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1 Abbreviations
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APC

BoLA
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BNRdam

BTV

BVDV

CD

CMIR

DCVC

DNA

dsRNA
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FAIT

hCG

IFN

IPA

ISCOM

V.

kDa

KEGG

MDBK cells

MHC

Antibodymediated immune response
Antigenpresenting cell

Bovine leukocyte antigen

Bovine neonatal pancytopenia
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Bovine Viral DiarrhoeaiNis

Cluster of differentiation
Cellmediated immune response
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Doublestranded RNA

Epizootic haemorrhagic diseagieus
Foetal alloimmune thrombocytopenia
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Immunoglobulin M

Interleukin

Ingenuity Pathway Analysis
Immune stimulating complex
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Madin-Darby bovine kidney cells

Major histocompatibility complex



MRNA Messenger RNA

NAIT Neonatal alloimmune thrombocytopenia

ncp Noncytopathic

NGS Nextgeneration sequencing

NI Neonatal Isoerythrolysis

Non-BNRdam Dam that has not given birth to a BNBIf

PBMC Peripheral blood mononuclear cell

p.C.i. Post colostrum intake

PC\2 Porcine circovirus type 2

PDNS Porcine dermatitis and nephropathy syndrome
PMWS Postweaning multisystemic wasting syndrome

Poly(1:C) Polyriboinosinic acigolyribocytidylic acid

RBC Red blood cells

RIG1 Retinoicacidinducible gene 1

RNA Ribonucleic acid

RNASeq RNA squencing

RFPCR Reverse transcriptaggolymerase chain reaction
SNP Single nucleotide polymorphism

Spp. Subspecies

SSRNA Singlestranded RNA

Th cell T-helper cell

TLR Tolkike receptor



Introduction

2 Introduction

Bovine neonatal pancytopenia (BNP) is @aloimmune disease, which hascently emergedin
newborn calvesThis disease has been registeredeneral European countries as wellingNew
Zealandduring the Iat few yeargBellet al., 2010b; Corbiéret al., 2009; Ellidversen and Colloff,
2009; Friedrictet al., 2009c; Gentilet al., 2009; Ministry of Agriculture and ForestrilAF- New
Zealand, 2011; Pardcet al, 2010; Sanchelrliguel et al, 2010; Smolenaars and Mars, 200@)
all of these countries a specific inactivated vacc{ReegSure® BVRpainst the Bovine Viral
Diarrhoea Wus (BVDVhad been appled, which isstrongly associated witBNP(Lambtonet al,,
2012; Sautetouiset al, 2012) This vaccine comprises a unique adjuvant ard shown to
induce very high antibody titresgainst B’DVin vaccinated animal@Bastianet al,, 2011; Rauet
al., 2011) However, during aetiological iestigations on BNR was revealed that vaccination
with PregSur® BVD additionally induces alloreactive antibodien some vaccinated animals
which are directed against calf leocytes (Bridgeret al, 2011; Pardoret al, 2011) These
alloantibodiesare transferred to susceptible calves by ingestidrcolostrumfrom these specific
dams (Friedrichet al, 2011; Schréteet al, 2011) As a resultof this BNRcolostrum intake,
affected calves suffer from external and internal haemorrhagesrked thrombocytopera and
leumpenia and a depletion of the bone marrow (panmyelophthigijedrichet al, 2009c;
Pardonet al,, 2010) Although the number of observed clinical Bbdses is loveompared tothe
number of PregSu®@BVD vaccinated dams or vaccination doses @&édontaet al,, 2012) case
fatality isvery high(Pardonet al,, 2010) Besidegheseclinical cases of BNP, subclihiBAlPcases
have been described. These cast®w a transient thrombocytopenia and leopenia, but no
clinical signs characteristic of BNPardonet al, 2010; Wittet al, 2011) The incidence of
subclinical cases hasteeen investigatedhoroughlyup to now, and therefore it is possible that

clinical cases of BNP omgpresent the tip of the ickerg.

Only a subset of PregSure® BXocinated dams are known to produce colostrum which can
induce BNP in related, but al$o unrelated calvesfter ingestion of the respective colostrum
(Friedrichet al, 2011; Schroteet al., 2011) A possible genetic pdispositionof the daminvolved

in clinical BNP has been revealed in a study by Krappmann (@rappmannret al, 2011) This
studyinvestigated a weltharacterised cattle resource population withcoerence of clinical BNP
cases angointed out thatall dams, which hadlinical BNFcases were confinedexclusivelyto

one specift sire line of this population.

Investigations on the target antigen of BldBsociated alloantibodieshowedthat alloantibalies
bind to the surfaceof the MadinDarby Bovine idney (MDBK) cell line, which had been used for
1
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the production of PregSure® BVBastianet al., 2011) The nature of the targeted antigen was
revealed as MHC clasfJeutskenst al, 2011; Foucraset al,, 2011) Hence, it wasneposed that
the vaccinevascontaminated with MHC class | antigens fridme MDBK cell linevhich elicitthe
production of alloantibodies in BN#fams. However, not only BNRamspossess alloantibodies
directed against MHC class |, but also some-Bbirdams (Deutskenset al., 2011)and also a

large proportion ofanimalsexperimentaly vaccinatedKasontaet al., 2012)

So far, several questionggarding the aetiopathogenesis of BISHII remain unresolved The
study presented here addresses some of thegestions Firstly,a wellcharacterised cattle
resource population was mawoired for the incidenceand for a possible genetic predisposition
also involved in subclinicalBNRcases. Secondlythe immune response after vaccination with
PregSur®@BVD was characterised on trancriptome lewith an RNASeqapproachin order to
gain an overview of the immune responde this viral inactivatedvaccine andovel insigh$ into

potential characteristitmmune reactions evoked by this vaccine.



Literature Review

3 Literature Review

3.1 Bovine Neonatal Pancytopenia (BNP)

3.1.1 Definition

Since 2007an increase in the numbef neonatal calves showing clinical signg bemorrtagic

diathesis hadveen documentedn many European countrig8ellet al, 2010b; Ellidversen and

Colloff, 2009; Friedrickt al, 2009c; Gentilest al,, 2009; Pardoret al,, 2010; Sancheldliguel et

al., 2010; Smolenaars and Mars, 2009his syndrome, initill@ RSy 20SR & ot S
A8YRNRBYSésS aof22R ao0SIHiAYHE 2RAFAOAEY2 ANKSBENY SRR
t I yOeé (i 8BNS gt thé Satellite Symposium of the European Buiatric Congress in Marseille,
Francein 2009.Several criteria we definedin order to assigralves with a bleedimpdisorder as

aBNRcase(Friedrichet al., 2009a)

1) Bleeding disordeftypical haematological alterations may exist some days before clinical
signs or even without clinical signs)

2) Negative test resudt for Bovie Viral Diarrhoeaivus (Panpestivirus PCR)

3) Thrombocytopenia (< 200 G/L) and leapenia (< 4.0 G/L)

4) Calvegounger tharfour weeks

5) Calveshow no signs of septicaemia

6) Post mortemPanmyelophthisi¢Friedrichet al., 2009c)

In addition to clinical and haemalbgical findings indicative oBNP, he proof of a
panmyelophthisisn calves up to the age of four weeilsconsidered to be the@d standard for
defining a BNfease In case of a msirg pathological examination, the combinationdihical and
haematolgical (thrombocytopenia and leapenia) findings ssociated with BN requiredfor

case confirmatiorffReichmann, 2012; Sautkpuiset al., 2012)

3.1.2 Epidemiology

Prior to 2007 sporadiccases ofidiopathic haemorrhagic diathesis in neonatal calves heen
perceived(Frigdrich et al., 2009b) However, s1ce 2007an accumulation otales with a bleeding
disorder has beewbserved irBavaria and thereaftealso in other parts oermany(Friedrichet
al., 2009b; Friedriclet al., 2009c) Similar reports from other European countries IBelgium
(Pardonet al, 2010) France(Corbiéreet al., 2009) the Netherlands(Smolenaars and Mars,
2009) Great Britairand ScotlandBellet al,, 2010b; Ellidversen and Colloff, 2009)aly (Gentile

3
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et al, 2009)and Ireland (SancheMiguel et al,, 2010)were recorded.In neighbouring countries
like Switzerland, Austria and Denmarkhieh are freeof BVD omwhere noBVDvaccinatiors had
been undertakenno such cases were observgdiedrichet al., 2011) In August 2011, a first case
of BNP was registered in New ZealgNtinistry of Agriculture and ForesthyMAF- New Zealand,
2011)

Bothgendersare equally affectecoy BNRPardonet al,, 2010) andthe disease was alsubserved
in a variety of differentbreeds such asimmental HolsteinFriesian, Belgian Blue, Aberdeen
Angus, Charolais . f 2y RS R Qtbéljadda é@ntl KinfoSsihéBell 8t l, 2009; Corbiéret
al., 2009; Friedrictet al., 2009c; Pardoet al,, 2010) Pardon et al(Pardonet al., 2010)reported
that 40% of BNfealves were born to heifers, 30% to dams fro’ﬁ’\;mrity, 25% to dams from3
parity and 5% to dams from"Jarity. Some damgave birth to moe than one BN#alf, but not

necessarilyn subsequent year@-riedrichet al,, 2011; Pardomt al., 2010)

First observations pointed out that BNP may be linked to vaccinations against the Bovine Viral
Diarrhoea Virus (BVD\Jriedrichet al, 2009c) Two independently conducted efg@miological
studies thenrevealed a strong association between the occurrence of BNP lamdise of a
specificinactivatedvaccineagainst BVOPregSure® BVD, Pfizer Animal Hedltambtonet al,,
2012; Sautetouiset al,, 2012) PregSure®VD had been launched in 2004 in Germ@gsonta
et al, 2012)and wasretracted fromthe European market ir2010 (PautEhrlichinstitut - PEI,
2010) Following a first case report, the vaccine was atsmalledin New Zealanéh 2011(Ministry

of Agriculture and Forestry MAF- New Zealand, 2011)Until 28" February 2011more than
3.000 case rports hadbeen registered in Germar(PautEhrlichinstitut - PEI, 2011)By the end
of August 2012, 6913 suspected Bd#es had been reported across Eurgpéath a decreasing
tendency of reported cases in 2011 and 2012 compared to previous ydamsset al., 2013)
BNP is a nonotifiable disease. Therefor¢he precisenumber of casesin Germany idikely to
have beenmuch highersince not all caseshave been reported as a German study revealed
(Reichmann, 2012Tonsidering the large amnt of vaccination doses so{@ollet al., 2013) the
overall reported incidence otlinical cases oBNP § low (Kasontaet al., 2012; Pardoret al,
2010) On individual farm levethe incidencerate was generallynot more than10%(Foucraset
al., 2011; Wittet al., 2011) but there werefarms with an incidence rate up to 20Reichmann,
2012) There are reports of an increaseof dinical BNRcases during summer and autumn
potentially due to insect biteg¢Friedrichet al, 2009c; Pardoret al., 2010) Furthermore, field
observations revealed a high propmm of BNPaffected herds, in which subclinical case of BNP
could be detectedPardonet al, 2010) A study on a farm witha high incidencerate of BNP

demonstated a remarkable proportion of neonatal calves showaltgrations in haematological

4
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parameters without clinical signs of BX\Witt et al, 2011) Although these studies point to the
occurrence of subclinical casextensive investigationsn thetrue incidence of subclinical BNP

cases are missing.

