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Abstract

Transition dairy cows are susceptible ttterine infections due tothe
compromised immunity aund calvingand substantial bacterial contamination in the
uterus immediately after calvin@ows with uterine infectionare at higher odds of
developing other periparturient diseases, resulting in lower milk production and
impaired fertility. Infertility related touterine infections has become tm&in reason
for a cow to be culled from the her®o far, there have been no effective approaches
to treat uterine infectiondn this study we tested whether intravaginal treatment of
transition dairy cows wih a mixture oflactic acid bacteria (LAB) can lower the
incidence rate of uterine infections, improve the productivity of reproduction and

milk yield.

The LAB preparation was composed loctobacillus sakeand two strains of
Pediococcus acidilacticisolated fromvaginalmucusof healthy pregnant dairy cows
and infused into the vaginal tract of 100 dairy cows with the cell count®f 10
cfu/dose before or around calviri@esults showed that intravaginal infusiohLAB
modulated the bacterial cquosition in the vaginal tract, increased the production of
mucosal slgA, and therefore lowered the incidence rates of metritis and total uterine
infections. It also lessened systemic inflammation indicated by the decreased
concentration oflipopolysacchade binding protein and serum amyloid iA the
serum.Furthermore, LAB treatment modulatétk productionof hormoneselated to

reproductiorandexpedited uterine involutioaf transitional dairycows Cowstreated



with LAB before calvinghad a shorter nuber of days operwhereas cows treated
with LAB around calvingaccelerated ovarian resumption of cyclicity. addition,
application of LAB intravaginally exerted changes to metabolic status, such as a
decrease in the concentrationnoin-esterified fattyacids NEFA), andmodified milk
composition such as the content of proteand immunoglobulin (Ig) G. More
importantly, cows treated with LAB exhibited greater milk production and higher feed

efficiency.

In conclusion, pplicationof probiotic supplemes intravaginally holds promise
to lower the incidence of uterine infections, expedite uterine involution, and improve

reproductive and productive performaraégostpartum dairy cows.
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Chapter 1 Literature review

1.1 Uterine infections in dairy cows

1.1.1Importance of uterine infections to dairy industry

Uterine infections affect almost half of the dairy heBthéldonet al., 2009a)
due to compromised immunity around calving and substantial bacterial contamination
in the uterusmmediately after calving(Sheldonet al., 2009aLeBlanc et al., 2011
These infections can easily develop into uterine diseases such as metritis and
endometritis, which result in impaired fertility or even infertility by delaying uterine
involution and ovulation, or prolonging the luteal phase if ovulation occurs
(Huszenicza et al., 1999; Mateus et al., 2002; Sheldon et al., 2009a). Cows with
uterine infections have lower conception rate, need more sepace®nceptionand
have longer days open, and #fereareculled from the her@arlier(Kasimanickam
et al., 2004; Sheldon et al., 2009a). Accordingetcentstatistics the culling rate of
dairy cows in Canadduring 2013reached 4% (CanWest DHI and Valacta, 2013).
Among all the culling reasons, megluctive failure was rated ake number one,
accounting for 15.4%, which caused a loss of more than 5¢686 worth $144
million dollars (CanWest DHI and Valacta, 2018).order to better understand the
reasons for the high infertility rates in traimn dairy cows we will discuss in more

detaik the physiology and pathology of the uterus.



1.1.2Reproductive physiology oftransition dairy cows

The fetus growsvery fast duringthe last trimester and reaches the maximum
capacity of the uterus. Growtleing confined, the fetal hypothalamsisrtsecreing
corticotropin releasing hormone (CRH), which stimulates the pituitdayd to
secrete adrenal corticotropin hormone (ACTH), and further stimulates corticoid
hormone secretion such as cortisol by theeadl gland. Cortisol can switch
endocrine balance froprogesteronénto estradiolsynthesis by inducing the enzyme
1 7-lydroxylase and the production pfostaglandirF, {PGF ) due to the increase
of oxytocin (Kindahl et al., 2004) While ovaryproducel relaxin has ripened the
cervix and pelvic ligamest both estradioland PGE trigger uterine contractios)
pushing the fetus towards the lower reproductive tract. When the cervix senses the
pressure from the conceptus, oxytocin is released by the ipospduitary via
neuroral reflex, which reinforces the contractmof the uterugKindahl et al., 2004)
Therefore, the expulsion of the fetissachieved byncreaing estradio] PGF, yand
oxytocin as well asa decreasen progesterone Hormonal change during the

periparturient period of dairy coveseillustrated in Figure 41.
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Figure 1-1. Relative hormone profiles in the cow during the periparturient period
(Source:Senger, 208)

After parturition, the uterusndergoes involutianwhich includesshrink in size,
sloughing of the damaged endometrium and endometrial regeneration in order to
return to its prepregnant state and be able to support the next pregnancy. The main
stimulus of uterine involution in postpartum dairy cows is P&GWwhich increases
sharply in the last week before calving and declines rapidly and returns to the basal
level at 2 veeks after calvingKindahl et al., 2004)PGF, (causes tsong myometrial
contractios, leading not onlyto the uterine involution in sizbut also expulsion of
the intrauterine content arldwering the oddf bacterial infections in the uterus.

Normally, in dairy cattle, the uterine involution is completed b§ ®eeks postpartum



(Kindahl et al., 1999; Sheldon, 2004)

Besides uterine invuation, the reproductive axis needs to resume the normal
cyclicity before the cow regains the pregogapability. Anterior pituitary becomes
responsive to hypothalamus ab3layspostpartumand then starts releasifglicle
stimulating hormoneRSH), which initiates the first new follicular wave aroundl@
days postpartuniCrowe, 2008) Although the average lifespan of follicles isl@
days (Crowe, 2008) the ovulation cannot occur during the first 10-15 days
postpartum due to the dominance of B@Kindahl, 1999) The occurrence of the
first ovulation postpartum depends on when theeinizing hormone L(H) pulse
frequency returns to one pulse every one hour from one pulse every four hours in the
gestation periodCrowe, 2008) It has beerreported hat most dairy cows have a
silent first ovulation after calving, whicmeansan ovulation accompanied by no
anestrous signs. In addition, the first ovulation is followmaktly by a short cycle
around 911 days due to a shorter luteal phase in 70% of daws instead of 124
days for thenormalestrous duratiofKindahl, 1999; Crowe, 2008Y he short cycle is
not fertile butit is believed to prime the hypothalamus to return to a pulsatile state
after a long period of suppression by hpybgesteronéevels in blood.

The first 3 weeks after parturitionare impossible for the cow t@mainpregnant
due to the uterine damage from calving at@minance ofPGF, gin circulation
(Kiracofe, 1980; Kindahl, 2004For the second 3 eeks after parturition pregnancy
is possible but not optimal due to the incomplete uterine involutiorpegs®nce of

negative energy balan¢dlEB) (Kiracofe, 1980) In postpartum dairgows, the LH



pulse frequency is greatly influenced by the energy status, an interactive result of
body condition score (BCS) loss, feed intake and milk production; the return of
normal LH pulse frequency is impeded by NEBowe, 2008) Therefore the daiy
producersshouldwait until 910 weeks postpartunto breed the cowhen the energy
balance turns positive periodknown asvoluntary waiting period. Nowadays, more
than 90% of dairy producers use artificial insemination (Al) to bredad ¢ba/s. The
fertilization rate usually reaches90-100% (Diskin and Morris, 2008) Takng the
averageconception ratas30-40%, if submission rate (heat detection rate) @%,

the pregnancy ratis between 120%. In order to improvéhe reproductive outcome,
synchponization of ovulation is employed tmbtain 100% submission rate, hence
increagng thepregnancy rate.

One of the pevalent breeding programs for reproductive management is
Opresynch + o0vVvy s thetimdd artificiab inseminateon{ TAlwkigur
1-2). In this protocol, two injections of PGRare given at 14 days apart, which is
called resyncly with the ' PGFE, given on 35 daypostpartum The ' PG g
injectionis given totriggerluteolysis of thecorpus luteum@L) if there isone;the 2™
PGFR, ginjection is given tocauseluteolysis of the old CL that didnot respond to
administration othe ' PGFR, yor the newly formed CL in the cows that either had a
responsive CL to the®1PGF, wor did not have a CL present when th& RGE gvas
given. The dvysyncld involves two injections of gonadotropin releasing hormone
(GnRH) and one injection dPGF, g The ' GnRHgiven 12 daysfterthe 2 PGR g

inducesthe dominantfollicle to ovulate to form a new CL, and initiate a new



follicular cohat. The 3° PGR ds given 7 days later to cause this newly formed CL to
regress. The follicles continue growing abdmme mature. Two days later a ¥
GnRH isadministeredo synchronize ovulatiohen, 1618 hours later, the herd can
receive a timed AWwithout estrus detectiofDiskin et al., 2002)Normally, a cow will
ovulate 2432 hours afterexperiencing heheat, and the ovum can remain vialvle
the oviduct for €12 hours. The sperm remasgwiable in the female reproductive tract
for 24-30 hours; they need 9.0 hours to acquire capacitation before thegquire the
ability to fertilize the ovum. Therefore, conducting Al at1® hours after the timed

ovulation can ensure optimal fertilization result.

Lutalyse Lutalyse Fertilin Lutalyse Fertilin
| | | | | |
| | | | | |
d 26 12 0 7 9 10
pGEh PG'; GnRH PGI;h GnRH Al

Figure 1-2. Presynb + Ovsynch protocol to time the ovulationdairy cows

After the TAI, pregnancy is checked via ultrasound per rectwd23fays later. If
the cow is opernthe ovysynch protocois repeatedif not, at 60 days after the TAthe
cow is check again for preghancy. If the pregnancyfails, ovysynch protocolis
repeatedo breedhe cow otherwisethe pregnancy is declared.

Usually, in a dairy herdthere is a 30% loss of pregnansometimes in high
producing herds this number can reamren 40%of the herd. b to 65% ofthe
pregnancy loss (accounting for 20% pregnancy loss in a imeocd)wsis attributed to
embryonic loss, which mearisatthe loss occurs within 42 days of gestation before

the fertilized eggcompletesdifferentiation and implantatio(vassiles et al., 2005)



Embryonic loss mostly occurs in the early embryonic phaaseelywithin 27 days of
gestation beforethe pregnancy can bilentified via ultrasound ootherindicators.

Out of this 20%, about 106% is lost between-86" day of gestationduring which

the embryo is floating in the uterus and its survival completely depends on the uterine
environment (the embryo starts differentiation on day 8 and hatches out from zona
pellucida on day 9.0, and starts implantation on day-29 by caruncleotyledon
attachment)(Vassilev et al., 2005Diskin and Morris, 2008) The pregnancy loss
occurred betweeday42-260 of gestation is usually called abortion, and that after 260

days called stillborn.

1.1.3Immune characteristics ofthe reproductive tract of transition dairy cows

Normal uterine lumen is a sterile environment ensured by severalsdefen
mechanisms. The first one called mechanical or anatomicaeferse, mainly the
vulva and the cervix. Vuh preventsfecal contamination of the tubular gatia
(Azawi, 2008) The cervix is capable atoppingmost of the materials flowing ahead
to the uterus by contracting its circular musculature. [ahge amounts of mucus in
the vagina and cervigan be regardedsthe second mechanical barrier. Toaction
of the cervicalvaginal mucus is to senas a physical barrier for holdingathogenic
microorganisms back from ascending the reproductive tract. The sticky and
collagenous muges accumulated at cervix forms anothexcellentbarrier against
micro-organismsand is known as mucus plug during gesta@rawi, 2008)

Two important members othe uterine cellular immunity are granular



lymphocytes present in the epithelial and subepithelial regions of the bovine
endometrium and macrophagaresent in theteomal regions of endometriugCobb

and Watson, 1995Neutrophils are the earliest phagocytic €&l be recruited from

the peripheral circulation to the uterine lumen by chemotactic factors, such as
interleukin (L)-8, in case of presence ofnflammatian in dairy cows(Sheldon and
Dobson, 2004; &ldi et al., 2006) Once migrated, they carot re-enter the circulation

any longer but to perform their bactericidal functions and die by apoptosis in the
tissue, contributing to the formation of p(Burton etal., 2005) They kill invading
bacteriaby producing multiple compounds, such as enzynmisic oxide, and
reactive oxygen speci€Sheldon, 2004)However,it is believedthe infected lochia
depresses the reactive oxygen species genemacityof neutrophilsdramatically
(Zerbe et al., 2002)Consequentlythe phagocytic ability of uterine neutrophils is
inclined to be reducedompared tahosecirculatingin the blood(Hussain, 1989)
Even blood PMN obtained from cows with endometritis possessifiigntly less
competent phagocytosis capability than those from the healthy cows (Kim et al.,
2005).

Macrophages are also active in recognizing and responding to bacterial
challenge andnhigrateto the uterus to help withacterialelimination(Sheldon, R04).
Activated macrophages are the most important source ahffanmatory cytokines
such as IE1 b , -6, andtumor necrosis factorTNF) in case of local inflammation,
which stimulate hepatocytes to secrete acute phase proteins (APP) andtfiggeer

the general immune respon&heldon, 2004



Apart from neutrophils and macrophages, there are many placanth
endometriurrderived cellsinvolved in immune defese such as epithelial cells and
trophoblastic cells. They are active in secreting both gestatipporting hormones
and immunityrelated molecules. The pure endometrial epithelial dedige been
reported to be able to expresachealantimicrobial peptide (TAP)(Davies et al.,
2008) lingual antimicrobial peptide (LAP),and bov i n e n e-ddfens;p h i | b
(BNBD4), and their expressiois upregulated when treated witipopolysaccharide
(LPS) (Sheldon et al., 2009a). Both the epithelial and stromal cells etattdand
respond to bacteridy releasng interleukns and increasg the production of
prostaglandia (Herath et al.,, 2006) Uterine epithelial cells also serve as
antigenpresenting cells which can be enhanced by estrogen in fe(ddélkeh, 2007).
The polymeric Ig receptor (plgR) expressed on uterine epithelial cellsbean
increased by estradiol in the presence o#llandinterferon (FN)-o t o faci | it
transportatiorof IgA to the uterine lumen (Wirth, 2007).

Normally, uterine immune resporssare mainly cellmediatedand humoral
immunity is less involved. This is supported by the wide distribution of T
lymphocytesbut rare distributionof B lymphocytes(Cobb and Watson, 1995)
Although celtmediated immunity plays the leading role in normal immdatense
when the uterus is subject to infection, all the three immunoglokghs, IgA, and
IgG appeatin cervical and vaginal regiongjth IgG as the majormmunoglobulinto
defend against infectious ager{tS8obb and Watson, 1995; Dhaliwal et al., 2001)

These immunoglobulins are popular in different sites due to the regional distribution



of B cells. Uterine lumemiominated IgG demonstedt a gradually lessened
concentration gradient from blood to uterine lumen (Wirth, 200Rgrefore, ifs
believed that IgGis partly synthesized in the endometrium and the remaining is
derived from peripheral circulatiofingh et al., 2008)IgA is syntlesized locally at
theuterine mucosal surface and dominateth@vagina (Wirth, 2007).

