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Abstract

Previous work demonstrated that after infectionrofivo derived caprine
embryosCoxiella burnetti (C. burnetii) showed a strong tendency to adhere to the
zona pellicida (ZP). To investigate the risk @ burnetii transmission via embryo
transfer ofin vitro-produced goat embryos the aim of this study wé$, to
evaluate the ability of. burnetii to adhere to the intazbna pellicida of in vitro-
produced goat embry@ndto determine by confocal microscopy the location of
the bacteria(ii) to test the efficacy of IETS recommended rulesthe washing
of bovine embryos to eliminaté. burnetii,

One hundred ZP-intact caprine embryos, produneditro, at the 8 to 16
cell stage, were randomly divided into 11 batchiesight to nine embryos. Nine
batches were incubated for 18 hours witfi @6xiella/ml of CbB1 strain (IASP,
INRA Tours). The embryos then were recovered andhed in batches in 10
successive baths following the IETS guidelines. phrallel, two batches of
embryos were subjected to similar procedures biltont exposure t€. burnetii,
to serve as the control group. One of the ninehestof infected embryos and one
of the two non-infected control batches were sdpdrato perform
immunolabeling to locate the bacteria.

C. burnetii DNA was detected by C-PCR in all eight batchesnééated
embryos after 10 successive washings. HoweverebacDNA was not detected
in the embryo control batch. The first five wagshimedia of the infected group
were consistently found to be positive a@dxiella DNA was detected in the

wash bath up to the Tavash for two batches.
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After immunolabeling, the observation of embryoader confocal
microscopy allowed Cburnetti to be found on the external part of thana
pellucida without deep penetration.

This study clearly demonstrates tl@tburnetii, after in vitro infection at
10° Coxiella/ml, stick strongly to the external part of thena pellucida of in vitro
produced caprine embryos without deap penetratiwh that the 10 washings
protocol recommended by IETS to eliminate the pgéméc agents of bovine

embryos is unable to eliminate these bacteria firomitro-produced goat embryo

Keywords: Coxiella burnetii, goats, in-vitro-produced embryos, conventional

PCR, real-time PCR, confocal microscopy.
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1. Introduction

Coxiella burnetii (C. burnetii) is an obligate intracellular gram-negative
bacterium from the Coxiellaceae family of the Gamma subdivision of
Proteobacteria [1]. It is responsible for Q fever, a zoonosis witloridwide
distribution that affects a wide range of domestid wild mammals, birds,
reptiles, fish and arthropods, as well as humaijs[J]. Human infection is
manifested by a febrile syndrome, pneumonia or titepand is serious for
pregnant women in whom it can cause miscarridge [

Goats, sheep and cattle are the most frequentbcted species and
represent the major sources of human infectidhgd). Infection in these species
is usually subclinical. However, infection in shegpats and occasionally cattle
can cause abortion in late gestation with stili@rtpremature deliveries and weak
newborn animalsq, 7. Following infection, animals shedoxiella burnetii into
the environment in large quantities through thedpots of parturition (placenta,
lochies, fetal membranes and amniotic fluid) dumegmal delivery and abortions
[8, 9, as well as through milk, urine, feces and semién[10] [11]. The
bacterium has the ability to resist difficult eonmental conditions, probably due
to the existence of small dense cell variafis [

The transmission of infection between ruminants smd¢humans mainly
occurs through the inhalation of contaminated assog 2], but may also occur
via the digestive tract and tick vector$3]. Sexual transmission has been

demonstrated experimentally in micel] and found for a human couple, in whom
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the bacterium was detected by PCR (Polymerase (Reattion) in the man’s
sperm[L4].

Coxiella burnetii was isolated from semen of naturally infected ${ilb].
Sexual transmission is strongly suspected in damestminants but remains
unproven. The vertical transmission route has lbeemonstrated in ruminants;
burnetii is often found in fetal organs following an abonrtior premature delivery
[16] [17].

Transmission by embryo transfer has been partstilylied. In natural
conditions,C. burnetii was identified with significant loads in the flusg media
from the oviducts and the uterus of seropositivatgdL8]. These results reveal
the main source af utero infection and indicate a risk factor for the transsion
of C. burnetii during embryo transfer (ET). After experimentdkittion ofin vivo
derived goat embryos, the bacterium showed a stremgency to adhere to the
zona pellicida (ZP) and the washing procedure recommeanded by the
International Embryo Transfer Society (IETS) faitedemove it 9. It has been
demonstrated that the ZP of vivo-derived andin vitro-produced embryos are
different, and the way embryos are produced maifie interaction between ZP
and various pathogeng(].

