Aus dem Department fiir Nutztiere und 6ffentliches Gesundheitswesen in der
Veterindrmedizin

der Veterindrmedizinischen Universitit Wien

Universitatsklinik fir Schweine

(Leiterin: Univ.-Prof. Dr.med.vet. Andrea Ladinig Dipl. ECPHM)

Untersuchung klinischer Symptome sowie virologischer und
pathologischer Parameter nach experimenteller Infektion von
geimpften und nicht geimpften Aufzuchtferkeln mit dem
Porzinen Reproduktiven und Respiratorischen Syndrom
Virus-Isolat AUT15-33

INAUGURAL-DISSERTATION
zur Erlangung der Wiirde eines
DOCTOR MEDICINAE VETERINARIAE

der Veterindrmedizinischen Universitit Wien

vorgelegt von

Mag.med.vet. Sophie Diirlinger

Wien, im September 2022



Erstbetreuerin:

Zweitbetreuer:

Gutachter:

Univ. Prof. Dr.med.vet. Andrea Ladinig Dipl. ECPHM
Universitétsklinik fiir Schweine

Department fiir Nutztiere und 6ffentliches Gesundheitswesen in der

Veterinarmedizin der Veterindrmedizinischen Universitdt Wien

Univ. Prof. Dr.med.vet. Till Rimenapf
Institut fiir Virologie

Department fiir Pathobiologie der Veterindrmedizinischen Universitat

Wien

Univ.-Prof. Dr.med.vet. Herbert Weissenbock, Dip. ECPHM
Institut fiir Pathologie
Department fiir Pathobiologie der Veterindrmedizinischen Universitét

Wien



Inhalt

1.

NS kLD

BANICTIUNG ..ottt ettt ettt et e et e e e e st e sabeesaeeesbeenseeensaenssesnseesnas 1
1.1 ABHOLOEIC ...ttt st n s s e en e eenaes 1
1.2 EPIAEMIOLOZIC ....eeuviieiiieiiieiieciie ettt ettt ettt ettt et e et e et eeabeesaeenbeessaeensaennseenseensnas 3
[ BN o 11 1 1o o) s Tt USRS 3
L4 KKIINTK oottt ettt ettt et e st e bt e st e ent et e enaeeneenneennenn 4
LT BT e 4 10 ] USRS 6
1.6 Prophylaxe und KONtrolle..........ccueiiiiiiiiiiieiiicciie ettt 7

OriginalPublIKAtION .....oeeiiiieciieecee ettt e e e e e e e saaeeeaseeesaeeens 10

DISKUSSION 1.ttt ettt ettt et et et esa et e satesbe et e eneesaeentesneenee 30

ZUSAMMENTASSUNE ....ceeuviieiiieeiiieeeieeeeieeesiee et e et e e e eteeseaeeeateessbeeesnseeessseeensseesnnseesnnseesns 32

0100010 PR SRRR 33

LiteraturVerZEICRNIS ... ...eetieiiiiiieiece et sttt 34



1. Einleitung
Das Porzine Reproduktive und Respiratorische Syndrom Virus (PRRSV) ist einer der
bedeutendsten Krankheitserreger in der Schweineproduktion weltweit und fiihrt zu massiven
wirtschaftlichen Verlusten sowohl in Schweinezucht- als auch in Mastbestdnden (Neumann et
al. 2005, Holtkamp et al. 2013). Die klinischen Symptome des Porzinen Reproduktiven und
Respiratorischen Syndroms (PRRS) wurden bereits in den spiten 1980er Jahren beschrieben,
bevor die Atiologie der Krankheit bekannt war: Spitaborte, mumifizierte Foten, totgeborene
oder lebensschwache Ferkel, Anorexie, Fieber, Zyanose, verringerte Wachstumsraten und
respiratorische Symptome in verschiedenen Altersgruppen (Keffaber 1989, Loula 1991). Das
klinische Erscheinungsbild variiert zwischen Bestinden, von asymptomatisch bis hin zu
verheerenden klinischen Symptomen, und wird durch unterschiedliche Virulenz der PRRSV-
Isolate, den Immunstatus und somit die Empfénglichkeit des Wirts, Koinfektionen und
verschiedenen Managementfaktoren beeinflusst (Zimmerman et al. 2012). Modifizierte
Lebendimpfstoffe (MLV modified live virus) werden haufig eingesetzt, um die durch PRRSV
verursachten klinischen Symptome zu kontrollieren und pathologische Lasionen sowie die

Virusausscheidung zu reduzieren.

In der vorliegenden Studie wurde die Wirksamkeit des kommerziellen MLV Impfstoffes
"Ingelvac PRRSFLEX® EU" in abgesetzten Ferkeln untersucht, die experimentell mit dem
PRRSV-1 Stamm ,, AUT15-33% infiziert wurden. Geimpfte und nicht geimpfte Tiere, die
entweder mit einer niedrigen oder einer hohen Dosis PRRSV ,,AUT15-33* infiziert worden
waren, wurden hinsichtlich klinischer Symptome, durchschnittlicher tdglicher Zunahmen,
makroskopischer und histologischer Lungenldsionen und der Viruslast in Serum-, Maultupfer-

und Gewebeproben verglichen. Geimpfte, nicht infizierte Ferkel dienten als Kontrolltiere.

1.1 Atiologie

PRRSV st ein kleines, behiilltes, einzelstraingiges RNA- Virus mit hoher genetischer
Variabilitdit und gehdrt, gemeinsam mit dem Equinen Arteritis-Virus, dem Laktat-
Dehydrogenase-Elevating-Virus und dem Simian Haemorrhagic Fever-Virus zur Virusfamilie
der Arteriviridae, Ordnung Nidovirales (Benfield et al. 1992, Meulenberg et al. 1993, Cavanagh
1997, Snijder und Meulenberg 1998). Arteriviren sind behiillt, kugelféormig und weisen einen



Durchmesser von 45-60 nm auf. Thr Genom liegt als einzelstrangiges RNA Molekiil mit
positiver Polaritdt vor und umfasst zwischen 12,7 und 15,7 Kilobasen. Arteriviren haben einen
strengen Wirtstropismus, replizieren vor allem in Makrophagen und verursachen meist
persistente Infektionen (Snijder und Meulenberg 1998). Das Genom von PRRSV hat eine
Lange von etwa 15 Kilobasen und umfasst 11 offene Leserahmen (open reading frames ORFs).
ORF 1la und 1b machen ca. 80% des Genoms aus und kodieren fiir die Nicht-Strukturproteine,
ORF 2a, 2b, 3, 4, 5a, 5, 6 und 7 kodieren fiir die viralen Strukturproteine (Zimmerman et al.
2019).

Es werden zwei PRRSV- Spezies unterschieden (Adams et al. 2015, Kuhn et al. 2016, ICTV
2022): Betaarterivirus suid 1 (PRRSV-1, vormals europdischer Genotyp 1), dessen erster
Stamm 1991 unter dem Namen ,Lelystad” isoliert wurde (Wensvoort et al. 1991), und
Betaarterivirus suid 2 (PRRSV-2, vormals nordamerikanischer Genotyp 2), dessen erster
Stamm 1992 unter dem Namen ,,ATCC VR-2332 isoliert wurde (Collins et al. 1992). Zudem
gibt es eine erhebliche genetische Variabilitdt der verschiedenen PRRSV- Isolate innerhalb der
Spezies (Stadejek et al. 2008, Shi et al. 2010a, Shi et al. 2010b). PRRSV-1 wird in drei Subtypen
unterteilt, wobei der Subtyp 1 weltweit, Subtyp 2 und 3 vor allem in Osteuropa vorkommen
(Stadejek et al. 2008, Stadejek et al. 2013). Auch innerhalb der Subtypen kann eine sehr hohe
genetische Variabilitdt beobachtet werden (Shi et al. 2010b, Balka et al. 2018).

Der PRRSV- Stamm ,,AUT15-33%, der fiir die experimentelle Infektion der Ferkel in der
vorliegenden Studie verwendet wurde, ist 2015 erstmals in einem Osterreichischen
ferkelproduzierenden Betrieb mit massiven Verlusten, sowohl bei Saug- als auch bei
Aufzuchtferkeln, nachgewiesen worden. Die Virusisolation mittels Passage auf porzinen
Alveolarmakrophagen (PAMs) gelang aus dem Serum von Aufzuchtferkeln mit akuten
klinischen Symptomen. AnschlieBend wurde das als ,,AUT15-33* bezeichnete Isolat teilweise
sequenziert (ORF2-7; GenBank-Nummer KU494019) und als PRRSV-1, Subtyp 1 gruppiert
(Sinn et al. 2016). Die Vollgenomsequenzierung von ,,AUT15-33“ (GenBank-Nummer
MTO000052) wurde vor kurzem ebenfalls publiziert (Kreutzmann et al. 2022).



1.2 Epidemiologie

Félle von schwerwiegenden Reproduktionsverlusten, Atemwegserkrankungen und erhohter
Sterblichkeit mit damals noch unbekannter Genese traten in den spédten 1980er Jahren in den
Vereinigten Staaten (Keffaber 1989) und 1990 auch in dhnlicher Form in Europa auf (Lindhaus
und Lindhaus 1991). 1991 gelang es, das Virus erstmals zu isolieren (Wensvoort et al. 1991)
und schlieBlich die Koch’schen Postulate im experimentellen Versuch zu erfiillen (Terpstra et

al. 1991).

Heute ist PRRSV weltweit verbreitet und in den meisten schweineproduzierenden Landern
endemisch. Neben Hausschweinen sind auch Wildschweine und Halsbandpekaris empfinglich
fiir das Virus (Molina-Barrios et al. 2018). Im Fall der Wildschweine ist die Privalenz jedoch
niedrig und es wird kein Zusammenhang zwischen einer PRRSV- Infektion im
Hausschweinebestand und der Infektion von Wildschweinen vermutet (Albina et al. 2000,

Wyckoff et al. 2009, Reiner et al. 2009).