Lymphocyte distribution is site specific in the uterus of pregnant cows. In the
placentomes, lymphocytes are completely absent from the syncytial layer and
dramaticdly lower in the connective tissue of the caruncular endometrium to avoid
immunological fetal rejection during early and mpcegnancy(Low et al., 1990;
Meeusen et al., 2001; Singh et al., 20@)bstantial lymphocytes and macrophages
are found in the eflielium and connective tissues in the irtaruncular aread.ow
et al., 1990; Meeusen et al., 2001; Singh et al., 2@&)ing the early pregmay, the
stroma contains more fAelper (Th)lymphocytes, B lymphocytes and macrophages
than other regions of ndometrium and myometriunfLeung et al., 2000) T
lymphocytes account for 320% of the leukocytes in the uterine mucosa and increase
with gestational age (around 45% in mpdbgnancy), but decline giarturition
(around 20%)(Wirth, 2007 Singh et al., 208). Cluster differentiation ¢D)4+ T
lymphocytesare restricted to the subepithelial stroma while CD8+ T lymphocytes
almost occupy all the location of glandular and luminal epithelium and stciose
to epithelium, making up the main body of T lymphesyinthe uterus(Cobb and
Watson, 1995; Meeusen et al., 2Q00The low ratio of CD4/CD8+ is probably

related tothe high expression ahajor histocompatability compleXMHC) class |
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protein and low expression of MHC class Il proteinisligenerally acgated that
CD8+ cells act as suppressor T lymphocytes and CD4+ cells as helper T lymphocytes,
so the reduced CDBACDS8+ ratio underpins the immune suppression of pregnant
Cows.

Besides preventing uterine contractility, progesteriohéits cervical mucus
production(RodriguezMartinez et al., 1987and lowersmmunoprotective responses
of the reproductive tract(Wira and Rossoll, 1995) Progesterone has also
demonstrated an inhibitory effect on bovine cellular respohsevi§, 2003. It
induces ThO cell corersion to Th2 cell, promoting # and IL-6 secretion and
therefore predisposes Tgpe immune response in pregnant cows (Ishikawa et al.,
2004). In pregnant women progesterone seernentribute to the high Th2 cytokines
by stimulating lymphocytes to pduce progesteroriaduced blocking factor (PIBF)
which can potentially intensifihe production of Th2 cytokines (H3, IL-4, andIL-10)
while blocking IL-12 secretion (Wirth, 2007). Besides its direct inhibitory effect on
blood lymphocytes anddecreasig the activity of preinflammatory molecules,
progesterone can induce other immune respsuppressive substances, such as
uterine milk protein (UTMP) (Hansen, 199%s well as inhibit uterine eicosanoid
synthesis such dsukotriene and prostaglandinhieh are very important in uterine
immune defese (Lewis, 2004). Consequently, pregnancy tends to shift immune
response from Thiype to Th2type in order to provide immune tolerance for the
fetus, and Thl-type immune response was foutad be associated wh abortionin

humars (Hill et al., 1995) and in mice (Krishnan et al., 1996). Taisthe other hand,
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predisposeshe uterus to infections. After parturition, the immune system retton
Thl-type from Th2type in order to protect the utexfrom birth @natlascending
bacterial infections (Ishikawa et al., 2004).

Periparturition is a dynamic time period for host immunity with usually
disrupted immunological profile. Before parturition, the uterus is a sterile
environment harboring fewer antigens thanrgpderal blood, so the main defense
force lies in blood, characterized by leukocytosis (Mateus et al., 2002; Kim et al.,
2005; Singh et al., 2008). Because of theoghtion of progesterone at labo
produdion of TNF, IL-1 b , -6, dndlIL-8 increases in the uterine membrane as well as
the cervix to imuce cervical ripening and labdPeltier, 2003), wareasIFN-2
declines at calving compared to prepartum (Karcher et al., 2008). The surge of
glucocorticosterimls around parturition is always concomitant with neutrophilia due to
the abundant glucocorticosteroid receptors on neutrophils (Burton et al., 2005), but
with a major negative impact on tpelymorphonuclear neutrophil®¥IN) oxidative
burst capacity (Vagroenweghe et al., 2005). A large number of leukocytes surge in
the cervix, preceded bydreased numbers of neutrophils and macrophlagiesot T
or B cells (Peltier, 2003).

After parturition, the uterus is exposed to a variety of bacteria ascending from
the lower part of birth canaPMN phagocytic activity remains high throughout the
periparturient period (Zerbe et al., 1996; Mateus et al., 2002), but their bactericidal
capacity is impaired, especially after parturition (Zerbe et al., 1996; Mateus et al.

2002; Hammon et al., 2006)hich is substitutedoy macrophages (Sheldon, 2004).
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During the first week postpartynbefore deep invasion of pathogerbke local
immune system in the uterus plays the leading role in resolving acute bacterial
contamination.This is supported by the findings that phd@/dN (percentage of
phagocytizing PMN) and phagocytic index (mean number of phagocyted bacteria per
phagocytizing PMN) of intrauterine PMatehigh while both the count and oxidative
burst of blood PMN declireecompared to prepartum leg€dMateus et al., 2002; Kim
et al., 2005; Singh et al., 2008). A significant negative correldtaanbeen reported
between uterine fluid phag®MN and the blood PMN oxidative burst activity, so it
seems that there is a complenzey effect between the intrauterine and peripheral
PMN capability during periparturition (Mateus et al., 2002). The number of bacteria
phagocytized by each neutrophil and the percentage of neutrophils in the uterine fluid
reache maximumlevels within two weeks postpartum, and then decsiggadually
until the 3% week postpartum (Hussain and Daniel, 1992). As pathogens invade
further, systemic immune resposggadually takeover fromlocal immunity to clear
the pathogens and improve recovery from repctide system damages or infections.
During the following several weeks, phaBMN and phagocytic index of intrauterine
PMN declines, coincident with an enhancement of blood PMN oxidative burst activity
(Mateus et al., 2002; Kim et al., 2005).

During the peparturient period, the percentage of T lymphocytes in the
peripheral circulation drapfrom 45% in midlactation to 20%, accompanied by a
decrease in the proportion of CD4+/CD8+ T lymphocyescesuppressive immune

status(Singh et al., 2008)In fact no matterwhetherthe cows are infected or not,
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they will undergo a decrease in CD3+, CD&nd CD8+ T lymphocytes around
calving (Ohtsuka et al., 2004).#is a preinflammatory cytokine secreted by many
immune cells, mainly by macrophages and Th2scdlhe plasma level of H6 was
observed to bgreaer before parturition and declimsignificantly after parturition
(Ishikawa et al., 2004). The high plasma#@Lis beneficial for the contraction of
myometrium to expulse the fetus and debris by enhgngiasma calcium levels
well as prostaglandin synthesis (Davidson et al., 1995; Singh et al., 2008).
Concentrations oflgG and IgM in the serumof dairy cows decrease
dramatically from 8 week prepartum until 4 week postpartum (Hussain, 1989; Herr et
a., 2011), and both & a nadir at calving (Herr et al., 2011). However,
concentrations ofgG recover by 4 week postpartum, while IgM remains at a low
l evel ( Her r e-globwdin in the urind segretion belaw 0210 gm% on
the first day postpartum) demonstsatea decreased bactericidal activity and

predisposethe development ofgstpartum uterine infections (Hussain, 1989).

1.1.4Microbial characteristics in the reproductive tract of dairy cows

Based on bacterial presentiee eproductive tracof dairy cowscan be divided
into theupper and lower parThe ypperpart which conssts of fallopian tubes, uterus
and endocervix, is normally bactefi@e, whereas thdower part which consists of
ectocervix and vagina, is populated by bacteria. The vaginal tract of dairy cows
harbors various bacteria including aerobic, facultativeiaerobic and obligately

anaerobic ones (Wang et al., 2013late culture analysis has shown that
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Enterococas and Staphylococas are thepredominanbacteria of the vaginal tract of
healthy heifersfollowed byEnterobacteriaceaandLactobacilli (Otero et al., 2000).

During gestationthe cervix is closed with a mucus plug, isolating the bacteria
harboring vagina and the sterile uterine body. After parturition, the cervix is open to
allow the drainage of intrauterine fluid, which also provides a paska bacteria to
ascend intathe uterine body viathe vaginal tract. The early postpartum uterus is
colonized by a wide range of microorganisms, derived from feces, skin, and
environment. Furthermore, bactér@ntamination undergoes a dynamic fluctomati
in the first few weeks postpartum (Sheldon and Dobson, 2004)recent article we
reported thatBacillus and lactic acid bacterigLAB) such asEnterococcus
Lactobacillus and Pediococcusas well asEnterobacteriaceaeand E. coli were
presentin both healthycowsandthosewith uterine infectionwith E. coli being the
mostabundant in infeted cows (Wang et al., 2013).

The microbiota in the uterus of postpartum dairy cows is dominated. by
pyogenesand E. coli combined with certain @m negativgG-) anaerobic bacteria
such ad-usobacteriummecrophorumBacteroidesspp, andPrevotellaspp. during the
first 10-14 days postpartum even if theseno sign of evident disease (Del Vecchio et
al., 1994; Fddi et al., 2006). As stated above, in the fiveek postpartunthe local
immune system plays the leading role in resolving bacteoialamination Bacterial
infection is confined in the uterus. The local release of inflammatory products, such as
TNF, leukotriensand also other eicosanoids, andfogit absorption from the uterus

might be limited (Fddi et al., 2006)Indeed puerperal metritis caused by bacterial

15



complicatiors often occurs during this period (Sheldon et al., 2006). The most
frequently reported bacteriassociated with uterine diseasn cattleare E. coli,
Arcanobacterium pyogenes Prevotella melaninogenicusand F. necrophorum
(Williams et al., 2005; Singh et al., 2008).

Although E. coli has been found in both healthy and infected uterus of
postpartumdairy cows they werdoundin a muchgreaer numbes in infected cows
(Wang et al., 2013)Also, except for the enteroinvasiv&. coli (EIEC) and
enteroaggregativee. coli (EAEC) all of the enteropathogeni&. coli (EPEC),
enterotoxigenid&. coli (ETEC), enterohemorrhagie. coli (EHEC), and necrotoxic.
coli (NTEC) have been reported ime uterus of variousnimals (DebRoy and
Maddox, 2001) However, Sheldon et al. (2010) found that the endometrial
pathogenicE. coli (EnPEC) isolated from the uterus of infected céackedsome of
the genes commonly associated with adhesion and invasion by enteric or
extraintestinal pathogenikE. coli, but they were more adherent and invasive for
endometrial epithelial and stromal catlsmpared to thossolatedfrom the uterus of
healthy cows

Arcanobacterium pyogenesis a Gampositive (G+) facultative anaerobe. It
possesses many virulence genes encoding attaching factors and toxins.
Arcanobacterium pyogenesexpressesfimbriae and extracellular matrix binding
proteins, such as collagémnding protén, which acts to strengthen the adherence and
colonization of the bacterium to host collag&h tissue after the host surface tissue

is damagedJost and Billington, 2005)The major virulent factor oA. pyogeness
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cholesteroldependent cytotoxin pygsin (PLO), which binds to the cholesteraih
domain of the cell membranes to form a pore, resulting in cytoly&lest and
Billington, 2005) In addition A. pyogenesecretes everalenzymes such as DNase,
neuraminidasesand proteaséJost and Billingon, 2005) DNase is used to degrade
nucleic acid and utilize it aa nutrient source. Neuraminidase can reduce mucous
viscosity, exposing host attaching site and making IgA susceptible for protease.
Protease can degrade proteinaceous component of thartbshake it a nutrient
source forA. pyogenesFurthemore, A. pyogeness said to be able to invade
epithelial cells and survive in macrogeas when engulfeflost and Billington, 2005)
The biofilmforming ability makesA. pyogenea chronic infectiouagent.
Fusobacteriumnecrophorumis a G anaerobe which converts lactic acid to
propionic acid(Shinjo, 1983) The most important virulent factor &f necrophorum
is leucotoxin, which is heat stabldarge protein specific to bovine and human PMN
(Nagamja et al., 2005) Fusobacterium necrophorum expresses adhesins,
hemagglutinin, dermonecrotic toxiandextracellular proteases, which all contribute
to its adherence to the epithelial cells. It induces apoptosis of PMN when in a low
concentration but caes cellular lysis when in a high concentratioAs a G
bacterium,presence oendotoxinin the outer wall membranis also detrimental to
the hostMoreover it produces hemolyss, which cause hemolysis and providen
accessto this intruder In addtion, it has a platelet aggregation factarhich is
believed to help creatan anaerobic environment for the bacteffdagaraja et al.,

2005)
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Prevotella melaninogenicusis a strictly anaerobic & bacterium which is
sensitive to bile acil and usually fams biofilms. Prevotella melaninogenicus
produce hemolysin under irofimited conditions to make iron accessihietself and
other bacterigAllison et al., 199Y. It also produces neuraminidase and collagenase
which facilitatethe process ofdherenceln addition, it produces some proteases
specific to IgG and IgA as well as phospholipas€Bailkacz et al., 1981 Kilian,
1981)

Pathogenicbacteria aggravateuterine infection via synergistic actien For
instance,E. coli is mostly isolated from the uigs of cows in the first 2 aeks
postpartumandit is believed to increase the susceptibitibyA. pyogenesvhereasA.
pyogenesis found to be more associated with chronic infectiohsthe uterus
(Sheldonet al., 2008) Arcanobacteriumpyogenegrovidesa catalase to hydrolyze
H,0O; (Singh et al., 2008; Sheldon et al., 2009a). It produces lactiondwath can be
utilized by F.  necrohphorum as a fermentation substratd-usobacterium
necrohphorunproduce leucotoxin to inhibit phagocytosis, protecting atlbacteria
from neutrophils and macrophage.

The species and numiseof bacteria inthe uteiine lumenare supposed to
decrease gradually as the uterus involutes. Usually cows are able -teseble
bacterial infections within -8 weeks postpartum by dismge of uterine content,
rapid involution of the uterus and cervix as well as mobilizatiomafuneresponses
(Sheldon et al., 2006; Azawi, 2008). The presence of bacteria is sporadic-Fravk 4

postpartum and the uterus is suppadsdak sterile there&dr (Fddi et al., 2006).
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1.1.5Uterine infections of postpartum dairy cows

The development of uterine infections or disease depends on the baldhee of
hostimmune function and bacterial invasion. iglicatedabove, dairy cows undergo
a period of immuasuppressionuring the transition period. Meanwhile, unavoidable
bacterialcontaminationof the uterusafter parturition casts a great challenge to the
immune system; the disrupted surface epithelitogetherwith fluids and tissue
debris provides a nutibus environmenfor bacterial growth and proliferation (Azawi,
2008).Normally the ervix playsan important role ipreventing bacteriagntranceas
a gatekeeper. The dilation of the cervix during and after parturition is responsible for
90% of the infections of cows within 21 days pogtartum (Singh et al., 2008Risk

factors that predispose a cow to uterine infections are listed in Tdble 1

Table 1-1. Risk factorsassociated with uterine infections of dairy cows

Risk factors Increased risk Sources

Ageand parity ~ Older cows Erb and Martin, 1980
Onyangoet al., 2014
Calving ®ason  Warmer season Erb and Martin, 1980
Benzaquenet al., 2007,
Onyangoet al., 2014
Environment Dirty, congested stall Lewis, 1997
Nutritional factor NEB; BCS<3 or >4 onl-5 scale LeBlanc et al., 2011
Inadequate  calcium, seleniut Galvd, 2013

vitamin A or E
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Calvingcondition dystocia, twines, abortion, assist Sheldon et al., 2008
calving Potter et al., 201Galasel
et al., 2010;0nyangoet

al., 2014
Retained plaenta -- Sheldon et al.,, 2008
Potter et al., 201G5alasel

et al., 2010

Uterine infections refer to infectionsf the uterus that cause inflammation and
histological lesions twariousanatomic layes (endometrium, submucosa, muscularis,
and serosa) ohe uterus. This pathology involves adherence of pathogenic organisms
to the mucosa, colonization and penetration of the epithelium as well as release of
bacterial toxins that cause histological lesions (Sheldon et al., 2006). Several
pathologiesare closgl related to uterine inflammation and aramedaccording to
their inflammatory extension. Metritis is an inflammation involving all layers of the
uterine wall, i.emucosasubmucosamuscularis, and serosa. Endometritis is termed
for superficial inflamm#on limited to the endometriunfmucosa and submucosa)
while perimetritis is limited to serosa, and parametritis is limited to the suspensory
ligaments (Sheldon et al., 2006). Metritis occurs withia first21 days postpartum
whereasnfections occurng within the first10 days postparturare called puerperal
metritis (Sheldon et al., 2006). Metritis is characterized by an abnormally enlarged
uterus and a watery rdmtown uterine discharge with a fetid odor, accompanied by

fever and systemic illnessuch as decreased feed intake and milk production
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(Sheldon et al., 2006). Clinical metritis is diagnodsdthe presence of purulent
uterine discharge in the vagina and an abnormally enlarged uterus, but no systemic
symptoms of illness (Sheldon et al., 2DO&ndometritis occurs after 21 days
postpartum and can last till service. Clinical endometritis is defined in cattle with
purulent uterine discharge detectable in the vagina after 21 days or more postpartum
or mucopurulent discharge detectable in the vagifter 26 days postpartum (Sheldon

et al., 2006). Subclinical endometritisdagnosedf neutrophils exceed 18% of total

cells in uterine cytology samples between d33lpostpartum, or 10% between d
34-47, or 3% thereafter, in the absence of clineaometritis (Sheldon et al., 2006).

