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NEPIAHWH

O1 edikéTepol OTOXOI TNG TTapoucag diatpIig Atav ol €ENG: (a) n digpeuvnon TG
BvnoiuotnTag oc BnAukd TpoéRaTa KaTd TNV TTEPI TOV TOKETO TTEPIOdO, Ot pia épeuva TTediou O€
EKTPOYEG TTPORATWY, (B) N dlaTTicTWON TNG EIBIKOTEPNG XPOVIKAG TTEPIODOU OE OXEDN E TOV TOKETO,
OTTOTE CUVERAIVAV QUTA TA TTEPIOTATIKA BavdTou, (Y) N TAUTOTTOINCT TWV TTABOAOYIKWY KATACTACEWY
TTOU OXETICOVTAV UE TA TTEPIOTATIKA BavdaTou Kai (d) N eKTiPNOTN TTAPAYOVTWY ETTIKIVOUVOTNTAG VIO AUTA
Ta TEPIOTATIKA BavaTou. H diatpifr xwpidetal o€ U0 Ke@AAQIa Kal akOAoUBEi N yevik ouATnon.

2TO TTPWTO KEPAAQIO, AVOOKOTTEITAI N OXETIKA, TTEPIOpIoUEVN BiIBAIoypagia ava@opikd ue
TTEPIOTATIKG BavaTou BNAUKWY TTPORATWY KATA TNV TTEPI TOV TOKETO TTEPIODO.

2710 0eUTEPO KEPAAQIO, TTEPIYPAPETAI Wia PEAETN TTEdioU O€ TTEPIOTATIKA BavaTou BnAukwv
TTPORATWY KATA TNV TTEPi TOV TOKETO TTEPiINdO0. H peAETN TTpayuartotroindnke oe 60 TTPORATOTPOPIKES
EKMETOAAEUOEIG YIA XPOVIKO DIACTN A dUO ETWV.

Katd tnv évapn kaBevog atrd Ta dUo £Tn TG JEAETNG TTediou uTthpxav ouvoAikd 13.418 kai
12.599 OnAukda TTpoBarta, avrioToixa, oTiG 60 ekTPOPEG. e KABE WO ATOMIKA, N TTEPI TOV TOKETO
TTepiodog kabopioTnke amrd 10 nuéEPES TTPIV aTTd TOV TOKETO £wG 7 PEPES META aTTO auTov (OnAadn),
ouvoAIKn d1apkeIa 18 nuéPEG). YTToAOyioTNKaV PETPA OUXVOTNTOG ELPAVIONG TTEPIOTATIKWY BavaTou
KOTA TNV TTEPI TOV TOKETO TTEPI0dO, KOBWG KAl KATA KaBepia atrd TIG TPEIG XPOVIKEG UTTOTTEPIODOUG
QUTAG (TTPIV, KaTd, PETA TOV TOKETO). & OAQ TA TTEPIOTATIKA, TTPAYUATOTTOINONKAV O KATAAANAEG
TTOPOKAIVIKEG €EETAOEIG (TT.X., VEKPOTOMIKA €&ETAON, MIKPOBIOAOYIKA €EETOON I0TOTEPAXIWV) KOl
KaBopioTnke 0 xpovog BavaTou KGBe {wou oe oxEan PE ToV TOKETO (dNAadN: TTpIV, KATA i JETA aTTd
autdv). Me Baon Ta €upAMATA TWV KATA TTEPITITWON TTEpAITEPW €EeTACEWY, £yive dIAyvwaon Tng
TTaBoAOYIKAG KATACTAONG TTOU OXETICOTAV HE TO TTEPIOTATIKO. 2Tr OUVEXEIA, OUVOAIKA 15 TTapAyovTeg
(TTou agopoucav oTnV ekTPOYN) agioAoyrBnkav yia duvnTiK CUCXETION HE Ta TTEPIOTATIKA BavAaTou
KAT& TNV TTEPi TOV TOKETO TTEPIODO. MNpayuaToTTOINBNKAY JOVOTTAOPAYOVTIKEG KAl TTOAUTTAPOYOVTIKEG
avaAUgoEIg yia TNV agIoAdynon TTapayoviwy eMIKIVOUVOTNTOG TTOU OXETICOVTAV PE TA TTEPIOTATIKA
BavdaTou Katd TNV TTEPI TOV TOKETO TTEPINDO.

2€ OAn TN diGpKela TNG PEAETNG (BUO £Tn), OTIC 60 eKTPOPES KATAYPAPNKAY CUVOAIKG 345
TTEPIOTATIKA BavaTou o€ eviAika BnAukd TmpoBata. H péon ouxvotnta TrEPIOTATIKWY BavdTou OTn
OIdpKeIa aUTWV TwV U0 eTWV ATav 1,3%. ATTO auTtd, 147 TrepioTatik@ ouvéBnoav ekTOG TNG TTEPI TOV
TOKETO TTEPIGOOU Kal 198 trepioTaTikd (57,4% TOU OUVOAOU TWV TTEPICTATIKWY BavaTou) cuvéRnoav

oTn diapkeia TnG TTePi Tov TOKETO TTEPIOdOU (P < 0.0001 ouyKpITIKA PE Ta TTEPIOTATIKA BAVATOU EKTOG
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NG €V AOyw TTEPIGdOU). H péon ouxvoTnTa TTEPIOTATIKWY BavATOU KATA TNV TTEPi TOV TOKETO TTEPIOdO
o€ 6An N didpkela Twv dUo eTwv ATav 0,7%. Ta TTEPICOOTEPA TTEPICTATIKA BavaTou (n = 135, 68,2%)
ouvéBnoav TTpIv aTTd Tov TOKETO, eV ouvéBnoav AiyoTepa katd (n =11, 5,6%) | yetd (n =52, 26,3%)
ammd autév. H avd nuépa ouxvotTnTa TrEPIOTATIKWY BavdTou, o€ KaBepia atmd TIG TPEIG XPOVIKEG
UTTOTTEPIODOUG TNG OANG TTEPI TOV TOKETS TTEPIOdOU, ATAV 0,05% TTpIv aT1Td TOV TOKETS, 0,04% KOTA TOV
TOKETO Kai 0,03% petd Tov TokeTd (P = 0.001). H To&ivaipia eykupoauvng ATav 10 KAIVIKG TTpORANHa
TTOU OXETICOTAV OUXVOTEPA WE TTEPIOTATIKA BavATOu KATA TNV TTEPi TOV TOKETO TTEPiodO (41,4% OAwv
TWV TTEPICTATIKWY BavdTtou, 60,7% Twv TTEPIOTATIKWY Bavdtou TTIpIV ammd Tov TOKETO). AAAEG
TTaBOAOYIKEG KATAOTACEIC TTOU OXETIOTNKAV HE TTEPIOTATIKG Bavdtou ATav n OUCTIETTIKA 0gEwon
(11,6% OAwv Twv TTEPICTATIKWY BavaTou, 17,0% Twv TTEPIOTATIKWY BavAaTou TTPIV atrd Tov TOKETO),
ol TTaBoA0YIKEG KATAOTACEIG TNG YEVVNTIKNAG 000U (11,6% OAwv Twv TrepIoTaTIKWY Bavdrtou, 44,2%
TWV TIEPIOTOTIKWY Bavatou petd Tov TOKETO), n ofeia KAivikf paoTtimda (10,6% OAwv Twv
TTepIOTATIKWY BavaTtou, 40,4% Twv TEPIOTATIKWY BavAaTtou HETA TOV TOKETO), O AOIMWEEIC TOU
AvVATIVEUOTIKOU oUuoTANATOS (9,6% OAwv Twv TrepIoTATIKWY Bavatou, 14,1% Twv TTEPIOTATIKWV
Bavdrtou TTpIv a1Td TOV TOKETO) Kal N duoTokia (5,6% OAwv Twv TrepIoTaTikwy Bavdrou, 100,0% Twv
TTEPIOTATIKWYV BavAaTou PeTd Tov TOKETO). AT Ta 11 (wa TTou TTéBavav Katd Tov TOKeTO, Ta 6 (54,5%)
BpiokovTtav oTov TTPWTO TOKETO TOUG. H avaloyia Toug ATav onuavTiKa peyaAltepn atmd avaioya
Cwa TToU TTéBavav TpIv atTd 1 PETd Tov TOKETS (8,0%) (P < 0.0001). Katd Tnv TTOAUTTOPAYOVTIKA
avaAuaon, Bpédnke o1 0 auénuévog deikTng TToAudupiag oe K&trola ekTpo®n (uéon TIPA > 1,50 apvid
ava Tpofativa) ATav o pévog TTapdyovtag ETTIKIVOUVOTNTAG yIa TTEPIOTATIKA BavdaTou BnAukwv
TTPORATWY KATA TNV TTEPI TOV TOKETO TTEPindo (P = 0.035).

