
FR 1982-1990 22,496 RG 23.0 NA
FR 1988 924 BD 4.0 IFA
FR 1995 790 BD 1.0 IFA
FR 1995-1996 785 NA 5.0 IFA
FR 1996 620 BD 3.0 IFA
FR 1996 12,716 NA 0.2 IFA
FR 1996 208 RG 71.0 IFA
FR 2002-2003 376 RG (PW) 2.6 IFA
FR 2002-2003 91 RG (CA) 55 IFA
FR 2002-2003 578 HO 14.7 IFA
NL 1982 222 RG 83.8 NA
NL 1983 359 BD 24.0 NA
NL 2006-2007 5,654 GP 2.4 ELISA, IFA
NL 2007-2009 2,004 HO (PW) 9.1 IFA
NL 2009 543 BD 12.2 ELISA, IFA

BD: blood donors; BG: Bulgaria; CA: cardiac abnolitres; CFT: complement fixation test; DE: Germany;
ELISA: enzyme-linked immunosorbent assay; FR: Fea®P: general population; HO: humans in outbreak
areas; IFA: indirect immunofluorescence assay; M#Aiicroagglutination test; MIFT:
microimmunofluorescence test; NA: information neaiable or not specified; NL: Netherlands; PW:
pregnant women; RG: risk group.
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Figure 1: Number of notified human Q fever cases with a kndwst day of illness
according to the week of onset of symptoms, frodaduary 2007 to 11 May 2010 (Roest
et al., 2013).
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Figure 2: pathogenesis o€. burnetii infection in ruminants: entry, dissemination and
different outcome of the infection (modified frona®erio and Vicenzoni, 2013).
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CHAPTER 2: Coxiella burnetii infection in dairy cows and
goats: assessment of diagnostic methods, and evdlaa of

immune response in shedders

2.1 MATERIALS AND METHODS

2.1.1 Analytical methods

Complement fixation test

The CFT was performed in agreement with the OIE h&rof Diagnostic Tests and
Vaccines for Terrestrial Animals (OIE, 2015). A ammrcial antigen was used, (Siemens
Healthcare Diagnostic Products, Erlangen, Germ#rat)was a mixture of Nine Mile and
Henzerling in phase Il strains. Hamster complemead used (BioMérieux, Lyon, France)
at a dilution corresponding at 2 unit (U). briefthe analytical procedure was the
following:

After predilution to 1:10 with Veronal buffer, clgttsera were inactivated for 30" at 58° C
and goats sera at 60° C. The antigen and the complewere then diluted in Veronal
buffer. Then 25uL of each sera were dispensed in microtitre pléesCFT test and
anticomplementarity test (ACP). In CFT test plageasvere mixed with 2bL of antigens
and 25uL of complement in each well; in ACP plate sera everixed with 25uL of
Veronal buffer and 2L of complement. After agitation the plates wereuipated at
+5°C for 18 hours. Then 28L of hemolytic system, previously diluted and sémed in
waterbath at 37°C for 15’, were added to each wdter agitation plates were incubated
at 37°C for 30’ centrifugated for 5’ at 2.000 r.p,rand then reading was performed.

The cut-off title was fixed at the titer of 1:10.
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ELISA

Sera and milk samples were analyzed with a comualeetilSA test, (LSIVET Ruminants
milk/serum Q fever, Lissieu, France), accordingrtanufacture instructions. The kit was
an indirect ELISA with antigens in phase | and ghlssolated from domestic ruminants.
Serum samples were prediluted 1:400, while milk @asmwere prediluted 1:20. The test
results were calculated using the s/p ratio (OD$ev@negq)/(ODpos-ODneg). Sera
samples were classified as negatives ifsfp4, weak positives (+) if > 041, medium
positives (++) if > 1<2, high positives (+++) if > 23, very high positives (++++) if > 3.
Milk samples (BTM) were classified as negativeS/fp< 0.3, weak positives (+) if > 0.3
<1, medium positives (++) if > 42, high positives (+++) if > 2.

Molecular assays

Molecular assays were performed using a real-tintR Rr-t PCR) commercial kit
(ADIAVET® COX REALTIME, Adiagene Saint Brieuc, Fram). Pre-treatment and
sample processing were performed according to theufacturer’s instructions. The
extraction of Coxiella DNA from different matricesas performed according to the
manufacturer’s instructions (QIAamp DNA mini kitjaen), as follows:

- From milk: 400 pL of individual milk or BTM wagdnsferred to a 1.5 mL microtube
after vortexing.

- From vaginal swabs: 1 ml of sterile water waseabith the vaginal swab, the sample was
vortexed for 30 s, and 200 pL of the supernatast tnaansferred to a 1.5 mL microtube.
The instrument employed for r-t PCR was a RochehtGgcler 2.0 or an Applied
Biosystems 7900 HT Fast Real- Time System. Thendistic sensitivity of the r-t PCR
analysis of the BTM samples was determined to Ificnt to detect 1 shedder cow in a

group of 250 milking cows.
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The amplification program is clarified in table ddawas the same if Life Technologies or
Roche instruments were used.

Control samples with defined cycle threshold (ct¢le values were used to verify the
quality of the analysis performed. An internal piesi control sample was coamplified for
each sample tested to detect the presence of RECRoreinhibitors in the sample.

The individual milk samples that tested positiveha r-t PCR assay were divided into two
classes depending on the ct cut-off value of 3. this method, ct = 31 represents a
concentration of 10bacteria/ml (ADIAVET® COX REALTIME, validation dat sheet,
November 2010). Animals whose milk samples hadatias< 31 were classified as high

shedders, whereas animals with ct values > 31 alassified as low shedders.

2.1.2 Study design

2.1.2.1 Assessment of the efficacy of r-t PCR asssyBTM for the detection of infected

dairy herds and flocks

The sensitivity and specificity of a single r-t PG&st on BTM were evaluated using a

control-case study in dairy cattle and goat farfrtee first step was the identification of

infected and negative farms, in which a sample ©MBwas taken for a r-t PCR test to

detectC. burnetii DNA.

Dairy cattle

In dairy cattle the infected herds, according te literature (Sidi-Boumedine et al, 2010;

Guatteo et. al., 2011), were defined as farms with:

» clinical symptoms of Q fever like abortions or irifigy,

* at least one positive r-t PCR result confirming pinesence of the agent of Q fever on
specimens from affected animals,

* aprevalence 20%.
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Negatives farms were defined as farms with:

* aregular surveillance and diagnosis of abortions,

« all the r-t PCR test on abortions or vaginal swadgative forC. burnetii,

a prevalence < 20%.

The herds enrolled in the study were farms thatetgl to a regular surveillance and

diagnosis of abortions in the monitoring plan ofgRee Veneto for bovine abortions. All

Aborted foetuses accompanied by the dam’s bloogkkawere delivered to the diagnostic

laboratory of Istituto Zooprofilattico delle Venez{lZSVe) and submitted to a panel of

laboratory tests. The sera were tested for ant#sodigainst Brucella, Neospora, IBR,

Leptospira, BVD, Q fever, Chlamydophila, and thetises were tested for the detection

of the following agents: bacteritleospora caninum, BVD virus, Chlamydophila, an@.

burnetii.

All the farms with aC. burnetii r-t PCR positive abortion, were reached by medrbkeir

veterinary practitioners, and sampled. Among then$& with negative r-t PCR and

serology were selected 73 herds having the follgviéatures:

v' perform a regular surveillance and diagnosis of riatts including laboratory
diagnosis performed at the 1ZSVe,

v" be included in the dairy herd improvement (DHI) ttohsystem performed by the
Italian Breeders Association (AIA).

These negative herds were then tested with a pesog test to detect the presence of

antibodies againgt. burnetii in a BTM sample collected from the employs of beysed

association during the DHI controls. The samplegewiozen at -20° C after the

collection, shipped to the 1ZSVe laboratory andeeswith ELISA for the detection of

anti-C. burnetii antibodies. Only farms with ELISA negative reswkre included in the

study.
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In all the herds, positive and negative, includedhie trial, to assess the prevalenc€&€of

burnetii infection, 13 cows were randomly selected andoadkample (nearly 10 ml) was

taken from the tail vein of each cow using a vacuube (Vacutainer, Becton Dickinson,

Franklin Lakes, NJ, USA). The number of cows toidmted were 13 because it allows to

detect with a confidence level of 95% at least ditpae cow if the prevalence ¥s20%.

The samples were stored in a bag refrigerated weiitectic plates, transported to the

laboratory, centrifugated at 3.000 r.p.m. for Hiid the sera were stored at -20° C. All the

samples were tested with ELISA and CFT.

At the same time a 60 ml of milk sample were takenm the bulk tank, that was

previously mixed for 5 using the automatic tankrret. The milk was stored in a

refrigerated bag with eutectic plates, transpottedhe laboratory, split in 2 tubes and

stored at -20° C. One tube was used for r-t PCRttedetectC. burnetii DNA and the

other kept frozen in case the analysis had to peated.

Dairy goats

In dairy goats the infected flocks, according te literature (Sidi-Boumedine et al, 2010;

Guatteo et. al., 2011), were defined as farms with:

» clinical symptoms of Q fever like abortions or irifigy,

* at least one positive r-t PCR result confirming pinesence of the agent of Q fever on
specimens from affected animals,

* aprevalence 15%.

Negatives flocks were defined as farms with:

* aregular surveillance and diagnosis of abortions;

« all the r-t PCR test on abortions or vaginal swadgative for C. burnetii,

e aprevalence < 15%.