In addition, the accumulation of purulematerialsin the uterine lumen in the
presence of a persiste@L is defined as pyometra, which usually occurs after 6 wk
postpartum (Sheldon et al., 2006).

It has been estimadl that up to 90% of the cows are contaminated by bacteria
within the first week after parturition (Herath et al., 2009; Sheldon et al., 2009a).
Approximately 3650% of the cows are affected by clinical metritis, and 20% by
metritis, during the first 3 @eks after calving(Sheldon et al., 2006\Normally, during
the uterine involution period, the immune system is activated to fight the invading
pathogens, and most dairy cows can -sedblve the infections within 3 eeks
(Bekana et al., 1996; Bondurant, 899Sheldon et al.,, 2006). However, some
pathogenic bacteria are not cleared efficiently and persist thereafteedtimated
that even 3 weks after calving there are still 330% of the cows having clinical

endometritis and 30% having subclinical en@tmtis (Sheldon et al., 2009a).
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Furthermore, around 8%f thecows still suffer severe endometritis even 6 oredw
after calving (Lewis, 1997).

Contractions of the gpmetriumprovide physical propulsion of uterine content as
well as trapped bacteria ¢Awi, 2008; Singh et al., 2008). Uterine contractility is
subject to hormonal regulatiomainly by prostaglandis Prostaglandir; gis very
effective in stimulating myometrial contraction and aiding in the expulsion of uterine
contents (Paisley et al.986). The production of PGRpy epithelial and stromal cells
is increased following infectious challenge (Herath et al., 2006), and its low
concentration is associated with the development of uterine infections (Seals et al.,
2002). Cows with retained planta hge a longer release of PGRBhan those without
and the duration ofigh levels ofPGF, gof bacterum contaminated¢owsis longer
than thosenot (Fredriksson et al., 1985). This might bdeedbackmechanisnto
expel the retained placenta and baateoxins (Paisley et al., 1986; Fddi et al., 2006),
because cows with retained placenta are detected with lower FiGFthe
placentomes (Paisley et al., 1986). The prolonged release of g@Hributes toa
low concentration oprogesteronén the seum, unblockng the inhibitory effect of
progesterone on uterinenmune systemand then favoringclearance ofinfections
(Paisley et al., 1986). Furthermore, BGIS an important molecular signédr the
uterine immune systembecause itactivaes immune responsge by enhanig
phagocytosis and lymphocyte functions (Singh et al., 2008).

It has beerpostulated that the difference between clinically healthy cows and

those sufferingfrom uterine disease lies in their ability to limit inflammatory
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responsgduring the first week after parturition (Herath et al., 2009). Because in times
of inflammation, the immune stem of the cowbecomesighly active during early
postpartum, and it seems that during this period, infections are confined to the uterus
instead © spreading intahe blood. During 1 or 2 days after parturition cows with
retained placentaad greaer LPS leved in the uterine lochia (average of 2.24 **|0
Endotoxin Units (EU)/mL) thamhose withdystocia or healthy (average of 0.10 and
0.26 EU/mL, espectively), whreasall cowsexhibited undetectabléevels of LPS in

the plasma (Dohmen et al., 2000mmunoglobulin G antiLPS antibodiesalso
showed no differeneeamong these three groups cowsimmediately after calving

but a lower levebf antiLPS IgGin problematic cows after two months (Dohmen et

al., 2000).

1.1.6Influence of uterine infections on postpartum dairy cows

Uterine infections have a major impact on the general wellbaighealth
statusof dairy cow. Cows with greaer incidences oftiterine infections were found
having poorer body condition scordaring dry off Also, these cows pducedless
milk in the first100days in milk DIM) and lower milk protein content in the first 21
DIM (Bell and Roberts, 2007Uterine infections decese immuity and cows with
metritis are 16 times more likely to develop complicated ketasid2.4 times more
likely to develop abomasal displacement (Wallace, 1998).

Infectiors of the uterusalsoimpair reproductive performance of dairy cows and

many d them end up being subfertile or infertile and, dherefore culled from the
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herd (Sheldon et al., 2009a). The mechanism(s) by which uterine infections affect
reproductive performance are related to delays in uterine involution and resumption of
ovarian activity as well as prolongation of the luteal phase once ovulation occurs
(Huszenicza et al., 1999; Mateus et al., 2002; Sheldon et al., 280%9&)strated in
Figure :3. It was reported that cows with uterine infectiongdlawer concentration

of egradiol in the blood during follicular dominance and also lower concentisatibn
progesteronaluring the luteal phase. Indeed, cows with uterine infections exhibit
lower conception rate, require more services per concepinohhave more days open
(Kasimanickam et al., 2004; Sheldon et al., 2009a). Accordingetent datahe
culling rate of dairy cows in Canada reached alrdds®b6 in 2013 (CanWest DHI

and Valacta, 203). Among all the culling reasons, reproductive failure was rated as
number one reaspmrccounting forl5.4%, which caused a loss of more tHan600

animals worth $14 million dollarsper year
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Figure 1-3. Mechanisms underlying infertility associated with uterine infections
(SourceSheldon et al., 2009a
reprinted with permission frote Society for the Study of Reproductjon

1.2 Current approaches to treatment of uterine infections

1.2.1 Application of antibiotics in uterine infections

To our best knowledge, there is no known effective treatment(s) or prophylactic

medication(s) againstterine infections. Although various intrauterine antibiotics such
as oxytetracyclin® and cephapirin benzathi®eare currently used to treat cows,

their efficiency is not proven and concerns about drug residue in milk and carcass, or

bacterial acquisitiorof drugresistance have limited their widespread use (Lewis,

1997; Galvd, 2011). Presently, there are no intrauterine antibiotics approved for

utilization in dairy cows in the US (Galv@®, 2011). Only systemic cef@fuis
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approved fortreatment of cows ith metritis. Althoughsystemic administration of
ceftifur® could lower the incidence of metritis, itoés notimprove the reproductive
performance Risco and Hernandez, 20030f note intrauterine infusion of
cephapirin benzathi® has been approved fareatment of clinical endometritis in
some countries including Canada, Europe, New Zealand, and Australia although its
efficacy in improving reproductive performance seems dependent on the dose (Galva,
2011). Usually the dose ofrdibiotics administered i& intrauterine route igreaer
thanthat ofsystemic route andherefore, therés agreaer risk of residue ithe milk

causingmilk discard (Azawi, 2008).

1.2.2 Application of antiseptic agents in uterine infections

Infusion of povidone iodin® also tas beenstoppeddue to its ineffectiveness,
impeding of phagocytic activity of leukocytes in the uterus atm@jgering of
endometrial necrosis (vabyk and Lange, 1986; Azawi, 2008), which could be

detrimental to the fertility of endometritic cows (Nakdak, 1988).

1.2.3 Application of hormones in uterine infections

Some hormonessuch as oxytocinestradio] and PGE g have beerapplied to
simulate expellingf uterine content and elicitingf uterine involution after calving.
Although one study showedthat using oxytocin within a short periad time (6 h)
after calving was effective inowering the incidence of reined placenta and
shorteningof the interval between calving and conception (Mollo et al., 19919

finding could not be reproduced in other investigations (Palomares et al,, 2010
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Galvd, 2013. Prepartum use of oxytocin can caussath of thenewbornas the
cavix is not ripenedyet when the fetus is being expelled otdfrequent use of
oxytocin also can cause prolonged spastic cocticas of the uterusMoreoverthe
contraction of oxytocin declines rapidly in minutes, thus not efficient for later use

The efficacy of estradiol is debatable in resolving bactet&iinecontamination
(Sheldon, 2004; Sheldon and Dobson, 2064y. instance, ntrauterine flushingvith
estradiolin the gravid horn at-10 dayspostpartumrhadno positive effecs on uterne
health and hastenirgf uterine involution (Sheldon et al., 2G)02003b).Moreover, t
does notprevent theoccurrenceof metritis or improve reproductive performance
when used in cows with retained placen®is¢o and Hernandez 2003). Instead,
infusion of estradiolinto the uterine body at-10 dayspostpartunincreased bacterial
load on d 14, especialthose ofP. melaninogenicuandF. necrophormandcausd
toxemia by eliciting more blood to the uterus (Sheldon, 2004). In addition, infusion of
estadiol on day 7postpartundelayed the interval from calving to the first ovulation
(Sheldon, 2004).

Intramuscular PGFghas been reported a& promising therapy in treating
endometritic cows. It has a direct effect ftushing outbacteriafrom the uterus by
stimulatingmyometrialcontractiors and enhancing immune resposigieewis, 2003).
Furthermore, PGlhas an indiret effectin inducing estrus by causing luteolysis in
presence of &L, thus overriding the inhibitory effect of high progesterone on
immune response (Lewis, 2003). Both mechanisms are reinforced by endogenous

secretion of PGfyelicited by exogenous PGE (Lewis, 2003). However, a
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metaanalysis demonstrated only a marginal benefit of P&dn reproductive
performance (Burton and Lean, 1995).

The current treatments of uterine infections are summarized in T&ble 1

Table 1-2. Current treatments of uterinefeéctions of dairy cows

Treatment Limitations Sources

Antibiotics Bacterial drugresistance, dru¢ Lewis, 1997; Riscoand
residual in milk, no benefits o Hernandez 2003; Galva,
fertility 2011

Antiseptic agents !MTitating,  causing endometric Van Dyk and Lange, 1986

necrosis Azawi, 2008
Hormones Oxytocin: transient stimulator Palomares et al., 201!
effect on uterine contraction Galvd, 2013

Estradiol: no effect on uterin Risco and Hernandez
infections or reproduction, bt 2003; Sheldon, 2004
with risk of increamg bacterial

load and delayed time to firs

ovulation

PGE y no consistent benefits ¢ Burton and Lean, 1995

improving fertility

1.3 Probiotics, a new approach to uterine infections

1.3.1Lactic acid bacteria

Lactic acid bacterigdLAB) are a big group of diverse Grgpositive bacteria that
produce lactic acid as the major end product of carbohydrate fermentation and
therefore very tolerant to adedconditions They are nosspore forming, fastidioys

and in the morphology of rod or cd that can grow under microaerophilic to strictly
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anaerbic conditions. lactic acid beteria are not name phylogenetically, but based
on their fermentation product. Consequently, they represent bacteria fromawgny
but mostly fromLactobacillalesin the phylum ofFirmicutes The most mentioned
generaof LAB areLactobacillus PediococcusLeuconostocandWeissella(LPLW),
which arephylogenetically close to each oth@lolin, 2003) and usuallymeasured

together agactobacillusgroup(Walter et al.2001;Wang et al., 2013)

1.3.2 Application of lactic acid bacteria as probiotics in female urogenital

infections

Mounting evidence indicates thatomen with bacterial vaginosis are at a high
risk of being infected bynuman immunodeficiency virus (HIVBeéwankambo et al.,
1997; Taha et al., 1999) because many omtleck lactobacilli inthe vagind tract
(Martin et al., 1999; AlvareDImos et al., 2004 Moreover bacterial vaginosis also
to be blamed forgreaterinfant mortality and preterndelivery (Reid et al., 2003).
Some probiotic bacteria, like. rhamnosusGG, L. rhamnosusGR-1, L. fermentum
RC-14, andL. acidophilus are weltknown for their ability to maintain and restore a
normal vaginal microflora and therefoleave been used tprevent andtreat
urogenital infections in women (Reid et al., 2001; Gardiner et al., 2002; Reid et al.,
2003).Lactobacillusstrains are able to colonize the vagina when used as suppository
and lower the risk of many reproductive tract infections, yeast vaginitishacterial
vaginosis (Reid et al., 199%adieux et al., 2002 For instance both. rhamnosus
GR-1 (Reid et al., 1994andL. GG have beeadministered directlyn thevagina to

treat women with recurrent cystitis and vulvovaginal candidigsison etal., 1995).
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The resul showed that these vaginally administered probiotics attethuate
eliminated symptoms o¥aginitis.

Oral administration of probiotics can contribute to the increase of vaginal
lactobacilli although the mechanism is not cl€araly administered.. acidophilus
by means of yogurt was reported to be associated with increased colonization in the
vagina and could be used as prophylactic for candida vaginitis (Hilton et al., 1992).
Reid et al (2001) studid the effecs of L. rhamnosusGR-1 andL. fermentunRC-14
orally administeredn a group of women with recurrent yeast vaginitis. The result
demonstrated that oral admimeion ofL. rhamnosu$sR-1 andL. fermentunRC-14
made lactobacilli the dominant species in the vaginal tracheftreated subjects
independently of the lactobacilli dominance at the beginning of the experiment. This
providedstrongevidence fompotential use oL AB in treatingbacterial vaginosisn
humans Later, Reid et al (2003¢ported thain healthy women ally administered..
rhamnosusGR-1 andL. fermentumRC-14 were able to increase the colonization of
lactobacilli and decrease that of pathogemacteria and yeast ithe vagind tract
compared with the placelsubjects

Most of the research on probicdihas beendirected apreventon or treamentof
various infectiousdiseases andtherefore there is not rach researchconducted
specifically on the dosdHowever it is important that consideration should be given
to both their effect and efficiencygbause they might lose effectiveness after they go
through a complicated chemical and physical pathway before they reach and act on

the target siteCurrently, probiotics are used mostly at the dose frofr 1@ cfu per
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week. Reid et al. (2001) reportétht daily oral intake of Tto 10 of capsulated..
rhamnosusGR-1 andL. fermentunRC-14, in females with bacterial vaginossyuld
restore the vaginallysbiosisto lactobacillidominaed one There isamother study
stating that vaginal administratiaonceweekly of a suppository containing %L0.
rhamnosusGR-1 andL. fermentumB-54 for 1 year couldower the occurrence of
urinary tract infectioa (Reid et al., 1995).