Infizierte Tiere konnen das Virus oral und iiber Nasensekret (Christianson et al. 1993, Magar
et al. 1995, van der Linden et al. 2003b), iiber Samen (Swenson et al. 1994), Urin (Wills et al.
1997) und auch iiber Kot (Christianson et al. 1993) und Muttermilch ausscheiden (Wagstrom
et al. 2001). Die Dauer und Menge der Virusausscheidung wird sowohl vom Alter und dem
Immunstatus des infizierten Tieres, als auch vom jeweiligen Virusstamm beeinflusst (Cho et al.
2006b, Cho et al. 2006a). Die Ubertragung des Virus kann sowohl direkt als auch indirekt auf
intranasalem, oralem, intramuskuldrem, vaginalem und intrauterinem (Terpstra et al. 1991)
Weg erfolgen (Zimmerman et al. 2019). Zum Virusneueintrag in einen Bestand kann es sowohl
iiber Zukauf infizierter Tiere (Bierk et al. 2001), kontaminierten Samen (Yaeger et al. 1993)
und Aerosole (Otake et al. 2010), als auch indirekt iiber belebte und unbelebte Vektoren
kommen (Otake et al. 2002, Dee et al. 2004, Pitkin et al. 2009b).

1.3 Pathogenese
PRRSV weist einen strikten Tropismus zu Zellen von Subpopulationen des porzinen
Monozyten-Makrophagen-Systems auf, wobei ausdifferenzierte PAMs die priméren Zielzellen

fiir PRRSV darstellen (Duan et al. 1997). Zudem sind Makrophagen von Endometrium und



Plazenta (Karniychuk et al. 2011), sowie Makrophagen in der Nasenschleimhaut (Frydas et al.
2013) und Endothelzellen der Lunge (Li et al. 2020) empfanglich fiir PRRSV. Das Virus
gelangt lber rezeptorvermittelte Endozytose in die Wirtszelle, wobei verschiedene
Oberflachenmolekiile als potentielle Rezeptoren fiir die Virusauthahme fungieren (Nauwynck
et al. 1999). CD163 gilt als der wichtigste Rezeptor fiir die Virusaufnahme (Nauwynck et al.
1999, Lunney et al. 2016). Sialoadhesin (CD169), CD151, Heparinsulphat, Vimentin und DC-
SIGN (CD209) sind weitere potentielle zelluldre Rezeptoren fiir PRRSV (Jusa et al. 1997, Kim
et al. 2006, Calvert et al. 2007, Shanmukhappa et al. 2007, Huang et al. 2009). Zum Zelltod in
Folge einer PRRSV-Infektion kommt es durch Apoptose infizierter und benachbarter Zellen
(,,Bystander Effekt™) (Sirinarumitr et al. 1998, Costers et al. 2008).

Zwolf bis 24 Stunden nach Infektion kommt es zur Virdmie, deren Dauer unter anderem vom
jeweiligen Virusisolat und dem Alter und Immunstatus des infizierten Tieres abhéngt. In der
Literatur ist beschrieben, dass die Virdmie in dlteren Schweinen von kiirzerer Dauer ist als in
jingeren Schweinen und, dass PRRSV in jiingeren Schweinen im Vergleich zu ilteren
Schweinen zu hoheren Titern repliziert (van der Linden et al. 2003a, Cho et al. 2006a, Klinge
et al. 2009). Zudem wurde nach Infektion mit hochvirulenten PRRSV- Stimmen eine h6here
Viruslast im Serum nachgewiesen (Guo et al. 2013). Nach Eliminierung des Virus aus dem Blut
kann es fiir mehrere Monate in lymphatischem Gewebe persistieren (Allende et al. 2000, Wills

et al. 2003).

1.4 Klinik

Das klinische Erscheinungsbild einer PRRSV- Infektion variiert zwischen Schweinebestdnden
und ist abhdngig von der Virulenz des Virusstammes, dem Immunstatus und somit der
Empfinglichkeit des Wirts, der betroffenen Altersgruppe, Koinfektionen und verschiedenen
Managementfaktoren (Zimmerman et al. 2012). Wahrend das klinische Bild in Zuchtsauen vor
allem von Fruchtbarkeitsstorungen geprigt wird, treten bei Infektion von Aufzucht- und

Mastschweinen vor allem respiratorische Symptome auf.

Klinische Symptome einer PRRSV- Infektion in Aufzucht- und Mastschweinen sind
typischerweise Atemwegserkrankungen und reduzierte Tageszunahmen (Benfield et al. 1992,

Collins et al. 1992, Rossow et al. 1994, Zimmerman et al. 2012). Respiratorische Symptome



werden oft durch das Vorhandensein von Sekundérinfektionen verkompliziert. Im Gegensatz
zu reproduktiven Symptomen sind respiratorische Symptome und Lungenlédsionen nach einer
PRRSV- Monoinfektion, insbesondere mit PRRSV-1, unter experimentellen Bedingungen
schwerer reproduzierbar (Done und Paton 1995, Van Reeth et al. 1996, Zimmerman et al. 1997,
Labarque et al. 2002). In der vorliegenden Studie gelang es aber beispielsweise, nach
experimenteller Infektion mit PRRSV [, AUT15-33* klinische Symptome wie Husten und

reduzierte Tageszunahmen sowie Lungenldsionen in Aufzuchtferkeln nachzuweisen.

Typische reproduktive Symptome einer PRRSV- Infektion sind unter anderem Spétaborte,
mumifizierte Foten, Totgeburten und Geburten lebensschwacher Ferkel (Terpstra et al. 1991,
Mengeling et al. 1994). Die Ausprigung der klinischen Symptome in Sauen hingt, neben den
vormals genannten Faktoren, auch vom Reproduktionsstatus bzw. Trachtigkeitsstadium ab. In
der frithen Tréachtigkeit kann eine PRRSV- Infektion zum embryonalen Tod und somit zum
Umrauschen der Sauen fiihren (Prieto et al. 1996a, Prieto et al. 1997). Eine Infektion in der
Mitte der Trachtigkeit fithrt meist nicht zu reproduktiver Symptomatik, da das Virus in diesem
Trachtigkeitsstadium nicht in der Lage zu sein scheint, die Plazentarschranke zu passieren
(Christianson et al. 1993, Kranker et al. 1998). In der spéten Trichtigkeit kann eine PRRSV-
Infektion der Sauen zur transplazentaren Infektion der Féten und somit zu Spitaborten und zu
Geburten lebensschwacher und/oder toter Ferkel fiihren (Kranker et al. 1998, Terpstra et al.
1991, Mengeling et al. 1994). Die Auspridgung der reproduktiven Symptomatik wird zudem
malgeblich vom jeweiligen Virusisolat beeinflusst (Ladinig et al. 2015). Das in der
vorliegenden Studie verwendete PRRS- Virusisolat ,,AUT15-33* hat im Feld beispielsweise
bereits schwerwiegende klinische Symptome wie hohes Fieber, verminderte Futteraufnahme,
Zyanosen an Ohren und Schwinzen der Sauen und massive reproduktive Symptomatik mit bis
zu 50% totgeborener Ferkel und 40% lebensschwach geborener Ferkel, welche in den ersten
Lebenstagen verendeten, in einer Abferkelgruppe ausgeldst (Sinn et al. 2016). Die reproduktive
Symptomatik nach Infektion mit PRRSV |, AUT15-33“ wurde auch unter experimentellen
Bedingungen bereits bestitigt (Kreutzmann et al. 2022).

Eine PRRSV- Infektion von Ebern kann zu Anorexie, Lethargie, respiratorischen Symptomen,
Verlust der Libido und einer verminderten Spermienqualitdt fiihren, wobei meist nur milde

klinische Symptome beobachtet werden (Yaeger et al. 1993, Swenson et al. 1994, Prieto et al.



1996b). Eber konnen dennoch eine gro3e Rolle in der Virusiibertragung von PRRSV spielen,
da sie als symptomlose Triger das Virus monatelang intermittierend iiber das Sperma

ausscheiden konnen (Swenson et al. 1994, Christopher-Hennings et al. 1995).

1.5 Diagnose

Klinische Symptome und typische makroskopische und histologische Verdnderungen der
Lunge lassen eine PRRSV- Infektion vermuten, eine Diagnose kann jedoch nur mittels
Virusnachweis oder Nachweis viraler Produkte gestellt werden (Zimmerman et al. 2019).
Makroskopische Lésionen sind beispielsweise interstitielle Pneumonie und vergroBerte
Tracheobronchiallymphknoten (Stevenson et al. 1993, Lager und Halbur 1996). Histologisch
kommt es in der Lunge durch Infiltration von Makrophagen, Lymphozyten und Plasmazellen
zur Erweiterung der Alveolarsepten. Zudem kann, nach Schadigung der Typ 1 Pneumozyten,
eine Hypertrophie und Hyperplasie der Typ 2 Pneumozyten beobachtet werden. In den
Alveolen konnen nekrotische Makrophagen, Zelltriimmer sowie serdse Fliissigkeit enthalten
sein (Halbur et al. 1996, Rossow 1998, Balka et al. 2013, Zimmerman et al. 2019). In der
vorliegenden Studie wurden folgende histologische Lasionen hinsichtlich ithres Schweregrads
und ihrer Ausdehnung beurteilt: Hypertrophie und Hyperplasie der Pneumozyten, septale
mononukledre Infiltration, intraalveoldrer nekrotischer Debris sowie intraalveoldre und
perivaskuldre Akkumulation von Entziindungszellen. Aus diesen Parametern wurde schlieBlich
fiir jedes Tier in Anlehnung an Balka et al. (2013) ein Score berechnet, um die Ferkel

hinsichtlich ihrer histologischen Lungenldsionen vergleichen zu kénnen (Balka et al. 2013).

