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METHCOD FOR | NCUBATI ON AND HATCHI NG OF EGGS Fi el d of
the Invention This invention is directed to a nethod

wo 00070917 ncubat i on and hat chi ng of premat ure BQDEP200M051736

particul ar premature eggs renoved in their shell from
a bird prior to transfer of the premature egg to the
cl oaca of a bird. Background to the Invention European
Pat ent application no. 01650109, is directed to a
nmethod for rearing a bird of. germfree status

conpri sing housing a pareﬁtjbrrd, removing a premature
egg in its shell fromthe parent bird prior to
transfer of the premature egg to the cl oaca and

i ncubat i METHED FORENQUBAHOH AMD HATCHINGIOBREGGE®Lt chi ng
the premature egg to produce a |aying bird.
Ventilation, tenperature control and humdity are very

Hield of tisninventiomg t he i ncubation and hatching process.
The eggshell, in particular its pores and cuticle,
nodul ate respiratory gas exchange and hydration of the

Thevielamibngs dutatdto £aReid Bl kns mI:thﬁt:@:ggﬁ@ﬂhichi'né o? premature
br eat habl e nenbrane and whil st the enbry

IS
Gl BRTRYR PEMaiS RE0S RN ERinsHRl P:a bied piisd to transfer

oMBHeQrerh AURSERPS the 8FAdd & 49@. and oxygen to enter the
egg. As the enbryo grows, it requires an increased

supply of oxygen. Furthernore, care nust be taken to

ERkffoiing tbliRe ARBRAGKT ate humidity levels during the
at ching perr od. e conditions required for
successful incubation and hatching of a nornmal,

Eﬁh?&p‘ééﬁ‘llﬂaYerﬁ ahSlice&th &Y. % 3@61' QKECqWQctea I?c‘?ﬁg‘n 0[‘ Fe%pi\ﬁ\? a bird

vary bet ween Specl es.
o gérrﬁn fige @mtwmpriﬁﬂgdwmmgraep@*emc@ws reradrgy eﬁ rpoermémret &gy in

3o SRR b il el AGMREE N g o
Incghatingi toe preapailingi agg if ite Bh@b@ndl!&ttrmg’zme pdoematoge egg to produce
ailélﬁr‘rbbﬁ&j.on eggs shoul d be

Ventilation, temperature control and humidity are very important during the incubation
and hatching process. The eggshell, in particular its pores and cuticle, modulate
respiratory gas exchange and hydration of the developing embryo. Essentially, the
eggshell is a breathable membrane and whilst the embryo is developing the eggshell
allows carbon dioxide and water to escape from the egg and oxygen to enter the egg.
As the embryo grows, it requires an increased supply of oxygen. Furthermore, care

must be taken to maintain the appropriate humidity levels during the hatching period.

The conditions required for successful incubation and hatching of a normal, naturally
laid egg are well known. These conditions vary between species. For example, for
domestic fowl such as chickens, the entire process takes from 20 to 22 days,
generally 21 days, with incubation conditions applying from Day 0 to Day 18 and
hatching conditions applying from Day 18 to 21. During incubation eggs should be
positioned so that the domed end, which contains the air cell, is uppermost. Typical
incubator conditions are air temperature of 37.5°C, relative humidity (RH) of 50%,

and regular turning (rocking) of the eggs so that the longitudinal axis of the eggs is
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positioned so that the doned end, which contains the
air cell, is uppernost. Typical incubator conditions
wae@®7ada1t enperature of 37.5C, relative hum di pgr/ERd)7/051736
of 50% and regular turning (rocking) of the eggs so
that the longitudinal axis of the eggs isslowy
rotated through approxi mately 80 (40 each si de of
vertical) once every 45 to 180 m nutes. At 3 days
prior to hatching, on or after Day 18, the enbryos
typically nove into the hat ¢hi” ng position within the
egg. The eggs should no I onger be turned at this
stage. FromDay 19 to 2 1 the relative hum dity shoul d
styaviy eotated threughpanpoximetely| 80° (aoedach Bdikoof Thitisalhorgle every 45 to
1%%9“,[5%/ | evel reduces noisture loss fromthe egg. It
al'soinportant to maintain adequate ventil ation
throughout the incubation and hatching stages to

sure tha r.bon di ox e and o gen concentrations
AP APl PRI e LB e o SRRl move o the
hé%ﬁ&m’dﬂgiﬂo@ﬁnﬂhaﬁ&h@bg@ HHQ-; edyerdmlidyho |dh% i@ thived at thls stage
at {1?{ efq%ﬂ% rior to the hatching p b"
Ry Koot 18 e T 5500 s RseH AR FEPITERI 0% to
70%e| Thid Figh h@ﬂmdﬁ? le@bit redeébsSvndi\ﬁu:@héssl RS tHeeg®S R RIdAinportant
for the correct devel og}ment of ‘E}‘gbﬂt}? European Pat ent

t, ;naifaip gasteggate yegtiatidne dreughpyt thetm raﬁn@rrﬂatop@g stages to
efitlhrb Uhst ERBOMicitikRie Ay Bﬁ\fg‘eh%ﬁn@émtrét@h@ o PBRHAI é?vatai Qfe‘mccijard

is directed to the incubation of an enbryo in a close
aHBeRPAPTRPregiULe (/CORN Mg raid@ingsben renoved fromits
shell. The container used is preferably part of an egg
shel | which has been chosen fromthe sane species as
Nogmalyi dgringuhe incaleation of ian egb@nd eriemstodhe hatehipyg ebase; by Day 18

of RgeRk! . I%és%n%;% %ﬁfbtlg@H W 10¢ tl‘%lrmnltlglr\!véll htEl’ngﬂ?(Q t loss is

Pat ent 0ses Aan I n-vitro g
epsariialdor ibe carr¢éat devdlognaehtofamegd. a hen in which an
enbryo which has just been fertilised is taken from an
upper portion of the magnum of the oviduct of a hen
Bwrapeam Patenhoor0 295 %ﬂ caa‘st:mescari ipariiiotaviam eantotyd belture technique.

Irﬁ@?@ﬁgﬁ?%é ¥pe%H ale Ig d!re tegi] & Ihetqugusoatzorp eF érﬁ Ier% xtyoolrrm1 Sa’t closed
container after the embryo has been removed from its shell. The container used is
preferably part of an egg shell which has been chosen from the same species as is
being cultured or, in the terms of the present invention, from a similar hen. Similarly,
European Patent no. 0 511 431 discloses an in-vitro culture method for a fertilised
ovum of a hen in which an embryo which has just been feriilised is taken from an
upper portion of the magnum of the oviduct of a hen within an hour or so after
oviposition and then subsequently cultured. Both of these specifications merely

disclose the artificial culturing of eggs which have been removed without their shell.

The present invention is directed to special techniques for the incubation and
hatching of surgically-derived premature eggs in their shell, in pérticular those derived
from the method of European Patent application no. 01650109. These techniques
give improved results in terms of yield of surgically-derived eggs when compared to

conventional egg incubation and hatching techniques.
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di sclose the artificial culturing of eggs which have
been renoved wi thout their shell. The present

WO pwendd4on i s directed to special techni ques fRPET/EP®07/051736

i ncubati on and hat ching of surgically-derived
premature eggs in their shell, in particular those
derived fromthe nethod of European Patent application
no. 01650109. These techni ques give inproved results
in ternms of yield of surgically-derived eggs when
conpared to conventional egg incubation and hatching

t echni ques. St at enent of the Invention According to a
general aspect of the invention, there is provided a

Statement pHtheiinyeritian ng and hatching of a premature egg

inits shell in a sterile environnent conprising the

steps of optionaliy cooling and pre-incubation storage

Actording ©g8;ggpletiasgedthel eeimaéniion, €gge i pedvidet cabadthed for
provi de variabl e ckin

i spl at or t.0 of the

g3 eionanf PAENRE Yen et " s yhl I Godiede pgonment

comgesingl tid B@pkhﬁ dpﬂ@rhdﬂi}tdo@rhgobm @rcﬂfh@ukﬁ%ﬁ@h @orhé@ of the egq;
el atjve hu }-%Glnthelsolatortoalev