During the last decadthere is agrowing interest to screen beneficial bacteria
from their original ecosystesrand introduce them badk the hosto help maintain a
favorable microbiota against pathogenic bactéviarobiota in the vaginal traclso
has beerexamined toselectthe potentialprobiotic bacteria which can be used to
preventor treat infections in the reproductive traBacteria with probiotic potential
are screened based on their surface characteristics for their adhesive(@bdiiy
and NadeiMacias, 2001; Otero et al., 2004)he ability of surviving through the
target ecosystem and production O, hasbeenalso testedOcafa et al., 1999;
Aslim and Kilic, 2006) Besides the tilization of a single strainof probiotics
combinationof different strainsis also apromisingapproach Juaez Tom& et al.
(2011) reported that lactobacilli isolated from urogenital tractvhich were able to
inhibit pathogenscan becombired as different probiotic productsased on their

compatillity.

1.3.3 Potentiality of lactic acid bacteria for prevention/treatment of uterine

infectionsin dairy cows

With regards to cattle, researchers are also trying to screen probiotic bacteria from
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their indigenous nicte For instance various studies have investigatedsurface
properties such adydrophobicity autoaggregatign and bacteriocikproducing
activity of LAB from the mammary gland and milk of both healthy and mastitic dairy
cows in order to develop probiotic products against magkispeche et al., 2009;
Espeche et al., 2012Bacteriahave beeralso isolated from fecal samples amalo
cavity of calves in order to screéor beneficialones and tilize themfor prevention
of calf diseaseselated todysbiosis(NaderMacias et al., 2008; Maldonado et al.,
2012) Likewise, bacterialsolates from cattle vaginal samplieave beerexamired
on their properties order to develop probiotics to preventtreat uterine infections.
NaderMaas et al. (2008) found thdtAB strains isolated from vaginal tract have a
strong capability of producing .. H,O,-generating lactobacilli from the ganal
tract of cattle have the potential to be utilized as probiotiocsong whichL. gasseri
CRL1421 is reported to have the greatest capacity to irfbtiithylococcus aurelny
generating KO, and lactic acid (Otero and Naedia@s, 2006). A few strais of
LAB (mainly Lactobacillus fermentujisolated from o w &agind mucushave been
reported tobe able toinhibit the growth ofA. pyrogenesin vitro, a recognized
pathogen isolated from metriticows which hold great potential to be used as
probiotic product to prevent metritifOtero et al., 2006)Pediococcus acidilactici
isolated from healthy pregnant dairy cowas exhibited inhibitory effect oi.
innocuaandE. faecalisby the production of pediocin (Wang et al., 2013).

In a recent studyur teamintroduced a cocktail dfAB into the vaginal tract of

transition dairy cowscomposed of lactobacilli and pediococci isolated from the
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vaginal mucusof healthy pregnant dairy cowsshich lowered the incidenceate of

purulent vaginal discharg&s thetreated cowsAmetaj et al, 2014)

1.4 Proposed mechanisms for probiotic action

1.4.1Enhancement of epithelial barrier function

In an invitro study with Tg,4 cells, itwasshown the epithelial barrier function and
resistancef the colon tissue Salmmellainvasion could be enhanceden exposed
to a probiotic mixture (/SL#3; composed of bifidobacteria, lactobagilland
streptococci) (Madsen et al.,, 2001)Later, other researchies demonstratedthat
administration of VSL#3 preventedileitis in mice through modulation of some
proteins pertaiimg to the permeability of epithelium, such @ght junction proteins
claudin2 and occluding (Corridoni et al., 2012)The VSL#3 alsoprevented the
decrease oftight junction protein of a murine colitis model andepented the
epithelial apoptosigMennigen et al., 2009V SL#3 and other lactobacilli were able
to increase the expression of myaivhich is the major component of mucus layer
and therefore prevent pathogdinom approaching the epithelium in vitro trials
(Ohland and Macnaughton, 201@®Ithough most of the studies on the effect of
probiotics on barriefunctiors haveused intestinal epitheliuras amodel, probiotics
have the potentidb alsoimprove the barrier functi@of vaginal epitheliumBisare
et al. (2014)reportedthat the gene expression of caspase 14 which plays a role in
epithelial development and barrier funcsowas greatly increased by intravaginal

administration ofactobacilli.
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1.4.2Modulation of immune system

Kummer et al. (1997pbservedthat intrauterine infusion of lactobacilli induce
infiltration of lymphocytes, mast cellsand macrophagesn the endometrium
Probioticshavealsobeen shown tincrease the production of antibacterial peptides
throughcross talkswith the hostimmune cellsFor instance, lactobacilli stimulate
Paneth cellswhich arelocated at the bottom of villous crygb producedefensirs
and/ or cathelicidin(Ohland and Macnaughton, 2010)

Wagner and Johnsof2012) reported thakactobacillus rhamnosu&R-1 and
Lactobacillus reuteriRC-14 suppressed expression of inflammatory cytokines of
vaginalepithelialcell induced byC. albicans Knockout mice for 1110 treatedwith
VSL#3 lowered mucosal production of TN#hd IFN-2 and showedn improvement
in diseasgMadsen et al., 2001However another in vitro study demonstrated that
oral supplementationf VSL#3 stimulated production of TNF amliclear factor
kappa B NFB) in epithelial cellssuggesting prainflammatoryeffect of probiotics
on the epithelial immune functisnPagnini et al., 2010)Corridoni et al.(2012)
reportedthat themodulabry effectof VSL#3 on proteins related to permeability of
epithelium was dependent dihe increase of TNF in mice withleitis. These
inconsistent resultsuggest that the effect of probiotics ongBFand IL-10 might be
strainspecificand dependent on the host health sté®ierman et al., 2009; Ohland
and Macnaughton, 2010)

Isolauri et al. (2001) reported thptobiotic baceria have dual effeston the

activity of macrophages depending on the immunologic status of the Fmst.
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instance, n healthy subjects, administration of probiotics stimulates the activation of
macrophages; whereas in subjects with allergies, the astiv@tmacrophages can be
downregulated by probioticsThis modulabry role of probiotics ormacrophage
activity is importantconsidering theirole in the innate immunity andctivation of

the immune system in case of pathogen invasidreir activationis associated with
phagocybsis ofinvading pathogens and production of yommlammatory cytokines
which is essential to alert the whole immune systéfowever, ovefactivation of
macrophages can be harmful asithmajor cytokines TNF, Itl, and IL-6 are
pyrogenic and the prolonged production can cause general illn@gdorial et al.,
2005)

Pretreatmentvith probiotic bacterishas been shown tstimulate production of
pathogen specific IgA and total IgA when exposed to pathodgsolswuri et al., 2001;
Ohland and Macnaughton, 201The upregulation of polymeric IgA is said t@sult
from the interaction between probiotic bacteria and the mesenteric lymph node
(Walker, 2008) Of note, the IgA stimulating ability and the amoymbduceds strain
specifc, not common to albrobiotics(Ohland and Macnaughton, 2010)

Altogether,modulatory roleof probiotics on the immune functissuggest that
probiotic bacteria hage a positive impacbn the immunologic status of the host, an
immurostimulatory effect orhealthy subjects but ammunosuppressiveffect on

subjectawith over activatedmmunity.
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1.4.3Compettion for attaching sites

Attachment is the first stepf pathogenicbacteria toestablishcontact with the
host tissue, followed by colonization andfdction. Given the limitednumber of
availableattaching sitg pathogenic bacteria will havewer odds ofattachng to the
host epithelial tissues if probiotic bacteria have taken those nichkshas been
demonstrated that lactobacilli in the vaginehdct are able to adhere to vaginal
epithelial cellswhich can block receptors and interfere with the adhesidracterial
pathogens to the epitheliugBoris and Barbé, 2000; Ohland and Macnaughton, 2010
Wagner et al., 20920tero and NadeMaas (2007) reported thatactobacillusspp.
isolated from bovine vaginal tract was able to adhere to the vaginal epithelial cells via
glycoprotein structure at both pH 4.5 andinterestingly,compound secreted from
probiotic bacteria like. helveticus calledsurface layer proteingan also occupy the
binding sites on epithelial cellblocking them from the pathogen&hland and
Macnaughton, 2010Such proteia can function as lining of the epithelial surface
thus enhancing the epithelial integrity andht junctiors (Sherman et al., 2009
addition lactobacilli can competitively exclude the adhesion of pathogens to the
epithelium, or even displace the pathogevisch arealreadybound to the epithelium
due to theigreater affinity for thecell receptors(Boris and Barbé, 2000; Ohland and

Macnaughton, 2010)

1.44 Competition for nutrients

It is believed that the refi@nship between probiotic and pathogenic bacteria is
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competitve (Oelschlaeger201Q Boaventuraet al., 2012 Hibbing et al., 2010)
Bacteria need basic nurits to grow angroliferate such asitrogen (), carbon C),
sulphur §), and inorganic phosptrous @i). Nitrogen and R are essential
componerg of nucleic acid and therefore vital for the proliferation of bacteria,
especially for those with a short proliferative cycle like coli. Carbonalsois an
importart component of nucleic acdut alsoof the energy sourcom substances
like carbohydrate Sulphuris required for the synthesis of cysteine, a necessary
amino acid present in matmacterialproteins.Besides, some microelements liken,

are indispensabldor the survival ofmost microoganismsexcept forLactobacillus
spp (Oelschlaeger 2010) Given the shortage of nutrients in the bacterial
microenvironmentprobiotic bacterialefinitely compete fonutrientswith pathogenic

bacteria limiting their growth potentials

1.4.5Production of organic acids

Lactic acid bacteria arewell-known for their capability to producéactic acid
from carbohydratdermentation Wagner et al. (2012) reported that when cultured
with vaginal epithelial cell&. reuteriRC-14 andL. rhamnosusGR-1 producedactic
acid which inhibited the growth df. albicans Production oforganic acid (lactic
acid and acetic aciddwersthe pH of the microenvironmenthich canbevital to the
growth ofmostpathogenic bacteridhe maintenance of pbetweerd and4.5 inthe
female vaginktractis attributedto predominance and production of organic acids by

lactobacilli(Boris and Barbés, 2000)
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1.4.6Production of hydrogen peroxide

It is believed thatactobacili predominatamicrobiotaof the femalevaginaltract
via two major arms, one is the production of organic acids to maintain a low pH; the
other one is the production of,®8, (Marti and Suarez, 2010) Wagner et al. (2012)
reported that when cultured with vaginal epithelial céllsreuteri RC-14 and L.
rhamnosis GR-1 produced HO, which inhibited the growth o€. albicans Studies
have shown that lactobacilli isolated frdahe vaginal tract possess a high capacity of
producing HO,, which is highly toxicto adjacent cells including pathogens,
presence of pexidase (Boris and Barbé, 2000)NaderMaas et al. (2008)
reportedthat LAB strains isolated from bovine vaginal tract also have a strong
capability of producing bD,. H,O,-generating lactobacilli from the vaginal tract of
cattle have the potential tbe utilized as probiotigsamong whichL. gasseri
CRL1421 is reported to have the greatest capacity to irfbtiithylococcus aurelny
generating KO, and lactic acid (Otero and Nadélads, 2006). Based orthe fact
that the pHof the bovine vaginal trags approximately neutral to sligitalkaling the
capacity of producing ¥D, probably is a major consideration when screening

bacteria for probiotic use.

1.4.7Production of bacteriocins

Besidesgeneration of organi@cids, probiotic bacteria have dma a lot of
attention for their ability to secretebacteriocins.Bacteriocins are proteinaceous

peptides and function by perme&ing the inner membrane othe targeed
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microorganism, causing membradisruptionby pore formation or interfering with
the synhesis of cell wall (Ohland and Macnaughton, 2010Bacteriocins are
produced in the primary growth phase, which is different from antibiotics that are
chemical compoursjproduced during secondary metabolismadditionbacteriocins
kill closespecies, hamng a narrow antibacterial spectruntifferent fromthe broad
antibacterialspectrumof antibiotics.Due to their small size, bacteriocins are heat
stable, amphiphilic and can permeate the cellular memiaeharof and Lovitt,
2012) There has been a t@ of substituting bacteriocins for antibiotibgcause
bacteriocins can be degraded if orally administered by @yiteenzymes in th&IT.
Indeed, bacteriocins can be divided into different categories based on the
differences of their structuresClass | bacteriocins arsmall peptide normally less
than5 kDa (Sablonet al., 2000)such as nisinwhich is the only bacteriocin officially
approved for use ithe food industrythusfar. The active site o€lass | bateriocins
contains lanthionine and ttedore they arealso known aslantibiotics. Class I
bacteriocinsare small heastable proteins less than 10 kD(Sablonet al., 2000)
Based on the number of peptides ahdir conformation, class Ibacteriocinscan
further be divided into class lialle (van Belkum and Stiles2000) Pediocin is one
of the class lla bacteriocins which contains only one peptide ¢hairBelkum and
Stiles 2000) One of thePediococcustrains used in this project was able to produce
pediocin which could inhibitE. faecalisandL. innocua(Wang et al., 2013)Class Il
bacteriocins are large, heat labile protegnsater than 30 k&®(Sablonet al., 2000)

and have two subclasses, llla and lllb, due to their different furadtioachanisms.
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Class IV bacteriocins are comeg compoundscontaining lipid or carbohydrate
moieties(Gillor et al., 2007)In contrast to class I, the active sites of class Il ta®v
not contain lanthionine and therefomesalso called nosantibiotics.
Bacteriocinsproduced by G bacteria, masy Enterobacteriaceaeare called
microcins or colicinsThey are synthesized in the ribosomiéh a low molecular
mass andheir productionincrease dramatically under stressful condition, such as a
shortage of nutrients (Zschuttig et al.,, 2012)Microcins can be encoded by
chromosomal genedjave a smaller size and the production is not lethal to the
producing bacterium; wherea®licins are mostly plasmid encodetiave a large
molecular mass and the production is a lethal process to the producingulbacteri
itself (Gillor et al., 2004 B u d etlal., 201}l Both of theminterfere with the
cytoplasmicmembrane and enzymes involved in nucleic acid or protein syntbfesis
the target bacterigGillor et al., 20040Ohland and Macnaughton, 2010)

The proposed nae of action of LAB is summarized in Table31
Table 1-3. Proposed modsof action of LAB

Mode of action Sources

Enhance epithelial barrier functior Bisanz et al., 2014

Stimulate immune system Kummer et al., 1997Wagner and Johnspi
2012
Compete forattaching sites Boris and Barb&, 2000; Otero and

NaderMadas, 2007; Ohland and

Macnaughton, 2030Nagner et al., 2012
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Compete for nutrients Hibbing et al., 2010 Oelschlaeger 2010;
Boaventureet al., 2012

Produce organic acid@cetic acid, Boris and Barbé, 2000Wagner et al., 2012

lactic acd)

Produce HO, Otero and NadeMadas, 2006, NaderMaas
et al., 2008 Boris and Barbé, 2000Wagner
etal., 2012

Produce bacteroicin®.g. pediocin Wang et al., 2013

1.5 Research gpothesis and objectives

This projectwasaimed to test the hypothesis that intravaginal infusion of lactic
acid bacteria around calving can lower the inciderate of uterine infections and
improvereproductive performance of postpartum dairy cows.

Therefore theobjectives 6this study were tevaluate

1) The effect of intravaginal infusion dfAB on the uterine involution and
reproductive performance of postpartum dairy cows, which will be described in
chapter 2;

2) The effect of intravaginal infusion &fAB on immune rgponse and uterine
infections of transition dairy cows, which presenteth chapter 3;

3) The effect of intravaginal infusion dfAB on the bacterial composition of
vaginal mucus of transition dairy cows, whisladdressed chapter 4and,

4) The efect of intravaginal infusion ofAB on the metabolite status, milk
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composition and productive performance of transition dairy cowdich will be

detailed inchapters.