The Flocks enrolled in the study (29) were seleatettie province of Trento, Vicenza and
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Belluno, among dairy flocks with at least 20 goa#.the flocks enrolled in the study
were regularly visited every 15 days from NovembterApril: all the abortions were
registered, vaginal swabs were taken from goatsabarted and also from animals with
regular kidding, to perforn€. burnetii r-t PCR. All the flocks enrolled were sampled to
evaluate the seroprevalence, and BTM for r-t PCR taken.

Vaginal swabs (Becton Dickinson, Franklin Lakes, N$A) were taken from the vagina
after cleaning and disinfection of the vulva witldiginfecting solution (5% Virkon S™,
Dupont USA). After sampling the swabs were placestérile tube, stored in a refrigerated
bag, transported to the laboratory, and store@Gft €. Afterward they were tested with r-t
PCR test to dete@. burnetii DNA.

In all the flocks included in the trial, to assélss prevalence of. burnetii infection, 18
goats were randomly selected and a blood samplkerlyn@0 ml) was taken from the
jugular vein of each goat using a vacuum tube (Y&aoar, Becton Dickinson, Franklin
Lakes, NJ, USA). The number of goats to be testertkvt8 because it allows to detect
with a confidence level of 95% at least 1 positev if the prevalence is 15%.

The samples were stored in a bag refrigerated weittectic plates, transported to the
laboratory, centrifugated at 3.000 r.p.m. for 1@ahe sera were stored at -20° C. All the
samples were tested with ELISA and CFT.

At the same time a 60 ml of milk sample were takenim the bulk tank, that was
previously mixed for 5’ using the automatic tankrret. The milk was stored in a
refrigerated bag with eutectic plates, transpottedhe laboratory, split in 2 tubes and
stored at -20° C. One tube was used for r-t PCRttedetectC. burnetii DNA and the

other kept frozen in case the analysis had to peated.
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2.1.2.2 Evaluation of the dynamics of the antibsdisponse, and tli& burnetii excretion

in infected animals

Dairy cattle
Among the infected dairy farms involved in the stuekre selected 4 herds with:

v’ at least 1 abortion and the BTM positive to r-t PIBRC. burnetii DNA,

v/ an average number of lactating cows > 100 and < 400

v’ the approval of the farmer to participate at thlgtand his commitment to don't

interrupt the trial before the end of the study.

In each of the enrolled herds was performed a $icstening collecting from each of the
lactating cows a sample of blood from the tail vaging a vacuum tube (Vacutainer,
Becton Dickinson, Franklin Lakes, NJ, USA), and ample of milk taken from the
foremilk of each quarter, prior of the attachmehth@ milking group. Milk samples were
collected according to the National Mastitis Courguideline for milk sample and
handling (National Mastitis Council, 1999).
The samples were stored in a bag refrigerated &utkctic plates and transported to the
laboratory. At the laboratory blood samples wenetrteigated at 3.000 r.p.m. for 10’,the
sera were stored at -20° C, and afterward wereedesith ELISA and CFT for the
detection of antibodies againSt burnetii. Milk samples were split in 2 tubes, stored at -
20° C, and afterward 1 tube was used for r-t PGRttedetecC. burnetii DNA, and the
other kept frozen in case the analysis had to peated.
According to the test results, were establishedodigs of nearly 10 cows to be sampled 3
times every 2 months. The cows were sorted amangribups as follow:

v group 1: cattle ELISA negative and PCR negativel @-PCR-);

v group 2: cattle ELISA negative and PCR positivelEA-PCR+);

v group 3: cattle ELISA positive and PCR negative +PCR-);
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v group 4: cattle ELISA positive and PCR positive (EA+PCR+).
From these cows at each control was taken a samhfllood, milk and feces and tested,
serum with ELISA and CFT for antibodies detectiomlk and feces with r-t PCR fdC.
burnetii DNA detection.
the 4 groups of cows were created consideringtalsse elements:

v days in milk: when possible cows at the beginnihlgctation were chosen,

v' CFT results: when possible in the group ELISA+ PGRdé ELISA+ PCR- where

introduced cows that were also CFT positive.

Dairy goats
Among the infected flocks enrolled in the r-t PC3@ssment only 2 farmers approved the
participation to the study, so & 3nfected flock was included in the study, desjpite
number of lactating goats was only 12.
In each of the enrolled flocks was performed a fgeening collecting from each of the
lactating goats a sample of blood from the jugukin using a vacuum tube (Vacutainer,
Becton Dickinson, Franklin Lakes, NJ, USA), and anple of milk taken from the
foremilk of each halves, prior of the attachmenthad milking group. Milk samples were
collected according to the National Mastitis Courguideline for milk sample and
handling (National Mastitis Council, 1999).
The samples were stored in a bag refrigerated &utlctic plates and transported to the
laboratory. At the laboratory blood samples wenetrifeigated at 3.000 r.p.m. for 10’,the
sera were stored at -20° C and afterward weredegte ELISA and CFT for the detection
of antibodies againsE. burnetii. Milk samples were split in 2 tubes, stored at’-20 and
afterward 1 tube was used for r-t PCR test to défeburnetii DNA and the other kept
frozen in case the analysis had to be repeated.

According to the test results, were establishedd@igs to be sampled 3 times every 2
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months. The goats were sorted among the groupsia/f

v group 1: goats ELISA negative and PCR negative $8LtPCR-);

v/ group 2: goats ELISA positive and PCR negative @+4PCR-);

v group 3: goats ELISA positive and PCR positive A+PCR+).
From these goats at each control was taken a sashpleod, milk and feces and tested,
serum with ELISA and CFT for antibodies detectiomlk and feces with r-t PCR fdC.

burnetii DNA detection.

2.1.3 Herds and flocks features

Dairy cattle

v' Herd 1: the total number of cattle was 214, theetbrialian Holstein, on average the
number of milked cow in the year was 107. The hagisiystem was freestall barns and
the cows were milked in a herringbone parlour. Albar and metritis cases were
reported < 5%, but poor fertility rate was onehd main problem of the farm.

v" Herd 2: the total number of cattle was 215, thetiBrown, on average the number of
milked cow in the year was 107. The housing systers freestall barns and the cows
were milked in a tandem parlour. Several late adnastwith detection oC. burnetii
occurred in the farm in the last 16 months, and peuility rate was one of the main
problem of the farm.

v' Herd 3: the total number of cattle was 239, theethritalian Holstein, on average the
number of milked cow in the year was 100. The haysiystem was freestall barns and
the cows were milked in a herringbone parlour. Abar and metritis cases were
reported < 5%, but poor fertility rate was onehad tnain problem of the farm.

v Herd 4: the total number of cattle was 606, theethritalian Holstein, on average the

number of milked cow in the year was 294. The haysiystem was freestall barns and
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the cows were milked in a herringbone parlour. &#vate abortions with detection of
C. burnetii occurred in the farm in the last 6 months, andr exility rate was one of
the main problem of the farm.

Dairy goats

v" Flock 1: the average number of milked goats wastB8, breed were Alpine and
Saanen. The goats were housed in a concrete lyikdth pens separated according to
the functional state of the animals: lactating,edi*pff, young goats. Bedding material
used was straw and each pen was in communicatittmami external paddock. Goats
were milked in a parallel milking parlour. Milk was part sold to a dairy company and
in part used in the farm for cheese productiont, Wees sold directly to the consumers.
Abortion cases were reported < 5%.

v" Flock 2: the number of milked goats was 12, thetireere Alpine and Saanen. The
goats were housed in a concrete building sepamat2gens, 1 for lactation goats, and
the other for the young and dryed-off goats. Beddiraterial used was straw and each
pen was in communication with an external paddéatats were milked in a small
parallel milking parlour (3 places). In the sumntiee goats were sent to a mountain
farm where they were kept grazing with other gdatsen other farms. Also in the
summer milking was performed in a parallel milkipgrlour. During the winter milk
was sold to a dairy company, in the summer was us#te mountain farm for cheese
production that was sold directly to the consume&sveral abortion cases were
reported in the last year (> 15%).

v" Flock 3: the average number of milked goats was, 188 breed were Alpine and
Saanen. The goats were housed in a concrete lguiMth pens separated according to
the functional state of the animals: lactating,edi*pff, young goats. Bedding material

used was straw and each pen was in communicatitmami external paddock. Goats

77



were milked in a parallel milking parlour. All threilk was used to produce cheese in a
authorized dairy plant annexed to the farm, and ghadluct was sold to shops or

directly to the consumers. Abortion cases werentepdc< 5%.

2.1.4 Statistical analysis

The evaluation of the performance of r-t PCR in BWé&s done by estimation of
sensitivity and specificity according to the deiiom of Martin et al., (1987).

The statistical association between the serologitzdls of the cows in infected herds and
the occurrence of. burnetii shedding in milk was evaluated using the logistigression
and the statistic of Wald assuming alfa = 0.05:ygmlvalue < 0.05 were considered
statistically significant. The level of associativas estimated by mean of the Odds ratio
(OR). The OR estimates the different probability aofserological positive cow to be
shedders ofC. burnetii in milk compared to a serological negative cowe TDR was
estimated comparing the results of r-t PCR testiik of each cow with the result of CFT
test and ELISA test. Furthermore was estimatedReof the comparison between results
of r-t PCR test in milk and the serological statudy of the cow with a high positive
response to the ELISA test. For this purpose awdifft ELISA cut-off was used (s/p >2).
each OR was estimated with the confidence leve) @€195%. The estimation of the
agreement between ELISA and CFT was performed ubeg ohen's Kappa coefficient.