Serologische Nachweisverfahren sind der enzyme-linked immunosorbent assay (ELISA)
(Albina et al. 1992), der Immunperoxidase-Monolayer-Assay (Wensvoort et al. 1991), der
indirekte Immunfluoreszenztest (Yoon et al. 1992) und der Serumneutralisationstest (Yoon et
al. 1994). In der Routinediagnostik haben sich kommerzielle ELISAs durch ihre hohe
Sensitivitit, Spezifitdt und Praktikabilitét etabliert. Als Probenmaterial eignen sich Serum und
Oral fluids. Mittels ELISA werden IgG- Antikorper gegen PRRSV- Nukleokapsid- Antigene
von PRRSV-1 und PRRSV-2 detektiert. Eine Unterscheidung von Impf- und Feldvirus ist

jedoch mittels kommerziellem ELISA nicht moglich (Zimmerman et al. 2019).



Fiir den direkten Nachweis von PRRSV stehen verschiedene Reverse Transkriptase (RT)- PCR
Methoden, die Virusisolation in Zellkultur (Wensvoort et al. 1991) und histologische
Féarbetechniken  wie die  Immunhistochemie  (Halbur et al. 1994) oder
Fluoreszenzantikorperfarbung (Rossow et al. 1995) zur Verfliigung (Zimmerman et al. 2019).
Die real-time RT-PCR hat sich aufgrund ihrer Praktikabilitdt und hohen Sensitivitdt und
Spezifitit als direktes Nachweisverfahren durchgesetzt, jedoch darf nicht vergessen werden,
dass es durch die hohe genetische Variabilitit von PRRSV zu falsch negativen Ergebnissen
kommen kann (Wernike et al. 2012, Zimmerman et al. 2019). Als Probenmaterial zum direkten
Nachweis von PRRSV eignen sich Organproben (je nach Infektionsstadium und betroffener
Altersgruppe Lunge, Tonsille, Tracheobronchiallymphknoten, Plazenta, Thymus), Serum,
bronchoalveolédre Lavagefliissigkeit, Oral fluids, Sperma oder Processing fluids (Kittawornrat
et al. 2010, Decorte et al. 2015, Lopez et al. 2018, Zimmerman et al. 2019). Um ein Isolat
genauer zu charakterisieren und beispielsweise einen Feldvirusstamm von einem
Impfvirusstamm zu unterscheiden, wird haufig eine Sequenzierung von RT-PCR-Produkten
durchgefiihrt. Hierfiir eignet sich zum Beispiel die Sequenzierung von ORF 5, welches sich
durch eine hohe genetische Variabilitit und seines vermuteten Einflusses auf die virale
Pathogenese und Immunitdt dafiir eignet, die Verwandtschaft verschiedener Stimme zu
vergleichen (Murtaugh et al. 2010, Pirzadeh et al. 1998). Um jedoch mehr Information iiber ein
Isolat zu erhalten und somit das Verstidndnis zur Epidemiologie von PRRSV zu verbessern,
kann eine Vollgenomsequenzierung mittels next-generation sequencing (NGS) durchgefiihrt

werden (Cortey et al. 2017).

1.6 Prophylaxe und Kontrolle

Um einen Betriecb vor einem PRRS-Virusneueintrag zu schiitzen, sind externe
BiosicherheitsmaBBnahmen unabdingbar. Hierzu gehdren unter anderem eine strikte Trennung
von reinen und unreinen Bereichen, die Kontrolle von Fahrzeug- und Personenverkehr, die
Quarantdne von Zukaufstieren, Schidlingsbekdmpfung und Luftfiltration, um in
schweinedichten Regionen einen aerogenen Eintrag zu verhindern (Pitkin et al. 2009a, Dee et

al. 2010, Papatsiros 2013).



Mithilfe interner BiosicherheitsmaBBnahmen kann eine bestehende Viruszirkulation im Bestand
reduziert und somit der Bestand hinsichtlich Virusiibertragung und klinischer Symptomatik
stabilisiert werden. Zu internen Biosicherheitsmaflnahmen zdhlen unter anderem folgende
Punkte: getrennte Aufstallung von unterschiedlichen Altersgruppen, Reduktion des Versetzens
von Ferkeln, Isolation kranker Tiere, kein Zuriicksetzen von Kiimmerern zu jiingeren
Altersgruppen, Euthanasie von klinisch kranken, lebensschwachen Tieren, striktes Rein/Raus-
Verfahren und Minimierung des Handlings von Ferkeln. Diese MaBBnahmen sind Teil des
McREBEL (Management Changes to Reduce Exposure to Bacteria to Eliminate Losses from
PRRS) Konzeptes, mithilfe dessen die PRRSV- assoziierten Todesfille in Saug- und
Aufzuchtferkeln aufgrund von sekunddren bakteriellen Infektionen minimiert werden konnen

(McCaw 1995).

Neben den oben angefiihrten ManagementmaB3nahmen kann eine PRRSV- Impfung dazu
beitragen klinische Symptome, pathologische Ldsionen sowie die Virusausscheidung zu
reduzieren und somit einen Bestand zu stabilisieren (Cano et al. 2007). In Osterreich sind
sowohl ein inaktivierter Impfstoff als auch mehrere Lebendvakzinen gegen PRRSV-1
zugelassen. Inaktivierte Impfstoffe konnen im Gegensatz zu MLV Impfstoffen nicht in
geimpften Tieren replizieren und somit nicht auf andere Tiere ilibertragen werden. Sie
verursachen zwar eine spontane Erh6hung von Interferon-y und neutralisierenden Antikorpern,
liefern jedoch keinen ausreichenden klinischen Schutz (Zuckermann et al. 2007). Bei der
Herstellung von MLV Impfstoffen verliert das Virus durch wiederholte Passagen in
Zellkulturen einen Teil seiner Virulenz (Renukaradhya et al. 2015), kann jedoch in geimpften
Tieren replizieren und von diesen ausgeschieden werden, wodurch es zu Riickkehr zur Virulenz
und Rekombination mit zirkulierenden Viren oder zwischen verschiedenen MLV Impfstoffen
kommen kann (Li et al. 2009, Kvisgaard et al. 2020). In Danemark war beispielsweise eine
Rekombinante aus zwei PRRSV-1 Impfstimmen fiir schwerwiegende klinische Symptome in

mehreren Betrieben verantwortlich (Kvisgaard et al. 2020).

PRRSV- Lebendvakzinen konnen zwar keine PRRSV- Infektion verhindern, sind aber in der
Lage klinische Symptome abzuschwédchen und die Virusausscheidung zu reduzieren
(Charerntantanakul et al. 2006, Cano et al. 2007, Lyoo et al. 2016, Kritas et al. 2007, Jeong et
al. 2018). Die hohe genetische Variabilitit, auch innerhalb einer PRRSV- Spezies, stellt nach



wie vor eine groBe Herausforderung fiir die Kontrolle von PRRSV durch Impfung dar
(Labarque et al. 2004, Kimman et al. 2009). Optimalerweise sollten MLV Impfstoffe sowohl
Immunitdt gegen homologe, als auch gegen heterologe PRRSV- Stimme auslosen, jedoch
besteht nie eine Kreuzprotektivitdt gegeniiber allen Feldstimmen (Renukaradhya et al. 2015).
Es ist dennoch, aufgrund des oben genannten potentiellen Risikos einer Rekombination
zwischen PRRSV-Impfstimmen, dringend davon abzuraten, innerhalb eines Betriebes auf die

Nutzung von verschiedenen MLV Vakzinen zuriickzugreifen.

Um einen PRRSV- positiven Betrieb zu stabilisieren und im Zuge dessen klinische Symptome
zu minimieren, stehen unterschiedliche Impfschemata zur Verfligung: die terminorientierte
Impfung, wobei alle Sauen (und Eber) im Bestand im Abstand von hochstens 4 Monaten
geimpft werden oder die produktionsorientierte Impfung, wobei die Sauen 6 Tage post partum
und am 60. Trachtigkeitstag geimpft werden (GroBe Beilage et al. 2013). Um die
Viruszirkulation in der Aufzucht und Mast zu minimieren und beispielsweise respiratorische

Symptome zu reduzieren, kann die Ferkelimpfung gegen PRRSV eingesetzt werden.
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Abstract: In this study, the efficacy of the commercial modified live PRRSV-1 vaccine “Ingelvac
PRRSFLEX® EU” was assessed in weaned piglets experimentally infected with PRRSV strain
AUT15-33. Seventy-four weaned piglets were allocated to five groups. Vaccinated (groups 1, 2,
and 5) and non-vaccinated piglets (groups 3 and 4), infected with either a low dose (10° TCIDs, /dose;
groups 2 and 4) or a high dose (10° TCIDs, /dose; groups 1 and 3) of the virus, were compared
regarding clinical signs, average daily weight gain (ADG), lung lesions, viral load in serum, oral
swabs, and tissue samples. In comparison to vaccinated animals, coughing increased notably in
the second week after challenge in non-vaccinated piglets. During the same time period, vacci-
nated, high-dose-infected piglets showed significantly higher ADG (p < 0.05) than non-vaccinated,
high-dose-infected animals. All infected piglets reached approximately the same viremia levels, but
vaccinated animals showed both a significantly reduced viral load in oral fluid (p < 0.05) and tissue
samples and significantly reduced lung lesions (p < 0.05). In conclusion, vaccination was able to
increase ADG, reduce the amount of viral shedding via oral fluids, and reduce the severity of lung

lesions and the viral load in tissue samples under experimental conditions.