1.6 References

Allison, H. E., and J. D. Hillman. 1997. Cloning and characterizaifcaPrevotella
melaninogenicdemolysin. Infect. Immun. 65:2765/71.

AlvarezOImos, M. |., M. M. Barousse, L. Rajan, B. J. Van Der Pol, D. Fortentwdrry,
al. 2004. Vaginal lactobacilli in adolescents: presence and relationship to local
and systemic immity, and to bacterial vaginosis. Sex. Transm. Dis.
31:393400.

Ametaj, B. N., S. Igbal, F. Selami, J. F. Odhiambo, Y. Wat@l 2014. Intravaginal
administration of lactic acid bacteria modulated the incidence of purulent vaginal
discharges, plasma haglobin concentrations, and milk production in dairy
cows. Res. Vet. Sci. 96:3&x0.

Aslim, B., and E. Kilic. 2006. Some probiotic properties of vaginal lactobacilli
isolated from healthy women. Japanese journal of infectious diseases 59:
249-253.

Azawi, O. I. 2008. Postpartum uterine infection in cattle. Anim. Reprod. Sci.
105:187208.

Bekana, M., P. Jonsson, and H. Kindahl. 1996. Intrauterine bacterial findings and
hormonal profiles in pogptartum cows with normal puerperium. Acta. Vet.
Scand. 37251-263.

Bell, M. J., and D. J. Roberts. 2007. The impact of uterine infection on a dairy cow's
performance. Theriogenology. 68:107@79.

Benzaquen, M. E., C. A. Risco, L. F. Archbald, P. Melendez, M. J. Thathal,
2007. Rectal temperature, calvinglatel factors, and the incidence of puerperal
metritis in postpartum dairy cows. J. Dairy Sci. 90:22844.

Bisanz, J. E., S. Seney, A. McMillan, R. Vongsa, D. Koenig, et al. 2014. A systems

42



biology approach investigating the effect of probiotics on the wahgin
microbiome and host responses in a double blind, placebwolled clinical
trial of postmenopausal women. PLoS One. 9:e104511.

Boaventura, C., R. Azevedo, A. Uetanabaro, J. Nicoli, and L. G. Braga. 2012. The
benefits of probiotics in human and aninmaltrition. Pages: 7300. in New
Advances in the Basic and Clinicabh&roenterology. T. Brzozowslad., InTech
Europe. Croatia.

Bondurant, R. H. 1999. Inflammation in the bovine female reproductive tract. J. Anim.
Sci. 77:101110.

Boris, S., and C. Baéh 2000. Role played by lactobacilli in controlling the
population of vaginal pathogens. Microbes and Inf2&43-546.

Budi |, M. , M. Ri J av e c ;Bert€k. 201R.EsScHernchviagoelik , and
Bacteriocins: antimicrobial efficacy and prevalence among isolates from patients
with bacteraemia. PLoS One. 6:€287609.

Bulkacz, J., J. F. Erbland, and J. MacGregor. 1981. gPlaipase A activity in
supernatants from cultures Bfcteroides melaninogenicuBiochim. Biophys.

Acta. 664:148155.

Burton, J. L., S. A. Madsen, L. C. Chang, P. S. Weber, K. R. Buckégaai, 2005.
Gene expression signatures in neutrophils exposeglutmcorticoids: a new
paradigm to help explain "neutrophil dysfunction” in parturient dairy cows. Vet.
Immunol. Immunopatholl05197-219.

Cadieux, P., J. Burton, G. Gardiner, I. Braunstein, A. W. Brateal 2002.
Lactobacillusstrains and vaginal eady. J. Am. Med. Assoc. 287:194®41.

CanWest. DHI and Valacta. 2013. Culling and replacement rates of dairy herds in

Canada. Accessed Jun. 23, 2Qi#h://www.dairyinfo.gc.ca/pdf/geneticill _e.pdf

Cobb, S. P., and E. D. Watson. 1995. Immunohistochemical study of immune cells in
the bovine endometrium at different stages of the oestrous cycle. Res. Vet. Sci.
59:238-241.

Crowe, M. A. 2008. Resumption of ovarian cyclicity in ppattum leef and dairy

cows. Reprod. Domest. Anim3:20-28.

43


http://www.dairyinfo.gc.ca/pdf/genetics-cull_e.pdf

Davidson, J. A., U. Tiemann, J. G. Betts, and P. J. Hansen. 1995. DNA synthesis and
prostaglandin secretion by bovine endometrial cells is regulated-byRleprod.
Fertil. Dev. 7:10371043.

Davies, D.K. G. Meade, S. Herath, P. D. Eckersall, D. Gonzadeal 2008. Toltlike
receptor and antimicrobial peptide expression in the bovine endometrium.
Reprod. Biol. Endocrinol. 6:585.

DebRoy, C., and C. W. Maddox. 2001. Identification of virulence ategof
gastrointestinal Escherichia coli isolates of veterinary significance. Animal
health research reviews / Conference of Research Workers in Animal Diseases. 2:
129-140.

Del Vecchio, R. P., D. J. Matsas, S. Fortin, D. P. Sponenberg, and G. S. Le¥is. 19
Spontaneous uterine infections are associated with elevated prostaglandin
F(2)alpha metabolite concentrations in postpartum dairy cows. Theriogenology.
41:413421.

Dhaliwal, G. S., R. D. Murray, and Z. Woldehiwet. 2001. Some aspects of
immunology of tke bovine uterus related to treatments for endometritis. Anim.
Reprod. Sci. 67:13352.

Diskin, M. G., and D. G. Morris. 2008. Embryonic and early foetal losses in cattle and
other ruminants. Reprod. Domest. Anim:260-267.

Diskin, M. G, E. J. Austin, ahJ. F. Roche. 2002. Exogenous hormonal manipulation
of ovarian activity in cattle. Domest. Anim. Endocrin28:211-228.

Dohmen, M. J., K. Joop, A. Sturk, P. E. Bols, and J. A. Lohuis. 2000. Relationship
between intrauterine bacterial contamination, enoin levels and the
development of endometritis in postpartum cows with dystocia or retained
placenta. Theriogenology. 54:101932.

Erb, H. N., and S. W. Martin. 1980. Interrelationship between production and
reproductive diseases in Holstein cowge and seasonal patterns. J. Dairy Sci.
63:19181924.

Espeche, M. C., M. C. Otero, F. Sesma, and M. E. Neldefas. 2009. Screening of

surface properties and antagonistic substances production by lactic acid bacteria

44



isolated from the mammary gland of healdnyd mastitic cows. Vet. Microbiol.
135346-357.

Espeche, M. C., M. Pellegrino, I. Frola, A. Larriestra, C. Boghial 2012. Lactic
acid bacteria from raw milk as potentially beneficial strains to prevent bovine
mastitis. Anaerobel8:103-109.

Fddi, J., M. Kulcsa, A. P&si, B. Huyghe, C. de Saet al 2006. Bacterial
complications of postpartum uterine involution in cattle. Anim. Reprod. Sci. 96:
265281.

Fredriksson, G., H. Kindahl, K. Sandstedt, and L. E. Edqvist. 1985. Intrauterine
bacterial finding and release of PGF2 alpha in the postpartum dairy cow.
Zentralbl Veterinarmed A. 32:36830.

Galvd, K. N. 2011. Identifying and treating uterine disease in dairy c®asgles
21-29 in Proc. 47th Florida Dairy Production Conference, Gainesville, FL.

Gav®, K. N. 2013. Uterine diseases in dairy cows: understanding the causes and
seeking solutions. Anim. Reprod. 10:2288.

Gardiner, G. E., C. Heinemann, A. W. Bruce, D. Beuerman, and G. Reid. 2002.
Persistence otactobacillus fermentunRC-14 and Lactobadllus rhamnosus
GR-1 but notL. rhamnosusGG in the human vagina as demonstrated by
randomly amplified polymorphic DNA. Clin. Diagn. Lab. Immunol. 982

Gillor, O., B. C. Kircup, and M. A. Riley. 2004. Colicins and microcins: the next
generation microfals. Adv Appl. Microbial. 54129140

Gillor, O., L. M. Nigro, and M. A. Riley. 2007. Potential application of bacteriocins as
antimicrobials. Page87-77 in Research and applications in bactensciM. A.

Riley and O. Gillored., Horizon Scientific Pres. Norfolk, UK.

Hammon, D. S., I. M. Evjen, T. R. Dhiman, J. P. Goff, and J. L. Walters. 2006.
Neutrophil function and energy status in Holstein cows with uterine health
disorders. Vet. Immunol. Immunopathol. 11329

Hansen, P. J. 1995 Interactions vibe¢n the immune system and the ruminant
conceptus. J. Reprod. Fertil. Supplement 4889

Herath, S., H. Dobson, C. E. Bryant, and I. M. Sheldon. 2006. Use of the cow as a

45



large animal model of uterine infection and immunity. J. Reprod. Immunol. 69:
13-22.

Herath, S., S. T. Lilly, D. P. Fischer, E. J. Williams, H. Dobsdrgl 2009. Bacterial
lipopolysaccharide induces an endocrine switch from prostaglangintoF
prostaglandin Ein bovine endometrium. Endocrinology. 150:191920.

Herr, M., H. Bostedtand K. Failing. 2011. IgG and IgM levels in dairy cows during
the periparturient period. Theriogenology. 75:385b.

Hibbing, M. E., C. Fuqua, M. R. Parsek, and S. B. Peterson. 2010. Bacterial
competition: surviving and thriving in the microbial jungleatNRev. Microbiol.
8:15-25.

Hill, J. A., K. Polgar, and D. J. Anderson. 1995H@&lper tType Immunity to
trophoblast in women with recurrent spontaneous abortion. J. Am. Med. Assoc.
273:19331936.

Hilton, E., H. D. Isenberg, P. Alperstein, K. France, &ahdT. Borenstein. 1992.
Ingestion of yogurt containind.actobacillus acidophilusas prophylaxis for
candidal vaginitis. Ann. Intern. Med.116:3337.

Hilton, E., P. Rindos, and H. D. Isenberg. 199%4ctobacillus GG vaginal
suppositories and vaginitis.Glin. Microbiol. 33:1433.

Hussain, A. M. 1989. Bovine uterine defense mechanisms: a review. J. Vet. Med. B.
36:641651.

Hussain, A. M., and R. C. Daniel. 1992. Effects of intrauterine infusion of
Escherichia coliendotoxin in normal cows and in cows wigndometritis
induced by experimental infection with Streptococcus agalactiae
Theriogenology. 37:79810.

Huszenicza, G.,, M. Fodor, M. Gacs, M. Kulcsar, M. J. W. Dohne¢ral 1999.
Uterine bacteriology, resumption of cyclic ovarian activity and fertility
postpartum cows kept in largeale dairy herds. Reprod. Domest. Anim.
34:237245.

Ishikawa, Y., K. Nakada, K. Hagiwara, R. Kirisawa, H. Iwatial 2004. Changes in

interleukin6 concentration in peripheral blood of pr@nd postpartum dairy

46



cattleand its relationship to postpartum reproductive diseases. J. Vet. Med. Sci.
66:14031408.

Isolauri, E., Y. Sutas, P. Kankaanpaa, H. Arvilommi, and S. Salminen. 2001.
Probiotics: effects ommmunity. Am. J. Clin. Nutr. 7344s450s.

Jost, B. H., and S. J.ilBngton. 2005. Arcanobacterium pyogenesnolecular
pathogenesis of an animal opportunist. Antonie Van Leeuwenhoek-88237

Judez Tom&, M. S, C. I. Saralegui Duhart, P. R. De Gregorio, E. Vera Pingitore, and
M. E. NadetMacias. 2011. Urogenital patben inhibition and compatibility
between vaginalactobacillusstrains to be considered as probiotic candidates.
Eur. J. Obgdt. Gynecol. Reprod. Biol. 15399-406.

Karcher, E. L., D. C. Beitz, and J. R. Stabel. 2008. Modulation of cytokine gene
expressia and secretion during the periparturient period in dairy cows naturally
infected with Mycobacterium aviumsubsp. paratuberculosis. Vet. Immunol.
Immunopathol. 123:27288.

Kasimanickam, R., T. F. Duffield, R. A. Foster, C. J. Gartley, K. E. Leslial 2004.
Endometrial cytology and ultrasonography for the detection of subclinical
endometritis in postpartum dairy cows. Theriogenology.-23:9

Kilian, M. 1981. Degradation of immunoglobulins A2, A2, and G by suspected
principal periodontal pathogensféat. Immun. 34:75765.

Kim, I. H., K. J. Na, and M. P. Yang. 2005. Immune responses during the peripartum
period in dairy cows with postpartum endometritis. J. Reprod. Dev. 57647

Kindahl, H., B. Kornmatitsuk, and H. Gustafsson. 2004. The cow inceime focus
before and after calving. Reproduction in deiie animals = Zuchthygiene
39:217-221.

Kindahl, H., M. Bekana, K. Kask, K. Kaigsson, H. Gustafssat, al 1999.
Endocrine aspects of uterine involution in the cow. Reprod. Domest. Anim.
34:261168.

Kiracofe, G. H. 1980. Uterine involution: its role in regulating postpartum intervals. J.
Anim. Sci. 51:1628.

Krishnan, L., L. JGuilbert, T. G. Wegmann, M. Belosevic, and T. R. Mosmann. 1996.

a7



T helper 1 response againseishmaniamajor in pregnantC57BL6 mice
increases implantation failure and fetal resorptions. J. Immunol. 15653

Kummer, V., P. Lay, J. Maskova Z. Zraly and J. Canderle. 1997. Stimulation of cell
defense mechanism of bovine endometrium by temporal colonization with
selectedstrains of lactobacilli. Vet. Med (Praha). 42:2274.

LeBlanc, S. J., T. Osawa, and J. Dubuc. 2011. Reproductive tract defense and disease
in postpartum dairy cows. Theriogenology. 76:14608.

Leung, S. T., K. Derecka, G. E. Mann, A. P. Flint, and DWathes. 2000. Uterine
lymphocyte distribution and interleukin expression during early pregnancy i
cows. J. Reprod. Fertil. 112%5-33.

Lewis, G. S. 1997. Uterine health and disorders. J. Dairy Sci. 39984

Lewis, G. S. 2003. Steroidal regulation détine resistance to bacterial infection in
livestock. Reprod. Biol. Endocrinol. 1:11125.

Lewis, G. S. 2004. Steroidal regulation of uterine immune defenses. Anim. Reprod.
Sci. 8283:281294.

Low, B. G, P. J. Hansen, M. Drost, and K. J. Gog&lmens. 990. Expression of
major histocompatibility complex antigens on the bovine placenta. J. Reprod.
Fertil. 90:235243.

Madsen, K., C. L. Hayes, J. P. Motta, J. Jury, H. J. Galipstaal 2001. Probiotic
bacteria enhance murine and human intestinal epithbkarier function.
Gastroenterologyl21580-591.

Maldonado, N. C., C. S. de Ruiz, M. C. Otero, F. Sesma, and M. E.-Nzdés.
2012. Lactic acid bacteria isolated from young cahobsracterization and
potential as probiotics. Res. Vet. S#2:342-349.

