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And however difficult life may seem,
there is always something you can do,
and succeed at.

It matters that you don’t just give up.

Stephen Hawking

H duatoff1] etvat aplepwpévn otnv okoyEveld pov
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ITEPIAHWH

H nagovoa datopr) amookomovoe:

- (@) X1 peAétn g maAwdEOMNONG TG  pNteag oe  meoPativeg  pe
AVATIAQAYWY KA TIEOPAT|HATA — EOKOTEQR, XONOHOTIOMONKAY 1 €TMAOX ELX AOLWEN TG
UNTEAG KoL 1) TOEVALa TNG EYKVHOOVVNG WG TIOOTLTIA YIX AETTTONEQN HeAéTn.

- (B) Ztnv a&loAdynon g XoNoNG TG LTTEQNXOYQAPIKTG eE€Taong yix T peAétn
NG TTAALVOQOUTOTNG TNG UNTEAGS O& TIEOPATIVES HUETH TOV TOKETO.

- (V) Ztnv a&loAdynon evOexOUEVWY ETUMTWOEWV NG eTUAOXEXG AOlHWENS TG
UNTEAS Kol TNG TOEWALUIAG TNG €YKLVHOOUVNG OTNV AVATIAQAYWYLKT] amddoon Twv
TEooBePANUéVLV TRoBaTivwy.

Zro KepaAaio I, avaokomovvtal 1) PPALOYQa@ia OXETIKA HE TO YEVVNTIKO OVOTN A
Twv mEoPativwv katd v emAoxewx meQiodo kat N PipAloyoapia oxeTik& He TIS
MAO0AOYIKEG KATAOTAOTELS TNG UNTOAGS KATA TNV eTUAOX Elx TTEQLODO.

Zrto KepaAawo II, megrypd@ovtal ta KAWIKA, LTIEQNXOYQAPIKA, PAKTNOLOAOYIKA,
KUTTAQOAOYIKA Kal OTOTMO0AOYIKA evonuUata TG TAALVOQOUNONG TNG HNTOAC O€
npoPativec ue emAoxewx Aolpwen e untoag, kabwe Kal oL EMMTWOELS OTNV
AVATIAQAYWYIKT] amddoor Twv TEooPeBAnuévwy (wwv. APEéows HETA TOV TOKETO,
TMEOKANONKe Aolpuwén g untoac oe mpoPartiveg (opada I, n = 10) pe evdountowxio
evoOaApLopO  Escherichia  coli — OTOV  MEWQAUATIOUNO  TEQUAN@ONKav  kat  un
evopOaApuopéva Coa ws patuees (opada C, n = 12). Ow mpoPativeg efetdlovtav emi 60
NHUEQES HETA TOV TOKETO, O TAKTIKA XQOVIKA OXCTNHATR, TIOWV ATO KAl UETA TOV
evopOaApiopo. IloaypatomomBOniav  KAWIKEG Kol  LTTEONXOYQAPIKES  eEeTAOELC.
ZUAAEXONKav koATukA emixolopata pe BapPakoeopovg oTuAeols kat delypata l0Twv
amo 1 unToa pe Boodia yix PaxTnOOAOYIKES, KUTTAQOAOYIKES KAL LOTOAOYIKEG
efetaoels. L ovvéxela, ol mpoPatives tomobetnOnkav pe kEovg kat afloAoynonie 1
AVATIAQAYWYKT) amodooTt] Tovg. Metd Tov eVOPOXAULONO, KATA TNV LTTEQTXOYQAPLKN
e&étaon BoEONKe OTL OL DIAOTACELS TWV PUUATWY TG UNTOAG, TO TTXXO0G TOL HVOUTTOLOV
KAL 1) DIAUETQEOG TG KOLAOTNTAG TNG UINTOAS 1)TAV HEYAAVTEQES OTIG evOPOaAULoUéveg
nigoPativec. Lt evopOoaAuopéva Cda 1 HEYaAUTEQN HElWOT) TWV dAOTATEWY TWV

avtéow EAafe xwooa T 0eUTeEn €BDOUADX HETA TOV TOKETO, eVW 0T (WA-HUAQTUOESG
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éAafe xwoa TNV mEwWTn eBdoudda petd Tov toketo. H didpetoog tne untowiag agtnoiag
KAl 0 OYKOG TNG QLUATIKAG QONG 0TI UNTOQ elXav emiong peyYaAUTEQeS TIUEC OTa
evopOaAulopéva Loa and ta Lwa-paotuoes. H anmopovwon E. coli jtav mo ovyvr) kKat
dmpkeoe yix peyaAUTEQO XQOVIKO ddotnua ota evoOaApiopéva Coa and ta Cwoa-
HMAQTLEEG: TO PakTrolo amtopovwOnke amnod 68,1% kot 50,0% twv mpoPativwy, pe dikpeon
dudorela amopovwong 19,5 kat 14,0 nuégeg, avtiotorxa. e koA eTixQlopaTa, VTOXE
HkEoOTEEN  avaloylia ovdeTeROPAWY  AEVKOKLTTAQWVY Kol HeYaAUTEQN avaAoyia
AgUPOKLTTAQWYV OTA eVOPOaApITHEVA Lo amo Ta Ca-AQTUEES. LT eVOPOAAULOUEVA
Cwa, kata v wrtontaBoAoywr| efétaon, PoéOnrav kataotEo@r) tov emOnAlov g
UNTeags, avENUEVN AeUKOKLTTAQELKT) O OO, vTepatpia Kat eEayyelwor), Y meQiodo £wg
42 nuegwv petdx Tov TokeTo. Katd tnv emopevn avamagaywytkr] meplodo, 0Aeg ot
eVOPOaAAULOHEVES TEOBATIVES YEVVNOAV HE PUOLOAOYIKO TOKETO LY U] VEOYEVVINTA QQVIA.
TeAwed, 0ev  vMMEXE dAPOQA OTNV  AVATIAQAYWYLKY]  AmoOdooTn  HETald TV
eVOPOaApLopEVOY COwV Kal TwV CowV-pHaQTOowV.

Zrto KepdAawo III, megrypd@ovtal ta KAWVIKE, LVTTEQNXOYQAPIKA, PAKTNOOAOYIKA,
KUTTAQOAOYIKA Kal O0TomafoAoykd evonuata g maAvdQOUNONG NG UNTEAG o€
nipoPativec, oL omoleg eixav exkdnNAwoel ToSvalpia TG €yKLHOOUVNG OTNV APECWS
TEOTYOUHEVT KUNOT), kKOs Kal Ol EMMTIWOELS OTNV AVATIHQAYWYLKT] Amtddoon TwV
nEooBePANUévoy  Cowv. XoonynoOnke oltnNEéoto  eAAelupaTiKGO O evéQyeln O€
nipoPatives (opada A, n =12), pe anotéAeoua v avevEEeoT aLENUEVWY OVUYKEVTQWOEWV
B-vOPOELPOLTLEIKOV O&EWS OTO AlpA TOVG. LTOV TERAUATIONO TTEQIA)PONKav kat Cwa
ota omoix xoenynonke kavoviko ortneéoto (pdotvoeg, opdda C, n = 9). Ot mpoPartiveg
efetalovtav eml 60 NMUEQES HETA TOV TOKETO OFf TAKTIKA XQOVIKA OlXOTHHATA.
[ToaypatomomOnkav KAWVIKES Kal LTTEQNXOYQAPLKEG eEeTATels. LVAAEX OnKay KOATUKA
emuxolopata pe PapPako@ogovs 0TuAEoUS Kal delypata oTwv amo T unjtoa pe Prodia
Yot PAKTNOLOAOYLKES, KUTTAXQOAOYIKES KAl LOTOAOYIKEG €EETATEIS. XTN OULVEXEWX, OL
nipoPativec TomoBetiOnkav pe kEOUS Kat afloAoynOnke N avamagaywykr] amodoot
Tovc. MeTd TOV TOKETO, KATA TNV LTEQNXOYQAPIKY) eE€taon BoéOnie OtL oL dlaotdoelg
NG UNTEAS NTav peyaAvTeges ota Cwa g opddac A. e 0Aa ta Caa, 1 peyaAvTeQn
Helwon TV dAoTATEWV TNG UNTEAS EAaPEe XWOA TNV TIEWT €BOOUAdX HETA TOV TOKETO.

O 6ykog NG apATIKNAG QOT)G 0T HNTEa NTav peyYaAvTtepog ota Cwa e opddag A. H
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oLXVOTNTA ATIOUOVWONG PAKTNOIWV dev dLépeQe peTalD TV VO OUADWYV, EVW 1) DLAXLLEOT)
dudpokelr amopovwonsg Paktnoiwv Ntav peyaAvteon ota (wa e ouddag A. Ira
delypatar amd 1oV KOATIO OAwv Twv (WwVv  KLQXQXoVoAV T  OLIETEQOPIAN
AgLKOKUTTAQQA, OHWS OTa (A TNG OPAdAC A LTIOXE ULKQOTEQT AvVAAOYI 0LdETEQOPIAWY
AEUKOKUTTAQWV a0 T Lwa-paetuoes. Aev PoéOnkav dax@opéc ota LOTOAOYIKA
evpruata pHeta &V Twv dvo opddwv. Katd tnv emdpevn avamapaywykr) eplodo 0Aeg ot
TEOPATIVES TNG OUAdAS A YEéVVNOAV LE QUOLOAOYIKO TOKETO LYU] VEOYEVVNTA AQVIA.
TeAwa, ©Oev  vmoxe OlAQPOQA OTNV  AVATIAQAYWYLKY]  artddoor HeTtald Twv
eVOPOaAULOPEVOVY LWV KAl TwV CWwV-HagTOQWV.

Loumegaopatikd, 1 HeAET) afloAdynoe TIC HAKQOTQOOEOUES ETUMTWOELS TWV
AOLUWEEWVY TG UNTEAS KAl TNG ToSvaliag TNG €YKVHOOUVNG OTNV maAvdeounon g
UTOAS KAL OTNV aVATAQAYWYIKN amddoot) Twv neoofePAnuévwv mpofativwv. Te Coa
pe Aolpuwén e unToeag, 1 Paktnolakr) €0POoAN] aVTIHETWTIOTNKE HE emutvxia —
moAatavtar 1 ddkaoia  MAAVOQOUNOTC  dujokeoe  UEYAAUTEQO  XQOVO  OTX
neooPeBAnuéva ano ta vy Coa. Xe (owa ta omola elxav exdnAwoel ToEvatpia g
EYKLUOOUVNG OTNV TIQONYOVMEVN KUTMOT), dev LvTmexav dx@opéc ot duxdikaoia
TaAvdeéunone amo ta vyu] Cwa. H vmegnxoyoapwkr) e&étaon Poédnke ot Nrav
XONOUTN Yix TNV a&loAGYNon TOL YEVVNTIKOU CLOTHUATOS TWV TEOPRATIVWY HETA TOV
toketd. E@ooov epappolotav 1 ocwotr] daxelowon vyelag Ttwv TEOOREBANUEVQWY
MEOPATIVWV  KATA TNV €MOMeEVT] KUNOM, dev mMaQaTnEovvtav mEOPANUATR OTNV
AVATIAQAYWYIKT] AmtOd00T] TwV MEOPATIVWY, OL 0Ttoleg elxav MEOTYOLUEVWS ekOMNAwoEL

AolpwéEn g untoag 1§ ToEvatpia g eyKvpoovvng.

Me Baon v keipevn vopoBeoia kat petd and oxetky) andeaon ot pe aglouo 54/20.11.2019
ovvedpiaon g Xuvvédevong tov Tunpatoc Ktnviatowkric tov Iavemotnupiov Oeooaldiag, 1
oLYYQQPY| TNG dXTOLPNG €YLveE OTNV aYYALKT] YAWOTOA.
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ABSTRACT

The general objectives of this thesis were as below.

- (a) The study of the uterine involution in ewes with reproductive disorders; post-
partum uterine infection and pregnancy toxaemia were used as models for detailed study in
the work.

- (b) The evaluation of the use of ultrasonographic examination for the post-partum
study of uterine involution in ewes.

- (c) The assessment of any potential adverse effects of post-partum uterine infection
and pregnancy toxaemia in the subsequent reproductive performance of the affected ewes.

In Chapter I, the literature regarding the genital tract of ewes during the puerperium
and the disorders of the uterus of ewes during the puerperium is reviewed.

In Chapter II, the clinical, ultrasonographic, bacteriological, cytological and
histopathological findings of uterine involution in ewes with post-partum uterine infection
and the subsequent effects in the reproductive performance of affected ewes are described.
Uterine infection was induced immediately post-partum in ewes (group I, n = 10) by
intrauterine inoculation of Escherichia coli; uninoculated controls were included (group C, n
= 12). The ewes were studied up to 60th day post-partum by examinations at regular
intervals before and post-inoculation. Clinical and ultrasonographic examinations were
performed. Vaginal swab samples and biopsy uterine tissue samples were collected for
bacteriological, cytological and histological examination. Finally, the ewes were put to rams
and their reproductive performance was monitored. After challenge, it was
ultrasonographically found that caruncular dimensions, myometrial thickness and diametre
of uterine lumen were greater in I ewes. In these ewes, particular reduction of dimensions
occurred during the second week post-partum, whilst in C ewes during the first week. The
uterine artery diametre and the blood flow into the uterus were also greater in I than in C
ewes. E. coli infection was more frequent and of longer duration in I than in C ewes: in
68.1% and 50.0% of ewes, with a median duration of 19.5 and 14.0 days, respectively. In
vaginal smears, there was lower proportion of neutrophils and higher of lymphocytes in
group I than in C. In inoculated ewes, there was histological evidence of uterine epithelial

destruction, increased leucocytic infiltration, hyperaemia and extravasation, which persisted
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up to 42 days post-partum. During the subsequent reproductive season, all ewes in group I
lambed normally and produced healthy and viable lambs. Finally, no significant difference
in reproductive performance parametres were seen in I in comparison to C ewes.

In Chapter III, the clinical, ultrasonographic, bacteriological, cytological and
histopathological findings of uterine involution in ewes that had pregnancy toxaemia
during the preceding gestation and the subsequent effects in the reproductive performance
of affected ewes are described. Ewes (group A, n = 12) were provided an energy-deficient
feed during the last stage of gestation; consequently, increased [-hydroxybutyrate
concentrations in their blood were detected. Control animals provided with an appropriate
ration, were also included (group C, n = 9). The ewes were studied up to 60th day post-
partum by examinations at regular intervals. Clinical and ultrasonographic examinations
were performed. Vaginal swab samples and biopsy uterine tissue samples were collected for
bacteriological, cytological and histological examination. Finally, the ewes were put to rams
and their reproductive performance was monitored. After lambing, it was
ultrasonographically found that the uterine structures of A ewes were greater than those of
C ewes. Particular reduction occurred during the first week after lambing in all ewes into
the study. Post-partum uterine blood flow volume was greater in A than C ewes. Frequency
of bacterial isolation did not differ between groups; period from lambing to first infection
and duration of infection was longer in A than C ewes. Neutrophils predominated in
vaginal samples from all ewes, but the neutrophil proportion in A was smaller than in C
ewes. Histological findings did not indicate major differences in involution process between
groups. During the subsequent reproductive season, all ewes in group A lambed normally
and produced healthy and viable lambs. Finally, no significant difference in reproductive
performance parametres were seen in A in comparison to C ewes.

In conclusion, the study has investigated the long-term effects of uterine infection and
pregnancy toxaemia in uterine involution and in the subsequent reproductive performance
of affected ewes. In ewes with uterine infection, the uterus was able to counteract the
bacterial invasion; nevertheless, the process of involution took longer in affected ewes than
in healthy animals. In ewes that had developed pregnancy toxaemia during the preceding
gestation, no overall differences were evident in the involution process compared to healthy

animals. The ultrasonographic examination was found to be a useful means for the
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assessment of the genital tract of ewes post-partum. After undertaking correct health
management in all affected ewes during the subsequent gestation, no adverse effects were
noted in the reproductive performance of ewes previously with uterine infection or

pregnancy toxaemia.
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General objectives of the thesis

The general objectives of this thesis were as below.
- (a) The study of the uterine involution in ewes with reproductive disorders; uterine
infection and pregnancy toxaemia were used as models for detailed study in the work.
Uterine infection, although an occasional problem in ewes, is the main post-partum disease
of the uterus in that species. Uterine infections in ewes have not been studied as extensively
as the respective problems in cows. Although they occur less frequently than in cows, they
can still be a cause of periparturient death.
Pregnancy toxaemia is the most frequent and significant metabolic disease of pregnant
ewes. It has severe consequences for the affected ewes, which may die even if treatment
would be initiated. Moreover, pregnancy toxaemia can predispose ewes to increased
incidence of peri-parturient problems (Barbagianni et al. 2015c), as well as to mastitis
(Barbagianni et al. 2015b) and reduced milk production (Karagiannis et al. 2018) during the
subsequent lactation period.
- (b) The use of ultrasonographic examination for the evaluation of uterine involution
in ewes post-partum.
Ultrasonographic examination is a non-invasive method, by means of which the genital tract
of ewes can be easily imaged and monitored (Barbagianni et al. 2017, Valasi et al. 2017).
- (c) The assessment of any potential adverse effects of uterine infection and
pregnancy toxaemia in the subsequent reproductive performance of the affected ewes.
Any potential adverse effects of these two disorders have not been reported. Knowledge of
these will be of help in the subsequent management of ewes with either of these two
diseases.

Work for the present thesis has been performed at the Department of Obstetrics and
Reproduction of the Faculty of Veterinary Science of the University of Thessaly. Research
work was carried out until 2018; this was followed by analysis of results and writing up of

the thesis.
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Evxaguiotieg

‘Eva peydAo evxaootw oty emPAEmovod Hov, avamAnowTowx kabnyntow tov
Tuuatoc Kmnviatowkrc tov Iavemotnuiov Oesooaliag, k. Baoclkr) L. Mavooylavvn,
TIOU HOL €dwoe TNV VKA va ekmoviiow avtr] T dtoPn kot v eméPAee,
vrtooTnEllovTds pe kaB'0An n dkpkeld TG, Tng expoalw TNV €LYVWHOOUVVH HOUL YLX
TNV ETUOTNHUOVIKT] KaBodNynor e, TG eVOTOXES OLHPBOVAES TNG, TNV AVTIUETWTILON
OTIOLXCONTOTE DVOKOALAG TIQOEKVTITE KAl TIC KalQleg magepBaoels TG, kabwe kat v
avevEEOT TEOYQAUMATOS XONUATOdOTNOTG TG £0evvag, ta omoia ouvvéBaAav otnv
QTIEOOKOTITI) OAOKAT|QWOT) TNG daToPNG.

Evxapotw Oeggpa tov kanynt xat meoedgo tov Tunuatog Ktnviatoukrg tov
[Maoveruotmuiov Oecoaliag, k. T'weyo X. POevaxn, mowtiotws Yo TNV aXkny CVAATYM
NG €QEVVNTIKNG WEAG, YIX TNV apEQLoT Bor0eld TOV OTOV TEWRAUATIKO OXEOXTUO TNG
OANG HeA€TnG, TNV avevEeon eEOMALOHOV Kal VAIKWOV MOQWYV, TNV €MALON TIOAKTIKWY
TEOPANUATWYV, TNV AUEQLOTN OTNELEN TOL O OAN TN JLAQKELX TNG UEAETNG, TIC EVOTOXES
TIOLQATTQNOELS OTO Kelpevo NG dTEIPTS KAl TOV TTOAUTIHO XQOVO TOU TIOU aPLEQWVE
OTOTE elXot aVAYyKN LTIOOTHOLENG.

Evxaoiotw tov kaOnynt xat dievOuvvrn mng Matevtikng kot AvamaQorywyng
KAwwrc tov Tunuatog Ktmviatowkrc tov Iavemomnuiov Oeooaliag, k. I'ewoyo X.
Apoidn, yux v moAvTiun ovpBoAr] tov katd T dldokelx NG OANG peAétng, tnv
TEOOLUN KAL EVYEVIKI] TAQAXWENOT XONOoNG €EOTMAIOHOV KaL Tov dev dloTtaoe ovTe
OTLYUT] VO APLEQWOTEL TOV TTOAVTIHO XOOVO KAL TNV EUTTELQLX TOV YIX TNV TEAYHUATOTOMOT)
TWV AXTIQOOKOTIUKWV €EETATEWY, OL 0OTIOlEG XWOIG avtov dev Oa elyav vAomomOet.