PPt 5 P BT 69" odp (EFavar FOIA EdRiEdia BIAVHG variable

ridka@eofi thE 1eg@s: MBnitdifg veh@htiorCarttWbidht hbs§ of thel &R dQﬂ‘mg the

fromapproxumtel 8to 75% and stop t he T ocki ng

ingpbation iage de&ﬁ?@Slﬁﬁﬂm aﬁﬂ@ﬁ\'ﬁ@w@%@ﬁj@ in rﬂg? elaterdp @wel of
fr‘€5ﬁ1t éﬂgxbﬁﬁwﬁf&!f‘%% WB%@E@Q}‘U&%% Yhe ﬁ&%hlﬁ&%hé@éjmﬁ@aéhb ‘fﬁ?e relative

inthe first ays of i ncubati on hase
hp@'dﬂm&% aH%‘(ﬁé pf Erqararappwmnat@lm 60de TE%W steippjeg thef roclhm of the

eb&ﬁ"aﬁ@'ﬁht&ﬁmpl e & dehin He l%t?atoﬁ% KasniHged for hatching

normal / conven eggs .e. eggs pefnmtted to
mature fully in the reproductive tract and laid

Uﬁ@&ﬁk{]ﬁ%ﬂlyy thd RLEY Fggd%rﬂmfﬁ ryeasth}émﬁl#std'i g4 s %? I’tléfe ‘n%}%atlon

hat ITity rates(< rena
phésesis Insush layesthangrehuireiddon yorinsl edys. dnfyjhss m renaﬂve aumg[ehty of 15-

45*)}’\5 S Fscédnfgr ﬁéﬁ%ﬁin AW cgﬁ\}e\ﬁﬁ %ﬁ%@é {] qug:l)&m;tt%d t0 Fature

I'ncubat'i on phase goes a
fullg dre thierrgsrod nctlvla itct arel |dl.d rdaralhydihraygh cbheaclﬁzaafas it vasiregite very

Io%]hgtlé%{bmﬂ/vl%pes 942)%) wmeerre?as' or rfa%\é{ugg gggs rﬁ% E:w rera%e humidity is
the optimal RH range. Thus, using such low relative humidity levels in the incubation

phase goes against the conventional teachings in this field.

According to a first aspect of the invention, there is provided a method for incubating
and hatching surgically-derived premature eggs in their shell in a sterile environment
comprising the following steps:
a. Pre-incubation storage of the surgically-derived premature
€99;
b. Placing the eggs in an incubation isolator adapted to
provide variable rocking of the eggs;
¢. Controlling the ventilation in the isolator;
d. Weighing the eggs to monitor weight loss;
e. During the incubation phase decreasing the relative
humidity to approximately 15% to 40% and altering the

temperature in the incubation isolator to obtain a target
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and hatching surgically-derived premature eggs in
their shell in a sterile environnent conprising the

wo oo o9d4ny steps: a. Pre-incubation storage of PCTEP2007/051736

surgically-derived premature egg; b. Placing the eggs
in an incubation isolator adapted to provide variabl e
rocking of the eggs; c. Controlling the ventilation in
the isolator; d. Wighing the eggs to nonitor weight

| oss; e. During the incubation phase decreasing the
relative humdity to apprdxi4nﬁt ely 15%to 40% and
altering the tenperature in the incubation isolator to
obtain a targetweight |oss during the incubation
phase; f. During whightlasschiring tiEhiasgbatiomphaxel | ng t he

relative humdlty rature in th tin -

i sol ator and ifcr@ d%t&‘ {Fﬁg g pg{af.%é:om@{n@% a}%t'veg”um‘d’ty

appr oxi mat el y 60%rdbterfferaioeg |sttb@mcn§attr@esnﬁ|@t©kkaﬁ@ mi'easing
s.in germf

the eggs ; and g. aining.the e

condi tions in thethf’srg[;;ﬂ’%rhuﬁ‘%ﬁyl tOh?iﬁ’g?ﬁ"H@te A@%{Srt&?ﬁgf“ and
to this inventionstopdieg merrmpérrge@tﬁé &ddss b t he
surgically-deri ve'% i s, mai nt ai ned t hroughout the

met hod. Detail & @%%1 ing iheR9g? In FRIMH-RRRFRNCBIRNSTiRethe isolator

present inventi onuntmhé‘{bmfﬁ@t ed to incubation and
hat chi ng net hods for a surgicailyderived premature egg
fromoptional pre-incubation storage through to

AcBsreipat toothisaindeidh C HeNgef-r8e kAR ©f ltid gurgically—derived egg is

maintained throughout the method.

Detailed Description of the Invention

The present invention is directed to incubation and hatching methods for a surgically-
derived premature egg from optional pre-incubation storage through to incubation

and hatching of a viable bird.

Surgically-derived eggs (such as those obtained using the procedures of European
Patent application no. 01650109), by their nature, are premature. In some cases their
development, for example gastrulation, may be delayed. Furthermore, it is possible
that premature eggs may lack certain features of a full-term naturally laid egg, for
example there may be reduced cuticle on the shell and pore formation in the shell
may be impaired. It has been found that some surgically-derived eggs, due to
premature egg shell formation and effects of surgical anaesthesia, euthanasia
methods and timing, may not adequately loose moisture and corresponding body
weight which are essential for correct embryo development and chick viability.
Therefore, standard hatchery practices for normal laid eggs are not be appropriate to

achieve optimum viability of the premature surgically-derived eggs.

According to one embodiment of the invention, there is provided a method for
incubating and hatching surgically-derived premature eggs in their shell comprising

the following steps:
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Surgi cal ly-derived eggs (such as those obtai ned using
the procedures of European Patent application no.

wO@18309439) , by their nature, are premature. | nPGDRR2007/051736

cases their devel opnent, for exanple gastrulation, nay
be del ayed. Furthernore, it is possible that premature
eggs may |lack certain features of a full-term
naturally laid egg, for exanple there may be reduced
cuticle on the shell and pore formation in the shel
may be inpaired. It has béer found that sone

surgi cally-derived eggs, due to premature egg shel
formati on and effects of surgical anaesthesi a,

eut hanasi a nethods and tim ng, may not adequately

| 09s ' C espondi ng. bo wei ght which are

es‘g’e %r%c%%ﬁ & (;?DF? ec%rté%ll% gala’é%é \ngﬁ%qfﬂat%ﬁ §9%8hi ck

vi labiHlading. th legoe froareincsiiation @sothtdraddaptito proatiei vaeisblé edcking

norn%kJ Ieai d eggs are not be appropriate to achieve

opti F'H \VAOHDi 1 ty of the premature surgically-derived

egys CoAtolirglihe gehiflationen mb@?létment OL the i nvgnth i on,h

there i.s provided a nmethod for incubating an at chi ng
‘?-g?’%%l@r*&g &@r’%g\%&’ PR A 58S i n theigr shel |

CoapIDusihd hel ihcublbafid GNMsBHeBicaBiRg the fllivé RGHIRAY tPdbproximately
of the surqgically-derived premature b

st orage L _ > e eqgg; b.
Pl aci1g‘6’ PHE "eqsalleing the theweratyre in hgcva@tfonaa%@tpé@ qbgain a

Pr oVidlgetuadid it ilss dﬁﬂﬁih@%c@zﬁ;aﬁdﬁeph%gg,*s? c . Controlling

the ventilation in e isolator; d. Wighing the eggs

t o mbWTinG fhefistehing phese cortrolipgrthe splative humddits @nt! tampsitalges in
decr i he t 1. di . P 0

(o LA SRS, i SRPERIRIT Sty
i sol &P & 7%% appehiraing thearogking weihgleggs;ewd during the

5 P8R8OS o B O 0 BB A
the incubating isolator and increasing the relative
e h}ﬁe{p%cf’éger&&o@@eﬁl that conventional hatchery techniques are not
appropriate for surgically-derived premature eggs. A new method is required
specifically for premature eggs to achieve a consistently high hatch rate of healthy
birds from such surgically-derived eggs.