All the statistics was performed by mean of SPSiSics vers. 21 (IBM).
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2.2 RESULTS

2.2.1 Assessment of the efficacy of a r-t PCR assam BTM for the detection of

infected dairy herds

Dairy cattle

C burnetii was detected in fetuses or placenta of 17 daitjedarms that submitted their
samples for the diagnosis of abortion to the |Z3&fmoratories,. The great majority of
these herds (16) had a within-herd seroprevalenic€.fburnetii antibodies> 20% (table
2). The r-t PCR on BTM gave a positive result irhé&ds among 17. Of these BTM
positive herds, 8 had a within-herd seroprevalenc20%, and only 1 herd had a
seroprevalence < 20%. To check if this peculianltesas due to a recent infection, all the
cows of the herd were tested forburnetii serology using ELISA after 2 months and also
the BTM sample was repeated. BTM was confirmed @stige to r-t PCR also in the
second sample and out of 52 sampled cows only@4Phad a positive result to ELISA
test.

The herds classified as infected, according talgfanition stated in the study design, were
16: only in 8 (50%) of these herds the BTM was fbpositive to r-t PCR.

If the within-herd prevalence was assessed usiegQxRT instead of ELISA, the herds
classified as infected turned out to be 12 instdatb. In 8 (67%) of these herds the BTM
was found positive to r-t PCR, while in other 4dwethe BTM was negative to r-t PCR
(table 3).

To find out farms uninfected froi@. burnetii, 73 herds were selected among these with a
surveillance control plan on abortions, based arime laboratory diagnosis of abortions.
All the samples submitted by these herds were neghoth at r-t PCR and serological test

of the cows that aborted. Nevertheless in 51 (76P#)ese herds, BTM was found positive
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for antibodies again€. burnetii and they were removed from the study.

Therefore only 22 herds were sampled: 12 (55%) skoavwithin herd prevalence20%
and 10 (45%) < 20%. The r-t PCR detectzdurnetii DNA only in the BTM of 6 herds
(table 2): all these herds had a within-herd prewved> 20%. In these 22 herds the ELISA
test for antibodies detection on BTM was repeatedhe new samples taken for r-t PCR.
Out of the 22 BTM samples tested, 5 turned positovéhe ELISA test and 4 of them
belonged to farms with a within-herd prevalerc20%. Out of the 6 samples positive to
the r-t PCR, 3 were also positive for antibodiesiast C. burnetii and 2 remained
negative.

The herds classified as uninfected, according ¢odéfinition stated in the study design,
were 10: of these herds none had a positive r-t RGSRt in the BTM sample.

If the within-herd prevalence was assessed usiegQRT instead of ELISA, the herds
classified as uninfected were 17 instead of 10th@ée herds in 2 (12%) the BTM was
found positive to r-t PCR, while in other 15 he(88%) the BTM was negative to r-t PCR
(table 3).

The number of infected herds was 16 and the nuwibeninfected herds was 10, while 13
herds could not be classified as infected or ueief® due to the lack of one or more
features (within-herd prevalence or presence/alesesfcC. burnetii abortions). The
sensitivity and specificity of BTM r-t PCR, calctda using these data, were respectively
equal to 0.5 and 1 (table 4).

If the within-herd prevalence was assessed usiegQxRT instead of ELISA, the herds
classified as infected were 12 and those classd®&dininfected 17: the sensitivity and
specificity of BTM r-t PCR, were respectively eqt@l0.7 and 0.9 (table 5).

The ELISA test used for the detection of seropesitiows in the herds has different levels

of positive s/p value cut-off, that allows to dmguish among positive animals the
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following groups: weak positives (+) if > 04l, medium positives (++) if > £2, high
positives (+++) if > 23, very high positives (++++) if > 3.

Taking into account the possibility that the majonf false positive results in the ELISA
test are included in the group of weak positivesgieo, 2007), we estimated the within-
herd seroprevalence, assuming as positive onlgah®ples with a s/p value > 1, excluding
all the weak positive samples. Using this cut-tdf assess of the within-herd prevalence,
no difference was found in the classification o€ timfected herds: all the 16 farms
previously classified as infected, had at leastvl with a s/p value > 1 (table 6).

In the classification of uninfected herds, the o$ehis cut-off allowed to increase the
number of herds included in the definition of ueicted herds from 10 to 14. Indeed in 4
of the herds with negative abortions @rburnetii, the within-herd seroprevalence change
from > 20% to < 20%, as only 1 weak positive sera wasdaua these herds. All these 4
farms were negative to r-t PCR in the BTM samfierefore the sensitivity and specificity
of a single test on BTM by mean of the r-t PCR,avexactly the same as those obtained
with the previous ELISA cut-off, respectively 0,bcal (table 7).

Dairy goats

The dairy goat flocks followed during the study wéocated mainly in the province of
Trento (18), but there were also 8 flocks in thevprce of Vicenza and 3 in the province
of Belluno. In the farms kidding were scatteredotighout the observation time,
(November — April), but the great majority occurteetween December and February.

Out of the 29 flocks sampled in the study, 15 (51 goats sheddin@. burnetii from
vagina mucus after abortions and also after nogadiurition (table 2). In all flock€.
burnetii DNA was detected in at least 2 or more goats &ftdting. No abortion storms
occurred during the trial, but only single casesabbrtions, which occurs more often in

the enzootic form of the disease. Most flocks witlginal swabs positive fdC. burnetii
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were located in the province of Trento (13), anty @in the province of Vicenza.

Among these flocks only 9 (60%) had a within-floskroprevalence fo€. burnetii
antibodies> 15% (table 8). The r-t PCR on BTM gave a positesult in 8 flocks out of
15. Of these BTM positive flocks, 7 had a withingk seroprevalence 15%, and only 1
flock had a seroprevalence < 15%.

The flocks classified as infected, according to dedinition stated in the study design,
were 9: only in 8 (89%) of these flocks the BTM wiiasnd positive to r-t PCR.

If the within-flock prevalence was assessed usiiggCFT instead of ELISA, the flocks
classified as infected were only 2 instead of 9 anty in 1 flock the BTM was found
positive to r-t PCR (table 9).

The flocks in which all the vaginal swabs collectedted negative fo€. burnetii DNA,
detection were 14 (49%). All these flocks had aimiflock seroprevalence < 15% and the
BTM negativeC. burnetii (table 8), thus all the 14 flocks were classifeex uninfected.
The same result was obtained if the within-flockopeevalence was assessed using the
CFT instead of ELISA. Therefore, the number of atéel flocks was 9 and the number of
uninfected flocks was 14, while 6 flocks could bet classified as infected due to the low
within-herd seroprevalence. The sensitivity anccgjpity of the BTM r-t PCR, calculated
using these data, were respectively equal to G8lgtable 10).

If the within-flock prevalence was assessed usirgg@FT instead of ELISA, the flocks
classified as uninfected were 13 instead of 14abse in 1 flock a high number of CFT
positives and ELISA negatives sera (14 among 18)dedected.

As in dairy cattle, the within-flock seroprevaleneeas then estimated, assuming as
positive only the samples with a s/p value > 1 excluding all the weak positive samples.
Using this cut-off for the assessment of the wifhick seroprevalence, the flock

classified as infected were 7 instead of 9. The BFMPCR was positive in all these
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flocks. No difference of course was found in thassification of the uninfected herds,
because all the sera tested were negative to th®AE({table 11). Differently from what
happened in dairy cows, the use of this cut-ofticed the number of flocks included in
the definition of infected from 9 to 7. The sensiti of BTM r-t PCR moved from 0.8 to 1,

while the sensitivity remained unchanged equal (ialile 12).

2.2.2 Evaluation of the dynamics of the antibodiesesponse and theC. burnetii

excretion in infected animals

Dairy cattle

In the first sampling performed on the 4 infectedry herds, 608 lactating cows were
sampled. Table 13 and 14 show the results of tlaéysis performed on milk and blood
samples, collected from each cow. The number ofscelveddingC. burnetii in milk was
48 (7.9%), the number of seropositive cows to ELI®At was 181 (29.8%) and the
number of seropositive cows to CFT test was 657%0.

The ELISA test allows to distinguish among positarémals the high positive ones: this
was the reason to calculate also the number amemage of cows with an s/p cut-off > 2,
that include only high and very high positive anisndhe number of high positive cows
was 85 (14%).

The percentage of positive cows to r-t PCR amomdsheanged from 4.4% to 13.1%: if we
consider the number of positive cows of each hiid,value was very similar and ranged
from 10 to 14. The percentage of seropositive ctomhe ELISA test was more variable
among herds, ranging from 21.5% to 48%, while te@ntage of CFT seropositive cows
ranged from 8% to 15.9%.