Tic Bepuéc evxaplotieg pov vy ) ocvUPOAT Toug TN dlekTepalwon NG dtaToPr|g
amevOvvw emiong:

Zmv ayarmt ovvepyatwa NataAia-T'aBoiéAa X. Baoleiov, mov Nrav mavta dimAa
HoL 0& 0A1 1) dldokelx dleEaywyng Twv Teapatiopwv. H Bonfewx tne otnv ogyavwon
KAl TiaQakoAovOnom g dxXelpong Twv MERAHATOLWWY KAl OTr JLEVEQYELX TWV
derypatoAnpuov Mtav  avextiunt). EmmAéov, 1n ayaot) ovvegyaoia pag kot 1

apedooun PpuxoAoykn ototen ovveéBadav otnv avamtuen plag @iiac.
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I Maguava . Mrtagumaytdvvr), mov €nalée Kaiolo QOA0 oTnV eKmaldevon HOL OTNV
LTTEQNXOYQAPLKT] EEETAOT) TOV YEVVNTIKOU CLOTIUATOS TV MEOPATWV. Me TNV vTOUOVN
NG KAL TNV A0TEQELTN HETADOTIKOTNTA TG MOV UETAAAUTIADEVOE TNV TEXVOYVWOiX
000V APOQPA TO XELWQLOUO TG OLOKELTG LTtepnXoyoapiag (B-mode kat Doppler-mode), n
OTIOlX ATIOTEAETE ONUAVTIKO KOHUATL TNG OLATOLPN|G.

Zanv emikoven kabnyntowx tov Tunuatoc Kmnviatowrc tov Iavenotnuiov @eooaliog
k. Eionvn BaAaon, 1 omola ovvéPalde emiong onuaviud otnv ekmaldevor] pov otnv
vTEQNXOYoAPia.

Yrov vrtevOuvvo texviko ¢ etapelag Esaote k. EvayyeAdo Lauapad, yx tnv meobvpia tov
Y QVTIHETWTLON OAWV TV TEOPANUATWY 0T XONOT] TOU LTTEQNXOYQAPOL KAl Ylx
vTOdELEN TEOTWYV, WOTE, HEOW TNG OLOKELNG, Vva e@aguolovtat ot Oewontikég
moooeYyyloeLs.

Zan Awovuoia K. Op@avov, yior TNV DTIORoVT] TIov eTtédelée 0NV EKMAIDELVOT) HOL OTNV
LTTEQNXOYQAPLKT] €EETAOT), OTNV AVAYVOOLOT TV OTIRAOWV TNG UNTEAS KAL TIC OXETIKEG
petEnoels avtwyv, kabwg emiong kat v v ovowxotikn BorBeta kat kaBodryynor| g
0oTIc HeOOdOLVS 1OTOAOYIKNG €E€TAONG KAL YWX TN ONUAVTIKY OULUPOAT] tg otnv
aELOAGYNOT TWV OXETIKWV EVENUATWV.

Lrov avamAnowtr] kabnynt) e Kmnviatownc XxoAng tov Ilavemotnuiov tov
Liverpool k. Peter ]J. Cripps, ywx Tic moAvtiues 10€eg Tov 01N dxX€lQLOT KAL OWOTH)
AVAALOT] TWV ATIOTEAECUATWV.

Yrov ktnviato k. ['weyo Mavtlidoa, yor TNV magaxwenon xerong eE0mALoUoD Kat TV
EXTIALOELOT) 0T OKLAYQAPLKT) VTTEQT)XOY O PI.

v xkmnviatoo k EAévn NtoBoAov, yia 1) CUUHETOXT] TNG KATA TNV TEAYHAXTOTOMOT)
TV BLoPLwv TG HNTeag kat t Porfeld g otnv avevEeon aVAAWOLUWY VAKWV.

Ltov kmnviateo k. Owpa Xovloven, mov emilong oLvéPaAe TNV TEAYUATOTOMOT TWV
Bodrawv g prnToac.

Ltov Anunton X. XatlomovAo, ywix v vmooTrolEn oe Oéuata HIKQOPLOAOYLKWV
eLeTAoEWV.

Zrovg ktnvidtoovg kk. MavawAn Kagapavn kat Niko INarmadomovAo, yiax v etopacio
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Znv ktnviato k. HAéktoa Katéon, yia v avidloteAr] mpoo@ood e Katd T dlaQKelx
TWV TELQAUATIOUWV.
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EVOLAPEQOV TNG, ATIOTEAETE TOV TUVOETIKO KQIKO Yl TNV évaQ&n Tng eKmOvVNong avtrig
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The puerperium

The puerperium is the period after completion of parturition. The period includes
many progressive changes in the genital tract for returning to the normal pre-gravid state.
Thus, when the subsequent breeding season starts, the ovarian cyclic activity would resume.
The most significant of these changes is the uterine involution. In any case, during the
puerperium, the ewes’ genital system would not return exactly to its non-gravid state, given
that some changes taking place during pregnancy are not fully reversible.

In ewes, the puerperium most often coincides with the anoestrous (non-breeding)
period. Even in geographic locations where the reproductive season has a long duration
(e.g., in para-Mediterranean countries), the post-partum period would coincide with the
anoestrous season. Hence, in most cases, ewes only occasionally would show reproductive
activity after lambing (Noakes 2009).

The puerperium also includes the production of milk by the ewes, for consumption by

lambs, as well as, in dairy production systems, for milking.

Stages of the puerperium

The puerperium can be divided in three stages.

The first stage starts with the expulsion of the foetal membranes and lasts until the end
of the first week after lambing. During this period, most of the content of the genital tract is
expelled; also, the most significant rate of uterine involution takes place. According to
Noakes (2009), during the first week after lambing, the reduction of the size of the uterus
occurs at a logarithmic scale. With regard to milk production, the early part of this stage
coincides with initiation of the lactation period and colostrum production.

The second stage is the main stage of the puerperium and lasts until the end of the
third week post-partum. During this stage, the uterine involution continues at a slower rate.
With regard to milk production, there is a progressive increase of milk yield, in order to
cover the increasing requirements of the growing lambs.

The third stage occurs subsequently to the third week post-partum. During that stage,

the uterine involution is completed. Moreover, a further increase in milk production takes
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place to cover the requirements of lambs, whilst in dairy production systems milking of

ewes usually starts during that stage.

Uterine involution

Uterine involution refers to the simultaneous (a) reduction in the size (length and
diametre) of the uterus, (b) reduction in its volume, (c) expulsion of its content and (d)
endometrial ‘re-epitheliazation” (Gray et al. 2003).

The first notable change in the uterus is the closure of the cervix. Cervical closure
occurs initially at the internal orifice (internal os) and then at the external orifice (external
os). Within 18 to 24 hours after lambing, it is practically impossible to insert a hand into the
uterine cavity (Noakes 2009).

After detachment of the cotyledons from the placentome, a constriction of the vessels
in the caruncles takes place. This leads in caruncular necrosis, apoptosis of the necrotic
plaques into the uterine lumen and exposure of the vessels on the surface of the caruncles
(Gray et al. 2003). Eventually, after shedding of all necrotic tissues, the regeneration of the
caruncular surface and the inter-caruncular area starts (Noakes 2009). Further, after the
expulsion of all the uterine content, a mucus is produced, which closes the cervical orifice,
thus inhibiting bacterial entrance into the uterus (Said et al. 1974).

At that time, the content of the uterus, termed ‘lochia’, consists of remains of the foetal
fluids, placental debris and shreds of foetal membranes, uterine epithelial cells and
endometrial tissue and leucocytes and erythrocytes from the ruptured umbilical vessels. The
lochia is expelled through the vagina as the result of uterine contractions. The greatest
outflow of lochia takes place during the first two to three days post-partum, although
discharge can be present for up to six days (Valasi et al. 2011). The discharge is usually
yellowish to reddish brown during the initial days post-partum, progressively becoming
lighter in colour and finally clear. Normal lochia does not have an unpleasant odour
(Noakes 2009).

During the first days post-partum, myometrial contractions occur every three to four
minutes. From the third to the tenth day post-partum, a rapid reduction in the size of the

uterus occurs, which coincides with a decrease in the frequency and duration of uterine
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contractions (Noakes 2009). By the end of that period, the weight of the uterus would have
decreased by as much as 70% of its weight on the day of lambing. The reduction in the size
of the uterus is inverse to the process of increase of tissue collagen concentration in the
organ (in the endometrium: 7- to 8-fold).

Thereafter, contractions continue with a reduced intensity and no particular pattern.
The contractions aim to (a) completely expel the lochia from the uterus, (b) reduce the
vascularization of the uterus and thus a possibility of haemorrhage and (c) reduce the size
(length and diametre) and volume of the uterus (Valasi et al. 2011). Uterine contractions are
upheld throughout the puerperium by oxytocin. Suckling or milking of ewes stimulates the
milk ejection reflex. The efferent part of this neuroendocrine reflex arc is oxytocin, released
from the posterior pituitary. Oxytocin enhances the uterine contractions, contributing to the
full expulsion of the lochia, the uterine involution and the cessation of uterine haemorrhage.
As the puerperium advances and uterine involution progresses, the number of oxytocin
receptors in the uterus decreases and consequently uterine contractions also progressively
decrease (Perumamthadathil et al. 2014, Prevost et al. 2014).

At that time, the restoration of the endometrium takes place in a sequel of procedures.
Noakes (2009) has reported that 16 days were needed for degeneration of the surface of the

caruncles and removal of the surface of the uterus.

Methods for studying uterine involution

Various techniques have been proposed for the study of uterine involution in ewes,
e.g., hormone measurement (Ishwar 1995, Degefa 2003), radiographic imaging (Tian and
Noakes 1991, Goddard 1995), laparoscopic investigation (Ishwar 1995) or post-mortem
examination (Rubianes and Ungerfeld 1993, Ababneh and Degefa 2005, Degefa et al. 2006).
Some of the disadvantages of the above techniques include invasiveness, reduced accuracy,
difficulty to apply in clinical conditions and need to sacrifice the experimental animals.

Ultrasonographic examination is a technique that lacks those limiting factors. Actually,
it is the only non-invasive technique that may reveal details of the progressive changes in
the uterus of ewes. Various authors have reported extensive studies of the genital system

during the post-partum period in other animal species: cows (e.g., Okano and Tomizuka
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1987), mares (e.g., Griffin and Ginther 1991), sows (e.g., Irie 1987), bitches (e.g., Yeager and
Concannon 1990, Pharr and Post 1992, Orfanou 2012) and queen cats (e.g., Ferretti et al.
2000).

Ultrasonographic monitoring of uterine involution

Methodology of ultrasonographic examination of the uterus post-partum

Equipment

A real-time ultrasound, with various multi-frequency transducers is best for use.

Convex transducers with 2.5 to 7.5 MHz frequency and linear transducers with 7.5 to
12.0 MHz frequency for examination by the transcutaneous technique, as well as
transducers for examination by the transrectal technique (frequency: 5.0 - 7.5 MHz) would
cover most requirements.

A higher frequency during imaging would provide improved image quality, but
would reduce scanning depth of the procedure. Reduced frequency (3.0 MHz) can be used
for deep, intra-uterine imaging, mid-range frequency (5.0 MHz) for general use and
increased frequency (= 7.5 MHz) for detailed scanning structures in short distance from the
transducer (Buckrell 1988). A standard frequency (6.6 MHz) can be used for Doppler
imaging (Petridis et al. 2017).

Examination technique
B-mode examination

Examination of the genital system can be performed by the transcutaneous or the
transrectal technique. During the examination, longitudinal or transverse images of the
uterus can be taken.

For examination by the transcutaneous technique, hair in the abdomen should be
clipped and coupling gel should be applied thereupon. The ewe can be examined in the
standing position, inside a crate or a box, which would reduce her ability to move and
increase comfort of the examiner, or in the cast position with the forelimbs held by an

assistant. During the examination, the transducer is placed on the abdominal wall,
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immediately in front of the udder, with caudal direction. Imaging starts by locating the
bladder (vesica urinaria), which can be used as an acoustic window, to facilitate examination
at longitudinal or transverse planes, especially after the first week post-partum.
Alternatively, the transducer can be placed on the inguinal area and moved from lateral to
ventral and from caudal to cranial direction. The uterus (uterus) is located ventrally to the
rectum (rectum) and laterally or dorsally to the bladder. The probe is moved cranially, in
order to image the uterine horn bifurcation; then, it is moved laterally to ventrally and
caudally to cranially, in order to image the uterine horns (cornu uteri). Images are obtained
on the longitudinal and the transverse ultrasonographic planes. Ideally, a 90 to 100 mm
scanning depth is used. Immediately after parturition, especially up to the second day after
lambing, the mass of the uterus can be particularly pronounced, hence a scanning depth of
120 to 150 mm might be necessary during that period for optimal imaging. During the
examination, echogenicity of the uterus, number of layers in the uterine wall: perimetrium
(tunica serosa, perimetrium), myometrium (funica muscularis, myometrium) and endometrium
(tunica mucosa, endometrium), presence of content in the uterine lumen (cavum uteri) and
width of uterine body (corpus uteri) and horns are evaluated; the various layers of the
uterine wall can be observed and their thickness can be measured.

During examination by the transrectal technique, the probe can be fixed to an
extension rod. The rectum is emptied of faeces. The transducer is inserted into the rectum
within a plastic glove full of coupling gel (this also protects the transducer) or, alternatively,
gel (> 20 mL) can be injected into the rectum. The transducer is moved medially until the
cranial pole of the urinary bladder is imaged. Following that, the probe is moved laterally,
left and right, up to 45 © of the vertical axis to image the uterus.

According to Hauser and Bostedt (2002), the transcutaneous technique allowed
thorough assessment of the uterus during the first week post-partum, due to the size and
the position of the uterus at the ventral abdomen; subsequently (after the 11th day post-
partum), it was not possible to image the uterus, due to a significant decrease of its size and
increase of its distance from the abdominal wall. Similar results, i.e., difficulty to image the
uterus after the 13th day post-partum, have been reported by Ababneh and Degefa (2005).
Examination by the transrectal technique can provide better results during that period. The

technique does not provide similarly good results during the first 10 days after lambing, as
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neither good images, nor relevant information could be produced for involution of the body
of the uterus, due to the increased size of the organ and its cranioventral abdominal position
(Hauser and Bostedt 2002). Improvement of images obtained by the transrectal technique,
immediately after lambing, may be achieved by placing the ewe in dorsal recumbency or by
lifting the caudal abdominal wall in standing animals (Ababneh and Degefa 2005). Hence, it
is advisable that transducers for transrectal examination would be better used subsequently
to the first week after lambing and even better after the 11th day (Hauser and Bostedt 2002,
Ababneh and Degefa 2005).

Measurements of dimensions of the uterus (body and horns) can be done in
longitudinal or transverse section images taken by the transcutaneous technique, by using,
preferably, convex transducers; these provide a greater spectrum of imaging. Uterine length
is measured in longitudinal sections from bifurcation of horns to cranial part of the cervix;
uterine widths are measured in longitudinal or transverse sections from one edge of uterine
body to the precise opposite; endometrial thickness is measured in transverse sections.
Doppler examination

Doppler ultrasonographic examination (Petridis et al. 2017) by means of the
transcutaneous technique has been used for the evaluation of blood flow into the uterus of
ewes with the animal in the standing position. The technique is applied in the uterine artery
(arteria uterina), which is the main artery of the uterus.

At the start, a cross-section of the vessel is taken, to measure its diametre. The Doppler
gate is positioned inside the vessel and a spectral mode waveform is taken to obtain a more
objective estimation. A Doppler angle of < 60 ° is set and uniform spectral waveforms of at
least three consecutive cardiac cycles are taken and stored for subsequent detailed

examination (Petridis et al. 2017).

Findings in healthy ewes during B-mode ultrasonographic examination of the uterus

post-partum

In general, a progressive, significant reduction in the size of the uterus, especially
during the first week after lambing, in the size of the uterine lumen and in the size of the

caruncles (carunculae) is observed (Hauser and Bostedt 2002, Ababneh and Degefa 2005,
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Fernandes et al. 2013). Degeneration and necrosis of the surface of the caruncles and
removal of the surface of the endometrium lead to presence of echogenic content within the
anechoic lumen. The uterine lumen and its content can be easily imaged during the early
stage of the puerperium; however, the significant contractions of the genital tract and the
rapid involution process (at that stage) reduce sensitivity of the technique.

The first week post-partum, the uterus appears enlarged, with a heterogeneous
echopattern, due to the observation of the layers of the organ (Hauser and Bostedt 2002).
The organ can be easily visualised, as its diametre can be up to 10 cm (Fernandes et al. 2013).
Subsequently, as its size decreases progressively, it may be more difficult to image it. In
most cases, a rapid decrease in uterine diametre takes place during the first week post-
partum (Hauser and Bostedt 2002, Ababneh and Degefa 2005), although other researchers
(Hayder and Ali 2008, Badawi et al. 2014) have indicated that 50% of uterine reduction had
been achieved within two weeks after lambing. According to Fernandes et al. (2013), the
reduction in uterine size continued until the 21st day post-partum, but at a slower rate; up to
28th day post-partum, uterine body diametre is approximately 2 cm, considered normal for
a lactating ewe, as compared to previous results by Hauser and Bostedt (2002). Later after
lambing, the uterine bifurcation and the uterine horns can be imaged intermittently up to
approximately 25th and 28th day post-partum, respectively. After that, and up to the 60th
day post-partum, the uterus is imaged as an entire, round entity near the bladder, with its
other parts not viewed separately. A summary of the results of various studies regarding
dimensions of uterus of ewes during involution, as measured ultrasonographically, is

presented in Table 1.
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Table 1. Summary of findings of uterine dimensions (cm) in ewes during involution, as

measured ultrasonographically.

Day post- Uterine body Uterine body Uterine horns Uterine horns
. (Hauser and (Ababneh and (Medan and

partum (Ali etal. 2001) Bostedt 2002) Degefa 2005) El-Daek 2015)

1 49/5.9 /6.4

1 7.8/9.0°

7 5.0

7 4.8 /5.6

7 5.6/5.3/5.2¢

25 2.3/2.3b

28 2.6

28 2.04

30 1.8/19/1.92

35 2.04

a: ewes that had lambed with no obstetrical intervention / ewes in which conservative obstetrical
intervention had been applied / ewes in which caesarean section had been applied.

b: primiparous / multiparous ewes.

c: ewes that had lambed in January / February / March (study performed in north Africa).

d: ewes that had lambed in spring (28th day post-partum) or winter (35th day post-partum).

During examination by the transcutaneous technique, one can image the uterine
caruncles, measure their dimensions and recognise their regression. After birth, that would
be the most obvious ultrasonographic feature within the uterine lumen (Kahn 1992, 2004).
These are located on the endometrium and in cases of presence of hypoechoic fluid within
the lumen, they may be imaged to protrude as ‘mushrooms” (Kahn 1992, 2004). In general,
placentomes are echogenically similar to the endometrium and its folds; however, some
differences in their echogenity are evident: the most superficial of its layer is hyperechoic
and the deeper tissue of the placentome is less echoic, according to presence of loose tissue
(Kahn 1992, 2004). They change their appearance from concave to convex during regression
(Hauser and Bostedt 2002). Their size has been estimated at 2.02 cm on the first day post-
partum, subsequently becoming 1.24 cm on the eighth day (Hauser and Bostedt 2002).
Fasulkov (2014) measured the diametre of caruncles and found a significant progressive
decrease of their size until the ninth day post-partum. Most authors have reported that
imaging of caruncles after the tenth day post-partum is not possible or, at least, extremely
difficult and rare (Hauser and Bostedt 2002, Ababneh and Degefa 2005), whilst others (Kahn
1992, 2004) mentioned that caruncles were visible during the second week after lambing

despite their decreased size. Hauser and Bostedt (2002) also mentioned that often it was
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difficult to differentiate caruncles from uterine endometrial folds, which were also only
occasionally imaged subsequently to the 13th day post-partum (Ababneh and Degefa 2005).
The uterine wall can be imaged initially (during the early post-partum period) as a
multi-layer structure. The perimetrium and the outer layer of the myometrium are highly
echogenic structures. The middle layer of the myometrium, the ‘vascular stratum’, is
anechoic to hypoechoic, due to the increased vascularity of the area and looks like a dark
rim. The inner layer of the myometrium and the endometrium are also echogenic structures.
The uterine lumen can be imaged as echogenic or anechoic and characterised by irregular
shape, because of the uterine folds and the caruncles (Hauser and Bostedt 2002). In some
images, the anechoic lumen is barely visible, because of the more echogenic content (lochia),
due to the presence of cellular components, whilst in others, it is observed greatly
contrasting to the hyperechoic endometrium (Ababneh and Degefa 2005). Badawi et al.
(2014) have reported that increased uterine content was noted during the first week post-
partum. Hauser and Bostedt (2002) have reported that the diametre of the lumen on the first
day post-partum was 2.24 cm for ewes that had lambed with no obstetrical intervention, 3.12
cm for ewes in which conservative obstetrical intervention had been applied and 3.47 cm for
ewes in which caesarean section had been applied; the diametre was reduced to 0.5 cm on

the 11th, 14th or 17th day post-partum, for the above categories of ewes, respectively.

