Latvijas Lauksaimniecibas universitate
Veterinarmedicinas fakultate

Prekliniskais institits

Y N
i

<

Mg. VMO06111. Inga Piginka-Vjaceslavova

AR CIRKOVIRUSU-2 INFICETU SIVENU LIMFMEZGLU
REAKTIVITATE

LYMPH NODES REACTIVITY IN PIGLETS INFECTED BY
CIRCOVIRUS-2

Promocijas darba KOPSAVILKUMS

Dr. vet. med. zinatniska grada iegfisanai

SUMMARY

of the Doctoral thesis for the scientific degree of Dr. vet. med.

Jelgava

2018



DOI: 10.22616/lluthesis/2018.002

Promocijas darba zinatniska vaditaja:
Scientific supervisor:

Dr.habil.biol., profesore, LZA korespondétajlocekle
Edite Birgele

Promocijas darbs izstradats:
e LLU Veterinarmedicinas fakultates Prekliniskaja institaita
e Partikas drosibas, dzivnieku veselibas un vides zinatniskaja institiita
”BIOR”, Dzivnieku slimibu diagnostikas laboratorija
e Daugavpils Universitaté, Dzivibas zinatlu un Tehnologiju institata
Ekologijas departamenta, Parazitologijas un histologijas laboratorija

Research has been carried out at the:
e Preclinical Institute of the Faculty of Veterinary Medicine the Latvia
University of Agriculture
e Animal Disease Diagnostic Laboratory of Institute of Food Safety,
Animal Health and Environment "BIOR”
e Laboratory of Parasitology and Histology Department of Ecology
Daugavpils University Institute of Life sciences and technology

Oficialie recenzenti:
Official reviewers:

e Dr.med., RSU profesore Modra Murovska (Rigas Stradil’a universitate
/ Riga Stradins University)

e Drmed. vet, LLU profesore Anda Valdovska (Latvijas
Lauksaimniecibas universitate / Latvia University of Agriculture)

e Dr.med. vet.,, LVZU profesors Alius Pockevi¢ius (Liectuvas Veselibas
Zinatl'u universitate / Lithuanian University of Health Sciences)

Promocijas darba aizstavésana notiks 2018. gada 19. februari, plkst. 14:00.
LLU Veterinarmedicinas fakultate, Jelgava, K.Helmal'a iela 8, A300 auditorija
The defence of theses will take place at the LUA Faculty of Veterinary
Medicine, Jelgava, K.Helmana iela 8, A300 auditorium, on the 19 February,
2018 at 14:00 p.m.

Ar promocijas darbu var iepazities Latvijas Lauksaimniecibas universitates
Fundamentalaja biblioteka, Jelgava, Lielaja iela 2 un
http://llufb.llu.lv/promoc_darbi.html

The thesis ir available at the Fundamental Library of the Latvia University of
Agriculture, Liela iela 2, Jelgava and http://llufb.llu.lv/promoc_darbi.html



http://llufb.llu.lv/promoc_darbi.html
http://llufb.llu.lv/promoc_darbi.html
llufb
Typewritten Text
DOI: 10.22616/lluthesis/2018.002 

http://doi.org/10.22616/lluthesis/2018.002

SATURA RADITAJS

TEVADS ..ttt ettt bbb 5
Darba aktualitate .........coevvereriiieierererieeeeee et 5
Darba RIPOtEZE .....cc.eeeueeiiieiieiiee e 6
Darba METKIS .......eeiviieiiiiciieeiie ettt ettt et ettt e 6
Darba UZdeVUMI ...cc.eeiuiiiiiiiei e 6
Darba zinatnisk@ NOVITALE .........ccuerieriirieririieieieniesesen ettt 6

PERSONIGAIS IEGULDIJUMS........c.ooiiiiiiiieiieieiieie e 7

PETIJUMU REZULTATU APROBACIJA............cocoovrieiiereiieeiee e 7

PROMOCIJAS DARBA STRUKTURA UN APJOMS .........cccccoovvernnne. 10

MATERIALI UN METODES .......cootiiieieiiieeieieieeeieieee s 10
P&tijuma laiks, vieta un materiala raksturojums...........ccccceevveeevercveneeneennenn 10
Petfjuma izmantotas MEtOdeS .........ceeeerueeriieiieieeie et 12

Limfmezglu histologiska un imtinhistokimiska izmeklésana................. 12

Asins paraugu serologiska izmeklé$ana uz PCV2 antivielu klatbatni...16

Limfmezgla paraugu bakteriologiska izmekle$ana.............c..cocveveneee. 17
Parauga mikroskopiska nOVEItESaNa ...........ccceevevverienieeniieieeie e 18
Datu statistiska@ apsStrade.........coeceeierierieieeee e 22

PETIJUMU REZULTATI UN DISKUSIJA ......c.ccooooiiiiiiriniiniinnicnienann. 23
Ciku cirkovirusa-2 izplatiba Latvija (ELISA analize)...........cccccevvevrennnne 23
Sivénu limfmezglu morfologiskais raksturojums
ar cirkovirusa-2 antigenu Un bez ta .........ceeveieieriieiieieeeee e 26
Sivénu limfmezglu un asil'u izmekl&Sanas rezultati uz bakteriju,
cirkovirusa-2 antigéna un antivielu KIatbTitni.........cccceeevveerviinieenie e, 31
Bakterialas infekcijas ietekme uz limfmezglu struktiiru sivéniem
slimiem ar p€catskirSanas novajésanas sindromu (PMWS) ........cccceevvennenne 34
Cirkovirusa-2 antigéna lokalizacija limfmezgla...........ccccccccoeninininnnnne. 36
T limfocttu un B limfocttu skaita izmail’as limfmezglos
ar cirkovirusa-2 antigéna klatbttni un bez ta ..........cceeevveeveeevcivencieenieennenne 37
Ki67 proteinu saturosu $iinu daudzuma izmail’as
limfmezglos ar cirkovirusa-2 antigéna klatbtitni un bez ta..........c..ccceeeeeene 43

SECINAJUMI ..ottt 46

AIZSTAVESANAI IZVIRZAMAS TEZES .........ooovooieoeeeeeeeeeeeeeeeean 47

IETEIKUMI PRAKSEL ..ottt 47



CONTENTS

INTRODUCTION ...ttt sttt eeea 48
Topicality of the research...........coooiiiiiiiiieiiie e 48
Hypothesis of the 1€Search ............ccoecveeieriieiieiieiece et 49
AIm 0f the 1€SarCh ......ocuiiiiiiiiii e 49
Objectives of the research..........ocevvverieriiiiieiiceeeeee e 49
Scientific novelty of the research...........ccoccvvevevienieniciceee e, 50

PERSONAL CONTRIBUTION .....ociiiiiiiieeeeee e 51

APPROBATION OF THE STUDY RESULTS .....ccoiiiiinieeeeeee, 7

STRUCTURE AND VOLUME OF DOCTORAL THESIS .......ccccccoeine. 51

MATERIALS AND METHODS ...t 52
Carry out of study, source and characteristic of samples ...........cc.cccevvenenne. 52
Methods used in the research ............ccooeeiieiieiiiiie e 53

Histological investigation and immunohistochemistry

OFf IyMPI NOAEC.......vieeiieiieiicieceee e 53

Serological investigation of blood samples for the detection

Of PCV2 antibodies.......ccvevuieiieiieiiee e 56

Bacteriological investigation of the lymph node samples ...................... 57
Sample microscopic evaluation..........cceecveecverceereereenieereeeeeeesreesre e ene e 58
Statistical processing of data..........ccoecceeiieiiiierieniee e 60

RESULTS AND DISCUSSION ......ooiiiiiiiiienieieeeee e 62
Seroprevalence of porcine circovirus-2 in Latvia (ELISA analysis)............ 62
Morphological characteristics of piglets lymph nodes
with and without circovirus-2 antigen in lymph nodes ..........c.cceceeevercncnnns 64
Pig lymph node and blood samples investigation to the
bacterial infection, PCV2 antibodies and antigen detection......................... 66
The effects of bacterial infections on the lymph node structure in post-
weaning multisystemic wasting syndrome (PMWS) affected piglets........... 67
Localization of circovirus-2 antigen in the lymph node............ccccceceenience. 68
Changes of T and B lymphocyte number in the lymph nodes
with and without circovirus-2 antigen............cecevvveriereeneeniencnienicneeiens 69
Changes of Ki67 positive cells number in the lymph nodes
with and without circovirus-2 antigen...........ceceeeeervereeneeneienieeieeeeneeeens 71

CONCLUSIONS ...ttt sttt sttt e e 74

THESIS DEFENSE ...ttt 75

RECOMMENDATIONS FOR PRACTICE .....ccociiiiiiiniinieeeeeciee, 75

4



IEVADS
Darba aktualitate

Pirmo reizi ciiku pécatSkirSanas novajésSanas sindroma (PMWS)
uzliesmojumu novéroja Kanada 1991. gada. Sai slimibai céloni atrada daudz
velak, tikai 1998. gada, kad no slimiem ar PMWS sivéniem izolgja ciiku
cirkovirusu-2 (PCV2) (Mankertz et al., 1998; Meehan et al., 1998). Eiropas
valstis slimibas uzliesmojumi sakas no 90. gadu beigam, pieméram Francija un
Spanija 1997. gada. Bet Lietuva un Latvija cirkovirusu-2 (PCV-2) pirmo reizi
konstat&ja 2007. gada (Stankevicius et al., 2007).

Viruss galvenokart skar sivénus 5-15 ned€lu vecuma, izraisot to boja eju
vai hronisku nikuloSanu un novajéSanu. Lidz ar to, pecatskirSanas novajésanas
sindroms izraisa lielus ekonomiskos zaud&jumus ciikkopiba (Segales,
Domingo, 2002; Karuppannan, Opriessnig, 2017), tieSi tapec pasaule tika
uzsakti intensivi pétifjumi par PCV2 izplatibu, slimibas patogenézi, tas gaitu,
morfologiskajam audu izmail’am un kopuma par §is slimibas kontroli.

Izradijas, ka PMWS apstiprinaSanu apgriitina slimibas nespecifiska
kliniska aina, ka ari nespecifiskas makroskopiskas iek§€jo organu parmail’as.
Specifiskas izmailas PCV2 paradas tikai limfmezglu mikroskopiskaja
struktiira, jo §is viruss organisma vairojas makrofagos, kuri slimibas laika liela
daudzuma savairojas tieSi limfmezglos (Rosell et al., 1999; Sanchez et al.,
2003; Rodriguez-Carifio et al., 2011; Ellis, 2014). Ta rezultata limfmezglos
limfociti ,,aizvietojas” ar makrofagiem. Tas, slimiem ar PMWS sivéniem,
izraisa gan celularas, gan humoralas imunitates trauc€jumus. Lidz ar to,
peEcatskirsanas multisistémiskas novajésanas sindroms sivéniem, tiek uzskatits
par vispargju imiindeficita saslimSanu (Segales et al., 2004a; Ferrari et al.,
2014).

Lidz §1m v&l nav noskaidrots, kapéc klniski slimiem ar PMWS sivéniem
noveéro smagus limfocitu zudumus limfoidos audos un arT asinis.

Zinams, ka vairaki virusi cilvékiem un dzivniekiem var izraistt limfoido
audu pastiprinatu apoptozi (Benedict, Banks, Ware, 2003; Irusta et al., 2003;
Neumann et al., 2015). Apoptoze, ka zinams, ir programmeéta Stnu nave, kas
attistas no specifiska fermenta kaspazes aktivizésanas (Hengartner, 2000;
Lockshin, Zakeri, 2002; Neumann et al., 2015). Tomé&r izradijies, ka apoptozei
nav bitiskas ietekmes uz limfocitu daudzuma samazinasanos limfmezglos
cikam ar PCV2 (Resendes et al., 2004; Kiupel et al., 2005; Resendes et al.,
2011).



Darba hipoteze

Izvirzijam hipotezi, ka limfocTtu zudums limfmezglos ciikam ar PCV2
var but saistits ar limfocitu dzivescikla aizkavé$anos. Stnu dzivescikla
aktivitati atspogulo kodolu proteins Ki67. So proteinu konstaté visas akfivas
Stnas fazgs, t.i. interfaz€ G1, S, G2 un mitoze. Toties §tnu ,,klusaja” fazg GO
proteinu Ki67 nenoveéro nemaz.

Darba meérkis

Izpetit limfmezglu reaktivitati cikam inficétam ar cirkovirusu-2.

Darba uzdevumi

1. Noteikt Latvijas teritorija PCV2 izplatibu majas ciikam.

2. Izpéetit limfmezgla PCV2 daudzuma saistibu ar ta morfologiskas
struktiiras izmail am.

3. Izpétit bakterialas infekcijas fonu limfmezglos sivéniem inficétiem ar
PCV2.

4. Noteikt bakterialas infekcijas ietekmi uz limfmezgla morfologisko
struktiiru sivéniem ar un bez PCV2 antigéna.

5. Izvertet ciku cirkovirusa-2 daudzuma ietekmi uz multinuklearo
gigantisko $tnu un virusalo iesléguma kermel'u paradisanos attiecigajos
limfmezglos.