Specifically, we have surprisingly discovered that incubating surgically-derived eggs
at low humidity levels at defined times gives better results in terms of viable embryos.
Unexpectedly, in the first approx.18 days of incubation, use of RH (approx 50% RH)
suitable for naturally laid eggs gave very low egg hatchability (<35% viable hatched)
for premature eggs, whereas it provided >85% viable hatched for naturally laid eggs.
Furthermore and again unexpectedly, use of low RH (15-40%) in the first approx 18
days of incubation, which for naturally laid eggs gave very low hatchability (<40%)
gave unexpectedly good hatchability for premature eggs (>70% viable hatched).
Retaining these low humidity levels is advantageous as it provides for the required
weight loss to ensure viable hatching of a bird.

Ideally, the surgically-derived premature egg in its shell is germ-free and the method

of the invention is carried out in a sterile atmosphere to ensure germ-free conditions
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60 to 75% and stopping the rocking of the eggs; and g.

Mai ntai ning the eggs in germfree conditions in the
wo swavan7 until hatching. We have unexpect edl yPCT/EP2007/051736

di scovered that conventional hatchery techni ques are

not appropriate for surgically-derived premature eggs.

A new nethod is required specifically for premature

eggs to achieve a consistently high hatch rate of

heal t hy birds from such sur %I cal l y-derived eggs.

Specifically, we have surprisingly discovered that

i ncubating surgically-derived eggs at |ow humdity

| evel s at defined tines gives better results in terns

dofing/hatbhieg endingastioinexpect edly, in the first

approx. 18 days of incubation, use of RH (approx 50%

RH) suitable for naturally |aid eggs gave very | ow egg

Alaadardlmgbﬂol a tpyreflerrad %nicaiirhent heft t‘hhad\)erﬁrom Peevartilafien Q@tﬂﬁl, the

v, d >85% vi abI che at ur al
UBE5EE Gonr s, YR UPa Cah AP A TG eD HE ang Feric
alr@upiRbédted 4@Pdstarie d:gerd Whér aEPerte h8y BaYiSedf

i ncubation, which for naturally laid eggs gave very

| ow hat chabl ity (<40% gave unexpectedly good

Akadraingblol addthdrosmBE@MBAUBE t1RIBSekton0 e isdkkG BateResl with
Ret ai ni ng. these low humdity | evels is advantageous as

faqflitiey & wgioh th@reggﬁeﬂﬂ'écmablea diestgRenitossg of ¢ganaighy loss. A
t#b&%@gm%&hﬁ&g tﬁé sBrififeubbfGRld Prior ki he ﬂatfhln? genod for an

surq%aca y-derived premature egg In its s
f Qs A anmeoxraetalyd Ode 16Heof ithaviaitieli aag weightar ri ed
out in a sterile atnosphere to ensure germfree
condi ti onsduring hatching and incubation. According to
Agcqrdiag er st drefemetiembediment aftke innerion e isdldter may be provided

m)\f'}ﬁrbtnbl AhQ MidbBtds tdhen WG Lk (ﬂ'\’cutpgtgé&%w I‘i)ri'ntﬂgaggausg{ Prov;de

ntilation using a conbination ©
diffecent p@wdltioesasnec:@a@ipl relertivet hwmmt laveds, etebéssaqxlxag@nm\deemelght

I ; i anot h
BERARA o AR 380 SEETRRRERE G P ngpe siypton
whetehwitlagaratiohein dgg weddhg bost laee adigipatefihi s enabl es di rect
noni toring of egg weight loss. A

The incubation period is defined as the time period from Day 0 fo Day 18 in the
incubator. Rocking of the eggs in this time period is essential. Day 0 corresponds to
the first day the egg is placed in an incubator. The hatching period is defined as the
time period from Day 19 to Day 21. Rocking of the eggs is not required during this
time period.

Relative humidity at normal levels during incubation and hatching is understood to be
from approximately 50% to 70%. The present method recognises the need to alter
conventional incubation and haichery practices to levels that would not be
contemplated in this field. The unique characteristics of surgically derived eggs
provides specific circumstances where conventional teachings in this field do not

achieve the desired hatchability/viability rates.

According to a preferred embodiment of the invention, relative humidity levels are

lowered to from 15 to 35%, preferably, from 25 to 35% during the incubation phase.
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target weight loss fromthe start of incubation to
prior to the hatching period for an individual egg is

wo ewmogqapr oxi mately 10 to 15% of the initial eRgI/EP2007/051736

wei ght. According a still preferred enbodi nent of the
i nvention, the isolator may be provided with one or
nore i ncubators, such that each incubator nmay
simul t aneously provide different conditions,
specifically relative hum dity |levels, necessary to
optinise weight |oss and Vidbility for individual
eggs. Separate incubators are used in the situation
where wi de variations in egg weight |oss are
Additipraliy athe ihcuationi phesbhatducnatzeiempdratee defromed tasstthe
time period frombDay O to Day 18 in the incubator.
Rocking of the eggs in this tine period is essential.
Abeyrdidg do aryes prefediedtemidodendrit bs thedayentitre relgivel runplinaedkls are

i.n I ncubat ar.,, The hatching periaod is defined as the
SR 8% 75, AR kel 2o Suaghe feicho ohese.
Adgigsnally, thethateing pieme dhsy BeuF it 8 tbifBraneE iop SromRed & BY8°C.
1ﬂum dl"l pﬁt nq%%g)a(l | evel s duri % i ncubat i on and

&ete Wé 8SHFE 81 RY PBMBRNCEBIAr AFing HaveBel y 50% t o

70% The present nethod recognises the need to alter

conventional incubation and hatchery practices to
It warefasng HBgt WiEh arenwsturg eeagsn e camearedvitmpaturallelaid eggs,
rekjifite WBIYAHECHOBREAY QLIRS ih€ishaBbn Rt fr&l 18008 bV RE n8R%Sdays
_provides specific circunstances where conventi onal
in 1o FRICAE PhAse: MiesreptieadRid i simiarde Hiab{as natvealld éaid eeas.

hat chability/viabiiity rates. According to a preferred

enbodi nent of the invention, relative humdity |evels
The engtogeplethetipveniionmisiGaries WY apriagubatitn isolatarorif@Sntubator

. . ’ . : . o 1 v he .
T oy DRkl PG R0 i BB B LA By ey be
agawubates crddpted toocanfyret tthef eterility rendiediemén forahcublaéng and

Lavent. ' i dity | | ' f
nRHFR Q5 ELBLS 18 JHTIbA 485 18l ) obie Hofoa
ahdirchbatypnpéaater maahthing theadtdrlity dridegdrai-fede sigtuphdisies pmynature
eg&cur at a tenperature of from36 to 37.5 0OC.

The incubation isolator maybe provided with faciliies fo monitor and control
ventilation rate, to dehumidify air and to achieve oxygen-enriched air (21-23% at
760mmHg). Thus, ideally a conventional incubation isolator is used which has been
modified and enabled to control ventilation is used. The method may further
comprise the step of adding oxygen to the incubation isolator. Most preferably,

oxygen is added when the humidity in the incubator is decreased.

Preferably, the surgically derived eggs are removed from a surgical isolator where
surgical removal took place and delivered to the incubation isolator within a short
time, for example within 30 minutes from surgery. it is advantageous to ensure that

eggs are ventilated with air prior to commencement of incubation.

The incubation method may also include the additional initial step of cooling the eggs

after surgical removal from the parent bird. It may also include a pre-incubation
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The hatchi ng phase (step (e)) may conmence on or

around Day 18. It was found that whilst prenmature
we@ogs/ovenen conpared with naturally | aid eggs, PCERPINB051736
very much [ ower RH during incubation for the first 18

days, for the next 3 days in the hatching phase, the

required RHis simlar to that for naturally (aid

eggs. The nethod of the invention is carried out in an

i ncubation isolator. The incubator may be a

conventional incubator uséd8 i standard hat chery
techniques or it nmay be an incubator adapted to

conformto the sterility requirenents for incubating
stomagehsiep Wihece mega@gtmiayeeeregg stored, uadistunpadbfat,iad feast 24 hours,

e t he i ncubatio hod and

AR Bl s or€ B ol G REe, 8- Srien oap anay be from 0
&2 ofinse ePrsfteedbus stn:fagefmﬂitlemmfou tr&] iggdatufdiegg sy thPiACﬂItered

1 sol at or, ma ro ilities to ni tor

s Sy SN ol Lo 258 (Bl QR o S 075 an
strideelver foory gibretienior elRidngdrfing.21- 23% at  760nmm Hg) .