Factors that may affect normal uterine involution

Uterine involution may be affected by various factors, as detailed below (Noakes 2009,
Valasi et al. 2011).
- Age of ewes. Complete uterine involution is more rapid in primiparae than in
multiparae ewes.
- Season of the year. Uterine involution is completed sooner in ewes that lambed in
the summer.
- Environmental conditions. Uterine involution may be delayed in hight-temperature
environments.
- Number of foetuses borne. In ewes that lambed twins, uterine involution took longer

than in ewes that bore a single foetus.
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Reproductive activity post-partum

The process of uterine involution results in anatomic and functional restoration of the
genital system to its non-gravid state. Thus, a new breeding period can ensue, with
initiation of new oestrous cycles, mating and finally conception. The resumption of
reproductive activity depends on the time within a year that ewes would lamb and the
length of the anoestrus in each particular breed.

In animals that lamb outside the breeding period (which is what takes place most
often), reproductive activity would start at the subsequent breeding period. Occasionally,
ovarian activity with follicular growth may occur after lambing, but ovulation would be
unusual or associated with a silent oestrus. It is considered that this would occur as the
result of failure of follicular maturation and ovulation, possibly because of inadequate
release of luteinizing hormone as a result of deficiency in GnRH synthesis and secretion in
these animals (Wright et al. 1981, Noakes 2009).

Ewes that lambed within the breeding season are considered to have increased
chances for normal ovarian rebound and reproductive activity (Noakes 2009, Valasi et al.
2011). No lactational anoestrus occurs in ewes. However, in dairy ewes, a silent oestrus and

delayed oestrous cycles may occur at the start of a breeding period (Valasi et al. 2011).

Microbial populations in the genital system post-partum

Lambing takes place in a non-sterile environment, predisposing to bacterial entry into
the uterus. Thus, inevitably, during and immediately after lambing, bacterial invasion
occurs into the vagina and the uterus, as the genital tract opens widely and a negative
pressure occurs at the time of embryo expulsion (Noakes 2009).

The bacteria that are most frequently isolated from the genital tract of ewes post-
partum include Escherichia coli, Staphylococcus spp., Streptococcus spp., Trueperella pyogenes,
and other Gram-negative bacteria (e.g., Klebsiella spp., Proteus spp.), as well as the anaerobes
Bacteroides spp. and Fusobacterium necrophorum (Tzora et al. 2002, Hussain et al. 2013, Manes

et al. 2018). Various factors may influence the bacterial species isolated from the vagina of
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ewes after lambing, as well as their numbers. Among others, these include the intravaginal
insertion of progestagen sponges (Manes et al. 2010, 2018, Gatti et al. 2011) and the length of
the animal’s tail (Orihuela et al. 2019).

Within the uterus, lochia is an ideal substrate for bacterial growth. In most cases
however, bacterial intrauterine invasion would not lead to disease; the defenses of the
uterus can gradually limit bacterial numbers, thereby with no development of clinical
disease is presented (Lewis and Wulster-Radcliffe 2013, Shao et al. 2017). The main defense
mechanisms of the uterus are (a) the presence of neutrophils within the uterine cavity and of
the antibacterial agents produced by the uterine glands and (b) the progressive expulsion of
the lochia through the uterine contractions and the uterine involution. Indeed, the removal
of the uterine content through the contractions post-lambing contributes significantly to the
bacterial elimination. Thus, after the fifth to ninth day post-lambing, the uterine content

would be mostly free of bacteria.

Disorders of the uterus of ewes during the puerperium

Uterine infections

Aetiology and course of the disorder

In ewes, post-partum uterine infection (metritis) usually occur immediately after
lambing or abortion. In this species, the disorder has not been studied as extensively as in
cows (Palmieri et al. 2011). Nevertheless, the disorder can be a cause of periparturient death
in ewes (Mavrogianni and Brozos 2008).

The circumstances leading to bacterial invasion of the uterus post-partum have been
described above. Metritis is an opportunistic infection of the uterus, most often caused by
contaminant environmental bacteria (Sargison 2008). It usually follows an abnormal first or
second stage of labour, especially when there has been severe dystocia that had required
prolonged traction or resulted in damage to the genital tract (Smith 2009). Uterine infections
can usually develop as the consequence of obstetrical manipulations (commonly unskilled
or unhygienic), retention of foetal membranes, delivery of dead lambs and uterine prolapse

(Sargison 2008).
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Various bacteria may act as causal agents. E. coli and T. pyogenes are the ones most
frequently involved; however, all bacteria that can invade into the uterus post-partum (e.g.,
staphylococci, streptococci, Gram-negative rods, anaerobic bacteria) can also be implicated
in the aetiology of the disease (Tzora et al. 2002, Hussain et al. 2013). In animals that had
aborted, metritis can also be the caused by the abortifacient organism.

In general, the frequency of the pathological condition is low. Further, the prevalence
of clinically healthy animals with histopathological findings in the uterus is also low (< 1%).
This is likely due to (a) the relatively low incidence of dystocia in ewes and (b) continuous
sucking by lambs, which results in secretion of oxytocin, contributing to the expulsion of the
uterine content.

Various factors that can lead to compromise of the relevant defences or to entry of an
increased number of pathogenic bacteria into the uterus, may create conditions for clinical
disease. In fact, immediately post-partum, the uterine environment is a particularly suitable
means for bacterial multiplication: the temperature therein supports bacterial growth and
the lochia provides relevant nutrients. The main factors predisposing to development of
clinical metritis are the following.

- Abortion of bacterial aetiology, which had resulted in the presence of pathogens
within the uterus.

- Particularly long labour, with the cervix remaining open for a longer than normal
period (which facilitates entry of microorganisms) and compromise of relevant defences.

- Obstetrical manipulations, particularly if they had been performed without
following the aseptic procedures, thus increasing the number of bacteria within the uterus.

- Retention of lochia and of foetal membranes, providing a medium for bacterial
multiplication within the uterus.

- Metabolic disorders, e.g., hypocalcaemia, reducing post-partum uterine contractions
and thus expulsion of uterine content.

- Prolapse of the genital tract, thus exposing it to the environment and increasing

chance of infection.
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Clinical signs

Clinical signs of metritis usually develop within three days after lambing. In mild
metritis, clinical signs associated with the genital tract predominate (e.g., oedema of the
vulva and the vagina, discharge of varying amounts of dark-coloured, thick, malodorous,
mucous or mucosal discharge). The colour of the discharge is initially reddish brown, over
time turning whitish. The excretion of discharge is accompanied by tenesmus, which,
occasionally, can result to uterine prolapse (Smith 2009, Tsousis et al. 2011).

In severe cases, metritis is accompanied by systemic signs. Fever (> 40.5 °C),
recumbence, dehydration, anorexia, tachypnea and tachycardia can be present. The affected
animal ignores the newborn lambs, does not suckle and has a decreased milk yield. In some

cases, death of the affected ewe may occur (Smith 2009, Tsousis et al. 2011).

Diagnosis

Cinical diagnosis is based on history and clinical findings. Metritis should be included
in the differential diagnosis in all cases of illness, fever or even reduction in appetite and
milk yield during the first week post-partum. Use of vaginoscopy would increase the
number of animals that are clinically diagnosed with the disease (Tsousis et al. 2011).

Microbiological examination of vaginal discharge is necessary for the isolation -
identification of the causal agent and for their susceptibility testing to antimicrobial agents.
Microbiological examination is paramount in cases of increased incidence of the disease in a
flock. Cytological examination of vaginal discharge should also be performed to confirm the
presence of inflammation by detection of neutrophils therein. Ultrasonographic examination

of the uterus can also be used.

Other disorders

Uterine prolapse
Prolapse of the uterus most often occurs immediately (within 12 hours) after lambing.
It can be the consequence of tenesmus in cases of metritis, although it can also be the effect

of (among others) metabolic disorders (e.g., hypocalcaemia), a protracted lambing, overdose
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of oxytocin and retention of foetal membranes. The disorder can also predispose ewes to

metritis.

Retention of foetal membranes
The disorder occurs infrequently in sheep (incidence risk: 1% of lambings) (Fthenakis

et al. 2000).

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 10:21:55 EEST - 18.227.81.185

35



CHAPTER II

UTERINE INVOLUTION IN EWES WITH UTERINE INFECTION
AND CONSEQUENCES IN SUBSEQUENT REPRODUCTIVE
PERFORMANCE
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OBJECTIVES

The objectives of this work were:
- (a) the study of the characteristics of uterine involution in ewes that had developed
uterine infection in the immediately post-partum period and

- (b) the evaluation of the subsequent reproductive performance of such ewes.
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MATERIALS AND METHODS
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Experimental design

In total, 24 Lacaune-cross ewes (age 3 — 5 years) were included in the study. Before
enrolment, a standardised detailed clinical examination was performed to assess the general
health of the ewes. After enrolment in the study, ewes were identified using neck straps and
plastic tags with unique serial numbers. Reproductive control (latitude of location: N 39.37 °,
month of application: September) was performed by intravaginal insertion of progestogen
sponges. Ewes were mated by rams of known fertility and repeatedly examined
ultrasonographically to confirm pregnancy and its normal progress (Valasi et al. 2017).
Standard health management procedures were performed in the animals during gestation
(Fthenakis et al. 2012).

Two weeks before the expected lambing date, animals were allocated in two equal
groups (I and C) by using complete randomisation, through random number generator.
After allocation into groups, all animals in the same group were penned together and
separately from the other group.

All ewes lambed normally (LO = day of lambing) and produced twin lambs. A detailed
clinical examination was performed immediately post-partum. Vaginal-uterine swab
samples were collected as described below; two animals in group I that yielded E. coli in
those samples were excluded from the study. The remaining 10 ewes in group I were
challenged on the first day post-partum (L1, DO = day of inoculation) with approximately 3.5
x 105 colony-forming-units of an E. coli isolate originally from a field case of uterine
infection, inoculated into the uterus of each of these ewes. In ewes in group C, sterile
phosphate buffer saline pH 7.3 (PBS) was injected into the uterus.

The challenge procedure was as follows (Amiridis et al. 2003, Mavrogianni et al.
2007a). Two colonies of the isolate obtained from a fresh culture, were inoculated into 10 mL
of Soy-broth (BioMerieux, Marcy-1" Etoile, France) and incubated aerobically at 37 °C. After 6
h incubation, serial dilutions of the broth into PBS were carried out and 1.0 mL of the
desired dilution was centrifuged for 10 min. at 1,750 g. The supernatant was discarded and
the bacteria resuspended in approximately 2.0 mL sterile PBS and transferred into 5 mL
syringes. The number of viable bacteria in the suspension was counted by the method of

Miles and Misra (1938). Each syringe was attached to the end of a sterile catheter, which was
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inserted into the uterus of the ewe, through the cervix, under strict aseptic conditions. The
inoculum was deposited at the body of the uterus.
Conditions prescribed by legislation of the European Union in relation to animal

experimentation procedures (Council Directive 86/809/EEC) were met during this work.

Post-partum examinations and sample collections

Examination and sampling points

Lambings took place in February to March, which was outside the annual breeding
season in the area (latitude: N 39.37 °), where the study was conducted. All ewes produced
twin lambs.

Detailed examinations of all ewes and sample collections were performed at regular
intervals throughout the study. Before challenge, two samples were collected, one
immediately after lambing (L0) and the second on the following day (L1). After inoculation,
samples were collected initially 6 h and 12 h post-challenge (DO + 6 h and DO + 12 h,
respectively) and then on D1, D2, D3, D4, D6, D9, D12, D17, D22, D27, D32, D42, D52, D62.

Clinical examination

On each of the above sampling points, initially, a detailed clinical examination of the
genital tract was performed (Figure 1). This included the examination of the vulva, the
vestibule, the walls of the vagina and the cervix by using a speculum and the examination of

the external os and the area around the opening of the cervix (Dawson 2007).
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Figure 1. Examination of the vagina of a ewe by using a speculum.

T

Collection of samples from the vagina

Subsequently, samples of vaginal discharge were also collected. Initially, thorough
cleansing of the external genitalia was performed with povidone iodine scrub solution
(Betadine®; Mundipharma Medical Company, Basel, Switzerland). Then, a sterile swab was
introduced into the vagina, through a plastic, single-use speculum and a long, lubricated,
sterile protective sheath (Figure 2), in order to sample any discharge present at the outer
entrance of the cervix and the anterior part of the vagina; the wall of the genital tract was
gently swabbed and the swab was withdrawn. Thereafter, a cell collector with a gentle-
touch tip designed to minimise trauma to the genital tract (Cytobrush Plus; Cooper Surgical,

Trumbull, USA) was inserted into the genital tract for cell collection.
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Figure 2. Collection of material from the vagina of a ewe by means of a sterile swab
introduced into the vagina, through a plastic, single-use speculum and a long, lubricated,

sterile protective sheath.

Collection of blood samples

Blood samples were collected on these occasions for a standard haematological

examination.

Ultrasonographic examination

Ultrasonographic examination of the genital tract was performed on the above
occasions using an ultrasound scanner (MyLab® 30; ESAOTE SpA, Genova, Italy). For B-
mode ultrasonography, linear (7.5 - 12.0 MHz) and convex (2.5 - 7.5 MHz) transducers were
used; the methodology and technicalities described in detail in chapter I were followed;
longitudinal and transverse sections were taken by means of the transcutaneous technique

performed at the inguinal area (Figure 3).
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Figure 3. The ultrasound scanner (MyLab® 30) with the linear (7.5 - 12.0 MHz) transducer
(left picture) and the convex (2.5 - 7.5 MHz) transducer (right picture) employed in for

ultrasonographic examination of ewes in the study.

For Doppler ultrasonography, a linear (6.6 MHz) transducer with the transcutaneous
technique was employed. The Doppler angle was set at 0 — 60 °. During the examination, by
using as reference point the external iliac artery (arteria iliaca externa), the uterine artery (a.
uterina) was located craniolaterally to the bladder (vesica urinaria). The methodology and
technicalities described in detail by Petridis et al. (2017) were followed.

Contrast-enhanced ultrasonographic (CEUS) examination was performed on D1 in
two group I and two group C ewes, using an ultrasound scanner (Vivid®-I; General Electric,
Tirat Carmel, Israel), with a convex transducer (4C RS) of varying frequencies (1.8 - 6.0
MHz); initially, B-mode sections were taken using a frequency of 5.0 MHz and a scanning
depth of 120 mm, eventually switching the imaging settings to a preset coded phase
inversion mode; frequency, mechanical index and power were automatically set to lower
values (i.e., 2.0 / 4.0 MHz, 0.09 and 22 dB, respectively); one focal zone was used at a
scanning depth of 70 mm. A volume of 5.0 mL of the contrast agent (40 uL of sulphur
hexafluoride in microbubbles, equivalent to 112.5 mg; excipients: macrogol 4000,

distearoylphosphatidylcholine, dipalmitoylphosphatidylglycerol sodium, palmitic acid;
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solvent: sodium chloride 9 mg mL"') was injected into the jugular vein, followed by
intravenous injection of 10 mL of normal saline. This is a second generation contrast agent
consisting of microbubbles, containing sulphur hexafluoride, which is an inert and
hydrophobic gas, stabilised by a thin and flexible monolayer shell of phospholipids

(SonoVue®, Bracco, Milano, Italy), and is licenced for use (Schneider 1999).

Uterine tissue biopsies

Uterine tissue biopsies were performed laparoscopically (250.2 H; Schoelly Fiberoptic,
Denzlingen, Germany) for tissue sample collection from the uterus of the experimental
ewes. These were performed on D7, D14, D24, D42 (left horn) and D27, D34, D44, D62 (right
horn) (2 animals from group I and 1 animal from group C on each sampling point; biopsy
was performed in each animal twice, once in the left and once in the right horn). The animal
was placed in dorsal recumbency. Analgesic procedures, with administration of lidocaine
2% (dose rate: 4 mg / kg bodyweight) (Xylocaine 2%, Astra Zeneca, Cambridge, United
Kingdom) were applied (Galatos 2011) and a strict aseptic technique was used.

Two 5.5 mm trocars were introduced into the abdominal cavity positioned 8 to 10 cm
across the mid line and 5 to 7 cm cranially to the front attachment of the udder. The light
source (Flexilux 250.2 H; Schoelly Fiberoptic, Denzlingen Germany) was connected to the
endoscope (Schoelly Fiberoptic 5.0, 300), which was then introduced into the abdominal
cavity through the trocar placed on the left side. Through the trocar on the right side, a
disposable atraumatic endoscopic forceps was introduced for the manipulation of the
uterine horn. The horn was fixed and moved slightly upwards and close to the abdominal
wall. A third 3.5 mm trocar was then inserted, close to the midline of the abdomen, through
which a biopsy forceps (Wolf 8380.01, 3.0 mm; Richard Wolf, Knittlingen, Germany) was
inserted. The uterine horn was carefully perforated with the forceps and a small tissue
sample (endometrium and myometrium) was collected from the uterine horn. After
sampling, the uterus was observed for excessive bleeding or possible leakage of uterine
contents. In one occasion that minor bleeding occurred, this ceased by applying slight

pressure with the atraumatic forceps; the uterus was then rinsed with sterile physiological
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saline. In no case, leakage of uterine content was observed. Finally, after collection of the

tissue sample, the abdominal wall of the ewes was sutured.

Laboratory examinations

Bacteriological and cytological examination of vaginal swab samples

Vaginal swab samples were processed soon (< 10 min.) after collection. Swabs were
cultured on 5% sheep blood agar and McConkey plates. Media were incubated aerobically
and anaerobically at 37 °C for up to 48 hours; if no bacterial growth was evident, they were
reincubated for another 24 hours. Bacterial identifications were performed by using
standard methods (Barrow and Feltham 1993, Euzeby 1997).

Cells from cell collectors were transferred on glass slides and stained with the Giemsa

technique.

Haematological examination of blood samples

Samples for haematological examination were mixed by gentle repeated inversions for
several seconds to avoid coagulation and were processed within 30 min. after collection.
Initially, blood smears were prepared and kept dry at room temperature. A complete blood
count was performed by an automated haematological analyser (ADVIA 2120i, Siemens
Healthineers, Erlangen, Germany). The following parametres were determined: erythrocyte
count, haematocrit, haemoglobin concentration, mean corpuscular volume, mean
corpuscular haemoglobin concentration, total leucocyte count and thrombocyte count. Blood
smears were evaluated for detection of morphological abnormalities and leucocyte type
differentiation. From the proportion of the various leucocyte types, the respective counts

were then calculated.
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Bacteriological and histopathological examination of uterine tissue samples

Uterine tissue samples were initially cultured on 5% sheep blood agar and McConkey
plates, which were incubated as above.
Then, the uterine tissue samples were fixed in 10% neutral-buffered formalin; finally,

haematoxylin and eosin (HE) standard staining procedures were used for processing.

Evaluation of subsequent reproductive performance

Two months after the end of the monitoring period and after the reproductive season
had started (i.e., in June), ewes were put with rams of known fertility (n = 2) for mating.
Rams were left with ewes for 60 days. Ultrasonographic examinations for pregnancy
diagnosis (Barbagianni et al. 2017) were performed twice, 50 and 100 days after ram
introduction. Throughout that period, during the pre-conception period and gestation,
appropriate health management of ewes had been performed as recommended (Fthenakis et
al. 2012); all ewes were maintained under the same conditions. Finally, lambings and

number of lambs born from each ewe were recorded.

Data management and analysis

Post-partum stages

The post-partum period was divided into four stages: Si included samples collected

before inoculation, on LO and L1 (2 sampling points), S2 included samples collected after

challenge up to and including D4 (L5) (6 sampling points), Ss included samples collected

from D6 to D12 (3 points) and Ss included samples collected from D17 to D62 (7 points).