Keywords: porcine reproductive and respiratory syndrome virus (PRRSV); PRRSV-1 AUT15-33;

respiratory model; weaned piglets; challenge model; modified live virus vaccine

1. Introduction

Porcine reproductive and respiratory syndrome virus (PRRSV) still has an important
economic impact on pig production worldwide. The virus is responsible for losses in
breeding as well as in growing pig herds [1]. PRRSV is a small enveloped positive-sense
single-stranded RNA virus with a high genetic diversity and belongs to the virus family
Arteriviridae, order Nidovirales [2,3]. There are two species defined [4,5], Betaarterivirus suid 1
(PRRSV-1, previously European genotype 1) and Betaarterivirus suid 2 (PRRSV-2, previously
North American genotype 2). Additionally, there is significant genetic variability among
different PRRSV isolates within each species [6-8].
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PRRSV infection of pigs can occur via several routes, including intranasal, oral [9,10],
intramuscular, intrauterine [11], or vaginal [12,13]. The major clinical signs of PRRS had
already been described before the etiology of the disease was known: late-term abortions,
mummified fetuses, stillborn or weak piglets, anorexia, fever, cyanosis, reduced growth
rates, and post-weaning respiratory problems in piglets [14,15]. However, clinical presenta-
tion varies considerably between herds, from asymptomatic to devastating clinical signs,
including high rates of mortality, and is influenced by virulence differences among PRRSV
isolates, host immune status, host susceptibility, concurrent infections, and several other
management factors [16].

In contrast to the reproductive disease in sows, the respiratory symptoms and lesions of
PRRSV mono-infections in growing pigs are more difficult to reproduce under experimental
conditions, where pigs live under optimal conditions in terms of space, temperature, and
air quality. In contrast, infections in the field are often complicated by secondary infections,
leading to massive financial losses [1,17].

Strategies to control or avoid PRRSV include strict management programs, such as
biosecurity measures and vaccination [18]. Clinical signs caused by PRRSV are often
managed using modified live virus (MLV) vaccines. They induce effective immune re-
sponses, including both humoral and cellular components [19]. One of the major objectives
in the control of PRRSV with the use of MLV vaccines is the reduction in shedding and
transmission of the virus [20].

PRRSY strain AUT15-33, which was used for the experimental infection of piglets in
this study, was detected in an Austrian piglet-producing farm in 2015, where it caused a
severe clinical outbreak [21].

The reproductive syndromes caused by this virus strain were already confirmed in an
experimental infection of pregnant gilts [22]. Thereafter, PRRSV-1 strains closely related to
AUT15-33 were found in different regions of Austria and in Germany [22]. In the current
study, we wanted to assess whether AUT15-33 is also virulent in a respiratory model in
weaned piglets. In the course of this study, the efficacy of the MLV vaccine “Ingelvac
PRRSFLEX® EU” (Boehringer Ingelheim Vetmedica GmbH, Ingelheim am Rhein, Germany)
in decreasing clinical signs, improving weight gain, and reducing viral shedding, lung
lesions, and viral loads in sera and tissue samples after experimental infection with PRRSV
strain AUT15-33 was studied. In addition, two different challenge doses were used to
determine which dose is capable of causing clinical symptoms and lesions in nursery piglets
under experimental conditions.

2. Materials and Methods
2.1. Experimental Design

The entire experiment was carried out according to current Hungarian animal welfare
regulations under the ethical permission number: BA02/2000-43/2017.

The study included seventy-four weaned piglets of PRRSV- and Mycoplasma hyopnei-
monige-negative origin. The piglets were vaccinated against PCV-2 and tested negative for
Swine Influenza Virus antibodies by ELISA (IDEXX Swine Influenza Virus Ab Test, IDEXX
Montpellier SAS, Montpellier, France). Upon the arrival of the animals, the PRRSV-free sta-
tus of the piglets was confirmed by measuring PRRSV-specific antibodies by ELISA (IDEXX
PRRS X3 Ab Test, IDEXX Europe B.V,, Hoofddorp, The Netherlands). They arrived at the
biosafety level 3 facility at 3 weeks of age, and each animal was individually marked with
a numbered ear tag. Piglets were divided into 5 groups: groups 1 to 4 included 16 animals
each, while 10 animals were kept as controls in group 5. The groups were housed separate
from each other, with piglets of groups 1 and 2 and piglets of groups 3 and 4 sharing the
same air space (Table 1).

At four weeks of age (study day 0), animals of groups 1, 2, and 5 were vaccinated
intramuscularly with a dose of 1 mL of the commercial MLV vaccine Ingelvac PRRSFLEX®
EU (Boehringer Ingelheim Vetmedica GmbH, Germany), a live attenuated PRRSV-1 vaccine
containing strain 94881 (full genome Gen Bank accession number KT988004) at a minimum
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dose of 10**—10%¢ TCIDs; (Tissue Culture Infectious Dose 50). The animals of groups 3
and 4 were sham-treated intramuscularly with 1 mL of saline solution per piglet on study
day 0.

Table 1. Experimental design: grouping of the animals.
Grou No. of Room Treatment PRRSV Challenge
P Animals (Study Day 0) (Study Day 28)

1 (vace ! high) 16 A Vaccination 10° TCIDsg 2 /dose
2 (vacc low) 16 A Vaccination 10? TCIDsy /dose

3 (non-vacc high) 16 B Sham treatment 10° TCIDsy /dose
4 (non-vacc low) 16 B Sham treatment 102 TCIDy /dose
5 {(vacc control) 10 (& Vaccination Sham inoculation

! yace: vaccinated; 2 TCIDgg: Tissue Cultire Infectious Dose 50.

On study day 28, piglets of groups 1 to 4 were inoculated intranasally with the PRRSV
isolate AUT15-33. They were retained by use of a snare, and the virus was vaporized
directly into the nostrils of the piglets within seconds (5 mL of cell culture supernatant
including the virus per side) using a mucosal atomization device (LMA MAD Nasal™,
Teleflex Medical GmbH, Athlone, Ireland). The particle size of 30-100 um enables the rapid
absorption of the inoculum via the mucous membranes. Two different infection doses were
used: 10° TCIDs, for piglets in groups 1 and 3, and 10® TCIDx, for piglets in groups 2 and
4. The animals of group 5 were sham-inoculated intranasally with cell culture medium (the
same medium as used for the culture of PAMs to grow the virus) on study day 28.

Any cough that occurred was monitored and recorded from study days 0 to 42 using
the “cough monitor” (Pig respiratory distress package, SoundTalks NV, Belgium). The
package contains a portable hardware platform (SOMQO) to process audio in real time,
the SoundTalks microphone, and the pig respiratory distress monitoring software. One
microphone was placed in each room (room A: both vaccinated, infected groups (groups 1
and 2); room B: both non-vaccinated, infected groups (groups 3 and 4); room C: vaccinated
control group (group 5)). The output of this cough monitoring is an algorithm-based
respiratory distress index that takes the number of coughs and the number of pigs in the
room into account.

Clinical observation, including parameters such as behavior, appetite, dyspnea, cough-
ing, and nasal or eye discharge, was performed once a day from study day 28 to study
day 70 by a blinded observer. The same person performed the observations throughout
the entire study period. The measurement of rectal temperature was performed for the
first 14 days post-challenge, from study day 28 to study day 42. The body weight of the
animals was recorded on study days 0, 28, 35, 42, and 70 to calculate the mean of the
average daily weight gain (ADG) for each group for the time period prior to challenge
(from study day 0 to 28), from days 28 to 35 (first week post-challenge), from days 35 to 42
(second week post-challenge), and from days 42 to 70 (first necropsy until necropsy of the
remaining animals).

Half of the animals from each treatment group were euthanized and necropsied on
study day 42. The remaining animals were followed until study day 70, when necropsies
were performed (Figure 1).

2.2. Challenge Virus

The PRRSV-1 isolate AUT15-33 (Gen Bank accession number MT000052.1) was used
as the challenge virus. The virus was isolated for the first time in 2015 from sera of
piglets showing acute illness by passage on porcine alveolar macrophages (PAMs), partially
sequenced (ORE2-7) and grouped as PRRSV-1, subtype 1 [21]. Kreutzmann et al. compared
AUT15-33 to different PRRSV strains, of which the phenotypic characterization and whole-
genome sequence have already been published [22]. For the current study, the virus was
propagated on primary porcine alveolar macrophages for three passages to obtain 50 mL
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of virus stock (5.6 x 10% TCIDsp/mL) for challenge infection. PAMSs were prepared as
described in [21] by lavage of the lung of a euthanized 10-week-old pig. Titrations were
carried out on PAMs using indirect immunofluorescence with a monoclonal antibody
anti-N [23].
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Figure 1. Timeline of the experiment. Study days on the top, age of the animals in weeks below.

2.3. Sample Collection and Necropsy

Blood samples, as well as oral swabs (sterile dry cotton swabs), were collected on
study days 0, 14, 21, 28, 31, 33, 35, 37, 39, 42, 49, 56, 63, and 70 to evaluate viral RNA copy
numbers in sera and in swabs. Serum was also used to detect PRRSV-specific antibodies.
The blood samples were centrifuged, and the sera were collected in capped tubes and
frozen at—80 °C. Oral swabs were also stored at —80 °C until further processing.

At termination, every piglet was humanely euthanized according to current animal
welfare regulations in Hungary. Complete necropsies were performed on all piglets, and
pathologic findings were recorded. Tissue samples were collected to assess viral loads in
the lungs, tracheobronchial lymph nodes, and tonsils. One sample of each of the seven lung
lobes (2 x 2 cm) of each piglet was fixed in 10% neutral buffered formaldehyde solution for
2448 h, dehydrated with a series of alcohol and xylene, and subsequently embedded in
paraffin wax. Then, 3-4 um thick slices were cut and mounted on glass slides for routine
staining with hematoxylin and eosin for histologic evaluation of lung lesions.

Gross lung lesions, such as tan mottled areas and areas of firm consistency of each
lung lobe, were macroscopically classified according to the percentage of the affected lung
lobe. The relative weights of the different pulmonary lobes according to Christensen et al.
(1999) were used to calculate the total weighted lung lesion score [24].