Animals with r-t PCT positive milk samples wereated in 2 groups according to their ct:

those with ct values 31 were classified as high shedder€oburnetii, the others as low
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shedders. The number of high shedders was 12 (idpJeequal to 2% of the total number
of animals and 25% of the PCR positive cows. Itusthdoe highlighted that all 12 high
shedder cows were classified as high positive ttSBELtest, while only 5 of these cows
were positive to CFT test.
After the first sampling, according to the reswfsELISA and r-t PCR, the cows were
grouped as follows and sampled 3 other times exenpnths:

v group 1: 49 cows ELISA negative and PCR negatitdJBE-PCR-);

v' group 2: 14 cows ELISA negative and PCR positiiel 8A-PCR+);

v group 3: 43 cows ELISA positive and PCR negatiiel 8 +PCR-);

v group 4: 34 cows ELISA positive and PCR positivel@&+PCR+).
Table 15 shows the size of each group at eachdinsampling: it is interesting to note
that among the r-t PCR positive cows, 14 wererssgative to ELISA test. Furthermore
all these cows were also negative to CFT. Durirgstiady, 31 cows were culled before the
last sampling: these cows have been culled beaausealth problems, mainly infertility,
metabolic disease and lameness. It is very diffitulevaluate whether the persistence of
the C. burnetii infection could be related to the culling of thesemal, due to the high
replacement rate of intensive dairy farms in th@ate area, but the group from which the
majority of animals were culled, was the ELISA+PCRs showed in table 16.
In group 1, ELISA-PCR-, 3 cows belonging to differderds, at?, 3¢ and 4'sampling,
changed their status and became sheddeCs lmirnetii in milk only in 1 single sampling,
but did not develop an antibodies response. Insdmae group, 7 cows became slightly
seropositive but at the following sampling, theynted back to seronegative status, thus it
is very likely that this variation was due to apecific response to the ELISA test rather
than to a seroconversion.

The evolution of group 2, the cows ELISA-PCR+, waste interesting. The majority of
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these cows, 12 out of 14, stopped the sheddin@.dburnetii in milk after the first
sampling and from the%ne, all cows tested negative at the r-t PCR ok.miéspite this,

it was expected that over the time these cows wprdduce antibodies agairGt burnetii
due to the presence of the infection, whereas temained seronegative for all the study
time except for 1 cow, which showed a transitompsenversion at the“sampling.

In group 3, the cows ELISA+PCR-, 14 cows becamelddes in milk at the ™ sampling
and 4 of these cows remained positive to r-t PCRiilk for all the time of the study.
Other 2 cows became seronegative at thsadnpling, but turned again seropositive at the
4" sampling, and other 2 cows became seronegative st sampling.

In group 4, cows ELISA+PCR+, all cows remained pesitive throughout the study time,
even if it should be considered that 50% of the <oWthis group were culled before the
end of the trial. Regarding the sheddingGfburnetii by these cows, 24 of them were
found positive at least at 2 consecutive sampliagd 9 cows were positive at 3
consecutive samplings.

The DNA of C. burnetii was detected in the feces of 9 cows only . Alb&s had only 1
single positive sample without persistence of sireglduring the time of the study (table
17). Among these 9 positive samples, 8 had a higtanging from 37.12 and 38.86 with
cows belonging all to the same herd, while onlyaingle from a different herd, had a
lower ct equal to 29.30 Of these 9 cows, 5 wereSA-PCR -, 1 was ELISA-PCR+, 1 was
ELISA+PCR-, and 2 ELISA + PCR +. The cow with tlwsver ct was ELISA-PCR-. Of
these cows, 3 tested positive during dry-off aredrdfmaining 6 had a negative PCR test in
milk.

The results of the serological and molecular testgomed at the first sampling were
compared to evaluate the relation between the agaoall status of the cows in infected

herds and the occurrence@fburnetii shedding in milk. Tables 18 and 19 show the output
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data of this comparison: the percentage of agreetmetween r-t PCR in milk and CFT
was only 35.4% for positive samples, while for rtegasamples it was 91.4%. The
percentage of seronegative cows (at the CFT thetjddngC. burnetii in milk, was 64.6%.
The OR of the comparison was 5.8 (table 20), ireothords the probability that a CFT
seropositive cow would be@ burnetii shedder in milk is 5.8 time greater than for a CFT
seronegative cow. The percentage of agreement betwePCR in milk and ELISA was
70.8% for positive samples, while for negative sk®pt was 73.8%. The percentage of
seronegative cows (at the ELISA test) sheddinburnetii in milk, was 29.2%. The OR of
the comparison was 6.8 (table 20).

The agreement between FDC and ELISA, measured@atien's K was 0.42, a level of
agreement defined as fair.

In a study by Guatteo et al. (2007) it was descritet cows with a high serological titer
(S/p>2), had a greater probability of being peesistshedders and the authors proposed
this ELISA cut-off, to screen cows in order to aetpersistent shedders. For this reason
we checked whether using this cut-off value it wassible to increase the probability to
detect cows sheddin@ burnetii in milk.

The output data of this comparison are displayethlite 21: the percentage of agreement
between r-t PCR in milk and ELISA decreased from7@8% to 54.2% for positive
samples, while for negative samples it increasethfi73.8% to 89.5%. The number of
ELISA seropositive cows with PCR negative resuttsrdased from 26.3% to 10.5%, but
the percentage of seronegative cows shed@irmrnetii in milk, rose from 14 % to 22%.
The OR increased from 6.8 to 10.03 (table 20).

A better evaluation of the use of serology for lsesdreening to identify suspect persistent
shedders o€C. burnetii is possible considering all 4 samples taken duttegstudy, from

cows with PCR positive milk samples. Therefore ¢bhers with at least 2 positive milk r-t
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PCR tests were identified as persistent sheddetsaarew comparison was performed to
evaluate the association between the serologiedilisstof the cows and the persistent
shedding ofC. burnetii in milk.

Table 22 shows the output data of this comparitiuapercentage of ELISA seropositive
cows with PCR negative was 27.2% and only 2 (8.8tb)of 24 persistent shedder cows
were seronegative at the ELISA test. The OR waesly high, 29.4 (table 20). If the
cut-off of ELISA test was raised up to > 2, incluglionly the high seropositive cows, the
percentage of ELISA seropositive cows with PCR tiegavas 11.6% and the number of
persistent seronegative shedder cows was 7 (29T2%)OR was 18.4 (table 20).

Dairy goats

The results of serological and molecular testsqoeréd are displayed in table 22. At first
sampling in the 3 infected flocks 257 lactating tgoaere sampled. Graph 1 shows the
results of the analysis performed on milk and blsanhples collected from each goat. The
number of goats sampled from each flock was vefferdint, ranging from 12 to 171, due
to the different size of the flocks. The goats slieglC. burnetii in milk were 59, the 23%
of the sampled animals, the ELISA seropositive gjoasere 177 (69%) and the CFT
seropositive ones were 11 (4%). The percentadge btirnetii shedders in milk was very
different among the 3 flocks, ranging from 100%goéts in flock 2 to 1% in flock 3, while
the percentage of seropositive goats was more namitind above 60% in all 3 flocks,
ranging from 65% to 83%. In flocks 1 and 2 nonehef sampled goats was positive to
CFT test, in flock 3 only 6% of animals exhibitduetpresence of complement fixing
antibodies.

After the first sampling, according to the reswfsELISA and r-t PCR, the goats were
grouped as follows and sampled 3 other times exenpnths:

v group 1: 15 goats ELISA negative and PCR negaf¢SA-PCR-),
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v group 2: 17 goats ELISA positive and PCR negatisld $A+PCR-),

v group 3: 22 goats ELISA positive and PCR positizEISA+PCR+).
Differently from cows, only 1 ELISA-PCR+ goat wasuhd (flock 2), so it was impossible
to create a group with a single animal, but evesn gbat was sampled 3 times during the
trial. Moreover while in flock 1 and 2 animals drigted from all groups, in flock 2, where
all goats were PCR positive, the only present gnwap ELISA+PCR+.
At 2"sampling in flock 1 and 2 the number of goats shegl€. burnetii in milk had
sharply decreased and only 1 positive goat wasdamieither flocks, while in flock 3 the
2 milk shedders were still found positive at r-tRRQ\t this sampling in flock 1 the feces
of 15 goats were found positive at r-t PCR. Of ¢hgsats 7 belonged to the ELISA+
PCR+ group, 5 to the ELISA+ PCR- group and 3 toBEh&A-PCR- group. The only goat
that was still sheddin@. burnetii in milk was also shedding in feces. All the cttloé r-t
PCR positive feces were > 35, therefore the badtésad of C. burnetii excreted with
feces was very low. Further 1 goat with posititeP€R in feces was found in flock 2: this
goat was in the group ELISA+PCR+ but at this sangpher milk was negative at the r-t
PCR.
At 3" sampling all milk samples in flocks 1 and 2 weegative, while in flock 3 the same
2 goats were still sheddin@ burnetii in milk. In flock 1, out of the 15 goats sheddi@g
burnetii in feces at %' sampling, 9 were still shedding it in feces andetvrgoats were
positive in feces. In flock 2 a new goat was fopodgitive at r-t PCR in feces.
At 4™ sampling in flock 1, 2 goats belonging to the EA#®CR- group were found
positive at r-t PCR on milk, in flock 2 no milk gbge goats were found and in flock 3
only 1 goat was still positive. In flock 1 5 goatsre still shedding. burnetii in feces, 2
belonging to the ELISA+PCR group + and 3 to theFA+PCR- group.

The pattern ofC. burnetii excretion in feces was very different betweenlldcand the
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other 2 flocks. In flocks 2 and 3 this way of shiegdwas only sporadic and limited to
respectively 2 and 1 goat, while in flock 1 seveyadts started to sh&ii burnetii in feces.
Out of 15 fecal shedders found &f 2ampling, 3 remained positive for 3 consecutive
samplings, 6 for 2 and 10 at only 1 sampling. Amdtmg goats sheddin@. burnetii in
feces for 2 or 3 samplings, some belonged to th&&t PCR+ and other to the ELISA+
PCR- groups: no seronegative goats were found singdudfeces, as seen in flock 3.