B-mode ultrasonographic measurements

Initially, stored ultrasonographic images were viewed for description. Then, images of

(a) caruncular tissue and (b) inter-caruncular tissue obtained from each ewe on each
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occasion, were processed by means of Image] software (National Institutes of Health,
Rockville Pike, USA), which can edit, process and analyse grey-scale images, by calculating
area and pixel value statistics to produce intensity values (National Institutes of Health
2013); in an image processing context, grey-scale analysis refers to the image’s overall pixel
grey intensity values (Ojala et al. 2002), with results expressed on a 0 (black) to 255 (white)
scale.

For analysis of results of grey-scale measurements, data were normalised by
calculating the ratio GScr / GSit, where GScr: Grey-scale of caruncular tissue and GSir: Grey-
scale of inter-caruncular tissue.

Measurements of dimensions of uterine structures were performed in images taken by
the linear transducer and were calculated by the equipment’s software. For calculation of
the diametre of caruncles and the uterine lumen, a measurement of opposing points of the
section of the structure was taken, followed by another one at an angle of 90 ° to the first and
the mean value of the two was calculated. The thickness of the myometrium and the
endometrium was also measured.

Reduction of dimensions of uterine structures (Rs) within a stage (Sn) compared to
those in the preceding stage (Sn-1) was calculated as follows for each animal into the study:
Rs =1 - (average of measurements taken within Sn / average of measurements taken within
Sn1). Daily reduction of dimensions (dRs) within a stage (Sn) was calculated as dRs = [Rs /
(‘mid time-point” of Sn — ‘mid time-point’ of Sn1)] (expressed in days), where ‘mid time
point” of Si = [(last day of samplings made during Si — first day of samplings made during Si)
/ 2] + first day of samplings made during Si (last day of samplings: L1, D4, D12, D62 - first
day of samplings: LO, D 0 + 6 h, D6, D17, for Si, Sz, Ss, Ss, respectively). Overall (throughout
the study period) reduction of dimensions (Ro) was calculated as follows for each animal
into the study: Ro =1 - (average of measurements taken within Ss / average of measurements

taken within S1).
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Doppler mode ultrasonographic measurements

Stored images of cross-sections of the uterine artery were processed by means of
MyLab® software (ESAOTE SpA), which, after pointing out the internal boundaries of the
vessel, calculated the internal diametre of the vessel. Results were expressed as cm.

Spectral waveforms of the uterine artery were processed by means of MyLab®
software (ESAOTE SpA). On each occasion, waveforms from three consecutive cardiac
cycles of the animal under examination were considered for calculations. The software,
based on the outline of the waveform, calculated directly the below haemodynamic
parametres in that vessel (Maulik 2005, Ginther 2007, Wood et al. 2010, Petridis et al. 2017).

- Resistance index: [(PSV - EDV) / PSV] (PSV: peak systolic velocity, EDV: end
diastolic velocity) indicating the effect of the vessel resisting blood flow.

- Pulsatility index: [(PSV - EDV) / TAMV] (TAMV: time-averaged maximum velocity)
measuring the systolic-diastolic differential of the velocity pulse.

- Systolic : diastolic velocity ratio: [ASF / ADF] (ASF: average diastolic flow, ADEF:
average systolic flow) delineating systolic and diastolic phases of a flow waveform.

- General pressure: [Psyst — Paiast] ([Psyst: systolic pressure, Puiast: diastolic pressure)
measuring the change in pressure from the diastolic level to the systolic level (mm Hg).

- Mean pressure: [(¥5 x Psyst) + (%5 x Paiast)] measuring the average blood pressure over
time by proprietary pulse dynamics pattern-recognition algorithms (mm Hg).

- Mean velocity: indicating blood speed across the vascular lumen at a given instance
(m s1).

- Systolic acceleration: indicating blood acceleration across the vascular lumen (m s2).
- Blood flow volume: indicating the volume of blood entering the uterus per unit of

time (mL min.).
Contrast-enhanced ultrasonographic measurements
Video images were analysed in sequence of frames (JPG format; first frame at time 0

and then one frame every 2 s) using the Free Studio (v. 6.6.35.323) multimedia software

developed by DVDVideoSoft (Digital Wave Ltd, London, United Kingdom). The frames
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were opened as a stack with Image] software. Two regions of interest were used in the
evaluation: caruncular tissue and inter-caruncular area for calculation of intensity of signals.
Image enhancement in each region was measured in linear arbitrary enhancement units
(AEU). A time-intensity curve was generated for each region of interest and for each
examination the below parametres were calculated (Mantziaras et al. 2018).

- Peak enhancement (expressed in AEU): enhancement curves were produced after
measurement of intensity by means of Vivid-I software (General Electric) and dividing by
the maximum value of intensity.

- Time to peak (s): calculated from injection of contrast agent to peak intensity.

- Time to wash-out (s): calculated from injection of contrast agent to return to baseline.
- Total enhancement time (s): calculated from beginning of enhancement to return to
baseline.

- Wash-in time (s): calculated from beginning of enhancement to peak intensity.

- Wash-out time (s): calculated from peak intensity to return to baseline.

Modelling for analysis of infection results

In the study, there was a difficulty with attempts to estimating incidence rate (new
‘infection” per animal at risk for each time point at risk), because, in many cases, the site
under study might change from being ‘infected” to being ‘uninfected” and vice-versa;
therefore, when there was a long time-interval between sampling points, it was not possible
to know what happened between the two sampling points (i.e., how many infections and
‘cures’ there might have occurred). Therefore, the following definitions were initially made
(Mavrogianni et al. 2007b).

- ‘Isolation of bacteria” was equivalent to ‘infection with’; ‘isolation of bacteria from
the swab” was equivalent to ‘infection of the anterior part of the vagina’ and ‘isolation of
bacteria from the uterine tissue sample” was equivalent to ‘infection of the uterus’.

- On a particular sampling point, a sampling site (anterior part of the vagina, uterus)
was defined as being “at risk of becoming infected’ (i.e., becoming bacteriologically positive)
if it had been uninfected (i.e., bacteriologically negative) on the previous sampling point. On

the subsequent sampling point, this sampling site (anterior part of the vagina, uterus) could
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be either ‘infected” (in which case it was not at risk) or “uninfected” (in which case it was still
at risk). On subsequent sampling points, if this site was ‘uninfected’, then it was again ‘at
risk’.
- If a sampling site was infected on one sampling point but not on the next one, then
the infection was deemed to have been eliminated half-way between the two sampling
points; conversely, if a sampling site was uninfected on one sampling point and infected on
the next one, then the infection was deemed to have taken place half way between the two
sampling occasions.
- If a sampling site was infected with the same organism on two consecutive
samplings, then it was considered to have been infected throughout the period between
those two sampling points; conversely, if a sampling site was uninfected on two consecutive
samplings, then it was uninfected throughout the time between those two sampling points.
- Recurrence of infection was defined as re-isolation of an organism from a previously
infected sampling site, after a sampling, in which no isolation of any organism took place in-
between two samplings.

Based on the above, it was possible to calculate an estimate of the length of time a
sampling site was at risk before it became infected, as well as the length of time of each
infection. Sampling sites contributed more than one value, if recurrence of infection had

occurred.

Evaluation of cellular infiltration

Smears from vaginal swab samples were evaluated to assess leucocyte
subpopulations, by means of semi-quantitative observational method using the 40 x
objective lens of a Zeiss-Axiostar Microscope (Carl Zeiss, Gottingen, Germany) with a 10 x
eyepiece lens. In each slide, at least 50 fields were observed and at least 100 leucocytes were
counted.

Uterine tissue samples were evaluated as above and 50 fields were observed on each
slide. An arbitrary score was assigned for average number (x) of leucocytes per field therein
as follows; 0: X< 1 leucocyte, 1: 1 < x"< 5 leucocytes, 2: 5 < x"< 10 leucocytes, 3: 10 < x'< 15

leucocytes, 4: x> 15 leucocytes per field.
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Measures for reproductive performance

The following measures of reproductive performance were calculated (Fthenakis
2004).
- Mating rate: number of ewes mated by rams during the whole reproductive period /
number of ewes exposed to the ram x 100.
- Pregnancy rate: number of ewes that were found pregnant at ultrasonographic
examination 50 and 100 days after ram introduction / number of ewes exposed to the ram x
100.
- Abortion rate: number of ewes that aborted before the 140th day of gestation /
number of ewes exposed to the ram x 100.
- Lambing rate: number of ewes that lambed / number of ewes exposed to rams x 100.
- Total lambs per ewe: number of liveborn and stillborn lambs / number of ewes that
lambed.
- Stillbirth rate: number of stillborn lambs / number of liveborn and stillborn lambs x

100.

Statistical analysis

Data were entered into Microsoft Excel for analysis. Basic descriptive analysis was
performed. The outcomes of interest were considered.

Comparisons of frequencies of clinical signs and bacterial isolations for I versus C
group were performed in a table of cross-categorised frequency data by use of Pearson chi-
square test or Fisher-exact test, as appropriate. Time of first appearance of an outcome and
duration of outcome under evaluation were compared between groups as above by means
of the Mann-Whitney test. The Kruskal-Wallis test and the Mann-Whitney tests were used
to evaluate differences in bacterial isolations between post-partum stages.

For ultrasonographic measurements (B-mode, Doppler mode), repeated measures
mixed effect linear regression models were used to determine whether outcomes changed

over the course of the study period. Fixed effect was the time-point of the study (i.e., L0, L1,
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etc.). Effect of experimental subjects (animals) was included as random effect in the model.
Models were adjusted for repeated measures within animals. Initially, separate analyses
were carried out for each stage post-lambing (S1 — S4), which were followed by an analysis
that took into account all measurements performed (18 time-points). The same method was
also used for analysing results of haematological examinations.

For ultrasonographic (B-mode, Doppler mode) and haematological parametres, as well
for proportions of types of leucocytes in vaginal swab samples, analysis of covariance was
performed between ewes in the two groups (I and C). In this analysis, measurements
obtained after challenge were compared between groups after taking into account and
eliminating a possible effect of measurements made before challenge.

For CEUS results, repeated measures mixed effect linear regression models were used
to study outcomes over the measurement period. The effect of animals was included as
random effect in the model, which was adjusted for repeated measures within animals and
comparisons were made between inoculated and control ewes.

The Mann-Whitney test was used to evaluate differences between groups in scores for
average leucocyte numbers in uterine tissue samples.

Results of reproductive performance were evaluated by comparison of proportions or
the Mann-Whitney t-test, as appropriate per type of result.

In all cases, level of significance was set at P = 0.05.
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RESULTS
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Clinical findings

In group I, all 10 ewes developed uterine infection after challenge. One ewe (0.100,
95% confidence interval [CI]: 0.018 — 0.404) developed transiently increased rectal
temperature (40.9 °C for 1 day). All ewes (1.000, 95% CI: 0.723 — 1.000) developed genital
clinical signs (presence of malodorous, thick, purulent, yellow- to brown- to black-coloured
vaginal discharge [n = 7] and vaginal hyperaemia and vulval oedema [n = 7]) within one day
post-challenge (Figure 4). Median duration of genital clinical signs was 29.5 (19.5 — 61) days.
Recurrence of clinical signs was recorded in three ewes (0.300, 95% CI: 0.108 — 0.603).

In group C, systemic signs were not observed in any ewe. In 2 ewes (0.167, 95% CI:
0.047 — 0.448), there was transient presence of vaginal discharge; median duration of its
presence was 11 (9 — 13) days. No recurrence occurred in these ewes.

Frequency of uterine infection was significantly higher in group I (P < 0.001).
Inoculation increased the risk of development of uterine infection; odds ratio was 88.200
(95% CI: 3.762 — 2067.754) (P = 0.005). Median duration of clinical signs was significantly

longer in group I (P = 0.025).

Figure 4. Presence of thick brown- to black-coloured vaginal discharge in two inoculated

ewes 2 days after challenge.
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Ultrasonographic findings

B-mode examination

In T group ewes, the uterus could be easily imaged during the first week post-
challenge, with the endometrium appearing more hyperechoic than in healthy control ewes.
The layers of the uterine wall appeared thickened and particularly echogenic until D12.
Content of the uterine lumen was imaged with hyperechoic foci, due to the presence of fluid
and cellular components in most ewes until D9 (until D17 in two ewes). Progressively, the
uterine content was imaged containing inconsistent and blurred structures of increased or
mixed echogenicity; the last day that uterine content was imaged was D17. Post-challenge,
the caruncular tissue was echogenically similar to the inter-caruncular tissue and its folds,
but briefly, on the second week post-challenge, it became more echogenic than that (Figure
5). Indeed, during Ss, GScr / GSir ratio was greater in group I than in group C ewes (P <
0.001) (Table 2). For all measurements after challenge, GScr / GSir ratio was 1.05 + 0.03 in

group I and 0.96 + 0.03 in group C ewes (P = 0.057).
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Figure 5. Sequential post-partum B-mode ultrasonographic presentation of the uterus of

ewes with experimentally induced uterine infection (group I).

7.5 MHZ G 28% F 7.5 MHZ G 28%
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PRC 11-4-H PRS 4
PST 3

Top left: immediately after lambing, top right: 2 days, bottom centre: 12 days after inoculation; the
uterine body and lumen are imaged (transverse sections obtained by transcutaneous examination at
the inguinal area, image taken and processed on a MyLab® 30 ultrasonography system with convex

transducer, imaging frequency: 7.5 MHz - scanning depth: 90 mm).
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Table 2. Post-partum echogenicity: ratio GScr / GSir! (mean + standard error of the mean) in
the uterus of ewes with experimentally induced uterine infection (group I) or of

uninoculated controls (group C).

Stage post-partum?

S1 S2 Ss S4
G I 0.94 + 0.06a™ 1.00 + 0.04» 1.22 +0.05bmn 0.88 +0.04
rou
P C 0.84 + 0.04amn 0.97 +0.04™ 0.97 + 0.04bn 0.93 +0.02

a, b: same superscripts within a column indicate significant difference between I and C groups (a: 0.05
<P <0.01, b: P <0.01) - m, n: same superscripts within a row indicate significant difference between
stages (P <0.01).

1. GScr: Grey-scale of caruncular tissue, GSit: Grey-scale of endometrium.

2. S1: included samples collected before inoculation, on LO and L1, S2: included samples collected after
challenge up to and inclu ding D4, Ss: included samples collected from D6 to D12 and Sa: included
samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-

partum).

In group C, layers in the uterine wall were clearly imaged: the perimetrium and the
outer layer of the myometrium were highly echogenic, the middle layer of the myometrium
was anechoic to hypoechoic, like a dark rim, the inner layer of myometrium and the
endometrium appeared as echogenic structures. The uterine lumen was seen irregularly
shaped. After the tenth day post-partum, the organ appeared circular or elliptical
(longitudinal sections) or polygonal to elliptical, progressively changing to compressed
circular to circular (transverse sections). Caruncles were seen on the endometrium, often
appearing in mushroom-like shape. In general, they were echogenically similar to the
endometrium and its folds (Table 2); differences in their echogenity were evident: the most
superficial layer was hyperechoic, with the deeper tissue being less echoic; caruncles were
last observed on the 23rd day post-partum. Progressive degeneration of caruncles and
removal of endometrium surface led to presence of echogenic content within the anechoic
lumen. The uterine body bifurcation and the horns could be imaged up to 33rd day post-
partum. Until then, the myometrium and the endometrium were imaged as clearly separate
layers. Subsequently, the organ was imaged as a round entity near the bladder, as its size
decreased. The echopattern of the uterine wall was finely textured, homogeneous and
hypoechoic to moderately echogenic (Figure 6).

After challenge, caruncular dimensions were greater in inoculated ewes (group I) than

in controls (group C) (Table 3). Myometrial thickness was also greater in I than in C ewes:
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0.318 + 0.007 cm versus 0.297 + 0.008 cm (for all measurements taken, P = 0.016), as was
diametre of uterine lumen: 0.368 + 0.027 cm versus 0.339 + 0.013 cm (for all measurements

taken, P =0.11).

Figure 6. Sequential post-partum B-mode ultrasonographic presentation of the uterus of

normally involuting ewes (group C).

7.5 MHz G 28%
9 cm XV C
11-4-H PRS
T 3

F 7.5 MHz G 28%
D 9 cm XV C
PRC 11-4-H PRS 4
PST 3

Top left: immediately after lambing, top right: 2 days, bottom centre: 12 days after inoculation; the
uterine body and lumen are imaged (transverse sections obtained by transcutaneous examination at
the inguinal area, image taken and processed on a MyLab® 30 ultrasonography system with convex
transducer, imaging frequency: 7.5 MHz - scanning depth: 90 mm).

In all ewes, there was a reduction of dimensions of the uterine structures
progressively, as the post-partum period advanced. In group I ewes, particular reduction of
the dimensions occurred during Ss, when the mean daily reduction of the various structures

was calculated up to 15.5%. In contrast, in group C ewes, the greatest reduction of the
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dimensions occurred during S: (i.e., during the first week after lambing), when the mean
daily reduction of dimensions of the uterine structures varied from 4.2% to 9.2% (Table 4).
Overall, throughout the monitoring period, there were no significant differences in the daily
reduction of the various structures between the two groups; for group I, it was 41.2% for the
caruncular diametre, 50.5% for the myometrial thickness, 63.2% for the endometrial
thickness and 63.3% for the uterine lumen diametre, whilst for group C, it was 45.0%, 52.4%,

54.8% and 61.9%, respectively (P =0.39, 0.28, 0.11, 0.40, respectively).
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Table 3. Post-partum ultrasonographically measured dimensions (mean + standard error of the mean) of the uterine structures of ewes with

experimentally induced uterine infection (group I) or of uninoculated controls (group C).

Stage post-partum!

S1 S2 Ss S4

diametre of I 1.44 + 0.03mno 1.32 £ 0.02bmpa 1.15 + 0.05bnp 0.94 +0.14°4
a caruncles (cm) C 1.37 £ 0.03m™nro 1.23 +0.02bmpa 0.99 £ 0.04bnpr 0.77 + 0.0209~
'% myometrial I 0.48 + 0.01mnon 0.40 + 0.01™pa 0.31 £ 0.01anpr 0.23 + 0.01>0ar
‘é thickness (cm) %‘ C 0.47 + 0.01mne 0.39 + 0.01™pa 0.29 + 0.01anpr 0.22 + 0.00%°ar
g endometrium 3 I 0.72 + 0.06™mn° 0.58 + 0.03mpa 0.44 + 0.05pr 0.25 + 0.02049~
'% thickness (cm) C 0.64 + 0.03mne 0.54 + 0.02mp4 0.44 + 0.03pr 0.28 + 0.01°49~
2  diametre of uterine I 0.62 £0.06™n° 0.50 £ 0.02mpa 0.36 £ 0.01pr 0.24 + 0.0104ar

lumen (cm) C 0.63 £ 0.05mno 0.46 £ 0.02mP4 0.35+0.01pr 0.23 + 0.01°9~

a, b: with reference to the same parametre, same superscripts within a column indicate significant difference between I and C groups (a: 0.01 < P <0.05, b: P <0.01)

—m - 1: same superscripts within a row indicate significant difference between stages (P < 0.035).
1. Si: included samples collected before inoculation, on LO and L1, S2: included samples collected after challenge up to and including D4, Ss: included samples

collected from D6 to D12 and S4: included samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-partum).
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Table 4. Mean daily reduction of dimensions of the uterine structures, as calculated based on
ultrasonographic measurements, of ewes with experimentally induced uterine infection

(group I) or of uninoculated controls (group C).

Stage post-partum!

S Ss S4

diametre of caruncles I 0.034 0.0172 0.009

2 (cm) C 0.042 0.0272 0.008
'% myometrial thickness I 0.068 0.030 0.007
.qé (cm) %‘ C 0.067 0.033 0.007
"g endometrium G 1 0.101 0.155° 0.138°
qé) thickness (cm) C 0.092 0.018 0.007°
5 diametre of uterine I 0.1272 0.142° 0.130v
lumen (cm) C 0.0762 0.044° 0.012°

a, b: with reference to the same parametre, same superscripts within a column indicate significant
difference between I and C groups (a: 0.01 < P <0.05, b: P <0.01).

1. S1: included samples collected before inoculation, on L0 and L1, S2: included samples collected after
challenge up to and including D4, Ss: included samples collected from D6 to D12 and Ss: included
samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-

partum).