Alloreactiveantibodies contained in colostrum of certain dams were shown tothee causal
agents for inducing BNP in caly@idgeret al,, 2011; Friedriclet al,, 2011; Pardoret al, 2011,
Schréteret al,, 2011) Kasonta et al(Kasontaet al,, 2012)reported that in most casesepetitive
vaccinations with PregSure® B\dDch asa basic immunggtion consisting of two doses ardal
booster vaccinatiopwere required for the induction of alloredive antibodies.Varying incideoes

of BNP were observed amongsturopean countries and also within other European countries
(Lambtonet al, 2012) For different regpns of Germany, ifferent vaccination regnens were

found to bea potentialcausative factofor varying incidences of BNRasonteaet al., 2012) In the
German federal state of Bavaria, where a much higher incidence rate of BNP was observed in
comparison to the federal state of Lower Saxony, PregSure® BVD had been applied according to
0§KS YI ydzf I Ol dzNUhexdee, danys aniiBsivdza indeékiyedl @t least two doses of
PregSure® BVD. In Lower Saxtwyvever, a twestep vaccinabn scheme, which consists af
primary vaccination with an inactivated BWBccine like PregSugeBVD anda booster
immunisation with alive attenuated BVD vaccinkad beenapplied. Thus, in Lower Saxony most
dams had received a maximum of one dose of PregSure®HagDntaet al, 2012) In some

cases, ne dose of PregSugeBVD was stilsufficient for the development of BNBssociated

alloantibodies as demonstted by the very low incidence rate of Bid&ses in Lower Saxony.

3.1.3 Clinical S igns

The backgroundor the most prominent clirial signs found in BN&alves isa haemorrhagic
diathesisdue to thrombocytopenia Increased bleeding tendenciesan be due to defects in
primary haemostasis like thrombocytopenia or qualitative disorders like thrombopathy
Underlying mechanissfor disorders in secondary haemostsnvolve defects during fibrin
formation from coagulation factordor example causg by vitamin Kantagonistsor inherited
coagulopathiegGrubbs and Olchowy,997) A thrombocytopenia can result from a decreased
platelet production, increased platelet destruction, consumption of thrombocytesor

sequestration.

Initially, BNRcalves aréborn healthy andwith a normal birth weigh{Bellet al., 2010b; Kape et
al.,, 2010) Firstabnormalities in Hected calvesare not necessarilysigns ofa bleeding dsorder,

and calvescan presenttypical neonatal diseasesuch asdiarrhoea, umbilicalnfections and/or

5
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lung infectiors. Some calves displagt fever of unknown origimnd a dull demeanouiFriedrichet
al., 2009c) First indications of bleeding disordeare sometimesprolonged bleedingfter ear
tagging,injectionsor dehorning(Bellet al,, 2010b; Friedricket al,, 2009c; Klemt, 2010; Pardeh
al., 2010) The typical clinial signs of BNBre sometimesalreadyobservedat the age of one week
(Bellet al, 2010b; Buclet al, 2011) but mostly show upduringthe 2" and 3" week after birth
(Friedrichet al,, 2009c; Kappet al,, 2010; Klemt, 2010; Pardat al., 2010) and up to the age of
approximately four weekpost partum(Kappeet al, 2010; Pardoret al, 2010; Smolenaars and
Mars, 2009) On averagethe bleeding disorder becomenoticeable at the age of 1Z days
(Friedrichet al., 2009c)or 14 days(Smolenaars and Mars, 2009ccording to Pardon et al.
(Pardonet al, 2010) calves on averagdie at the age of 13 daysost partum In experimental
studies with challenge calvefirst clinical signs of a bleeding disorder were already noticed at the
age of3 ¢ 4 days(small amounts of blood in faece@riedrichet al., 2011) After the onset of
obvious clinical symptomsnost affected calves die peracutely or acutely within a few Bl
et al,, 2010b; Friedricket al, 2009c; Kappet al., 2010; Klemt, 2010)rrespective ofany medical
treatment, lethalityin affected calves iRigh, with reports of alethality raterangingbetween 60%

(Bucket al.,, 2011)up to 90%(Pardonret al., 2010)

One of he mostfrequent clinical finding in BNRaffected calvess differing amounts ofblood in

the faeces, whiclranges from single bloody smears to single coagula up to a bloody diarrhoea
(Friedrichet al., 2009c) In addition, petechia on mucous membranes ar@ common observation
and canbe observedmainly on the oral mucous membranes, especially sublingually, but also on
buccal, nasal and vaginal mucosae and on the edges of the effiigidrichet al., 2009c; Pardon

et al, 2010) In the initial phase of thdiseasemucous membranes angnk (Padon et al., 2010)

and in the progress of the disease turn anae(kitemt, 2010; Pardoat al,, 2010. Less common
clinical findings @ epistaxis, subscleral bleedingggematomas andlue discolourationat the

chin, the opening of the mouth and muzz(Eriedrichet al., 2009c; Pardoset al, 2010) Only 60%

of clincally affected calves displeg bleedings of the skin, whiafesulted inthe initial colloquial
G§SN)Y aof 22 &sedfowtbd diskageHowever, this termis misleading, bBcause the
bleedings donot originate from large areas, but rather frowery small, punctual localisations
(Friedrichet al., 2009c) According to Pardon et gPardonet al, 2010) areas around the eyes,
ears, the back and distal paot the limbs ae mainly affected by transcutaous bleeding, which
might be due to insect bite@iedrichet al., 2009c; Pardoet al., 2010) These fly bites might also
havebeenthe reason for a highemumber of reportedclinical BNRases during the summer and
autumn (Friedrichet al, 2009c; Pardoret al., 2010) In first case reports, ypexia, resistant to
medical treatmentwas revealed aa commonfinding in BNRcalves(Bellet al., 2010b; Friedrich

et al, 2009c; Klemt, 2010Howevernot all animals display feveand especially in the finatage
6
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of the disease calves mahow hypothermialPardonet al., 2010) In experimental studiesvith
challenge calves, only a small numbef calves showed feve(Friedrichet al.,, 2011) and
challenge calves did not displthis symptan more frequenty compared to control calveellet
al., 2013) The general condition of calveteterioratesduring the course of the disease up to a
severely depressed state and permanertumbency(Friedrichet al, 2009c; Pardoet al., 2010)
Along with thesecharacteristicfindings of BNR several BNfalveswere affected by other
infections such as diarrhoea, umbilical infectionsneumoniaor septicaemia, whichdid not
respond to medical treatmengFriedrichet al, 2009c) Calves thasurviveal clinical BNP shoed
stunted growth(Witt et al,, 2011)

3.1.4 Haematological F indings

Reference ranges for blood parametdrs neonatal calvegliffer from those applied tcadults
(Knowleset al, 2000) There are few studies only thateal with haematologidaprofiles in
neonatal calvegEgli and Blum, 1998; Knowles al, 2000; Mohriet al, 2007; Tennantt al,
1974) Studies inthe context of BNP applied reference ranges of 2800 G/Ifor thrombocytes
(Bucket al, 2011; Friedriclet al, 2011)or 300 G/I(Kappeet al, 2010; Klemt, 2010; Wittt al,,
2011)or only 100 G/[Pardonet al, 2010)for the threshold.For the leuocytes, reference ranges
from 4.0 ¢ 10.0 G/I(Friedrichet al., 2011; Pardoret al, 2010)or up to 12.0 G/for the upper
margin(Kappeet al, 2010; Klemt, 2010; Witt al., 2011)were previouslyused.

The most distinctive haematological aberration found inictily affected BNfalves $ a severe
thrombocytopenia(Bellet al., 2010b; Bucket al., 2011; Friedricket al., 2009c; Kappet al., 2010;
Pardonet al,, 2010)alongwith a normal morphology afhe platelets(Bucket al, 2011; Friedrich
et al, 2009c) Shorty before death, calves camvethrombocyte counts< 10.0 G/I(Bucket al,
2011; Krappmanet al,, 2011; Pardort al,, 2010) which isincompatible with life Depending on
the outcome of the disease in cliniddNRcases, thrombocyte counts increaseontinually back
to reference ranges in calves that sundvBNRP whereaslethal BNPcasesshowed no recovery
from thrombocytopenia (Buck et al, 2011; Friedrichet al, 2009c; Pardoret al, 2010) In
challenge studies, which applied a frequent haematological monitoplagelet numbersalready
decreasedduring the first threehours post colostrum intake in challenge calyé&siedrichet al,
2011) This phenomenon of decreasingrambocyte counts after birth couldlso be found in
control or healthy calvegEgli and Blum, 1998; Knowle$ al, 2000; Schréteret al, 2011)
however already being significantly less distinctiv@ hours after colostrum intakethan in
challenge calveg¢Bell et al., 2013) Thereafter, in healthy or control calves and Biffected

calves platelet counts again increasg up to day 3(Bell et al, 2013; Schroteet al., 2011)
7
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However, after this increase, BMBIves showd a second decline in thrombocytewith values

below the applied reference rangéBellet al,, 2013; Friedriclet al, 2011; Schriteet al., 2011)

Some aimals with clincal BNP displag severe leugpenia kesides a marked thrombocytopenia,
especially shortly before deat{Bridgeret al., 2011; Bucket al, 2011; Friedricket al., 2009c;
Kappeet al, 2010; Krappmanet al., 2011; Pardoret al, 2010) However, the leucopenidoes
not always occur simultaneously with the thrombocytope(gahréteret al, 2011)and canshow
varying coursesver time with leuccyte countsbeing temporarilyback above the threshold of
4.0 G/I(Bridgeret al., 2011; Friedriclet al., 2011; Schréteet al, 2011) Immunosuppression as a
result of sustainedeucpenia islikely to be the reason foattendant bacterial infections and
lackng success of medical treatmerfEriedrichet al, 2011) Leuwocyte differential counts
revealed a monocytopenia, lymphopenia (relative lymphocytosis) and neutrofiBeihet al.,
2010b; Kapp et al., 2010; Pardoret al., 2010) After an initial significant decrease of neutrophils
after colostrum ingestion in challenge calvéisere wasno significant difference in neutrophil
counts after 8 hours post colostrumtake and thereaftein challeng calves compared to control
animalsuntil both groups of calves were euthaniséal experimental reasonsn day 10 after
birth (Bellet al, 2013) At the time poins 8 hoursand 12hours after colostral intakechallenge
calves showed a sidigantly higher proportion of band neutrophils than control calves, which

suggests myeloid stre¢Bellet al.,, 2013)

Anaemiawas found in several calve@Bellet al, 2010b; Kappet al, 2010; Krappmanmt al.,
2011; Pardoret al., 2010) especially in the final stagef the diseas€Schroteret al,, 2011) The
anaemia wasiormocytic and normochromi¢Bellet al., 2010b) Initially it was of haemorrhagic
nature, but then turnednto an aplastic anaemia, since hardly aatiaulocytes coulde found in
affected calvegBellet al., 2010b; Friedrictet al., 2009c) In accordance witlthese finding, the
packed cell volume wasithin applied reference ranges or below the thresh@icket al,, 2011;
Friedrichet al,, 2011; Kappet al., 2010; Pardomt al., 2010)

All observed changes in periphetdbod cellcountscorrespond tothe life spanof these cellsn
the bloodcombined with a destruction of the bone marrastem cells the shortest life span can
be found in granulocytes (less than one week), followed by thrombocytes i6 days) and
erythrocytes (11Q; 150 days)Bakeret al., 1998; Belket al., 2013; Friedriclet al, 2009c¢; Mizuno
et al, 1959) As indicated in Bell et a{Bellet al, 2013) lymphocytes in the periphery have a

variable lifespan.