The great majority of seropositive goats remaimethis status until the end of the study,
only 3 goats out of 39 (7%) were negative at ELIS#t at last sampling, while 3 goats out
of 15 (20%) became positive at ELISA test. The egatbn of the serological status of the
goats with CFT was very difficult: in flocks 1 arfat £' sampling no positive animal
were found, at the"2one a high proportion of goats, respectively 35% a6%, were
found positive, but at last sampling all goats veheegative again. In flock 3 af'l
sampling 6% of goats were positive, at tfieal the goats were negative, at thie®% of
goats were positive, at"4sampling 25% of goats were positive. These remdekab
variations in a relative short time were unpreditdaand not associated wit burnetii

shedding.
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2.3 DISCUSSION

2.3.1 Assessment of the efficacy of r-t PCR assags BTM for the detection of

infected dairy herds and flocks

The criteria for the definition of. burnetii infection are much easier to apply to a single
animal than to a herd or flock. For this reasondegnition of infected or uninfected herd
or flock used in this study was is very precise da$ considered all elements that
demonstrated the active circulation of the etiatagiagent in herds or flocks, taking in
account other studies published on this subjedi-foumedine et al, 2010; Guatteo et. al.,
2011).

The results of the test performed in dairy cowshgipted that wher€. burnetii abortions
occurred in a herthe within-herd seroprevalence is greater than > 20%, even ésa |
sensitive test, as CFT, is used. When ELISA test ugd, it was possible to evaluate the
results with a cut-off that did not include the wemsitive samples, without any change in
the number of infected detected herds . Theserfgsdconfirmed that in infected herds the
circulation of C. burnetii usually triggered a strong antibodies responseows. The
situation found in 1 single herd remained unex@djnwhere, despite the presence of
abortions and PCR positive BTM, most of cows tesienegative even several months
later: the only possible explanation is the presenicfew seronegative cows shedding
burnetii in milk, phenomenon already described in cows cigfé by C. burnetii
(Rodolakis, 2006).

The results obtained with r-t PCR on BTM showed th&igh number of infected herds
(50%) is misclassified as uninfected with only agé test performed. These results,
taking in account that r-t PCR is a very sensitivethod (EFSA 2010), demonstrated that

C. burnetii shedding in milk is one of the possible outcomethis infection in dairy herds
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(Guatteo, 2006), but not always and during the wipariod, there were cows sheddg
burnetii in milk, therefore a single BTM sample could nat &ble to detect all infected
herds. Conversely the specificity of the BTM r-tR@as excellent and all the uninfected
herds have been correctly classified. Hence thebomation of r-t PCR and seroprevalence
assessment could be a useful tool to detect utedderds.

Another aspect that should be considered in dagmgddis the use of BTM to detect
antibodies againgt. burnetii. In this study all herds with negative abortionsrevtested
with ELISA using BTM, before the assessment of sheoprevalence using a randomized
sample of cows. We observed that among the 22 hatshegative abortions, 12 (55%)
had a seroprevalence20%, thus the ELISA test on BTM was not able ttedemany
herds with a seroprevalence that is consistent thighpresence df. burnetii infection in
the herd (Sidi-Boumedine et al, 2010; Guatteolet2@11).

The prevalence o€. burnetii infection in dairy goat flocks in North-eastermlyt was
unknown at the beginning of this study. The resafttests performed on sampled flocks
highlighted that the 30% of flocks were infectedc@ding to the definition of infected
flock used in this study. Of course this data arly @an indication of the possible existing
prevalence, because the object of the study wasongerform an assessment of the
infection prevalence and the flocks sample wasdesigned for this purpose.

The absence of specific clinical symptoms in irddctuminants have been described in
literature (Arricau-Bouvery and Rodolakis, 2005)t lbspecially in caprine flocks Q fever
abortions can affect sometime up to 90% of fem@admer et al., 1983). In this study we
observed only the occurrence of sporadic abortionafected flocks and in many cases
the detection o€C. burnetii was performed from vaginal swabs of goats thatdeltvered

normal and vital kids.

91



Among the flocks with &C. burnetii positive vaginal swab, only 60% showed also a
seroprevalence 15%, a very different outcome from the one obs#imedairy cattle. It is
quite difficult to explain this result, becauseflimcks affected by circulation of. burnetii

at the time of kidding, we would expected a higtopeevalence in goats and the absence
of severe clinical symptoms like "storming aborsbmsually means that the disease was
enzootic in the flock and not a new infection (Betral, 2001; Berri et al, 2007).

We hypothesized that thi& burnetii strains circulating in the flocks were low pathoige

so they infected only few goats after sheddingaatypition, but further studies are needed
to confirm this hypothesis.

All flocks with negative BTM at r-t PCR had alsseroprevalence < 15%. The CFT test
showed a lower sensitivity in goats compared tdlecaDut of 9 infected flocks with a
seroprevalence 15 using ELISA test, only in 2 of them CFT posgtigoats were found.
The use of ELISA test with a cut-off that did noclude the weak positive samples,
affected remarkably the classification of infectitmtks. The number of infected flocks
decreased from 9 to 7, thus the use of this cuiafbt advisable in goats.

The sensitivity of r-t PCR on BTM was equal to 0n@)ch better than in cattle and the
specificity was excellent. The different sensiywitf BTM PCR between cattle and goats is
probably due to the different pattern of the repicitbn cycle in the two species. In goats
kidding are seasonal, concentrated in few months,shedding ofC. burnetii in milk
occurred mainly after parturition and milk samphase been collected during this time. In
dairy cattle calving are widespread throughoutytbar therefore, in absence of persistent
shedders, until the calving of a new infected cawsingle BTM sample can produce a

negative result even in an infected herd.
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2.3.2 Evaluation of the dynamics of the antibodiesesponse and theC. burnetii

excretion in infected animals

The results of the tests performed in dairy herdglighted a remarkable difference
between the amount of cows shedddpurnetii and the seropositive ones.

As showed in table 13 and 14 the seroprevalendeatea by means of ELISA testing was
very high, while the shedding &f burnetii occurred in up to a maximum of 13% of cows.
This result, in agreement with the outcome of otsteidies (Guatteo et al., 2007; Sidi-
Boumedine et al., 2010), highlighted that cows rneet seropositives for long time after
the infection, when the shedding@fburnetii had stopped several months before.

The number of cows sheddiy burnetii in milk was lower than the one reported in other
studies (Guatteo et al., 2007; Guatteo et al., p0dliere the percentage of shedding cows
was close to 40%. Among these shedding cows interesting to observe that the
percentage of high shedders was very low (0-4%@§ fwssible explanation could be the
time elapsed between the abortion of positive camg the first sample of milk or that the
disease was enzootic in all herds sampled duriegtiidy, so that a balance between cows
and etiological agent might have established. Ag®nted in another study (Guatteo et al.,
2007), we observed that all these high sheddingscexcreted the bacterium in milk
throughout the time they remained in the herd, they seemed to have an important role
in maintaining the infection in the herd (Guattdoak, 2007). Therefore detection and
culling of these cows would be advisable, but afrse to perform repeated r-t PCR tests
on individual milk samples of all cows is a verypexsive strategy. Hence we observed
that all the high shedding cows were also high tp@siELISA reactors, therefore a
strategy based on a two step screening, first ELA8@ then r-t PCR on the milk of high

ELISA positive cows, could be useful to detect hirgh persistent shedders of the herd.
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The occurrence of seronegative cows sheddingurnetii in milk has been reported in
some study (Rodolakis, 2006; Guatteo et al., 2@4tteo et al., 2012) and this event has
been explained as a transitory phase that occutedieginning of the infection, or as a
lack of sensitivity to the serological test (Rodi$a2006). In this study 14 seronegative
cows shedding.. burnetii in milk were found. Out of these cows, 13 werespr# till the
end of the study and only 1 cow showed a transierpconversion at%ampling. In this
case both hypothesis used to explain this outcoin@ burnetii infection are unsuitable
because we are not at the beginning of the infecitd the ELISA test detected correctly
the antibodies imll the other cows sheddirt@ burnetii in milk. A possible explanation of
this event could be the presence in these cowsstbag cell-mediated immune response
with low or absent production of antibodies, duethe efficacy of the cell-mediated
response.

The excretion of. burnetii in these cows lasted for a very short time: "dtsampling 12
cows were negative at r-t PCR test on milk and ftben3® sampling all cows in the group
were negative. For this reason these cows might sesm very relevant for the
epidemiology of the infection.

The group of ELISA- PCR- cows provided a figuretbé widespread patterns of the
infection among lactating cows. In this group 2 sdested positive at the r-t PCR in milk
respectively at"8and 4" sampling but they didn't seroconvert; at the stime 7 cows had

a transitory seroconversion only &f 8ampling. The hypothesis of a strong cell-mediated
immune response with low or absent production tibadies could also be used to explain
this event. This hypothesis is supported by thdifigs of a study performed in Germany
(Schumacher et al., 2011) using thinterferon production test, that showed the presen
of seronegative cows with strong cell-mediated imentesponse againGt burnetii. Thus

we can hypothesized that some cows after infeatdh C. burnetii develop mainly a
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strong cell-mediated response that avoid the pgersis of the bacterium in the cow and
therefore the production of antibodies in thesenaifs is very low and transient.