Ta CUuMTTEPACOPATA TTOU TTPOKUTITOUV aTTO TA €UPAMATA QuTAG TNG dIaTpIfAg, cival Ta
TTAPAKATW.
(a) MepioTaTIKG BAVATOU KATA TNV TTEPI TOV TOKETO TTEPIOdO CUMPPBaiIvOouv OTTOPAdIKA OE EKTPOPEG
TTPORATWY, Ta TTEPICCOTEPA OE ATTO QUTA TTPIV ATTO TOV TOKETO.
(B) H Togivaiyia eykupoouvng €ival T0 KAIVIKO TTPOBANPA TTOU OXETICETAI OUXVOTEPQ WE TTEPIOTATIKA
BavdaTou Katd TN OUYKEKPIPEVN TTEPIODO.
(y) O kUplog TTapPAyovVTag ETTIKIVOUVOTNTAG YIO BVNOINOTNTA KATA TNV TTEPI TOV TOKETO TTEPIOdO Eival o

auénuévog deikTnG TToAUduUiag o€ katTola ekTpo®n (> 1,50 apvid ava TpoBariva).

Me Bdon Tnv Keipevn vopoBeoia kol PETA aTrd OXETIKN aMOQAON OTn ME aplOuod
103/04.08.2021 ocuvedpiaon Tng Zuvéleuong Tou TuARparog Ktnviarpikhig Tou MavemoTnpiou
Ococoaliag, n cuyypa@n Tng diaTpIfAS £yive oTnV ayyAikn yYAwooa.
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ABSTRACT

The specific objectives of this thesis are as follows: (a) the investigation of the incidence risk
of peri-parturient mortality in a field investigation in flocks in Greece, (b) the study of the time that
such mortality occurs in relation to lambing, (c) the identification of the pathological conditions more
frequently associated with the deaths and (d) the evaluation of factors potentially associated with
death during the peri-parturient period. The thesis is divided in two chapters, followed by the general
discussion.

In the first chapter, the limited relevant literature regarding death of ewes during the peri-
parturient period is reviewed.

In the second chapter, a field study into the mortality of ewes during the peri-parturient period
is described. The study involved 60 flocks for a period of two years.

In total, there were 13,418 and 13,599 ewes at the start of each of the two study years, respectively,
in the 60 flocks. At the individual animal level, the peri-parturient period was defined from 10 days
before to 7 days after lambing (i.e., a total duration of 18 days). In all the ewes that died during that
period, a detailed post-mortem examination was performed. The time of death in relation to lambing
was established. Following the appropriate paraclinical tests on relevant samples (e.g., post-mortem
examination, microbiological examination of tissue samples) and based on their results, a diagnosis
was made of the pathological condition in the ewe. In total, 15 variables (flock-level factors) were
evaluated for potential association with deaths during the peri-parturient period. In relation to the
time of occurrence within each year of the study, death was classified as having occurred before,
during or after lambing. The incidence rates of death during the peri-parturient period during the
entire peri-parturient period, as well as in each of the three components of the period (before, at,
after lambing) were established. Univariable and multivariable analyses were performed to detect
risks factors associated with death during the peri-parturient period.

A total of 345 deaths of adult ewes were recorded during the two years of the study; the average
incidence risk during the two years was 1.3%. There were 147 deaths outside the peri-parturient
period, whilst a total of 198 deaths (57.4% of all deaths) occurred during the peri-parturient period
(P < 0.0001 compared to deaths that occurred outside the peri-parturient period). The average
incidence risk of death during the peri-parturient period during the two years was 0.7%. Most cases
of death (n = 135; 68.2%) occurred before lambing and fewer ones at (n = 11; 5.6%) or after (n = 52;

26.3%) lambing. The per day incidence rate of death in each of the three components of the peri-
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parturient period (i.e., before, at, after lambing) was 0.05%, 0.04% and 0.03%, respectively (P =
0.001). Pregnancy toxaemia was the pathological condition most frequently associated with death
during the peri-parturient period (41.4% of all deaths, 60.7% of deaths before lambing). Other
pathological conditions were ruminal acidosis (11.6% of all deaths, 17.0% of deaths before lambing),
genital tract problems (11.6% of all deaths, 44.2% of deaths after lambing), acute clinical mastitis
(10.6% of all deaths, 40.4% of deaths after lambing), respiratory infection (9.6% of all deaths, 14.1%
of deaths before lambing) and dystocia (5.6% of all deaths, 100.0% of deaths at lambing). Of the 11
ewes that died in association with dystocia, 6 (54.5%) were primigravidae. The proportion of
primigravidae ewes that died at lambing (54.5% of those that died at that stage) was significantly
higher than of similarly-aged ewes that died before or after lambing (8.0%) (P < 0.0001). With regard
to the occurrence of death during the peri-parturient period, in the multivariable analysis, only the
average lambing rate at flock level (> 1.50 lambs per ewe) emerged to be significant (P = 0.035).
With regard to the occurrence of death before or after lambing, the season during which lambing
took place and the number of animals in the flock, respectively, were found to be significant.

The conclusions from the results of the present thesis are summarised herebelow.
(a) Death during the peri-parturient period was found to occur sporadically and most cases occurred
10 days prior to lambing.
(b) Pregnancy toxaemia was the pathological condition most frequently associated with peri-
parturient mortality.
(c) Factors found to have a significant association with occurrence of peri-parturient mortality
included the average lambing rate at flock level (increased risk with average lambing rate > 1.5), the
season of the year during which the lambing period took place (highest risk during the winter), and

the number of animals in the flock (highest risk in the flock with < 200 ewes).

Publications associated with the present thesis

The following scientific papers presenting facets of the present thesis, are available:
I. A.P. Politis, N.G.C. Vasieliou, P.J. Cripps, D.V. Liagka, P.T. Boufis, I. Valasi, V.S. Mavrogianni,
G.C. Fthenakis (2021) "Mortality of dairy sheep during the peri-parturient period: results of a field

investigation in Greece" Animals, 11:2172.
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A. GENERAL INTRODUCTION

Preface - Objectives of the thesis

The peri-parturient period has been recognised as a particularly dangerous period in the life
of animals.

Despite that, there are very little data regarding the occurrence of death of ewes during the
peri-parturient period, a problem initially described by Hindson and Winter (1990). More recently,
Mavrogianni and Brozos (2008) classified these cases of death according to the time in relation to
lambing (before lambing, at lambing or after lambing) and provided a detailed guide for the diagnostic
approach that should be followed in such circumstances. Nevertheless, no detailed data are
available internationally regarding the incidence, the time of death in relation to lambing and the
factors potentially associated with the occurrence of death. Such data would allow a better appraisal
of the problem and would be useful for improving health management of sheep flocks.

In cows, there is an increased risk of death and culling due to serious disease during that
period (Gibney et al. 2020). Similar findings have been reported for sows, animals in which peri-
parturient diseases (lactational failure, genital tract disorders) were found to account for the loss of
approximately 25% of adult pigs (Karg and Bilkei 2002), as well as for mares, animals in which peri-
parturient haemorrhaging is a significant cause of illness and death (Arnold et al. 2008). In women,
incidence of death during the peri-parturient period can be as high as 0.45% in some countries
(Wollast et al. 1993), with haemorrhage, hypertensive disorders, abortion and sepsis considered to

be the main clinical conditions associated with death (Khan et al. 2006).

Objectives of the thesis

The general objective of the thesis was the advancement of knowledge about the mortality
of ewes during the peri-parturient period.
Specific objectives of the thesis were as follows.
> The investigation of the incidence risk of peri-parturient mortality in a field investigation in
flocks in Greece.
> The study of the time that such mortality occurs in relation to lambing.

> The identification of the pathological conditions more frequently associated with the death.

14
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> The evaluation of factors potentially associated with death during the peri-parturient period.

The present thesis has been carried out at the Department of Obstetrics and Reproduction
of the Veterinary Faculty of the University of Thessaly. During the clinical phase of the work, a large
field investigation was performed in 60 flocks in the region of Western Greece during two calendar
years. The field part of the work started in the summer of 2017 and was carried out until the autumn

of 2019; it was followed by analysis of results and writing up of the thesis.
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EMTPOTING, YIA TNV CUUBOAR TNG Kal yIa TA ETTOIKOBOUNTIKA OXOAIa OTO TEAIKO KEiPEVO TNG dIaTpIRnG.

EuxapioTieg etmiong atreuBuvw:
2Tov Kalnynt Tng Ktnviatpikng ZXoAng tou lavemoTtnuiou Liverpool k. Peter Cripps, yia Tnv
OUMBOAR Tou Kai TIG TTOAUTIMEG Kal €UOTOXEG TTAPATNPEACEIS TOU OTN OTATIOTIKA avdAuon Twv
OTTOTEAEOPATWV.
2Tnv emmikoupn KadnyATtpia Tou TuAWaTog EmotAung ZwikAg Mapaywynig Tou [llavemmoTnuiou
Oteooaliog K. NataAia BaaiAgiou yia Tnv ouclaoTiKA BorBeid TG KATd Tnv SIAPKEIA TNG HEAETNG KOl
TNV KaBodrynon Tng yia TNV Karaypaer Twv avaAUCEWV KAl TWV ATTOTEAEOUATWV.