Thereare several reportseither in the field or inchallenge studies on calvéisat showed cell

counts below the applied reference rangesat least two haematopoietic cell lineagdsut no
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clinical symptoms consistent with BNIPriedrichet al., 2011; Pardoret al., 2010; Schroteet al,,

2011; Wittet al,, 2011) These calves were classified as subcliddékcalves.

Except 6r a hypoproteinaemia, which mighte due to the haerarrhagic diattesis, blood
biochemical parameterdid not show any abnormalitieis clinically affected BNPalves(Pardon

et al, 2010) Bell et al.(Bell et al, 2010b) found no abnormalities in the prothrombin and
activated partial thromboplastin times, while Pardon et @ardonet al,, 2010) reported of a
slightly prolonged prothrombin time and in some calves a slightly prolonged activated partial
thromboplastin time. In contrastKrappmann et al.(Krappmannet al, 2011) revealed an
extremely prolonged prdtrombin time in a number of BNEasesFibrinogen was either elevated

or normal(Pardonet al,, 2010)

3.1.5 Pathology and H istology

Gross pathologicdindingsin BNPcalvesreveakd generalisechaemorrhages in varying degrees,
rangingfrom petechiae to ecchymoses or suggilatioméich could be found in various organs
tissuesand localisationgBucket al,, 2011; Friedriclet al., 2009c; Kappet al., 2010; Klemt, 2010;
Krappmanret al,, 2011; Pardoret al., 2010) Haemorrhagesvere found most frequentlyon the
skin andsubcutaneously, especialgt bony prominencesexternal mucosaepn the serosae,
subept and subendocardiallyin the meninges and in the skeletal mus(Heiedrichet al., 2009c;
Kappeet al., 2010; Krappmanat al,, 2011; Schroteet al,, 2011) The gastrointestinal tract came
filled with coagulatel blood (Krappmanret al,, 2011; Pardomt al, 2010) Less common findings
are haemorrhagic fluid in the pleura, the abdomen or inamicular (Pardonet al., 2010) After
venipuncture or injectionssevere haemorrhagesere found at respective locationgSchroteret
al.,, 2011) Due to the haemorrhagic diathesisarcasses appear anaengkriedrichet al, 2009c;
Kappeet al, 2010; Klemt, 2010; Pardost al, 2010) The bone mawww of sternum and long
bones has pale red appearandgappeet al., 2010) In challenge experimentgymph nodes like
prescapular or inguinal lymph nodes were found to be enlaigesbme calve¢Bellet al,, 2013;
Schroteret al, 2011) as well as the thymu®Bellet al,, 2013) In necropsy othallenge calve®Bell
et al. (Bell et al, 2013)showedat 10 days after first colostrum intake significantly reduced
length of the femurs in comparison to control calves, while Kappe etkdppeet al, 2010)
reported in BNRcalves a good nutional condition and bodyweightccording to the respective
age at necropsyBesides these findingsther pathologcal observationsn several BNealves
were bronchgneumonia inflammations in the oral cavityr catharral enteritis and detection of
pathogensassociated to these diseas@ariedrichet al, 2009c; Kappet al, 2010; Klemt, 2010;
Krappnannet al,, 2011; Pardomt al., 2010)
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The most distinctiveiriding inhistopathology $ a depletion of thebone marrowhaematopoetic
cells(panmyelophthisisBellet al, 2010b; Buclet al, 2011; Friedrictet al,, 2009c;Friedrichet
al., 2011; Kappet al,, 2010; Klemt, 2010; Krappmaehal., 2011; Pardomt al,, 2010; Schroteet
al., 2011) Dependilg on the degree of hypoplasieangingfrom hypo to aplastic bonemarrow,
various numbers of precursor cellre still present,but all precursor cells of the erythroid,
myeloidand lymphoid lineage, includingegakaryocytesare reduced(trilineage hypoplasiaBell
et al, 2010b; Friedrictet al, 2009c; Kappet al,, 2010; Pardomt al., 2010; Schriteet al,, 2011)
Clustersof macrophages weréound, many of them being activateahd in some calves showing
haemophagocytosigPardonet al, 2010) In some animis, the eosinophilic component was
increased(Pardonet al,, 2010) A comprehensive studyn which bone marrow biopsieswere
takenat 24 hours, 6 days and at necsypl0 days after giving a standardised dos¢hefsame
colostrum to all challenge calveareduced cellularityinvolvingall cell lineageswas revealed
days post challengét 10 days postatostrum ingestionthe reduced cellularity wamarked, but
small numbersof eosinophil, mature neutrophilsand erythroid progenitorscould still be
detected. Hencethe dedruction of the bone marrowdoesnot affectthe more mature stages of
neutrophil, eosinophil and erythrocyte precursoréBell et al, 2013) Areas affected by
hypocellularity areaeplaced by fatty stromal tissue orlé&tl with erythrocytes or a proteinaceous
fluid (Bellet al,, 2010b; Bell, 2011Regarding thevasculararchitecture, neither damage®lating
to a vasculopathynor endothelial changes dransmural inflammation wee detected (Pardonet
al., 2010) An extravasation of red blood cells could be demonstratdugreby the affected tissue
and organ architecture did not show any abnormaliti¢Bardon et al, 2010) Other
histopathological findings includa diffuse lymphoid depletiorequally involving F and B
compartmentsin spleen and lymph nodes) some calves the lymphoid depletion was also found
in the thymus(Kappeet al, 2010; Pardoret al, 2010) There $ an incrase of apoptotic
lymphocytes in lymphoid folliclg&appeet al,, 2010) Bell et al.(Bellet al., 2013)revealed wider
cortices ad no welldefined secondary follicle formation compared to control calves 10 days after
colostral intaken lymph nodes of challenge calvéymphocyte depletion cabe observed in the
periarteriolar lymphoid sheets and lymphoid follicles in the spletditionally the rel pulp can
display a hypocellularitgPardonet al., 2010)

3.1.6 Therapy and P rophylaxis

Blood transfusionsvere undertaken in somBNRcales. These proved to k@short term success
only, and the lethaity rate was notdecreasedBucket al., 2011; Pardoret al, 2010) On a long

term perspective haematological alteratios like thrombocytopenia and leapenia were not
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improved with this approach(Pardonet al, 2010) Moreover, gveral attempts were made in
treating bacterial infections and fever with different drititics and antiphlogistics, eitlhevithout
(Friedrichet al., 2009c; Kappet al, 2010; Pardoret al,, 2010)or with limited succesgKlemt,
2010) It hadbeenreported that prophylactic treatment of calves with dexamethasoon day 7
after birth resultedin a lower incidence of clinidgl affected BNRalves and haematological

parametersalsoshowed less dramatic deviations from reference rangiétemt, 2010)

In first experimentastudies with challenge calveslostrum from specific damsasshown to be

the key causalgent forthe induction ofBNP(Friedrichet al., 2011; Schréteet al., 2011) Feeding

a group of calves with a colostrum substitute in a herd with previous-iBbifeence proved to
prevent BNPcases, while some calves of the same herd, which were fed colostrum from their
own dams, showed haematological alterations or developed clinical signs ofS8N@teret al,,
2012) Similarly,Bell et al.(Bellet al., 2010a)reported thatcalves from BNams were muzzled
immediately after birth and received a colostrum substitute, which prevented development of
BNP in these calve$hus feeding of mixed colostrum in herds with previous BféBes as wkas

colostrum from dams thasre known to have had BNfalvesshould be avoided.

3.2 Alloimmune D iseases

Alloimmunity is defined as an immune response towards antigens of a genetically different
YSYO SN 2F GKS alyY$S -4aL0AFadae K& Srhddantuiedn b SNY )
comection with graft rejectionor blood transfusionsin autoimmune diseases, witlhe prefix

GFdzizée YSIyAy3a aaStTés Iy AYRAGARIZ £ Qa 26y (A4
LINBFTAE ®@BNR\yRAey | GAy3 FTNRY aESy2aés GKS DNBST 62N
two animals of different specid3izard, 2012a; Tizard, 2012b)

Cell surface molecules of red blood c€RBC)comprising nembrane proteins glycoproteins or
glycolipids differ between individualeind can actas antigengUrbaniak, 2002)In humans, more
than 20 blood group systems have been recognisadd weltknown antigens arethe
polysaccharide antigens ARD protein antigens such as Rhesédloimmunisation againsRBC
antigenscan occur during blood trafusions, pregnancy or tissuefan transplantation, if there
are genetic differences between donor and recipi@dtbaniak, 2002)Alloantibodies againdkRBC
antigens can alspreexistnaturallyin an individuaivithout any previous exposure to foreign RBCs
and are typicallyof IgM type (Urbaniak, 2002)After exposure toRBCs of a genetically different

individual, the recipient will produce alloantibodi€Tizard, 2012¢c)RBCs of the donor will be

11



Literature Review

eliminated through intravascular haemolgsind phagocytosiwithin the recipient Subsequent

exposure to the same antigen will result in immediate destruction of thesiRBzard, 2012c)