Thus, ideally a conventional incubation isolator is

used which has been nodi fied and enabled to control

Acedrding ab afsthbsSerib®fimerttt tHehbadioRBe fegéé hRY LeRRbLES using
the step of adding oxygen to the incubation isolator.

SF%"?(e%Jn‘Pé“f%'ttaB‘F §oecBied geniaminadign etositiea #e humi dity in
the i ncubator is decreased. Preferably, the surgically

derived eggs are renoved froma surgical isolator
ArpieiBgde agwﬁ“@r spasifig\aanbodiseant of he dnventiprolee imehasicomprisesethe

féHBG/hHBaét 3&:} Fbﬁfh'eaﬂré’cr24"‘l‘ﬁlfr‘é Qtaﬂdasrﬂ%ctubgﬁcfﬁec nﬁfﬁ%nsef&?% ?pemes

m nut es romsurg ry. I S advant ageous
OéﬂQQJ fr@yth@atsedg dbeesaden each ke e@bu}d bé caiefullp mocmrtoned for weight

SETEESTE ol ACHERLL 5ol PHRPLAT, BB Theous
ex¢hange gspedaly carban gicxile androaygen cfanoemttdhienqmremnﬂ' hdincdbation
o TRH08 g DR el AR P50 BBl Bl B
s@dyjidatuderjvep mwrmtartel qggrmtargm meighih ioss 62 frbvawpproxinmately 0.4g/day
isgSQs(?rra%Je’. Irpcrug.iatpo%u ezrint;:)le(r)a urség oorf 4 proxanter J‘)’QH} .8°C are preferable
initially on Day 0 until Day 18 of incubation and then temperatures of approximately
36.5 — 37.5°C are desirable until hatching. Relative humidity may initially be set at
approximately 40% but should be adjusted daily according to ventilation rate and
daily egg weight loss until Day 18 when relative humidity should be increased to
approximately 65%.

According to a still further embodiment of the invention, the surgical procedure for
removal of the premature egg from the uterus of the bird includes incision through the
skin of the bird and manipulation of the uterus. It is important that the egg is not
confaminated with waste material from the gut of the bird and the egg itself is not
damaged during the technique. The egg may be removed frorh the bird either in the
intact, sealed (e.g. clamped-off) uterus or directly by incision of the uterus. All direct
contact between fluid forms of sterilising solutions should be avoided fo counteract

any risk of impairment of embryo viability. Aseptic techniques are essential.



10

15

20

25

30

to 72 hours. Preferable, storage conditions for the

premature egg are: HEPA filtered air, tenperature
whedesid1150C and 230C, relative hum dity of 5SPO6/EP2065051736

and storage free fromvibration or sudden jarring.

Accordi ng to anot her enbodi ment of the invention, the

eggs may be incubated using sterile equipnent and

speci fied contam nation or germfree air. According to

a further specific enbodi nent of the invention the

met hod conprises the foll owihg steps: For the first 24

hours standard i ncubation conditions for the species

of egg may be used. Thereafter, each egg should be

Adtamefivdly, yhenmumgital redo¥ad compriisght- | oss, i ncubati on

tenperature, relative humdity and, if appropriate

respiratory gaseous exchange especially carbon di oxide

and oxygerPetiomaiag tarlaparotmyi incigibn and Mend B tabidURt 8Nthe bird

hat chi ng C9B%bt [ gns. can be adjusted according to the

i nvention?2 SPESWith SIS Sur gi cal | y- der i ved

premature egg a target weight [oss of from

appr oxi matr%?/ 0.4 /da% is desirable. Incubation

t enper at ur SSF""‘&SB‘?B i dista) tozgach sgturg0C are

preferable initially on Day O until Day 18 of

i ncubation and then tenperatures of approximtely 36.5

- 37.50C &Geaybsithepaeenpinsed imheonidhe; Rel ati ve

hum dity may initially be set at approxi mately 40% but

shoul d be adjusted daily according to ventilation rate

and dai | y Sigjijsingfhgtavidusks until Day 18 when rel ative

hum dity shoul d be increased to approximately 65%

According to a still further enbodi ment of the

i nvent i onRefewinglheyegmlangr ocedure for renoval of the

premature egg fromthe uterus of the bird includes

i nci sion through the skin of the bird and nani pul ati on

of the ut &tarising theieggi nportant that the egg i s not

contam nated with waste material fromthe gut of the

bird and the egg itself is not damaged during the

Preferablygihe . birdilie asepihatiagd bat mayrae dativeig et d2erifiet byaiutt@Bsia

of llallirtag? Srior to removal of the egg in its shell. Female parent birds may be either live
or recently killed. Live birds may, as consistent with ethical, legal and animal welfare
considerations, be fully conscious, sedated or anaesthetised. Eggs and ova may be

gither fertilised or unfertilised.

Preferably, the removal of the egg is at a time prior and as close as possible to the

transfer time when the egg would transfer naturally to the cloaca in the parent bird.

The surgically removed egg may then be placed in a sterile container and sealed.
The container should allow the egg to cool and be of suitable design and size to for
egg storage. A sterile container is one with an approximate volume 10 times that of
the egg, with the egg supported and protected by a plastic ffame to ensure both

stability and ventilation.

Once the eggs have hatched, a suitable environment for hatched chicks, rearing

birds, laying and reproductively active birds is a rigid walled isolator, with HEPA-
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intact, sealed (e.g. clanped-off) uterus or directly
by incision of the uterus. Al direct contact between
wo bardodsor ms of sterilising solutions shoul d bECHEPI0DBES1736
to counteract any risk of inpairnment of enmbryo
viability. Aseptic techniques are
essential . Alternatively, the surgical renoval
conprises:- Performng a | aparotony incision and tying
off the oviduct of the bird at both ends wi th sutures;
Transecting the oviduct dist@l-to each suture;
Renovi ng the egg enclosed in the oviduct; Sterilising
the oviduct; Renoving the egg; and Sterilising the

ft&iqu & emerabts%mammén} éﬁpd)ﬁtlv@n[ﬁ‘éﬁsﬁ,@é laﬁﬂcbxbhﬁngﬁlﬂl)’at frequent
ter nat | e sacrifice eut hanasi a or Ki ng
iFeiver (£g 14 HRBGRPeo RO ) B+ PTG s PocopBhAE capacl of

iR Elator I@ha dockBy dbesig). tieobl %8a & idbAIRSRI ¥.2K1 b UeRR per bird.
Live birds may, as consistent with ethical, |egal and

Glpessdn GBI 2PES cbm Srclesied IO dapags By Rirdso Al ceRsrature and
Iigﬁ%t&ﬂtrﬁlfedatlﬂ%&ﬁ&eéérﬁﬁﬁns EO9Er A holY %r%ﬁv@ﬁo@ltbﬂﬁé of the

ertilised or unfertilised. Preferably, the renova
spime spagjes andstage of lifecysld.or and as cl ose as possible to
the transfer tine when the egg would transfer

naturally to the cloaca in the parent bird. The
Asoerging de layfurteerosrabdirgentrafiyha ingentios, phcecibd surgicallstenet egg

hG8 ﬂé@hé‘d} rre?rﬂ% agﬁar;rggt?m% ﬁ% c?egi%c? ipn? n % H&éﬂh? aﬂ!j 9¥MgEFv%rstate

€egg to coo
iseggintsiremddge. Spé@l&&demorltmmaﬁﬂm’r&eemr stexllmﬂrallmnmbntandjustments to

nﬂﬁ%@ﬁt"é&»‘n{%ﬁ of ¢ é’{ygl%gg)%t%ocwrg that of the egg, with the

by a plastic frane to
ensure both stability and ventilation. Once the eggs
é@ﬁ?@%y, rgg?Fr{B[cmnu%rzengs sucﬂvI r?aqnc%n\}vatferqéol&afé %ﬂgrglins may be
added to compensate for losses occurring during sterilization of the diets and from an
absence of supply from commensal micro-organisms. Diets sterilised by gamma
radiation have reduced concentrations of fat-soluble and water soluble vitamins.
Furthermore, gamma irradiated diets have a limited shelf life and should be

monitored for fat rancidity.