21N ouvadeApo uttownAeia di1ddkTopa K. AfunTpa Aldyka yia Tnv TTOAUTIMN BorBeia Tng oTtnv
avagnitnon Tng BiIBAIoypagiag.
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>€ OAa Ta PEAN TNG ETTIOTNUOVIKAG OPAdAG POG, TTOU ATTOTEAEITAI ATTO £§QIPETOUG CUVADEAPOUG, VIO
OAN auTh TNV TTaPAAANAN TTOPEIa TWV TEAEUTAIWY ETWV.
2TOUG KTNVOTPOPOUG, o1 OTToiol TIPGBUNA CUVTEAECAV OTNV £PEUVA AUTH, AVOiyovTag TAV TTOPTA TWV
EKTPOPWV TOUG - TTAVTA €ival €Kei, yia va BonBricouv oTtn BeATiwon Tng SOUAEIAG TOUG WG Ayoyol
ETTAYYEAPATIEG KAI TOUG EKTIMW SEXWPIOTA YIA QUTO.

Euxapiotw tn ouluyd pou Xpiotiva kai Ta TTaidid pag Mavo kar HAIGva, Tou TTapauévouv
TavTa dITTAa pou deixvovTag uttodovr) Kai katavonon. H mioTn Toug Kai n utrooTrpI§h TOug KATA TN
OIdpKeIa TNG EKTTOVNONG AUTAG TNGS BIGTPIRNAS KAl TNG OUVOAIKNG TTpoaTTdbelag ival Toao {nAeuTr 660
KAl GUYKIVNTIKA.

TéNOG, wg TTPAEN euyvwpoolvng, euxaploTw I10IaiTEPA TOUG yoveic pou lavayiwtn Kai
Mapu@alAid kal Tov adeAQO Pou KwvoTavTivo, GTOUG OTTOIOUG OQEIAW TUVOAIKA O,TI €ijal Kal O,TI €XW

KaTa@EPEl MEXPI ONUEPQ.
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B. DEATH OF EWES DURING THE PERI-PARTURIENT PERIOD

Introduction

There is a clear scarcity of knowledge regarding death of ewes during the peri-parturient
period.

In general, the accepted annual incidence of cases of death (by all causes) in sheep flocks
is up to 2.0% (Hindson and Winter 2000). In cases of extremely adverse weather conditions, higher
incidence has been reported; for example, increased annual ewe mortality, up to 5.4%, has been
reported in Australia during a period with higher than average rainfall (Watt et al. 2021), whilst in hill
flocks in Scotland annual losses up to 10.0% may occasionally occur (Hindson and Winter 2000).

There is a consensus that the majority of cases of death of adult ewes occur around the
lambing period (Scott 2005, Hindson and Winter 2007), although this has not been accurately
measured. Bush et al. (2006) have considered the various problems during the peri-parturient period
as the most common causes of death in adult ewes.

The cases of death during the peri-parturient period in sheep flocks can be grouped in three
components according to the time of death in relation to the time of lambing, i.e., ‘pre-partum’, ‘at
lambing’ and ‘immediately post-partum’ (Mavrogianni and Brozos 2008). These authors also
underlined the particular financial importance of deaths during the peri-parturient period
(Mavrogianni and Brozos 2008).

Based on clinical experience, the major pathological conditions considered to be associated

with death of ewes during the peri-parturient period are listed in Table L.i.

Table Li. Pathological conditions considered (from clinical experience) to be associated with death

of ewes during the peri-parturient period.

Pre-partum During lambing Immediately post-partum
. Pregnancy toxaemia, Post-partum ketosis,
Metabolic diseases 9 y . P )
hypocalcaemia hypocalcaemia
Bacterial systematic e . . . e .
y Clostridial infections Clostridial infections Clostridial infections

diseases
Dystocia (incomplete
Reproductive diseases dilatation of the cervix,
uterine / vaginal rupture)

Metritis, uterine / vaginal
rupture, clinical mastitis
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Moreover, pathological conditions unrelated to reproductive diseases may also lead to death
of ewes (e.g., pneumonia), as the result of the immunosuppression (Mavrogianni and Brozos 2008)
present during that period. During the peri-parturient period, increased nutritional demands are
essential for the animal and may lead to lower availability of nutrients for the immune function of the

animals (Coop and Kyriazakis 1999), thus leading to a transient immunocomprise in ewes.

Pathological conditions causing death of ewes before lambing

Fatality rate of ewes with pregnancy toxaemia can be up to 80.0%, especially if animals would
remain untreated (Rook 2000). Also, ewes may die, despite treatment (Lima et al. 2012), if its
initiation was late. In animals with anorexia, recumbency, concurrent hypocalcaemia and / or
neurological signs, the prognosis is poor (Lima et al. 2016) and euthanasia of the affected ewes
should be considered for welfare reasons. Based on results of biochemical findings (increased
plasma lactate, pyruvate and urea nitrogen concentrations in blood, as well as increased creatinine
kinase and aspartate aminotransferase activities in blood), it has been suggested that death in
animals with pregnancy toxaemia, would occur as the result of hepatorenal dysfunction (Barakat et
al. 2007).

The incidence rate of hypocalcaemia in ewes is considered to be generally less than 5.0%,
although it can reach 30.0% under some circumstances. If untreated, the disease can be fatal (Sykes
2007), with the fatality rate rising up to 20.0% (Kaushal and Sharma 2004). Wilkens, Breves et al
(2014) and Wilkens, Liesegang et al. (2014) have highlighted differences in homeostatic
mechanisms between sheep and goats, which can lead to differing clinical manifestation and severity
of the disease. Oetzel (1988) postulated that sheep were more likely to develop hypocalcaemia in
late pregnancy, possibly due to the relatively larger foetoplacental complex, rather than goats, which
had a relatively higher milk production, and, thus, could develop the disease during early lactation
(Oetzel 1988).

Pathological conditions causing death of ewes at lambing

Various obstetrical problems can occur in ewes. In Australia, sheep farmers reported that

death during lambing were the most frequent cases of death in ewes (Watt et al. 2021).
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A primary cause of dystocia in ewes is the incomplete dilatation of the cervix (Mavrogianni
2007). Other usual causes of dystocia include malpresentation, abnormal position / posture of the
foetus or oversized - multiple foetuses (Hindson and Winter 2007). Other problems (e.g., uterine
torsion, hydrallantois, vaginal / uterine rupture) occur less often (Hindson and Winter 2007).

In most cases, if diagnosis is made early and veterinary intervention takes place timely,
treatment can be successful (ljaz and Talafha 1999). In fact, Scott (1989, 2005) reported a 97%
survival rate of ewes after on-farm caesarian operations that were performed timely; based on that
figure, he calculated that approximately 400,000 ewes could be saved annually in the United
Kingdom, if veterinary intervention would be applied at the early stages of a dystocia problem. The
general health of the ewe would also play an important role in the outcome of such problems and
ewes with a good general health were found to have a lower mortality rate in such cases (Rahim and
Arthur 1982).

Fatal implications of dystocia are mainly the result of late intervention, inappropriate handling
of the animals or post-surgery infections and may account for up to 10% of cases (Sobiraj 1994,
Kloss et al. 2002, Ennen et al. 2013). Increased fatality rate has been recorded in dystocias occurring
in animals during the first two lambings in their life, in animals during the winter and in animals
bearing three foetuses (Majeed 1994).

In general, the prognosis is bad in cases complicated with other pathological conditions (e.g.,
rupture of the bladder, pregnancy toxaemia) (Mosdol 1999). Incorrect management of such
pathological conditions would predispose to death of the affected ewes (Hindson and Winter 2000).

Pathological conditions causing death of ewes after lambing

Various problems of the genital tract can occur after lambing and these are often associated
with dystocia.

Voigt et al. (2021) reported various complications of caesarean section in ewes; these
included peritonitis, liver damage, metritis, septicaemia, vaginal rupture and damage to the urinary
tract. Incidence of death in such cases could be up to 3.8%, but it could increase up to nine times if
there were preexisting pathological conditions, e.g., pregnancy toxaemia, peritonitis, uterine torsion.

Other relevant studies were performed by Waage and Wangensteen (2013), who reported
1.2% fatality rate of ewes post-partum subsequently to dystocia, usually because of peritonitis or
uterine rupture, Brounts et al. (2004), who reported 19.0% fatality rate of ewes post-partum

subsequently to dystocia coupled with pregnancy toxaemia, and Scott (1989), who reported 2.2%
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fatality rate of ewes post-partum subsequently to dystocia when foetuses were alive or had died only
early before the obstetrical manipulation versus 42.9% fatality rate when foetuses had autolysis and
emphysema.

Hypomagnesaemia may also occur post-partum, with the fatality rate reaching 5.0% and
occasionally up to 20.0%, if animals were left untreated (Herd 1966, Friend et al. 2020).

Finally, acute clinical mastitis can occur immediately after lambing and may potentially lead

to death of affected ewes (Gelasakis et al. 2015).

Principles of diagnosis of the problems

In every case of investigation into a flock with increased peri-parturient losses, one should
always take into account information regarding the history and the health management protocols of
the flock. Further, information regarding the individual animals that died (e.g., body condition, clinical
signs, previous therapeutic regimens and their efficacy, time of death related to parturition) should
be collected (Hindson and Winter, 2000). Time of death in relation to parturition can easily be
determined by post-mortem examination of the uterus, during which its condition and the presence
/ absence of foetus(-es) can be confirmed.