Several authors potad out that there are parallels between BNP and a condition in humans
namely the foetal/neonatal alloimmune thrombocytopenia (FAIT/NABTdgeret al, 2011,
Deutskenset al, 2011; Foucragt al, 2011; Wittet al, 2011) which is considered to be the
platelet counterpart of RbsusHaemolytic Disease of the Newborn (RHKgplan, 2006 NAIT is
caused by maternal alloantibodies, which are directed mainly against plasjedeific alloantigens

of the foetus.The fetal platelet antigens, which differ from those of the mother, are inherited
from the father and elicit alloantibody production in the mother. Maternal alloantibodies can
cross the placenta during pregnancy due to the haemochorial placenta in huiad$ can
alreadyoccur during a first pregnancy in healthy mothers. Newborns display peteghi@pura

or haematoma, infrequently alswisceral haemorrhages and in 20% of cases intracranial
haemorrhagesA thrombocytopenia and sometimemnaemia due to hamorrhages can be found
(Kaplan, 2006)

Naturally occurring cases ofanatal isoerythrolysis(NI) or neonatal haenolytic disease have
been observed in horses and cats. This d®t@ernal incompatibility manifestitself post natum
after colostral intakeof maternal alloantibodiesand is characterised by immemmediated
destruction of RBCslIn cats this phenomenon is associated witthe fading kitten syndrome
(Biicreler, 1999) NI in horses is caused by alloimmunisation of the mare lacking specifi
erythrocyte antigenscarried by the foaland inherited from its sire(Kahn et al, 1991)
Alloimmunisation can occur during pregnancy, parturition or blood transfus{&é@hnet al.,
1991)

A feto-maternal incompatibility phenomemm caused by vecination hadoeen observed in cattle
in the past.Vaccines againstnaplasmosigontained erythrocytic membraneswhich stimulate
alloantibody production in the vaccinated coif the cowhad different erythrocyte anigens as
containedin the vaccine. Alloaibodies weretransferred to calves via colostrum and cadse
haemoltic anaemia in calves that hagherited the respective erythrocyte antigens from the sire

against whictalloantibodies from the dam werdirected (Lutheret al., 1985)

3.3 Previous Studies on the A etiopathogenesis of BNP
Differential diagnoses dfaemorrhagic diathesis in cattle include inherited or acquired disorders
The latterinclude for example infections, drug and chemical exposures or immunological causes.

After the emergence of BNEI of these differential diagnoses were investigatadd most of the
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disorderscould be excluded as aetiologidalctors for BNP.A strong evidence for an immune
mediated pathogenesis was obtained in several studdes.overiew of all studiesconsidering

different factors causativéor a haemorrhagic diasisrelated to BNRs given hereatfter.

3.3.1 Infectious A gents

In cattle, different pathogens may induce clinical symptoms similar to those of BNP. Therefore,
first studies on BNP considered potential infectious agémtise involved in the pathogenesis of
BNR since many BNPahes also revealed therapgsistant fever, whichis frequentlyassociated

with viral infectiongFriedrichet al,, 2009c)

Infections with the BVD \is causea variableoutcomein cattle dependent on age and immune
status of the animalas wel as on the strain and biotypef the virus(Lanyonet al, 2014) One of
these disease syndromes is the haemorrhagyindrome in calveswhich is an acuténfection
cawsed bynoncytopathic(ncp) BVD viruqLiebleret al, 1995) In an experimental studyyoung
calves wee infected with ancp field isolate of the BVD virus amdinical signs simitato those
observed in BNPe.g. internal and external haemorrhagesnd a thrombocytopeniawere
detected 2 weekgpostinfectiorem (Corapiet al., 1989) Bone marrow biopsiefiowever, showed

a markel hyperplasia of the megakaryocyt@Sorapiet al,, 1989) This is in contragb findings in
BNRcalves, which reveatla damage of the bone marrow related to all cell lineages including the
megakaryocytegBellet al, 2010b; Friedriclet al., 2009c; Kappet al,, 2010; Pardort al.,, 2010;
Schréteret al,, 2011) Without exception,RFPCRs for BVD antigevere negative in all tested
BNRcalves(Bell et al., 2010b; Buclet al., 2011; Friedrictet al, 2009c; Friedrictet al., 2011;
Kappeet al, 2010; Krappmanet al, 2011; Pardoret al, 2010) Moreover, all dams of affected
calves had beemaccinated against BVO{Friedrichet al,, 2009c; Pardoet al, 2010; Schréteet
al., 2011) In chalenge studiesno BVDVantibodies were detected before colostrum intake, but
after colostrum ingestioncalves were positive for BVEMitibodies (Friedrich et al., 2011,
Schrote et al, 2011) Galves thatdid not survive BNPad significatly higher BVDMntibody

titres compared toanimals that survived the diseaéschréteret al,, 2011)

Bluetongue virus (BTYdr the epizootic haemorrhagidisease virus (EHDWay cause clinical
signs like reddening of the lip mucosaal erosionspetechiaeon the lingual and buccal papillae
or echymotic haemorrhages at the ho(Brenneret al, 2011; Yadiret al., 2008) PCRs foboth
BTV(Bucket al, 2011; Kappest al, 2010; Klemt, 2010; Krappmamt al, 2011; Pardoret al.,
2010)and EHD\(Pardonet al,, 2010)antigens were negativén BNPcalvesIn 2008, a vaccination

against the bluetogue virus (BTV) type 8 had been introduced in Germanyg there were
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concerns from faners about a possible correlatiopetween the respective vaccine and the
occurrence of BNIKappeet al., 2010) However, BNfeases had already been observed in 2007

(Bucket al,, 2011; Kappet al, 2010; Krappmanat al., 2011)

Kappe et al(Kappeet al, 2010)detected circoviral DNA witliery high similarity to theporcine
circovirus type 2Q(PCWV2) in five of 25 examined BNgalvesand in one of eight noBNPcalves

In pgs, this virus is assiated with a number of different syndromes like the postweaning
multisystemic wasting syndrome (PMWS) or the porcine dermatitis and nephropathy syndrome
(PDNSJ)Segalést al, 2005) Many years before the occurrence of BNis virus had already
been described ilCanadiarcattle with respiratory distress oaborted bovine foetusegNayaret

al., 1999) In other countries such as the USRCWV2 had alsdeendetected in cattlewhilst the
exactbiological impacbf this virus in cattlés not understood until todaylLiet al,, 2011) Other
studiesdid not find any evidence that PE\sinvolved in the pathogenesis of BfPastiaret al.,

2011; Schroteet al., 2011; Willoughbt al,, 2010)

Friedrich et al(Friedrichet al., 2009c)and Pardon et alPardonet al., 2010)discussed possible
involvement of ovine parvovirus in BNPh tats and dogghis virus isknown to cause either a
panleuompenia or a pancytopeniaHosokawaet al., 1987; Weisset al, 1999) In cattle the
respective viruscauses mainly diarrhoea, but no damage of the bone marfbwhamet al.,
1985; Friedricket al., 2009c) Moreover,no signs of parvovirus infection were seén histology

in BNPcalves(Pardoret al., 2010)

Pathogenic bactéa were also included in analyses. A wide mmgf different bacteria was
detected in BNRalves, but none of themwvere found in all BNfalves and weregherefore

associated withBNP (Kappeet al, 2010; Klemt, 2010; Krappmaret al, 2011) Pasteurella
multocida which is associated with haemorrhagic septicaem{&hoadet al., 1967) was only
found sporadicallyKappeet al., 2010)and no Salmonella sppwas detected (Schréteret al.,

2011)

3.3.2 Toxicological A gents
In literature, severatoxicological agents are desceith which may cause bone marraamages

and clinical signs as observedBNP.

Furazolidone is aitrofuran antibiotic and can cause a depletion of the bone maremd similar
clinical symptoms a8NP, but only afteadministration over a longeriod of time (Hofmann,

1972) Nitrofuranes are forbidden by law fghe use infood producing animals in the European

14



Literature Review

Union (Commission Regulation (EU) No 37 / 201Awditionally, BNRcalves tested for
furazolidone were all negativgFriedrich et al, 2009c; Kappeet al, 2010) Similaty,
chloramphenicokan cause an aplastic anaemia in caftlerna and Postema, 198@)ut is also
forbidden by law for food producing animals in tBeropean UnioifCommission Regulation (EU)
No 37 / 2010) Overdosage of the coccidiostdtalofuginone cancause bloody diarrhoea
(Scholtysik and Steuber, 2007This pharraceutical was not applied &l monitored BNPaffected
herds (Pardonet al,, 2010) and no indication was obtained for overdosage of halofuginone in
BNRcalves (Krappmannet al, 2011) Other pharmaceuticals that may cause B&#3ociated
symptoms are sulfonamides or nateroidal antiinflammatory drugsHowever, these drugs were
appliedonly occasionally in connection witthe treatment of BNR and an association of these

drugs withBNP wagxcluded by Friedrich et gFriedrichet al., 2009c)

S(1,2DichlorovinyL-cysteine(DCVCjs a metabolite otrichloroethylene whichhasbeen used
in the past forthe extraction of soybeawil (Kapg et al., 2010) Intoxications with this agentan
cause aplastic anaemia and renal inj{rpcket al., 1996) However, m DCVC could be detected
in BNP-calves(Friedrichet al,, 2009c; Kappet al., 2010)

Bracken fern or field melilot were excluded as potential toxic agemsived in BNPtoo (Bellet
al., 2010b;Friedrichet al, 2009c; Kappet al, 2010; Pardoret al, 2010; SauteLouiset al,
2012)

Analyses for mycotoxinsuch as trichothecenes or mycotoxins ®tfachybotrys chartarunand
Aflatoxin Blin forage saples were alsonegativein BNPcalves(Bucket al., 2011; Friedriclet al.,
2009c; Kappet al,, 2010; Pardoet al., 2010)

In an epidemiological questionnaire, a couple of farms affected by BNP as well as a few control
farms could not exclude the use of rodenticid@auterLouiset al, 2012) Thestudy indicated
that dicumarol was usedh most instance¢SauterLouiset al,, 2012) which does not causkone

marrow depletion(Runcimaret al,, 2002; Sautetouiset al., 2012; Wangt al., 2007)

3.3.3 Genetic F actors

Studies onlie aetiology oBNPalsoinvolved investigations opossble genetic factors associated
with BNP. Several cattle breeds weaffected by BNRBell et al, 2009; Corbiéreet al., 2009;
Friedrichet al, 2009c; Pardomet al., 2010) but only a snall proportionof calves shoed clinical
signs oBNP compared tthe respectivewhole cattle population This was also true dndividual

farm leve] whereanimals werekept underthe same conditiongFoucraset al, 2011; Kasontat
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al., 2012; Pardomt al., 2010; Reichmann, 2012; Wit al., 2011) Some dams gave birth taore
than one BNRalf (Pardoret al,, 2010) and in challenge studiethe disease could be reproduced
with cdostrum from specific damsn severalunrelated challenge calvg§riedrichet al, 2011;
Schroteret al,, 2012) indicating that theproduction of theaetiological agent may beestricted to

acertainsubset of @ms.