Doppler mode examination

The spectral display in Doppler mode was observed as a broad band structure
(Figures 7 and 8). The diametre of the uterine artery was similar in the two groups on S, but
thereafter remained significantly larger in group I ewes (P < 0.02). The resistance and
pulsatility indexes remained smaller in the group I ewes throughout the study, whilst the
blood pressure was higher in these ewes. Finally, the blood flow volume into the uterus was
significantly higher in group I ewes after challenge (P < 0.02) (Table 5). Moreover, for both
groups, the progressive changes in the haemodynamic parametres (except for the mean
velocity) were significant (Table 5).

For all measurements taken after challenge, the uterine artery diametre and the blood
flow volume into the uterus were significantly greater in I than in C ewes: 0.31 + 0.01 cm
versus 0.27 £ 0.01 cm (P =0.008) and 92.7 + 7.2 mL min." versus 62.0 £ 5.3 mL min." (P = 0.032),
respectively (Figure 9). For the other haemodynamic parametres evaluated, no significant

differences were evident (P > 0.20).
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Figure 7. Sequential post-partum spectral waveforms of the uterine artery (Doppler

ultrasonography) of ewes with experimentally induced uterine infection (group I).
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PRC 11-4-H PRS 4 PRC 3-L-H PRS 4 C 4 PRC 3-L-H PRS 4
PST 3 WFE M M

SV 1- Smm © 0° 1- 12mm © -45°

WF

Left: 2 days, right: 12 days after inoculation (images taken and processed on a MyLab® 30
ultrasonography system with linear transducer, Doppler imaging frequency: 6.6 MHz - scanning

depth: 40 mm).

Figure 8. Sequential post-partum spectral waveforms of the uterine artery (Doppler

ultrasonography) of normally involuting ewes (group C).
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Left: 2 days, right: 12 days after inoculation (images taken and processed on a MyLab® 30

ultrasonography system with linear transducer, Doppler imaging frequency: 6.6 MHz - scanning

depth: 40 mm).
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Table 5. Post-partum Doppler ultrasonographic measurements (mean + standard error of the mean) in the uterine artery of ewes with

experimentally induced uterine infection (group I) or of uninoculated controls (group C).

Stage post-partum!

S1 Sz Ss Su
uterine artery I 0.44 + 0.02mne 0.38 + 0.01>mpa 0.28 + 0.01bnpr 0.22 + 0.01¢0ar
diametre (cm) C 0.44 + 0.02mn° 0.35 +0.01>mpa 0.25 +0.01bnpr 0.18 + 0.01%0ar

I 0.70 £ 0.02mne 0.77 £ 0.01emp 0.81 £ 0.02na 0.86 + 0.02°P4a
resistance index
C 0.74 £ 0.02mne 0.81 £ 0.01emp 0.84 £ 0.02" 0.85 £ 0.020p
% o I 1.50 + 0.12amne 1.98 + 0.08<mp 2.18 +0.11bna 2.81£0.17°Pa
£ pulsatility index
S C 1.79 + 0.102mne 2.45 = 0.09emp 2.58 +0.15b"a 2.99 £ 0.13°P4a
g systolic : diastolic I 4.27 £0.74mn 5.88 £ 0.86° 6.93 + 0.73™P 10.70 + 1.96"°P
% velocity ratio C 4.27 +0.30mne 6.84 + 0.45™P 7.44 +0.69™9 12.91 + 1.57°p4
go general pressure %‘ I 1.22 £ 0.24™n 0.87 + 0.06° 0.72 + 0.07™p 0.53 = 0.07~op
% (mm Hg) 3 C 1.09 + 0.19mn 0.82 £0.07° 0.71 £ 0.08r 0.43 + 0.02n0P
§ mean pressure I 0.40 £ 0.08mn° 0.22 +0.02bmp 0.20 £ 0.03a 0.10 £ 0.020P4
§ (mm Hg) C 0.26 + 0.03mne 0.16 + 0.02bmp 0.14 £ 0.02na 0.07 £ 0.01°Pa
% mean velocity I 0.73 £0.05 0.69 +0.02 0.71+0.03 0.73 £0.03
§ (ms™) C 0.67 +£0.03 0.69 +0.02 0.74 £ 0.04 0.69 +0.02
systolic acceleration I 6.60 +1.26 6.02 £ 0.38™ 8.95+1.15™ 6.68 +0.72
(ms™) C 6.89 +0.75™ 6.67 + 0.30"°P 8.89 £ 0.69m° 7.78 +0.45P
blood flow volume I 242.1 + 31.4mn0 144.7 + 10.65™P4 68.9 + 8.3¢npr 28.2 + 3.3boar
(mL min.™) C 209.1 £ 25.2mn0 105.5 + 9.6m P4 43.9 + 3.8enpr 17.0 £ 1.3b0ar

a - c: with reference to the same parametre, same superscripts within a column indicate significant difference between A and C groups (a: 0.025 < P < 0.050, b: 0.01

<P <0.025, c: P <0.01) — m - r: same superscripts within a row indicate significant difference between stages (P < 0.045).

1. Si: included samples collected before inoculation, on LO and L1, S2: included samples collected after challenge up to and including D4, Ss: included samples

collected from D6 to D12 and S4: included samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-partum).
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Figure 9. Time-series graphs (DO0: day of inoculation) of Doppler ultrasonography results of

the uterine artery of ewes with experimentally induced uterine infection (group I) or of

uninoculated controls (group C) (a) diametre of the uterine artety, (b) blood flow volume.

(a)

0,6

0,4

03

0,2

01

Vertical axis: diametre of the uterine artery (cm), horizontal axis: days post-inoculation (D0 = day of

inoculation).
(b)
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Vertical axis: blood flow volume (mL min.?), horizontal axis: days post-inoculation (DO = day of

inoculation).

Contrast-enhanced examination

No adverse effects were observed clinically in any animal after administration of the

contrast agent.
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The dose administered allowed clear imaging of the structures in all cases. In healthy
ewes, CEUS examination revealed a steady biphasic pattern of contrast agent kinetics,
characterised by initial uptake (wash-in phase) within 70 s post-injection, at which time
intensity peaked with strong enhancement (80 - 100 AEU for caruncles and 100 - 120 AEU
for inter-caruncular areas), followed by a gradual wash-out phase (Figure 10). In contrast, in
the uterus of group I ewes, the pattern showed the enhancement being weak in the
caruncles (< 50 AEU; P < 0.001), but similar to that in group C in the inter-caruncular area
(100 - 120 AEU; P = 0.47) (Table 6).

Enhancement and clearance were evident initially in the caruncular tissue.
Enhancement in the inter-caruncular area revealed an irregular pattern; it started with a
delay, but lasted longer than in caruncles. Enhancement allowed clear visualisation of the
entire caruncles in the control ewes; in inoculated ewes, caruncles could be visualised only

partially (Figure 11).

Table 6. Quantitative results (median) of contrast-enhanced ultrasonographic examination of
the uterus of ewes with experimentally induced uterine infection (group I) or of

uninoculated controls (group C).

Region of interest

Ultrasonographic parametre Caruncular tissue Inter-caruncular area
Group I
Peak enhancement (AEU) 42.9342b 118.359b
Time to peak (s) 48 52
Time to wash-out (s) 78 128
Total enhancement time (s) 64 122
Wash-in time (s) 34 46
Wash-out time (s) 30 76
Group C
Peak enhancement (AEU) 99.9472b 118.565P
Time to peak (s) 58 70
Time to wash-out (s) 138 164
Total enhancement time (s) 130 150
Wash-in time (s) 50 56
Wash-out time (s) 80 94

a: same superscripts within a column indicate significant difference between I and C groups (P <
0.001) — b: same superscripts within a row indicate significant difference between the two tissues
imaged (P < 0.01).
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Figure 10. Patterns of image enhancement by contrast-enhanced ultrasonographic

examination in the uterus of ewes with experimentally induced uterine infection (group I)

or of uninoculated controls (group C) on D1; (a) caruncular tissue, (b) inter-caruncular area.

(@)

Vertical axis: image enhancement (AEU), horizontal axis: time after administration of the contrast
agent.

Vertical axis: image enhancement (AEU), horizontal axis: time after administration of the contrast
agent.
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Figure 11. Contrast-enhanced ultrasonographic presentation of uterine caruncles; image

taken 1 day after inoculation.

Left: weak and partial imaging of uterine caruncles of a ewe with experimentally induced uterine

infection, with reduced enhancement in 48 s — right: full imaging of uterine caruncles of an
uninoculated control ewe, with peak enhancement in 58 s (images taken and processed on a Vivid-I
ultrasonography system with convex transducer, imaging frequency: 2.0 / 4.0 MHz - mechanical index:
0.09 - power: 22dB - scanning depth: 70 mm - contrast agent: 40 uL sulphur hexafluoride in

microbubbles).

Bacteriological findings

Vaginal swab samples

In group I, E. coli was isolated from all ewes (1.000, 95% CI: 0.723 - 1.000) after
challenge. Median duration of infection was 19.5 (1.5 — 62) days. Recurrence of infection was
noted in 6 ewes (0.600, 95% CI: 0.313 — 0.832). E. coli was isolated in 109 samplings (0.681). In
29 samplings (0.181) other bacteria (staphylococci, streptococci, T. pyogenes,
Enterobacteriaceae) were isolated, in 12 of these (0.414) in mixed culture with E. coli. In total,
142 bacterial isolates were recovered (0.888 isolates per sampling).

In C group, bacteria (E. coli or other organisms) were isolated from all ewes (1.000;
95% 0.758 — 1.000) at least once. Median duration of infection was 14 (1.25 — 62) days (P <
0.001 when compared with group I). Recurrence of infection was noted in 8 ewes (0.800, 95%
CI: 0.391 - 0.862) (P = 0.55 when compared with group I). E. coli was isolated in 96 samplings
(0.500), i.e. less frequently than from I ewes (P < 0.001). Other bacteria were isolated in 69

samplings (0.359), i.e. more frequently than from I ewes (P < 0.001), in 25 of these (0.362) in
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mixed culture with E. coli. In total, 173 bacterial isolates were recovered (0.901 isolates per
sampling) (P = 0.34 when compared with group I).

In group I, frequency of E. coli isolation was significantly higher in Sz and Ss than in Ss
(P <0.001). In contrast, no such difference was seen between stages in group C (P > 0.13).

Details are in Table 7.

Table 7. Frequency of isolation of bacteria from anterior vagina swab samples of ewes with

experimentally induced uterine infection (group I) or of uninoculated controls (group C).

Stage post-partum!

Group S1 S2 Ss S4
Isolation of any bacterial species

I 3 /242 50/ 60 28 /30 48 /70
C 3/24 56 /72 28 /36 56 / 84
Isolation of E. coli

I 2/24 48 /60 27 /30 34/70
C 2/24 39/72 20/ 36 37 /84

1. S1: included samples collected before inoculation, on L0 and L1, S2: included samples collected after
challenge up to and including D4, Ss: included samples collected from D6 to D12 and Sa: included
samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-
partum).

2. m / n = samples that yielded bacteria / total number of samples collected.

Uterine tissue samples

In group I, E. coli was recovered twice, on the first sampling of the respective animals
(0.182), one on D7 and one on D14. In group C, no bacteria were recovered from any uterine

tissue sample (0.000) (P = 0.43).

Cytological findings

In vaginal swab samples from all ewes, neutrophils were the predominant leucocyte
type observed therein (Table 8). There was a significantly lower proportion of neutrophils in
group I (80.5% + 2.7%) than in group C (91.0% + 1.8%) ewes; proportion of lymphocytes in

group I (7.3% + 1.3%) increased immediately after challenge and was higher than in group C
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(3.8% * 1.0%) (for all measurements taken after challenge, P = 0.003 and 0.034, respectively)
(Table 8). Further, the progressive changes throughout the study in the proportions of

leucocytes (neutrophil reduction, lymphocyte increase) were also significant in both groups

(P <0.03).

Haematological findings

Details of haematological findings are in Table 9. The only parametre in which there
was a significant difference between group I and C ewes for all measurements after
challenge, was eosinophil counts: 204 + 10 cells mL-! versus 429 + 34 cells mL", respectively

(P =0.003). For the other parametres measured, no significant differences were evident (P >

0.06).
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Table 8. Proportions (%) of leucocyte types observed in vaginal swab samples of ewes with experimentally induced uterine infection (group I) or

of uninoculated controls (group C).

Stage post-partum!

S1 S2 Ss Su

, I 98.7 + 0.9mne 94.0 + 1.5¢mp 87.0 + 4.62pa 66.7 + 5.020p4
$ Neutrophils
o C 98.6 +0.7mn 98.6 + 0.3<0p 95.9 + 1.02moa 79.6 + 4.63np4
3z g I 1.3 +1.0amn° 5.3 £1.5om 9.1+£3.6" 8.2+2.1°
s, Lymphocytes S
g 3 C 0.7+0.4mn 1.0 + 0.2¢0P 3.5+1.0m° 7.2+2.6"P
o
z I 0.0 £0.0am 0.8 £0.4m 05+0.3 0.8+0.7
— Macrophages

C 0.7 0.4 0.4+0.1 0.6+0.3 0.8+04

a, b: with reference to the same parametre, same superscripts within a column indicate significant difference between A and C groups (a: 0.025 < P <0.05, b: 0.01
<P <0.025, c: P<0.01) — m - 1: same superscripts within a row indicate significant difference between stages (P < 0.03).
1. S1: included samples collected before inoculation, on LO and L1, S2: included samples collected after challenge up to and including D4, Ss: included samples

collected from D6 to D12 and S4: included samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-partum).
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Table 9. Haematological results (mean + standard error of the mean) in samples of ewes
with experimentally induced uterine infection (group I) or of uninoculated controls (group

Q).

Stage post-partum!

Parametre S1 S2 Ss S4

Erythrocyte counts (x10° cells pL1)

I 9.02+0.29 8.98 +0.18¢ 9.00+0.26 8.91 +0.16¢
C 8.58 +0.35 8.38 +0.18¢ 8.62+0.26 8.16 +0.14¢
Haematocrit (%)

I 30.5+1.0 30.2+0.6 30.0£0.9 29.1£0.5¢
C 30.1+1.2m 29.5+0.5" 29.7 £0.7° 27.5 + 0.4¢emno
Haemoglobin concentration (g dL)

I 9.94+£0.29 9.97 £ 0.16™ 9.85+0.22 9.61 £ 0.14¢m
C 9.73 £0.38™ 9.63 £ 0.18" 9.61 £0.26° 8.92 + 0.13¢mne
Mean corpuscular volume (fL)

I 34.0+0.8 33.8 £0.4em 33.4£0.5 32.7 £0.3em
C 35.2+0.6™ 35.4 +0.3¢n 34.6£0.5 34.0 £ 0.3¢mn
Mean corpuscular haemoglobin concentration (g dL)

I 329+0.8 33.3+04 33.2£0.5 33.3£0.3¢
C 32.4+0.2 32.7+0.1 32.4+0.2 32.4£0.2¢
Total leucocyte counts (cells uL7)

I 12696 + 1126™° 10200 + 421™ 10512 + 445" 10247 +279°
C 12901 + 856™n° 10938 + 411™p 10226 + 404" 9886 + 288°p
Neutrophil counts (cells uL)

I 7412 +1039mne 4648 + 410°mp 4596 + 2784 3760 + 175°P4
C 8275 + 692mne 5867 + 303¢mpa 4649 + 270"pr 4031 + 15304~
Lymphocyte counts (cells pL1)

I 4382 + 361mn 4773 + 194bor 5376 + 269bmop 5820 + 169np4
C 3918 + 224mn 4227 + 1360 4746 + 244bmo 4860 + 146°p
Monocyte counts (cells pL)

I 170 + 31emn 237 + 23em 191 + 26¢ 240 + 162"
C 291 + 38¢ 354 +21em 374 + 34¢°n 293 + 22amn
Eosinophil counts (cells pL1)

I 271 +42m 200 +13¢ 188 + 27¢m 213 +17¢

C 270 + 42m 338 + 22¢n 301 + 34¢° 547 + 68cmne
Basophil counts (cells puL1)

I 77 £ 8m 82 +4n 90 +9° 111 + emne
C 76 £7™ 86 £ 3" 83 £5° 103 £ 7mne
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Table 9 (continued).

Stage post-partum!

Parametre S1 S2 Ss S4

Thrombocyte counts (x10° cells pL1)

I 509 + 19emno 552 + 14emp 668 + 25¢npa 574 + 1604

C 669 + 49em 747 + 28¢ 826 + 47¢mn 727 £ 31en
a - c: with reference to the same parametre, same superscripts within a column indicate significant
difference between A and C groups (a: 0.025 < P < 0.050, b: 0.01 < P £0.025, c: P £0.01) — m - r: same

superscripts within a row indicate significant difference between stages (P < 0.045).

1. S1: included samples collected before inoculation, on L0 and L1, S2: included samples collected after
challenge up to and including D4, Ss: included samples collected from D6 to D12 and Sa: included
samples collected from D17 to D62 (DO0: day of inoculation, which took place on the 1st day post-

partum).

Histological findings

In group I ewes (Figure 12), in samples collected on D7, the epithelium of the
endometrium had a loose structure, with high cylindrical-like cells, which contained
vacuoles. There was intense vascularisation with lymphocytic infiltration, which occurred
mainly subepithelially and occasionally around the uterine glands. These could be easily
observed. The myometrium appeared to have lost its fine structrure; hyperaemia and
extravasation were evident therein and it also had a loose appearance. On D14, the
epithelium of the endometrium appeared destroyed with massive neutrophilic and
lymphocytic infiltration; there was intense vascularisation and extravasation. There was also
increased presence of lymphocytes in the myometrium. On D24 and D27, the epithelium of
the endometrium included cylindrical cells, with several small glands with small diametre
being clustered in groups; the epithelium of the glands was cuboidal. There was intense
presence of lymphocytes in the endometrium, whilst no inflammatory cells were observed
in the myometrium, which included intense vascularisation and extravasation. On D34, in
the sample from one ewe the epithelium of the endometrium was characterised by single-
layered cells, whilst in the sample from the second animal no epithelium could be observed.
The uterine glands were collapsed and had fully regressed. The myometrium was
thickened; no cellular infiltration could be observed therein in the sample from one ewe,
whilst in the sample from the second animal there was evidence of massive cellular

infiltration. On D42 and D44, there were single-layered cells on the epithelium of the
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endometrium, but this was not absolutely intact, as there were areas in the samples that no
epithelium could be seen. Cellular infiltration in the myometrium was still evident. On D62,
the border between the endometrium and the myometrium could not be distinguished;

there were leucocytes and mild vascularisation therein.

Figure 12. Post-partum histological pictures of the uterus of ewes with experimentally

induced uterine infection (group I).

Top left: 7 days after inoculation (section of the endometrium, with cylindrical-like cells in the
epithelium; occasionally, epithelium completely detached from the endometrium; presence of intense
subepithelial infiltration primarily by lymphocytes with a few neutrophils as well), top right: 27 days
after inoculation (section of the endometrium, with intense infiltration by lymphocytes), bottom
centre: 42 days after inoculation (section of the endometrium, with cyboidal single-layered epithelium
in almost the entire length of the endometrium; subepithelial infiltration primarily by lymphocytes;

presence of vessels and uterine glands with cylindrical single-layered epithelium) (H & E, 200x).

In group C ewes, in samples collected on D7 and D14, the epithelium of the
endometrium was intact, with cuboidal- to cylindrical-like cells; these contained vacuoles.

There was clear hyperaemia with small-degree neutrophilic infiltration. The uterine glands
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were observed easily and had also cuboidal- to cylindrical-like epithelial cells. The
myometrium included trophoblast-like cells and vacuoles. On D24 and D27, the epithelium
was still intact, but height of epithelial cells was decreased. The uterine glands had a smaller
size compared to previous samples. Progressively, the thickness of the myometrium
reduced. On D34, the epithelium of the endometrium was characterised by single-layered
cells. The uterine glands were collapsed and had fully regressed. Leucocytic infiltration was
characterised by presence of lymphocytes. On D42 and D44, there were single-layered cells
on the epithelium of the endometrium, still with lymphocytic infiltration. Finally, on D62,
the border between the endometrium and the myometrium could not be distinguished and
the entire uterine wall was observed as one entity.