6. Noteikt nobrieduso T un B limfocTtu daudzumu limfmezglos sivéniem ar
datadu PCV2 daudzumu tajos.

7. Noteikt proteina Ki67 daudzuma izmail'as limfmezglos dzivniekiem ar
datadu PCV2 klatbitni tajos.

8. Izpétit saistibu starp proteina Ki67 daudzuma izmail'u un limfocttu
daudzuma izmail'am limfmezglos ar datadu PCV2 antigéna daudzumu
tajos.

Darba zinatniska novitate

1. Tegiti originali dati par PCV?2 izplatibu majas ciiku populacija datados
Latvijas regionos un datada lieluma saimniecibas.



2. legiti jauni dati par sekundaras bakterialas infekcijas klatbiitni slimiem
ar PMWS sivéniem un tas ietekmi uz limfmezglu morfologisko izmail'u
smaguma pakapi.

3. Teguti originali dati par sekundaras bakterialas infekcijas ietekmi uz
multinuklearo gigantisko $§Gnu un virusalo iesléguma kermelu
paradisanos limfmezglos slimiem ar PMWS sivéniem.

4. Tegiti jauni dati par virusalo ieslégumu un multinuklearo gigantisko
Stnu paradiSanas biefumu limfmezglos sivéniem inficétiem ar PCV2
dabiskos apstak]os.

5. legtti jauni dati par PCV2 ietekmi uz limfocitu proliferacijas aktivitati.

PERSONIGAIS IEGULDIJUMS

1. Pé&tifjuma plana sastadisana.

2. Ciukkopibas saimniecibu apmekl€Sana, epidemiologiskas situacijas
novertésana péc ciku kliniskajam pazimém.

3. Vadoties péc PMWS atbilstosam makroskopiskam audu parmail’am,

krituSo sivénu atlasi$ana sekcijai.

4. Sivénu liku sekcija un paraugu atlase histologiskai, imtinhistokimiskai,
bakteriologiskai un serologiskai izmeklgSanai.

5. Histologisko un imunhistokimisko paraugu sagatavo$ana un
mikroskopésana.

6. Anamnézes datu vakSana un analize dzivajam ciikam, kuram tika veikta
serologiska izmekléSana uz PCV2 antivielu klatbatni.

7. Histologiskas, imianhistokimiskas, bakteriologiskas un serologiskas
izmekl&Sanas datu analize un statistiska apstrade.
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PROMOCIJAS DARBA STRUKTURA UN APJOMS

Promocijas darbs noforméts 128 lappus€s ar 62 att€liem un 33 tabulam
un sastdv no anotacijas, ievada, personiga ieguldijuma, p&tfjumu rezultatu
aprobacijas, literatliras apskata, materialiem un metodem, petijjumu rezultatiem,
diskusijas, secinajumiem, aizstaveSanai izvirzamam t€zem, ieteikumiem
praksei un izmantotas literatiiras saraksta ar 229 literatiiras avotiem.

MATERIALI UN METODES

Pétijuma laiks, vieta un materiala raksturojums

Paraugu vakSana un to izmekl€Sana veikta divas aktivitatés. Pirmaja
pétniecibas aktivitaté no 2008. lidz 2011. gadam paraugus ieguvam piecas
clikkopibas saimniecibas Latvija — Latgales, Vidzemes un Kurzemes regiona:
$aja laika perioda paraugus ieguvam no trim nosaciti lielam ctiku saimniecibam
(ar kop&jo dzivnieku skaitu virs 7000) un no divam nosaciti vidgji lielam
saimniecibam (ar kop&jo dzivnieku skaitu 1000-7000).

Visas saimniecibas sivéniem kliniski novéroja ta saucamo ciku
pécatskirSanas novajéSanas sindromam lidzigu ainu un sivénu kriSanu. Pirms
nobeiganas sivéniem noveéroja svara zudumu, caureju vai respiratoras
saslimsanas, glotadu balumu vai ikteriskumu, kas atbilst literatiira aprakstitajai
PMWS kliniskajai ainai (Clark, 1997; Rosell et al., 1999; Segales et al., 2004a;
Segales, 2012; Ellis, 2014). P&tjjumam katra saimnieciba atlasijam desmit
5-15 nedgélu vecus nobeigusos sivénus.

Paraugu izmekl€Sanas procesu veicam Partikas drosibas, dzivnieku
veselibas un vides =zinatniskaja institdta "BIOR" Dzivnieku slimibu
diagnostikas laboratorija. Rezultatu analizi un interpretaciju pamata veicam
Latvijas  Lauksaimniecibas universitaté, Veterinarmedicinas fakultate
Prekliniskaja Institita un Daugavpils Universitate, Dzivibas zinatlu un
Tehnologiju institata, Ekologijas departamenta, Parazitologijas un histologijas
laboratorija.

Kopuma tika izmekléti 42 dzivnieki. Visi nobeiguSies sivéni bija
vakcinéti pret ciku respiratori reproduktivo sindromu. P&c sivénu naves
divpadsmit stundu laika veicam sekciju, nol@mam asinis turpmakajai
serologiskajai izmeklé8anai un pal@mam paraugus no stingri noteiktam
limfmezglu grupam — Inn. inguinales superficiales, Inn. jejunales un Inn.
tracheobronchales histologiskai, imanhistokimiskai (IHK) un bakteriologiskai
izmekleSanai.

Lnn. inguinales superficiales veido divi limfmezgli, kas lokalizgjas
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cirk§l'u rajona zemada labaja un kreisaja pus€ (Inn. inguinales superficiales
sinister et dexter). Lnn. inguinales superficiales ir relativi lieli un pieaugu$am
cikam sasniedz 5-8 cm garumu (Briiveris, 2007), tapec no katra limfmezgla
nolemti tris S$k@rsgriezumi ar attalumu no 0,5 Iidz 1,0 cm, lai ieklautu
griezumus no limfmezgla vidusdalas un malam.

Lnn. jejunales atrodas tievas zarnas apzarni, to skaits var sasniegt
40 limfmezglu, kas stiepjas gar visu tievo zarnu. M@s paraugus nol'@mam pa
vienam limfmezglam no Inn. jejunales tievas zarnas sakumdalas, vidusdalas un
beigu dalas apvidus. No katra §1 limfmezgla I'@mam pa vienam
Skérsgriezumam.

Lnn. tracheobronchales limfmezgli novietoti pie trahejas, bronhu
sakuma apvida. Izskir Inn. tracheobronchales dextri, sinistri un medii. Cukam
papildus ir Inn. tracheobronchales craniales, kas lokalizgas tuvu Inn.
tracheobronchales dextri un vizuali ir grti saskatams, tapéc petjjumam atlastti
tikai tris limfimezgli — Inn. tracheobronchales dextri, sinistri un medii. So
limfmezglu garums ir relativi neliels, pieaugusam cikam tas ir apméram
0,3-3,5 cm (Braveris, 2007), tapéc no katra atlasita Inn. tracheobronchales
izmekleSanai pal’emts tikai pa vienam Sk&rsgriezumam.

Kopuma no 42 sivéniem pétijuma ieglti un izmekl&ti 336 limfmezgli,
ti., katram dzivniekam divi Inn. inguinales superficiales, tris Inn.
tracheobronchales un tiis Inn. jejunales, kopuma 504 limfmezglu
Skérsgriezumi.

Saskala ar promocijas darba izvirzitajiem uzdevumiem, limfmezglu
paraugu histologiskds un iminhistokimiskas izmekléSanas rezultatus
izmantojam PCV2-antigéna daudzuma noteikSanai limfmezgla, virusa
lokalizacijas vietas noteikSanai limfmezgla, ka ari limfmezgla morfologiska
stavokla noteikSanai.

Otraja pétniecibas aktivitateé no 2006. Iidz 2016. gadam izmeklI&umi
veikti, lai noskaidrotu PCV2 izplatibu Latvijas teritorija. Saja pétfjuma
aktivitate kopuma serologiski izmekleti ZI ,,BIOR” uzraudziba iesutitie
963 majas ciiku asins paraugi, kas 'emti no dzivam ctkam. Paraugi tika
sal'emti no 58 datadu Latvijas regionu saimniecibam — no devil’am nosaciti loti
lielam cuku saimniecibam (ar kop€jo dzivnieku skaitu virs 5001), devilam
nosaciti lielam ciiku saimniecibam (ar kop&jo dzivnieku skaitu 1001-5000), no
astol'am nosaciti vid€ji lielam saimniecibam (ar kop€jo dzivnieku skaitu
101-1000), 14 nosactti mazam ctiku saimniecibam (ar kop&jo dzivnieku skaitu
11-100) un 18 nosaciti loti mazam ciiku saimniecibam (ar kopg€jo dzivnieku
skaitu Iidz 10) (1. tabula). Asins paraugi tika nol'emti no datada vecuma un
dzimuma kliniski slimam ctkam.
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1. tabula / Table 1.

Dazada lieluma ciiku saimniecibu skaits, kur veica dzivnieku izmeklé§anu uz PCV2
antivielu klatbatni /
Number of pig farms where animals were investigated to the presence of PCV2

antibodies
Loti .
maza/ | Maza/ | Vidgja/ | Liela/ Loti
Saimniecibas lielums / Farms scale : liela /
Very Small | Medium | Large Huge

small

Ciiku saimniecibu skaits Latvija
01.01.2017. (dati no
Lauksaimniecibas datu centra,
Publiskas datu bazes) / Number of | 4831 579 45 21 20
pig farms in Latvia at 01.01.2017
(data from Agricultural Data
Centre, Public data base)

Ciku saimniecibu skaits, kur veica
dzivnieku izmeklé$anu uz PCV2
antivielu klatbaitni / Number of pig | 18 14 8 9 9
farms where animals were
investigated to the PCV2 antibodies

Ciku saimniecibu daudzums
procentos, kur veica dzivnieku
izmeklé$anu uz PCV2 antivielu
klatbatni / Number of pig farms
where animals were investigated to
the PCV2 antibodies in %

0,4 2,4 17,8 42,9 45,0

Pétijuma izmantotas metodes

Limfmezglu histologiska un imunhistokimiska izmekléSana

Vispirms no katra limfmezgla parauga (n=336) tika sagatavoti
504 parafina bloki turpmakai histologisko un imiinhistokimisko preparatu
pagatavoSanai. Audu paraugi sagatavoti un krasoti ar klasiskam histologijas un
iminhistokimijas metodem uz PCV2 antigéna klatbiitni, kas adaptétas un
validetas BIOR institlita Dzivnieku slimibu diagnostikas laboratorija. Metotu
validacijai tika izmantoti PCV2 antigé€na pozitivi un negativi references audu
paraugi parafina blokos un nokrasotos priekSmetstiklil'os. Mingtie references
audu paraugi tika salemti 2007. gada no Polijas, Pulavas Nacionala Veterinari
P&tnieciska Institta.
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Paraugu sagatavosana veikta p&c visparpielemtds metodikas. Taja
ietilpst audu fiksacija, atiidel’oSana un attauko$ana, ieguldiSana parafina blokos
un griezumu sagatavosana.

Ciiku limfmezglus histologiskai un imunhistokimiskai izmeklé$anai
fikséjam 10% buferéta neitrala formalina §kiduma. Sis $kidums ir viens no
visplasak izmantotiem fiksacijas $kidumiem (Bancroft, Gamble, 2007). Ta pH
ir apméram 6,8. Viena litra fiksacijas Skiduma ir 100 ml 36-38 % formaldehida,
900 ml destiléta fidens, 4 g monobaziska natrija fosfata (NaH,PO4*H,0) un
6,5 g dibaziska natrija fosfata (Na,HPO4). Pilnigai audu fiksacijai paraugu
fiksacijas Skiduma nepiecieSams izturét 24-30 stundas istabas temperatiira,
turklat limfmezgla parauga biezums nav lielaks par 5 mm (Boensch, 2001;
Singh, 2003; Bancroft, Gamble 2007). Paraugu fiksacijas laiks tika stingri
ieverots, jo ilgstosa (vairaku dienu) audu fiksacija izraisa proteina denaturaciju,
kas izmaina iminhistokimiskas izmekl€Sanas rezultatus (Boensch, 2001;
Bancroft, Gamble, 2007).