Forhereditarycoagulopathies in cattlenherited disorders involvingoagulation factor VI(Khalaj
et al, 2009)or a factor XI deficiency in Holstein cat{larron et al., 2004)havebeen described
Krappmann et al(Krappmannret al, 2011)screeneda well characterise@grossbreedHolstein x
Charolaiscattle resource populatiomvith incidence of clinical BN#®r mutations in factor XINo
specific mutations in the coagulation factor Xl gene associatitl BNP could be detected.
However,the study revealed that all clinical BiBRses were cdined to one specific sire line of
the R resource population All affected BNiealves were progeny of a single €Eharolais x
Holstein crossbred maleThis accumulation otlinical BNRcases in one specific family was
statistically significantTherefore,a genetic predispositiomvolved in BNfpathogenesis ifikely

(Krappmanret al.,, 2011)

A further studygenotyped BNRalves and control animals tfie Holstein breed at the major
histocompatibilitycomplex (MHC) classDRE locus(Ballingallet al, 2011) which is associated
with autoimmune diseases and variations in immune respdgandunnetthiet al, 2010) No

significant differences in allele frequaas wee found in BNRalves compared toontrol animals

(Ballingalkt al., 2011)

3.3.4 Idiopathic Cases of Haemorrhagic D iathesis

Sporadic cases similes BNP and unknown aetiology were observed before the accuimulaif
BNRcases in 2007Friedrichet al, 2009c) A recently published epidemiological study revealed
that 4.5% of suspected BMNRses were born to neRregSur® BVDvaccinated dams, received
colostrumexclusively from the own danand originated from farms with no history of BidRses.
However, these calves weret further investigatedor other factors thatmight contributeto a
pancytopenia(Joneset al, 2013) In literature, thee are only rare reports on idiopathic

haemorrhagic diathesis in calves.

Ammann et al.(Ammannet al, 1996)described the case of a l4lay-old Holstein calf that
displyed clinical signsof a haemorrhagic disorder like a bloody diarrho&dis calhad been
treated with trimethroprim and sulfadoxindHaematology revealed a severe anaengagbpenia

and thrombocytopenia, whilgross pathologyevealedmultiple haemorrhages. Thedendings
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were all associated with hypocellular bone marrow, which was demonstrated in a histological
examination.As possible aetiology for the condition in this calf, a einduced orinherited bone

marrow aplasia was suspted.

Another case report was documented in 20@Y Japan(Shimadaet al, 2007) Thiscase report
describes aril-day old Holstein calf, whiclwas presented withmelaena, external haemorrhages
and pancytopeniaincluding a norregenerative anaemidn histology a bone marrow hypoplasia
was diagnosedwhich comprisedill cell lineagesPRossible causes fahe bone marrow aplasia,
e.g. genetic factors viral infectionssuch as BVDMoxic agents, chemicals or radiation were
excluded The calhad received no drugassociated with a bone marrow aplagBhimadeet al,,
2007) Neither the vaccination history of the damas mentioned in thisase report,nor was the
BVDV status of the dam knownhis caseeport has a strong resemblance to BNP and a possible

association of this case with Bk#tmainsunclear.

A similar case report was published shortly afterwadiscribinga 15 day old Japaneslack calf
with clinical findings similar to those of BNPukunakaet al, 2010) Haematological findings
included asevere thrombocytopenia and leopenia as well as a nonegenerative anaemia
Multiple haemorrhages werdetected in necrpsy, and histopathology revealed a marked bone
marrow aplasiaToxins or infectionsn uterowere considered as unlikely andsmal infection with
BVDV was ruled ofFukunakaet al., 2010) The authors could not exclude a possible assami

with BNP.

3.3.5 Evide nce for an Alloimmune -mediated P athogenesis of BNP

First investigations on the aetiopathogenesis of BNP observed that some dams gave birth to more
than one BNRalf, although not always in consecutive ye@fgedrichet al, 2011; Pardoret al.,
2010) Based o observations fronfarmers andfindings ofan emerging thrombocytopenia after
colostrum intake in BNBalves and giventhe time period between colostrum ingestion atitke
development of clinical signs of BNPwas suspected thatolostrum might be involvedas a
potential aetiological agentn the pahogenesis of BNRFriedrichet al, 2011) In challenge
experiments, olostrum from specific damswhich all had been vaccinated with PregSuB3/D,
was then confirmedo bethe key aetiological agent involved in the pathogenesis of ENiRical
BNPor at least haematological changesuld be reproducedjuite religbly in the majority of
challenge calves origitiag from different breeds byeeding colostrum fronunrelateddams hat
had given birth to a BNPalf before (Friedrichet al,, 2011; Schroteet al, 2011) These results

pointed to an mmunemediated mehanism putatively elicited by antibodies in colostrum
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(Friedrichet al,, 2011) A different approachio demonstrate aralloimmune-mediated mechanism
was described by Foucras et @foucraset al, 2011) In this experiment a pool of IgGs from
dams, which had givelirth to a BNRcalf before, wagnjectedi.v. into unrelated neonatal healthy
calves thereby excluding a potential effect of antibody resorption in the digestive tract after
colostrum intake Accordingly, chai@eristic findings associated wiBNP were observed in these

calves, including a celluldepletion of the bone marrow.

Further evidence ofin alloimmunemediated mechanism was then revealed in other studies.
Pardon et al(Pardonet al, 2011)and Bridger et al(Bridgeret al, 2011)demonstrated via flow
cytometry that sera from BNBams contaird alloantibodies that bind to calf leuocytes. The
binding of alloantibodies wasot agedependent, since also older calves showed reactivity, and
therefore the expression of the target antig@ndoes not seem to be agelated (Pardonet al.,
2011) The disease jshowever, restricted to neonges after colostrum ingestion, because
colostral alloantibodies are only able to pass the intestinal barrier u@B@dours p.c.i (Kruse,
1983) Additionally, in contrast t@ther species like humanantibodiesin cattle are not able to
pass from the mothr to the fetus during graviditglue to the epitheliochorial nature of the
placenta(Bridgeret al, 2011; Kruse, 1983; Pardat al, 201]. In a further experimentthe
amount of alloantibodypositive lymphocytes/monocytes (I§Gells) in neonatal ceés was
monitored after intake of colostrum from BNfams. The percentage of I§Gells mainly
increased between 612 hours post colostrum intake and thereafter the severity of clinical signs
of BNP correlated with the percentage IfG-cells and the duration and persistence of these
levels (Bridger et al, 2011) Cells that were opsonised with alloantibodies indude

cytophagocytosis by macrophag@astiaret al, 2011)

No alloantibodies were dund when incubating lewcytes with either serum ohon-BVD
vaccinated dams or with serum from dams which had been vaccinated with an alternative BVD
vacche to PregSure® B\Bastiaret al., 2011) Accordingly, alloantibody titsein BNPdams were
found to be significantly higher than B\VDVunvaccinateccontrol damsandalso correlated vth

the severity of BNP in calvéBridgeret al,, 2011) The severity of BNRowever, did not correte

with the BVDVantibody titres in these dam¢Bridgeret al., 2011) although it hadbeen shown

that BVDVneutralising antibody titre of BNRlams exceeded those of PregSRIrBVD vaccinated
non-BNRdams (Bastianet al, 2011) Three repetitive immunisations with PregSure@DBhad
been showrto induce high alloantibody titiss which diffeed signficantly from alloantibody titre

found in animals immunised with other booster vaccination schemes like three consecutive
@ OOAY Ll GA2ya 6AGK Yy AyFOGA@FIGISR .5 @l OOAYS
two-a4 G SLI @I OO Acprsidted af yaprimanK vaccination with PregSure® BVD and two
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subsequent booster immunisations Wita live attenuated BVD vaccinglso resulted in
signifcantly lower alloantibody titre than a vaccination scheme using only Preg8B¥D

(Kasonteet al, 2012)

Whentesting a panel of BNBerafor alloantibodybindingto leuacytes of differen individuals,
leucocytes of one individual did natecessarily show a reaction widachof the BNP-dam sera
(Bastiaret al,, 2011; Bridgeet al,, 2011) This may indicate that individual BldBms respondd

to different antigens d@r different alleles of a polymorphic antigen), butalthat expression of

alloantigens wawariableamongindividuak (Bastiaret al., 2011)

Furthernore, immunofluorescencenicroscopyof peripheral blood smears and bone marrow
smears revealed that in comparison to neBNRdams the sera of BNlams contaied
alloantibodies thatbound to these cells. However, the megakaryocytes did not shalistinct
stainingwhen incubatedwith BNRdam serain this study(Pardonet al, 2011) In flow cytometry
studies it was observed thatBNRassociated alloantibodies baod more effectively to
lymphocytes and monocytes compartmgranulocyteqBastianet al, 2011; Bridgeet al,, 2011;
Pardonet al,, 2011) These binding patterns of BNBsociated alloantibodies to peripheral blood
cell subsets werevaluated in a further studyia immunofluorescencemicroscopyof different
cell types with either BNBam or nonBNRdam colostrum(Assadet al, 2012) Fistly, it was
shown thatBNRalloantibodies boud to 100% of alplatelets ando 70% of alleucocytes. Cellsf
the myeloid lineage like granulocytes and monocytedisplayed 100% reaigity with
alloantibodies, whilsnot all cells of the lymphoid lineage, especially the CD4+13 @etelper
cells) bound BNRassaiated alloantibodies. Secondlyegardless ofbreed, the reactivity of
colostral alloantibodies waglentical for cells either of juvenile or of adult origipointingto a

constant expression of the target antigéfissacet al,, 2012)

The binding pattern of BN&ssociated alloaittodieswas also evaluated with the BMrus and
different cell lines used for vaccine production. Maction of alloantibodiegould be degcted
with the BVDvirus orsurface antigens ddil cell lines, except for the bovine kidney cell line used
for the production of PregSure® BYEastianet al., 2011) In order to evaluate if the induction of
alloantibodies wagestricted only to PregSure® BVD, guinea pigs were immunigdd different
BVDvaccinesand only PregSure® BVD induced alloantibottes bound to cell surfaceantigens

of bovine leuocytes(Bastiaret al, 2011)