2.4. Histologic Lung Assessment

One blinded pathologist scored seven lung lobes from each piglet histologically for
severity and extension (severity scored as 0: no lesion; 1: mild; 2: moderate or 3: severe,
extension: 0: not present; 1: focal; 2: multifocal; 3: diffuse distribution of the given lesion)
of the following five lesions: pneumocytic hypertrophy and hyperplasia, septal infiltration
with mononuclear cells, intra-alveolar necrotic debris, intra-alveolar inflammatory cell
accumulation, and perivascular inflammatory cell accumulation. The total histologic score
(histo score) was calculated from the sum of the lesion severity and lesion extension of
each histologically examined parameter in all lung lobes {maximum score of 42 per lesion
per piglet; maximum total score of 210 per piglet) [25]. Hematoxylin-and-eosin-stained
slides were scanned and digitalized with the Pannoramic Midi slide scanner (3D Histech,
Budapest, Hungary). The representative images were obtained with the SlideViewer
software (3D Histech).

2.5. Serum Antibody Detection

A commercial enzyme-linked immunosorbent assay (ELISA) kit (IDEXX PRRS X3 Ab
Test, IDEXX Europe B.V,, Hoofddorp, The Netherlands) was used to detect PRRSV-specific
antibodies in serum samples collected on study days 0, 14, 28, 35, 42, and 70. The ELISA
was performed according to the manufacturer’s instructions; samples with a sample-to-
positive control (5/P) ratio equal to or higher than 0.4 were considered to be positive for
PRRSV-specific antibodies.
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2.6. Virological Analysis—PRRSV qRT-PCR

Viral loads were determined as described by Kreutzmann et al. [22]. In brief, AUT15-
33-optimized ORF7-based qPCR was employed using primers and probes as used by
Kreutzmann et al. [22]. The only difference was the qPCR platform, as a Rotorgene 5plex
(Qiagen GmbH, Hilden, Germany) has replaced the Perkin Elmer 7300 instrument used by
Kreutzmann et al.

Tissue and organ sections (50 mg) were extracted with 600 uL of Qiazol (Qiagen GmbH,
Hilden, Germany) using 3 stainless steel beads (3 mm) in a2 mL screwcap tube (SARSTEDT
AG & Co. KG, Niimbrecht, Germany) for homogenization in a TissueLyser II instrument
(Qiagen GmbH, Hilden, Germany) at full speed for 3 min. The homogenate was briefly cen-
trifuged, and 300 uL of chloroform was added. The capped tubes were thoroughly vortexed
and centrifuged for phase separation at 13,000 g for 5 min. Then, 200 uL of the aqueous
phase was collected and further processed using the ViralPathogen Kit in a QiaCubeHT
instrument (Qiagen GmbT, Hilden, Germany) according to the manufacturer’s protocol.
Two microliters of the eluted RNA was used for ORF7-specific RT-qPCR using the Luna
Onestep RT PCR Kit (New England Biolabs). The primer sequences were adapted from
Egli et al. [26] to fit the sequence of PRRSV-1 strain AUT15-33 (PRSq1 forward: TCAACT-
GTGCCAGTTGCTGG; PRSq2 reverse: TGRGGCTTCTCAGGCTTTTC; and PRSq3 probe:
5'Fam-CCCAGCGYCRRCARCCTAGGG Tamra-3'). To assess the presence of the vaccine
strain contained in Ingelvac PRRSFLEX® EU, the primer set PRSq1 forward: TCAACT-
GTGCCAGTTGCTGG, PRSq4 reverse: TGTGGCTTCTCAGGCTTCTTC and PRSg5 probe:
5'Fam CCCAGCGCCAGCAAYCTAGGG Tamra-3' was employed. The detection of B-actin
was performed as described by Kreutzmann et al. [22] as the extraction control.

2.7. Statistical Analysis

Statistical analysis was performed with TBM SPSS® Statistics (version 25.0). All col-
lected data were tested for normal distribution using the Shapiro-Wilk test. The main
objective was to compare vaccinated with non-vaccinated piglets infected with either a
high dose or low dose of PRRSV in order to evaluate vaccine efficacy. For this comparison,
T-tests with Bonferroni post hoc corrections were used for data showing normal distri-
butions. Rectal body temperature was compared among vaccinated and non-vaccinated
piglets infected with either a high dose or low dose of PRRSV using repeated measures
ANOVA with Bonferroni post hoc corrections. For data without a normal distribution,
non-parametric tests (Kruskal-Wallis test/Mann-Whitney U test) were used to compare
the results between the respective groups; p-values < 0.05 were considered statistically
significant, and p-values < 0.1 were considered numerical differences.

3. Results
3.1. Clinical Observation

No piglets died due to PRRSV AUT15-33 infection in the current study. During
the daily clinical examination, coughing and dyspnea were observed occasionally in the
infected groups, both vaccinated and non-vaccinated. The rectal body temperature of
the vaccinated, infected piglets showed no statistically significant difference to the body
temperature of the non-vaccinated, infected piglets, neither between low-dose-infected
groups nor between high-dose-infected groups (Figure 2). No further clinical signs were
observed during the daily examination.

3.2. Cough Monitor

The cough monitor, which collected all cough events occurring from study day 0 to
study day 42, recorded more coughing than observed during the clinical examination.
There was a notable increase in cough events in the non-vaccinated, infected groups in the
second week after challenge, but no statistically significant differences in the area under
the curve (AUC) of cough events were detected between vaccinated and non-vaccinated,
infected piglets (Figure 3).
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Figure 2. Rectal temperature. Mean and standard deviation of rectal temperature for each treatment
group (vacc high: vaccinated, high dose [10° TCIDsg/ dose] infected; vace low: vacdnated, low
dose [10° TCIDsq/dose] infected; non-vacc high: non-vaccinated, high dose infected; non-vace low:
non-vaccinated, low dose infected; vacc control: vaccinated, non-infected) after infection (study
day 28 to 42).

45
prior challenge post challenge

cough events divided by number of animals

0 2 4 6 8 10 12 14 16 1B 20 22 24 26 28 30 32 34 36 38 40 42
study day

—e—vaccinated groups 1 &2 —s—non vaccinated groups 3 & 4~ —e—control group 5

Figure 3. Cough monitor results. Cough events divided by the number of animals in each room
(vaccinated, infected (groups 1 and 2), non-vaccinated, infected (groups 3 and 4), and vaccinated
control (group 5) animals) per study day from study day 0 to study day 42.

3.3. Average Daily Weight Gain

The average weight of the piglets per treatment group on study day 0 was between 6.5
and 7.5 kg, and the differences between treatment groups were not statistically significant.
The average daily weight gain of each treatment group for different time periods is shown
in Figure 4. In the first time period (prior to challenge, study days 0-28), the mean ADG
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of the piglets ranged from 427.9 g to 542.9 g without significant differences between
vaccinated and non-vaccinated groups (p > 0.05). In the second week after challenge
(study days 35-42), vaccinated, high-dose-infected piglets showed significantly higher
ADG (p < 0.05) than non-vaccinated, high-dose-infected animals. During the same time
period, vaccinated, low-dose-infected piglets showed a numerically higher ADG (p < 0.1)
compared to non-vaccinated, low-dose-infected piglets. In the last time period (study
days 42-70), vaccinated, low-dose-infected piglets again showed a numerically higher
ADG (p < 0.1) compared to non-vaccinated, low-dose-infected piglets.

prior challenge post challenge
1400
p <0.1 p <0.1
1200 p < 0 05
1000
W vacc high
)
o 800 vacc low
_%0 M non-vacc high
9 600
non-vacc low
i B vacc control
200
0
0-28 28-35 35-42 —-70

study days- time period

Figure 4, Average daily weight gain, Mean and standard deviation of average daily weight gain
{ADG) for each treatment group (vacc high: vaccinated, high dose [10° TCIDg; /dose] infected; vace
low: vaccinated, low dose [L0® TCIDx/dose] infected; non-vace high: non-vaccinated, high dose
infected; non-vace low: non-vaccinated, low dose infected; vacc control: vaccinated, non-infected) for
the different time periods: prior to infection, the first and second weeks after infection, and from two
weeks after infection until termination. p-values < 0.05 and <0.1 are indicated using brackets.

3.4. Serology

PRRSV-specific antibodies in serum were detected on study day 14 in all vaccinated
animals, while non-vaccinated animals remained negative in the time period prior to
challenge (Figure 5).

After infection on study day 28, the non-vaccinated, high-dose-infected animals
showed a faster increasein the S/P ratio (mean = sd 5/P ratio on study day 35: 0,12 & 0.08;
study day 42: 1.6 £ 0.29) compared to the animals of the non-vaccdnated, low-dose-infected
group (study day 35: 0 + 0.03; study day 42: 1.04 4 0.56).

3.5. Viral Load in Serum

All animals were monitored for the presence of MLV with PRRSFLEX® EU-specific
qPCR on study days 0, 14, 21, 28, 31, 33, 35, 37, 39, 42, 49, 56, 63, and 70. Viral genomes
were detected on study day 14 in two, on day 21 in three, on day 28 in six, and on day 31 in
three vaccinated animals. After study day 31, the vaccine virus was no longer detected by
PRRSFLEX® EU-specific qPCR.
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Figure 5. ELISA results. Mean and standard deviation of ELISA 5/P ratios for each treatment
group (vacc high: vaccinated, high dose [10° TCIDg /dose] infected; vacc low: vaccinated, low
dose [10° TCIDsg /dose] infected; non-vace high: non-vaccinated, high dose infected; non-vace low:
non-vaccinated, low doese infected; vace control: vaceinated, non-infected) in serum samples collected
over ime.

The viral load in serum, which was determined using AUT15-33-specific gRT-PCR,
which is not cross-reactive with the MLV genome, increased in all infected piglets after
challenge. No significant differences were detected in the AUC of viral load in the serum
between the infected groups. Non-infected animals remained negative in AUT15-33-spedific
PCR. Viremia was first detected in all groups of infected animals on study day 31, 3 days
post-infection (dpi). A slower increase in viral load in sera was measured in the groups that
were infected with the lower dose than in those infected with the higher dose of the virus.
The viral load of piglets in the respective non-vaccinated group increased more rapidly
compared to piglets in the vaccinated group. On study day 39 (11 dpi), all infected piglets
reached approximately the same viremia levels (average 10* GE/mL). Thereafter, the viral
load decreased in all four groups of infected animals. By study day 70, only a few animals
remained positive in AUT15-33-spedific qRT-PCR (Figure 6).