Martin, H. L., B. A. Richardson, P. M. Nyange, L. Lavreys, S. L. Hilletral 1999.
Vaginal lactobacilli, microbial flora, and risk of human immunodeficiency virus
type 1 and sexually transmitted disease acquisition. J. Infect. Dis.
180:18631868.

Marti, R., and J. E. Sudez. 2010. Biosynthesis and degradation 43,Hby vaginal
lactobacilli. Appl. Environ. Microbiol. 76:40@05.

48



Mateus, L., L. L. da Costa, F. Bernardo, and J. R. Silva. 2002. Influence of puerperal
uterine infection on uterine invadion and postpartum ovarian activity in dairy
cows. Reprod. Domest. Anim. 37:35.

Meeusen, E. N., R. J. Bischof, and C. S. Lee. 2001. Comparatied fiesponses
during pregnancy in large animals and humans. Am. J. Repmadunol.
46:169-179.

Mennigen R., K. Nolte, E. Rijcken, M. Utech, B. Loeffleet al 2009. Probiotic
mixture VSL#3 protects the epithelial barrier by maintaining tight junction
protein expression and preventing apoptosis in a murine model of colitis. Am. J.
Physiol. Gastrointest. Lzer Physiol. 296:1140149.

Molin, G. The role ofLactobacillus plantarumn foods and in human health. 2003.
Pages 30842 in Handbook of fermented functiondbods. E. R. (Ted)
Farnworth ed., CRC press. Florida.

Mollo, A., M. C. Veronesi, F. Cairoli, @hF. Soldano. 1997. The use of oxytocin for
the reduction of cow placental retention, and subsequent endometritis. Anim.
Reprod. Sci. 48:4B1.

NaderMads, M. E., M. C. Otero, M. C. Espeche, and N. C. Maldonado. 2008.
Advances in the design of probiopecoducts for the prevention of major diseases
in dairy cattle. J. Ind. Microbiol. Biotechn@5:13871395.

Nagaraja, T. G., S. K. Narayanan, G. C. Stewart, and M. M. Chengappa. 2005.
Fusobacterium necrophorumfections in animals: pathogenesis and pagimog
mechanisms. Anaerobe. 11:22396.

Nakao, T., M. Moriyoshi, and K. Kawata. 1988. Effect of postpartum intrauterine
treatment with 2% polyvinypyrrolidoneiodine solution on reproductive
efficiency in cows. Theriogenology. 30:103843.

Ocarfa, V, andM. E. NadefMadas. 2001. Adhesion of Lactobacillus vaginal strains
with probiotic properties to vaginal epithelial cells. Biocell. 25:263.

Ocara, V. S., A. A. Pesce de Ruiz Holgado, and M. E. Nadieecias. 1999. Selection
of vaginal HO,-generating Lactobacillus species for probiotic use. Curr.

Microbiol. 38:279284.

49



OelschlaegerT. A. 2010. Mebhanisms of probiotic actioris a review Int. J. Medi.
Microbiol. 30057-62.

Ohland, C. L., and W. K. Macnaughton. 2010. Probiotic bacteria and intestinal
epithelial barrier function. Am J. Plysiol. Gastrointest. Liver Physiol.
298:G807819.

Ohtsuka, H., M. Koiwa, S. Fukuda, Y. Satoh, T. Hayashial 2004. Changes in
peripheral leukocyte subsets in dairy cows with inflammatory diseases after
calving. J. VetMed. Sci. 66:909009.

Onyango, J., C. Deluna, and N. Blackie. 2014. Risk factors for postpartum uterine
infections in dairy herds. Int. J. Livest. Res. 4419

Otero, C., L. Saavedra, C. Silva De Ruiz, O. Wilde, A. R. Holgadal 2000.
Vaginal bactaal microflora modifications during the growth of healthy cows.
Lett. Appl. Microbiol. 31:251254.

Otero, M. C., and M. E. Nadd&laas. 2006. Inhibition ofStaphylococcus aureursy
H,O,-producingLactobacillus gassensolated from the vaginal tract of tta.
Anim. Reprod. Sci. 96:386.

Otero, M. C., and M. E. Nad&Maas. 2007. Lactobacillus adhesion to epithelial
cells from bovine vagina.dges 749757in Communicating current research and
educational topics and trends in appliedcrobiology. A. MédezVilas ed.,
Formatex, Spain.

Otero, M. C., L. Morelli, and M. E. Nad&lacias. 2006. Probiotic properties of
vaginal lactic acid bacteria to prevent metritis in cattle. Lett. Appl. Microbiol.
43:9197.

Otero, M. C., V. S. Oda, and M. Elena Naddfacias 2004. Bacterial surface
characteristics applied to selection of probiotic microorganisms. Methods Mol.
Biol. 268:435440.

Pagnini, C., R. Saeed, G. Bamias, K. O. Arseneau, T. T. Pizarro, et al. 2010. Probiotics
promote gut health through stimulation ofpiteelial innate immunity.
Proceedings of the National Academy of Sciences ef Wmited States of

America 107454-459.

50



Paisley, L. G., W. D. Mickelsen, and P. B. Anderson. 1986. Mechanisms and therapy
for retained fetal membranes and uterine infectionscoWs: a review.
Theriogenology. 25:35381.

Palomares, R. A., J. C. Gutiérez, G. Portillo, J. C. Boscan, M. Montdral 2010.
Oxytocin treatment immediately after calving does not reduce the incidence of
retained fetal membranes or improve reprodwectperformance in crossbred
Zebu cows. Theriogenology. 74:141419.

Peltier, M. R. 2003. Immunology of term and preterm labor. Reprod. Biol. Endocrinol.
1:122133.

Potter, T. J., J. Guitian, J. Fishwick, P. J. Gordon, and |. M. Sheldon. 2010. Risk
factors for clinical endometritis in postpartum dairy cattle. Theriogenology.
74:127134.

Reid, G, A. W. Bruce, and W. Taylor. 1995. Instillation lodctobacillus and
stimulation of indigenous organisms to prevent recurrence of urinary tract
infections. Microecb Ther. 23:3245.

Reid, G, D. Beuerman, C. Heinemann, and A. W. Bruce. 2001. Probiotic
Lactobacillus dose required to restore and maintain a normal vaginal flora.
FEMS. Immun. Med. Microbiol. 337-41.

Reid, G., J. Jass, M. T. Sebulsky, and J. K. McCckmR003. Potential uses of
probiotics in clinical practice. Clin. Microbiol. Rev. 16:6682.

Reid, G, K. Millsap, and A. W. Bruce. 1994. ImplantatioriLattobacillus casevar
rhamnosusnto vagina. Lancet. 344:1229.

Risco, C. A., and J. Hernandez. 30@omparison of ceftiofur hydrochloride and
estradiol cypionate for metritis prevention and reproductive performance in dairy
cows affected with retained fetal membranes. Theriogenology. 68.47

RodriguezMartinez, H, J. Ko, D. McKenng P. G.Weston H. L. Whitmoreg et al.
1987. Uterine motility in the cow during the estrous cycle. Il. Comparative
effects of prostaglandins F(2alpha), E(2), and cloprostenol. Theriogenology.
27:349358.

Sablon, E., B. Contreras, and E. Vandamme. 2000. Antimicrobial psptidlactic

51



acid bacteria: mode of action, genetics and biosynthesis. Adv. Biochem. Eng.
Biotechnol. 68:2160.

Salasel, B., A. Mokhtari, and T. Taktaz. 2010. Prevalence, risk factors for and impact
of subclinical endometritis in repeat breeder dairy coWwbkeriogenology.
74:12711278.

Seals, R. C., I. Matamoros, and G. S. Lewis. 2002. Relationship between postpartum
changes in 13, ldihydro-15-keto PGF, (concentrations in Holstein cows and
their susceptibility to endometritis. J. Anim. Sci. 80:1068 3.

Sewankambo, N., R. H. Gray, M. J. Wawer, L. Paxton, D. McNeiral 1997. HI\/1
infection associated with abnormal vaginal flora morphology and tcte
vaginosis. Lancet. 350:54%50.

Sheldon, I. M. 2004. The postpartum uterus. Vet. Clin. North Am. Food Anim. Pract.
20:569591.

Sheldon, I. M., A. N. Rycroft, B. Dogan, M. Craven, J. J. Bromfieldal 2010.
Specific strains oEscherichia coliare @mthogenic for the endometrium of cattle
and cause pelvic inflammatory disease in cattle and mice. PLoS One. 5:€9192

Sheldon, I. M., and H. Dobson. 2004. Postpartum uterine health in cattle. Anim.
Reprod. Sci. 883:295306.

Sheldon, I. M., D. E. Noakes,.AN. Rycroft, and H. Dobson. 2083The effect of
intrauterine administration of estradiol on postpartum uterine involution in cattle.
Theriogenology. 59:1351371.

Sheldon, I. M., D. E. Noakes, M. Bayliss, and H. Dobson. BO0Be effect of
oestradiol onpostpartum uterine involution in sheep. Anim. Repro. Sci.
78:5F70.

Sheldon, I. M., E. J. Williams, A. N. Miller, D. M. Nash, and S. Herath. 2008. Uterine
diseases in cattle after parturition. Vet. J. 176:125.

Sheldon, I. M., G. S. Lewis, S. LeBlaramd R. O. Gilbert. 2006. Defining postpartum
uterine disease in cattle. Theriogenology. 65:15980.

Sheldon, I. M., J. Cronin, L. Goetze, G. Donofrio, and H. J. Schuberth. 2009a.

Defining postpartum uterine disease and the mechanisms of infection and

52



immunity in the female reproductive tract in cattle. Biol. Reprod. 81:10X32.

Sherman, P. M., J. C. Ossa, and K. Johsidenry. 2009. Unraveling mechanisms of
action of probiotics. Nutr. Clin. Pract. 24:14@.

Shinjo, T. 1983.Fusobacterium necrophorunsolated from a hepatic abscess and
from mastitic udder secretions in a heifer. Ann. Microbiol. (Paris).
134B:401409.

Singh, J., R. D. Murray, G. Mshelia, and Z. Woldehiwet. 2008. The immune status of
the bovine uterus during the peripartum period. Vet73: 301309.

Taha, T. E., R. H. Gray, N. I. Kumwenda, D. R. Hoover, L. A. Mtimavalye, G. N.
Liomba, J. D. Chiphangwi, G. A. Dallabetta, and P. G. Miotti. 1999. HIV
infection and disturbances of vaginal flora during pregnancy. J. Adquiune
Defic. Syndr Hum. Retrovirol. 20:559.

The puerperium and lactation. Z)0Page 320 in Pathways to Pregnancy and
Parturition.2" edition. P. L. Sengered.,Current Conceptions Inc. Washinton.

van Belkum, M. J., and M. E. Stiles. 2000. Nonlantibiotic antibactpaptides from
lactic acid bacteria. Nat. Prod. Rep. 17:&35.

van Dyk, E., and A. L. Lange. 1986. The detrimental effect of iodine as an
intra-uterine instillation in mares. J. S. Afr. Vet. Assoc. 57:205.

Vangroenweghe. F., I. Lamote, and C. BurvBni2005. Physiology of the
periparturient period and its relation to severity of clinical mastitis. Domest.
Anim. Endocrinol. 29:28293.

Vassilev, N., S. Yotov, and F. Dimitrov. 2005. Incidence of early embryonic death in
dairy cows. Trakia J. Sci. 3:64.

Whial, S., L. Baczayova Z. Peganova and L. Jansky 2005. Pyrogenic effects of
cytokines (I-16 , -8, INFU) and their mode of action
centers and functions. J. Therm. Biol. 3028

Wagner, R. D., and S. J. Johnson. 2012. Probigtatobacillusand estrogen effects
on vaginal epithelial gene expression respons&atalida dbicans J. Bio. Sci.
19:5865.

Wagner, R., S. Johnson, and D. Tucker. 2012. Protection of vaginal epithelial cells

53



with probiotic lactobacilli and the effect of estrogen against infectioGdndida
albicans Open J. Med. Microbiol.2:584.

Walker, W. A. 2008. Mechanisms of action of probiotics. Clin. Infect. Dis.
46:S8FS91.

Wallace, D. 1998. Fresh cow uterine health: decisions and dilemmas. lllini DairyNet
Papers. Accessed Nov 1, 2014.

http://livestocktrail.illinois.edu/dairynet/paperDisplay.cfm?ContentID=163

Walter, J., C. Hertel, G. W. Tannock, C. M. Lis, K. Munet,al.2001. Detection of
Lactobacillus PediococcusLeuconostocandWeissellaspecies in humaretes
by using groupspecific PCR primers and denaturing gradient gel electrophoresis.
Appl. Environ. Microbiol. 67:257@2585.

Wang, Y., B. N. Ametaj, D. J. Ambrose, and M. G Géanzle. 2013. Characterization of
the bacterial microbiota of the vagina of daggws and isolation of pediocin
producingPediococcus acidilacticBMC Microbiol. 13:1929.

Williams, E. J., D. P. Fischer, D. U. Pfeiffer, G. C. England, D. E. Noated, 2005.
Clinical evaluation of postpartum vaginal mucus reflects uterine bacterial
infection and the immune response in cattle. Theriogenology. 631102

Wira, C. R., and R. M. Rossoll. 1995. Antigpresenting cells in the female
reproductive tract: influence of the estrous cycle on antigen presentation by
uterine epithelial and stneal cells. Endocrinology. 1385264534.

Wi rth, M. 2007. | mmunol ogy of the genital
Maxi milians University Munich, M¢nche, G

Zacharof, M. P., and R. W. Lovitt. 2012. Bacteriocins produced by lactic acid bacteria
areview article. APCBEE Pro2:50-56.

Zerbe, H., C. Ossadnik, W. Leibold, and H. J. Schuberth. 2002. Lochial secretions of
Escherichia coli or Arcanobacterium pyogenésfected bovine uteri modulate
the phenotype and the functional capacity of neutraphgranulocytes.
Theriogenology. 57:1161177.

Zerbe, H., H. J. Schuberth, M. Hodemaker, E. Gunert, and W. Leibold. 1996. A new

model system for endometritis basic concepts and characterization of phenotypic

54


http://livestocktrail.illinois.edu/dairynet/paperDisplay.cfm?ContentID=163

and functional properties of bovine uterine mephils. Theriogenology.
46:13391356.

Zschuttig, A., K. Zimmermann, J. Blom, A. Goesmann, C. Pthimatnal 2012.
Identification and characterization of microcin S, a new antibacterial peptide

produced by probiotiEscherichia coliG3/10. PloS ONE. é33351.