A detailed post-mortem examination of the ewe(s) that died is helpful to classify cases of
death into three different categories: (a) related to pregnancy, parturition or the puerperium, (b)
caused by other disease, but precipitated by the stress of pregnancy or parturition and (c) totally

unrelated to pregnancy or parturition (Hindson and Winter 2000).
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CHAPTER I

FIELD INVESTIGATION OF MORTALITY
OF EWES IN GREECE
DURING THE PERI-PARTURIENT PERIOD
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A. MATERIALS AND METHODS

Flocks and investigation procedures

Sixty (60) dairy sheep flocks were included in the study, which was performed during two
consecutive years, the first from August 2017 to July 2018 and the second from August 2018 to July
20109.

In total, there were 13,418 and 13,599 ewes at the start of each of the two study years,
respectively, in the 60 flocks. In accordance with the national procedures for animal identification, all
ewes bore plastic ear-tags in both ears with a unique national registry number. All the flocks were
located in the administrative region of Western Greece and were maintained for dairy production; in
most flocks, lambs were weaned at 45 to 60 days (although occasionally early weaning occurred at
20-25 days) and then ewes were milked for a period of 6 to 8 months. Flocks in the study came from
small-sized family farms to large commercial farms, with 50 to 812 ewes. Data regarding
management of the flocks, available as part of the standard monitoring and veterinary care of the
flocks were considered (Table Il.i and IL.ii).

Table Il.i. Variables (n = 15; flock-level factors) evaluated for potential association with death during

the peri-parturient period in 60 sheep flocks in Greece.

Variables (n = 15)

Management system applied in the flock
intensive / semi-intensive / semi-extensive or extensive
(description according to the EFSA classification?)

Season of the year during which the lambing period took place
autumn / winter / spring / summer

Number of animals in the flock
no.

Breed of ewes
Greek pure-breed animals / imported pure-breed animals / crossbred animals

Average lambing rate at flock level
rate

Control or reproduction
(yes, with intravaginal use of progestogen sponges / yes, with administration of melatonin implants / no

Feed origin
homemade / commercial

Inclusion of roughage into the diet
yes/ no
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Table IL.i. (continued).

Variables (n = 15)

Intramammary administration of antibiotics at the end of the previous lactation period
yes/ no

Nutritional modifications performed during the last stage of pregnancy
yes/ no

Administration of anthelmintics at the end of pregnancy
yes / no

Administration of anti-clostridial vaccination at the end of pregnancy
yes / no

Administration of anti-mastitis vaccination at the end of pregnancy
yes/ no

Experience of the farmer
years

Presence of working staff in the farm
yes/ no

1. European Food Safety Authority (2014).

Table ILii. Characteristics of the variables (n = 15; flock-level factors) evaluated for potential
association with death during the peri-parturient period in 60 sheep flocks in Greece.

Variables (n = 15)

Management system applied in the flock®

Intensive Semi-intensive Semi-extensive or extensive

n=13 n=12 n=35

Season of the year during which the lambing period took place

Autumn Winter Spring Summer

n=35 n=5 n=0 n=19

Number of animals in the flock

<200 ewes 200-500 ewes > 500 ewes

n=238 n=17 n=5

Breed of ewes

Greek pure-breed animals Imported pure-breed animals Crossbred animals

n=15 n=18 n=27

Average lambing rate at flock level

<15 >1.5

n=45 n=15
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Table ILii. (continued).

Variables (n = 15)

Control of reproduction

Yes, with intravaginal use of Yes, with administration of

progestogen sponges melatonin implants No
n=13 n=9 n=38
Feed origin
Homemade Commercial
n=26 n=34

Inclusion of roughage into the diet

Yes No

n =58 n=2

Intramammary administration of antibiotics at the end of the previous lactation period

Yes No

n=21 n=39

Nutritional modifications performed during the last stage of pregnancy

Yes No

n=28 n=32

Administration of anthelmintics at the end of pregnancy

Yes No

n =60 n=0

Administration of anti-clostridial vaccination at the end of pregnancy

Yes No

n=60 n=0

Administration of anti-mastitis vaccination at the end of pregnancy

Yes No

n=25 n=35

Experience of the farmer

0-10 years 11-20 years > 20 years

n=13 n=30 n=17
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Table ILii. (continued).

Variables (n = 15)

Presence of working staff in the farm

Yes No

n=239 n=21

1. European Food Safety Authority (2014).

During the study period, all cases of death in each of the flocks were recorded. All flocks
were under veterinary care and were visited regularly (every 3 to 4 days during the lambing period
and once fortnightly otherwise), as well as outside that schedule in cases of emergency.

At the individual animal level, the peri-parturient period was defined from 10 days before to
7 days after lambing (i.e., a total of 18 days). In all the ewes that died during that period, as reported
by the respective farmers, a detailed post-mortem examination was performed. The time of death in
relation to lambing was established.

For this, the farmer provided the initial relevant information, which was subsequently
confirmed by a post-mortem examination of the genital tract (Hindson and Winter 1990). If the cervix
was closed and the uterus was gravid, then the ewe was considered to have died before lambing. If
the cervix was open with presence of a dead embryo or fetal remains in the uterus or the genital
tract, then death was considered to have occurred at the time of lambing. In the absence of
embryo(s) within the uterus, the ewe was considered to have recently lambed or aborted; in that
case, the cervix could be found open or, after the third to fourth day after lambing, closed, although
material indicative of a recent gestation would have been evident in the uterus (loannidi et al. 2020).

During the post-mortem examination, the following were evaluated, as recommended by
Mavrogianni and Brozos (2008).

° If the ewe died before lambing: body condition, liver, perirenal and peritoneal fat, urine
(sampling for measurement of ketone bodies), aqueous humour (sampling for measurement
of calcium [only within 24 h of death]), placenta and condition of the foetus(es), and other
organs.

. If the ewe died at lambing: opening of the cervix, foetus(es), placenta, genital tract, other
organs, and aqueous humour (sampling for measurement of calcium [only within 24 h of
death]).

. If the ewe died after lambing: genital tract, subcutaneous tissues, aqueous humour (sampling

for measurement of calcium [only within 24 h of death]), mammary glands, and other organs.
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Following the post-mortem examination and based on its results, relevant and appropriate
examinations were also performed in the other animals of the flock and appropriate samples were
collected, in order to establish a diagnosis of the prevailing pathological condition at flock level.
Finally, a diagnosis was made of the pathological condition in the ewe.

Data management and analysis

Data were entered into Microsoft Excel and analyzed using SPSS v. 21 (IBM Analytics,
Armonk, NY, USA). A basic descriptive analysis was performed and exact binomial confidence
intervals (Cls) were obtained.

In relation to the time of occurrence within each year of the study, cases of death were
classified as having occurred (a) before, (b) during or (c) after the peri-parturient period.

Cases of death within the 18-day long peri-parturient period were classified as having
occurred (a) before lambing, (b) at lambing or (c) after lambing by applying the diagnostic criteria
presented above.

For estimating the incidence rates and risks, the exact number of ewes that entered each
study year, and the exact number of cases of death were known. The number of animals that left the
flock (i.e., culled or sold) was believed to be very low (< 1%), but it was not recorded or included in
the calculations. Incidence rates and risks for any time period were calculated by subtracting the
cumulative sum of ewes that had died before that time period from the number that had started the
year. The annual incidence risk of death or of death during the peri-parturient period for each year
of the study was defined as the proportion of ewes that died among those at risk. Then, an average
incidence risk was calculated as the mean of the two annual incidence risks obtained. The incidence
rates death in each of the three components of the peri-parturient period (before, at, after lambing)
were compared after taking into account the different lengths of each of these three components
(i.e., 10, 1, 7 days, respectively, for a total of 18 days) by using a Poisson regression for comparison
of events per sheep-day at risk.

Fifteen (15) variables were evaluated for potential association with death during the peri-
parturient period (Table Il.i). For each of these variables, categories were created according to the
farmers’ answers. The outcomes of ‘death before / at / after lambing’ were considered. Exact
binomial Cls were obtained. Initially, the importance of predictors was assessed by using cross-

tabulation with Pearson’s chi-square test and with simple logistic regression without random effects.

26

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 23:42:06 EEST - 18.188.163.248



Subsequently, multivariable models were created using mixed-effects logistic regression with
flocks as the random effect, and initially offering to the model all variables, which achieved a
significance of P < 0.2 in the univariable analysis (Table ILiii.). Variables were removed from the
initial model by backwards elimination. The P value of removal of a variable was assessed by the
likelihood ratio test, and for those with a P value of > 0.2 the variable with the largest probability was
removed. This process was repeated until no variable could be removed with a P value of > 0.2. The
variables required for the final multivariable model in each occasion are shown in Table IL.iii.

After performing the analyses as detailed above with the results of both years of the study
considered together, the analyses were repeated with the results of each year of the study considered
separately.

Finally, the outcomes ‘occurrence of death during the peri-parturient period in at least one
year of the study’ and ‘occurrence of death during the peri-parturient period both years of the study’
(i.e., independently of the time of death in relation to lambing) were considered. The above
methodology was also employed for these analyses. The variables required for the final multivariable

model for each occasion are also shown in Table IL.iii.

Table ILiii. Details of multivariable models employed for the evaluation of the occurrence of death
during the peri-parturient period in sheep flocks in Greece.