Talak limfmezgla paraugu atiidel'oSanai un attaukoSanai izmantojam
Vacija ratotu audu procesoru Leica TP1020, kura automatiskaja retima audu
paraugi secigi 1-2 stundas tika izturéti iidensvada krana tident, ,,spirtu rinda”,
ksilola un skidra parafina. Ka zinams, tdens izskalo no parauga formalina
Skidumu. Talak limfmezgla audi tika parvietoti spirtu rinda, secigi sakot no
70%, uz 80%, 96% etanola un trim 100 % denaturéta spirta etapiem. Pieradits,
ka parauga izturé$ana spirtu $kiduma no zemakas uz augstaku koncentraciju ir
nepiecieSama, lai atidel'o$anas un attaukoSanas procesa gaita izslégtu audu
sadali$anos. Péc tam sekoja parauga ,.tiriSana” ksilola, kas labi izvada spirtus
un nodro§ina vieglaku parafina uzsikSanu audos (Singh, 2003; Bancroft,
Gamble, 2007). Mgs sava darba audu paraugus izturgjam divos ksilola
Skidrumos un talak tie tika parvietoti divas tvertngs ar $kidro parafinu.

Ar Vacija ratotu mikrotomu Leica RM 2255 parafina preparatus
sagriezam 4 um biezos griezumos. No katra limfmezgla parauga tika gatavoti
vismaz pieci griezumi:

1. Viens griezums tika uzlikts uz parastd priekSmetstiklil'a turpmakai
histologiskai krasoSanai, to tavejam pie +58°C, 20 miniites Vacija
ratota Binder 140KB 53 termostata. Talak priekSmetstiklil'§ ar paraugu
tika apstradats ar ksilolu un spirta rindu (sakot no 100% denaturéta
spirta, tad 96% etanola, 90% un 70% etanola etapi), lai attaukotu un
nolemtu parafinu. Talak krasojam ar hematoksilinu un eozinu, lai
padarTtu Stinas un tas strukttras redzamas. Tad paraugi tika dzidrinati ar
96% spirtu un ksilolu. Beigas uzlikam Iimi ar segstiklil'u un novertgjam
limfimezgla vispargjo morfologisko stavokli.

2. Cetri griezumi no katra limfmezgla tika gatavoti turpmakajam
iminhistoktmiskajam reakcijam. Sie griezumi tika uzlikti uz specialiem
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elektrostatiski uzladetiem priekSmetstikliem SuperfrostPlus (Menzel-
Glasser, Vacija) un talak tavéti +37°C 15 stundas iepriek§ minétaja
termostata Binder 140KB 53. Vienu griezumu imainhistokimiski
krasojam, lai noteiktu PCV2 antigénu, otru — T limfocttu noteiksanai ar
raksturigo CD3 virsmas protelnu; un treSo — iminhistokTmiskos
krasojumus izmantojam B limfocttu identifikacijai — ar CD79a virsmas
proteinu. Ceturto limfmezgla griezumu krasojam, lai imGinhistokimiski
noteiktu Ki67 kodolu proteinu, kas raksturo $§tinu dzivescikla aktivitati.

Imiinhistokimiska reakcija PCV2 antigéna noteik$anai. Vispirms
vienu histologisko preparatu no katra limfmezgla krasojam uz specifisko PCV2
antigénu klatbiitni, izmantojot avidina-biotina-peroksidazes imiinhistokimisko
metodi (Szczotka, Stadejek, Pejsak, 2011). ST PCV-2 antigéna klatbiitnes
noteik§anas metode tiek uzskatita par vienu no labakajam izmekl€Sanas
metodem, jo tas jutigums ir lidzvertigs polimerazes k&des reakcijai (PCR) un in
situ hybridization metodei (McNeilly et al., 1999; Ha, Jung, Chae, 2005;
Szczotka, Stadejek, Pejsak, 2011). Kaut gan dati autori uzskata, ka $T metode
var uzradit negativu reakciju gadijumos ar loti zemu PCV2 koncentraciju audos
(Kim, Chae, 2003; Khaiseb et al., 2011). PCV2 antigéna imiinhistokimiska
vizualizacija parafina griezumos dod iesp&ju noteikt precizu PCV2 antigéna
lokalizaciju audos, kas nav iesp&jams ar PCR (Ha, Jung, Chae, 2005; Khaiseb
et al., 2011). Turklat, salidzinajuma ar citam minétam metodém, $7 ir 1&taka un
atraka PCV2 antigéna klatbiitnes noteiksana (Szczotka, Stadejek, Pejsak, 2011).
Tade] més sava darba izveélgjamies PCV2 klatbiitni limfmezglos noteikt tiesi ar
avidina-biotina-peroksidazes imiinhistokimisko metodi.

Vienlaicigi ar pétfjuma ieklautajiem preparatiem uz PCV2 antigéna
klatbutni krasojam art references kontroles pozitivo un negativo paraugu. Pec
deparafinizacijas un rehidratacijas ar ksilolu un kritoSas koncentracijas
etanoliem, preparatus iztur§jam 3% tdelrata peroksida 30 mindites — lai
parauga blok&tu endogéno peroksidazi. Antigéna ,,atkailinasanai” izmantojam
enzimu proteinazi K, kas izskidinata 1:50 Tris-bufera skiduma (TBS, pH=7,55),
kura preparatus izturgjam 3 minites. Primaro PCV-2 monoklonalo antivielu
(Ingenasa 36A9), atskaiditu 1:250 ar TBS un albuminu, uzlikam uz preparata
un inkubgjam to +4°C temperatira 15 stundas. Ka sekundaro antivielu
izmantojam biotiniz€to poliklonalo kazas anti-peles imunoglobulinu
(Polyclonal Goat Anti-Mouse Immunoglobulin Biotinylated), ko atskaidijam ar
TBS 1:200 un preparatus izturgjam 1 stundu istabas temperattra. Tad
preparatiem uzpilindjam avidina peroksidazes konjugata reagentu komplektu un
turgjam tos divas stundas istabas temperatiira. Talak preparatus apstradajam ar
hromogén-substratu (AEC) un nokrasojam ar hematoksilinu, noskalojam
destileta fident un uzlikam Iimi ar segstiklil'u. Imiinhistokimiskaja krasojuma
PCV2 antigéns vizualizgjas ka viendabigas granulas briina krasa, datada
lieluma §iinu citoplazma vai starp$iinu telpa.
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Imiinhistokimiskas reakcijas uz T limfocitiem un B limfocitu
diferenciaciju, un Siinu dzivescikla aktivitates proteinu noteik§anu. Pargjos
tris preparatus no katra limfmezgla krasojam ar iminhistokimisko metodi
(IHK), lai katra preparata vizualizétu vienu noteiktu specifisku proteinu. Sai
IHK izmantojam vienadu kopg&jo izmekléSanas procediru (protokolu), kura
mainfjam tikai atbilsto§as primaras antivielas — CD3 virsmas proteina
vizualizacijai (specifiskais T limfocttu proteins) un CD79a virsmas proteina
vizualizacijai (kas ir raksturigs B limfocTtu proteins), ka ari Ki67 kodola
proteina vizualizacijai (specifisks proteins $iinu dzivescikla aktivitates fazém).

Minétai izmekl€Sanas procedirai pielietojam Dako EnVision®+
System-HRP reagentu komplektu, K4007 (ratots Danija), kas balstas uz HRP
(angl. horseradish peroxidase) markéta poliméra. P& deparafinizacijas un
rehidratacijas ar ksilolu un kritosas koncentracijas etanoliem, audu preparatus
skalojam bufera Skiduma Dako EnVision™ FLEX Wash Buffer (K8007).
Antig€na ,atkailinaSanai” izmantojam mikrovillu krasni, kur preparatus
inkub&jam 15 mindtes ar 350 W un 7 mintites ar 750 W. Tad preparatus
izturgjam 3% tdel'rata peroksida 10 mintites, kas parauga bloké endogéno
peroksidazi. Talak preparatam sekoja primaro antivielu aplikacija istabas
temperatiira vienu stundu. Atgadinam, ka no katra limfmezgla paraléli krasojam
tris preparatus, lai katra preparata vizualiz€tu vienu noteiktu specifisko
protenu. Saja etapa trim griezumiem no katra limfimezgla pievienojam Ipasu
primaro antivielu (no Dako firmas):

1. Vienam izmantojam primaro antivielu Monoclonal Mouse Anti-Rat
Ki-67 Antigen, Clone MIB-5, uz Ki67 proteina klatbiitni (specifisks
proteins $iinu dzivescikla aktivitates fazém) (Polacek et al., 2007; Rekiel
etal., 2010; Debeer et al., 2013).

2. Otram izmantojam primaro antivielu Monoclonal Mouse Anti-Human
CD3, Clone F7.2.38, uz CD3 virsmas proteinu klatbtitni (specifiskais T
limfocTtu proteins) (Polacek et al., 2007; Garcia-Nicolas et al., 2015).

3. TreSajam griezumam uz priekSmetstiklil'a pielietojam primaro antivielu
Monoclonal Mouse Anti-Human CD79¢, Clone JCB117 uz CD79a
virsmas protetnu klatbtitni (specifiskie B limfocitu proteini) (Polacek et
al., 2007; Debeer et al., 2013; Garcia-Nicolas et al., 2015).

Jaatzime, ka visas primaras antivielas ir ratotas cilveku proteinu
vizualizacijai, bet petijumi pierada, kas primaras antivielas cilvéku proteinu
vizualizacijai, Ipas$i T un B limfocttu, nokraso ar1 ciiku atbilstoSos proteinus
(Polacek et al., 2007; Cino-Ozuna et al., 2012; Garcia-Nicolés et al., 2015).
Tapec bieti ciku specifisko protelnu vizualizacijai izmanto cilvékiem rat otas
primaras antivielas (Rekiel et al., 2010; Debeer et al., 2013).

Primaro antivielu noskalojam ar jau mingto bufera Skidumu Dako
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EnVision™ FLEX Wash Buffer (K8007). Talak visiem preparatiem no katra
limfimezgla izmantojam vienadas reagentu aplikacijas. Preparatus iztur&jam
45 miniites istabas temperatira Dako EnVision poliméra-HRP, kas ir konjugg@ts
ar sekundaro antivielu Polyclonal Goat Anti-Mouse Immunoglobulins. Dako
EnVision polimers-HRP netika at$kaidits. Visbeidzot, noskalojot preparatus ar
jau mingto bufera Skidumu, uzpilinajam hromogén-substratu (DAB), tad
nokrasojam ar hematoksilinu, noskalojam destiléta fiden un uzlikam Iimi ar
segstiklilu. Imiinhistokimiskaja krasojuma CD3 un CD79a proteinu pozitivas
Stnas vizualizgjas ar brunu $tinas membranu. Imunhistokimiskaja krasojuma
Ki67 proteinu pozitivas $iinas vizualizgjas ar briinu kodolu.

Asins paraugu serologiska izmeklé$ana uz PCV2 antivielu klatbiitni

Visus majas ciiku asins seruma paraugus (963 asins paraugi no dzivam
cikam un 42 paraugi no kritusiem sivéniem) izmeklgjam uz PCV2 antivielu
klatbiitni ar blok&joso ELISA Synbiotics, Serelisa PCV2 Ab Mono Blocking
komercialo diagnostisko komplektu (ratots Francija). Katram izmeklgjumam
pielietojam arT pozitivo un negativo kontroli, kas attiecigi bija ieklauta
komercialaja komplekta. Ciiku asins serumu at$kaidijam ar parauga atSkaiditaju
lidz 1:100 un ievietojam ipasa mikrotitréta plates iedobg, kas ir parklata ar anti-
PCV2 antivielam. Tad paraugu iztur§jam vienu stundu + 37°C mikroplates
inkubatora Labsystems iEMS Incubator/Shaker (rat ots Somija).

Talak no mikrotitrétas plates iedobém paraugu skalojam nost ar
specialas iekartas palidzibu — Francija ratoto Bio-Rad PW41 ELISA
mikropla§u mazgataju. So mazgasanas sistému izmantojam péc katras nakosas
reagenta aplikacijas.

Péc tam paraugam pievienojam 100 pl konjugatu anti-PCV2 Mab ar
peroksodazi (1:100) un izturgjam vienu stundu + 37°C mikroplasu inkubatora.
Tad pievienojam 100 pl buferizé€tu peroksidazes substratu un izturgjam
20 miniites +20°C mikroplasu inkubatora. Reakciju apstadinajam ar 50 pl Stop
Skidumu. Izmekl&ta parauga optisko blivumu (OD) izmérjjam ar aparatu —
monochromatic ELISA reader ThermoLabsystems Multiskan Ascent (ratots
Somija), izmantojot 450 nm filtru.

PCV2 antivielu klatbiitne (S/N) bija izteikts ar optisko blivumu un
aprekinats pec formulas: parauga OD / negativa parauga OD. Tiesi S/N raditajs
norada uz serologiskas izmekleé8anas rezultata interpretaciju. Izmantotaja
diagnostiskaja komplekta ir noteikta ta saucama Cut off robet a. Cut-off skaitlis
dod iespgu izrekinato S/N raditaju noveértét ka pozitivu, negativu vai
aizdomigu.
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Ja S/N raditajs ir mazaks par cut off robetu, tads paraugs ir seropozitivs
uz PCV2. Ja S/N raditajs ir lielaks par cut off robetu — paraugs ir PCV2
seronegativs. IzmekleSanas gaita diagnostikuma rat otajs vairakas reizes mainija
cut off robetas. No 2006. g. 1idz 2008. g. bija divas cut off robetas: zema — ar
S/N vertibu 0,15 un augsta — ar S/N vertibu 0,2. Tatad izmekl&tie paraugi ar
S/N radttaju <0,15 ir PCV2 seropozitivi, paraugi ar S/N raditaju >0,2 ir PCV2
seronegativi, bet paraugi ar S/N raditdju no 0,15 Iidz 0,2 ir PCV2
seroaizdomigi. No 2008. g. cut off robeta bija tikai viena, sadalot visus
paraugus uz PCV2 seropozitiviem vai seronegativiem. 2008.g. cut off robeta
bija ar S/N vértibu 0,5. 2010.g. vida cut off robeta bija nomainita uz S/N
veértibu 0,4.