Median score for total number of leucocytes in samples from I ewes was higher than
in C ewes: 4 versus 3 (P = 0.014); differences between I and C ewes in median scores for
neutrophils and lymphocytes, when these were considered separately, were not significant
(P = 0.50 and 0.38, respectively). Lymphocytes always predominated in uterine tissue

samples, independently of sampling point or group.

Subsequent reproductive performance

During the subsequent reproductive (breeding) season, all ewes in group I and group
C were mated and diagnosed to be pregnant by using ultrasonographic examination.
Finally, all ewes lambed normally and produced healthy and viable lambs. There were no
significant differences between groups I and C in any reproductive performance parametre

(P> 0.17) (Table 10).
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Table 10. Reproductive performance, during the subsequent reproductive season, of ewes

with experimentally induced uterine infection (group I) or of uninoculated controls (group

O).
Group

Measure of reproductive performance I C
Mating rate 100% 100%
Pregnancy rate 100% 100%
Abortion rate 0% 0%
Lambing rate 100% 100%
Total lambs per ewe 1.90 2.00
Stillbirth rate 0% 0%
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CHAPTER III

UTERINE INVOLUTION IN EWES THAT HAD DEVELOPED
PREGNANCY TOXAEMIA DURING THE PRECEDING
GESTATION AND CONSEQUENCES IN SUBSEQUENT

REPRODUCTIVE PERFORMANCE
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OBJECTIVES

The objectives of this work were:
- (a) the study of the characteristics of uterine involution in ewes that had developed
pregnancy toxaemia during the preceding gestation and

- (b) the evaluation of the subsequent reproductive performance of such ewes.
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MATERIALS AND METHODS
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Experimental design

In total, 21 Lacaune-cross ewes (age 3 — 5 years) were included in the study (group A,
n =12; group C, n =9). In ewes in group A, an experimental model that has been described
to lead in pregnancy toxaemia (Barbagianni et al. 2015a), was followed. The model was
based in providing to animals a feed with reduced energy content during the last one-and-a-
half months of pregnancy; the feed fulfilled satiation requirements of animals, hence not
affecting their welfare status. Ewes in group C were provided a commercial concentrate
feed and were used as controls. Detailed descriptions (composition and nutrient contents),
as well as details of the administration regime of the feeds have been presented by
Barbagianni et al. (2015a).

Among ewes in group A, those that developed pregnancy toxaemia were allocated in
subgroup Al (n = 7). Pregnancy toxaemia was diagnosed by detecting increased
concentrations of B-hydroxybutyrate in blood samples, measured by the quick test Precision
Xceed® (Abbott Laboratories, Abbott Park, Illinois, USA) (Panousis et al. 2012); the mean
value of all measurements in these ewes after the 124th day of pregnancy was 2.36 + 0.15
mmol L7, with range from 1.47 to 3.80 mmol L. Ewes in group A in which no increased
concentrations of 3-hydroxybutyrate were detected, were allocated to subgroup A2 (n = 5);
the mean value for all B-hydroxybutyrate measurements in these ewes was 0.89 + 0.04 mmol
L, with range from 0.70 to 1.18 mmol L. In the ewes of group C, the mean value for 3-
hydroxybutyrate measurements was 0.75 + 0.02 mmol L, with range from 0.65 to 0.95 mmol
L1 (P <0.002 for all comparisons between groups).

Conditions prescribed by legislation of the European Union in relation to animal

experimentation procedures (Council Directive 86/809/EEC) were met during this work.

Post-partum examinations and sample collections

Lambings took place in February to March, which was outside the annual breeding

season in the area (latitude: N 39.37 °), where the study was conducted. All ewes produced

twin lambs.
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Detailed examinations of all ewes and sample collections were performed at regular
intervals throughout the study. Samples were also collected 6 to 12 h after lambing (LO = day
of lambing) and at regular intervals thereafter (L1, L2, L4, L7, L10, L15, L20, L25, L30, L40,
L50, L60).

On each of the above sampling points, initially, a detailed clinical examination of the
genital tract was performed (details in Chapter II, Materials and Methods).

Samples of vaginal discharge were also collected (details in Chapter II, Materials and
Methods).

Ultrasonographic examination of the genital tract was performed on the above
occasions, bar the contrast-enhanced ultrasonographic examination (details in Chapter II,
Materials and Methods).

Uterine biopsies were performed laparoscopically for tissue sample collection from
the uterus of the experimental ewes (details in Chapter II, Materials and Methods). These
were performed on L10 (left horn) and L30 (right horn) (no. of ewes from subgroup Al: n =
3, from subgroup A2: n =3, from group C: n =2) or on L20 (left horn) and L40 (right horn),
respectively (no. of ewes from subgroup Al: n =4, from subgroup A2: n =2: from group C: n

=2).

Laboratory examinations

Vaginal swab samples were processed for bacteriological and cytological examination
(details in Chapter II, Materials and Methods).
Uterine tissue samples were processed for bacteriological and histological examination

(details in Chapter II, Materials and Methods)

Evaluation of subsequent reproductive performance

Two months after the end of the monitoring period and after the reproductive season
had started (i.e., in June), ewes were put with rams of known fertility (n = 2) for mating.
Rams were left with ewes for 60 days. Ultrasonographic examinations were performed for

pregnancy diagnosis. Throughout that period, during the pre-conception period and
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gestation, appropriate health management of ewes had been performed as recommended
(Fthenakis et al. 2012); all ewes were maintained under the same conditions. Blood samples
were periodically collected after the 124th day of pregnancy for measurement of (-
hydroxybutyrate. Finally, lambings and number of lambs born from each ewe were

recorded.

Data management and analysis

Post-partum stages

The post-partum period was divided in four stages: S1 included samples collected on
L0 and L1 (2 sampling points), Sz included samples collected from L2 to L7 (3 sampling
points), Ss included samples collected from L10 to L25 (4 points) and Ss included samples

collected from L30 to L60 (4 points).

B-mode ultrasonographic measurements

Initially, stored ultrasonographic images were viewed for description. Then, images of
(a) caruncular tissue and (b) inter-caruncular tissue obtained from each ewe on each
occasion, were processed by means of Image] software. For analysis of results of grey-scale
measurements, data were normalised by calculating the ratio GScr / GSit. Measurements of
dimensions of uterine structures were performed in images taken by the linear transducer
and were calculated by the equipment’s software. The diametre of caruncles and of the
uterine lumen, as well as the thickness of the myometrium and the endometrium were
calculated. Reduction of dimensions of uterine structures (Rs) within a stage (Sn) compared
to those in the preceding stage (Sn1) was also calculated (for all the above, details in Chapter

II, Materials and Methods).
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Doppler mode ultrasonographic measurements

Stored images of cross-sections and spectral waveforms of the uterine artery were
processed by means of MyLab® software (details in Chapter II, Materials and Methods). In
total, eight haemodynamic parametres in that vessel were calculated (details in Chapter II,

Materials and Methods).

Modelling for analysis of infection results

A model was employed for analysis of infection results (details in Chapter II,

Materials and Methods).

Evaluation of cellular infiltration

Cellular infiltration in vaginal swab and uterine tissue samples was assessed by means

of semi-quantititave methods (details in Chapter II, Materials and Methods).

Measures for reproductive performance

In total, six measures of reproductive performance were calculated (details in Chapter

II, Materials and Methods).

Statistical analysis

Data were entered into Microsoft Excel for analysis. Basic descriptive analysis was
performed. The outcomes of interest were considered.

Comparisons of frequencies of clinical signs and bacterial isolations for Al versus A2
and A versus C were performed in a table of cross-categorised frequency data by use of
Pearson chi-square test or Fisher-exact test, as appropriate. Time of first appearance of an

outcome and duration of outcome under evaluation were compared between groups as
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above by means of Mann-Whitney test. The Kruskal-Wallis and the Mann-Whitney tests
were used to evaluate differences in bacterial isolations between post-partum stages.

For ultrasonographic measurements, repeated measures mixed effect linear regression
models were used to determine whether outcomes changed over the course of the study.
Fixed effect was the time-point of the study (i.e., L0, L1, etc.). Effect of experimental subjects
(animals) was included as random effect in the model. Models were adjusted for repeated
measures within animals. Initially, separate analyses were performed for each stage post-
lambing (S1 — Ss), which were followed by an analysis that took into account all the
measurements (13 time-points) carried out.

The Mann-Whitney test was used to evaluate differences between groups in scores for
average leucocyte numbers. Further, these scores were compared by the Friedman Test
using each sampling day’s score as the unit and with group as ‘treatment’” and day number
as ‘block’.

Results for reproductive performance were evaluated using comparison of
proportions or the Mann-Whitney test, as appropriate per type of result.

In all cases, level of significance was set at P = 0.05.
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RESULTS
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Clinical findings

In two Al ewes (0.286), systemic clinical signs (recumbence, selective appetite,
increased [> 40.5 °C] rectal temperature) were recorded on LO. No systemic clinical findings
were observed in A2 ewes (P = 0.32 for Al versus A2). In all Al ewes (1.000), genital clinical
signs (presence of malodorous, thick, purulent, yellow- to brown- to black-coloured vaginal
discharge [n = 7], vaginal hyperaemia and vulval oedema [n = 7], retention of foetal
membranes [n = 1]) were evident; median duration of genital clinical signs was 27.5 days.
Also in all A2 ewes (1.000), genital clinical signs (vaginal discharge as above [n = 5], vaginal
hyperaemia and vulval oedema [n = 5], retention of foetal membranes [n = 1]) were evident
(P =1.00 for Al versus A2); median duration of genital clinical signs was 22.5 days (P = 0.48
for A1 versus A2). Recurrence of local clinical signs occurred in one Al and one A2 ewes (P =
0.68 for A1 versus A2).

Systemic clinical signs were not observed in any group C ewe (0.000) (P = 0.31 for A
versus C). In 2 ewes (0.222), there was transient presence of malodorous vaginal discharge;
the median duration of the genital clinical signs was 10 days. No recurrence of the genital

clinical signs occurred in these ewes.

Ultrasonographic findings

B-mode examination

In A group ewes, the uterus could be easily imaged during the first week post-partum,
with the endometrium appearing more hyperechoic than in healthy control ewes. The layers
of the uterine wall appeared thickened and particularly echogenic until the 15th day post-
partum. The content of the uterine lumen was imaged with hyperechoic foci (possibly due
to the presence of fluid and cellular components in most ewes until the 7t to 15% day post-
partum). Progressively, the uterine content was imaged with inconsistent and blurred
structures of increased or mixed echogenicity; the uterine content could not be imaged

beyond the 15th day post-partum. Immediately post-partum, the caruncles were less
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echogenic than the endometrium, but differences decreased during the first week post-

partum (Figure 13).

Figure 13. Sequential post-partum B-mode ultrasonographic presentation of the uterus of
ewes, which, subsequently to suboptimal feeding during last stage of pregnancy, had

developed pregnancy toxaemia (subgroup Al) during the preceding gestation.

F 7.5 MHZ G 76% F 7.5 MHZ G 76%
D 7 cm XV D 7 cm XV
PRC 11-5-H PRS 4 PRC 11-5-H PRS 4
PST 3 PST 3

F 7.5 MHZ G 76% F 12 MHzZ G 76%
D 7 em XV C ) 4 cm Xv C
PRC 11-5-H PRS 4 PRC 11-4-H PRS 4
PST 3 PST 3

Top left: 2 days, top right: 4 days, bottom left: 15 days, bottom right: 40 days after lambing; caruncles
and uterine wall layers are imaged (transverse sections obtained by transcutaneous examination at the
inguinal area; image taken and processed on a MyLab® 30 ultrasonography system with linear
transducer, imaging frequency: 7.5 — 12.0 MHz - scanning depth: 40 - 70 mm).

In group C, layers in the uterine wall were clearly imaged up to the 30th day post-
partum: the perimetrium and the outer layer of the myometrium were highly echogenic, the

middle layer of the myometrium was anechoic to hypoechoic, like a dark rim, the inner
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layer of the myometrium and the endometrium appeared as echogenic structures. The
uterine lumen was seen irregularly shaped. After the tenth day post-partum, the organ
appeared circular or elliptical (longitudinal sections) or polygonal to elliptical, progressively
changing to circular (transverse sections). Caruncles were seen on the endometrium, often
appearing in mushroom-like shape. In general, they were echogenically similar to the
endometrium and its folds (Table 11); differences in their echogenity were evident: the most
superficial layer was hyperechoic, with the deeper tissue being less echoic; caruncles were
last observed on the 20th day post-partum. There was echogenic content within the anechoic
lumen. The uterine body bifurcation and the horns could be imaged up to 30th day post-
partum. The myometrium and the endometrium were imaged as clearly separate layers
until the 30th day post-partum. Subsequently, the organ was imaged as a round entity near
the bladder, as its size decreased. The echopattern of the uterine wall was finely textured,
homogeneous and hypoechoic to moderately echogenic (Figure 14).

The GScr / GSrr ratio was significantly greater in group C than in group A ewes during
S1 (P =0.007), but not in subsequent stages (P > 0.15) (Table 11).

Table 11. Post-partum echogenicity: ratio GScr / GSit! (mean + standard error of the mean) in
the uterus of ewes, which, subsequently to suboptimal feeding during last stage of
pregnancy, had (A1) or had not (A2) developed pregnancy toxaemia, or of healthy controls
©).

Stage post-partum?®

S Sz Ss
Al 0.70 £0.05bmn 0.90 £ 0.06™ 0.93 £0.04"
Group A2 0.77 £ 0.07bm 0.92 £ 0.05™ 1.02+0.17
C 0.85 + 0.03bmn 0.96 £ 0.03™ 1.00 + 0.06"

a - b: with reference to the same parametre, same superscripts within a column indicate significant
difference between A and C groups (a: 0.020 < P < 0.035, b: 0.001 < P <0.020) — m - n: same superscripts
within a row indicate significant difference between stages (P < 0.035).

1. GScr: Grey-scale of caruncular tissue, GSir: Grey-scale of inter-caruncular tissue

2. Si: included samples collected on lambing day and 1st day post-partum, Sz: included samples
collected from 2nd to 7th day post-partum, Ss: included samples collected from 10th to 25th day post-
partum.

3. no data are presented for Ss4, because no measurements could be taken.
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Figure 14. Sequential post-partum B-mode ultrasonographic presentation of the uterus of

normally involuting ewes (group C).

E 12 MHZ G 76%
D 4 cm XV C
PRC 11-4-H PRS 4
PST 3

EWE4 DIE

F 12 MHZ G 76%
D 4 cm XV C
PRC 11-4-H PRS 4
PST 3

(3 12 MHZ G 76%
D 4 cm XV C
PRC 11-4-H PRS 4
PST 3

EWE4 D4

F 12 MHz G 76%
D 4 cm XV C
PRC 11-4-H PRS 4
PST 3

EWE4 D15 EWE4 D40

Top left: 1 day, top right: 4 days, bottom left: 15 days, bottom right: 40 days after lambing; caruncles
and uterine wall layers are imaged (longitudinal sections obtained by transcutaneous examination at
the inguinal; image taken and processed on a MyLab® 30 ultrasonography system with linear
transducer, imaging frequency: 12.0 MHz - scanning depth: 40 mm).

Immediately after lambing (stage S1), there were significant differences between A and
C ewes in the caruncular diametre (1.48 and 1.35 cm, respectively; P = 0.015), the
endometrium thickness (1.17 and 0.65 cm, respectively; P = 0.021) and the lumen diametre
(0.83 and 0.67 cm, respectively; P = 0.034) (Table 12). Progressively, in all ewes, there was a
reduction of dimensions of above structures as the post-partum period advanced. Particular
reduction of dimensions occurred during S: (i.e., during the first week after lambing),

present in all ewes in the study: mean daily reduction of dimensions of the uterine
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structures varied from 1.1% to 6.6%; subsequently, during Ss and Ss, this was 0.4% to 4.2%
and 0.3% to 1.4%, respectively (Table 13). Further, mean daily reduction of the caruncular
diametre (during Ss) and the myometrium thickness (during Sz2) was smaller in A than in C
ewes (P <0.02) (Table 13). Throughout the study period, the overall reduction (from Si to Ss)
in myometrium thickness was 42.8% and 52.9% for A and C ewes, respectively (P = 0.018).

No significant differences were found for the overall reduction in other structures.
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Table 12. Post-partum ultrasonographically measured dimensions (mean * standard error of the mean) of the uterine structures of ewes, which,
subsequently to suboptimal feeding during last stage of pregnancy, had (A1) or had not (A2) developed pregnancy toxaemia, or of healthy

controls (C).

Stage post-partum!

S1 Sa Ss Sa
Al 1.50 = 0.06>™ 1.37 +0.06%" 1.16 £ 0.07¢mn 2
diametre of A2 1.46 + 0.02bmn 1.39 +0.05¢" 1.14 + 0.07emn -
caruncles (cm)
C 1.35 % 0.055mn 1.16 = 0.04cmo 0.83 + 0.04cn )
Al 0.50 + 0.03mn 0.49 + 0.02¢0% 0.38 + 0.02¢mod 0.27 + 0.02¢npa
g myometrial A2 0.52 +0.03mn 0.49 +0.0150p 0.38 + 0.03¢mo 0.33 + 0.03¢npa
§5 thickness (cm)
é e 0.49 + 0.02m a0 0.40 + 0.01cmpa 0.30  0.01cnpr 0.23 +0.01c0as
.~ o
S 5 Al 1.01+0.03 0.78 +0.065mn 0.45 + 0.042m° 0.25 + 0.03bn°
£ ;
5 endometrium A2 1.34 +0.012mno 0.90 + 0.03¢mpa 0.45 + 0.04en 0.39 + 0.06>04
) thickness (cm)
C 0.65 + 0.032mn 0.53 + 0.03¢0P 0.40 + 0.022m o 0.26 % 0.015mpa
Al 0.93 +0.012mn 0.87 + 0.08<» 0.58 + 0.05¢m o4 0.38 + 0.0260%4
diametre of uterine A2 0.74 = 0.03° 0.72 +0.09¢m 0.59 + 0.04¢ 0.37 £ 0.02¢mn
lumen (cm)
C 0.67 + 0.08mn 0.52 + 0.03¢® 0.36 + 0.02¢m04 0.25 +0.01c0pa

a - c: with reference to the same parametre, same superscripts within a column indicate significant difference between A and C groups (a: 0.020 < P < 0.035, b:
0.001 < P <0.020, c: P <0.001) — m - r: same superscripts within a row indicate significant difference between stages (P < 0.035).

1. Si: included samples collected on lambing day and 1st day post-partum, Sz: included samples collected from 2nd to 7th day post-partum, Ss: included samples
collected from 10th to 25th day post-partum, Si: included samples from 30th to 60th day post-partum.

2. no measurements could be taken during Sa.
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Table 13. Mean daily reduction of the dimensions of the uterine structures, as calculated
based on ultrasonographic measurements, of ewes, which, subsequently to suboptimal
feeding during last stage of pregnancy, had (Al) or had not (A2) developed pregnancy

toxaemia, or of healthy controls (C).

Stage post-partum!

S Ss S4
. Al 0.02 <0.012 -
diametre of caruncles
A2 0.02 0.012 -
(cm)
C 0.05 0.022 -2
2 . . Al 0.022 0.01 0.01
¢ myometrial thickness
‘B A2 0.012 0.02 0.01
3 (cm) o
= 5 C 0.042 0.02 0.01
o= o
'g . G Al 0.05 0.03 0.01
c endometrium
gs! . A2 0.05 0.04 <0.01
g thickness (cm)
) C 0.03 0.03 0.01
. . Al 0.04 0.03 0.01
diametre of uterine
A2 0.07 0.01 0.01
lumen (cm)
C 0.05 0.02 0.01

a: with reference to the same parametre, same superscripts within a column indicate significant
difference between A and C groups (P <0.02).

1. Si: included samples collected on lambing day and 1st day post-partum, Sz included samples
collected from 2nd to 7th day post-partum, Ss: included samples collected from 10th to 25th day post-
partum, S« included samples from 30th to 60th day post-partum.

2. no measurements could be taken during Sa.

Doppler mode examination

The spectral display in Doppler mode was observed as a broad band structure
(Figures 15 and 16). During the study period, in group A ewes, the changes in the
haemodynamic parametres were significant for the vessel diametre, the pulsatility rate, the
systolic acceleration and the blood flow volume (P < 0.045), but not for the other parametres
(P > 0.135) (Figure 17, Table 14). Further, there were no differences in any parametre
between subgroups Al and A2 (P > 0.055). In group C ewes, the progressive changes in the
haemodynamic parametres were significant (P < 0.04), bar for the systolic acceleration (P >
0.12).