Variables offered

Outcome to the multivariable Variables required in the final models
models (n)
(a) season of the year during which the lambing
Death before lambing 5 period took place, (b) number of animals in the
flock
Death at lambing 4 (a) breed of ewes, (b) presence of working staff in
the farm

(a) number of animals in the flock, (b) breed of
ewes, (c) control or reproduction, (d) nutritional

Death after lambing 6 modifications performed during the last stage of
pregnancy, (e) experience of the farmer
Occurrence of death during the peri- (a) season of the year during which the lambing
parturient period in at least one year 7 period took place, (b) average lambing rate at
of the study flock level, (c) inclusion of roughage into the diet
Occur.rence O.f de.ath during the peri- (a) experience of the farmer, (b) presence of
parturient period in both years of the 5 . i
study working staff in the farm

In all analyses, statistical significance was defined at P < 0.05.

27

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 23:42:06 EEST - 18.188.163.248



B. RESULTS

Incidence risk of death during the peri-parturient period in the sheep flocks

A total of 345 deaths of adult ewes were recorded during the two years of the study.
Specifically, 160 deaths occurred in the first and 185 deaths in the second year, and the respective
annual incidence risks were 1.2% (95% CI: 1.0%—1.4%) and 1.4% (95% CI: 1.2%—-1.6%) (P = 0.22
between the two years); hence, the average incidence risk during the two years was 1.3%. There
were 147 deaths outside the peri-parturient period: 79 before and 68 after it (P > 0.30 for all
comparisons between deaths before or after the period and between years of the study).

A total of 198 deaths (57.4% of all deaths, 95% CI: 52.1%—62.5%) occurred during the peri-
parturient period. Specifically, 89 deaths occurred in the first and 109 deaths in the second year of
the study and the respective annual incidence risks were 0.7% (95% CI: 0.6%—0.8%) and 0.8% (95%
Cl: 0.7%-1.0%) (P = 0.18 between the two years); hence, the average incidence risk during the two
years was 0.7% (P < 0.0001 compared to deaths that occurred outside the peri-parturient period)
(Table IL.iv).

Table Il.iv. Frequency and incidence risk of cases of death of adult ewes during a two-year study in

60 sheep flocks in Greece.

1st year of the study 2nd year of the study Both years
Death Death Death Death Death Death Death
Ewes before the during the after the Ewes before the during the after the All deaths during the
pp period! pp period pp period pp period pp period pp period pp period
n
13,418 40 89 31 13,599 39 109 37 345 198

Incidence risks

0.3%? 0.7%2P 0.2%" 0.3%° 0.8%¢d 0.3% 1.3% 0.7%

1. pp: peri-parturient period.
adp < (0.001 for comparisons between incidence risks with similar superscripts.

Among the flocks, the average incidence risk of death during the peri-parturient period varied
from 0.0% to 6.0% during the two years (P < 0.0001 between flocks) (Table Il.v). It varied from 0.0%
to 8.8% in the first and 0.0% to 9.2% in the second year of the study. Death during the peri-parturient
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period were recorded in a total of 28 flocks (46.7%, 95% CI: 34.6%—-59.1%). There was no significant
difference in the proportion of flocks, in which cases of death during the peri-parturient period were
recorded in each year of the study: 25.0% (95% CI: 15.8%—37.2%) and 38.3% (95% CI: 27.1%—
51.0%), respectively (P = 0.12), although in 10 flocks (16.7, 95% CI: 9.3%—28.0%) cases of deaths

were recorded during both years.

Table Il.v. Incidence risk of cases of death during the peri-parturient period in each of 60 sheep

flocks during a two-year study in Greece.

Flock reference no. 1styear of the study 2" year of the study Both years
1 1.32% 0.00% 0.66%
2 2.00% 5.00% 3.50%
3 0.00% 0.00% 0.00%
4 0.00% 0.00% 0.00%
5 0.00% 0.00% 0.00%
6 0.00% 1.80% 0.90%
7 0.00% 0.75% 0.38%
8 3.35% 3.28% 3.32%
9 0.00% 0.00% 0.00%
10 0.00% 0.00% 0.00%
11 0.00% 0.00% 0.00%
12 0.00% 0.00% 0.00%
13 0.00% 1.56% 0.78%
14 0.00% 0.00% 0.00%
15 0.00% 0.00% 0.00%
16 0.00% 0.00% 0.00%
17 0.00% 0.00% 0.00%
18 0.00% 0.95% 0.47%
19 0.00% 0.00% 0.00%
20 0.00% 0.00% 0.00%
21 1.04% 1.02% 1.03%
22 0.00% 1.31% 0.65%
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Table Il.v. (continued).

Farm reference no. 1styear of the study 2" year of the study Both years
23 0.00% 2.63% 1.32%
24 0.00% 4.08% 2.04%
25 1.47% 0.47% 0.97%
26 1.33% 2.07% 1.70%
27 0.00% 0.00% 0.00%
28 3.00% 0.00% 1.50%
29 0.00% 0.00% 0.00%
30 0.00% 1.14% 0.57%
31 6.29% 0.00% 3.15%
32 0.00% 0.00% 0.00%
33 0.00% 0.00% 0.00%
34 0.00% 0.00% 0.00%
35 0.00% 0.00% 0.00%
36 7.22% 0.00% 3.61%
37 0.00% 0.00% 0.00%
38 0.00% 0.00% 0.00%
39 0.00% 0.00% 0.00%
40 0.00% 0.00% 0.00%
41 3.39% 3.13% 3.26%
42 0.00% 0.00% 0.00%
43 1.83% 2.28% 2.06%
44 0.00% 1.49% 0.74%
45 0.00% 0.00% 0.00%
46 0.00% 0.00% 0.00%
47 0.00% 0.00% 0.00%
48 0.00% 0.00% 0.00%
49 0.00% 4.46% 2.23%
50 0.00% 0.00% 0.00%
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Table Il.v. (continued).

Farm reference no. 1styear of the study 2" year of the study Both years
51 8.84% 3.19% 6.01%
52 6.47% 2.87% 4.67%
53 0.00% 3.90% 1.95%
54 0.00% 0.00% 0.00%
55 0.00% 1.31% 0.65%
56 2.44% 0.00% 1.22%
57 0.00% 9.17% 4.58%
58 1.23% 1.75% 1.49%
59 0.00% 0.00% 0.00%
60 0.00% 0.00% 0.00%

Time of death in relation to lambing

Of the 198 deaths during the peri-parturient period, most (n = 135; 68.2%, 95% CI: 61.4%—
74.3%) occurred before lambing. Fewer cases of death occurred at (n = 11; 5.6%, 95% CI: 3.1%—
9.7%) or after (n = 52; 26.3%, 95% CI: 20.6%—32.8%) lambing. There was no significant difference
in these proportions between the two years of the study (P > 0.10 for all comparisons) (Table Il.vi).

The per day incidence rate of death in each of the three components of the peri-parturient
period (i.e., before, at, after lambing) was 0.05%, 0.04% and 0.03%, respectively (P = 0.001 for the
overall difference between the three components considered together, P < 0.001 for the difference
in the incidence rate before and after lambing, P > 0.23 for the other comparisons) (Table Il.vii, Figure
1.1).

Cases of death before, at, and after lambing were recorded in 24 (40.0%), 5 (8.3%) and 20
(33.3%) flocks, respectively (P = 0.0002). In 3 flocks (5.0%, 95% CI: 1.7-13.7%), deaths were

recorded during the same year in ewes before, at and after lambing.
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Table Il.vi. Frequency® of death during the peri-parturient period in relation to each of the three
components of the period, during a two-year study in 60 sheep flocks in Greece.

1styear of the study 2"d year of the study Both years

Components of the peri-parturient period (time of death in relation to lambing)

Before At After Before At After Before At After
n
Total = 89 Total = 109 Total = 198
65 4 20 70 7 32 135 11 52

Proportion of cases of death during the peri-parturient period
within the respective component of the peri-parturient period

73.0% 4.5% 22.5% 64.2% 6.4% 29.4% 68.2% 5.5% 26.3%

1. The figures refer only to cases of death that occurred within the 18-day long peri-parturient period.

Table Il.vii. Incidence rate of death during each of the three components of the peri-parturient period*
during a two-year study in 60 sheep flocks in Greece (Poisson regression).

Components of the : Incidence rate ratios®
. : : Incidence rate? . : P value
peri-parturient period (95% confidence intervals)
0.001
Before lambing (duration: 10 days) 0.05% 1.807 (1.313-2.489) <0.001
At lambing (duration: 1 day) 0.04% 1.480 (0.772-2.837) 0.237
After lambing (duration: 7 days) 0.03% reference

1. These cases of death refer only to the 18-day long peri-parturient period.
2. Incidence rate per sheep-day at risk.
3. Incidence rate ratios calculated against the lowest incidence rate.
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Figure I1.1. Incidence rate per sheep-day at risk of death during the peri-parturient period, during a
two-year study in 60 sheep flocks in Greece in relation to the time of lambing.

0.10%

0.08%
1st year of study 2nd year of study Average for both years of study
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0.05% 0.05% 0.05% 0.05%
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Per day incidence rate
of periparturient deaths

0.02%
0.02%

0.00%
Before lambing m At lambing After lambing

Green bars: before lambing (duration: 10 days); turquoise bars: at lambing (duration: 1 day); yellow bars: after
lambing (duration: 7 days).