Limfmezglu parauga bakteriologiska izmeklesana

LCemot veéra, ka pecatSkirSanas novajéSanas sindroms sivéniem ir
multisistémiska saslimSana, ta tiek uzskatita arT par vispargju imiindeficita
saslimSanu (Segales et al., 2004a; Ferrari et al., 2014), turklat sivéniem ar
PMWS parasti pievienojas viena vai vairakas sekundaras infekcijas (Chae,
2004; Gu et al.,, 2014; Opriessnig et al., 2017). Dabigos apstaklos ciiku
cirkovirus-2 organismu parsvara ietekmé kopa ar citu virusu un bakteriju
izraisitajam infekcijam (Albina et al., 2001; Bolin et al., 2001; Ladekjaer-
Mikkelsen et al., 2002; Okuda et al., 2003; Hasslung et al., 2005; Ellis, 2014).
Tikai 15% PMWS gadijumos sivéniem netiek novérota sekundaras infekcijas
pievienosanas (Kim et al., 2002), tapec, saskal'a ar darba uzdevumiem, mes
visiem krituSajiem sivéniem veicam limfmezglu bakteriologisko izmekl€Sanu,
lai noteiktu sekundar@s bakteriologiskas infekcijas sastopamibas bietumu
sivéniem slimiem ar PMWS, izpétitu bakterialo fonu limfmezglos ar PCV2
inficetiem sivéniem, ka arT novertetu bakterialas infekcijas ietekmi uz
limfmezgla strukttiru sivéniem slimiem ar PMWS.

Sekcijas laika no katra sivéna (n=42) sterilos apstaklos nol’emts paraugs
no diviem Inn. inguinales superficiales, trim Inn. tracheobronchales un trim
Inn. jejunales talakai bakteriologiskai izmekléSanai. Katrs paraugs tika
izmekléts paraleli ar trim diagnostiskdam metod@m: nativa nospieduztriepes
mikroskopija, uzs€jums uz barotn€m un bioraudze.

Nativa nospieduztriepes mikroskopija. No katra limfmezglu parauga
gatavojam divas nospieduztriepes. Sakuma limfmezgla virsmu piededzinajam
ar Spateli; ar sterilam griezn€m vai sterilu skalpeli piededzinajuma vieta
izdarjam griezumu un izgriezam audu gabalilu. Nospiedumu preparatus
gatavojam tilit pec audu gabalila izgrieSanas, ar svaigi griezto virsmu
pieskaroties sterilam priekSmetstikli’am. P&c tam priekSmetstiklil'u turgjam ar
uztriepi uz augSu un 3-4 reizes izvilkam caur liesmu, lai nofiks€tu uztriepi.
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Talak krasojam ar metilénzilo un mikroskop&jam.

Uzséjums uz barotném. No katra sivéna (n=42) nol'emta limfmezglu
parauga veicam uzséjumu vienlaicigi uz se$am barotném (ratots Biolife,
Italija): Asins agara, Barojosa agara, EMB agara, XLD agara, MacConkey
agara un Brain Heart Infusion agara ar asinim. Miné&tas barotnes izv€letas ar
noliku, lai vargtu kultivet maksimali plaSu bakteriju spektru, tadu, kur$
visbieta k izraisa saslimSanu ctikam (Markey et al., 2013). Katru limfmezglu
nogrieza ar sterilam $§k&rém un ar nogriezto virsmu pieskaramies pie barotnes
virsmas, atstajot nospiedumu. Uzs€jumus inkub&jam +37C° no 24 lidz
72 stundam. Jaatzime, ka uzs€jumiem uz barotnes Brain Heart Infusion agara
tika nodroSinati ipasi inkubacijas apstakli, jo tas tika turStas anaeroba vide.
Izoléto baktériju tirkultiiru krasojam péc Grama metodes un mikroskop&jam.
Lai precizi identificetu baktérijas tipu, attiecigo bakteriju  tirkultiru
parbaudijam ar papildus biokimiskiem testiem (API testi, BioMerieux (Francija)
un BBL crystal testi, Becton Dickinson (ASV)).

Bioraudze. No katra dzivnieka limfmezglu paraugus sagriezam ar
Skeérém sikos gabalil’os, pievienojam fiziologisko §kidumu 1:10 un ievietojam
maisiSanas aparata Stomacher, lai pagatavotu emulsiju, no kuras 0,5 ml
injicgjam divam baltajam laboratorijas pelém zemada. Ja peles desmit dienu
laika péc injekcijas nobeidzas, tad paraugus no peles ieks$€jiem organiem
izmeklgjam ar uzs€jumu uz barotném un ar nativas nospieduztriepes
mikroskopijas metodi. Bioraudzi veicam péc akreditétas BIOR metodes DC-RI-
M-323.

Parauga mikroskopiska novértéSana

Preparatus  analizéjam Nicon gaismas mikroskopa Latvijas
Lauksaimniecibas universitates, Veterinarmedicinas fakultates Prekliniskaja
Instit@ita un Zeissa gaismas mikroskopa Partikas drosibas, dzivnieku veselibas
un vides zinatniskaja institita "BIOR" Dzivnieku slimibu diagnostikas
laboratorija.

Vispirms analiz€jam limfmezgla preparatus krasotus ar hematoksilinu
un eozinu, lai noverteétu limfmezgla vispargjo morfologisko stavokli.

Katra histologiskaja preparata izveértgjam tris limfmezgla struktiras
parametrus, kuru izmail'as ir visparpielemts izteikt balles no 0 Iidz
3 (Opriessing et al., 2004):

e folikulu vizualais izskats (0 — izmail'u nav, 1 — folikulu vizualais izskats
nedaudz izplidis, 2 — folikulu struktiira vaji saskatama, 3 — folikuli
vispar nav saskatami), 1. attels;
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e limfocitu daudzuma samazinasanas limfmezgla kopuma (0 — izmail'u

nav, 1 — limfocitu daudzums nedaudz samazinats, 2 — limfocitu
daudzums vid€ji samazinats, 3 — novero loti lielu limfocttu zudumu),
2. attéls;

e histiocttu daudzums (0 — histiocttu preparata nav, 1 — konstatetas
atseviskas §tinas, 2 — vid&ji daudz histiocttu, 3 — histiocTtu loti daudz.

&R

1.att. Limfmezglu folikulu izskata novértéjums (Darwich et al., 2002)

A — vesela dzivnieka limfmezglu struktiira ar labi vizualizetiem folikuliem, kas noraditi
ar bulti’am (0 balles). B — folikulu struktiira vaji saskatama (2 balles). C — folikuli
vispar nav saskatami (3 balles)

Fig.1. Evaluation of the follicle structure in lypm nodes (Darwich et al., 2002)

A — health animal lymph node without changes in the follicle structure, this is indicated
by arrows (0 score). B — follicle structure poorly visualized (2 score). C — loss of the
lymphoid follicle structure (3 score)
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2.att. Limfmezglu limfocitu daudzuma novértejums (Guo et al., 2012)

A — limfocttu daudzums nedaudz samazinats (1 balle). B — limfocitu daudzums vidgji
samazinats (2 balles). C — novéro loti lielu limfocitu zudumu (3 balles). D — izmail'u nav
(0 balles)

Fig.2. Evaluation of lymphocyte number in lymph nodes (Guo et al., 2012)

A —a mild amount of lymphocyte depletion (1 score), B — a moderate amount of
lymphocyte depletion (2 score), C — a severe amount of lymphocyte depletion (3 score),
D — normal, no changes (0 score)

Katra histologiskaja preparata noveértgjam ari raditajus, kuri papildus
liecina par PCV2 klatbttni — multinuklearas gigantiskas $tinas un PCV2 virusa
citoplazmatisko iesléguma kermel'u klatblitne. Tas novért€§jam datadajas
limfmezgla struktiiras — limfmezgla kortikalaja, parakortikalaja, un medularaja
slani, ka ari subkapsularos un trabekularos sinusos. Katra limfmezgla regiona
izmeklgjam 10 mikroskopa redzeslaukus ar palielinajumu x200.

Talak analiz€§jam imunhistokimiskos preparatus krasotus uz PCV2
antigéna klatbiitni. Imiinhistoktmiskaja krasojuma PCV2 antigéns vizualizgjas
ka viendabigas granulas briina krasa, datada lieluma Stinu citoplazma vai
starpstinu telpa. [zvert€jumu veicam pec visparpiel emtas sist€émas, kura PCV2
antigéna daudzums izvertéts plusu sistéma:

e ja PCV2 antigéna klatblitni novérojam mazak neka 10% folikulu
(Opriessnig, Meng, Halbur, 2007) vai limfmezglu parenhimas, tadu
PCV2 antigéna daudzumu uzskatfjam par nelielu (+);

e ja PCV2 antigéna klatbiitni noverojam no 10% lidz 50% folikulu
(Opriessnig, Meng, Halbur, 2007) vai limfmezglu parenhimas, tadu
PCV2 antigéna daudzumu uzskatijam par vidgju (++);

e ja PCV2 antigéna klatbutni noveérojam vairak neka 50% folikulu
(Opriessnig, Meng, Halbur, 2007) vai limfmezglu parenhimas, tadu
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PCV2 antigéna daudzumu uzskatijam ka lielu (+++).

Papildus tam PCV2 antigéna daudzumu noteicam ar1 procentuali,
izmantojot datorprogrammu Pannoramic DensitoQuant (3DHISTECH),
novértgjot procentualo limfmezgla laukumu ar PCV2 antigéna klatbatni. So
analizi m&s veicam Daugavpils Universitaté, Dzivibas zinatl'u un Tehnologiju
institiita, Ekologijas departamenta, Parazitologijas un histologijas laboratorija.
Katra imiinhistokimiskaja preparata novertgjam PCV2 antigéna daudzumu
datados limfmezgla slal'os — folikulos, parakortikalaja slani folikulu apvidd,
parakortikalaja slani sinusu apvidii un limfmezgla medularaja slani. Katra
limfmezgla slani izmekl&jam piecus mikroskopa redzeslaukus 200 um x
200 um lieluma. Imiinhistokimiski krasota parauga analizei misdienas plasi
izmanto datorprogrammas, kas paatrina un atvieglo parauga analizi (Tuominen
et al., 2010; Schuffler et al., 2013).

Visbeidzot analiz€jam imtnhistokimiskos preparatus krasotus uz CD3
virsmas proteinu klatbutni (specifiskais T limfocitu proteins), uz CD79a
virsmas proteinu klatbiitni (specifiskie B limfocttu proteini), ka art Ki67 kodolu
protetna klatbuitni (specifisks proteins $tnu dzivescikla aktivitates fazém).
Imiinhistokmiskaja krasojuma CD3 un CD79a proteinu pozitivas S$iinas
vizualiz€jas ar briinu Stinas membranu. Iminhistokimiskaja krasojuma Ki67
proteinu pozitivas Siinas vizualizgjas ar briinu kodolu.

Apkopojot literatiiras datus konstat€jam, ka Sobrid Stnu skaitiSana un
interpretacija imtnhistokTmiski krasota parauga ir viena no saret gitakajam un
diskutéjamam témam (Fedchenko, Reifenrath, 2014). Nav vienadas skaiti§anas
un preparata analizes sistémas. Katrs patologs, balstoties uz savu individualo
pieredzi, izvélas piemerotako Siinu analizes un skaitiSanas tehniku. P&tnieki
parsvara iesaka izmantot vienkarSakas un viegli saprotamas skaitiSanas
sisttmas (Fedchenko, Reifenrath, 2014). Tapéc sava darba CD3, CD79a un
Ki67 proteina analizei izmantojam literatlra vienu no bietak aprakstitajam
skaitiSanas metodém. Ta ir kvantitativa iminhistokimiski pozitivo S§tinu
skaitiSana, uz kopgjo Stnu daudzumu, viena izmekl&jama audu parauga (Louis
et al.,, 1991; Muskhelishvili et al., 2003; Bologna-Molina et al., 2011;
Fedchenko, Reifenrath, 2014). Katra imtnhistokimiskaja preparata novertgjam
CD3, CD79a un Ki67 proteina daudzumu datados limfmezgla slalos —
folikulos, parakortikalaja slani folikulu apvidi, parakortikalaja slani sinusu
apvidd un limfmezgla medularaja slani. Katra parauga un katrd limfmezgla
slant analiz&jam piecus redzeslaukus, kas tika izveleti pec nejausibas principa.
Katra redzeslauka skaitfjam 100 $tinas, izmantojot mikroskopu Zeiss Axiolab ar
§tinu skaitiSanas programmu Zeiss version 4.10. Vieglakai $tunu skaiti$anai
izmantojam t.s. ,retga sisttmu”. Uz katru izmekl&jamo redzeslauku uzlikam
ret &i ar Zeiss version 4.10., un ar datorprogrammas palidzibu skaitijam 100
Stnas atbilstosaja virziena (Bologna-Molina et al., 2011).
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Datu statistiska apstrade

PCV2 seropozitivo dzivnieku skaits procentos, no visa izmekleto
dzivnieku skaita, tika statistiski apstradats un noteikts 95% ticamibas intervals.
Minéta metode nosaka datu svarstibas jeb ticamibas intervalu ar 95% varbiitibu
(Wilson, 1927; Newcombe, 1998). So ticamibas intervalu ar varbiitibu 95%
noteicam PCV2 seropozitivo ciiku skaitam datadas saimniecibas, Latvijas
regionos un datados izmekl&juma gados. Serologisko rezultatu interpretacijai
izmantojam t.s. statistisko kalkulatoru Collection of JavaScript E-labs Learning
Obijects.