Analysis of the dietary contents then allows calculation of the required appropriate
supplementation for the birds according to stage of life-cycle. Dependent on the
particular nutrient, these may be administered parenterally or orally either in feed or in
water. Drinking water should also be gamma irradiated (UV irradiated water may

contain bacterial spores).

According to a still further embodiment of the invention, there is provided a method
for rearing and breeding the surgically derived eggs comprising administering
antibiotics to the surgically derived premature eggs in ova. Preferably, orally
administered fluroguinolones are administered and, as appropriate, to the specific
micro-organisms to be eliminated, other antimicrobial agents. The antibiotics
eliminate transovarian bacterial and mycoplasmal infections and have a positive

effect on viability and sterility of embryos and subsequent chicks. Antivirals,
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birds, laying and reproductively active birds is a
rigid walled isolator, with HEPAfiltered air. The air

WO soomadaatai ned at positive pressure and exchanPEnER1007/051736

frequent intervals (e.g. 10 tinmes per hour for adult
birds, taking into account cubic capacity of the
i sol ator and stocking density). The floor area is
ideally from0.2 - 0.4 n2 per bird. doves on entry
ports are protected from damage by birds. Air
tenperature and lighting cotrolled to provide
conditions simlar to those for conventional birds of
t he sane species and stage of |ife-cycle. According to
pﬁarme&mézseamam rrms@ame@fpép!ﬂseé BVE oh 8o %ﬁ@oddté% may also be
sur gi cal a¥ deri ved %1 has hatched, rearing and
U%ﬁdeté(ﬁ“'ﬁ@ el RIBYaNY Rl BYeionsh a heal t hy and producti ve
state is maintained in a specified contam nation free
or sterile environnent. Adjustnents to nutrient
ltygihbe mperesated ek theespebiéc cerdiians deq@sdcivfinakiteygnd hatch an
o r <
o 98N, Gl 6! Sptidie, WAL Jp3UED o <l RlaclBLEREAMAEH Fomoves

P8 conpens for

fromdoe panegt lmalrl ng ster| lization of the diets and from

an absence of supply from comensal m cro-organi sns.
Diets sterilised by gamma radi ati on have reduced
V\ﬂ"diadlenltle abbwmsih@fdeﬁtabtismIhablrela@ndenmeélyelto poxhltnblaad specifically

Fur t rradi ated diets have a
it 2 OB rD S RO B A T Bticvged P4 of other
bikggnci dity. Analysis of the dietary contents then

all ows cal cul ation of the required appropriate
suppl enentation for the birds according to stage of

IfH«brﬁﬂ%—é@Q@aﬁfe ubep engretlicerfdphifg PRSI s NHER Itf%néggs may be
be admi ni stered parenteral ™ or orail el t her

F b aBRGR. FATEDEH SNkt & 06l GveRBaEah GEeldsySiems,

gEniiBe | sysathatd i Wolhtbradb ak&ironathe! eAMy &0 ml&bfbrganlsms
bacter| al spores). According to a still further

enbodi nent of the invention, there is provided a

AH@Jrﬁlﬁ@' td Pk iMRALid @oraﬂ&.rhurﬁe@eagmtfrb% Hitrofhlshsdf)gs “Rsuid
? gs conpri sing admi ni steri ng
preferably be derived asepfically from parent females (unless they are also germ-

free) and the life-cycle should be completed in isolators. The life-cycle may be

completed outside isolators when germ-free eggs and birds are produced.

In the specification the terms "comprise, comprises, comprised and comprising" or
any vartation thereof and the terms "include, includes, included and including” or any
vartation thereof are considered to be totally interchangeable and they should all be

afforded the widest possible interpretation and vice versa.
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antibiotics to the surgically derived premature eggs
in ova. Preferably, orally adm nistered

wo barogp4inol ones are adm ni stered and, as apprPQI/ER1087/051736

to the specific mcro-organisns to be elimnmnated,
ot her antim crobial agents. The antibiotics elimnate
transovari an bacterial and nycoplasmal infections and
have a positive effect on viability and sterility of
enbryos and subsequent chi cks.
Antiviral s, pharmaceutical s,1%mal |l nol ecul es, peptides
and nonocl onal anti bodies may al so be used to
elimnate or prevent viral infections. It will be
TRB veaficH il bk hl@&trét@@bﬁ BRAbfdwinCAHAinb i SxanfAsy red to
i ncubate and hatch an egg vary with, for exanple, the
speci es and stage of devel opnent mhen renmoved fromthe
E&ﬁ#ﬁ¥§1kﬂ rd. Wiile in the above, the description has
refated entirely to poultry and specifically hens, it
wi ||l be appreciated that the present invention may be

: | other birds. If fertile eggs are used
n@%égﬁgﬂgggkgggsprlng or derived birds, then the eggs
may be hatched, reared, nmaintained and bred in ei t her

t ' rmfr ns,. or

PHARHER KO0l PMRCRA SRR BRI SRSk BP0 e
tebbhoiguels ofg-uropdandatent @application fic 01680i08LM f r eedom from
m cro- organi sns eggs shoul d preferably be derived
aseptically fromparent females (unless they are al so
Tye prémata)je ag;ﬁs w?e dobofee-afee Isergaiaotdnmb\}aefr@mrmé @tau%ﬁa bifd. They
i sol.ators. The C et ed outsi de .
W R O o R et S 2P Peie Gl T8O BRfad2chours
Sto?agéﬁeoﬁmm]lsfwaatHEQEBAtfiItereUeélfTEa 1SAPEAIURE beRBRIM5S8SI 23°C,
qogpriﬁﬁg a?g %o HSlg1 or any varjation thereof and
"RFE PR Of REFQ e anh S RASS, Warh slofRidiesalin MREatigaoRgdden
j®fingany variation thereof are considered to be totally

I nterchangeabl e and they should all be afforded the
W dest possible interpretation and vice versa. The

Tha\eapé ivfe Wclibatbe uhlhb usdri@bgdph¥nt Bl §lclieMcBRtamination free
non-Timting exanples.
air.

Initially for the first 24 hours standard incubation conditions were used but thereafter
each egg was carefully monitored for weight loss, incubation temperature, relative
humidity and, if appropriate respiratory gaseous exchange especially carbon dioxide
and oxygen concentrations in air. The incubation and hatching conditions were
adjusted accordingly. For example, to reduce the carbon dioxide concentrations the
ventilation rate of the incubator isolator was increased and, in conditions of high
ambient temperature and relative humidity, the isolator incoming air was dehumidified

to ensure that relative humidity was maintained at approximately 25%.