The distribution of the infection in small ruminantas well documented
in 1982 in the south of Franc2l]. The last zoonotic episode in France was in the
Drome department in May 2014 with 46 confirmed honcases. The clinical

signs in humans were pneumopathy. In livestock,esabortions occurred.
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To investigate the risk df. burnetii transmission via embryo transferiaf
vitro-produced goat embryos, this study aims (i) to wat@ the ability ofC.
burnetii to adhere to the intaebna pellicida of in vitro-produced goat embryos
andto determine by confocal microscopy the location & Hacteria(ii) to test
the efficacy of IETS-recommended rules for the waglof bovine embryos to

eliminateC. burnetii.

2. Materialsand methods

2.1 Coxiella burnetii strain

The C. burnetii strain CbClphasé used in this study was originally
isolated from the placenta of an aborted goat kmeanch herd (Allier, France). It
was prepared and provided by IASP, INRA Tours, Eeatt had been isolated by
intraperitoneal inoculation of three OF1 mice (8ek® with 0.2 mlof goat
placenta homogenate. The mice were killed nine gags$ inoculation and their
spleens were sampled and re-inoculated into speedfihogen-free embryonated
hen eggs. After the" passage in the chicken embryo, it was quantifiiduoted
and frozen at —80°C. This preparation containedf* b@cteria/ml. To ensure
purity, each aliquot used for exposures was dilugth 10 ml PBS then
centrifuged twice for 15 min at 2,000 X g; the suyaant was recovered and
centrifuged for 1 h at 13,000 X g. The pellet wastdd 1:100 in the exposure

medium giving a final calculated concentration 6% hacteria/ml.
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2.2 In vitro production of embryos
Animal housing, care slaughtering as well as expent and handling of
fabricscomplied with the regulations in France in accoodawith EU Directive

2010/63/EU and with good laboratory practices

2.2.1. Oocyte collection and maturation

Ovaries were collected from adult goats at a lagdaughterhouse and
transported within 2.5 h after collection to thbdeatory at INRA Nouzilly in a
sterile saline solution maintained at a temperatfir@0°C. Ovaries were washed
in warm saline (30°C) and oocytes were aspiratedutih a 18-1/2 gauge short
bevelled needle from all visible follicles betwe2rand 5 mm in diameter into a
Falcon tube under gentle vacuum (30 mm Hg). Theectbdn tube was filled in
advence with 5 ml of tissue culture medium (TCM-18@pplemented with 100
IU/ml heparin, 40 pg/ml gentamicin and 10 mM Hep@sly oocytes surrounded
by multilayer unexpanded cumulus cells were usedfaitro maturation.

The cumulus oocyte complexes (COCs) were washdtnkEs in TCM 199
supplemented with 40 pg/ml gentamicin, and theoquan 0.5 ml of maturation
medium (TCM 199 supplemented with 10 ng/ml epidérgrawth factor (EGF)
and 100 pM cysteamine) in plastic 4-well Petri dsh(Nunc, Roskilde,
Denmark), each well containing 20—30 COCs. COCs\wezn incubated for 24 h
at 38.5°C in a humidified atmosphere of 5% i@ the air. The cumulus

oophorus was completely removed by gentle pipetand the oocytes were
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washed 12 times in fertilization medium (synthetgduct fluid (SOF), without
BSA, but supplemented with 40 pg/ml gentamicin dfd6 heat-inactivated
estrous sheep serum). Only oocytes with intamia pellucida and without

cumulus cells were kept fom vitro fertilization (IVF).

2.2.2. Semen collection and preparation

Semen was collected from two bucks during the bngedeason using an
artificial vagina and was pooled. Two straws ofzén semen were thawed for
each IVF trial.

Motile spermatozoa were separated by centrifugatl®min, 900 g) on 2
ml of Percoll (Pharmacia, Uppsala, Sweden) disoowtis density gradient
(45/90%). The supernatant was discarded, and trenspellet was re-suspended
in 2 ml of SOF without BSA but supplemented with 4@/ml gentamicin and 10
mM Hepes, and centrifuged (5 min, 900 g). The suggant was discarded and
viable spermatozoa were diluted in the appropruateme of fertilization medium
to achieve a final concentration of 1’pz/ml. Then the medium was incubated
for 30 min at 38.5°C in a humidified atmosphere5éé CQ in the air to allow

capacitation.