Izmantojam arT t-test, kas ir visbieta k lietota metode, lai noteiktu, vai
starp divu izlaSu aritmétiskajiem vidgjiem pastav statistiski nozimigas
atSkirtbas (Paura, Arhipova, 2002). T-testu izmantojam, lai noteiktu statistiskas
atSkiribas PCV2 seropozitivo cliku daudzumam datadas saimniecibas, datados
Latvijas regionos un datados izmekl&juma gados.

Rezultatu statistiskas atSkiribas noteicam arT limfmezglu struktiru
izmail'u vidgjiem raditdjiem limfmezglos ar neliclu (+), vidéju (++) un liclu
(+++) PCV2 antigéna daudzumu, ka arT bez PCV2 antigéna klatbiitnes tajos.
Testa rezultati lava secinat, vai pastav datada daudzuma PCV?2 antigéna biitiska
ietekme uz limfmezglu strukturalam izmail’am.

Tapat t-testu izmantojam, lai noteiktu statistiskas atSkiribas limfmezglu
strukturalajas izmail'as limfmezglos ar PCV2 antigénu, kuros bija konstatetas
bakterijas un tados, kuros bakteriju klatbiitne nebija konstateta. Testa rezultati
lava secinat, vai pastav bakteriju klatbutnes ietekme uz strukturalajam
izmailam limfmezglos ar PCV2 antigénu. Papildus izmantojam korrelacijas
koeficientu, lai noteiktu saistibu starp bakterialas infekcijas daudzuma
pieaugumu limfmezgla un limfmezgla struktiiras izmail’am.

Stinam ar specifiskiem proteiniem Ki67, CD3 un CD79a aprékinajam to
vidgjo daudzumu un standarta novirzi.

Izanaliz€jam Ki67 pozitivo Stnu, ka arT T un B limfocttu daudzuma
izmail'as datados limfmezgla slal'os atkariba no PCV2 antigéna daudzuma
tajos, izmantojot Spirmena rangu korelacijas koeficientu un apstradajot ar SPSS
programmu, 22. versiju (IBM Corporation, Chicago, Illinois).
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PETIJUMU REZULTATI UN DISKUSIJA
Ciiku cirkovirusa-2 izplatiba Latvija (ELISA analize)

Mausu pétfjuma vispirms svarigi bija noteikt cirkovirusa-2 izplatibu
Latvijas teritorija un PCV2 seropozitivo dzivnieku daudzumu datados Latvijas
regionos. Laika perioda no 2006. Iidz 2016. gadam izmekl&ti 963 cuku asins
seruma paraugi ar ELISA metodi uz ciku cirkovirusa-2 antivielu klatbitni.
Kopuma no visam izmekletajam ctkam, antivielas pret PCV2 konstatetas
75,9% dzivniekiem (2. tab.).

2. tabula / Table 2.

PCV2 seropozitivo ciiku daudzums 2006-2016 /
Number of PCV2 seropositive pigs 2006-2016

Izmekleto dzivnieku skaits/ PCV2 seropozitivo dzivnieku
Gads / PCV2 seropozitivo dzivnieku skaits / | daudzums % / 95% CI* / Quantity
Year Number of investigated animals/ of PCV2 seropositive pigs %/
Number of PCV2 seropositive pigs 95% CI*
2006 22 /16 72,7/54,1-91,3
2007 75/33 44,0 /32,8-55,2
2008 72 /55 76,4 / 66,6-86,2
2009 96 /91 94,8 /90,2-99,3
2010 218/ 196 89,9 /85,9-93,9
2011 21/8 38,1/17,3-58,9
2012 79/ 54 68,4 /58,2-78,7
2013 65/51 78,5/ 68,5-88,5
2014 126 /91 72,2/ 64,4-80,0
2015 104 /71 68,3 /58,4-77,1
2016 85/65 76,5 / 66,0-85,0
Kopa 963 /731 75,9 /173,6-79,0

*CI — ticamibas intervals / *CI — confidence interval

Citas pasaules valstis t. sk. arT Eiropas valstis, PCV2 seropozitivo ciiku
daudzums tuvojas 100 %, piemeéram, Kanada, Francija, Vacija, Jaunz€landg,
Lielbritanija un ASV (Tischer et al., 1982; Tischer et al., 1986; Dulac, Afshar,
1989; Horner, 1991; Allan et al, 1994; Tischer et al., 1995a; Tischer et al.,
1995b; Edwards, Sands, 1994; Hines, Lukert, 1995; Magar et al., 2000; Walker
et al., 2000; Reiner, Hofmeister, Willems, 2015; Xiao et al., 2016;
Karuppannan, Opriessnig, 2017).

Latvija visaugstakais PCV2 seropozitivo ciiku daudzums tika konstatéts
2009. (94,8%) un 2010. (89,9%) gada, un vislielakais paraugu izmekléSanas
skaits arT bija 2009. un 2010. gada. Tas acimredzot bija saistits ar PMWS
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uzliesmojumu saimniecibas. Savukart 2011. gada tika konstatéts viszemakais
ciiku daudzums ar PCV2 antivielam — 38,1% un lidz ar to arl viszemakais
izmeklgjumu skaits (2. tab.). Tas nozime, ka PCV2 infekcija bija mazinajusies
un, sprietot pec zema PCV2 seropozitivo cliiku daudzuma, saimniecibas bija
veikti atbilstosi profilaktiskie un apkaroSanas pasakumi.

Izveértgjot PCV2 seropozitivo dzivnieku daudzumu datados regionos,
konstatgjam, ka seropozitivo ciiku daudzums visos regionos ir relativi augsts
(3. att.).

seropozitivs / seronegativs / seroaizdomigs /
seropositive = seronegative O serosuspicious

A

3. att. PCV2 seropozitivo ciiku izplatiba dazados Latvijas regionos
Fig. 3. The prevalence of PCV2 seropositive pigs in different Latvian regions

K — Kurzeme, Z — Zemgale, V — Vidzeme, L — Latgale

Literatira atziméts, ka saimniecibas kuras dzivniekiem konstate
raksturigo ciiku p€catskirSanas novajésanas sindroma (PMWS) klinisko ainu,
ka arT saimniecibas kuru dzivniekiem ta nav konstatéta, tapat izdalas liels
daudzums PCV2 seropozitivo ciiku (Allan, Ellis, 2000; Sibila et al., 2004;
Segales et al., 2005; Karuppannan, Opriessnig, 2017). Tomer lielakais PCV2
seropozitivo ciiku daudzums novérots saimniecibas kuras dzivniekiem bija
raksturiga PMWS kliniska aina (Sibila et al., 2004; Dvorak et al., 2016). Latvija
saimniecibas Kurzemes, Zemgales un Vidzemes regiona, kur PCV2
seropozitivo ciku daudzums sasniedz attiecigi 75,3%, 76,1% un 83,4%
iespgjami cuku p€catskirS§anas novajésanas sindroma uzliesmojumi (3. att.).
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Kopuma péc serologiskas izmekléSanas rezultatiem vargjam secinat, ka
cuku cirkoviruss-2 ir visai plasi izplatits Latvijas teritorija. Par to liecina lielais
seropozitivo ciiku skaits Latvijas regionos — attiecigi 69,0% - 83,4%.

Kas attiecas uz PCV2 izplatibu datada lieluma ctku saimniecibas,
konstatgjam, ka PCV2 seropozitivo dzivnieku daudzums ir vienlidzigi augsts
(p>0,05) no 70,0% lidz 79,7% (3. tab.).

3. tabula / Table 3.

PCV2 seropozitivo ciiku daudzums dazada lieluma Latvijas saimniecibas /
Number of PCV2-seropositive pigs in different type of farms

Saimniecibas Izmekl&to dzivnieku skaits/ PCV2 seropozitivo dzivnieku
liclums / PCV2 seropozitivo dzivnieku skaits daudzums % / 95% CI* /
Farm scale / Number of investigated animals/ Quantity of PCV2 seropositive
Number of PCV2 seropositive pigs pigs %/ 95% CI*
hc’“ lielas / 207/ 165 79,7%% / 73,6-85,0
uge
Lielas / -
Large 343 /261 76,1*%* /71,2-80,5
Vidgjas / 26 /20 76,9%* / 56,4-91,0
Medium
Mazas / 88 /68 77,3%* / 67,1-85,5
Small
L-oti mazas 30/21 70,0%* / 50,6-85,8
/ Very small
*CI — ticamibas intervals / *Cl — confidence interval
#% n>0,05

Tik plass PCV2 seropozitivo ciiku daudzums Latvija un pasaulé varetu
bt saistits ar PCV2 klatbiitni datados dzivnieku organisma izdalijumos un lidz
ar to vieglu aerogé€nu, per 0s un horizontalo ctuku infic€Sanos (Madson et al.,
2009; Eddicks et al., 2016). Zinams, ka slimam ctkam ar PMWS un kliniski
veselam ciikam ar polimerazes k&des reakciju PCV2 ir konstatets fekaliju,
urina, siekalu paraugos un paraugos no acu, nasu glotadas un mandelem
(Hamel et al., 2000; Krakowka et al., 2000; Larochelle et al., 2000; Magar et
al., 2000; Kim et al., 2001; Celer, Carasova, 2002; Segales et al., 2005; Kim,
Chae, 2003; Shibata et al., 2003; Yang et al., 2003; Caprioli et al., 2006). Ka arT
eksperimentali un dabiski inficétam ctkam ar PCV2, viruss ir izoléts no
spermas (Larochelle et al., 2000; Kim et al., 2003), ovocitiem (Bielanski et al.,
2004a; Bielanski, Larochelle, Magar, 2004b), augludel'iem (Rodriguez-Arrioja
et al.,, 2002), augliem un abortétiem augliem (Pensaert et al., 2004).
Eksperimentali ir pieradits, ka PCV2 izplatas arT horizontala cela (Albina et al.,
2001; Bolin et al., 2001; Shibata et al., 2003), un PCV2 spgj iziet cauri
placentarai barjerai un infiltréties augla organisma (Park et al., 2005; Eddicks et
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al., 2016). Tomér var bt ari citi PCV2 izplatiSanas celi. PCV2 DNS tika
konstatéts Gidens paraugos Brazilija, lauksaimniecibas teritoriju gaisa Kanada,
majas musam Lielbritanija, un pat moskitiem Culex Kina (Verreault et al, 2010;
Blunt et al., 2011; Garcia et al, 2012; Yang et al, 2012; Zhai, 2014). Turklat,
PCV2 ir diezgan izturigs pret datadam temperatiiras iedarbibam (O'Dea et al.,
2008), un datadiem pH apstakliem (Kim, Lyoo, Joo, 2009). Tas varétu
izskaidrot plaso PCV2 izplatibu ctku populacija visa pasaulg.

PMWS uzliesmojuma risku samazina PCV2 infekcijas profilaktiskie un
apkaroSanas pasakumi, kas galvenokart saistiti ar labu menedf{mentu, kas
ieklauj novietlu dezinfekciju, jebkada veida stresa mazinaSanu cokam,
sivénmasu mazgasanu un dehelmintizaciju pirms atne$anas u.c. pasakumiem
(Madec et al., 2000; Lopez-Soria et al., 2005). Jaatzimé, ka pat ganampulka
vakcinacija pilniba nepasarga ciikas no infic€Sanas ar PCV2 (Karuppannan,
Opriessnig, 2017). Viruss var proliferét arT vakcingto ciiku organisma (Reiner,
Hofmeister, Willems, 2015; Xiao et al., 2016), tapec PCV2 uzliesmojums var
atkartoties p€c vakcinacijas programmas partraukSanas un profilaktisko
pasakumu neievérosanas.