The humidity of the isolator was decreased from 40% on Day 1 to 20 to 25% to
increase moisture loss through the egg shell. This encouraged weight loss of the
premature egg. The humidity was kept at this level up till Day 13 and was then
increased to 40% from Days 14 to 18 to obtain 13% weight loss overall from Day 0 to

Day 18. After Day 18 the humidity was increased to a normal hatching level of 65%.
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Exanple 1 Material and Methods: Premature eggs in
their shell were obtained froma parent bird according

wo eoovhgs4techni ques of European Pat ent appl i cat PONEPZNN7/051736

01650109. The premature eggs were cool ed after

surgical renoval fromthe parent bird. They were then
stored, undisturbed for, at |east 24 hours but not

nore than 72 hours. Storage conditions were HEPA
filtered air, a tenperature between 15 and 230C,
relative humdity of 50 to 5% and the eggs were

stored free fromvibration or sudden jarring. The eggs
wer e i ncubated using sterile equipnent and specified
contam nation free air. Initially for the first 24

hours standard incubation conditions were used but

Qree thesgdachatehadhthedaliondng eandiipns worenappliechrA auitable smirgiment
fdr GfteheldNGHERT F&QUink GiRE! %&Mbeandr ?elp%du\fﬁveg“ Rtk ta@NS 5 rigi
i f appropriate redpiratofy gaseous exchange especi 21 y
webgdhigplaigr.oxittddEBAdItered gérn The At énmeintdinadsatiposiive prefhre and
eATEHI AR ARLGI B, “Ohes ANr YPhELRE) 130 qcgeunt
cdlin caproitaol tesselater amhsiotking dansity}, éoof archef Ditcubatt of / bird,
' o) Y d...in conditions, of .high
oloB: Bhoned oD RRRE BN arb e B b 9 8 penBBtature and
lightiop @botrolied do proviyleacanditiass digtilaniodhbseefdr convensionze birdwabf the
relative hum.dity was intained at approxi mately 25%
SHHR SRTRSAT Ptage %ﬁ’é‘g‘%@g{aator was decreased from 40% on
Day 1 to 20 to 25% to increase noisture |oss through

t he egg shell. This encouraged wei ght |oss of the
RePWi%t ure egg. The hunidity was kept at this level up
till Day 13 and was then increased to 40% from Days 14

%o 18 to obtain 13% wei ght | oss overall fromDay O to
Effects of pre-incubation storage tithe (0 to 5 days) and conditions, {temperature,

humidity, egg orientation, ventilation, vibration), incubations conditions (temperature,
humidity, ventilation, orientation, weight loss}, handling and hatching conditions on

embryo viability

Storage times of:

0 days - hatchability was 90%
1-3 days - hatchability was 90%
4-5 days - hatchability was 60%

Temperature, venlilation/vibration for storage of 3 days:

Approx. 25°C with vibration/ventilation - hatchability was 60%.
Approx. 20°C no vibration fventilation - hatchability was 80%

Eqg orientation and weight loss:
Eggs flat on side - weight loss 7.8%, hatchability 30%
Eggs domed-end upper-most - weight loss 10.2 —13.1%, hatchability 80-90%

These results establish the absence of adverse effects on hatchability of surgically

derived eggs by storage of for up to three days provided that vibration is removed
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Day 18. After Day 18 the humdity was increased to a

normal hatching | evel of 65% Once the egg hatched, the
wo edozo9d4ny condi tions were applied. A suitabl ePCT/EP2007/051736

envi ronment for hatched chicks, rearing birds, |aying

and reproductively active birds is a rigid wailed

isolator, with HEPA-filtered air. The air is

mai nt ai ned at positive pressure and exchanged at

frequent intervals (e.g. 10 tinmes / h for adult birds,

taking into account cubic chpacity of the isolator and

st ocki ng density), floor area of 0 2 - 0.4 n2 / bird,

gl oves on entry ports protected from damage by birds,

288 gertildtioh @Rpaleal UhéseaBsullsi gt doRdrme fatifpbltatetod ey BNérHStion

conditions simlar to those for conventional birds of

dpHRY i8gRteheci es and stage of life-cycle. Results:

Ef fects of pre-incubation storage tinme (0 to 5 days)

and conditions, (tenperature, humdity, egg

tion, ventilation, vibration), incubations
conditions (tenperature, humdity, ventilation,

orientation, weight |oss), handling and hatching
Effeeiai ofi anbidias degr ysallyi atininistejedtiioragginotonas)s onfelimination of
- | i t 0: . y - A i i e

g T R L el s et o HeBr ety of
epdnios|2at isobgegiubntahickh f or st orage of 3 days: Approx.

25C with vibration/ventilation - hatchability was 60%
Approx. 200C no vibration /ventilation - hatchability
Readlts80% Egg orientation and wei ght | oss: Eggs flat on

Rt N R i e

Witkt arftibiotics t y 80vi@Bifity 13-57%, and sterility 89-100%.

These results establish the benefit of using antibiotics to remove transovarian
infection (eg Salmonella) and the absence of adverse effects on viability of surgically

derived eggs.

Example 3
Maintenance of health and reproductive efficiency using micronutrient-supplemented

diets (inciuding, vitamins A, C, E and K, B vitamin complex)

Results:

For commercial diets irradiated with 25 rads, vitamin losses where highest {approx
50%) for vitamins A and B6. Health maintained by diets with additional
supplementation. Establishes that birds hatched from surgically-derived eggs can be

maintained for full life-cycle and produce eggs of normal viability.

Example 4

Effects of conventional (50%) RH levels compared with very low (25%) RH levels in

the incubation period (approx 18 days) on hatchability of surgically-derived, shelled

eggs.
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These results establish the absence of adverse effects
on hatchability of surgically derived eggs by storage
w@booove4up t o three days provided that vibratiPCI/EB2007/051736

renovedand ventil ation provided. These results al so
confirmthe inportance of egg orientation during
i ncubation. Exanple 2 Effects of antibiotics (e.qg.
oral ly adm ni stered fl uroqui nol ones) on elimnation of
transovari an bacterial and mycopl asmal infections and
on viability and sterility % enbryos and subsequent
chicks. Results: Wthout antibiotics - viability
22-60% and sterility 66-1 00% Wth antibiotics -
viability 13-57%, and sterility 89-1 00% These
results establish the benefit of using antibiotics to
Iwgﬁﬁ6¥§4Péﬁgﬁ@QP“ﬁﬁﬁﬁﬂ¥@gQ|on (eg Sal nonella) and the
absence of adverse effects on viability of surgically
derlved eggs. Exanpl e 3 Mintenance of health and
H‘%ductlve ef ficiency using

5m/mwnm ri @twefr%ﬁ RIs€ raﬁnﬁgeﬂcﬁua%ﬁ 5(gop %kt%ﬂlﬁtgowt am ns

E an vitam n conpl ex) Resul
H5Rkbr o1 alFdanieiahtjosp izt ELNRION BAG%, Aeshaility Za¥n
| osses where highest (approx 50% for vitamns A and
B6. Health maintained by diets with additional
Toapsp reaviia tcanfiron imEreveth hatshaldlity édien iontisllinga ivelubt! Idssomisture

nQi ¢y derived eggs can be maintained for full
[cf%:gpgldggécl% and produce eggs of normal viability.

Exanple 4 Effects of conventional (50%9 RH | evels
E&g@@é’gd with very low (25% RH levels in

Effects of anaesthesia or euthanasia on hatch rates of surgically derived egg.
Effects of euthanasia and removal of egg after 30 minutes compared with
anaesthesia for 30 minutes and effects of 8 hour storage compared with 32 hour pre-
incubation storage.
Results:
Euthanasia:  Hatchability was 25% (eggs stored for 32 hours)
Anaesthesia: Hatchability was 75% (eggs stored for 32 hours)
Hatchability was 0% (eggs stored for 8 hours)
Anaesthesia was provided using mixtures of oxygen and isoflurane.
Example 6