2.2.3. Invitrofertilization (IVF) - in vitro culture (IVC)
Groups of 20 to 30 oocytes were transferred to W-\Wetri dishes
containing 450 pl of fertilization medium, with onmocyte-group for each

spermatozoa-group. Capacitated sperm (50 ul) wddedato the fertilization
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wells to give a final concentration of 1°18pz/ml. Finally, spermatozoa and
oocytes were co-incubated for 18 h at 38.5°C inmilified atmosphere with 5%
CQO; in the air. The zygotes then were washed 12 timdke culture medium
(SOF with 3 mg/ml BSA) to remove spermatozoa befomg transferred to 4-
well Petri dishes containing 25 pl of culture mediand covered with 700 pl of
mineral oil. The zygotes were incubated for six<day 38.5°C in a humidified
atmosphere of 5% £H5% CQ, and 90% N After 48 h post-insemination, 10%
(v/v) fetal calf serum (FCS) was added to the caltdroplets. Four days after
fertilization the embryos were transported to @nin tubes of 15 ml of culture
medium at an ambient temperature. Only developeloryrs, with 8 to 16-cells

and an intact ZP, were selected using binocularasoope observation.

2.3 Experimental design
Four days after the IVF, 100 caprine embryos warglomly divided into
11 batches of eight to nine embryos.

Nine batches were placed in 1 ml of minimum esakmtiedium (M2414,
Sigma, France) supplemented with 10% FCS, 1% lagiute (2 mM final), 1%
HEPES (0.01 M final), 2.5 pg/MmlAmphotericin B and 50 mg/ml Gentamycin
and containing 10 Coxiella/ml of CbB1 strain (IASP, INRA Tours). After
incubation for 18 h at 37°C in an atmosphere of 6@2, the embryos were
recovered and washed in batches in 10 successilie bha phosphate-buffered

saline (PBS) and 5% FCS following the IETS guidetin
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After incubating for 18 h at 37°C, in an atmosghef 5% CO2, the
embryos were collected by batches and washed,ghrQ successive washes in
PBS, with 5% fetal calf serum, following the IET8idelines P2]. A new sterile
pipette was used for each successive wash; eadh aoasesponded to a dilution
of 1:100 of the previous medium.

In parallel, two batches of embryos were subjettedimilar procedures
but without exposure t6. burnetii to serve as a control group.

One of the nine batches of infected embryos and ainthe two non-
infected control batches were separated for immabeding with the aim to locate
the bacteria.

For the other nine batches of embryos (eight iefédtatches and one non-
infected batch) the 10 wash baths were collectpdragely and centrifuged for 1
h at 13,000 x g. The washed embryos and the peaifetse 10 centrifuged wash
baths were frozen at -20 °C prior to examinatianefddence ofC. burnetii using

PCR.

2.4 Conventional PCR (C-PCR) procedure

DNA was extracted from the batches of embryos aedatash bath pellets
using a “QlAamp Blood and Body Fluid RiQiagen-France” in accordance with
the manufacturer’s instructions.

The detection ofCoxiella-DNA was performed by amplifying a DNA
fragment (337 pb) located in the transposon-likeetigéive region (S1111) gene,

which is present in multiple copies in tBe burnetii genome, using two primers:

10
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Trans B: 5'- CAAGAATGATCGTAACGATGCGC - 3' (349-37bp, and Trans
M: 5- CTCGTAATCACCAATCGCTTCG - 3' (664-685 bp) (BP, INRA,
Tours, France). Three ul of extracted DNA were ddie22 ul of amplification
solution. The latter contained 5 ul of ready-to-sskition containing all reagents
required for PCR: HOT FIREPBIDNA polymerase, Proofreading enzyme, 5X
Blend Master Mix Buffer, 7.5 mM MgG| 2 mM dNTPs of each, BSA, Blue dye,
Yellow dye, and a compound to increase sample tefwi direct loading (Solis
BioDyne, Estonia), 0.75 ul of both Trans B and Brahprimer (20 uM Eurofins
MWG Operon, Ebersberg, Germany), and 15.5 pl dilleid water DNase-RNase
Free.