Pathological conditions associated with death during the peri-parturient period

Pregnancy toxaemia was the pathological condition most frequently associated with death
during the peri-parturient period (n = 82; 41.4% of all deaths, 60.7% of deaths before lambing). Other
pathological conditions were ruminal acidosis (n = 23; 11.6% of all deaths, 17.0% of deaths before
lambing), genital tract problems (including genital injury, uterine prolapse, rectal prolapse, metritis)
(n = 23; 11.6% of all deaths, 44.2% of deaths after lambing), acute clinical mastitis (n = 21; 10.6%
of all deaths, 40.4% of deaths after lambing), respiratory infection (n = 19; 9.6% of all deaths, 14.1%
of deaths before lambing) and dystocia (nh = 11; 5.6% of all deaths, 100.0% of deaths at lambing)
(Figure 2, Table Il.viii). There was no significant difference between the two years of the study in the

proportion of the various pathological conditions associated with such deaths (P = 0.27).
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Figure 11.2. Ring-pie of the relative frequency of pathological conditions associated with death in
relation during the peri-parturient period to the time of lambing.

m Pregnancy toxaemia

® Ruminal acidosis

m Respiratory infection
Copper poisoning

E Babesiosis

= Dystocia

m Genital tract problems

m Acute clinical mastitis

m Hypocalcaemia

m Predation by wild animals

m Coenurosis

Outer ring: pathological conditions associated with death before lambing (duration: 10 days); middle ring:
pathological conditions associated with death at lambing (duration: 1 day); inner ring: pathological conditions
associated with death after lambing (duration: 7 days).

Colours in each ring indicate the pathological conditions associated with death during the peri-parturient period.

Table Il.viii. Frequency! of pathological conditions associated with death during the peri-parturient
period, in relation to each of the three components of that period during a two-year study in 60 sheep
flocks in Greece.

Components of the peri-parturient period

Pathological condition

Before lambing At lambing After lambing

Pregnancy toxaemia 82
Ruminal acidosis 23

Genital tract problems (genital injury, 23

uterine prolapse, rectal prolapse, metritis)

Acute clinical mastitis 21

Respiratory infections 19
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Table Il.viii. (continued).

Components of the peri-parturient period
Pathological condition

Before lambing At lambing After lambing
Dystocia 11
Copper poisoning 7
Hypocalcaemia 5
Babesiosis 4
Predation by wild animals 2
Coenurosis 1
Total 135 11 52

1. The figures refer only to cases of death that occurred within the 18-day long peri-parturient period.

Table Il.ix presents the numbers of flocks with various pathological conditions associated
with cases of death during the peri-parturient period. Again, pregnancy toxaemia occurred in more
flocks than any other pathological condition. Cases of death associated with pregnancy toxaemia
were recorded in 19 flocks; in 15 (78.9%) of these flocks, cases of death during the peri-parturient
period associated with ruminal acidosis, dystocia, genital tract problems or acute clinical mastitis
were also found.

Further, in 6 of the 7 flocks (85.7%) in which cases of death associated with ruminal acidosis
were found, cases of pregnancy toxaemia were also recorded. Moreover, cases of pregnancy
toxaemia were recorded in 7 of 11 flocks (63.6%) that had cases of death associated with genital
tract problems, in 7 of 11 flocks (63.6%) that had cases of death associated with mastitis, and in 3
of 5 flocks (60.0%) that had cases of death associated with dystocia (P = 0.72).

Table Il.ix. Number of flocks in which the pathological conditions associated with cases of death

during the peri-parturient period?, were recorded during a two-year study in 60 sheep flocks in
Greece.

Pathological condition Numbg; ]EI;;::okpSortion) M?ﬁ; r;?;bs;roéfglv(es
Pregnancy toxaemia 19 (31.7%) 4.3
Acute clinical mastitis 11 (18.3%) 1.9
Genital tract problems 11 (18.3%) 2.1
Respiratory infection 7 (11.7%) 2.7
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Table ILix. (continued).

Pathological condition Numbi; f(lr;rcokpsortion) M?ﬁ;{ r;lijer?jbs;ro;:(\:lv(es
Ruminal acidosis 7 (11.7%) 3.3
Dystocia 5 (8.3%) 2.2
Hypocalcaemia 4 (6.7%) 1.3
Copper poisoning 2 (3.3%) 35
Predation by wild animals 2 (3.3%) 1.0
Babesiosis 1(1.7%) 4.0
Coenurosis 1(1.7%) 1.0

1. The figures refer only to cases of death that occurred within the 18-day long peri-parturient period.

Age of the ewes that died

Of the 198 ewes that died during the peri-parturient period, 13 were primigravidae (7 died
before and 6 at lambing) and 8 were primiparous; that is, 21 ewes (10.6% of all that died) had not
lambed before (Figure 11.3). Of the 11 ewes that died in association with dystocia, 6 (54.5%) were
primigravidae. The proportion of primigravidae ewes that died at lambing (54.5% of those that died
at that stage) was significantly higher than of similarly-aged ewes that died before or after lambing
(8.0%) (P < 0.0001).
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Figure 11.3. Frequency of cases of death during the peri-parturient period in relation to the component
of the peri-parturient period and the age of the ewes that died, during a two-year study in 60 sheep

flocks in Greece (gray: ewes at 1st lambing; orange: ewes at = 2nd lambing).
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The duration of the period before lambing was 10 days; at lambing, 1 day; after lambing, 7 days.

Factors associated with occurrence of death during the peri-parturient period

Occurrence of death during the peri-parturient period in at at least

one year of the study

With regard to the occurrence of death during the peri-parturient period in at at least one year
of the study, a significant association was evident with the following two variables during the
univariable analysis: the season when the lambing period took place (P = 0.008) and the average
lambing rate at flock level (P = 0.017). Among the variables included in the multivariable analysis,
the average lambing rate at flock level emerged to be significant (P = 0.035), while a tendency was

noted for the season during which the lambing period took place (P = 0.07) (Table IlI.x).
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Table Il.x. Results of multivariable analysis for associations with occurrence! of death during the
peri-parturient period in at least one year of a two-year study in 60 sheep flocks in Greece.

Variable Proportion (95% coazgzgigoi:]tervals) P value
Average lambing rate at flock level 0.035
<1.5(n =45) 37.8% reference
> 1.5 (n = 15) 73.3% 4.529 (1.243-16.510) 0.022

1. The figures refer only to cases of deaths that occurred within the 18-day long peri-parturient period.
2. Odds ratio calculated against the lowest prevalence associations of the variables.

Occurrence of death during each of the three components of the peri-

parturient period in at at least one year of the study

With regard to occurrence of death during the before lambing component of the peri-
parturient period, a significant association was evident with five variables during the univariable
analysis (Table Il.xi). Among the variables included in the multivariable analysis, only the lambing
season emerged to be a significant factor (P = 0.002).

Table Il.xi. Incidence risk of cases of death of ewes during the ‘before lambing’ component of the
peri-parturient period during a two-year study in 60 sheep farms in Greece, in accord with factors (n

= 15) evaluated for potential association with these deaths.

Management system applied in the flock (P = 0.002)

Intensive Semi-intensive Semi-extensive or extensive
(n=13) (n=12) (n=35)
0.9% 0.3% 0.5%

Season of the year during which the lambing period took place (P < 0.0001)

Winter (n = 5) Spring (n = 0) Summer (n = 19) Autumn (n = 36)

1.3% n/a 0.7% 0.3%

Number of animals in the flock (P = 0.034)

<200 ewes (n = 38) 200 — 500 ewes (n =17) > 500 ewes (n =5)

0.7% 0.5% 0.3%
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Table Il.xi. (continued).

Breed of ewes (P = 0.96)

Greek pure-breed animals Imported pure-breed animals Crossbred animals
(n=15) (n=18) (n=27)
0.6% 0.5% 0.5%

Average lambing rate at flock level (P = 0.034)

< 1.5 (n = 45) > 1.5 (n = 15)

0.5% 0.8%

Control of reproduction (P = 0.026)

Yes, with intravaginal use of Yes, with administration of
. No (n = 38)
progestogen sponges (n = 13) melatonin implants (n = 9)
0.4% 0.5% 0.6%
Feed origin (P = 0.52)
Homemade (n = 26) Commercial (n = 34)
0.6% 0.5%
Inclusion of roughage into the diet (P = 0.77)
Yes (n = 58) No (n=2)

0.6% 0.4%

Intramammary administration of antibiotics at the end of the previous lactation period (P = 0.96)

Yes (n =21) No (n = 39)

0.6% 0.5%

Nutritional modifications performed during the last stage of pregnancy (P = 0.39)

Yes (n = 28) No (n = 32)

0.5% 0.6%

Administration of anthelmintics at the end of pregnancy

Yes (n = 60) No (nh =0)

0.5% n/a

Administration of anti-clostridial vaccination at the end of pregnancy

Yes (n = 60) No (n =0)

0.5% n/a
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Table Il.xi. (continued).