3.6. Viral Load in Oral Swabs

Allinfected animals shed the virus through oral fluids. Piglets from the vaccinated,
infected groups shed less virus than the non-vaccinated, infected animals, and the duration
of shedding was shorter in vaccinated piglets than in non-vaccinated piglets (Figure 7). A
significant difference (p < 0.05) was detected in the area under the curve (AUC) of viral
shedding through oral fluids between the vaccinated, low-dose-infected piglets and the non-
vaccinated, low-dose-infected piglets, as well as between the vaccinated, high-dose-infected
and the non-vaccnated, high-dose-infected piglets,

Piglets that were infected with the lower PRRSY dose (vaccinated and non-vaccinated
piglets) showed a rebound of shedding on study day 63. Afterwards, the amount of shed
virus decreased in both groups. On study day 70, the viral load in oral swabs was lower
than on day 63 in all groups exceptin the non-vaccinated, high-dose-infected piglets.
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Figure 6. Viral load in serum. Mean and standard deviation of qRT-PCR results from serum samples
(logyo GE/mL) of each infected group (vacc high: vaccinated, high dose [10° TCIDsg /dose] infected;
vace low: vaccinated, low dose [103 TCIDsg / dose] infected; non-vacc high: non-vaccinated, high dose
infected; non-vacc low: non-vaccinated, low dose infected) at different time points after infection
(study days).
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IS

logl0 GE/mL

*p<0.05
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oz Ffor g
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1 I ' 'g non-vacc low °
33 35 37 39 42 49 54

study day

Figure 7. Viral load in oral swabs. Mean and standard deviation of gqRT-PCR results from oral swabs
(logp GE/mL) of each infected group (vacc high: vaccinated, high dose [10° TCIDsg /dose] infected;
vacc low: vaccinated, low dose [103 TCIDsg / dose] infected; non-vacc high: non-vaccinated, high dose
infected; non-vacc low: non-vaccinated, low dose infected) at different time points after infection
(study days). Significant differences in the AUC values are indicated (p < 0.05).

3.7. Macroscopic Lung Lesions

Animals from all infected groups showed gross lung lesions, such as tan mottled
areas and areas of firm consistency (Figure 8). During the first necropsy (study day 42),
macroscopic lung lesions were more distinct than during the second necropsy (study
day 70). A significant difference (p < 0.05) in gross lung lesions between the vaccinated,



Vaccines 2022, 10, 934

20

100f19

high-dose-infected and the non-vaccinated, high-dose-infected piglets was detected, while
there was a numerical difference (p < 0.1} between vaccinated, low-dose-infected and
non-vaccinated, low-dose-infected animals during the first necropsy. During the second
necropsy, no more significant differences in macroscopic lung lesions were found.

100 group
Wace high
,_LL Clvacc low
M non_vacc high
- p<0,05 Cnon_vacc low
| |

Mvace control

60

% lung affected

o - i = m =

42 70
study day

Figure 8. Macroscopic lung lesions. Total lung lesion score (corresponding to % of lung affected)
of animals necropsied on either study day 42 (first necropsy) or study day 70 (second necropsy) in
each group (vacc high: vaccinated, high dose [10° TCIDsy /dose] infected; vacce low: vaccinated,
low dose [10° TCIDsy/ dose] infected; non-vace high: non-vaccinated, high dose infected; non-vace
low: non-vaccinated, low dose infected; vacc control: vaccinated, non-infected). Boxplots show
25th and 75th percentiles and median values, and whiskers show minimum and maximum values
within 1.5 x interquartile range (IQR). Outliers are values with more than 1.5 » IQR (indicated
using circles ©), and extreme values are values with more than 3 x IQR (indicated using asterisks *).
P-values < (.1 are indicated using brackets.

3.8. Histologic Lung Lesions

Histologic lung lesions were found in animals of all groups (Figure 9). Regarding
the five different histologic lesions that were examined (pneumocytic hypertrophy and
hyperplasia, septal infiltration with mononuclear cells, intra-alveolar necrotic debris, intra-
alveolar inflammatory cell accumulation, and perivascular inflammatory cell accumulation),
significant differences (p < 0.05) were found in all lesions between vaccinated and non-
vaccinated animals during the first necropsy (Figure 9A-E). During the first necropsy
(study day 42), the total histo score was significantly higher in non-vaccinated compared
to vaccinated animals (Figure 10). During the second necropsy, no significant differences
were present between treatment groups, and lesions were less severe compared to the first
necropsy time point (Figures 10 and 11).

3.9. Viral Load in Tissue Samples

The viral load in lung tissue differed significantly (p < 0.05) between vaccinated and
non-vaccinated infected animals during the first necropsy. In lung tissues from the second
necropsy, no more statistically significant differences were present in viral levels between
animals of vaccinated and non-vaccinated groups (Figure 12A).
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Figure 9. Histologic lung lesions. Histologic lung lesions of animals necropsied on either study day
42 (first necropsy) or study day 70 (second necropsy) in each group (vacc high: vaccinated, high dose
[10° TCIDsy /dose] infected; vacc low: vaccnated, low dose [10° TCIDsg /dose] infected; non-vacc
high: non-vaccinated, high dose infected; non-vacc low: non-vaccinated, low dose infected; vacc
control: vaccnated, non-infected). All seven lung lobes from each piglet were scored histologically for
severity and extension (scored as 0: no lesion; 1: mild; 2: moderate; or 3: severe) of the following five
lesions: pneumocytic hypertrophy and hypetplasia (A), septal infiltration with mononuclear cells (B),
intra-alveolar necrotic debris (C), intra-alveolar inflammatory cell accumulation (D), and perivascular
inflammatory cell accumulation (E). Maximum score was 42 per lesion per piglet. Boxplots show
25th and 75th percentiles and median values, and whiskers show minimum and maximum values
within 1.5 X interquartile range (IQR). Outliers are values with more than 1.5 x IQR (indicated
using circles °), and extreme values are values with more than 3 x IQR (indicated using asterisks *).
p-values < 0.1 are indicated using brackets.
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Viral loads in tracheobronchial lymph nodes differed significantly (p < 0.05) between
vaccinated, high-dose-infected and non-vaccinated, high-dose-infected animals during the
first necropsy. Viral levels in tracheobronchial lymph nodes during the second necropsy dif-
fered significantly between vaccinated, high-dose-infected and non-vaccinated high-dose-
infected animals, as well as between vaccinated, low-dose-infected and non-vaccinated,
low-dose-infected animals (Figure 12B).

Viral loads in tonsils differed significantly (p < 0.05) between vaccinated, low-dose-
infected and non-vaccinated, low-dose-infected animals during the first necropsy. Other-
wise, no significant differences in viral loads of tonsil tissue were detected between the
vaccinated and non-vaccinated animals (Figure 12C).
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Figure 10. Total histo score. Total histo score of animals necropsied on either study day 42 (first
necropsy) or study day 70 (second necropsy) in each treatment group (vacc high: vaccinated, high
dose [10° TCIDsg /dose] infected; vace low: vaccinated, low dose [10° TCIDsg/ dose] infected; non-
vacc high: non-vaccinated, high dose infected; non-vace low: non-vaccinated, low dose infected; vacc
control: vaccinated, non-infected). Boxplots show 25th and 75th percentiles and median values, and
whiskers show minimum and maximum values within 1.5 x interquartile range (IQR). Outliers are
values with more than 1.5 x IQR (indicated using circles ©), Extreme values are values with more
than 3 x IQR (indicated using asterisks *). Significant differences (p < 0.05) between vaccinated and
non-vaccinated piglets are indicated.
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Figure 11. Represenlative histologic pictures of lung tissues obtained from the different groups at
both necropsy time points (1: 14dpi; 2: 42dpi). The numbers indicate the groups according to Table 1
and the necropsy time point (group.necropsy time point). The most severe lesions are seen in the non-
vaccinated groups (3 and 4) with severe interstitial pneumonia and massive alveolar necrosis. The
lesions are milder and no longer statistically significant between the groups at the second necropsy
time point. Histologic scores of the five lesions (pneumocytic hypertrophy and hyperplasia, septal
infiltration with moenonuclear cells, intra-alveolar necrotic debris, intra-alveolar inflammatory cell
accumulation, and perivascular inflammatory cell accumulation for severity (0: no lesion; 1: mild;
2: moderate; or 3: severe) and extension (0: not present; 1: focal; 2: multifocal; 3: diffuse distribution)
for the lung lobes) were: 1.1: 19/30; 2.1: 18/30; 3.1: 22/30; 4.1: 25/30; 5.1: 2/30; 1.2: 11/30;2.2: 10/30;
3.2: 12/30;4.2: 9/30; 5.2: 2/30.
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Figure 12. Viral load in tissue samples. Boxplots show 25th and 75th percentiles and median values,
and whiskers show minimum and maximum values within 1.5 » interquartile range (IQR). Qutliers
are values with more than 1.5 < IQR (indicated using circles °), and extreme values are values with
more than 3 x IQR (indicated using asterisks *). {A): Viral load in lung tissue (log;g GE/mg) from
piglets necropsied on either study day 42 {first necropsy time point) or study day 70 (second necropsy
time point) in each infected treatment group (vacc high: vaccinated, high dose [10° TCIDsq /dose]
infected; vacc low: vaccinated, low dose [103 TCIDsp/dose] infected; non-vacc high: non-vaccinated,
high dose infected; non-vacc low: non-vaccinated, low dose infected). Significant differences (p < 0.05)
between vaccinated and non-vaccinated groups are indicated. (B): Viral load in tracheobronchial
lymph node (logyg GE/mg) from piglets necropsied on either study day 42 (first necropsy lime
point) or study day 70 (second necropsy time point) in each treatment group. Significant differences
(p < 0.05) between vaccinated and non-vaccinated piglets are indicated. (C): Viral load in tonsils (loggp
GE/mg) from piglets necropsied on either study day 42 (first necropsy time point) or study day 70
(second necropsy time point) in each treatment group. Significant differences (p < 0.05) between
vaccinated and non-vaccinated piglets are indicated.