Amplification was performed in a thermal cycler gMercycle?
Eppendorf) based on the following program: aftéiahdenaturation at 94°C for
10 minutes, the samples were subjected to a sefi® cycles of 30 second
denaturation at 94°C, a 1 minute hybridization2f@ and a 3 minute elongation
phase at 72°C. This was followed by a final eloimgaiphase at 74°C for 10
minutes. Products were visualized by electrophsresi 1.5% agarose gel. A
positive control ofC. burnetii (IASP, INRA, Tours, France) and a negative
control (distilled water) were performed. Samplealgzed forC. burnetii-DNA
using PCR were considered positive when a ban@ofp, corresponding to the
positive control, was visualized on agarose gettedphoresis under UV light.
The sensitivity of this PCR method has been praweour laboratory (SSBR,
Oniris, France); it detects 10 bacteria per ml a€tbrial suspension (data not

shown).

11
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2.5 Real-time PCR (RT-PCR) procedure

Real-time PCR (RT-PCR) was used to amplify a DNégment of 76 bp
from theicd gene (isocitrate dehydrogenase), of which thexnig one copy in
the C. burnetii genome. The following primers were used: forwaod-439F:
CGT TAT TTT ACG GGT GTG CCA (439-459) and reversa-514R: CAG
AAT TTT CGC GGA AAA TCA (494-514), with a TagMan qioe icd-464TM:
FAM-CAT ATT CAC CTT TTC AGG CGT TTT GAC CGT-TAMRA-T(464-

492).

DNase RNase-free water was used as a negativeoboBtandard series
containing: 2.18 2.1¢, 2.1¢, 2.1, 2.10 C. burnetii/ ml (IASP, INRA, Tours,
France) were extracted using the QlAamp DNA mini&i(Qiagen-France) and
used as a positive control. Five microliters ofragted DNA were added to 20 pl
of RT-PCR reaction mix. The latter was composefl26 ul TagMafi Universal
Master Mix I (Applied Biosystems, USA), 2.5 ul of a mixture fofward and
reverse primers (0.3 uM Eurofins MWG Operon, EbergbGermany), 0.25 ul
TagMan probe (50 nM Eurofins MWG Operon, Ebersb&grmany). Water was
added to make a final volume of 20 pl. All RT-PGfagtions were performed in
duplicate in an ABIPRISKM Sequence Detection System 7300 (Applied
Biosystems) as follows: after 2 minutes at 50°C a@dminutes at 95°C, the

samples were subjected to a series of 40 cyclepreimg 15 seconds at 95°C

12
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and 30 seconds at 60°C. Data were analyzed withdivesponding software. The
C. burnetii titers in the samples were calculated in comparisih a standard

curve obtained from a standard serial dilutionhaf bacteria.

2.6 Immunolabeling and confocal microscopy

The detection o€. burnetii was madeising immunofluorescence labeling
and analysed by confocal microscopy (microscope Bikon, Champigny,

France).

2.6.1 Immunolabeling

Initially the infected and non-infected embryos ®vefixed in 4%
paraformaldehyde for 1 h at room temperature. Tieyn were washed three
times in phosphate buffered-saline (PBS) containing2% PVP
(polyvinylpyrrolidone) and transferred in a solutiof PBS supplemented with
10% FCS (Fetal Calf Serum) and 0.2% Triton X-100l¢8on 1) for 1 h at room

temperature.

After a first blocking step consistint of an inctiba of 30 mn with a blocking
buffer at room temperature ( 5% of normal donkeysediluted in phosphate-buffered
saline), the embryos were incubated 1 hour at 3wRG the primary antibody, a rat

polyclonat anti CbC1 prepared in our laboratory.

13
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After three careful washings in PBS buffer, the gyob were incubated
for 1 h at 37°C with the secondary antibody, Aldkeor 488, donkey anti-rat
serum (A 21208- Invitrogen), diluted at 1/400.

After washing twice in PBS-PVP, labeled embryoseviexed with PFA
4% for 15 minutes.

Infected and non-infected embryos were labeled IGbC1 non-immune
serum, to control the specificity of the immunoliig Immunolabeled samples
were mounted in Lab-Tek chambered coverglasse88+PVP to preserve their

structure.