Two independent stuigs proposedthat BNRassociated alloantibodies target the MHC class |
antigenpresenton bovine leuocytes, butalso on the MadirDarby bovine kidney cell line (MDBK)

used for the production of the inactivated vaccine PregSure®(B¥iliskent al., 2011; Foucras
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et al, 2011) MHC class |,raapproximately 4XDa proteinfrom the MDBK cell line wahown to

be a constituentand therefore a contaminatiof PregSure® BY®vhich mighthave elicited
alloantibody production in BNBams(Deutskenset al, 2011; Foucrast al., 2011) After down
regulation off3,-microglobulircoding mRNAn MDBK cellsia RNA interferencand consecutiviy
reduced MHC class | expressia@ellstaining was reduced after incubation with BN&n sera
(Foucraset al,, 2011) Immunoprecipitation with BNflam serashowed a eaction withMHC class

| on the MDBK cell linfDeutkenset al, 2011; Foucrast al, 2011; Kasontat al., 2012) Sera of
nonvaccinated BVD¥fee dams or damswhich had been vaccinated with an aitative
inactivated BVD vaccineevealed no or only a very weak reactivity with MHC class |, respectively.
However, some of the PregS®BVDvaccinated norBNRdamsalsoshowed reactivity with MHC
class (Deutskenst al., 2011) This was confirmed by Kasonta et(#lasontaet al., 2012)for the
serum of a large proportiorof animals after experimental vaccination with PregSure®.BVD
Additionally,after incubation with a standardised, pooled BBEtum,a reactivity with MHC class

| onPBMCs of somBNRdams was reveale(Deutskens, 2012)

Evidence of massive cellular contaminatiaf PregSure® BVD was obtairied further stuly
(Euleret al,, 2013)that compared the cell surface proteome of the MDBK cell line with the protein
composition of PregSure® BMBegSur®BVD containeda 35 fold higheramount of proteins
than a different, liveattenuated BVBraccine Several proteins were shared between PregSure®
BVD and the MDBK cell surface. MHC |, Wag/ever, one of the least abundant shared proteins
in PregSure® BVdhd MDBK celland the authors instead presented some ottaloantigens as
candidatesthat still need furthervalidation(Euleret al., 2013)

3.4 RNA-Sequencing (RNA -Seq)

In recent yearsnext-generation sequencing (NGS) or desmmuencing technologies have been
introduced which offer the opportunity for high throughput sequencing at siAgése resolution.
In case of traacriptome sequencinghe method is termed RN&Seq (RNA sequencinghisnovel
method was applied in our second study and therefore, a sheerviewon advantagesf this

method will be given.

The transcriptome is defined as the sum of alARMleculesor transcribed logiincluding mMRNA,

tRNA, rRNA and neroding RNAIn a cell or particular tissues at a specific time point or condition

RNASeq provideshe option of mapping and quantifying transcriptomes. It is not restrictedrnio a

existing genome amotation of a speciesHence, also novel transcripts genescan be detected

This method caralsoreveal exon/intron bandaries or alternative splicinddditionally, sequence
20
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variations, for example single nucleotide polymorphisms (SNBe)be evaluatd with RNASeq

(Lister et al, 2009; Wanget al, 2009) Another advantage of RN®&eq in comparison to
microarrays igts large dynamic range. Therefore, transcripts with very high or low expression
levels or marked foldhanges can be detected. Finaltllis method is characterised by low
technical variance. Results for both technical as well as biological replicates can be reproduced
reliably(Wanget al., 2009)
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4 Objectives

Several gastions regarding the aetiopathogenesis of BNP still remain ogomh some published
results demand further researckor thisthesis two main aspectsoncerning agopathogenesis

and manifestation®f BNPwere selectedor further evaluation

In literature, several field observations or challengstudies reporéd on the incidence of
subclinical BR-cases. Subclinical BMRIves display no clinical signs of BNP, but a shift in cell
countsbelow the applied reference rangés at least two haematpoietic cell lineagegFriedrich

et al, 2011; Pardoret al, 2010; Schroteet al, 2011; Wittet al, 2011) Thetrue incidence of
subclinical BNfeases hashowever, not been thoroughly investigatedin accumulation of clinical
BNRcases in exclusively one specific sire line of aexperimental resource population was
revealed in a previously performed study aftranstitute (Krappmanret al,, 2011) All BNP-calves
were descendants of on& male. Hence, the hypothesis of a genetic predisposition being
involved inclinical BNP was propose(Krappmannet al, 2011) Therefore, the present study
investigated the incidence, a possible genetic predispositod further epidemiological factors

involved in subclinical BNPyblication ).

The occurrence of MP isstrongly associated with theaccination of dams with @pecific
inactivated vaccinéPregSure® BVBgainst theBovine Viral DiarrhoeaiMs (BVDV{Lambtonet

al.,, 2012; Sautetouiset al, 2012) This vaccine has been shownitoluce very high antibody
titres against BVDYBastianet al., 2011; Rauest al,, 2011) but also to elicit the production of
alloantibodies in some dam@®ridgeret al,, 2011; Pardoret al., 2011) Thevaccine comprises a
unique adjuvant Furthermore, it has been revealed that the vaccine is highly contaminated with
proteins derived fronthe MadinDarby lovine kidney (MDBK) cell linesed forthe production of

the specificvaccine(Euleret al,, 2013) Due to these particular characteristics of the vaccihe, t
second aim of the present study was to characterise the immune respongaccination with
PregSure® BV gain insightinto the structural and quantitative regulation of the blood

transcriptome by means of an RMs&q approachRublication I).
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Bovine neonatal pancytopenia (BNP) is a haemorrhagic disease of newborn calves elicited by colostrum
from specific cows. Two studies have indicated that BNP-inducing colostrum might be associated with
alloantibodies directed against MHC class [ in response to vaccination with a distinct inactivated viral
vaccine. However, the proportion of alloantibody-producing individuals by far exceeds the proportion
of clinical BNP cases in the vaccinated population. This raises the question about the incidence of sub-
clinical, unrecognised cases and also suggests further factors involved in BNP pathogenesis, e.g., genetic
predisposition. Our results on neonatal calves from a closely monitored resource population confirmed
the hypothesis of a genetic predisposition for clinical BNP and suggest that the predisposition is also in-
volved in subclinical BNP-cases. No indication was obtained for a higher frequency of subclinical BNP-
cases compared with clinical cases, Neither time point nor frequency of vaccination was a relevant factor
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for BNP in our resource population.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

An increase in the number of neonatal calves showing clinical
signs of haemorrhagic diathesis has been recorded in many Euro-
pean countries since 2007 (Gentile et al., 2009; Smolenaars and Mars,
2009; Corbiere et al., 2009; Ellis-lversen and Colloff, 2009; Friedrich
et al., 2009; Pardon et al., 2010; Sanchez-Miguel et al., 2010; Bell
et al., 2010). This syndrome, clinically and in post-mortem autopsy
characterised by severe internal and external haemorrhages, was
termed “bovine neonatal pancytopenia” (BNP) at the Satellite Sym-
posium of the European Buiatric Congress in Marseille, France in
20009. Affected calves suffer from a massive thrombocytopenia, often
combined with leukopenia. Histopathological investigations of the
bone marrow in clinically affected BNP-calves revealed a trilineage
hypoplasia (Friedrich et al., 2009; Pardon et al., 2010).

The hypothesis of an alloimmune-mediated disease has been pos-
tulated, because BNP could be reproduced in neonatal calves by the
ingestion of colostrum from unrelated dams, which had given birth
to a BNP-calf before (Friedrich et al., 2011; Schroter et al., 2011; Bell
et al., 2013). Furthermore, binding of alloantibodies from the sera
of BNP-dams to leukocytes has been demonstrated (Pardon et al.,

* Corresponding author. Tel.: +49 38208 68709; fax: +49 38208 68702.
E-mail address: kuehn@fbn-dummerstorf.de (C. Kiihn).

http://dx.doi.org/10.1016/j.rvsc.2014.03.019
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2011; Bridger et al., 2011), and recently, the ability of colostral al-
loantibodies of IgG1 subclass from BNP-dams to bind to peripher-
al blood cells, especially platelets, has been revealed (Assad et al.,
2012). Two independent studies detected MHC class [ as one pos-
sible antigen structure against which alloantibodies are directed. This
was demonstrated by the binding of alloantibodies originating from
BNP-dam sera to a cell surface protein (MHC class 1) of leukocytes
and the Madin-Darby bovine kidney cell line (MDBK), a cell line used
for the production of a specific BVDV (Bovine Viral Diarrhoea Virus)
vaccine (Deutskens et al., 2011; Foucras et al., 2011). Epidemiologi-
cal studies have revealed a strong association between the use of
this specific vaccine (PregSure® BVD, Pfizer Animal Health) and the
occurrence of BNP (Sauter-Louis et al., 2012; Lambton et al., 2012).

However, there is a discrepancy between the widespread use of
the distinct BVD vaccine, the high percentage of individuals pro-
ducing alloantibodies in response to the vaccine and the reported
low incidence of BNP-calves (Bastian et al., 2011; Kasonta et al., 2012).
This might be explained by differences in the vaccination regimen
between farms. An alternative explanation is a genetic predisposi-
tion required for BNP-cases that has been postulated in the past. Pre-
vious investigations at our institute (Krappmann et al., 2011) revealed
an accumulation of clinical cases of BNP occurring exclusively in a
specific sire line of an F, resource population: all BNP cases were
progeny of a single F; male. Except for two cows, all other dams,
which had given birth to a BNP-calf, had been full-siblings in the
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Fig. 1. Segregation of dams in a F; full-sib family from the BNP-affected sire line of the cattle resource population: Cha, Charolais; GH, German Holstein. The different gen-
erations of the resource population contributing to the BNP-affected Fo-familiy are designated with Py, F1, F2 and Ry. Backcross calves (R;) within the subset for parallel
haematological and clinical monitoring are indicated with an asterisk. Black circles represent calves showing clinical signs of BNP; circles with a grey area represent sub-
clinical cases. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

F» generation of this specific sire line (Fig. 1). Other field observa-
tions (Pardon et al., 2010) revealed the incidence of subclinical BNP-
cases and a large proportion of herds with clinical BNP incidence
that also had neonatal calves showing alterations in haematological
parameters, but no clinical signs of BNP. This suggests that sub-
clinical cases of BNP might be more frequent than clinical cases of
BNP (Witt et al., 2011). Therefore, the objective of this study was
to investigate if subclinical cases of BNP were occurring in the re-
source population. In the case of subclinical BNP occurring, the
further objective was to investigate if these subclinical cases were
also concentrated on the offspring of the specific sire line analo-
gous to the clinical BNP-cases or if also other sire lines were affect-
ed by subclinical BNP-cases. In addition, further epidemiological
factors that might be associated with BNP incidence were moni-
tored in the F; resource population.