Materials and Methods

Fifty adult female and five adult male chickens of known SPF status were

maintained on selected diets and allowed to breed naturally. A combination of
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the incubation period (approx 18 days) on hatchability

of surgically-derived, shelled eggs.Initial weight of
we@o@s/0gqapr oxi mately 60g. Results: 50%:H Egg wePQhEP100%651736

during incubation 5-9% hatchability 33% 25%RH Egg

wei ght | oss during incubation 8-1 3% hatchability 73%

These results confirminproved hatchability when

controlling weight |oss/noisture | oss by | ower RH

Exanple 5 Effects of anaesthesia or euthanasia on

hatch rates of surgically defived egg. Effects of

eut hanasi a and renoval of egg after 30 m nutes

conpared with anaesthesia for 30 mnutes and effects

tiofindainb palpstior age usahpadecrming theddbtivtitinm@rier b§e tdddaPfrom

st or .. Resul ts: Euthanasia: Hatchability was 25%

tlzeeg'&gg%{d &G f or 32 hours) Anaesthesia: Hatchability

was 75% (eggs stored for 32 hours) Hatchabi ty vvas 0%

t d for 8 hours) Anaesthesia was provid
F&E %?ép%c%%ﬁeéw WBB?y%LéHg’B%F‘d’ Y 6?'1\49@bﬁ'é'ocmn@wemaned!ately

d. Heating wWipd RSV fridit tREWbhirdIaR®a® AR%GddoMfen and the

adult mal e chi ckens of known SPF status were
eﬁﬁ?ﬁ%ﬂa&"ﬁ"eéteﬂkﬁeéiev%s 8dd%k ol tign f Apdingniryalcehaly Bagh bird was

tREH ;Héé’éd Nnde?‘a%%ﬁahﬂﬁéda%booédr |€blq90!é‘[?p sRAIRAMIR g?oSSOIUtIOH

used to determ ne the optina egg renova
of pernceiant s captRimen SIS instiempnisc Ebeibed vissr chyetesr with a

RN BEHARE oL BRY LGSR I bRP 5% bP TheBBBalol TR tﬁéneb%ced over

the drape. A laparotomy incision was made and following careful dissection the egg
was removed from the uterus / distal aspect of the reproductive tract and proximal
to the cloaca. The egg was then transferred under germ-free conditions to an

isolator adapted as a hatchery incubator.

Forty-one eggs were successfully recovered, 15-22 minutes after euthanasia, and

were considered suitable for incubation.

After storage for approximately 24 h, at 18-20°C in a vibration-free, ventilated
plastic egg tray, the eggs were weighed and then 40 of the eggs were randomly
allocated to one of four small rocking incubators. Two incubators were maintained
at a RH of between approx 16 and 29% (nominated 25% RH) and two incubators
were maintained at a RH of approx 43 and 54% (nominated 50% RH). Eggs were
held air cell uppermost and were weighted individually on days 0, day 7 and 18 of

the incubation. On day 18, all incubators where adjusted to provide a RH of approx

55-71%. Numbers of eggs that pipped and of live viable chicks were recorded.

Within one day of hatching, live chickens were removed from the hatchery isolator
and transferred to two large-scale rearing isolators suitable for rearing groups of
young chickens. Chickens were reared on supplemented commercial diets
sterilised by radiation. At 18 days of age, five chickens were removed from each of

the rearing isolators, euthanized and sampled for bacteriology by aerobic and
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prepared. Feathers were renoved fromthe ventra
t horax and abdonen and t he exposed skin sterilised

wasingoa1b50% sol uti on of iodine in al cohol. Eaptm/BPrd7/051736

was then placed under a specially adapted surgica
isolator sterilised with a 5% solution of peracetic
acid and containing sterile instrunents. The bird was
covered with a sterile adhesive drape and a sterile
entry port of the isolator was then placed over the
drape. A laparotony incisiroh’7was made and foll ow ng
careful dissection the egg was renoved fromthe uterus
/| distal aspect of the reproductive tract and proxi mal
atneeitdﬂ:]?: cmuae.ag_ampaeseg@lma I_t\hﬁ,lnsgﬁlé@ﬂsgﬁrf %gbddnd@ginafcloaca,
er ree conditions to an_isol ator adapted as a
c%ﬁ?%%@?ﬁ”@ﬁ&ﬂﬁﬁ?@f¢ggﬁ??9d3ﬁ§e%ggs were successful ly
recovered, 15-22 mnutes after euthanasia, and were
consj dered suitable for incubation. After storage for
I8 GeAGN NI PGS lpichnatyally dyotbe S0 females splegtedfor susgsry, were

iN@BhiddalrRidr BaAgshth it L ghedrAn
Ithen 40 ofrtra}e egégﬁgm%ﬁe&rﬁgggg?ﬂ%&ggﬁgﬁ gg&?gggﬁe’qgf gays

Botil 68%eiRi) ogurYidRyaicABM ablbeggs Wes inqubatsatad 8. 4ker e

mai ntai ned at a RH of between approx 16 and 29%

(nom nated 25% RH) and two i ncubators were nmaintained
Rasulls'RH of approx 43 and 54% {noni nated 50% RH). Eggs
were held air cell uppernost and were wei ghted

i ndividually on days 0, day 7 and 18 of the

\lightelshickens. were betphaBsuaebsfilhc trbmt the sartifviaile dedjaks pednature

' - 719 f h
B o de B b oot ARG Rle ard RO IR e M5B
one day of hatching, live chickens were renpoved from
h i_sal at d, t f to .t ,
=4 G0 bEURLY el A s eBPRpob BRI pLETe: Tos St agormal o
higholeps ob hatycal fegtilithintke Bggs Sididakenisy e fémalear ed on

suppl enented comrercial diets sterilised by radiation.
At 18 days of age, five chickens were renoved from

Teaahwed a significantly greater hatchability of premature eggs (surgically-derived)
incubated for the first 18 days at 25%RH compared with similar eggs incubated at
50%RH (73% versus 33% viable chick hatchability, respectively)(P<0.05).

Conclusion:

A safe and highly effective method for artificial production of germ-free fertile eggs
in chickens was established. Eggs were viable and produced viable germ-free
chickens which were successfully maintained in isolators. However to achieve
viable chick hatch rates approaching those of naturally laid eggs requires the use of
abnormally low relative humidity. Specifically if conventional RH (50%) is used then
hatch rates were <35% of eggs compared with >90% for naturally laid eggs and
with >70% for premature, surgically-derived eggs. This is contrary to well
documented results for conventional eggs where RH less than 40% is associated
with decreased hatchability and is in contrast to the increased hatchability found for

premature eggs incubated at 25% compared with 50% RH.
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the rearing isolators, euthanized and sanpled for
bact eri ol ogy by aerobi ¢ andanaerobic culture. Sanples

wo poelad? | i ver, spleen, heart bl ood, vagi na/ CPOBEP2007/051736

caecal and small intestinal digesta and faeces. In

addi tion, 100 eggs laid naturally by the 50 fenal es

sel ected for surgery, were incubated under standard
hatchery conditions (days O to 18, approx 50% RH days
18-21 , 65% RH) to provide a control. Al eggs were

I ncubated at 37.40C. Resul't% Vi abl e chi ckens were

hat ched successfully fromthe artificially derived

premat ure eggs. No anaerobi c or aerobic bacteria were
Infsclicas edgdnioms thaemalyibekeensolkairty thd invegs ihalude organlsms that
naturall had a vi abl e chi hat.c ! 91%

BB, Rear o -GGl Povere oL speriss Thept Mol avian
specieh gtypiatly whivktons didays tdme  fekeshShumbes @ndasthar mammals
nifi cantl r eat er hatchabl!1 ity of premature e gs
(ol U el i, crHEy BREoaNsh SR, roiPatnt, Bidsdy Sor the
p@tpo%EWﬁti@W@hﬁm WhitR-GryBhibAE ifd@fe bagYRat %c@?laﬁﬁl(ﬁﬁlng

%73% versus 33% vi abl e chick hatchability
BRI FRFeRYPPIPAPEOST, C%W@P%@lsﬁﬁc'eﬂaﬁﬁf@eﬁ'ﬁa agpeatpd with
ted §@§ rhpedpPBIAOArTsRE (REILAIRY PétRlvirRE R USHhO TuREi, yer?sas moulds

germfree fertile eggs in chi ckens was estab e
aE@&‘“\‘/\é"r‘% ROAdmaeatd pr oduced vi abl e germfree
chi ckens which were successfully maintained in
i sol ators. However to achieve viable chick hatch rates
Agpprdipac i riget Aesentofinveatier, athiey aseptis slgg¥ationqal rmst Red, if
e,
PR A g o Bsftefirlab ol thebubf of BRES Wy O g in
ca@biyptien el anethpamedhad toff codbeding rmicatbial actoln;armlaatebn Such
an h p S I.ly-derived
n?eQI%ds _ljﬂcl%ésdlggng 8tér?(§ téorﬁmﬁﬂﬁglsc %Rﬁ% ét St egla z\@rgl f%q;ents
aotnwaremtasomahunmgg@dumﬂserﬂwabeess.t han 40% i s associ at ed
wi th decreased hatchability and is in contrast to the
i ncreased hatchability found for
It will be appreciated that according to the invention, essentially these are artificially

or surgically derived eggs which, strictly speaking, in accordance with the present
invention means that the egg is removed from the parent bird prior to the transfer of
the egg to an area of potential contamination. Ideally, one raises the bird as a
parent bird in a sterile environment, feeding the bird with sterile food. Then, the egg
is removed from the parent bird artificially prior to the transfer of the egg to an area
of potential contamination in the parent bird and then the egg is incubated and

hatched to produce a laying bird which is kept in this sterile environment.