4, Discussion

Although it is difficult to experimentally reproduce respiratory symptoms as a con-
sequence of PRRSV mono-infection, particularly using PRRSV-1 field isolates [27-29], we
managed to provoke clinical signs and lung lesions in weaned piglets after experimental
infection with PRRSV strain AUT15-33, both with the low dose (10° TCIDsg/dose)} and
with the high dose (10° TCIDs, /dose) of the virus. Since the experimental infection was
successful in the current study, the efficacy of a PRRS-MLV vaccine could be assessed by
comparing clinical signs, viral load in serum, viral load in oral swabs (viral shedding),
macroscopic and histologic lung lesions, and viral load in tissue samples of vaccinated and
non-vaccinated animals after PRRSV infection. The investigated parameters were used to
evaluate vaccine efficacy, since viremia levels alone are inadequate [30,31].
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A weakness of the current study was the fact that animals of the low-dose-infected
groups were housed in the same airspace as the animals of the respective high-dose-infected
group. However, vaccinated and non-vaccinated pigs were housed in different air spaces,
and the piglets of the groups housed in the same air space did not have direct contact with
piglets of the respective other group. In addition, separate equipment, clothing, boots, and
gloves were used for the different groups. The initial difference and subsequent accordance
of the viral load in sera between low-dose- and high-dose-infected animals suggest that
infection with different doses worked out despite the suboptimal housing conditions.

In the current study, hardly any coughing was observed during the daily clinical
examination, while the cough monitor recorded more coughing and a notable increase
in cough events in non-vaccinated, infected animals in the second week after infection.
These results show that the use of the cough monitor enables an objective, continuous
measurement of respiratory symptoms compared to the very subjective clinical examination
by humans once a day. In addition to the increased cough events, there was a significantly
(p <0.05) lower average daily weight gain in non-vaccinated, high-dose-infected piglets
compared to vaccinated, high-dose-infected animals in the same time period. For the
average daily weight gain, it must be kept in mind that there were no field conditions in
this study. However, several studies performed under field conditions also showed a higher
average daily weight gain in MLV-vaccinated compared to non-vaccinated pigs [32-34].
Due to the fact that about 55% of the costs of PRRSV infection in general in the US are
caused by infection of growing pigs [1], vaccination of piglets can be a useful strategy to
reduce clinical signs and thus costs [35,36].

ELISA S/P ratios are not related to protection from PRRSV infection [37]; rather, they
show whether the animals have had prior contact with PRRSV, either by vaccination with
MLV vaccine or by field virus infection. In the current study, PRRSV-specific antibodies
were detected in all vaccinated animals after vaccination and prior to PRRSV challenge.
In the non-vaccinated, infected animals, antibodies were detected only after infection,
suggesting that none of the animals had prior contact with PRRSV before vaccination or
infection. Viremia was not mitigated by vaccination in the current study. The viral load
in serum increased in all infected piglets after challenge. The highest peak of viral load is
typically reached 7-14 days post-PRRSV infection [16]. In this case, a slower increase in
viral load in sera was measured in the groups that were infected with the lower dose than
in those infected with the higher dose of the virus. Nevertheless, on study day 39 (11 dpi),
all infected piglets reached approximately the same viremia levels. This initial difference
and subsequent accordance of the viral load between low-dose- and high-dose-infected
animals suggest that the virus isolate replicated very quickly, regardless of the infection
dose. It has been described that a higher viral load in serum is detected after infection with
highly virulent PRRSV strains, that the virus replicates to higher titers in younger pigs, and
that the duration of viremia is prolonged in younger compared to older experimentally
infected pigs [38-41].

In contrast to the results of the current study, Kreutzmann et al. described a signifi-
cantly lower AUC of the serum viral load in vaccinated compared to non-vaccinated gilts,
which were also infected with PRRSV-1 AUT15-33. The gilts were vaccinated with the same
PRRSV-1 vaccine strain (94881, ReproCyc® PRRS EU, Boehringer Ingelheim Vetmedica
GmbH, Germany) as the piglets in the current study. However, the gilts were not vacci-
nated once, but twice before insemination and once in mid-gestation [22]. The time period
between vaccination and infection is another factor influencing the effect of vaccination,
as shown by Balka et al. (2016) in a field study in which piglets were vaccinated with
“Ingelvac PRRSFLEX® EU” 6-8 weeks prior to PRRSV infection and were thus protected
from natural infection in terms of both viremia levels and the proportion of viremic ani-
mals [42]. Another difference in the study design between the recent study of Kreutzmann
et al. and the current study was the challenge dose and the route of infection. The gilts in
the above-mentioned study were inoculated both intramuscularly and intranasally with a
total dose of 3 x 10° TCIDsp/ gilt [22]. The non-vaccinated gilts reached approximately the
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same viremia levels as the piglets in the current study, which is in contrast to the literature
describing a higher viral load in younger pigs [39,43]. The relatively high viral load in sera,
regardless of the age of the animals, and the appearance of clinical signs after experimental
infection in both studies indicate that the PRRSV isolate AUT15-33 is of significant virulence.
However, the route of infection must not be disregarded, as the various routes of exposure
differ in the likelihood that a given dose will result in infection, and it is known that pigs
are more susceptible to infection via parenteral exposure [44].

Although vaccination was not able to prevent viremia, it led to significantly lower
excretion of the virus via oral fluids in vaccinated compared to non-vaccinated animals.
This is one of the greatest benefits of vaccination, especially in areas with high pig density,
since it reduces the probability of virus transmission from vaccinated animals to other
animals [45]. This includes both virus transmission between pigs within a herd but also
virus introduction into neighboring herds.

The two different necropsy time points in this study were chosen to assess macroscopic
and histologic lung lesions and viral load in tissue samples at 14 dpiand 42 dpi. As expected
and similarly seen in other studies [25], both macroscopic and histologic lung lesions were
more severe at 14 dpi than at 42 dpi. Without secondary infections, the extent of lung
involvement is noticeably decreased by 4 weeks after initial PRRSV exposure [46]. After
the acute phase of PRRSV infection and in the absence of secondary bacterial pathogens,
necrotic cells are removed, neutrophils are absent, and damaged lung tissue is replaced
by proliferating type Il pneumocytes [25]. Another interesting observation, especially at
the first necropsy time point, was that low-dose-infected animals had a higher total lung
lesion score and total histo score than high-dose-infected animals. This may be due to
the chosen necropsy time point and the dose of infection. The high-dose-infected animals
have probably already overcome the acute phase of the disease, and the lungs are already
recovering. In the low-dose-infected piglets, the peak of viral replication might be delayed
by a few days, which was also supported by the viremia data; additionally, more replicating
virus was present in the lungs of low-dose-infected piglets at 14 dpi, explaining the higher
lung lesion score.

In a previous study, Kreutzmann et al. found the lowest detection rate and viral load
in the lungs compared to the tracheobronchial lymph nodes and tonsils of infected gilts
around three weeks after infection. These findings may be related to the time point of
necropsy, which was performed 3 weeks after experimental infection, and like the results
of the current study, reflect the typical course of a PRRSV infection [22].

In the tracheobronchial lymph nodes, there was a significant difference (p < 0.05) in
viral load between vaccinated, high-dose-infected and non-vaccinated, high-dose-infected
animals not only during the first necropsy but also during the second necropsy in the current
study. Kreutzmann et al. also detected a significantly lower viral load in tracheobronchial
lymph nodes of vaccinated compared to non-vaccinated gilts three weeks after experimental
infection with PRRSV AUT15-33 [22].

In the acute stage of infection, the lung is the preferential location for viral replication
since porcine alveolar macrophages are the primary target cells for PRRSV [37,47]. During
later stages of infection, viral replication is primarily localized in lymphoid organs such as
the tonsils and lymph nodes, where the virus can persist for months [48,49]. The observed
significantly lower viral load in tracheobronchial lymph nodes of vaccinated animals
compared to non-vaccinated animals at both necropsy time points showed another positive
effect of vaccination, as continuous viral replication in the lymph nodes contributes to the
efficient transmission of the virus.

5. Conclusions

In conclusion, vaccination of piglets with the commercial MLV vaccine “Ingelvac
PRRSFLEX® BU” had a positive effect on average daily weight gain, reduced the amount
and duration of viral shedding via oral fluids, reduced the severity of lung lesions, and led
to a lower viral load in tissue samples after experimental infection with PRRSY AUT15-33
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in weaned piglets. Even at low infectious doses, AUT15-33 provoked clinical signs and lung
lesions in weaned piglets after experimental infection, thus confirming that this strain is a
suitable challenge model for both the reproductive syndrome in sows and the respiratory
disease in piglets.
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3. Diskussion

Trotz der Schwierigkeit, respiratorische Symptome und Lungenlédsionen nach einer PRRSV-
Monoinfektion, insbesondere mit PRRSV-1, unter experimentellen Bedingungen zu
reproduzieren (Done und Paton 1995, Van Reeth et al. 1996, Labarque et al. 2002), gelang es
in der vorliegenden Studie, klinische Symptome und Lungenldsionen in Aufzuchtferkeln nach

einer experimentellen Infektion mit PRRSV-1 AUT15-33 hervorzurufen.