2. Methods
2.1. Animals

All calves included in this study were offspring of the experi-
mental German Holstein x Charolais crossbred resource popula-
tion herd at the FBN Dummerstorf (Kithn et al., 2002). Briefly, this
population had been established by mating five unrelated Charol-
ais sires with purebred German Holstein dams (Py), thereby gen-
erating five independent F, families. For designing the F, generation,
individuals of the families were cross-bred among each other by
means of embryo transfer, resulting in full-sib and half-sib F, fami-
lies. Our study included a total of 303 neonatal calves of all sire lines
obtained from backcrossing F» dams of the cross-bred resource pop-
ulation with a single purebred German Holstein sire. All dams of
experimental calves included in this study were kept under the same
housing and feeding conditions on the same experimental farm and
were vaccinated against the Bovine Viral Diarrhoea Virus, At the age
of 12 and 13 months all dams had received at least a basic BVDV-
immunisation consisting of two doses. Booster vaccinations were
performed thereafter annually for all individuals at the same point
in time, including pregnant and non-pregnant cows.

For the investigation of potential non-genetic factors that might
interact with the PregSure® BVD vaccination and thus affect BNP
incidence, 295 calves were included. The dams of those calves had
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received two doses of the inactivated BVDV vaccine PregSure® BVD
(Pfizer) according to the manufacturer’s instructions. PregSure® BVD
had been introduced in March 2006 in the experimental cattle herd
and had been applied until the vaccine was retracted from the Eu-
ropean market in 2010. A subset of those 295 calves (n=44) in-
cluding all calves born between March 2011 and April 2012 was
subjected to detailed parallel clinical and haematological monitor-
ing. In addition, eight calves born in the same time interval, but origi-
nating from mothers vaccinated with a non-PregSure® BVDV vaccine,
served as internal control for confirmation of blood cell count ref-
erences from the literature.

All 303 calves were separated immediately after birth from their
mothers and received 2-3 1 of first colostrum exclusively from their
own mothers no later than two hours after birth. During the whole
period of postnatal investigations calves were housed in a barn with
straw bedding and were fed a maternal colostrum - maternal whole
milk diet three times daily until day 5 after birth. After day 5, this
diet was replaced by a commercial milk replacer diet.

2.2. Clinical examinations, blood sampling, pathology

For close clinical examinations and blood sampling, a subset of
44 calves from those 295 calves born to dams with PregSure® BVD
vaccination was included and also eight calves from dams with non-
PregSure® BVDV vaccination.

All experimental procedures were carried out according to the
German animal care guidelines and were approved and super-
vised by the relevant authorities of the State Mecklenburg-
Vorpommern, Germany (State Office for Agriculture, Food Safety and
Fishery Mecklenburg-Western Pommerania (LALLF M-V), 7221.3-
2.1-005/11). All calves were monitored directly after birth until
28 days of age. Specific meticulous clinical observations of all neo-
natal calves were performed on days 1 to 5, day 7 and day 14 after
colostrum intake, thereby paying special attention to typical clin-
ical signs ascribed to a bleeding disorder. In particular, all mucous
membranes, faeces and a possible prolonged bleeding time after ve-
nipuncture, injections or ear tagging were examined. Further-
more, blood samples were drawn at the same time. A maximum of
4 ml of blood was drawn at each point in time via venipuncture with
an 18-gauge needle into an EDTA-sample tube without the use of
vaccutainers. In case of clinical and haematological abnormalities,
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clinical and haematological examinations were extended beyond day
14 after colostrum intake. Haematological analysis of the blood
samples (specifically thrombocyte, leukocyte and erythrocyte cell
count) was performed within two hours after obtaining the samples
with an automatic haematology analyser (ABX Pentra 60, HORIBA).
Two repetitive measurements for each sample were taken and mean
values were calculated for each blood parameter. Whenever values
below the lower border of reference values were obtained for blood
cell counts, these were confirmed by an external certified labora-
tory (Metabovet/Labormedicus, Rostock, Germany). Reference ranges
for thrombocytes and leukocytes were set as follows according to
data for neonatal calves two weeks after birth (Tennant et al., 1974;
Egli and Blum, 1998; Knowles et al., 2000; Mohri et al., 2007): Plate-
lets 200-1200 G/I, leukocytes 4.0-12.0 G/l, erythrocytes 5.0-
10.0 x 10"/L. The time point for reference ranges was selected,
because decline in thrombocyte and leukocyte count was ob-
served in BNP-calves at this time (Friedrich et al., 2011; Bell et al.,
2013). To avoid false positive classification of BNP-cases due to the
frequently observed spurious variation of blood cell counts in neo-
natal calves, only calves of coincident thrombocyte and leukocyte
counts below the indicated reference range at day 7, day 14 or later
without clinical signs of BNP were classified as subclinical BNP-
cases. The thresholds of 200 G/ for thrombocyte counts and 4 G/1
for leukocyte counts are in agreement with the limits classified as
indicative of BNP (Doll, 2012) and had been applied in several reports
in the literature (Friedrich et al., 2011; Schroter et al., 2011).

One of the 44 calves developed a fatal bleeding disorder and had
to be euthanised. The carcass was sent to the State Office for Agri-
culture, Food Safety and Fishery Mecklenburg-Western Pommerania
(LALLF M-V) Rostock, Germany, for a pathological examination and
an ELISA assay for BVDV antigen detection (IDEXX BVDV AG/
Serum Plus, Ludwigsburg, Germany).

2.3. Statistical analysis

Statistical analysis was performed using the nonparametric
Mann-Whitney U test in SAS, version 9.3 (SAS Institute Inc., Cary,
NC, USA) after testing for normal distribution of data. Thrombo-
cyte and leukocyte counts for each point in time of sampling were
compared between calves without clinical signs of BNP from fami-
lies not being affected by BNP (n=33) and calves originating from
the sire line, that had been affected by BNP in the past (n =9). This
comparison was performed to evaluate a potential genetic effect on
the respective blood parameters. Calves, which developed clinical
signs of BNP (n=2) were not included in the statistical analysis.
P < 0.05 was defined as statistically significant, p < 0.1 as tentative-
ly significant.

2.4. Monitoring of further potential non-genetic factors for BNP

For each backcross calf of our resource population born to a dam
vaccinated with PregSure® BVD (n = 295), the number of PregSure®
BVD-vaccinations of the dam, the date of vaccination and the re-
spective time point of vaccination relative to delivery of the calf were
analysed. In addition, other veterinary treatments of the dams were
monitored. Data from BNP-affected calves (n = 10) were then com-
pared to calves without BNP (n =285) by y* test.

3. Results
3.1. Clinical findings, haematology, pathology

As expected, none of the eight calves from dams vaccinated with
the non-PregSure® BVDV vaccine developed clinical BNP. In addi-

tion, none of those calves showed thrombocyte or leukocyte counts
below the applied reference range at any time point.
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During the time period of this study, one calf of the subset of 44
calves from PregSure® BVD-vaccinated dams developed subclini-
cal BNP. Two weeks after birth, the calf showed thrombocyte counts
and leukocyte counts below the reference range, but developed no
clinical signs characteristic of BNP. This calf was a descendant of the
BNP-affected sire line of the F, resource population and specifical-
ly of the F, full-sib family (Fig. 1), which had been highly affected
by clinical BNP-cases in the past. Furthermore, two other calves from
this specific F, full-sib family developed clinical and haematological
changes characteristic of BNP. One of these cases was observed in
February 2012 confirming that the disease was still occurring nearly
two years after the last booster vaccination with PregSure® BVD.
The first of these two calves survived the disease. Interestingly, a
full-sib to this calf born in a previous time interval had been af-
fected by clinical BNP and also had survived the disease. The second
calf in the subset of the 44 calves developed typical signs of BNP
combined with secondary infections and was euthanised on day 23
after birth (see Materials and Methods). Gross pathology revealed
typical findings indicative for BNP, including subcutaneous, serosal
and pericardial haemorrhages, while a depleted bone marrow could
be demonstrated in histopathological examinations. An ELISA test
for detection of BVDV-antigen in a tissue sample was negative.

All other calves from the PregSure® BVD-vaccinated dams (n=41)
did not exhibit any clinical signs indicative for BNP and/or coinci-
dent thrombocyte and leukocyte counts below the indicated refer-
ence range up to day 14 after colostrum intake.

All calves without clinical BNP (n =42) were included when com-
paring haematological parameters between those individuals from
the sire line in which BNP-cases had been observed BNP (n=9) and
those individuals from other sire lines (n = 33) of the resource pop-
ulation. The thrombocyte counts for both groups of calves de-
creased after birth. Some calves, also from the non-affected sire lines,
showed thrombocyte counts below the applied reference range at
days 2-3 (Fig. 2). However, thrombocyte cell count started to recover
at day 3 and further increased until day 7 (Fig. 3). Whereas throm-
bocyte numbers stabilised between day 7 and day 14 for the calves
from the BNP-unaffected sire lines, calves of the affected sire line
showed a second decrease in thrombocyte numbers between day
7 and day 14 after colostrum intake. Thus, thrombocyte counts on
day 14 differed significantly (P < 0.01) when comparing the group
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Fig. 2. Thrombocyte counts for four calves from sire lines not affected by BNP at days
1,2, 3 and 14 after colostrum intake: The broken-dotted line indicates the lower ref-
erence value for thrombocyte counts in neonatal calves at two weeks of age. Dif-
ferent coloured columns represent different individuals.
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Fig. 3. Mean thrombocyte counts for each day of sampling (day after first colos-
trum intake): Comparison of mean thrombocyte counts (standard deviation indi-
cated by vertical bar) between calves without clinical BNP of sire lines not affected
by BNP (n=33) and of the BNP-sire line (n=9). **Significant difference (P < 0.01) in
thrombocyte counts between the two groups. The broken-dotted line indicates the
lower reference value for thrombocyte counts in neonatal calves at two weeks of
age.

of clinically BNP-unaffected calves of the BNP-sire line with BNP-
unaffected calves of the other sire lines. It has to be recognised that
clinical BNP-calves showing the same phenomenon were not in-
cluded in this analysis. Leukocyte counts in both groups showed a
pattern over time that was very similar to the thrombocyte counts
albeit with a time delay: The number of blood leukocytes de-
clined after birth until day 5 and started to increase until the end
of the observation period at day 14 after colostrum intake (Fig. 4).
Leukocyte counts tentatively differed between the two groups of
calves on day 7 (P =0.06) with a lower leukocyte count in the calves
from the affected sire line.
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Fig. 4. Mean leukocyte counts for each day of sampling (day after first colostrum
intake): Comparison of mean leukocyte counts (standard deviation indicated by ver-
tical bar) between calves without clinical BNP of sire lines not affected by BNP (n=33)
and of the BNP-sire line (n=9). {Tentatively significant difference (P =0.06) in leu-
kocyte counts between the two groups. Broken-dotted lines indicate the reference
range for leukocyte counts in neonatal calves at two weeks of age.
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3.2. Potential factors associated with BNP incidence

Data of the F; resource population from a previous study
(Krappmann et al., 2011) and the present study were retrospec-
tively evaluated since the onset of BNP-cases at the FBN
Dummerstorf: Our new data set now comprised a total of 295 back-
cross calves born between 2007 and April 2012. This adds further
independent 154 backcross calves to the initial data set from
Krappmann et al. (2011). The first clinical case of BNP occurred in
May 2007, 14 months after the implementation of PregSure® BVD
in the experimental cattle herd. Considering that a (booster) vac-
cination with PregSure® BVD at a particular time during pregnan-
cy might have an effect related to BNP, dates of (booster) vaccinations
of all dams, which had given birth to a BNP-calf, were compared.
Dams had been (booster) vaccinated with PregSure® BVD between
41 days up to 679 days before giving birth to a BNP-calf. Further-
more, there was no coincident date for a vaccination with PregSure®
BVD of the dams, which gave birth to a BNP-calf. For instance, the
first case of BNP occurred in May 2007 when some of the dams,
which gave birth to a BNP-calf later on, were not yet born. Thus, the
time point of booster vaccination itself or relative to parturition did
not represent risk factors for the clinical and haematological ob-
servations associated with BNP. Due to the set-up of the resource
population project design, cows within the F; resource population
were kept for only two parturitions. From the total of 295 back-
cross calves born since 2007, 147 calves were born to heifers and
148 calves to cows in second lactation. Our data suggest that there
is no difference in incidence of BNP relative to the number of cow
parturitions: four BNP-calves originated from first parturitions, six
BNP-calves from second parturitions (P=0.53). Specifically within
the highly affected F; full-sib family within the affected sire line, F>
full-sib cows had three clinical BNP-cases from the first parturi-
tion and five BNP-cases from the second parturition (P=0.48).