2.6.2 Confocal microscopy

Confocal imaging was performed on an inverted oNikr'E-2000 laser
scanning confocal microscope C1 equipped with amt@8rgon laser and a 633
nm HeNE laser (Nikon, Champigny France). Z stacksevperformed throughout
the thickness of the embryos. 3D reconstructionseevmeade from stacks using

Fiji software.

3. Reaults

C. burnetii DNA was detected by C-PCR in all eight batchesnééated
ZP-intact embryos after 10 successive washingéwolg the IETS protocol
(Table 1). However, bacterial DNA was not detectedthe embryo control

batches. The first five washing media of the irddcgroup were consistently

14
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found to be positive and Coxiella DNA was detedtedhe wash bath up to the
10" wash for two batches.

All of the exposure baths and, after the 10 wastlesy the batches of
embryos were tested using RT-PCR to quantify thete@l load. The bacterial
load in the exposure baths ranged from 3.5 to 3B¥xbacteria/ml with an
average of 3.55+0.05 x i®acteria/ml. The bacterial load for embryos after
10 wash baths was less tharf bacteria/ml (Table 1).

After immunolabeling, the observation of embryosdem confocal
microscopy allowed Churnetti to be found against the external part of zbea
pellucida without deep penetration (Figure 1). The presesfc€. burnetii was
seen on the surface of thena pellucida, with bacterial loads differing from one

embryo to another in the same batch.

4. Discussion

This study clearly demonstrates tl@atburnetii stick strongly to thezona
pellucida of in vitro-produced caprine embryos aftar vitro contamination.
Furthermore, the routine procedures proposed bySlEfe not effective for
removing the bacteria from ZP-intact caprine embryterivedin vivo and
infectedin vitro. For two batches of embryos, all 10 wash bathewesitive for
C. burnetii, suggesting thaa huge quantity of bacteria were attached toztina

pellucida and were progressivelly released.

15
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Recently, we demonstrated that burnetii binds strongly to the ZBf in
vivo-derived goat embryos aften vitro infection [L9] and to ZPof in vitro-
produced bovine embryos after vitro infection [23]. The ZP of intra-follicular
oocytes appears to differ from that of ovulated;@asa consequence ZP fram
vitro-produced embryos cannot interact with infectiogerds in the same way as
those of embryos that are produgedivo [24, 23. It is therefore inadvisable to
apply the same sanitary guidelines fior vitro-produced embryos as those
recommended foim vivo-produced embryo<2f]. It was shown that the use iof
vitro-produced embryos increases the probability of sidneof a number of
pathogenic agents to the BPthese embryoD, 27.

In order to see and locate the bacteria on theacuinated caprine embryos,
we used immunofluorescence techniques. The obsemyatby confocal
microscopy, of the contaminated caprine embryosahetnated tha€C. burnetii
were present, with different bacterial loads, ie #xternal part of the ZRithout
deap penetration.

This fixation may be due to interaction betweerofiplysaccharide and
membrane proteins @. burnetii and proteins on the surface of the [AP The
difference of bacterial load may be due to diffeesnin the ultrastructure of the
ZP that should be studied further by electron micopyd27]. At the embryo cell
level, this experiment did not directly examine gwgential existence of receptors
but suggests an unknown strong adherence. Puwficaf the inoculum by
dilution and differential centrifugation allowed ws eliminate the role of egg

protein R8]; the inoculum used in this study was ovocult@e4della. C. burnetii

16



358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

Revised clean

is pleomorphic with approximate dimensions of 0y3lbum and an envelope
similar to that of gram-negative bacteria. It ha® phasesi andIl; this phase
variation is due to differences in surface antigex®. Phase Coxiella have LPS
that completely hide the surface proteins of thiermal membrane. The role of
this LPS in the attachment of Z&8highly plausible 9].

The zona pellucida of mammalian embryos is made of three glycopratein
(ZP1, ZP2 and ZP3), building a loose network anes@nting on the surface a
large number of canalicular poreX]. The dimension of these pores, for example
182 nm for bovine embryos, influences the fixataon penetration of small size
pathogenic agent8]]. Despite the presence of these pores, we denadvastere
that C. burnetii is present in the external part of the ZP withcedml penetration.
This property should permit the use of an enzymiagiatment to eliminate these
bacteria on the surface of the embryo.

The efficacy of the ZRs a barrier to different pathogenic agents has bee
demonstrated for a number of agents. However, sufintigese pathogenic agents
are able to penetrate the @Pstick firmly to the surface and then resist wagh
[20].