Es wurden zwei verschiedene Infektionsdosen verwendet (niedrige Dosis: 10° TCIDso /Dosis,
Gruppe 2 und 4; hohe Dosis: 10° TCIDso/Dosis, Gruppe 1 und 3), um festzustellen, welche
Infektionsdosis des PRRSV- Stammes AUTI15-33 unter experimentellen Bedingungen
klinische Symptome und Lungenldsionen in Absetzferkeln auslost. Die anfdnglichen
Unterschiede und die anschlieBend anndhernd gleich hohe Viruslast im Serum (durchschnittlich
10® GE/mL) aller infizierter Tieren l4sst darauf schlieBen, dass das Virusisolat unabhiingig von
der Infektionsdosis sehr schnell in den Tieren replizierte. In der Literatur wurde beschrieben,
dass beispielsweise nach einer Infektion mit hochvirulenten PRRSV-Stdmmen eine hohere
Viruslast im Serum nachgewiesen wird (Johnson et al. 2004, Guo et al. 2013). Die ausgepragten
klinischen Symptome, sowohl im reproduktiven (Kreutzmann et al. 2022) als auch im
respiratorischen Modell (Kreutzmann et al. 2021), gepaart mit der relativ hohen Viruslast im
Serum in der vorliegenden Studie, selbst nach Infektion mit niedriger Infektionsdosis, lassen
darauf schlieBBen, dass AUT15-33 als hochvirulenter PRRS- Virusstamm bezeichnet werden

kann.

In der vorliegenden Studie sollte zudem die Wirksamkeit einer kommerziell erhiltlichen MLV
Vakzine nach einer PRRSV-Infektion mit PRRSV-1 AUT15-33 bewertet werden. Nachdem
Viramiewerte alleine nicht ausreichen, um die Wirksamkeit eines Impfstoffes zu beurteilen
(Nodeljjk et al. 2001, Labarque et al. 2003), wurden geimpfte und nicht geimpfte infizierte
Tiere zusdtzlich hinsichtlich ihrer klinischen Symptome, der Viruslast in Maultupfern
(Virusausscheidung), makroskopischer und histologischer Lungenldsionen und der Viruslast in

Gewebeproben verglichen.

Obwohl weder die Dauer der Virdmie noch die Viruslast im Serum durch die Impfung reduziert

wurde, flihrte die Impfung in der aktuellen Studie zu einer deutlich geringeren
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Virusausscheidung. Diese reduzierte Virusausscheidung ist ein groBer Vorteil der PRRSV
Impfung, welche zwar nicht in der Lage ist eine PRRSV- Infektion zu verhindern (Labarque et
al. 2003), jedoch die Wahrscheinlichkeit der Virusiibertragung, sowohl innerhalb eines
Bestandes, als auch zwischen Bestinden, verringert (Pileri et al. 2015). Die zwei
unterschiedlichen Sektionszeitpunkte (14 Tage und 42 Tage nach Infektion) wurden einerseits
ausgewdhlt, um die Virdmiedauer und die Dauer der Virusausscheidung moglichst lange
evaluieren zu konnen (42 Tage), andererseits um das Ausmal} der Lungenlédsionen in Folge
einer PRRSV- Infektion, welche wie erwartet und in der Literatur beschrieben am Studientag
14 ausgeprigter waren als am Studientag 42 (Balka et al. 2013), zu beurteilen. Bei einer
PRRSV- Monoinfektion klingen die Lungenlésionen vier Wochen nach der ersten PRRSV-
Exposition bereits merklich ab (Mengeling und Lager 2000). Somit wére eine Sektion zur
makroskopischen und histologischen Beurteilung von Lungenlédsionen ausschlielich am 42.

Studientag nicht sehr aussagekriftig.

Der Vergleich der Viruslast in der Lunge mit der Viruslast in den
Tracheobronchiallymphknoten und Tonsillen geimpfter und nicht geimpfter Tiere in dieser
Studie spiegelt den typischen Verlauf einer PRRSV-Infektion wider: In der akuten Phase der
Infektion ist die Lunge der bevorzugte Ort fiir die Virusreplikation (Duan et al. 1997, Lunney
et al. 2016), wihrend die Virusvermehrung spiter vorwiegend in lymphatischen Organen wie
Tonsillen oder Lymphknoten stattfindet, wo das Virus monatelang persistieren kann (Allende

et al. 2000, Wills et al. 2003).

Die Ergebnisse der vorliegenden Studie zeigen, dass AUT15-33 als hochvirulenter PRRS-
Virusstamm im respiratorischen Modell klinische Symptome und Lungenlédsionen auslost, in
infizierten Ferkeln zu einer hohen Viruslast in Serum und Gewebe fiihrt und sich somit zur
experimentellen Infektion eignet. Zudem konnte gezeigt werden, dass sich die Impfung mit dem
kommerziellen MLV-Impfstoff "Ingelvac PRRSFLEX® EU" positiv auf die tiglichen
Zunahmen der geimpften Ferkel auswirkte und die Menge und Dauer der Virusausscheidung,
der Schweregrad der Lungenldsionen und die Viruslast in Gewebeproben nach experimenteller

Infektion mit AUT15-33 reduziert wurden.
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4. Zusammenfassung
PRRSYV ist nach wie vor einer der bedeutendsten Krankheitserreger in der Schweineproduktion
weltweit und ist verantwortlich fiir wirtschaftliche Verluste in Schweinezucht- und
Mastbestinden. Durch eine Impfung mit modifizierten Lebendvirus (MLV) Impfstoffen
konnen klinische Symptome und damit verbundene Kosten reduziert werden. In der
vorliegenden Studie wurde die Wirksamkeit einer kommerziell erhéltlichen MLV Vakzine
("Ingelvac PRRSFLEX® EU") nach experimenteller Infektion mit PRRSV-1 AUT15-33 in
abgesetzten Ferkeln untersucht. Zudem wurden zwei verschiedene Infektionsdosen verwendet
um festzustellen, welche Dosis unter experimentellen Bedingungen klinische Symptome und
Lungenlédsionen in Aufzuchtferkeln verursacht. Dafiir wurden 74 Ferkel in den Versuch
eingeschlossen und in fiinf Gruppen aufgeteilt. Geimpfte (Gruppe 1, 2, und 5) und nicht
geimpfte (Gruppe 3 und 4) Ferkel, die entweder mit einer niedrigen Dosis (10° TCIDso /Dosis;
Gruppe 2 und 4) oder einer hohen Dosis (10° TCIDs¢/Dosis; Gruppe 1 und 3) des Virus infiziert
wurden, wurden hinsichtlich klinischer Symptomatik, tdglicher Zunahmen, makroskopischer
und histologischer Lungenlédsionen und Viruslast in Serum, Maultupfern und Gewebeproben
verglichen. Im Vergleich zu geimpften Tieren, zeigten die nicht geimpften Ferkel in der ersten
Woche nach experimenteller Infektion deutlichere respiratorische Symptome. Im gleichen
Zeitraum zeigten geimpfte, mit hoher Dosis infizierte Ferkel signifikant hohere Tageszunahmen
als nicht geimpfte, mit hoher Dosis infizierte Ferkel. Alle infizierten Ferkel erreichten eine
vergleichbare Viruslast im Serum, wohingegen von geimpften Tieren signifikant weniger Virus
oral ausgeschieden wurde. Zudem zeigten geimpfte Ferkel eine signifikant reduzierte Viruslast
in den Gewebeproben und signifikant weniger ausgepriagte Lungenldsionen als nicht geimpfte

Ferkel.

Die Impfung von Ferkeln mit dem kommerziell erhéltlichen MLV Impfstoff "Ingelvac
PRRSFLEX® EU" wirkte sich in der vorliegenden Studie somit positiv auf die tdglichen
Zunahmen aus und reduzierte die Menge und Dauer der Virusausscheidung, den Schweregrad
der Lungenldsionen und die Viruslast in Gewebeproben nach experimenteller Infektion mit
PRRSV-1 AUT15-33. Zudem konnte gezeigt werden, dass eine experimentelle Infektion mit
AUTI15-33, selbst bei niedriger Infektionsdosis, klinische Symptome und Lungenldsionen in

Absetzferkeln ausldst und dieses Virusisolat somit nicht nur im Feld und im reproduktiven
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Versuchsmodell, sondern auch im respiratorischen Versuchsmodell Eigenschaften eines

virulenten Stammes zeigt.

5. Summary
PRRSYV is still one of the most important pathogens in pig production worldwide and is
responsible for losses in breeding as well as in growing pig herds. Vaccination with MLV
vaccines can be a useful strategy to reduce clinical signs and thus costs. In the present study,
the efficacy of a commercial modified live PRRSV-1 vaccine (“Ingelvac PRRSFLEX® EU”)
was assessed in weaned piglets experimentally infected with PRRSV-1 strain AUT15-33. In
addition, two different challenge doses were used to determine which dose is capable of
inducing clinical symptoms and lesions in nursery piglets under experimental conditions.
Seventy-four weaned piglets were allocated to five groups. Vaccinated (groups 1, 2, and 5) and
non-vaccinated piglets (groups 3 and 4), infected with either a low dose (10° TCIDso/dose;
groups 2 and 4) or a high dose (10° TCIDso/dose; groups 1 and 3) of the virus, were compared
regarding clinical signs, average daily weight gain (ADG), lung lesions, viral load in serum,
oral swabs, and tissue samples. Compared to vaccinated animals, non-vaccinated piglets
showed significantly more coughing during the first week after experimental infection. During
the same time period, vaccinated, high-dose-infected piglets showed significantly higher ADG
than non-vaccinated, high-dose-infected animals. All infected piglets reached approximately
the same viremia levels, but vaccinated animals showed both a significantly reduced viral load

in oral fluid and tissue samples and significantly reduced lung lesions.

Thus, vaccination of piglets with the MLV vaccine “Ingelvac PRRSFLEX® EU” had a positive
effect on ADG and reduced the amount and duration of viral shedding via oral fluids, the
severity of lung lesions and the viral load in tissue samples after experimental infection with
PRRSV-1 AUT15-33. In addition, experimental infection with AUT15-33 was shown to
provoke clinical signs and lung lesions in weaned piglets even at low infectious doses, thus
confirming this virus isolate to be virulent not only in the reproductive but also in the respiratory

challenge model.
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