55



Chapter 2 Intravaginally administered lactic acid bacteria expedited
uterine involution and improved reproductive performance of

Holstein dairy cows

ABSTRACT

The objective of this investigation was @galuatewhether intravaginaihfusion
of lactic acid bacteria (LAB) arounghrturitioncould expedite involution rate of the
uterus and improve reproductive performaatpostpartundairy cows. One hundred
pregnant Holstein dairgows were assigned tme of the 3 experimental groups
follows: 1) Onedoseof LAB on wk -2 and-1 and onedoseof carrier on wk +1
relative to the expected day of parturition (TRT1); 2) doseof LAB on wk -2, -1,
and +1 (TRT2), and 3) ordoseof carrier on wk-2, -1, and +1 (CTR). AB were a
lyophilized mixture composed of Lactobacillus sakeiFUA3089, Pediococcus
acidilactici FUA3138, andPediococcus acidilacticFUA3140 with a cell count of
10%-10° cfu/dose Uterine involution and ovarian activity was evaluated by transrectal
ultrasonography onl 14,21, 35,and 49 postpartumBlood samples were collected
from a subset of cows to quantify prostaglandinyfetabolite (PGFM), PG and
progesteroneResults showed thatoth TRT1 and TRT2 expedited involution of
gravid horn and uterine body. Additionallgows in TRT2 had greateoncentration
of progesterone in the serum, suggesting an earlier resumtmraan cyclicity.
Cows in the TRT1 hadessdays open than those in the CTRLQ vs. 150 d). In
addition, both TRT1 and TRTZ2 increagbé concentrations dPGFM at calving week
and cows in TRT2 also had greater concentratiohPGE on d 14 and d 21
postpartum relative to CTROverall intravaginal infusion of LAB expedited uterine
involution, accelerated the resumption of ovarian cyclicioyvered days open, and

modifiedthe concentrations aderumprostaglandingnd progesterone
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2.1 Introduction

Uterine infections, which refer to bacterial infections of the uteatesprevalent
in postpartum dairy cows (Sheldon et al., @00Normally, during the uterine
involution period, the immune system is activated to clear the invading pathogens and
most daiy cows seHresolve the infections withiB weeks after parturition (Bekana et
al., 1996;Bondurant, 19995heldon et al., 2006However, some pathogenic bacteria
are not cleared efficiently and persist thereafter causmmgglastinguterine disease.

Infection of the uterus impairs reproductive performance of dairy cows and many
of them wind up being subfertile or infertile aaa, therefore, culled from the herd
(Sheldon et al., 20@. Although the precise mechanism(s) by which uterine
infections infuence reproductive performance are not very well understbey are
mostly related tadelays inuterine involution, resumption of ovarian activity, and
prolongation of the luteal phase once ovulation occurs (Huszenicza et al., 1999;
Mateus et al., 2002Sheldon et al., 20@). Indeed, cows with uterine infections
exhibit lower conception rat@equire more servicesper conception, andave more
days open (Kasimanickam et al., 2004; Sheldon et al.,a2088cording to recent
statistics the culling rate afairy cows in Canadian dairy herds reacdéd®o with
infertility rated as the number one reason for culling (CanWest DHB)201

To our best knowledge, there is no known efficient treatment or prophylactic
medication against uterine infections in datigws. Althoughseveralintrauterine or
intravenous antibiotics have been used to treat cows with uterine infections, their
efficacy has been questioned and concelmsut drug residue in milk and bacterial
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acquisition of antibiotigesistance have impeddaeir widespread use (Lewis, 1997,
Galvd, 2011). Recently, there is an increasing interest of using lactic acid bacteria
(LAB) or probiotics to treat gastrointestinal or vaginal inflammatory conditions (Reid
and Bruce, 200RAmetaj et al., 2014).

Probiofcs are live microorganisms that benefit the host in various aspects when
administered in adequate amounts, including modifying microbial composition and
improving immunity (Reid et al., 2003; Verdu and Collins, 2005; Borchers et al.,
2009). Lactic acid baeria, mainly lactobacill, have been utilized for treating
urogenital infections in humans (Reid and Bruce, 2003). A previous study conducted
by our group reported that 6 times treatment around calving with a cocktail of 3 LAB,
isolated from the vaginaract of healthy cows, lowered the incidence of purulent
vaginal discharges and improved conception rates of multiparous cows (Ametaj et al.,
2014). Based on these results we hypothesized that lowering the number of treatments
around calving from 6 timest2 or 3 treatments might give the same beneficial
effects to the cows. Therefore the objectives of this study were to test whether
treatment of cows with two doses of LAB (once per week) during the 2 wk before the
expected day of calving or treatment witldoses of LAB before calving and 1 dose
during the first week after calving could improve uterine involution and reproductive

performance of postpartum dairy cows.
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2.2 Materials and methods

2.2.1Animals and experimental desgn

This experiment was condied at the Dairy Research and Technology @ent
(DRTC) at University of Alberta, Canada. All experimental procedures were approved
by the University of Alberta Animal Care and Use Committee for Livestock and cows
were cared for in accordance with the gdiides of the Canadian Council on Animal
Care (1993). One hundréetalthypregnant Holstein cows were blocked according to
their parity, body condition score (BCS), and previous lactation milk yield and
assigned randomly to one of the following three expental groups: 1) Ondoseof
LAB on wk -2 and-1 and onalose ofcarrier (sterile skim milk) on wk +1 relative to
the expected day of parturition (TRT1), 2) Giwse ofLAB on wk -2 and-1 and +1
(TRT2), and 3) Onalose ofcarrier on wk-2, -1, and +1 (OR). The precalving
treatment was administered on 1443.67 d and 7.4& 4.46 d before the actual
calving dayrespectively, while the postalvingdosewas administered on 7.351.29
d after calving.Lactic acid bacteriawere a lyophilized mixture composed of
Lactobacillus sakeFUA3089, Pediococcus acidilacticFUA3138, andPediococcus
acidilactici FUA3140, with a cell count of £a10° cfu/dose Both LAB and the carrier
were stored at86 °C in vials in the form of dry powder, and each vial was
recorstituted with 1 mL of sterile 0.9% saline before administration. TA8& lor
carrier was infused into the vaginal tract gently with individually wrapped sterile

infusion tubes (Continental Plastic Corp., Delavan, WI) capped wiBhna_ sterile
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syringe (Beatn, Dickinson and Company, Franklin Lakes, NJ), and deposited at

anteriorvagina.Aseptic procedures were maintained during LAB administration.

2.2.2Determination of uterine involution and resumption of ovarian cyclicity

Uterine involution wasblindly evduated by transrectal ultrasonographdy
Sonosite® ultrasound fitted with a 7.5 MHz probas usedo obtain images of the
cervix, uterine body and horns, follicles and corpora lutea on owafreds cowson a
weekly basis beginning on d 7 after calvindpwever, for expediency, data far
1455+ 1.29 d 2155+ 1.29 d 35,55+ 1.29 andd 49.55 + 1.29 postpartum were
utilized for determination of uterine involution and resumption of ovarian cyclic
activity.

The volume of the intrauterine fluid the uerine body and hornsasevaluated
and assessd on 3 scales: litfle) - small lumen without fluid, 2iitermediat -
medium lumen with some fluid, 3nuch - large fluid filled lumen(Mateus et al.,
2002). The quality of intrauterine fluid was alsassesd on 3 scales based on
echogenicityof the lumenof uterus or hornswhich reflected the echogenicity of the
debris or inflammatory material in the lumen as following: 1 (darkhechoic in
appearance hence normal, 2 (greyisfiiid contains some edgenic material hence
intermediate, 3whitish) - a substantial amount of hyperegedic particles in the
fluid, hence abnormal (McKinnon et al., 1988; Rei2301).

The longest and shortest diametef a cervical crosssectionwere measured

immediatelybefore the caudal end of the cerwihile thatof the uterine body and the
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2 horns veremeasured immediatetyaudal andtranial to the bifurcatigrrespectively
As the boundary betweenyometriumand perimetrium is not so distinguishable as
between endoetrium and myometrium,2 pempendicular diameters of the
crosssection were measured across the lumen and endometrium to calculate the
crosssectional area dhe cervix, uterine body as well as gravid and-goavid horns
(Okano and Tomizuka987;Melende et al., 2004).

Ovarian structuresiere examinedor presence and sizes of follicles, presence of
corpora lutedy ultrasonographto determinethe resumption of ovarian cyclicitif a
l arge follicle (O 10 mm in di annetsane) was
ovary in al4 dperiod or vice versa, then, resumptionafariancyclic activity was
declared. This was further corroborated by progesterone measurements described

bdow.

2.2.3Assessmenbf reproductive performance

Insemination and pregnancy diagnosis records were analyzed retrospectively for
all the cows enrolled in this experiment. The reproductive management program at the
DRTC wutilized t he o6dP(Ambsogenet at. R00pstyme¢hé pr ot
ovulation on all cows. Therefore, all eligible animals were first inseminateddoynd
70 d after calving The median was 69 (6B636) d iInTRT 1, 67 (6597) d InTRT 2
and 68 (66148) d in theCTR. Pregnancy was aared when the pregnancy check
was positive at 60 d after the inseminatiBoth timed artificial insemination (TAI)

and pregnancy check weoenducted by the same skilled techniciadfowever, the
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technician and management were kept blind about teeatnents during the entire
period of the experimenReproductive performance was indicated by fgstvice
conception rate, cumulative pregnancy rate (up service$, pregnancy rate at 150

DIM, services per conceptipand number oflays open.

2.2.4Quantification of hormones

Blood samples were collected from the coccygeal vein once a week witi. 10
vacutainer tubes without anticoagulant (BD Vacutainer Systems, Plymouth, UK)
before feeding in the morning froth-14 to d 49 on a weekly bagjactualdays d
-14.13+ 4.67, d-7.46+ 4.46,d 1.7 1.39, d 7.55: 1.29, d1455+ 1.29 d 21.55+
1.29 d 28.55+ 1.29, d3555+ 1.29 d 42.55+ 1.29,and 4955 + 1.29 relative to the
real calving day Blood samples were centrifuged at 3,000 rpm at 4€C for 20 m
(Beckman CoulterPasadenaCalifornig and £rum wasstored in pyrogeifree tubes
a t 20 T until analysis A subset of serum samplé®sm 10 cows in each groupas
used to quantify the ancentrations of progestergn&3,14dihydro-15-ketoPGF g
(PGFM), indicative of the concentration of PGE and PGE with enzyme
immuncassay EIA) kits following the manufacturés instructions.

Serum samples collected from-#4 to d 21 on a weekly basis were used to
measure the concentration of PGFM witB,14dihydro-15k et o Pr ost agl andi
ElA Kits (Cayman Chemical Co., Ann Arbor,IMSamples were diluted 3f0old with
EIA buffer and standard were freshly prepared in serials as instructed in the

manufacture book. Thiamit of detectionfor PGFM wasl3 pg/mlandsensitivity was
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120 pg/ml The quantification of PGEused the same samples following the same
procedures as of PGFM witRrostaglandin E2 EIA K&1 Monoclonal (Cayman
Chemical Co., Ann Arbor, M. The imit of detectionfor PGE was 15 pg/mland
sensitiity was50 pg/ml Serum samples collected ondH, 0, 14, 21, 35, 49 were
used to quantify progesteroramples were also diluted 10 fold with EIA buffer. The
procedures were the same as for PGFM and,R&éept that the plate was incubated
for 90 min umler room temperature instead of 18 hours°&t defore the wash using
Progesterone EIA Kst (Cayman Chemical Co., Ann Arbor, IM The Imit of
progesteroneletectionwas10 pg/mland €nsitivity was70 pg/ml All samples were
run in duplicate.The inter and intraassay coefficients of variation were less than

10% for all these three hormones.

2.2.5Statistical Analyses

All data were analyzed with SAS 9.2 software (SAS Institute Inc., Cary, INC).
this study, cows were blocked for parity, BG®id previos milk yield beforebeing
assigned to treatment groups. féhevas no significanéffect of BCS and previous
milk yield on the outcomeof the resultsand thereforghey wereexcluded from the
statisticalmodel. The health status of the last panityas alsotestedfor differences
among the treatment groupadfoundnotto bedifferent Continuous data, including
crosssectional areas of the cervix, uterine body and horns as well as the
concentrations of serurhormoneswere analyzed using a MIXED model with

repeated measurements. For the ceestional areas a full model incorporating parity,
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treatment, dayselative to calvingas well as their interaction was firstly tested. There
was no significant effect as for thew&y interaction, the -Rvay interactionbetween
parity and group, and that between parity and day. Therefore, the statistical model was
reduced as: ) = p+ T; + D; + (TD); + R + gy, where p= the overall population
mean; T= effect of treatment; 5= effect of dayselative to calving(TD); = effect of
the interaction between treatment anddeglative to calvingP« = effect of parity;
and gq = residual error. The subset of serum samples vardomly selectedfom
multiparous cows, so the statistical model used to analyze tiverioations of serum
PGFM and PGEwas: Yjx = p+ T; + D; + (TD); + k. The covariance structure was
modeled usindirst order autoregressiver the repeated measurements over time
Categorical data with 3 outcomes, includingthe volume and quality fo
intrauterine fluid wereanalyzed using-OGISTIC procedure incorporating factors
parity, treatment, and days relative to calviRgsults are presented in odds ratio (OR)
to indicate the association between treatmentthatikelihood of having a desirdb
outcome,which means the likelihood of having smaller volume leds echoic
intrauterine fluid.Binary data werealso analyzed usind. OGISTIC procedureThe
model for resumption of the ovarian cyclicity incorporated parity, treatmentjaysd
relative to calving Since no cows resumed cycliciby d 14, results are presented
only for d 21, 35, and 49 postpartum. The models for first service conception rate,
cumulative pregnancy rate, and pregnancy rate at 150 DIM incorporated parity and
treatment. Non-parametric dta o services per conception ardhys open were

analyzed usingIFETEST proceduresWilcoxon test in the KaplaMeier model was
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used to test the effect of parity agibup

For all the data, t hR<O9%agdténgeccgat 8. wa s

P<0.10.

2.3 Results

2.3.1Effect of intravaginal LAB on uterine involution

There was no difference among treatment groups regarding the volume and
quality of intrauterine lfiid (Table 2-1). The effect of LAB treatment on the
crosssectional areas (CSA the uterus is shown in Figugel. The CSA of gravid
horns(Figure2-1A) differed among the 3 treatment grops< 0.05).Treatmentwith
LAB accelerated the involution afravid hornsasindicated by smaller CSAP <
0.06). In addition,therewas atenderty for an interaction betweethe treatment and
day (P = 0.07) for CSA.Ond 14 postpartumthe CSA of gravid horn in both TRT1
and TRT2, were smaller than those in theRG3ws. Moreovermpn d 21 postpartum
there was a tendency for the CSAgoavid hornof cows in the TRT1 to be smaller
than those of cows in the CTR group £ 0.07). Overall, the CSA ofjravid horn
were decreasing in relation with wedk € 0.05).The C®\ in both TRT1 and TRT2
plateauedrom d 21 through d 4@ostpartumwhereas inthe CTR groupthe CSA
plateauedrom d 35 to d 49In addition, nultiparous cows had a larger gravid horn
than primiparous cowsP(< 0.05, Figure 2-2). The interaction betweeparity and
week exhibited no effect on theerineinvolution, and therefore Figure 2 presents the

main effect of parity.
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The CSA of norgravid horrs decreased over time until d Bbstpartum(P <
0.01), but no differencewere detected amonigeatment goupsand there was no
interaction betweethe group and dayn this study(Figure 2-1B). Multiparous cows
had a larger negravid horn than primiparous cowB € 0.05,Figure 2-2).

The CSA of uterine body showed differences among the 3 treatment giroaps (
0.05,Figure2-1C). TheLAB treatment decreased the CSA of uterine bdy 0.01).
There was a significant interaction between treatment andRlay((05. Ond 14
postpartum, CSA of the uterine body of cows was smaller in TRT1, intermediate in
TRT2, and larger in CTRR < 0.05).Overall CSA of uterine body decreased <
0.01) over time The CSA of uterine body in both CTR and TRilateauedrom d 35
postpartum, wheredhat inthe TRT2 tended tglateaufrom d 21.Multiparous cows
had a larger utare body than primiparous cowB € 0.05,Figure2-2).

No differences were detected in CSA of the cervix among the 3 treatment groups
(Figure2-1D). The CSA of cervix decreased < 0.01) graduallyover timeuntil d 35
postpartum when it plateaued. No effef the interaction betweethe treatment and
day was observed on CSA of cerviRarity did not have raeffect on the CSA of

cervix (Figure2-2).