In previous studies of bovine embryos expoBeditro to Mycoplasma
bovis, Mycoplasma bovigenitalium, Mycobacterium avium, and after carrying out
the washing procedures, the bacteria were isolatmd all of the ZP-intact
embryo batches3p, 33, 34. In other studies, the interaction betweeaptospira
hardjobovis andin vitro-produced bovine embryos after ianvitro infection, and

after the IETS washing procedures, was examinetl eliéctronic microscopy
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transmission. The presence of the bacteria wasnadasen the surface, in the
pores of the ZP, in the intercellular spaces, anitellin and in the embryonic
cells [27]. Other studies of mice infectad vitro with C. burnetii proposed the
existence of specific receptors on the head ofnsazoids that fixed the bacteria
[11, 1. These studies showed clearly that adherencheaZPdepends on the
structure of the ZPand on the outer membrane of the bacteria, and that

transmission by embryo transfer is possible.

In conclusion, this study demonstrates f@aburnetii stick strongly to the
external part of the ZPf in vitro produced caprine embryos without deap
penetration. The ten washings protocol recommemgetETS [26] to eliminate
the pathogenic agents of bovine embryos is unabédiminate these bacteria.The
presence o€. burnetii was observed on the surface of the ZP, with théebat
load differing from one embryo to another in thensabatch. This difference of
load may be due to the 2Mrastructure which would be interesting to analys
the future by electron microscopy. Nevertheless,fihding of C. burnetii DNA

by C-PCR does not imply that the bacteria foundséifieinfective.
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confocal microscopy analysis was performed fromftherescence bio-imaging

expertise of the APEX platform UMR703 INRA Onirldantes.
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TABLE AND FIGURE

Table 1. Detection ofCoxiella burnetii in successive embryo wash baths and
batches of infectedona pellucida-intact 8 to 16 cell embryos after 10 wash
cycles, using C-PCR and quantification@ijxiella burnetii in embryo exposure
baths and in batches of infectemha pellucida-intact 8 to 16 cell embryos by RT-

PCR.

Figure 1. Immunofluorescent detection Qoxiella burnetii in in vitro produced
goat embryos aften vitro infection with 109C. burnetii /ml for 18 hours.

Coxiella burnetii was localised at the surface of the embryo (semady in the
external part of theona pellucida of the contaminated caprine embryos without
deep penetration.

A - Negative control: Al observation with brightiemicoscope; A2: observation
with confocal microscope without primary antibods/.- Coxiella detection: B1
observation with brightfield microscopem. B2: olw&dion confocal microscope

after immunolabelling. Observation at objectif 60%2ale bar, 10 pm.
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TABLE

Table 1: Detection ofCoxiella burnetii (C. burnetii) in successive embryo wash
baths and batches of infectesha pellucida-intact 8 to 16 cell embryos after 10
wash cycles, using C-PCR and quantificationGuiiella burnetii in embryo
exposure baths and in batches of infecteda pellucida-intact 8 to 16 cell

embryos by RT-PCR.

Batch of embryos
Last positive

Batches  Exposure bath After 10 wash baths
wash
of (Coxiella/ml) Detection  Quantification
for C. burnetii
embryos (RT-PCR) of C. burnetii  of C. burnetii
(C-PCR)
(C-PCR) (RT-PCR)

1 3.5x10 6 Positive 2.3x10
2 3.5x16 8 Positive 3.4x10
3 3.5x1§ 6 Positive 1.2x10
4 3.6x16 5 Positive 4.5x1H
5 3.6x16 7 Positive 2.6x10
6 3.6x16 10 Positive 1.8x10
7 3.6x16 5 Positive 5.6x10
8 3.6x16 10 Positive 3.2x10
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562

563

564 Figure 1 : Immunofluorescent detection @obxiella burnetii in in vitro produced
565 goat embryos aften vitro infection with 18 Coxiella/ml for 18 hours.

566 Coxiella burnetii was localised at the surface of embryo (see arraw)the
567 external part of theona pellucida of the contaminated caprine embryos without
568 deep penetration.

569 A - Negative control: A1 observation with brigHtlenicoscope; A2: observation
570  with confocal microscope without primary antibodd/.- Coxiella detection: B1
571  observation with brightfield microscopem. B2: olw&ion confocal microscope
572  after immunolabelling. Observation at objectif 60%2ale bar, 10 pm.

573
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