No medical treatments were differentially applied between BNP-
cows and non-BNP-cows.

4. Discussion

In contrast to some previous observations, e.g. (Witt et al., 2011),
subclinical cases of BNP did not occur with a high incidence in this
study. There was no indication for the hypothesis that clinical BNP
would be only the infrequent “tip of the iceberg" and subclinical BNP
was frequent in our closely monitored research population. Yet, a
genetic predisposition for the development of a subclinical BNP might
be assumed, because the single subclinical BNP case that was ob-
served in our data set occurred in one of the 11 offspring from the
sire line affected by BNP. No subclinical case of BNP was observed
in the 33 offspring of alternative sire lines.

Except for two individuals, the other 9 calves of the BNP affect-
ed sire line did not display any clinical signs of BNP, but revealed a
decrease in thrombocyte counts between day 7 and day 14. In ad-
dition, compared to the 33 calves from the other sire lines there was
a significantly decreased thrombocyte count at day 14 and a de-
creased leukocyte count at day 7, although the respective throm-
bocyte and leukocyte counts were still in ranges reported for young
calves (Mohri et al., 2007). At this time, two weeks after birth, clin-
ical BNP-calves generally start to show signs of the bleeding disor-
der (Friedrich et al., 2009; Pardon et al., 2010; Buck et al., 2011).
Hence, our observations suggest that also those calves of the BNP-
affected sire line, which did not develop clinical or subclinical BNP,
but showed decreased thrombocyte counts between days 7 and 14,
may have undergone an adverse effect on blood cells after colos-
trum intake. These data indicate that the effect of a PregSure®
BVD x genotype interaction is not restricted to a clinical BNP outcome,
but extends to non-clinical alterations of blood cell counts. More-
over, additional cases of BNP occurring in the sire line affected by
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BNP confirm previous findings of a genetic predisposition for BNP
as proposed in a previous study (Krappmann et al., 2011). These find-
ings raise the question as to which factors are responsible for de-
veloping either a subclinical or a clinical manifestation of BNP.
Possible factors could either be a predisposition on the part of the
calves or other factors such as alloantibody titres in the dams or dif-
ferent types of alloantibodies in the colostrum.

Although the incidence of clinical BNP-cases is low considering
the amount of PregSure® BVD vaccination doses sold (Kasonta et al.,
2012), the high lethality (Friedrich et al., 2009; Pardon et al., 2010)
and occasional high incidences on individual farms (Witt et al., 2011)
can result in substantial economic losses. In addition, if subclini-
cal BNP-cases frequently emerged within herds, this would further
result in economic losses due to a decrease in health status at herd
level as discussed by Sauter-Louis et al. (2012). However, our study
did not provide evidence that at least in a management system,
which avoided feeding of mixed colostrum, a substantial number
of subclinical cases should be expected. Employing a management
system of feeding mixed colostrum on BNP-affected farms might
result in an increased risk of calves for haematological alterations
(Witt et al., 2011). Studies on reference ranges for blood param-
eters in neonatal calves, and especially those applying a very close
monitoring, are rare. Since reference ranges in adults differ from those
in young calves (Knowles et al., 2000), reports on haematological
profiles in young calves served as guideline for the reference ranges
applied in this study (Tennant et al., 1974; Egli and Blum, 1998;
Knowles et al., 2000; Mohri et al., 2007). A decrease in thrombo-
cytes at days 2-3 after birth appears to be a physiological phenom-
enon in neonatal calves, since both groups of calves in our
experiment revealed this temporal pattern, and similar observa-
tions have been published in BNP challenge experiments (Schroter
etal,, 2011; Bell et al., 2013). Even some individual calves from non-
BNP-affected sire lines, which were clinically inconspicuous and
showed high thrombocyte counts on day 14, revealed thrombo-
cyte counts at the lower margin or below the reference range on
days 2-3 (Fig. 2). Therefore, in order to detect subclinical BNP-
cases, a frequent and constant monitoring of haematological pa-
rameters in the neonatal period is essential, because otherwise
subclinical cases might be missed, or unaffected calves might be
falsely classified as subclinical BNP-calves.

Our data indicate that the frequency of vaccinations with
PregSure® BVD did not have an effect on the incidence of BNP in
our resource population. This result is in line with previous data from
Lambton et al. (2012). In contrast, a recent study has revealed that
the vaccination regimen and frequency is likely to have an influ-
ence on the incidence of BNP (Kasonta et al., 2012). But in our data
set, neither across the entire resource population nor specifically
within a highly BNP-affected F; full-sib family, a significant effect
of the number of parturitions on the incidence of clinical BNP-
calves was observed, although cows at second parturition re-
ceived more booster vaccinations in addition to the basic
immunisation than dams at first parturition. Similar results on the
distribution of BNP cases across parity or age of dam were also de-
scribed in other studies (Pardon et al., 2010; Den Uijl and Smolenaars,
2012).

All dams included in our study had received at least a basic
immunisation consisting of two doses of PregSure® BVD. This
vaccination protocol is reported to result in higher alloantibody
titters compared to a two-step vaccination programme (Kasonta et al.,
2012), which consists of a primary immunisation with an inacti-
vated BVD-vaccine like PregSure® BVD and a booster vaccination
with a live-attenuated BVD-vaccine. Thus, regarding BVDV vacci-
nation, all cows in our experiment, except for the dams of the
control calves, encountered an identical vaccination protocol with
the BVDV vaccine (PregSure® BVD), which has been demonstrated
to be the most relevant epidemiological factor for producing BNP-
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inducing colostrum (Sauter-Louis et al., 2012). In spite of the iden-
tical BVDV vaccination protocol across all cows, only dams from a
single specific sire line showed calves with clinical alterations
associated with BNP and/or haematological effects after ingesting
maternal colostrum. This further confirms the previous hypothe-
sis from Krappmann et al. (2011) regarding a genetic predisposi-
tion for BNP, because 154 additional calves had been added to the
previous data set without any BNP incidence outside the initially
affected sire line.

One clinical case occurred towards the end of the study, con-
firming that BNP was still occurring after a large interval of 679 days
since the last booster vaccination with PregSure® BVD.

Regarding BNP pathogenesis, results indicating MHC class [ alleles
as causal agents for inducing BNP-colostrum (Deutskens et al., 2011;
Foucras et al., 2011) suggest that BNP-dams probably lack a respec-
tive epitope found on the MDBK cell line used for PregSure® BVD
production. Two recent studies, which analysed the transcriptome
of dams after booster vaccination with PregSure® BVD and protein
composition of the specific vaccine and the cell surface proteome
of the MDBK cell line, revealed an enormous (cellular) contamina-
tion of the vaccine (Euler et al., 2013; Demasius et al., 2013). The
cellular proteins are likely to evoke the production of alloantibod-
ies in dams vaccinated with the specific vaccine. However, the ques-
tion arises, if MHC class 1 is the exclusive target antigen. The study
conducted by Deutskens et al. (2011) revealed that not only serum-
derived alloantibodies from PregSure® BVD vaccinated BNP-
dams, but also serum-derived alloantibodies of some of the
PregSure® BVD vaccinated non-BNP-dams showed a reactivity with
the 44 kDa protein (MHC class I) of the MDBK cell line. Moreover,
pooled serum from BNP-positive dams showed reactivity with pe-
ripheral blood mononuclear cells (PBMC) of BNP-positive dams from
the resource population of the FEN Dummerstorf investigated in this
study (Deutskens, 2012). A recent study by Euler et al. (2013) re-
vealed that MHC class I was one of the least abundant proteins in
the vaccine and the MDBK cell line, and the study instead pre-
sented some other possible protein candidates. If MHC class | were
the only candidate against which alloantibodies are directed, this
would imply that all calves developing BNP carry a MHC class I allele
in common with the MDBK cell line. In several studies, however, a
large proportion of calves revealed haematological changes after
being fed with colostrum from unrelated BNP-dams (Friedrich et al.,
2011; Schroter et al., 2011). Furthermore, feeding same quantities
of pooled BNP-colostrum resulted in relatively consistent
haematological findings in all challenged calves (Bell et al., 2013).
It is unlikely that this high proportion of BNP-susceptible calves all
shared an MHC class I allele(s) with the MDBK cell line, especially
because the calves originated from different breeds. The MHC class
I region is one of the most polymorphic gene regions of the bovine
genome, and cattle seem to apply two principal strategies to main-
tain MHC class I diversity by keeping a high degree of polymor-
phism within MHC class I genes and by expressing a variable number
and combination of those MHC class I genes (Ellis et al., 1999; Birch
et al., 2006; Babiuk et al., 2007). Even in a controlled breeding pro-
gramme with a small effective population size (Hayes et al., 2003)
the diversity in the MHC class I region has not been diminished over
20 years as a study revealed lately (Codner et al., 2012). Hence, given
this high degree of MHC variability within cattle population, it is
highly unlikely that a very substantial proportion of individuals
shares the MDBK MHC class 1 alleles. This suggests that MHC class
1 should not be considered as an exclusive candidate antigen. A
genetic predisposition associated with BNP on the part of the dams
has been further reinforced in this study, and comparisons of the
genetic makeup of the MDBK cell line, BNP-positive and BNP-
negative dams and also potential differential immune responses
towards vaccination are likely to give a more detailed insight into
the etiopathogenesis of BNP.



Results; Publication |

29

































































































