2.3.2Effect of intravaginal LAB on resumption of ovarian cyclicity

The percentage of cows that resumed iavarcyclicity differed among the
treatment groupéP < 0.05), and increasealer time(P < 0.01)after calving(Figure

2-3). There werdess cyclic cows in the TRTdompared ta’RT2 (P < 0.05), whereas
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no difference was obtaindmbtween TRTHnd CTRor TRT2 and CTR cows. By 49
postpartum 46.7 + 6.7 of the cows in TRT1 had resumed ovarian cyclicity
compared with67.8+ 6.2 in TRT2 and 9.7+ 6.3% in the CTR cows. &ity had no
effect regarding the resumption of ovarian cyclicity the cows Moreover data
showed no differences with regards to follicular cyst incidence ragxperimental
groups with TR1, TRT2 and CTR cows havir)8%, 6.9% and 14.3% diie cows

with cysts within 49 days after calving.

2.3.3Effect of intravaginal LAB on reproductive performance

There were differences among treatment groups in the mean number of days open
(P < 0.0, Table2-2). Cows in TRT1 had 40 days shorter than their counterparts in
TRT2 (110 vs. 150 d? < 0.06) and the CTR (110 vs. 15B,< 0.(). First service
conception rate was 44#8.5 % in TRT1, 25.& 7.7 % in TRT2and 38.2- 8.3 %
in CTR, but did not reach significancdhere was no effect of treatment on
cumulative pregnancy rate, pregnancy rate at 150 DIb&ndices per conception

No interaction beteen treatment group and parity was observed in this study.
Parity was associated wittifferences of the reproductive performance of dairy cows
(Table 2-3). Primiparous cows needed less than 2 services to achieve pregnhancy
whereas their multiparous courgarts needed around 3 servicdd € 0.0).
Primiparous cows exhibited almost 30% greater pregnancy rate at 150 DIM than
multiparous cows (61.5% vs. 90.98,< 0.06). Cumulative pregnancy rate up to

five services tended to be greater in primiparous cows th multiparous cows
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(69.2% vs. 90.9%P = 0.06). However, the differences between primiparous and
multiparous cows in terms of first service conception rate and days opemwtdid

reach significance.

2.3.4Effect of intravaginal LAB on reproduction related hormones

Concentratioa of serum PGFMweredifferent among the 3 treatment groups (
< 0.05) and changed over tim@® < 0.01, Figure 2-4A). A significant interaction was
found between treatment and d@ < 0.05). There were no differences in serum
PGRM at d-14 and d7 amongreatmengroups, and altoncentrationsvere at a low
basal level. Howevecgoncentrations of serum PGFM increased shasilyin thelast
7 d before parturition reached the pkaimmediately after parturition (d Oxnd
dropped rapidly to the preartum level by d 14 postpartum P < 0.01). After
parturition (d 0), concentrations of serum PGFM in both TRT1 and TRT2 were greater
than in CTR (333 328 pg/mL in TRT1, 470+ 372 pg/mL in TRT2, and,200+
328 pg/mL in CTR, respesttly, P < 0.01), and TRT2 tended to be greater than TRT1
(P =0.06).

Concentrations of serum PGHifferedamong the 3 treatment groug3 < 0.0,
Figure 2-4B). Cows in the TRT2 hagreaer concentrations of serum P&Ban those
in the CTRgroup P < 0.(), and in TRTL(P < 0.01). No differences were found
between TRT1 and CTBows with regards to PGHevels Overall, concentrations of
serum PGE varied over time(P < 0.01). It decreased at parturition, and then

increasedon d 14 and 2Ilpostpartum The dfects of treatment and day were
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independent from eadther,as their interaction did not reach significance.

The ratioof PGFMPGE, differed amonghe treatment groups?(< 0.0, Figure
2-4C). Both TRT1 (17.18) and TRT2 (17.45) had a greater ratio ofNPBEGE, than
the CTRcows (8.59) on d 0. In all the cowshe ratioof PGFMPGE, increased
sharply from d-7, reached pealevel on d 0 and then gradually decreased to the
prepartum level by d 14P(< 0.01). No interaction between treatment and day was

obseved in terms of theatio of PGFMPGE..

Concentrations of serum progesterone differed among treatmensdrs®.01)
and varied over timeR < 0.01, Figure2-5). Cows inthe TRT2 had greater
concentratios of progesterone than those in TRT1 and @FRI 35 and d 49There
was no difference betwe@ows in theTRT1 and CTR group. There was a sharp drop
of progesterone concentrat®from greater than 7 ng/mL on -d4 to less than 1
ng/mL at calving, and then remained at a basal level until 21 d alkengahenan
increaseoccurred No difference were detected regarding the interaction between

treatment and days related to calving.

2.4 Discussion

In this study we tested the hypothesis that 2 or 3 intravaginal infusions of LAB
around calving would expite uterine involution and improve reproductive
performance of dairy cows. Tipeobioticculture used in this study was a mixture3of
LAB strainsisolated previously from the vaginal tract of healthy pregnant cows

(Wang et al., 2013; Ametaj et al., 2014ndeed data from this study showed that
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administrationof 2 or 3 LAB doses intravaginally expedited uterine involution of
postpartum dairgows asindicated by smaller CSA of gravid horn and uterine body
and earlier involution of gravid horn itows treéed with LAB (bothTRT1 and
TRT2).

Normally, the postpartum uterus assumed t@omplete involution between 4
and 6 wk postpartum(Sheldon, 2004).Results of this study showed that the
involution process of the gravid horn was completed within the #istd after
parturition for the LABtreated groups of cows. This is supported by the observation
that there wereno significant change in the CSA of the gravid horn after 21
postpartumin LAB-treated cows Meanwhile CTR cows completed their uterine
involution within35d from parturition day.

Severalfactorshave been indicated asfluential onthe uterine involutiomate in
the postpartum cows such as breed, parity, environment, calving season, milk yield,
anddiet (Fonseca et al., 1983; Eduvie et 4B85; Zain et al., 1995However given
thatall the cowsn this studywere of thesamebreed sharedhe same environmeatt
and management conditions, awere fed the same dieduring each periodhose
factors can be excluded from our discussionadlition milk yield from previous
yearand feed intake and BCS were not different amibvegthreegroupsof cows in
this study(data notpresentell Parity showedan effect on the involutiomate of
gravid and nosgravid hornsas well as oruterine bodywhich has been partitioned
from the total effect.Therefore,our search regardinghe potential mechanisms

underlying the expedited uterine involution was focused ohelaéhcondition ofthe
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reproductivetract. Indeed cows treated withAB had lower incidace of uterine
infections compared with cows in the control group

Kindahl et al. (1999) suggested a relationship between the status of uterine health
and PGE plevels by indicating that pulsatile elevations of B@are negatively
correlated with involubntime in normal cows and positively correlated in cows with
endometritis and retained placenRGF, gplays an important role in expediting
postpartum uterine involution as well as ciegrthe fetal remnants and birth
canatascended bacteria in the reguctive tract due to its efficacy in stimulating
myometrial contractionsConsequently, we looked at the concentratiofPGf, gin
the serunasindicated by the concentration itd metabolitePGFM (Sears et al., 2002;
Lewis, 2003).Indeed, cows in bothRT1 and TRT2 had greater concentrasianh
PGRM relative to theCTR cowsimmediatelyafter parturition @ 0), which supported
our speculation that thexpeditedinvolution was probably tated to increased
secretion of PGy These data are in agreementhaihose of Lindell et al. (1982)
who reported that cows with longer duration of the postpartum, Belease had
relatively shorter involution times. Seals et al. (2002) also showed that low
concentrations of PGFM during the firs# d postpartum seem tioe an indicator of
cows that are susceptible to uterine infections during the third week or so postpartum.
Therefore the finding of lowered uterine rifection in LAB-treated cowsis in
alignment with the greater PGfyand expedited uterine involutiom cows treated
with LAB.

Another important prostaglandin involved in the uterine health and reproductive
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performance is PGECows in the TRT2 exhibitedlevatel serumPGE,, which was

not observedn cows in theTRT1. PGE, has been demonstrated to induce potida

of progesterone from luteal cells of the ovaries and vice versa progesterone was found
to stimulate PGEproduction by the same cells in vitro (Kotwica et al., 2008)at

might account for thgreater concentration of progesterone in TRT2 than DBIhL

and CTRcows

In cattle, PGF, yis luteolytic, it is a strongtrigger of uterine motility and has
pro-inflammatory activity; whezas PGR is luteotropic, myorelaxant andhas
antrinflammatory activity Slama et al., 1991; Lewis, 200§everalrepots indicate
that bacterial infections switch prostaglangnoductionfrom PGFMto PGE, which
means a loweratio of PGFM/PGE (Herath et al., 2009; Sheldon et al., 2009b). In
this study,the ratio of PGFM/PGE was greater in cows treated with LAB vs CTR
onesimmediately aftemparturition which can be regarded as an indicator of uterine
environmentless favorabldgo bacterial infectionsindeed, our clinial data showed
that cows treated with LAB had lower incidence of uterine infect{data presented
in Chapter 3.

Cows in the TRT2 also were found to have greater numbers with earlier ovarian
cyclicity at 21, 35, and 49 d postpartum compared with cows in the TRT1. In addition
cows in the TRT2 had numerically greater number of cows that resumed ovarian
cyclicity earlier than CTR cows, although the difference did not reach significance.
This wascorroboratd by the greatecconcentrations oprogesteronen the bloodof

cows inthe TRT2. Greater blood progesterone might help cows come in estrus earlier
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thanthose with lower progesterone levels and improve their fertility (Inskeep, 2004).
Several investigators reported that the number of cows that do not resume estrous
cycle by 60d postpartum ranges betwee®®% in highproducing dairy herds (Cerri
et al.,2004; Santos et al., 2009hosecows have lower odds to become pregnant and
have greater pregnancy losses after the first insemination (Stevenson et al., 2006).
One of the most important findings of this study was that TRT1 lowdred
number ofdays fom calving to conception (i.e., days open)4fyd (110 vs. 50 d)
compared with CTR cows; however, TRT2 did not give such benefit to the treated
cows. The reason for this difference in days open between the two treatment groups is
not clear and deservearther investigationGreater days open is associated with
reduced profitability in dairy herdsNumerous studies have documented that
additional days in which cows are not pregnant beyond the optimal timegioisty
are costly to the dairy farm (Groertal, et al., 2004; Meadows et al., 200B)this
study, cows in the CTR group exhibited a first service conception rate of 38.2%,
which is in agreement with a previous repiodicating that the overall conception
rate to first insemination of dairy hexdn Alberta is 38.4% (Ambrose and Colazo,
2007).0f note, no significant effects dirst service conception rateere observed
among the treatments in this stud§eanwhile, primiparous cows exhibited better
reproductive performance than multiparous comwghis study, which is consistent
with many other studies reporting that the fertility of dairy cows decreasesageth

(Tenhage et al., 2004Balendraret al., 2008BonnevilleHéert et al., 2011).
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2.5Conclusions

Taken together results of this studydicated thatboth LAB-treated groups
expedited involution rates of the gravid horn and utedoely and increased
concentrations of PGFM in tteerumimmediately afteparturition.Administration of
LAB before calving TRT1) shortened the number of dagpenin the treated cows.
However,administration of LAB around calving (TRT®as associated with earlier
ovarian cyclicity and greater concentrations of PGihd progesterona the serum
postpartum. Differences might be related to alterations in #ggnal microbiota
composition induced by the two treatments in the vadraat of supplemented cows.
Overall administration of vaginal LAB could be used to expedite uterine involution
and improve reproductive performance of transition dairy cows. Howewnere
research is warranted to better understand the mechanism(s) by which LAB
supplemented in the vaginal tract expedite involution rate of the reproductive tract and

improve reproductive performance of transition dairy cows.
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Table 2-1. Effect of treatmenon intrauterine fluidof dairy cows

OR! P-
Variable (TRT2?vs. CTR) 95% CL* (TRT2’ vs.CTR) 95% CL  value
Volume of 130 0.74-2.28 133 0.73-2.42 0.56
intrauterine fluid
Quality o 1.43 0.79- 2.58 1.%4 0.82-291 0.33

intrauterine fluid

'OR: odds ratio

*TRT1:two prepartum doses of LABy, = 34.

3CTR: carrier only ns = 34.

95% CL: 95% Wald confidence limits.

*TRT2:two prepartundoses plusne postparturdoseof LAB, n, = 32.
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Table 2-2. Effect of treatment on reproductive performanédairy cows

Variable TRT1 TRT? CTR P-value
First service conception rat# 44,1+ 85 25.0+7.7 382+8.3 0.33
Cumulative pregnancy rdte% 76.5+ 7.3 71.9+8.0 73.5+7.6 0.99
Pregnancy rate at 150 DIM, % 70.6£7.8 62.5£ 8.6 70.6x 7.8 0.91
Mean services per conception 24+0.3 2.7+0.2 2.3£0.2 0.29
Median services per conception 2.0 3.0 2.0

25" percentile 1.0 1.5 1.0

75" percentile 5.0
Mean days ogn, d 110+ 8" 150+ 11° 150+ 132 0.04
Mediandaysopen d 100 146 138

25" percentile 70 104 72

75" percentile 170 215 215

'TRT1:two prepartum doses of LABy, = 34.

*TRT2: two prepartuntoses plusne postparturdoseof LAB, n, = 32.

3CTR: carrier only ns = 34.

*Cumulative pregnanate up to fiveAl.
#“Numbers within a row with differerstuperscriptetters are different & < 0.05.
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Table 2-3. Effect of parity on reproductive performanad dairy cows

Variable Multiparous Primiparou$ P-value
First service conception raté 33.3+5.3 455+ 10.6 0.44
Cumulative pregnancy rate 69.2+ 5.5 90.9+6.1 0.06
Pregnancy rate at 150 DIM, % 61.5+5.2" 90.9+6.12 0.02
Mean services per conception 2.9+0.2° 1.7+0.2° 0.02
Median services per conception 2.0 2.0

25" percentile 1.0 1.0

75" percentile 2.0
Mean days open, d 146+ 8 111+9 0.24
Mediandaysopen d 134 109

25" percentile 79 70

75" percentile 215 145

"Multiparous: n = 78.
Primiparous: p= 22.

*Cumulative pregnanate up to fiveAl.

#bNumbers within a row with differersuperscriptetters are different & < 0.05.
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Figure 2-1. Effect of treatment on thaterineinvolution of postpartundairy cows
(LSM £SEM. A: gravid horn B: nongravid horn C: uterine body; D: cerviXIRT =
effect of LAB treatmentDay = effect ofdaysrelativeto calving TRT * Day = effect
of the interaction between treatment astmly TRT1: G , two prepartum doses of

LAB, n; = 34 TRT2: N , two prepartum dosedys one postpartum dose of LAB;

= 32 CTR:Dzarrier onlyns; = 34).
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Figure 2-2. Effect of parity on the involution of the uterus of postpartum dairy cows

(LSM + SEM.MuItiparous:T , Ny = 78 Primiparousy, n, = 22).
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Figure 2-3. Effect of treament on the resumption of ovarian cyclicity after parturition
(predicted probability standard errofTRT = effect of LAB treatmentay = effect

of days relative to calving; TRT * Day = effect of the interaction between treatment
and dayTRT1: ', two prepartum doses of LABy; = 34 TRT2: G , two prepartum
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Figure 2-4. Effect of treatment on serum prostaglandins (LEBMEM. A: PGFM; B:

85




























































































































































































































































































































