Sivénu limfmezglu morfologiskais raksturojums ar
cirkovirusa-2 antigénu un bez ta

Nakamaja darba etapa izmeklgjam nobeigusos sivénus ar aizdomam uz
PMWS saslimsanu. Kopuma no 42 izmeklétajiem $adiem sivéniem tikai 38%
dzivniekiem konstatéjam PCV2 antigénu limfmezglos (4.tab.).

4. tabula / Table 4.

PCV2 antigéna sastopamiba ciiku limfmezglos /
PCV?2 antigen detection in pig lymph nodes

PCV2 antigéns limfmezglos Dzivnieku skaits / Izmekl&to limfmezglu skaits
/ PCV2 antigen in lymph Number of animals / Number of investigated
nodes: (n=42): lyph nodes (n=336):
Konstatéts / Found 16 (38,0%) 128 (38,0%)
Nav konstatéts / Not found 26 (62,0%) 208 (62,0%)

Tas var bt saistits ar to, ka ctikam, inficétam ar PCV2, slimibas kliniska
izpausme un iek$&jo organu patologanatomiskas izmail'as ir ]oti variablas un
nespecifiskas (Harding, 2004; Opriessnig et al, 2017). P&catskirSanas
novajésanas sindroma diagnoze apstiprinas, ja sivéniem ir novajéSanas
pazimes, limfmezglu histologiskaja izmeklé$ana redzama folikulu
vizualalizacijas samazinaSanas, limfocttu zudums un histiocitu proliferaciju, ka
arT limfmezgla audos konstatéts PCV2 antigéns (Sorden, 2000; Quintana et al.,
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2001; Segales, 2012). Visiem 38% misu izmeklStajiem sivéniem ar PCV2
antigénu limfmezglos tika konstat€tas novajésanas pazimes un limfmezglos bija
raksturigas iepriek§ minétas specifiskas histologiskas izmail'as. Lidz ar to
varam secinat, ka no miisu 42 izmeklétajiem dzivniekiem 38% sivéniem bija
pecatskirSanas novajésanas sindroms.

Arl1 m@s Siem dzivniekiem konstatg§jam limfadenopatiju, turklat
limfmezglu griezuma virsma bija viendabiga un peléka. Sadas izmail'as tiek
atzZimetas ar1 citu autoru pétfjumos (Segales, 2012; Ellis, 2014). Literattra
minéts, ka atseviskos gadijumos slimiem ar PWMS sivéniem var konstatgt
limfmezglu nekrozi. Atziméts ka 9,9% gadifjumu limfmezglos konstatgja
multifokalu un vietam koalescgjosu (angl. coalescing) koagulacijas nekrozi
(Segales et al, 2004b; Kim, Chae, 2005; Opriessnig, Janke, Halbur, 2006b).
Slimiem ar PMWS sivéniem, nekrozes veidosanos limfmezglos saista ar siko
asinsvadu trombozi, kaut gan trombu veido$anas patogéneze $is slimibas laika
joprojam nav skaidra (Opriessnig, Janke, Halbur, 2006b; Segales, 2012).
Jauzsver, ka més sivéniem ar PCV2 nekrotiskus bojajumus limfmezglos
nekonstatgjam. Actmredzot sivéniem, slimiem ar PMWS, limfmezglu nekroze
ir netipiska pazime.

Svarigs jautagjums bija strukturalas izmail'as limfmezglos ar datadu
PCV2 daudzumu tajos. Vispirms mums nacas noteikt PCV2 daudzumu
limfmezglos. Sava pétijuma PCV2 antigéna daudzuma izvertésanai izmantojam
visparpielemto sisttmu (Opriessnig, Meng, Halbur, 2007) ar nelielu tas
korekciju. Parasti PCV2 antigéna daudzumu novérté péc ta daudzuma tikai
limfmezgla folikulos.

Talak analiz€jam strukturalas izmailas limfmezglos ar datadu PCV2
antigéna daudzumu. Lai salidzinatu limfmezglu atsevisko strukturalo izmail'u
izteiktibas stipruma saistibu ar PCV2 antigéna daudzumu tajos, 4. attéla
atspogulojam limfmezglu strukturalo izmail'u vidgjos raditajus ballés kopuma
visos izmeklétajos limfmezglos.
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of PCV2 antigen
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lezimg&jas zinama likumsakariba: jo lielaks PCV2 antigéna daudzums
konstatets limfmezglos, jo stiprak izmainas to folikulu struktiira un lidz ar
limfocTtu daudzuma samazinasanos limfmezglos, tajos vienlaicigi paaugstinas
histiocitu daudzums. Tatad, limfocitu daudzums kopuma limfmezglos
samazinajas lidz ar PCV2 antigéna daudzuma pieaugumu tajos. Lidzigu
tendenci novéroja ari citi autori (Darwich et al., 2004; Segales et al, 2004b;
Ostanello et al., 2005; Opriessnig, Meng, Halbur, 2007; Ellis, 2014).

Uzskatam, ka, ja limfmezglos ar nelielu (+) PCV2 antigéna daudzumu
visas strukturalas izmail'as kopuma bijusas vieglas (izmail'as 1 balle), tad
PCV2 infekcija bijusi vairak akiita, bet ja limfmezglos, jau bija izteiktas
strukturalas izmail'as (izmailas 3 balles), tad saslimSana dzivniekam bijusi
ilgstosaka.

Atseviskos izmekl&tajos limfmezglos ar PCV2 antigénu tika konstat&tas
ari citas specifiskds morfologiskas izmailas — paradijas tadas histologiskas
struktiiras ka multinuklearas gigantiskas Siinas un PCV2 citoplazmatiskie
ieslégumu kermeTi. Iesleéguma kermel’i ir sferiski, eozinofili, viendabigi, turklat
tie §tinu citoplazma var biit liela skaita. Ka zinams, multinuklearas gigantiskas
Stnas ir lieli makrofagi, kuri rodas makrofagiem savstarpgjas sapliistot (Mdst et
al., 1997; Cheville, 1999; Zachary, McGavin, 2012; Milde et al., 2015). Ka jau
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iepriek§ mingjam, limfmezglos ar PCV2 antigénu uzkrajas makrofagi jeb
histioctti, kuri arT kl@ist par multinuklearo gigantisko $inu (MGS) avotu.

Turklat limfmezglos bez PCV2 antigéna, tatad bez PCV2 virusa
citoplazmatiskie iesléguma kermel’i un multinuklearas gigantiskas $iinas netika
konstatétas. Izradijas, ka limfmezglos ar PCV2 antigénu vienadi bieti 18,6%
gadijumos tika konstateti PCV2 virusa citoplazmatiskie iesleguma kermel'i un
multinuklearas gigantiskas §finas - MGS (5. att.).

18,6%

18,6%
62,8%

B PCV2 citoplazmatisko iesléguma kermel’u klatbutne / Appearance of PCV2
cytoplasmic inclusions body

B Multinuklearo gigantisko §Gnu klatbutne / Appearance of multinucleate
giant cells

B Multinuklearas gigantiskas Stinas un PCV2 citoplazmatiskie iesléguma
kermel’i netika konstatéti / Multinucleate giant cells and PCV2 cytoplasmic
inclusions body not observed

5. att. Cuiku limfmezglu daudzums ar PCV2 antigénu un konstatétam histologiskam
struktiiram (n=128)
Fig.5. Number of pigs lymph nodes with PCV2 antigen and it is observed structural
changes (n=128)

Lidzigus rezultatus apraksta ar citi autori, kuri MGS konstatgjusi 21,2%
gadijumos (Krakowka et al., 2005). Bet ir arT petfjumi, kuros aprakstita 27,1%
(Segales et al, 2004b) multinuklearo gigantisko §tinu paradiSanas limfmezglos,
vai pat 28,8% (Segales et al, 2002).

Jaatzimg€, ka dzivniekiem, slimiem ar PMWS, multinuklearas
gigantiskas Stinas netika konstatétas visos limfmezglos. Tos vargja konstatet
tikai 45,45% sivénu.

Kopuma secinajam, ka, slimiem ar PMWS sivéniem, multinuklearo
gigantisko $tinu paradiSanas limfmezglos ir viens no specifiskiem izmail'u
parametriem, kas saistits ar PCV2 infekcijas klatbutni. Bet jauzsver, ka, vertgjot
MGS paradisanos limfmezglos, dzivniekam noteiki jaizmekle vairakas
limfimezglu grupas — vismaz Inn. inguinales superficiales, Inn. jejunales un Inn.
tracheobronchales.
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Attieciba uz MGS izskatu, miisu pétijuma rezultati visuma sakrit ar citu
autoru noveérojumiem. Cuku limfmezglos ar PCV2 antigénu multinuklearajas
gigantiskajas $iinas més konstatgjam kodolu skaitu virs 10, un tie parsvara
lokaliz&jas So $tnu periférija. Cits autors norada, ka no slimam ar PMWS
cikam limfmezglos multinuklearajas gigantiskajas $tinas kodolu skaits var bt
no 5 lidz pat 20, un tie parsvara lokaliz&jas $o $Gnu periférija (Chae, 2004;
Ellis, 2014).

Kas attiecas uz multinuklearo $tinu lokalizaciju limfmezglos, tas var bt
limfmezglu folikulos, limfmezgla parakortikalaja slani un arT stnusos (Clark,
1997; Rosell et al, 1999; Segales et al, 2004b; Ellis, 2014). M&s uzskatam, ka
MGS lokalizacija ir visai cie§i saistita ar PCV2 antigéna lokalizaciju
limfmezgla. Sakuma ciku cirkoviruss-2 paradas tiesi limfmezglu folikulos.
Lidz ar folikulu vizuala izskata zudumu, PCV2 antigéns nokliist parakortikalaja
slant un art sinusu apvidi.

Paslaik nav vél noskaidrots, ka 1isti PCV2 izraisa multinuklearo
gigantisko §iinu paradisanos audos. Ja PCV2 tiesi ietekmé MGS veidosanos
audos, tad So Sinu paradiSanos limfmezglos varétu saistit ar paSa virusa
patogenitati. Bet, ja MGS veido$anas audos saistita ar PCV2 netie$u ietekmi,
pieméram, caur sekundariem iekaisuma mediatoriem, tad So $iinu paradiSanas
limfmezglos varétu biit saistita ar pasa dzivnicka organisma reaktivitati. Péc
pétfjumu rezultatiem in vitro $tnu kulttra, dati autori uzskata, ka tieSi cuku
cirkoviruss-2 pats stimulé citokinu izdaliSanu, ka ari makrofagu proliferaciju
(Tsai et al., 2010; Li et al., 2013).

Misu petljuma iezimgjas sakariba — jo lielaks PCV2 antigéna daudzums
limfmezglos, jo tajos samazinas MGS paradiSanas (6. att.).

Tas varetu liecinat par ciku cirkovirusa-2 netieSo ietekmi uz
multinuklearo gigantisko $tinu veidoSanos audos. Ka jau mingjam, liels (+++)
PCV2 daudzums limfmezglos saistits ar ilgstoSu slimibas gaitu un smagiem
audu bojajumiem. Visticamak, ka ilgstosaja slimibas gaita izmainas sekundaro
iekaisuma mediatoru kvalitativais un kvantitativais sastavs, kas attiecigi arT var
ietekmét MGS sastopamibas samazinasanos limfmezglos. So piel@mumu
apstiprina miisu iegitie rezultati — proti, sivéniem slimiem ar PMWS, bet bez
bakterialas infekcijas limfmezglos MGS netika konstatétas (7. att.).
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PCV2 antigéna daudzums limfmezglos
Quantity of PC172 antigen in lvmph nodes

0O PCV2 citoplazmatiskie iesléguma kermeni ' PCT72 cyvtoplasmic inclusions body

@ Multinuklearo gigantisko Stnu klatbuitne / Multinucleate giant cells

6. att. Multinuklearas gigantiskas $iinas un citoplazmatiskie iesléguma kermeni
limfmezglos ar dazadu PCV2 daudzumu
Fig.6. Multinucleate giant cells and PCV2 cytoplasmic inclusions body in lymph
nodes with different quantity of PCV2

Kas attiecas uz PCV2 virusalo ieslegumu paradisanos limfmezglos,
paslaik nav zinams kadi tiesi faktori to ietekme. Kaut gan atskirigu ctuku skirl'u
limfoido audu reakcija uz cirkovirusu-2 var biit datada (Opriessnig et al.,
2009). Péc misu domam, tiesi tas vargja ietekm&t miisu konstatéto, procentuali
salidzino$i zemo PCV2 citoplazmatisko ieslégumu kermel'u paradiSanos
limfzmeglos - 18,6% gadijumos (sk. 5.att.). Péc datu autoru datiem, virusalo
ieslégumu paradiSanos limfmezglos novéro daudz bietak — 27,8% (Kim et al.,
2002), 33,3% (Krakowka et al., 2005) vai arT 34,6% gadijumos (Segales et al,
2004b) no izmekl&tajam inficétam ar PCV2 cukam.