There were differences for all parametres between groups C and A (P < 0.017) on Sz

and thereafter, bar for the mean velocity (P = 0.061). Post-partum, the blood flow volume
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was significantly greater in ewes of group A (256.0 mL min.? in Si, 147.9 mL min."in Sz, 62.7
mL min."in S3, 29.4 mL min.” in Ss) than in ewes of group C (190.1 mL min.”!, 65.5 mL min.”,
30.5 mL min.”, 13.8 mL min." in respective stages) (P <0.006 in Sz and thereafter) (Figures 15

— 17, Table 14).

Figure 15. Sequential post-partum spectral waveforms of the uterine artery (Doppler
ultrasonography) of ewes, which, subsequently to suboptimal feeding during last stage of
pregnancy, had developed pregnancy toxaemia (subgroup Al) during the preceding

gestation.

7.5 MHz G 82? CFM F

F 6.6 MHz G f's M 6.6 MH 6% P 6.6 MHZ
7 cm XV PRF 4.8kHz 7 cm C .2kHz PRF 4.8kHz

.2kH
11-5-H PRS 4 -L- PRC 5-1 -5~ =L= PRC 5-1
M

PST 2 F M PST 2
- 15mm © +60°

Left: 7 days, right: 15 days after lambing (image taken and processed on a MyLab® 30
ultrasonography system with linear transducer, Doppler imaging frequency: 6.6 MHz -

scanning depth: 70 mm)
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Figure 16. Sequential post-partum spectral waveforms of the uterine artery (Doppler

ultrasonography) of normally involuting ewes (group C).

12 z

M 6.6 MH 6% P 6.6 MHZ 64% F 12 MHZ G 76% CFM F
D 4 cm XV C PRF 1.4kHz PRF 5.6kHz D 4 cm XV
PRC 11-4-H PRS 4 PRC 3-L-H PRS 4 PRC 11-4-H PRS 4
PST 3 WF s PST 3
SV 1- 8mm © -35° SV 1- 7mm © -35°

EWE4 P10

Left: 2 days, right: 10 days after lambing (image taken and processed on a MyLab® 30
ultrasonography system with linear transducer, Doppler imaging frequency: 6.6 MHz -

scanning depth: 40 mm)
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Table 14. Post-partum Doppler ultrasonographic measurements (mean * standard error of the mean) in the uterine artery of ewes, which,

subsequently to suboptimal feeding during last stage of pregnancy, had (A1) or had not (A2) developed pregnancy toxaemia, or of healthy

controls (C).

Stage post-partum!

S1 S2 Ss S4
. Al 0.5 + 0.0mno 0.4 + 0.0bmpa 0.3 £ 0.0bnpr 0.2 + 0.0%ar
uterine artery
. A2 0.5 + 0.0mno 0.4 + 0.0bmpa 0.3 £ 0.0bnpr 0.2 + 0.0%4r
diametre (cm)
C 0.4 + 0.0mno 0.3 £ 0.0bmpa 0.2 £ 0.05npr 0.2 + 0.0%ar
Al 0.8+0.1 0.8 +0.0° 0.8 +0.0° 0.8 +0.0°
resistance index A2 0.8 +0.0m 0.8 +0.0 0.8 +0.0bm 0.8+0.0°
£ C 0.8 + 0.0mno 0.9 £ 0.0bm 0.9 £0.0bn 0.9 £ 0.0b°
g Al 2.00+0.2 2.1+0.2° 22+0.2° 2.1+04°
§ pulsatility index A2 1.9 £ 0.2mn 2.6 +0.3b5m 2.5+0.2¢n 22+0.5°
o
E C 1.8 £0.1mn 2.8 +0.2bm 2.9+0.2¢n 32+0.2°
& Al 61, 5+0. 7 +1.0° 2+1.0°
g systolic : diastolic 53 6616 5:5£06 67+10 >2+10
P . . ) A2 4.5+ 0.4mn 8.9+2.2m 6.8 +0.8bn 8.3 £3.9¢
g velocity ratio 3
2 C 4.2 £0.3mn0 8.5+ 0.9mp 9.9 +1.0bn 15.6 = 4.0bop
[
= Al 1.0+0.4 1.0+£0.2b 09+0.1° 0.6+0.2
E general pressure
5 A2 09+0.3 1.2+£0.2° 0.9+0.3" 0.8+0.4
= (mm Hg)
o C 0.9 + 0.1mno 0.6 £ 0.16mpa 0.5 + 0.0bnpr 0.4 + 0.0%9r
<)
A Al 0.3+£0.1 02+0.1° 0.2+0.0¢ 0.2+0.1°
mean pressure
A2 02+0.1 02+0.1° 0.2+0.0¢ 0.2+0.1°
(mm Hg)
C 0.2 + 0.0mno 0.1 +£0.0bmp 0.1 +£0.0en 0.1 +£0.0b°0p
. Al 0.7+£0.2 0.8+0.1 0.8+0.12 0.7+0.1
mean velocity
(m s) A2 0.7+£0.1 0.8+0.1 09+0.12 0.7+0.1
C 0.6 +0.0mn 0.7+0.0 0.7 £ 0.0am 0.7 +0.0"
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Table 14 (continued).

Stage post-partum!

S1 S2 Ss S4
S w . . Al 53 +0.9mn 6.8+0.7 7.7 +1.0m 8.0 £1.2an
2 £ systolic acceleration
- (m s) A2 4.5 +0.6mn 8.1+0.8m° 6.9 +0.67° 5.1 +0.4%0p
n
;E = =3 C 73+0.9 72+0.6 75+0.5 8.5+0.92
a
g .9 5 Al 262.7 £ 51.3mn 161.5 + 29.250p 72.0 £ 8.20m0q 32.4 +8.1bnpa
= € blood flow volume
& g (mL min.-) A2 248.2 £ 62.1mn 130.4 + 28.750p 48.6 + 6.65m04 25.3 +£8.2bnpa
s ' C 190.1 + 32.gmne 65.5 £ 9.39mPa 30.5 + 3.2¢npr 13.8 £ 1.650ar

a - c: with reference to the same parametre, same superscripts within a column indicate significant difference between A and C groups (a: 0.020 < P < 0.040, b:

0.001 <P <0.020, c: P <0.001) — m - r: same superscripts within a row indicate significant difference between stages (P < 0.045).
1. Si: included samples collected on lambing day and 1st day post-partum, Sz: included samples collected from 2nd to 7th day post-partum, Ss: included samples

collected from 10th to 25th day post-partum, S« included samples from 30th to 60th day post-partum.
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Figure 17. Time-series graphs (LO: day of lambing) of Doppler ultrasonography results of the
uterine artery of ewes, which, subsequently to suboptimal feeding during last stage of

pregnancy, had (A1) or had not (A2) developed pregnancy toxaemia, or of healthy controls

(C) (a) diametre of the vessel (cm), (b) blood flow (mL min.).
(a)

0,6

L1 L2 L4 L7 L10 15 L20 L25 L30 L40 LSO L60

ceccse Al wm e /)  cmm—

Vertical axis: diametre of the uterine artery (cm), horizontal axis: days post-lambing (LO = day of

lambing).
(b)

Vertical axis: blood flow volume (mL min.?), horizontal axis: days post-lambing (DO = day of lambing
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Bacteriological findings

Vaginal swab samples

In group A, bacteria were isolated from all ewes (1.000) at least once. In total, 56 / 91
(0.615) and 33 / 65 (0.507) samples from subgroup Al and A2, respectively, yielded bacteria
(P =0.12 for Al versus A2). From these 56 and 33 samples, 57 and 34 bacterial isolates were
recovered respectively (subgroup Al, subgroup A2) (1.02 and 1.03 isolates per positive
sample, respectively) (P = 0.37 for A1l versus A2) (Table 15). The median period from lambing
to the first isolation of bacteria from the genital tract was 1.5 days both for A1 and A2 ewes
(P =0.065 for Al versus A2). The median duration of bacterial isolation was 27.0 days for Al
and 8.0 days for A2 ewes (P = 0.044 for A1 versus A2).

In group C, bacteria were isolated from all ewes (1.000) at least once. In total, 75/ 117
samples yielded bacteria (0.641) (P = 0.15 for A versus C). From these 75 samples, 96 bacterial
isolates were recovered (1.28 isolates per positive sample) (P < 0.001 for A versus C) (Table
15). The median period from lambing to the first isolation of bacteria from the genital tract
was 0.5 days (P < 0.001 for A versus C). The median duration of bacterial isolation was 12.0
days (P < 0.001 for A versus C).

The most commonly recovered organism was Escherichia coli. It consisted of 0.725 of

the isolates from A ewes and of 0.474 of the isolates from C ewes (P = 0.001) (Table 16).
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Table 15. Frequency of isolation of bacteria from anterior vagina swab samples of ewes,
which, subsequently to suboptimal feeding during last stage of pregnancy, had (A1) or had

not (A2) developed pregnancy toxaemia, or of healthy controls (C).

Stage post-partum!

Group S1 S2 Ss S4

Al 4/142 14 /21 26 /28 12 /28
A2 2/10 9/15 11/20 11/20
C 6/18 22 /27 27 [ 36 20/ 36

1. S1: included samples collected on lambing day and 1st day post-partum, Sz included samples
collected from 2nd to 7th day post-partum, Ss: included samples collected from 10th to 25th day post-
partum, Ss: included samples from 30th to 60th day post-partum.

2. m / n = samples that yielded bacteria / total number of samples collected.

Uterine tissue samples

In group A, bacteria were isolated three times (from 2 A1 and 1 A2 ewes), from the
uterine tissue sample collected on the first biopsy (L10 or L20) performed in each animal
(0.125); E. coli and T. pyogenes were identified.

In group C, no bacteria were isolated from any uterine tissue sample (P = 0.41 for A
versus C).

There was no association between results of uterine tissue samples and vaginal swab

samples.
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Table 16. Frequency of isolation of various bacterial species from anterior vagina swab samples of ewes, which, subsequently to

feeding during the last stage of pregnancy, had (A1) or had not (A2) developed pregnancy toxaemia, or of healthy controls (C).

suboptimal

Group
Al A2
Stage post-partum!
Microorganism S1 Sz Ss Sa S1 S2 Ss S4 S1 Sz Ss S4
E. coli 4 13 20 11 2 3 6 7 2 15 20 9
Staphylococcus spp. 1 6 10 8 10
Streptococcus spp. 1 5 1 4 4 4 3 1
Bacillus spp. 1 2 2 2
T. pyogenes 2 2 3
Proteus spp. 1 1
Klebsiella sp. 1

1. Si: included samples collected on lambing day and 1st day post-partum, Sz: included samples collected from 2nd to 7th day post-partum, Ss: included samples
collected from 10th to 25th day post-partum, S« included samples from 30th to 60th day post-partum.
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Cytological findings

In vaginal swab samples, neutrophils were the predominant leucocyte type observed
in all ewes (Table 17). There were no differences in proportion of leucocyte types between
subgroups Al and A2 (P > 0.055). Neutrophil proportion in group A ewes was, in general,
smaller than in group C ewes throughout the study period, with significant differences

identified on Sz and thereafter (P < 0.04 for C versus A).
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Table 17. Proportions (%) of leucocyte types observed in vaginal swab samples of ewes, which, subsequently to suboptimal feeding during the

last stage of pregnancy, had (A1) or had not (A2) developed pregnancy toxaemia, or of healthy controls (C).

Stage post-partum!

Si Sz Ss S4
Al 99.04 + 0.37mn0 92.14 + 2.24bm 91.77 +1.75%" 83.46 + 4.79b°
Neutrophils A2 91.72 £ 4.20™ 88.73 +2.74bn 93.80 + 1.832° 74.63 + 6.49bmmno
C 98.77 + 0.86™ 98.13 £ 0.75b 96.30 £ 1.29a,m 93.18 +3.44b
g Al 0.36 + 0.19mno 3.40 + 1.39mp 4.75+1.48" 11.86 £ 4.170p
%\ Lymphocytes g A2 2.17£1.93 8.10 £3.36 3.50 £ 1.60 7.13+£2.20
§ © C 0.80 + 6.02 1.63 +0.64 2.64+1.10 6.70 + 0.02
. Al 0.61 £ 0.20™n 4.38 +1.60bm 3.48 +1.240 4.64 +2.50°
Macrophages A2 6.06 +4.10 3.17 +1.05>m 1.53 + 0.46" 18.25 + 6.45bmn
C 0.43+0.33 0.24 +0.16° 1.06+0.78 0.45 + 0.45°

a, b: with reference to the same parametre, same superscripts within a column indicate significant difference between A and C groups (a: P = 0.035, b: P < 0.02) - m - p: same
superscripts within a row indicate significant difference between stages (P < 0.05).

1. S1: included samples collected on lambing day and 1st day post-partum, Sz: included samples collected from 2nd to 7th day post-partum, Ss: included samples collected from
10th to 25th day post-partum, S included samples from 30th to 60th day post-partum.
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Histological findings

In group A ewes, in samples collected on the tenth day post-partum, the epithelium of
the endometrium in the inter-caruncular areas was characterised by single-layered cells,
although, occasionally, multi-layered ones were also seen; these were cylindrical with
‘foamy’ appearance (large nucleated cells with vacuolated cytoplasm). Occasionally, the
epithelium in the inter-caruncular areas adjacent to the caruncles was completely destroyed.
There was increased endometrial hyperaemia with mild cellular infiltration (mostly
neutrophils). The uterine glands were distended, contained large amount of fluid and were
surrounded by leucocytes. The myometrium was markedly thickened and there was
presence of mild leucocyte infiltration. In one Al ewe, no sample was collected, because the
uterine wall was deemed to be particularly friable; the uterus appeared hyperaemic, with
extensive orogonitis. On the 20th day post-partum, epithelium was single-layered with
cuboidal cells; endometrial hyperaemia was still seen. Progressively, the proportion of
lymphocytes increased, with most of them present in the endometrium. Increased apoptosis
was seen. The diametre of uterine glands was smaller compared to that on the tenth day. On
the 30th day post-partum, the uterine glands had an ovoid shape. Leucocytic infiltration in
the endometrium and myometrium continued to be intense and apoptosis was still evident.
On the 40th day post-partum, only a few uterine glands with flattened shape could be seen.
The epithelium of the endometrium was characterised by single-layered cylindrical to
cuboidal cells with small numbers of foamy cells. Infiltration was still evident and
characterised by lymphocytes (Figure 18).

In group C ewes, in samples collected on the tenth day post-partum, the epithelium of
the endometrium was characterised by single- or multi-layered cuboidal- to cylindrically-
shaped cells with ‘foamy” appearance with gaps in-between them. There was endometrial
hyperaemia with little cellular infiltration (mostly neutrophils and lymphocytes). The
uterine glands were readily visible, with cuboidal- to cylindrically-shaped cells. The
myometrium was markedly thickened, with presence, in some cases, of ‘foamy’ cells,
containing vacuoles, as well as activated lymphocytes or degenerative macrophages. On the
20th day post-partum, the epithelium of the endometrium was mainly single-layered and

only occasionally multi-layered, with the height of epithelial cells being small. Size of
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uterine glands was reduced compared to earlier samples. There was hyperaemia in the
lamina propria and little cellular infiltration (mostly lymphocytes) in the endometrium and
around the uterine glands. Thickness of the myometrium was reduced. On the 30th day
post-partum, the epithelium of the endometrium was characterised by single-layered cells;
no foamy material was seen on epithelial cells. The uterine glands had regressed and
collapsed. Infiltration was characterised by lymphocytes, primarily around remnants of
uterine glands and in the myometrium. On the 40th day post-partum, the epithelium of the
endometrium was characterised by single-layered cuboidal cells. Infiltration was

characterised by lymphocytes.

Figure 18. Post-partum histological pictures of the uterus of ewes which, subsequently to

suboptimal feeding during last stage of pregnancy, had developed pregnancy toxaemia

(subgroup Al) during the preceding gestation,.

multi-layered epithelium, presence of fully developed uterine glands with cylindrical single-
layered epithelium and content in their lumen, presence of intense subepithelial infiltration
primarily by lymphocytes with a few neutrophils), right: stage S: (section of the
endometrium, presence of collapsed uterine glands with cuboidal single-layered epithelium
and reduced diametre with no content therein, presence of mild infiltration by lymphocytes),

respectively (H & E, 200x and 400x, respectively)

No differences were evident in median scores for number of leucocytes in samples
from Al (4, 2 -4) and A2 (4, 2 — 4) ewes (P = 0.47). In contrast, median score in samples from
A (4, 2 — 4) was higher than in C (2, 1 - 4) ewes (P = 0.015); differences between A and C
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ewes in median scores were also significant for number of neutrophils and lymphocytes, but
not for number of macrophages (P = 0.030, P = 0.025, P = 0.32, respectively). There was also
some significance in differences in scores for number of leucocytes across the sampling
points (P = 0.0498). Neutrophils predominated in uterine tissue samples from all ewes.
Neutrophil proportion in group A ewes was, in general, smaller than that in group C ewes
throughout the study period, with specific significant differences identified on L20 and L30
(P < 0.035 for A versus C on those occasions). There were no differences in proportion of

leucocyte types between subgroups Al and A2 (P > 0.095).

Subsequent reproductive performance

During the subsequent reproductive (breeding) season, all ewes in group A and group
C were mated and diagnosed to be pregnant by using ultrasonographic examination. No
increased concentrations of [-hydroxybutyrate in blood samples from any ewe were
detected. Finally, all ewes lambed normally and produced healthy and viable lambs. There
were no significant differences between Al and A2 (P > 0.10) or between A and C (P > 0.25)

in any reproductive performance parametre (Table 18).

Table 18. Reproductive performance, during the subsequent reproductive season, of ewes,
which, subsequently to suboptimal feeding during the last stage of pregnancy, had (A1) or

had not (A2) developed pregnancy toxaemia, or of healthy controls (C).

Group
Measure of reproductive performance Al A2 C
Mating rate 100% 100% 100%
Pregnancy rate 100% 100% 100%
Abortion rate 0% 0% 0%
Lambing rate 100% 100% 100%
Total lambs per ewe 1.71 2.20 1.89
Stillbirth rate 0% 0% 0%
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CHAPTER IV

GENERAL DISCUSSION
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Uterine involution in ewes with uterine infection

During the puerperium, the genital system is returning to its non-pregnant state.
Nevertheless, it does not completely return to the original pre-gravid state, as some of the
changes taking place during gestation are not completely reversible (e.g., size of the uterus).
In this study, an established model for inducing uterine infection was employed; the
potential effects of the disorder in uterine involution were studied. Development of the

disease was confirmed by means of clinical, bacteriological and cytological findings.

Ultrasonographic, histological and cytological findings

Ultrasonographic findings

The results of B-mode ultrasonographic evaluation revealed a delay in the process of
the involution of the uterus in inoculated ewes. In these animals, the principal regression
took place during Ss, i.e., in contrast to control ewes, in which regression occurred mostly
during Sz. In previous studies, in which ultrasonographic examination was employed to
study the genital tract of ewes, uterine involution was found to have been completed within
35 days post-lambing (e.g., Ababneh and Degefa 2005, Derar et al. 2012, Badawi et al. 2014,
Fasulkov 2014, Medan and El-Daek 2015).

The results of Doppler evaluation further corroborated the delay in uterine involution.
In inoculated ewes, the greater diametre of the uterine artery and the increased blood

volume were obviously the result of the inflammation (Hurley 1983).

Histological findings

The ultrasonographic findings can be associated with the results of histological
evaluation of uterine tissue samples. Based on these findings, regression was considered to
be complete between D34 and D44 in control ewes (according to the day of biopsy-
sampling). Gray et al. (2003) have defined as a major criterion for regression the eversion of
caruncles and the ‘re-epitheliazation” of the uterus. Although that study did not extend
beyond the 28th day post-partum, those authors reported that, on that day, the process was

nearing its completion, a conclusion that is in line with the present findings. In contrast, in
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the inoculated ewes, regression was not fully completed at the above days, which indicates a
delay in the involution of the organ.

Moreover, the increased blood flow recorded during the Doppler evaluation was
associated with the frequent findings of hyperaemia and extravasation in tissue samples
from inoculated ewes.

Nevertheless, at the end of the 60-day monitoring period, the uterus in the inoculated
ewes had also regressed, as confirmed by the ultrasonographic and histological findings.
This was corroborated by the lack of differences between the two groups in the reduction of

dimensions for any uterine structure for the entire 60-day monitoring period.