In the group of ELISA+PCR- cows we observed thatast 40% of them had at least 1
positive milk sample with r-t PCR. This result ntas the findings reported in other
studies (Guatteo et. al 2007; Rodolakis, 2006heroccurrence of discontinuous excretion
in milk, where a single PCR test was not enougtietect all shedding cows. The opposite
happened in the ELISA+PCR+ group : these cows becaegative at the PCR in milk
over the time and at the end of the study, onlpwscwere still positive. In all cows of this
group serology was positive throughout the study.

The excretion ofC. burnetii in feces was merely occasional: only 9 cows wenand
positive and many of them were ELISA-PCR-. Thisutesatched the findings of Guatteo
et al. (2007) and highlighted the poor relevanceavfs in the widespread of the bacterium
in the environment, compared to other ruminantpeeslly sheep, that can shed large
amounts ofC. burnetii in the feces (Rodolakis et al., 2006).

The detection of cows excretin. burnetii is an important but difficult task in the
diagnosis of the infection in dairy herds, due he different ways of shedding and to
discontinuous excretion of the bacterium. The ubeepeated molecular analysis on
different biological substrate could achieve thesuit, but this approach is economically
unsustainable. The use of serological test onlgnsthe other hand, unreliable because the
presence of antibodies lasts for a long time &fer infection (Sidi-Boumedine et. al.,
2010).

In this study we evaluated the association betwberserological response of the cow to
ELISA or CFT tests and the occurrenceCoburnetii shedding in milk. We select the milk
as substrate to evaluate the shedding, becaussi@ys study demonstrated that it is the

only biological excretion with a fair level of agment between PCR and serology (Natale
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et al., 2012). This better level of agreement @bpbly due to the long lasting shedding of
C. burnetii in milk and not in other biological excretions &%, 2010; Guatteo et al.,
2007). The level of statistical association wasleated by estimation of the OR, a
parameter that measures the different probabilftya cserological positive cow to be
shedders ofC. burnetii in milk compared to a serological negative cow.e Tiesults
obtained highlighted a high statistically signifitassociation, especially for the detection
of persistent shedders of both ELISA and CFT, wéhlues of OR equal to 6.8 for CFT and
29.4 for ELISA. The great majority of persistentedtling cows were positive at the
ELISA test, 22 out of 24 and this explains the veigh value of the OR, but the number of
cows that tested positive to ELISA was too highl{1® adopt this test as a prescreening
to select cows for r-t PCR on milk. On the otheesihe OR of the CFT was too low to use
this test for prescreening, due to the high nundfepersistent shedder (14) that were
negative to CFT.

Cows with a high serological titer (s/p>2) to ELIS¥ave a greater probability of being
persistent shedders (Guatteo et al. (2007), fer ison we checked whether using this
cut-off value would reduce the number of positivsvs, while keeping a good chance to
detect the ones sheddif@gburnetii in milk. Using this criteria to detect seropositivows,

a high statistical association (OR 8.4) was fouativieen serological results and r-t PCR in
milk and out of 24 persistent shedding cows onhad an ELISA s/p valug 2. Moreover
the number of seropositive cows using this cutwdfe 85, a number that might enable the
use of the test as a prescreening to select the twtest with r-t PCR in milk.

The evaluation of th€. burnetii excretion patterns in 3 goat flocks has providedesal
interesting data that can be compared with thosergbd in the dairy herds.

The results of the study on flocks highlighted tireat variability in the features @.

burnetii excretion in goats, also if we must take into actahe difference of the size
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among the flocks. The shedding®@fburnetii in milk at £first sampling involved all the
goats in flock 2, 60% of the goats in flock 1 amdyol% in flock 3. The percentage of
seropositive goats with ELISA test was high andegsimilar among flocks, therefore the
disease had probably already been present in thhe fnce at least the previous
reproductive season. The great variability in tbenber of goats shedding in milk could be
due to different management procedures and thisdcexplain the low percentage of
shedders in flock 3, which had better quality hogsifacilities and health management.
These management features can contribute to redacgidespread of the infection within
the herd and thus reduce also the number of irdegaats.

After 2 months from the first sample, the excretioihC. burnetii in milk decreased
dramatically also in flock 1 and 2, highlightingbay difference with the dairy herds. In
cows the number of shedders in milk took longedéaline and at the end of the study
there were some cows still positive to r-t PCR itkm

Also in fecal excretion o€. burnetii there were some differences among the 3 flocks: in
flock 2 and 3 the detection of positive goats waaradic while in flock 1 the number of
fecal shedder was greater and relatively longAgsitrhis difference among flocks seems
to be more connected with individual factors, like type of strain and the response of the
animal, than to management and housing systems.

Among the goats sheddir@ burnetii in feces, there were some seropositive animals but
showing PCR-negative milk and also some seronegaines, thus this excretion manner
might be in goats the only way @. burnetii shedding, as it happens in sheep (EFSA,
2010).

It should be emphasized that all the ct were >tRdrefore the bacterial load per gram of
feces was low, aspect of great importance becana# suminant feces for their physical

features could be very dangerous for the spill-ookrthe infection from animals to
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humans, as demonstrated in several of the outbaaksred in the last decades (Arricau-
Bouvery et al., 2001; Berri et al., 2004; EFSA, @0Wanfredi_Selvaggi, 1986; Starnini et
al., 2005).

The serological response to the ELISA test higliédha high percentage of positive
animals, enforcing the evidence already obtainedthe study on BTM r-t PCR
performance, that infected flocks have a seropesa as high as the one of dairy herds.
Therefore for diagnostic purpose is always usefudvtaluate the seroprevalence of goats
flocks when Q fever infection is suspected.

The serological response to CFT was very pecudiarf sampling the percentage of
positive goats was low or even 0, in the followisgmplings there were many positive
results, but only for one single sampling and ttiengoats returned negatives.

These results confirmed in part the lack of sevigitiof CFT compared to ELISA (OIE,
2015), but moreover they highlighted the low religpof CFT in goats, due to this great
variability in the serological response. Furthardgs are needed to clarify whether this
test response is associated with specific immuncdddeatures of humoral response or it

depends on the kind @. burnetii strains involved in the herd infection.
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2.4 CONCLUSIONS

This study focused on the evaluation of diagnastthods used for the detection of e
burnetii infection in cattle and goats. The diagnosis efitifection should involve the use
of multiple techniques and can be validly interpdebnly at herd or flock level. For this
purpose both serological and molecular assays weeduated, the dynamics of the
antibodies response were studied and the wagsmirnetii excretion in cows and goats.
The assessment of diagnostic methods lead to thelusson that detection of infected
herds or flocks needs the simultaneous use of asgalg to detect the bacterium and the
presence of antibodies, since the assessment sethprevalence has proved very helpful
to recognize the presence of active infectionarms, especially in goats flocks.

The use of r-t PCR on BTM alone was assessed isttlty because it could be a useful
and cheap tool for detection of infected herdslockls. However the research outcome
suggested that the results of this assay shouldcdrefully evaluated to avoid
misinterpretations. In dairy herds a single r-t P@8 on BTM is reliable only in case of
positive result, while in case of negative redhi, test has a 50%failure probability. In this
situation it is advisable to check the within hestoprevalence and to repeat the test after
1-2 months. In goats flocks, if the BTM is colletteist at the end of the kidding season,
when the probability of havinG. burnetii shedding in milk is highest, the test’'s sens#ivit
reaches the value of 80%, therefore negative esult more reliable. In this case, to
increase sensitivity, it is enough to check thepevalence of the flock without repeating
the BTM sample that, after 2 months, could be negabecause the excretion @f
burnetii in milk has stopped.

The detection of persistent shedders in dairy heod$d be an important tool to reduce the

risks of transmission among animals. Serologicststeould provide useful information on
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the cow’s status and thus they can be used asearseg tool of the herd before testing
with r-t PCR the milk, with the aim to reduce thestof analysis. The results obtained in
this study highlighted the possibility to use thelFA test to screen the herd and then
analyze with r-t PCR only the milk of high positigews. This allowed to detect the great
majority of the persistent shedders present irhdrds.

The excretion o€C. burnetii in dairy cows after the time of calving occurredinty in milk
and the bacterium was found in feces only spordgicBuring the study some cows
showed persistent shedding in milk throughout theadhths of observation and others
shedC. burnetii discontinuously or only occasionally. In this stuag also found some
seronegative cows sheddi@gburnetii in milk that did not show any seroconversion until
the end of the trial. The occurrence of seronegatows sheddin@. burnetii in milk has
been reported in some studies (Rodolakis, 2006{t€&uat al., 2007; Guatteo et al., 2012)
and this event has been explained as a transitagepthat occurs at the beginning of the
infection or as a lack of sensitivity of the segtal test (Rodolakis 2006). The results of
this study suggest a different explanation for &vsnt because we followed the cows for 6
months and the test was performing correctly withh& other cows shedding. burnetii

in milk. We hypothesized that some cows after idecwith C. burnetii develop mainly a
strong cell-mediated response that avoid the pgersis of the bacterium in the cow and
therefore the production of antibodies in thesemaihiis very low and transient. Further
investigation are needed to increase the knowleddgkee immune response in ruminants,
because they could provide important explanatidomiathe behavior of the bacterium in
these animals.

C. burnetii excretion in caprine flocks was more diversifibart in cattle, especially the
shedding of the bacterium in feces occurred withigher probability, while the excretion

in milk lasted on average only 1 month, even if fewg-lasting shedders were found in 1
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goat flock as well.