Jaatzimé gan, ka vienlaicigi PCV2 virusalie iesléguma kermel'i un
multinuklearas gigantiskas Stinas limfmezglos netika konstat&tas.

Sivenu limfmezglu un asinu izmekleSanas rezultati uz
bakteriju, cirkovirusa-2 antigena un antivielu klatbutni

Nakamais darba uzdevums bija izmekl&t asil'u un limfmezglu paraugus

5-15 nedelu vecuma krituSiem sivéniem ar aizdomam par PMWS saslimsanu.
Sadi izmeklgjam 42 nobeigusos dzivniekus (5. tab.).
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5. tabula / Table 5.

Serologiskas, bakteriologiskas un imiinhistokimiskas izmekleSanas rezultati
sivéniem ar aizdomam par PMWS saslim$anu (n=42) / Serological, bacteriological
and immunohistochemical investigation results of piglets with suspicion of PMWS

(n=42)
Izmekl&$anas parametrs / Investigation C’fllﬁlr:];lgilgsf/ Cuku daudzums /
parameters Digs Quantity of pigs (%)

PCV?2 antigéna klatbitne limfmezglos / 16 38.1%

PCV2 antigen detected in lymph nodes 70

PCV2 antivielu klatbutne asinis / PCV2 0

antibody found in the blood 2 39,5%

Bakt@rijas limfmezglos / Bacteria in the 31 73.8%

lymph nodes

Lielakais sivénu daudzums — 33,3% bija PCV2 seropozitivi dzivnieki
bez PCV2 antigena klatbiitnes limfmezglos. Tas ar1 bija sagaidams, jo
cirkovirus-2, ka jau iepriek§ min&jam, ir plasi izplatits.

Jaatzime, ka ne visiem sivéniem ar PCV2 antigénu asinis bija
konstatétas virusa antivielas. Zinama mera mils parsteidza Sie darba rezultati,
ka PCV2 antivielas nebija konstatetas visiem slimiem ar PMWS sivéniem. M&s
neatradam izskaidrojumu tadai nesakritibai, jo zinams, ka PCV2 infekcija ir
hroniska infekcija. Un ja dzivnieks nobeidzas no PCV2 infekcijas, tad ari
antivielam vajadz&tu paradities dzivnieka asinis. Kritusa sivéna asins parauga
nol'emSana neparsniedza 12 stundas péc dzivnieka naves, kas minimizgja
antivielu postmortalas sadaliSanas risku.

Nakamais darba uzdevums bija noteikt bakterialo spektru limfmezglos.
Kopuma no visiem izmekl&tiem sivéniem datadas baktérijas to limfmezglos
konstatgjam 73,8 % gadijumos, t.i. 31 sivéniem (5. tab.). Tomer ne visiem
sivéniem ar PCV2 antigénu limfmezglos konstatgjam bakterijas (6. tab.).

6. tabula / Table 6.

Bakteriologiskas un iminhistokimiskas izmekleSanas rezultati siveniem ar
aizdomam par PMWS saslim$anu (n=42) / Bacteriological and
immunohistochemical investigation results of piglets with suspicion of PMWS (n=42)

Ciku daudzums Ciku daudzums

PCV2 antigéna klatbiitne
limfmezglos / PCV2
antigen in lymph nodes:

ar bakterialo infekciju

limfimezglos / Number of
pigs with bacterial

infection in lymph nodes

bez bakterialas infekcijas
limfimezglos / Number of
pigs without bacterial
infection in lymph nodes

Ir konstatéta / found

11 (26,2%)

5 (11,9%)

Nav konstatéta / not found

20 (47,6%)

6 (14,3%)
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Kas attiecas uz bakterialiem ierosinatajiem, tad jaatzimé, ka vienam
dzivniekam limfmezglos vargja konstatét no viena Iidz Cetriem ierosinatajiem

(7. tab.).

7. tabula / Table 7.

Ciiku skaits ar dazadu bakterialu infekcijas daudzumu limfmezglos / Number of
pigs with different quantity of bacterial infection in lymph nodes

PCV2 antigéna klatbiitne
limfmezglos / / PCV2
antigen in lymph nodes:

Ciiku daudzums ar vienu
bakterialu infekciju
limfmezglos / Number of
pigs with one bacterial
infection in lymph nodes

Ciiku daudzums ar vairak
par vienu bakterialu
infekciju limfmezglos /
Number of pigs with more
than one bacterial infection
in lymph nodes

found (n=20)

Ir ljonstatéta / found 455 % 54,5 %
(n=11)
Nav konstatéta / not 90 % 10 %

Limfmezglos ar PCV2 antigénu bieti — 54,5 % gadijumu konstatg divus,
tris un pat Cetrus bakterialos ierosinatajus, bet limfmezglos bez PCV2 antigéna
vairuma — 90% gadijumu konstatg tikai vienu bakterialo ierosinataju. Lidz ar to,
limfmezglos ar PCV2 antigénu statistiski bieta k konstatgjam vairak neka vienu
bakterialo ierosinataju, bet limfmezglos bez PCV2 antigéna statistiski bieta k
konstatgjam tikai vienu bakterialo ierosinataju. Tas var bit saistits ar to, ka
PCV2 dzivniekam izraisa vispar§jo imindeficitu, ka rezultata bakterialie
ierosinataji lielaka daudzuma var pievienoties slimam organismam. Jaatzime,
ka sada veida pétfjumus, sivéniem ar PMWS par bakterialo ierosinataju
daudzumu limfmezglos, mes literatiira neatradam.

Masu pétijuma rezultati parada, ka bietak sastopami Cetri bakterialie
ierosinataji, kas konstatéti sivéniem limfmezglos bez PCV2 antigéna
klatbiitnes, un tika konstatéti arT limfmezglos ar PCV2 — t.i. Streptococcus spp.,
Staphylococcus spp., Salmonella spp. un Escherichia coli. Mingtas baktgrijas ir
bieti izplatitas apkartgja vide, kas arT izskaidro to klatbtitni sivénu limfmezglos.
Citi autori konstat&jusi ar Mycoplasma hyopneumoniae, Pasteurella multocida,
Actinobacillus pleuropneumoniae, Haemophilus parasuis, Streptococcus suis,
Arcanobacterium  pyogenes un Bordetella bronchiseptica  bakteriju
pievienoSanos PCV2 infekcijai (Halbur, 1997; Brogden, Guthmiller, 2002;
Savic et al., 2015). Masu pétijuma, datiem sivéniem limfmezglos ar PCV2
antigénu bija konstatétas arT nepatogénas baktérijas, tadas ka Citrobacter
freundii un Corynebacterium spp. Tikai retos gadijumos atseviskas
Corynebacterium sugas var bt nosaciti patog€nas. Mes uzskatam, ka
nepatogénas mikrofloras paradiSanas sivénu limfmezglos ir saistita ar to, ka
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PCV2 izraisa vispargju imundeficitu, ka rezultata pat nepatogenas bakterijas
var pievienoties slimajam organismam.

Bakterialas infekcijas ietekme uz limfmezglu struktiiru
sivéniem slimiem ar pécatSkirSanas novajésanas sindromu
(PMWS)

Nakamais darba uzdevums bija noteikt bakteriju ietekmi uz limfmezglu
morfologisko stavokli. Sakuma novértgjam sekundaras bakterialas infekcijas
ietekmi uz MGS paradiganos limfmezglos ar PCV2 antigénu. Sivéniem ar
PMWS, kuru limfmezglos konstat€ja vienu vai vairakas bakterialas infekcijas,
tajos attiecigi noveéroja arm1 multinuklearas gigantiskas Stnas (7. att.).
Acimredzot, PCV2 netiesi ietekmg&ja MGS veidoSanu, jo baktériju klatbitne
audos vargja papildus stimulet iekaisuma procesu un, lidz ar to, arT sekundaro
ickaisuma mediatoru produc€Sanu. Jaatzimé, ka $ada veida pétijjumus par
bakterialo ierosinataju ietekmi uz MGS paradisanos limfmezglos sivéniem ar
PMWS mgs literatiira neatradam.

P&c tam noveértgjam sekundaras bakterialas infekcijas ietekmi uz PCV2
citoplazmatisko iesléguma kermel'u paradisanos limfmezglos ar PCV2
antigénu. Sava pétijjuma konstatgjam, ka PCV2 citoplazmatiskie iesléguma
kermel’i paradas vienlidz bieti (p>0,05) limfmezglos ar bakterijam un bez tam
(sk. 7. att.). Turklat, picaugot PCV2 antigéna daudzumam limfmezglos, tajos
piecaug PCV2 citoplazmatisko iesléguma kermel’u klatbutne (sk. 6.att.).

-
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0 PCV2 citoplazmatiskie
iesléguma kermenu
Klatbiitne / PC'T2
cytoplasmic inclusions
hody

20 13

Limfmezglu skaits /
Number of lymph nodes

nav . not

ir B Multinuklearo gigantisko
detected g~

is detected stunu klatbutne /
Multinucleate giant cells
Baktériju klatbutne limfmezglos /
Bacteria in lymph nodes

7. att. Limfmezglu skaits ar dazadu bakterialo ierosinataju daudzumu un
multinuklearo gigantisko $iinu un PCV2 citoplazmatisko iesleguma kermenu
klatbutni tajos
Fig. 7. Number of lymph nodes with different bacterial infections and presence of
multinuclear giant cells and PCV2 cytoplasmic inclusios in them
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Kopuma secindjam, ka PCV2 citoplazmatisko iesléguma kermelu
paradiSanas histiocTtos nav saistita ar bakteriju klatbtitni limfmezglos, bet ta ir
cieSi saistita ar PCV2 antigéna daudzuma pieaugumu limfmezgla. Proti,
samazinoties PCV2 antigéna daudzumam limfmezglos, samazinajas
citoplazmatisko iesléguma kermel'u paradiSanas bietums tajos, un otradi,
picaugot PCV2 antigena daudzumam limfmezglos, tajos palielinajas
citoplazmatisko iesléguma kermel'u paradisanas bietu ms.

Talak salidzinajam limfmezglu struktiru izmailu vidgjos raditajus
slimiem ar PMWS sivéniem, kuriem tika konstatétas bakterijas limfmezglos, un
kuriem bakterialas infekcijas limfmezglos netika konstatetas (8. tab.).

8. tabula / Table 8.

Limfmezglu struktiiru izmainu vidéjo raditaju atSkiribu butiskums limfmezglos ar
un bez baktériju klatbiitnes tajos sivéniem ar PCV2 antigénu limfmezglos /
Significance of mean score of structural changes in lymph nodes with and without
bacteria in piglets with PCV2 antigen in lymph nodes

Folikulu Limfocitu Histiocitu
S - vizualais daudzuma daudzuma
Parametra vid&jais raditajs . . C
. izskats / samazinaSanas | palielinaSanas
limfmezglos / Mean score of T
arameters in lymph nodes: Vlsuallz_atlon / Number of / Increased
P ' of follicle lymphocyte number of
depletion histiocyte
ar bakterialas infekcijas klatbuitni / 2.50% 227 1,94
with bacterial infections
biz_ bakterialas infekcijas klatbutnes 2,00 1,40% 1.47%
/ without bacterial infections

* - p<0,05 statistiski buitiska atSkiriba / p<0.05 significant difference

Sivéniem, aizdomigiem uz saslimSanu ar PMWS, bitiski atSkiras
(p<0,05) limfmezglu visu struktru izmailas - tajos, kuros bija bakteriju
klatbiitne un tajos, kuros baktérijas nekonstat&ja (sk. 8. tab.). ArT citi autori
norada, ka PCV2 izraisa smagakas strukturalas izmail'as limfmezglos, ja tas
kombingjas ar citam infekcijam (Segales et al, 2004b; Gu et al., 2014;
Niederwerder et al., 2016). Jaatzimé, ka lielaka dala bakteriju organisma parasti
izraisa strutainu iekaisumu ar neitrofilo leikocttu infiltraciju audos (Zachary,
McGavin, 2012). Uzskatam, ka baktériju klatbiitne limfmezglos palielina ctuku
cirkovirusa-2 ietekmi uz organisma atbildes reakcijas aktivitati, zinama meéra
pastiprinot to.

Turklat salidzinajam limfmezglu struktiiru izmail’as sivéniem slimiem ar
PMWS, kuriem tika konstatéts viens bakterials ierosinatajs limfmezglos, un
kuriem konstatétas divas un vairak bakterialas infekcijas limfmezglos.
Izradijas, ka statistiski netika atrasta sakariba (r<0,5) starp bakteriju infekcijas
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daudzuma pieaugumu un limfmezgla struktiras parametru izmailam.
Lidzvertigu petijumu mes literatiird neatradam.

Cirkovirusa-2 antigena lokalizacija limfmezgla

Parsvara PCV2 antigéns konstatéts limfmezglu makrofagu citoplazma,
kaut gan nelielu PCV2 antigéna daudzumu novérojam ar1 intersticialaja telpa.
Cirkovirusa-2 antigénu konstat€§jam visas limfmezgla zonas — folikulos,
parakortikalaja slant un medularaja slani.