Cytological findings

Post-challenge, lymphocytes were more abundant in the inoculated ewes (compared
to control animals), as seen in vaginal and uterine samples. Bacterial phagocytosis by
migrating leucocytes is the principal mechanism involved in the elimination of intrauterine
bacteria (Noakes 2009). Moreover, Cai et al. (1994) have reported that the phagocytic ability
and intracellular bacterial killing capacity of neutrophils in cows with post-partum
infections were impaired. Therefore, lymphocytes become of particular value to clear
uterine infections. In cows, it has been found that subepithelially located lymphocytes (this
also being a finding of the present study) included CD4+ cells and B lymphocytes (Leung et
al. 2000), playing a paramount role in the clearance of intrauterine bacteria. Brodzki et al.
(2014) reported that, in cows with metritis, CD4+ cells were reduced and CD8+ prevailed.
Endometrial epithelial cells may also participate in the fight against pathogens by
expressing receptors, which would recognise components of bacterial cells (e.g.,
lipopolysaccharides in the case of E. coli) (Singh et al. 2008). Hence, the damage in the
uterine epithelium, as seen in samples from inoculated ewes, might have contributed in the
delayed clearance of the pathogen recorded in the study.

The importance of lymphocytes in controlling the infection is also underlined by the
increased number of these cells in the blood. In a previous study, this increase has been
found to take place specifically in vena cava blood samples (Ramadan et al. 1997). This may
reflect a movement of lymphocytes from secondary lymphatic tissue into the blood

circulation, whence it could move into the uterus, as identified in this study in the relevant
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samples. The importance of lymphocytes is reflected in the progressive and significant
increase of their proportion in genital tract samples, which is compatible with the

progressive increase of lymphocyte counts in blood.

Bacteriological findings

The present results indicated that E. coli constituted the major proportion of the
bacterial populations of the vagina in inoculated ewes, which may reflect its presence in
uterine exudate leaking into the vagina. In these animals, other bacteria were also
recovered, but they were significantly less frequent than in uninoculated control ewes. In
cases of infections with established pathogens, bacterial flora in affected sites decreases.
Antagonism of invading pathogens versus commensal bacteria present in the affected body
site has been reported in cases of intestinal infections; for example, Vibrio cholerae ‘attacks’
members of the gut microbiota, thus facilitating its colonisation of the intestine (Zhao et al.
2018), and Salmonella typhimurium, in a T6SS-mediated manner, kills commensal organisms,
in order to establish itself in the intestine of affected hosts (Sana et al. 2016). As the T6SS
nanomachine has also been identified in E. coli (Navarro-Garcia et al. 2019), one cannot rule
out that this pathogen in a similar manner possibly limited the populations of genital
commensal bacteria in the inoculated ewes, in order to secure its dominance in the infected

genital tracts.

Haematological findings

In infected ewes, the smaller eosinophil counts in blood, present only post-challenge,
can be allied to increased presence of these cells in the uterine tissue, which in women has
been suggested as a preliminary diagnostic means for long-standing endometritis
(Adegboyega et al. 2010). In the endometrium, eosinophils possess high affinity receptors
for IgE (Bondurant 1999), with binding of antibodies to these receptors resulting in the
degranulation of these cells, leading to the release of inflammatory mediators, superoxides,

lytic enzymes and kallikreins (Bondurant 1999).
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Significance of the period when lambing occurred

Ewes often lamb during the natural anoestrus period (i.e., outside the breeding
period), at which time no hormones are involved in the genital tract post-partum. In
contrast, during the breeding period, when ovulations occur with a subsequent increase of
progesterone concentrations, a local immunosuppressive effect on the endometrium can
occur, which may increase the risk of bacterial complications during uterine involution
(Faigl et al. 2011). Hence, in ewes that lamb during the anoestrous period, the cellular
mechanisms would be highly effective against intrauterine bacteria.

In contrast, in ewes that would be subjected to reproductive control for accelerated
lambing, one may express concerns regarding a possible impairment of these defences. This
can be of importance in management systems, in which ewes are subjected to reproductive
control soon after lambing, with the aim to be mated for accelerating production and

achieving two lambings within a year.

Uterine involution in ewes with pregnancy toxaemia during the preceding gestation

Pregnancy toxaemia is a common metabolic disorder of ewes occurring as the result of
energy-deficient feeding of pregnant animals (Schlumbohm and Harmeyer 2004, Brozos et
al. 2011). It is a frequent metabolic disorder of sheep and can be fatal. Its consequences may
be beyond pregnancy: in a previous study, it was found that pregnancy toxaemia could
predispose ewes to mastitis during the subsequent lactation period (Barbagianni et al.
2015b). That study focussed in the immediately post-partum period, up to seven to ten days
after lambing. In a more recent study, Karagiannis et al. (2018) have indicated the presence
of associations between development of pregnancy toxaemia and suboptimal milk

production in affected ewes during the subsequent lactation period.
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Ultrasonographic, histological and cytological findings

Ultrasonographic findings

Immediately post-partum, uterine structures in ewes that had developed pregnancy
toxaemia during the preceding gestation, were found ultrasonographically to be greater
than in healthy animals. Possibly, this might indicate a compensatory mechanism during the
last stage of gestation, aiming to support near-term foetuses, as a lack of nutrients could
have led them to death. Similar findings have been reported in cows with ketosis by Paiano
et al. (2019).

The significantly larger blood flow in the uterus of ewes that previously had
pregnancy toxaemia, was possibly a continuation and consequence of the proposed
compensatory mechanism. Consequently, this higher volume of blood in ewes that
previously had pregnancy toxaemia than in control ewes, was eventually reflected
histologically in the higher amount of hyperaemia and presence of increased amount of
fluid in the uterine glands of the ewes of that group than in control animals. This larger
blood flow could also be reflected in the echogenicity difference between the two groups:
increased blood flow in the uterine tissue would have resulted in higher greyscale in
intercaruncular areas, ultimately resulting in smaller GScr / GSir ratio in ewes that had
pregnancy toxaemia. In general, there were few differences between the groups of ewes in
the rate of reduction of the various structures of the uterus; possibly, the increased blood
flow in ewes of group A has contributed to involution of the genital tract of the ewes that
had pregnancy toxaemia, to a rate similar to that of healthy controls. No differences in
haemodynalic parametres were evident in Si; differences after that period were likely the
result of the necessity for increased blood flow to finally have the same involution in both
groups. In all ewes however, blood flow into the uterus progressively decreased as the
involution process advanced, which is in accord with the previous findings of Elmetwally

and Bollwein (2017).

Histological findings
The histological findings have indicated that uterine involution in ewes that

previously had pregnancy toxaemia, did not differ to that in healthy animals. Higher blood
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flow seen during Doppler mode ultrasonographic examination in ewes that had pregnancy
toxaemia (compared to healthy controls) has might have led to increased number of
leucocytes (as evidenced by scores for their numbers), which would have counteracted the
infection and thus contributed in involution of the genital tract. It is noteworthy that
relevant reports in cows have suggested that uterine involution in ketotic animals was more
rapid than in non-ketotic ones (Emery and Williams 1964).

The release of oxytocin as the result of frequent sucking by lambs (Bareham 1976)
would also promote the involution process and contribute to the rapid reduction of
dimensions. In fact, no differences in reduction rate of uterine structures were evident

between groups.

Cytological findings

An interesting finding was the smaller proportion of neutrophils in ewes that had
previously developed pregnancy toxaemia. In cows with ketosis, it has been found that
during the period of negative energy balance, the animals had reduced blood neutrophil
numbers (Galvao et al. 2010). Moreover, reduced glucose concentrations in blood may
directly affect polymorphonuclear cell chemotaxis (Kim et al. 2006). All these may be
reflected in the smaller numbers of neutrophils in samples from the genital tract of ewes

that previously had pregnancy toxaemia.

Bacteriological findings

The results of microbiological examinations of vaginal samples provided conflicting
evidence for differences between groups of ewes: whilst the presence of bacteria was seen
later in ewes with pregnancy toxaemia, microorganisms were recovered from ewes that had
pregnancy toxaemia for a longer duration. Possibly, these were consequences of metabolic
derangements that occurred prior to lambing on uterine involution post-partum. Also, no
differences were seen in results of microbiological examinations of uterine tissue samples.
Previously, in a field study, it was reported that ewes with pregnancy toxaemia were at
higher risk to subsequently develop mastitis, but not metritis (Mavrogianni et al. 2014). The

former finding was subsequently corroborated in experimental work (Barbagianni et al.
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2015b), the latter one is allied to the present results. It is noteworthy that in cattle, bacteria
can be isolated and reisolated from the uterus for a varying period post-partum without the
cows developing uterine disease (Griffin et al. 1974, Boitor et al. 1976; Sheldon et al. 2009).
One may thus postulate that also in the present study bacterial isolations were related to
carrier-state rather than true infections of the genital tract.

With regard to the identity of bacteria isolated from vaginal samples, one may
postulate that increased E. coli numbers were present in the vagina as the result of
immunocompromised occurring immediately post-partum subsequently to pregnancy
toxaemia (Barbagianni et al. 2015b). In cases of infections with established pathogens, other
bacterial species in affected sites decrease, as the result of potential antagonism of invading
pathogens versus commensal organisms present in the affected body site. Hence, it should
be taken into account that E. coli, through various mechanisms, possibly limited the
populations of commensal bacteria in the affected ewes, in order to secure its dominance in
the infected genital tract as described in greater detail hereabove.

Lack of agreement between results of bacteriological examination of uterine samples
and vaginal samples can be attributed to isolation of vaginal bacterial flora in the latter
samples. It is noteworthy that Madoz et al. (2014) have not recommended the bacteriological
examination of uterine samples for diagnosis of uterine infections, as they did not isolate
bacteria from relevant samples of cows with confirmed endometritis.

In ewes that had pregnancy toxaemia, reduced milk production was recorded
(Karagiannis et al. 2018), which, in turn, does not provide to lambs all the milk quantity they
would require and thus would make them suck their dams more often. Hence, increased
oxytocin release may be seen in such ewes. This oxytocin acts on the uterus and supports
uterine contractions. That way, removal of uterine content is promoted and hence expulsion
of invading bacteria. Isolation of fewer bacteria per sample from group A than group C
ewes lends some support to this hypothesis; possibly, frequent oxytoxin release contributes
in bacterial expulsion and hence presence of smaller bacterial populations in the genital
tract. The long duration of genital infection would also predispose to the development of
clinical signs in the genital tract, as seen by the increased frequency of bacterial isolations in

ewes of group A.
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Ultrasonographic examination of the uterus in the post-partum period

Findings in healthy ewes

B-mode ultrasonographic examination

In general, the ultrasonographic examination was found to be a useful means of
monitoring of the genital tract of ewes post-partum. In healthy animals, the findings were
allied to those previously reported by other authors (Ali et al. 2001, Hauser and Bostedt
2002, Ababneh and Degefa 2005, Hayder and Ali 2008, Fernandes et al. 2013, Badawi et al.
2014).

Further to the above, it is noted that during B-mode examination with a convex
transducer by using the transabdominal technique, in longitudinal sections, especially after
the tenth day post-partum, the uterus often could appear circular or elliptical in shape and it
might be difficult to differentiate the horns. Moreover, in transverse sections, images of the
organ often may appear polygonal to elliptical, progressively becoming compressed circular
to circular. Moreover, separate layers of the uterine wall could be clearly imaged with a
linear transducer, which would allow for a close monitoring and detailed description of the
uterine wall; in most cases, this is imaged as finely textured, homogeneous and hypoechoic

to moderately echogenic.

Doppler mode ultrasonographic examination

Doppler ultrasonographic examination can be applied in measuring uterine blood
flow and determining changes in blood perfusion of the organ during various reproductive
stages. That way, physiological changes can be accurately identified and studied. The
findings have indicated that the blood flow and the diametre of the uterine artery were the
most useful parametres to employ for the evaluation of the health status of ewes during the
post-partum period.

It is noteworthy that reference ranges for Doppler indices applicable when examining
the uterine artery may depend on the technique used, hence, appropriate reference ranges

should be taken into account according to the technique employed (Bhide et al. 2013).

113

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 10:21:55 EEST - 18.227.81.185



Moreover, when evaluating results of Doppler examination of the uterine artery blood flow,

animal temperament must also be taken into account (Elmetwally 2012).

Findings in ewes with uterine infection

The most important pathological condition in ewes post-partum is uterine infection.
The ultrasonographic examination was found to be useful to assess severity of the disease.
The principal uterine characteristics that could be assessed were uterine distention,
asymmetry of the organ, distention of uterine lumen, presence, quantity and texture of the
uterine content, thickness of the uterine wall, localisation of inflammatory foci on the
uterine wall (endometrium, myometrium or both), texture of uterine wall (differences in its
echogenity), alterations in uterine wall vascularisation and confirmation of uterine
involution completion.

In cases of mild infection, findings are, in general, similar to those of the involuting
uterus in healthy animals (Hauser and Bostedt 2002, Ababneh and Degefa 2005, Badawi et
al. 2014). In such cases, the uterine lumen may not be imaged and the uterine content would
be seen anechoic (Kahn 1992, 2004); alternatively, only presence of intrauterine fluid (with
no relevant clinical signs) may be evident (Kasimanickam et al. 2004) during the
ultrasonographic examination. In more severe cases, one or both horns of the uterus can be
seen distended, even along their entire length (Kahn 1992, 2004), with accumulation of fluid
evident therein; the uterine wall may be seen thicker than in healthy animals and more
echogenic (Kdahn 1992, 2004). Further, increased vascularisation can be observed by using

Doppler mode examination.

Post-partum use of contrast-enhanced ultrasonographic examination

Due to the small number of animals involved and measurements performed, the
CEUS work should be considered as preliminary and indicative only. The increased cost of
the technique was a limiting factor for furthering the work at this stage.

Nevertheless, the work has indicated that the dose of the contrast-agent administered,

allowed clear visualisation of the uterine structures. Further, decreased enhancement in the
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inoculated uteri indicated reduced perfusion of contrast agent into the organ, which
occurred despite the increased blood flow therein as the consequence of early stage of
inflammation. This may possibly indicate that tissue damage to the organ has occurred

already within 24 hours of inoculation.

Post-partum utrasonographic examination of the uterus in sheep health management

Ultrasonographic examination of the ovine uterus post-partum may be applied in a
flock to investigate potential genital disorders of the animals. The examination may also be
performed in flocks, where, as a consequence of disorders during pregnancy or parturition,
post-partum subclinical uterine infection may develop. This would be of importance in
intensively managed flocks, where ewes are scheduled to become pregnant two months
after lambing (Samartzi and Fthenakis 2003).

The ultrasonographic examination of the uterus can be useful, in order to assess
response to treatment in cases of genital infection. Successful treatment is characterised by a
reduction in uterine size and decrease in the amount of uterine content, coupled with
clinical improvement of the animal.

Ultrasonographic examination has advantages over other techniques that may be
employed for monitoring the genital system, e.g., laparascopy, the applicability of which in
clinical conditions is difficult and potentially risky (Ababneh and Degefa 2005). In contrast,
ultrasonographic examination is an easily applied and accurate technique, which can be
easily performed in the field. It is noteworthy that in cows, the technique is used with
significant success as a tool for diagnosis of subclinical post-partum metritis (Barlund et al.

2008, Meira et al. 2012).

115

Institutional Repository - Library & Information Centre - University of Thessaly
23/04/2024 10:21:55 EEST - 18.227.81.185



Effects of uterine infection or pregnancy toxaemia

in the subsequent reproductive performance of ewes

Effects of uterine infection

The present results did not show that uterine infection had any adverse consequences
in the subsequent reproductive performance of ewes. In fact, all the inoculated ewes were
mated and lambed as planned.

Outside the breeding period, there is a prolonged period of sexual rest in ewes;
although there is a minimal follicular development during that period, the reproductive
system of ewes is quiescent. One may suggest that the genital tract, despite the infection,
had recovered during that period, before the new exposure to progesterone (Fthenakis
2004). One may postulate that, if the ‘resting” period of the genital tract would be shorter
(e.g., as in accelerated production systems in meat-producing flocks), some adverse effects
could possibly be noted in the subsequent reproductive performance of the animals.

Under field conditions, in cases of uterine infections, veterinarians would often
prescribe to affected animals a broad spectrum antimicrobial agent, often coupled with a
non-steroid anti-inflammatory agent. These actions are in accord with good clinical
veterinary practice. In the present study, no therapeutic intervention was performed, as
there was interest in following the course of the disease as it developed. The results have
indicated that ewes recovered spontaneously and subsequently did not show adverse
reproductive effects. This can be taken into account, in order to reduce the use of
antimicrobial agents, which would contribute in limiting development of resistance to
antimicrobial agents. Nevertheless, each case should be considered individually and
appropriate interventions should be made if necessary, having always in mind the welfare

of the animals under consideration.

Effects of pregnancy toxaemia

The present results did not show that pregnancy toxaemia had any adverse

consequences in the subsequent reproductive performance of ewes. No further cases of the
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disease were recorded in the subsequent gestation among previously affected ewes. In fact,
all those ewes lambed as planned. On this occasion, all recommended health management
procedures for ewes during gestation (Fthenakis et al. 2012) had been applied and
appropriate care for the animals had been taken.

In cows, ketosis during pregnancy (a disease of similar aetiopathogenesis to
pregnancy toxaemia) can have an adverse impact in the subsequent reproductive activity;
for example, Walsh et al. (2007) have found reduced conception rates in cows with ketosis
during the preceding pregnancy and Roche et al. (2018) have reported the presence of long
post-partum anoestrus periods in such animals. Various hypotheses have been presented
regarding reasons for this suboptimal performance and were associated with various
pathways. Improper follicle development has been associated with negative energy balance
(Beam and Butler 1999), whilst effects in the insulin-like growth factor system might
adversely affect uterine receptivity to the conceptus (Fenwick et al. 2008). Uterine infections,
which are particularly common in cows with pregnancy ketosis (Hammon et al. 2006,
Duffield et al. 2009) may also lead in difficulties in conceptus survival and implantation in
such animals. Delayed recovery of the function of reproductive organs post-partum may be
an effect of reduced energy availability and can lead to delayed resumption of reproductive
activity (Butler and Smith 1989, Wathes et al. 2007), whilst post-partum hormonal imbalance
may also be present in these circumstances (Butler 2003).

In cows with hyperketonaemia, a delay in uterine involution was found, which was
attributed to a delay in the return to cyclicity of these animals (Paiano et al. 2019). Ewes that
had lambed outside the breeding season, as in the present study, were not cycling anyway
at that time. When cyclicity started after the ‘resting” of the genital system and the start of
the breeding season, these ewes cycled normally and their reproductive performance was
not hindered. Moreover, no delay in the completion of uterine involution in ewes that
previously had pregnancy toxaemia, was evident; this could have contributed further in the
lack of adverse effects in the subsequent reproductive performance.

Also, in cows, ketosis occurs more frequently during lactation, whilst in ewes
pregnancy toxaemia occurs during gestation. In the present work, the interval from the

disorder to the subsequent reproductive activity was long and, hence, any adverse effects
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would have possibly subsided; this contributed further to the restoration of normal
reproductive activity.

The study was performed in dairy ewes, which usually lamb once annually, as the
milking period may take up to 6 to 8 months. In meat production systems, where
accelerated breeding programs are often applied and matings may be planned within a
short period post-lambing (Keisler and Buckrell 1997), the ‘resting’ period of the genital tract
would be much shorter; therefore, one may postulate that, in such cases, some adverse

effects may possibly be noted in the subsequent reproductive performance of the animals.

Conclusions

The study has investigated the long-term effects of uterine infection and pregnancy
toxaemia in uterine involution and in the subsequent reproductive performance of affected
ewes.

In ewes with uterine infection, the uterus was able to counteract the bacterial invasion;
nevertheless, the process of involution took longer in affected ewes than in healthy animals.
In ewes that had pregnancy toxaemia during the preceding gestation, no overall differences
were evident in the involution process compared to healthy animals.

The ultrasonographic examination (B-mode, Doppler mode, contrast-enhanced
examination) was found to be a useful means for assessment of the genital tract of ewes
post-partum.

After undertaking correct health management in all affected ewes during the
following gestation, no adverse effects were noted in the subsequent reproductive

performance of ewes previously with uterine infection or pregnancy toxaemia.
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