The serological response to the ELISA assay wals imaall flocks tested, enforcing the
evidence that infected flocks have a seroprevaldngle as the one of the dairy herds.
Oppositely CFT test showed a poor sensitivity coregdo ELISA and we observed great
a variability in the serological response of gdat€FT, therefore the test results had poor

reliability.
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2.5 TABLES, FIGURES AND GRAPHS

Table 1: amplification program used for carry out the r@RPexecution

R-T PCR PROGRAM FOR COXIELLA BURNETII
Slope Acquisition
50°C /2 min.
Step 1: HOT START 20 and after None
95°C /10 min.
Step 2: DENATURATION 1,5 95°C /15 sec None
Step 3: ANNEALING/ 15 60°C /1 min Single
CYCLES N°from Step 2 to Step B 45 /1
COOLING 20 40°C / infinite None

Table 2: Results of ELISA serological test on blood samptes the within-herd
seroprevalence assessment and BTM r-t PCR tesormed in dairy cattle herds, sorted
by presence (herds witl. burnetii abortion) or absence (herds withoQt burnetii
abortion) of abortions with a positive r-t PCR for burnetii. Sera were defined positive
when ELISA s/p value was > 0.4.

herds with C. burnetii % | herds without C. burnetii %
abortions abortions

Herds number 17 - 22

Herds with seroprevalence < 20% 1 6% 10 45%
Herds with seroprevalence 2 20% 16 94% 12 55%
Herds with BTM PCR + 9 53% 6 271%
Herds with seroprevalence 2 20%BTM PCR + 8 47% 6 27%
Herds with seroprevalence < 20% BTM PCR - 8 47% 6 27%
Herds with seroprevalence < 20% BTM PCR + 1 6% 0 0%
Herds with seroprevalence < 20% BTM PCR - 0 0% 10 45%
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Table 3: Results of CFT serological test on blood samples the within-herd

seroprevalence assessment and BTM r-t PCR tesormed in dairy cattle herds, sorted

by presence (herds witle. burnetii abortion) or absence (herds withoQt burnetii
abortion) of abortions with a positive r-t PCR @rburnetii.

herds with C. burnetii % | herds without C. burnetii %
abortions abortions

Herds number 17 22

Herds with seroprevalence < 20% 4 24% 17 7%
Herds with seroprevalence 2 20% 12 71% 5 23%
Herds with BTM PCR + 9 53% 6 27%
Herds with seroprevalence 2 20%BTM PCR + 8 50% 4 18%
Herds with seroprevalence < 20% BTM PCR - 4 25% 1 5%
Herds with seroprevalence < 20% BTM PCR + 1 6% 2 9%
Herds with seroprevalence < 20% BTM PCR - 3 19% 15 68%

Table 4: Contingency tablshowing the ability of a single r-t PCR test penied on BTM

to detectC. burnetii infection in a herd. The herd status, infectediminfected has been

defined according to within-herd seroprevalence anesence/absence &. burnetii

abortion. Within-herd seroprevalence was estimataag ELISA test with a s/p value cut-

off >0.4.
Herds status
Uninfected Infected Total
PCR BTM Negative Number 10 8 18
% (refered to herds status) 100% 50% 69%
Positive Number 0 8 8
% (refered to herds status) 0% 50% 31%
Total Number 10 16 26
% (refered to herds status) 100% 100% 100%

Table 5: Contingency tablshowing the ability of a single r-t PCR test penied on BTM

to detectC. burnetii infection in a herd. The herd status, infectedimnfected has been

defined according to within-herd seroprevalence anelsence/absence @&. burnetii
abortion. Within-herd seroprevalence was estimagaag CFT test.

Herds status
Uninfected Infected Total

PCR BTM Negative Number 15 4 19
% (refered to herds status) 88% 33% 66%

Positive ~ Number 2 8 10

% (refered to herds status) 12% 67% 34%

Total Number 17 12 29
% (refered to herds status) 100% 100% 100%
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Table 6: Results of ELISA serological test on blood samptes the within-herd
seroprevalence assessment and BTM r-t PCR tesormed in dairy cattle herds, sorted
by presence (herds witle. burnetii abortion) or absence (herds withoQt burnetii
abortion) of abortions with a positive r-t PCR for burnetii. Sera were defined positive
when ELISA s/p value was > 1.

herds with C. burnetii % | herds without C. burnetii %
abortions abortions

Herds number 17 22

Herds with seroprevalence < 20% 1 6% 14 64%
Herds with seroprevalence 2 20% 16 94% 8 36%
Herds with BTM PCR + 9 53% 6 27%
Herds with seroprevalence 2 20%BTM PCR + 8 47% 6 27%
Herds with seroprevalence < 20% BTM PCR - 8 47% 2 9%
Herds with seroprevalence < 20% BTM PCR + 1 6% 0 0%
Herds with seroprevalence < 20% BTM PCR - 0 0% 14 64%

Table 7: Contingency tablshowing the ability of a single r-t PCR test penied on BTM
to detectC. burnetii infection in a herd. The herd status, infectedimnfected has been
defined according to within-herd seroprevalence anelsence/absence @&. burnetii
abortion. Within-herd seroprevalence was estimataag ELISA test with a s/p value cut-
off > 1.

Herds status
Uninfected Infected Total

PCR BTM Negative Number 14 8 22
% (refered to herds status) 100% 50% 73%

Positive  Number 0 8 8

% (refered to herds status) 0% 50% 27%

Total Number 14 16 30
% (refered to herds status) 100% 100% 100%

Table 8: Results of ELISA serological test on blood samples the within-flock
seroprevalence assessment, and BTM r-t PCR te$trped in dairy goat flocks, sorted
by presence (flocks witl. burnetii + vaginal swabs) or absence (flocks withburnetii -
vaginal swabs) o€. burnetii in vaginal swabs. Sera were defined positive WHEISA s/p

value was > 0.4.

Flocks with C. burnetii+ % |Flocks with C. burnetii- %
vaginal swabs vaginal swabs

Flocks number 15 14
Flocks with seroprevalence 2 15% 9 60% 0 7%
Flocks with BTM PCR + 8 47% 0 0%
Flocks with seroprevalence 2 20% BTM PCR + 7 47% 0 0%
Flocks with seroprevalence < 20% BTM PCR - 2 13% 0 0%
Flocks with seroprevalence < 20% BTM PCR + 1 7% 0 0%
Flocks with seroprevalence < 20% BTM PCR - 5 33% 14 100%
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Table 9: Results of CFT serological test on blood samples the within-flock
seroprevalence assessment, and BTM r-t PCR te$trped in dairy goat flocks, sorted
by presence (flocks witl. burnetii + vaginal swabs) or absence (flocks withburnetii -
vaginal swabs) o€. burnetii in vaginal swabs.

Flocks with C. burnetii+ % Flocks with C. burnetii- %
vaginal swabs vaginal swabs

Flocks number 15 14

Flocks with seroprevalence 2 15% 9 60% 1 7%
Flocks with BTM PCR + 8 47% 0 0%
Flocks with seroprevalence 2 20%BTM PCR + 7 47% 0 0%
Flocks with seroprevalence < 20% BTM PCR - 2 13% 1 7%
Flocks with seroprevalence < 20% BTM PCR + 1 % 0 0%
Flocks with seroprevalence < 20% BTM PCR - 5 33% 13 93%

Table 10: Contingency tableshowing the ability of a single r-t PCR test pernied on
BTM to detectC. burnetii infection in a flock. The flock status, infecteduninfected has
been defined according to within-flock seroprevateand presence/absenceCoburnetii

in vaginal swabs. Within-flock seroprevalence wasneated using ELISA test with a s/p
value cut-off > 0.4.

Flocks status
Uninfected Infected Total

PCR BTM Negative Number 14 2 16
% (refered to flocks status) 100% 22% 70%

Positive  Number 0 7 7

% (refered to flocks status) 0% 78% 30%

Total Number 14 9 23
% (refered to flocks status) 100% 100% 100%

Table 11: Results of ELISA serological test on blood sampies the within-flock
seroprevalence assessment and BTM r-t PCR tesormed in dairy goat flocks, sorted
by presence (herds with. burnetii + vaginal swabs) or absence (herds V@thournetii -
vaginal swabs) o€. burnetii in vaginal swabs. Sera were defined positive WHEISA s/p
value was > 1.

Flocks with C. burnetii+ % |Flocks with C. burnetii- %
vaginal swabs vaginal swabs

Flocks number 15 14
Flocks with seroprevalence 2 15% 7 47% 0 0%
Flocks with BTM PCR + 8 53% 0 0%
Flocks with seroprevalence 2 20% BTM PCR + 7 47% 0 0%
Flocks with seroprevalence < 20% BTM PCR - 0 0% 0 0%
Flocks with seroprevalence < 20% BTM PCR + 1 7% 0 0%
Flocks with seroprevalence < 20% BTM PCR - 7 47% 14 100%
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Table 12: Contingency tableshowing the ability of a single r-t PCR test pernied on
BTM to detectC. burnetii infection in a flock. The flock status, infecteduninfected has
been defined according to within-flock seroprevateand presence/absenceCoburnetii

in vaginal swabs. Within-flock seroprevalence wasneated using ELISA test with a s/p
value cut-off > 1.