Administration of anti-clostridial vaccination at the end of pregnancy

Yes (n = 60) No (n=0)

0.5% n/a

Administration of anti-mastitis vaccination at the end of pregnancy (P = 0.24)

Yes (n = 25) No (n = 35)

0.5% 0.6%

Experience of the farmer (P < 0.0001)

0-10years (n =13) 11 — 20 years (n = 30) > 20 years (n = 17)

0.7% 0.3% 1.0%

Presence of working staff in the farm (P = 0.52)

Yes (n = 39) No (n = 21)

0.6% 0.5%

With regard to occurrence of death during the at lambing component of the peri-parturient
period, a significant association was evident with one variable during the univariable analysis (Table
I1.xii). Among the variables included in the multivariable analysis, none was found to be significant,

although a tendency for significance was seen for the lack of working staff in the flock (P = 0.06).

Table Il.xii. Incidence risk of cases of death of ewes during the ‘at lambing’ component of the peri-
parturient period during a two-year study in 60 sheep farms in Greece, in accord with factors (n =

15) evaluated for potential association with these deaths.

Management system applied in the flock (P = 0.093)

Intensive Semi-intensive Semi-extensive or extensive
(n=13) (n=12) (n=235)
0.1% 0.0% 0.1%

Season of the year during which the lambing period took place (P = 0.08)

Winter (n = 5) Spring (n = 0) Summer (n = 19) Autumn (n = 36)
0.1% n/a 1.0% 0.0%
40

Institutional Repository - Library & Information Centre - University of Thessaly
21/05/2024 23:42:06 EEST - 18.188.163.248



Table Il.xii. (continued).

Number of animals in the flock (P = 0.29)

<200 ewes (n = 38) 200 — 500 ewes (n =17) > 500 ewes (n =5)

0.1% 0.1% 0.0%

Breed of ewes (P = 0.10)

Greek pure-breed animals Imported pure-breed animals Crossbred animals
(n=15) (n=18) (n=27)
0.1% 0.1% 0.0%

Average lambing rate at flock level (P = 0.49)

< 1.5 (n = 45) > 1.5 (n = 15)

0.1% 0.0%

Control of reproduction (P = 0.17)

Yes, with intravaginal use of Yes, with administration of
. No (n = 38)
progestogen sponges (n = 13) melatonin implants (n = 9)
0.0% 0.1% 0.0%
Feed origin (P = 0.40)
Homemade (n = 26) Commercial (n = 34)
0.0% 0.1%
Inclusion of roughage into the diet (P = 0.62)
Yes (n =58) No (n=2)

0.1% 0.0%

Intramammary administration of antibiotics at the end of the previous lactation period (P = 0.38)

Yes (n = 21) No (n = 39)

0.1% 0.0%

Nutritional modifications performed during the last stage of pregnhancy (P = 0.69)

Yes (n = 28) No (n = 32)

0.1% 0.0%

Administration of anthelmintics at the end of pregnancy

Yes (n = 60) No (n =0)

0.5% n/a
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Table Il.xii. (continued).

Administration of anti-clostridial vaccination at the end of pregnancy

Yes (n = 60) No (n=0)

0.5% n/a

Administration of anti-mastitis vaccination at the end of pregnancy (P = 0.95)

Yes (n = 25) No (n = 35)

0.1% 0.1%

Experience of the farmer (P = 0.58)

0-10years (n =13) 11 — 20 years (n = 30) > 20 years (n = 17)

0.0% 0.1% 0.0%

Presence of working staff in the farm (P = 0.035)

Yes (n = 39) No (n = 21)

0.0% 0.1%

With regard to occurrence of death during the after lambing component of the peri-parturient
period, a significant association was evident with three variables during the univariable analysis
(Table Il.xiii). Among the variables included in the multivariable analysis, only the number of animals

in the flock was a significant factor (P = 0.024).

Table Il.xiii. Incidence risk of cases of death of ewes during the ‘after lambing’ component of the
peri-parturient period during a two-year study in 60 sheep farms in Greece, in accord with factors (n

= 15) evaluated for potential association with these deaths.

Management system applied in the flock (P = 0.30)

Intensive Semi-intensive Semi-extensive or extensive
(n=13) (n=12) (n=235)
0.3% 0.1% 0.2%

Season of the year during which the lambing period took place (P = 0.48)

Winter (n = 5) Spring (n = 0) Summer (n = 19) Autumn (n = 36)
0.3% n/a 0.3% 0.2%
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Table Il.xiii. (Continued).

Number of animals in the flock (P = 0.022)

<200 ewes (n = 38) 200 — 500 ewes (n =17) > 500 ewes (n =5)

0.4% 0.1% 0.1%

Breed of ewes (P = 0.19)

Greek pure-breed animals Imported pure-breed animals Crossbred animals
(n=15) (n=18) (n=27)
0.3% 0.1% 0.2%

Average lambing rate at flock level (P = 0.018)

< 1.5 (n = 45) > 1.5 (n = 15)

0.2% 0.4%

Control of reproduction (P = 0.08)

Yes, with intravaginal use of Yes, with administration of
. No (n = 38)
progestogen sponges (n = 13) melatonin implants (n = 9)
0.2% 0.4% 0.2%
Feed origin (P = 0.70)
Homemade (n = 26) Commercial (n = 34)
0.2% 0.2%
Inclusion of roughage into the diet (P = 0.28)
Yes (n =58) No (n=2)

0.2% 0.5%

Intramammary administration of antibiotics at the end of the previous lactation period (P = 0.95)

Yes (n = 21) No (n = 39)

0.2% 0.2%

Nutritional modifications performed during the last stage of pregnancy (P = 0.005)

Yes (n = 28) No (n = 32)

0.3% 0.1%

Administration of anthelmintics at the end of pregnancy

Yes (n = 60) No (n =0)

0.5% n/a
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Table Il.xiii. (Continued).

Administration of anti-clostridial vaccination at the end of pregnancy

Yes (n = 60) No (n=0)

0.5% n/a

Administration of anti-mastitis vaccination at the end of pregnancy (P = 0.43)

Yes (n = 25) No (n = 35)

0.2% 0.2%

Experience of the farmer (P = 0.074)

0-10years (n =13) 11 — 20 years (n = 30) > 20 years (n = 17)

0.3% 0.1% 0.3%

Presence of working staff in the farm (P = 0.72)

Yes (n = 39) No (n = 21)

0.2% 0.2%

Details of the results of the multivariable analyses are in Table Il.xiv.

Table Il.xiv. Results of multivariable analysis for associations with death during the peri-parturient

period ! during a two-year study in 60 sheep flocks in Greece.

Odds ratio?
Variable Proportion : . P value
P (95% confidence intervals)

Occurrence of death during the before lambing component of the peri-parturient period

Season of the year during which

the lambing period took place 0.002
Autumn (n = 36) 0.3% (23 / 7513) reference
Winter (n = 5) 1.3% (18 / 1389)3 3.088 (1.560-6.111) 0.001
Spring (n = 0) n/a n/a n/a
Summer (n = 19) 0.7% (33 / 4589) 2.359 (1.383-4.022) 0.002
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Table Il.xiv. (Continued).

. : Odds ratio?
Variable Proportion . . P value
P (95% confidence intervals)

Occurrence of death during the after lambing component of the peri-parturient period

Number of animals in the flock 0.024
< 200 ewes (n = 38) 0.4% (18 / 5092) 3.990 (1.174-13.555) 0.027
200-500 ewes (n = 17) 0.2% (8 / 4944) 1.829 (0.483-6.876) 0.375

> 500 ewes (n = 5) 0.1% (3 /3377) reference

1. The figures refer only to cases of death that occurred within the 18-day long peri-parturient period.

2. Odds ratio calculated against the lowest prevalence associations of the variables.

3. n/m: number of ewes that died the respective component of the peri-parturient period / number of ewes at
risk at the start of the respective component of the peri-parturient period (numbers averaged per flock from
results of the two years of the study).

Occurrence of death during each of the three components of the peri-
parturient period in each of the two years of the study

When the analyses for occurrence of death during each of the three components of the peri-
parturient period were repeated with the results of each year of the study considered separately, the

findings were generally similar (Table I.xv).

Table Il.xv. Summary of results of analysis for associations with death during the peri-parturient
period, during a two-year study in 60 sheep farms in Greece, with the results of each year of the

study considered separately.

Occurrence of death: during the before lambing component of the peri-parturient period

1st year of the study

Significant variables in the univariable analysis p
Management system applied in the flock < 0.0001
Season of the year during which the lambing period took place < 0.0001
Experience of the farmer < 0.0001
Significant variables in the multivariable analysis p
Management system applied in the flock 0.018
Season of the year during which the lambing period took place 0.046
Experience of the farmer 0.025
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Table Il.xv. (Continued).

Occurrence of death: during the before lambing component of the peri-parturient period

2" year of the study

Significant variables in the univariable analysis p
Season of the year during which the lambing period took place < 0.0001
Experience of the farmer 0.022
Most significant variable in the multivariable analysis p
Season of the year during which the lambing period took place 0.09
Occurrence of death: during the at lambing component of the peri-parturient period
1st year of the study
Significant variables in the univariable analysis p
n/a
Most significant variable in the multivariable analysis p
Presence of working staff in the farm 0.28
2nd year of the study
Significant variables in the univariable analysis p
Season of the year during which the lambing period took place 0.001
Breed of ewes 0.022
Control of reproduction 0.0005
Presence of working staff in the farm 0.002
Significant variable in the multivariable analysis p
Presence of working staff in the farm 0.030
Occurrence of death: during the after lambing component of the peri-parturient period
1styear of the study
Significant variables in the univariable analysis p
Number of animals in the flock 0.004
Breed of ewes < 0.0001
Control of reproduction 0.002
Nutritional modifications performed during the last stage of pregnancy 0.002
Experience of the farmer 0.022
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Table Il.xv. (Continued).