It will be appreciated that the invention is not limited to the embodiment and methods

described above, but may be varied within the scope of the claims.
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premat ure eggs incubated at 25% conpared with 50%
RH. I nfecti ous organi sns that nmay be controHed by the

WO pwendd4on i ncl ude organi sms that can be pat hoPENER2007/051736

non- pat hogenic to the rel evant species. These include
avi an species (typically chickens, fows and turkeys),
humans and ot her mammal s (typically dogs, cats,

horses, cattle, pigs, sheep, goats, rats and mce).

For the purposes of the invention, mcro-organi sns

i ncl ude parasites, bacterial?including anaerobic and
aerobi c species, commensal species and species
associated with the gut), mycoplasm, viruses

QLAWMSudi ng retroviruses), prions, fungi, yeasts,

nmoul ds and DNA and RNA fragnments. According to the
present invention, the aseptic derivation of eggs and,
1L appetbpd fatircubatrehdndgatdnery surgical FRleARNGBSAtANEggs in their
br eeﬁi P‘q oft Ei rds maé be used in q%gn‘o_l nation wth
anotHel ™ et HEY SR rOBREY OMATige #hs ObyYEg SieBRit ani nat i on,
Such net hods include disinfectants, antim crobials,
antibiotics, antiviral agents, antiparasitics,

i munon®dlrsinsHRateR $tarare 9 1ae surgicalli-darived Presteeieaged
that according to the invention, essentially these are
artificially or surgically derived eggs which,

strict !l $fCNG the e9ps iner thedkatioa isdlater adeetesrtesueride variable
i nvention SERYD he egg is renoved fromthe

par ent bi rrd pri gtfmta%gthe transfer of the egg to an

area of potential contam nation. Ideally, one raises

the bir i Iy : .l e environnent,

f eedi ng&!t thmg?@yﬁgpﬁmg%tgpi"f]te@f'%% .5'1' Then, the egg is
renmoved fromthe parent bird artificially prior to the
transfe : ' enti al

cont am %aﬁ%@mﬁ%ﬁ‘g%gbggfgﬁﬁbgi reghgﬁgé’t hen the egg is

i ncubat ed and hatched to produce a | aying bird which

s kept,_i hi terile environment. . it wll be -
appr eci %t erﬂ)éi}'{;I 4’1;{' gt' %”*%aﬁ%rﬁ\ﬁaaﬁ Jegregsing e reatveo hymidity to
embodi menappogiman ods desed% bet alteney thittempsratige in the
varied w En%hgatitonqsoﬁa 8rp t% o%ftailt] rrll“:;(ar%lefjl \ngight%sAsl c'i\{.tsring the incubation

phase;

f. During the hatching phase controlling the relative humidity and
temperature in the incubating isclator and increasing the relative
humidity to approximately 60% to 75% and stopping the rocking of
the eggs; and

g. Maintaining the eggs in germ-free conditions in the isolator until

hatching.

2. The method according to claim 1 wherein the premature eggs are surgically-

derived from a bird, preferably a chicken.

3. The method according to claim 1 or claim 2 wherein the isolator is provided with

one or more incubators, such that each incubator simultaneously provides
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1. A nmethod for incubating and hatching
surgi cally-derived premature eggs in their shell in a

waet@riobaienvi ronnent conprising the foll owi ng BCEPB200A051736

Pre-incubation storage of the surgically-derived
premature egg; b. Placing the eggs in an incubation

i sol ator adapted to provide variable rocking of the
eggs; ¢ . Controlling the ventilation in the isolator;
d. Weighing the eggs to nonitor weight |oss; e. Durlng
the incubation phase decreas?ngy the relatlve hum dity
to approximately 15%to 40% and altering the
tenperature in the incubation isolator to obtain a

t ar giferemt radiive lhasdditglevielsg t he i ncubati on phase; f.
During the hatching phase controlling the relative
hum dity and tenperature in the incubating isolator

4and Thaenetasd ohamyher clshat 1 we3isrsh fs}épt(@ mecy@cmbeb»to 72
600/ 0 759 %t opg %the r ocki ng t he egz
O b By B e e dbor 29ub ot Peis eah At SABowR ¢ he

isoI ator until hatching. 2 . The met hod according to

cI aiLm 1 wherein the premature eggs
Ssur ghe gt peareding F%ﬁﬁ%%thﬁopre?ﬁdéﬂe@'@imswfé?r@ﬁ|t|é€k ggubation

3. PBRdEHBRLAICRHEY N8 ofter iRbHalbr stafts.Cl @l M 2 wherein

the isolator i$ provided with one or nore incubators,
such that each incubator si rrul t aneously

6pr'ﬁ"\é| r‘ﬁ@&% fafc%r@i?\b t{) ehglk }1‘% ﬁ%g&ﬁ% ¥Iaﬁ't%v\ﬁll1§relndth3 -{rapg?(t weight

al s rein ste
pl a@és foJrarergodWngHb% insubafiosfreried Bpd pder tatthd batsmn@bemnd is

24 5BmNbordiRhRell B2 br hE rh%%&g weight.

7. The method according to any of the preceding claims further comprising adding
oxygen to the isolator.

8. The method according to any of the preceding claims wherein the humidity is
increased to from 60% to 70% in step (f).

8. The method according to any of the preceding claims wherein step (e) occurs

at a temperature from 36 to 38°C.

9. The method accarding to any of the preceding claims wherein step (f) occurs at

a temperature from 36 to 37.5°C.
10.  The method according to any of the preceding claims wherein incubation and
hatching of the premature egg occurs in sterile equipment and specified

contamination free air.

11.  The method of according to any of the preceding claims wherein antimicrobials

are administered in ova to the surgically derived premature egg.

12. The method for rearing hatched birds obtained according to any of the



5. The met hod according to any of the preceding clains
wherein the incubation period is fromday 0 to day 18
wa@bdognod4ntubati on starts. 6 . The net hod accorBCTBP1007/051736
any of the preceding clains wherein the target weight
| oss for an egg during the incubation period and prior
to the hatching period is fromapproximately 8% to 15%
of the initial egg weight. 7. The nethod according to
any of the preceding clains_ further conprising adding
oxygen to the isolator. 8. &he nethod according to any
of the preceding clains wherein the humdity is
increased to from60%to 70%in step (f). 8 . The
nmet pagtediog cladnnipcludingritye sibps bepmpvidiag dhanlgirdsl vaittn@xtra nutritional
mhereiq stﬁg.($%.§cgurs at a tenperature from36 to
38CURPEHHES e RbE ccording to any of the preceding
claims wherein step (f) occurs at a tenperature from

6 37.5 10. The nmethod according to any of the
1§r i m?éhogﬁ’ SR A R chereBHioRyfaber water-
t hes@lueg®tahAsegg occurs in sterile equi pnent and
speci fied contam nation free air. 11. The method of
according to any of the preceding clains wherein
antimcrobials are adm nistered in ova to the
surgically derived premature egg. 12. The nethod for
reari ng hatched birds obtai ned according to any of
t hepreceding clains including the steps of providing
the birds with extra nutritional supplenments in their
di et 13. The nethod of claim 12 wherein the

suppl enents are chosen fromfat or watersol uble
vitam ns.