Flocks status
Uninfected Infected Total

PCR BTM Negative Number 14 0 14
% (refered to flocks status) 100% 0% 67%

Positive  Number 0 7 7

% (refered to flocks status) 0% 100% 33%

Total Number 14 7 21
% (refered to flocks status) 100% 100% 100%

Table 13 Results of serological test (ELISA and CFT) fGr burnetii antibodies
detection, performed on the blood sample of eactatimg cow at first sampling, in the 4
dairy herds enrolled in the trial for the evaluatiof the dynamics of the antibodies
response and the. burnetii excretion in infected animals. For ELISA test aille cut-

off has been used: s/p value > 0.4, to includéhallpositive samples and s/p value > 2 to

include only the high and very high positive saraple

Herd N° cows CFT CFT ELISA ELISA ELISA ELISA

tested (%) s/p >0.4 slp >0.4 slp >2 slp >2

(%) (%0)

Herd 1 107 17 15.9% 42 39.3% 17 15.9%
Herd 2 107 12 11.2% 23 21.5% 4 3.7%
Herd 3 100 8 8.0% 48 48.0% 34 34.0%
Herd 4 294 28 9.5% 68 23.1% 30 10.2%
Total 608 65 10.7% 181 29.8% 85 14.0%

Table 14 Results of the r-t PCR test f@. burnetii DNA detection performed on the
milk of each lactating cow at first sampling in thedairy herds enrolled in the trial for
the evaluation of the dynamics of the antibodispoase, and th€. burnetii excretion in
infected animals. The last 2 columns highlight thember and percentage of high
shedders of C. burnetii in milk (ct valge31).

Herd N° cows PCR + PCR + PCR + PCR +
tested (%) Ct<31 Ct<31 (%)
Herd 1 107 11 10.3% 4 3.7%
Herd 2 107 14 13.1% 0 0.0%
Herd 3 100 10 10.0% 4 4.0%
Herd 4 294 13 4.4% 4 1.4%
Total 608 48 7.9% 12 2.0%
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Table 15: Size of the 4 groups of cows established accortdirije results of ELISA and
r-t PCR in milk, at each time of sampling.

Group T1 T2 T3 T4 Totale
ELISA -_PCR- 49 48 41 39 177
ELISA -_PCR+ 14 14 13 13 54
ELISA +_PCR- 43 43 40 38 164
ELISA + PCR+ 34 29 21 19 103
Totale complessivo 140 134 115 109 498

Table 16: Variation along the time of the serological anddshieg status of the cows
during the study at each sampling: changes of statueach sampling (T2-T3-T4) are
highlighted by the gray fill of the cells and theacacter in bold. The last 2 columns list the
cows dried-off or culled at each sampling.

GROUP 1 SAMPLING TIME| ELISA - PCR-| ELISA- PCR} ELISA PCR-| ELISA + PCRY DRY-OFF CULLED
ELISA- PCR- |T1 49 g q i 0

T2 44 1 7 0 0 1

T3 34 1 0 0 6 7

T4 37 1 0 0 1 2
GROUP 2 SAMPLING TIME| ELISA - PCR+ ELISA - PCR} ELISA PCR-| ELISA + PCRY DRY-OFF CULLET]
ELISA- PCR+ [T1 14 q q i

T2 2 8 0 0 4 d

T3 0 12 1 0 0 1

T4 0 11 0 0 2 d
GROUP 3 SAMPLING TIME| ELISA + PCR| ELISA- PCR} ELISAPCR+| ELISA + PCR+ DRY-OFF CULLE[]
ELISA+ PCR- |T1 43 d q i

T2 26 d q 14 3 0

T3 24 2 0 7 7 3

T4 26 2 0 5 5 2
GROUP 4 SAMPLING TIME| ELISA + PCR{ ELISA - PCR} ELISAPCR+| ELISA + PCR-| DRY-OFF CULLE]
ELISA+ PCR+ |T1 34 q q (

T2 17 d q 9 3 5

T3 g 0 d 4 9 8

T4 6 0 d 13 2
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Table 17: List of the cows with positive PCR test for theadzion ofC. burnetii DNA in
feces. The table shows for each cow: the herd,nthaber of samplings that tested
positive, the results of ELISA test (expressed/asratio) and PCR in milk at the same
sampling and the cow group with reference to teeresults of the first sampling.

Herd Sampling Animal *ELISA **Milk PCR Feces PCR Group
Number ID test result result result (Ct)
2 2 490 0.05 0 29.3 ELISA -_PCR-
1 4 467 0.00 0 37.15 ELISA -_PCR-
1 2 603 0 0 37.2 ELISA -_PCR-
1 4 660 0.04 d 38.23 ELISA -_PCR-
1 3 672 0 0 38.27 ELISA -_PCR-
1 2 570 0 0 37.12 ELISA -_PCR+
1 4 666 2.62 d 38.86 ELISA +_PCR-
1 2 638 1.94 0 38.05 ELISA + PCR+
1 3 650 4.41 d 37.14 ELISA +_PCR+

*The results are reported as s/p value ratio, pesttows have a s/p > 0.4
**d= dried-off cows, 0 = negative result to the PCR

Table 18 Contingency table showing the comparison betwikershedding o€. burnetii
in milk measured by r-t PCR and the serologicalustaf the cows, measured with ELISA
and CFT test. Data are expressed in absolute aaldién percentage.

CFT I ELISAs/p >0,4

PCR - + Total || PCR - + Total

512 48 560 Il - 413 147 560
+ 31 17 48 I+ 14 34 48
Total 543 65 608 || Total 427 181 608
% - + | % - +

91.4% 8.6% | - Il - 73.8% 263% | -
+ 64.6% 354% | - I+ 29.2% 70.8% | -

Table 19 Contingency table showing the comparison betwhershedding o€. burnetii

in milk measured by r-t PCR and the serologicaustaf the cows, measured with ELISA
with 2 different cut-off: s/p > 0.4 and s/p > 2 [phigh positive cows). Data are expressed
in absolute value and in percentage.

ELISAs/p>?2 I ELISAs/p >0,4

PCR - + Total || PCR - + Total

501 59 560 Il - 413 147 560
+ 22 26 48 I+ 14 34 48
Total 523 85 608 | Total 427 181 608
% - + | % - +

89.5% 105% | - Il - 73.8% 263% | -
+ 45.8% 542% | - I+ 29.2% 708% | -
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Table 20 assessment of the statistical association betwleerserological status of the
cows in infected herds and the occurrenc€.dburnetii shedding in milk, comparing the
results of ELISA with 2 different cut-off (s/p >@.and s/p > 2) and of CFT. The
association is evaluated including all the sheddevss and considering only the persistent
shedder cows. The level of association was evalubjemean of the Odd ratio (95%
Confidence interval Cl is reported). All the assticin tested had a p value = 0.00.

All cows shedding C. burnetii in milk Persistent shedder cows

Test OR Cl 95% OR C195%

CFT 5.8 3.01-11.33 6.8 291-16.20
ELISA S/p >0,4 6.8 356 - 13.07 29.4 6.83 - 126.47
ELISA S/p >2 10.03 5.35-1881 18.4 7.37-46.04

Table 21 Contingency table showing the comparison betwbenpersistent shedding of
C. burnetii in milk (cows with at least 2 positive milk PCRsteand the serological status
of the cows at first sampling, measured with ELNs#h 2 different cut-off: s/p > 0.4 and
s/p > 2 (only high positive cows). Data are expedds absolute value and in percentage.

ELISAs/p >?2 I ELISAs/p >0,4

PCR - + Total || PCR - + Total
- 516 68 584 Il - 425 159 584
+ 7 17 24 I+ 2 22 24
Total 523 85 608 || Total 427 181 608
% - + | % - +

88.4% 11.6% | - Il - 72.8% 272% | -
+ 29.2% 708% | - I+ 8.3% 91.7% | -

Tabella 22 results of serological (ELISA and CFT) and moleculat PCR) tests
performed on blood, milk and feces of each lactptioat at I sampling in the 3 dairy
flocks enrolled in the trial for the evaluation thle dynamics of the antibodies response
and theC. burnetii excretion in infected animals.

Flock 1 Flock 2 Flock 3
Time of sampling T1 T2 T3 T4 |T1 T2 T3 T4 | T1 T2 T3 T4
Goats sampled 74 20 19 19| 12 12 12 11| 171 23 21 21
ELISA + 56 17 16 15| 10 9 10 9( 111 12 13 13
CFT + 0 7 2 0 0 3 0 0 11 0 19
PCR + milk 45 1 0 2| 12 1 0 0 2 2 1
PCR + feces - 15 13 5 0 1 1 0 1 0

109



Table 23:results of serological (ELISA and CFT) and molecufa PCR) tests performed
on blood, milk and feces of each lactating goa¢ath of the 4 sampling in the 3 dairy
flocks. Data are expressed as percentage of goalisve to each test with reference to the
total number of goat sampled at each sampling.

Flock 1 Flock 2 Flock 3
Time of sampling T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
ELISA + 76% 85% 84% 79% | 83% 75% 83% 82% |65% 52% 62% 62%
CFT + 0% 35% 11% 0% 0% 25% 0% 0% | 6% 0% 90% 24%
PCR + milk 61% 5% 0% 11% |100% 8% 0% 0% | 1% 9% 10% 5%
PCR + feces - 75% 68% 26% 0% 8% 8% 0%| 0% 4% 0% 0%

Graph 1:Summary of the results dLISA and r-t PCR tesperformed at 3 sampling
sorted by flock: the bars highlight the total numioé goats sampled (gray bars), the
number of ELISA test positive goats(black bars) grelnumber of r-t PCR goats positive
on milk (white bars).
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