Occurrence of death: during the after lambing component of the peri-parturient period

1styear of the study

Most significant variable in the multivariable analysis p

Control of reproduction 0.06

Occurrence of death: during the after lambing component of the peri-parturient period

2nd year of the study

Significant variables in the univariable analysis p
Number of animals in the flock 0.046
Nutritional modifications performed during the last stage of pregnancy 0.031
Significant variable in the multivariable analysis p
Nutritional modifications performed during the last stage of pregnancy 0.046
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Introduction

This study explored in detail, for the first time internationally, the mortality of ewes during the
peri-parturient period. Hindson and Winter (1990) and Mavrogianni and Brozos (2008) were the first
to describe the problem; however, those reports were based on the clinical experience of the authors
rather than on data from organised clinical research work.

In contrast, the present paper presents an extensive study performed in 60 flocks of dairy
sheep over two successive years. Peri-parturient mortality has a low incidence; therefore, extent of
the study over two years has provided helpful information on the sporadic occurrence of the problem
from year to year and also allowed a more thorough exploration of possible risk factors.

Incidence risk of cases of death during the peri-parturient period in the sheep

flocks

First, the findings confirmed that case of death during the peri-parturient period accounted
for most cases of death of adult ewes in the sheep flocks: almost 60% of the cases of death in the
study. Further, the findings indicated that the problem had a sporadic occurrence. The incidence risk
was < 1.0% and the problem was recorded in only a few flocks during both years.

The low incidence of peri-parturient mortality should not undermine its importance for sheep
flocks. Cases of death during the peri-parturient period have a significant impact on the flock. To
reach the peri-parturient period, the ewes were subjected to an intensive preparation, while high
input from farmers was required as well. This input included the use of infrastructure, the feeding
and the intensive labour provision, as well as the extended veterinary care for pregnancy diagnosis,
and administration of vaccines and pharmaceuticals (Fthenakis et al. 2012); hence, if a ewe died
there would be no return on investment. In such cases, the capital investment (i.e., ewes) perishes
along with all the work in anticipation for the lambing; these expenses can often add up to a
significant proportion of the value of a ewe. The importance is similar in dairy- and meat-production
systems. In a recent study of ewe wastage in meat production systems in New Zealand, a much
higher removal rate from the flocks from mating to lambing were noted (Flay et al. 2021) compared
to this study. This can be explained if one considers that in dairy systems, ewes would be milked
until 30 to 45 days before the expected lambing (i.e., farmers would provide care and infrequently

cull animals until after the end of the lactation period).
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In the present study, no records were available regarding the ewes that had been culled.
Inevitably, this possibly led to a slight overestimate of the number of ewes and ewe-days at risk, so
the estimated peri-parturient mortality rates are likely to be slightly below their true values. Because
of the husbandry systems used in these dairy flocks, very few animals were culled. Our estimates
were indeed very close to the true values, because (a) the pregnhancy rate is normally > 98% due to
the extended breeding season, (b) ewes were milked until 30 to 40 days before the expected start
of the lambing period and (c) the ewes were often kept until the end of the reproductive year when

there is a market for their meat.

Time of death in relation to the components of the peri-parturient period

Among cases of death during the peri-parturient period, the highest incidence rate was seen
before lambing and was aligned with the clinical conditions associated with the deaths (i.e.,
pregnancy toxaemia, which is the most important metabolic disorder of pregnant ewes).

The lack of any statistical difference with the incidence rate at lambing was in partial accord
with the previous suggestions of Hindson and Winter (1990) and Mavrogianni and Brozos (2008),
who previously had indicated that most cases of death during the peri-parturient period occurred at

lambing time.

Pathological conditions associated with cases of death during the peri-

parturient period

Pregnancy toxaemia, the clinical condition most commonly associated with death, was the
most important metabolic disease of sheep and occurred frequently in all flocks (up to 10% in
undernourished flocks (Sargison 2008). The disease can be fatal, especially if veterinary intervention
is delayed. Another clinical condition often associated with the death of affected ewes was ruminal
acidosis, which can be acute and result to death over the course of hours (Dijkstra et al. 2012,
Herndndez et al. 2014). These two conditions, cumulatively, accounted for over 50% of all cases of
death during the peri-parturient period. The last stage of gestation is particularly demanding
metabolically; hence, the energy requirements of pregnant ewes increase, as the end of pregnancy

approaches. It is thus recommended that the nutritional regime of pregnant ewes be progressively
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modified, with energy provisions to accommodate the increased requirements of the ewes (Fthenakis
et al. 2012). Farmers may not always perform the necessary changes in the feeding regime in a
timely manner, which can lead to pregnancy toxaemia, depending on various factors (Barbagianni
et al. 2015a). As farmers see the problem developing, they would realise the necessity to increased
energy and may attempt to rectify it by providing increased amounts of cereals, which can then lead
to acidosis (in 6 of 7 flocks with cases of death associated with ruminal acidosis, deaths associated
with pregnancy toxaemia were also recorded). The acute nature of these two situations is shown by
the high mean number of ewes that died in each flock, in which these disorders predominated.

In winter, due to the low temperatures and increased precipitation, pregnant ewes have
increased metabolic requirements (Symonds et al. 1988). These can further predispose them to
pregnancy toxaemia. Indeed, in a recent report from Australia, increased ewe mortality was reported
after a season of high precipitation (Watt et al. 2021). Moreover, other situations occurring during
the winter may also play a role; for example, adverse weather conditions may hinder veterinary
access to farms. All these contributed to the emergence of the association of winter with a death
before lambing.

Dystocia was the only pathological condition associated with death at the time of lambing.
The lack of farm staff was found to contribute, to some extent, to this; this was reasonable, as many
lambings might occur during the night, and personnel assistance is crucial for dealing with such
cases. Furthermore, most such cases occurred in primigravidae ewes, in which foeto—maternal
disproportion occurs more frequently (Arthur and Bee 1996a); in such cases, the genital tract may
not be fully developed, especially if the ewe-lambs were mated too young (Hindson and Winter
2007).

Finally, post-partum genital disorders and clinical mastitis were the pathological conditions
associated with death of ewes after lambing. Many of the genital disorders might have been the
sequelae of dystocia that were dealt with inappropriately (e.g., uterine rupture (Hindson and Winter
2007)). Obstetrical manipulations without maintaining aseptic conditions can lead to metritis
(Bolinder et al. 1988), and uterine and rectal prolapse are often the consequences of repeated
straining by parturient ewes (Arthur and Bee 1996b). It is also noteworthy that pregnancy toxaemia
can often lead to post-partum problems of the genital tract (Barbagianni et al. 2015c, loannidi et al.
2020) and has been associated with the development of clinical mastitis during the first week post-
partum (Barbagianni et al. 2015b). Hence, one can postulate that, in some flocks, ewes with
pregnancy toxaemia that had received successful veterinary attendance, later developed problems
post-partum, as described in previous studies (Barbagianni et al. 2015c, loannidi et al. 2020). It is

also possible, given the immunocompromise present during that period, that the affected ewes were
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unable to counteract a mammary infection, and thus developed acute clinical mastitis and
consequently died (Kandefer-Szerszen et al. 1992, Lacetera et al. 2005). Moreover, in animals with
increased concentrations of B-hydroxybutyrate (which occurs in pregnancy toxaemia), Galvao et al.
(2010) found reduced blood neutrophil numbers, an issue that can clearly predispose a ewe to
mastitis, given the importance of neutrophils in the defence mechanisms of the mammary gland
(Katsafadou et al. 2019).

Factors associated with occurrence of death during the peri-parturient period

It was interesting to note that while differing predictors were identified for death before or
after lambing, another one, the average lambing rate at flock level, was found to be significant for
the occurrence of death independent of the stage of lambing. A higher average lambing rate at flock
level (over 1.5) was found to be associated with the increased risk of death during the peri-parturient
period. It is possible that the increased lambing rate could connect all the issues mentioned above.
The large number of foetuses predisposes ewes to preghancy toxaemia (Sargison 2008) and
increases the risk of dystocia (Bolinder et al. 1988); furthermore, an increased litter has been
positively associated with the development of mastitis (Waage and Vatn 2008, Vasileiou et al. 2019)
and metritis (Bell and Roberts 2007, Dubuc et al. 2010).

Conclusions

The conclusions from the results of the present thesis are summarised herebelow.

(a) Death during the peri-parturient period was found to occur sporadically and most cases occurred
10 days prior to lambing.

(b) Pregnancy toxaemia was the pathological condition most frequently associated with peri-
parturient mortality.

(c) Factors found to have a significant association with occurrence of peri-parturient mortality
included the average lambing rate at flock level (increased risk with average lambing rate > 1.5), the
season of the year during which the lambing period took place (highest risk during the winter), and

the number of animals in the flock (highest risk in the flock with < 200 ewes).
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