Petfjuma laikd pamanijam, ka limfmezglos ar stipram strukturalam
izmailam, kad folikulu struktira vispar nav saskatama, PCV2 antigé€na
daudzums ir stipri variabls. Lai precizak izanalizétu PCV2 antigéna daudzuma
izmail'as limfmezglos, vertéjam ta procentualo daudzumu ne tikai limfmezglu
folikulos, bet ari to parenhima.

Lai padaritu imunhistokimiskas analizes rezultatus skaitliskus un
objektivus, PCV2 antigéna daudzumu noteicam arT procentuali, izmantojot
datorprogrammu Pannoramic DensitoQuant (3DHISTECH).

Ta ka més PCV2 daudzumu noteicam gan limfmezglu folikulos, gan arT
to parenhima, vargjam konstatét, ka process neapstajas, sasniedzot PCV2
antigéna lielako daudzumu limfmezglos (+++) un izraisot tajos stipras
strukturalas izmail'as (izmail'as 3 balles). Procesam turpinoties, PCV2 antigéna
daudzums limfmezglos sak nedaudz samazinaties (8. att.). PCV2 antigéna
procentualais daudzums vienam dzivniekam var sasniegt 11dz 75% (dzivnieks
Nr.3.), bet citam dzivniekam tikai lidz 15% (dzivnieks Nr.15.), sk. 8. att.

Ar Siem izmekléSanas rezultatiem mums zinama méra izdevas paradit
PCV2 dinamiku limfmezgla. Cirkoviruss-2 sakotngji lokaliz&jas limfmezglu
folikulos, tad talak tas ,,iziet” arpus folikula robet am un noklist parakortikalaja
slant folikulu apvidd, talak parakortikalaja slani stnusu apvidii un visbeidzot tas
nonak limfmezgla medularaja slant. Kopuma PCV2 virusa dinamika
limfmezglos ir virziena no garozas uz medularo slani, kas atbilst limfas
plismas celam. Talak viruss var noklut organisma kopg&ja limfatiskaja sisteéma.
Jaatzimé, ka mums nav izdevies atrast Iidzigus pétijumus, par PCV2 antigéna
procentualo daudzumu dat ados limfmezgla slal’os.

36



PCV2 antigéna daudzums (%)
limfmezglu attiecigaja slant / Number of PCV'2

antigen (%) in different layers of lymph node

Dzivnieka Nr./
Animal No.

—o— Folikuli/ follicule —a— Parakortikalais slanis folikulu
apvidd/ paracortex near follicle

-.@.- Parakortikalais slanis sinusu ==+ Medularais slanis / medulla
apvidu/ paracortex near sinuss

8. att. PCV2 antigena lokalizacija limfmezglos ar lielu (+++) PCV2 antigena
daudzumu tajos
Fig.8. PCV2 antigen localization in lymph nodes with high (+++) quantity of PCV2
antigen

Lnn. A. — Inn. inguinales. Lnn. B. — Inn. tracheobronchales. Lnn. C. — Inn. jejunales

T limfocitu un B limfocitu skaita izmainas limfmezglos ar
cirkovirusa-2 antigéna klatbiitni un bez ta

Nakamais darba uzdevums bija noteikt CD790 proteTnu saturoSu
B limfocitu daudzuma izmail'as limfmezglos dzivniekiem ar datadu ciku
cirkovirusa-2 klatblitni tajos. Atgadinam, ka nobriedusam B limfocitam ir
raksturigs CD79a virsmas proteins, kuru més vizualiz€jam imtnhistokimiskaja
izmeklesana (IHK pozitivas Stnas).

Jauzsver, ka limfmezglos ar PCV2 antigénu visos limfmezgla slal’os bija
butiski pazeminajies B limfocitu daudzums (9. un 10.att.). Kritisks B limfocttu
zudums paradijas limfmezglu folikulos.
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in lymph nodes with PC172
Folikulu vizualais izskats - 2 balles limfmezglos ar PCN'2/ Iisualization of the follicle - 2 score
in lymph nodes with PC172

B Folikulu vizualais izskats - 3 balles limfmezglos ar PCV2 | Iisualization of the follicle - 3 score
i lymph nodes with PC172

O Limfmezglos nav PCN'2/ Lymph nodes without PC'172

9. att. CD790a virsmas proteinu saturo$o B limfocitu daudzums limfmezglos ar
dazadas pakapes folikulu vizualajam izmainam un nelielu PCV2 antigéna

daudzumu (+). 4 - p<0,05
Fig.9. Number of B lymphocytes (CD79a) in lymph nodes with different score of
follicle visualization and mild quantity of PCV2 antigen (+). 4-- p<0.05

Limfmezglos, ar nedaudz izplidusu folikulu vizualo izskatu (izmail'u
skala 1 balle) un nelielu PCV2 antigéna daudzumu tajos, konstat€jam vidgji
32,8 B limfocitus (sk. 9.att.), bet, pieaugot PCV2 antigéna daudzumam
limfmezglos, B limfocttu daudzums samazinajas Iidz 3,4 (sk.10. att.).
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O Vidgjs (++) PCV2 antigéna daudzums limfimezglos / Moderate (++) quantity of PC12 antigen
in lymph nodes
m Liels (+++) PCV2 antigéna daudzums limfinezglos / Severe (+++) quantity of PC172 antigen in
lymph nodes
0 Limfmezglos nav PCV2 / Lymph nodes without PC172
10. att. B limfocTtu skaits ar CD79a virsmas proteinu limfmezglos ar vidéju (++) un
lielu (+++) PCV?2 antigéna daudzumu. 4 - p<0,05
Fig.10. Number of B lymphocytes (CD79¢) in lymph nodes with moderate (++) and
severe (+++) quantity of PCV2 antigen. .- p<0.05
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Turklat limfmezglos ar lielu PCV2 antigéna daudzumu novérojam
pilnigu folikulu zudumu (sk. 10.att.). Jaatzime, ka ir autori, kuri vispar nav
konstatgjusi CD79a pozitivas §iinas limfiezglos ar vidgji lielu un lielu PCV2
antigéna daudzumu tajos (Chianini et al., 2003). Citi turpreti limfmezglos ar
lielu PCV2 antigéna daudzumu konstatgjusi videji 25 CD79a pozitivas Stinas
visa limfmezgla kopuma, izmeklgjot 10 redzes laukus ar palielinajumu x200,
t.i. apm&ram no 1000 izmekl&to Stnu (Shibahara et al., 2000). Viena p&tnieku
grupa norada, ka B limfociti var pilniba pazust vai kritiski samazinaties
limfmezglos ar PCV2 antigénu (Segales et al., 2004a; Ellis, 2014). Jaatzime
gan, ka ir autori, kuri veikusi B un T limfocitu analizi limfmezglos, izmantojot
tris krustu sistému, bet citi izmantojusi kvantitativo $tinu skaitiSanu. Jauzsver,
ka neviens no autoriem nav analiz€jis limfocitu daudzuma izmail'as katra
limfmezglu zona atseviski. Miisu pétijums, bija virzits uz limfocitu daudzuma
izmailam noteiktaja limfmezgla zona, kas deva iespgjas precizak raksturot
limfocitu daudzuma izmail'as. Lemot vera, ka PCV2 antigéns sakuma paradas
tiesi limfmezglu folikulos, tad tiesi folikuli bija tie, kas pirmie reag€ja uz
cirkovirusa ietekmi. Tap&c varam secinat, ka PCV2 sakuma ietekmé tiesi
B limfocitu populacijas samazinasSanos limfmezglos, ko atzimgjusi art dati citi
autori (Lin et al., 2008). Turklat atziméts, ka ari asinis, slimiem ar PMWS
sivéniem, B limfocitu daudzums samazinas lidz ar PCV2 daudzuma picaugumu
limfmezgla audos (Darwich et al., 2002; Ferrari et al., 2014).

Ka zinams, B limfociti saistiti ar humoralo iminatbildi uz datadam
parazitaram, bakterialam, virusalam infekcijam, iekaisumiem un autoimiinam
patologijam (Kitamura et al., 1991, Jakobovits et al., 1993; Maxie, 2016).
Tadgjadi var uzskatit, ka, PCV2 ietekme, ciikas organisma samazinas
antivielas, padarot to uzl'@migu pret infekcijam.

Talak analizéjam T limfocitu daudzumu datados limfmezgla slal'os
sivéniem ar un bez PCV2 antigéna tajos (11. un 12 att.). Atgadinam, ka
T limfocttus diferencgjam pec CD3 virsmas proteina vizualizacijas tajos.

Konstatgjam  bitisku T  limfocitu daudzuma  samazinasanos
parakortikalaja un medularaja slani limfmezglos ar vidgji lielu un lielu PCV2
antigéna daudzumu (sk. 12.att.), ka arT limfmezglos ar nelielu PCV2 daudzumu
un vaji saskatamiem vai vispar nesaskatamiem limfmezgla folikuliem (sk.
11.att.).
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m Folikulu vizualais izskats - 1 balle limfmezglos ar PCV2 / Visualization of the follicle - 1 score
in lymph nodes with PCV2

D Folikulu vizualais izskats - 2 balles limfimezglos ar PCV2 / Visualization of the follicle - 2 score
in lymph nodes with PCV2

® Folikulu vizualais izskats - 3 balles limfimezglos ar PCV2 / Visualization of the follicle - 3 score
in lymph nodes with PCV2

O Limfimezglos nav PCV2 / Lymph nodes without PCV2
11. att. Videjais CD3 virsmas proteinu saturo$o T limfocitu skaits limfmezglos
saistiba ar folikulu vizualo izskatu un ar (parsvara) nelielu (+) PCV2 antigéna
daudzumu tajos (n=56). <~ - p<0,05
Fig.11. Number of T lymphocytes (CD3) in lymph nodes with different score of follicle
visualization and mild quantity of PCV2 antigen (+). 4-- p<0.05

Pieméram, T limfocitu daudzums parakortikalaja slani sinusu apvidi
samazinas vidgji Iidz 32,7 CD3 pozitivam S§tinam. Arl dati citi p&tnieki
konstatgjusi Iidzigu tendenci (Segales et al., 2004a; Segaless, 2012;
Kekarainen, Segales, 2015). Tom@r jaatzZim€, ka viena pétjuma konstatets
relativi vienads (p>0,05) CD3 pozitivo T limfocitu daudzums limfmezglos ar
un bez PCV2 antigéna (Shibahara et al., 2000). Iespgjams tas ir tade], ka
T limfoctti skaittti redzes laukos, kurus izve€lgjas nejausi, nevis tika skaititi
katra limfmezgla zona atseviski, ka to darfjam més.
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B Licls (+++) PCV2 antigéna daudzums limfimezglos / Severe (+++) quantity of PCV2 antigen in
lymph nodes
0 Limfmezglos nav PCV2 / Lymph nodes without PC172
12. att. CD3 virsmas proteinu saturo$o T limfocitu skaits limfmezglos ar vidéju (++)
un lielu (+++) PCV2 antigéna daudzumu.
Fig.12. Number of T lymphocytes (CD3) in lymph nodes with moderate (++) and
severe (+++) quantity of PCV2 antigen.

<4-— CD3 pozitivo $tinu daudzums parakortikalaja slani folikulu apvidii ir biitiski
(p<0,05) atskirigs limfmezglos ar vid€ju un lielu PCV?2 antigéna daudzumu / Number of
CD3 positive cells in the paracortex near follicles is significantly (p <0.05) different in
lymph nodes with moderate and severe quantity of PCV2 antigen.

+-cD3 pozitivo $iinu daudzums atbilsto$aja slani ir biitiski (p<0,05) atskirigs
limfmezglos ar un bez PCV?2 antigéna / Number of CD3 positive cells in the relevant
layer is significantly (p <0.05) different in lymph nodes with and without PCV2 antigen.

Jaatzime, ka, Iidz ar PCV2 antigéna daudzuma pieaugumu limfmezgla,
T limfociti sak virzities uz B limfocttu atkarigo zonu, t.i. uz limfmezgla
folikuliem, kas, jadoma, saistits ar limfmezgla folikulu neatgriezeniskam
strukturalam izmail’am.

Atseviskos pétijumos konstatets, ka arT asinis samazinas T limfocTtu
daudzums un §1 limfopénija ir saistita ar T helperu un citotoksisko T limfocTtu
daudzuma samazinasanos (Darwich et al., 2002; Ferrari et al., 2014).
Klausmann et al. (2015) petjjums demonstre, ka PCV2 ietekmé T limfocitu
atlases procesu tTmusa.

Zinams, ka T limfociti organisma ir galvenais celularas imunitates
komponents, kas nodrosina pretinfekciju un pretaudz&ju imunreakciju
(Kitamura et al., 1991, Jakobovits et al., 1993, Maxie, 2016). Lemot véra visu
augstak mingto, jasecina, ka sivéniem, kliniski slimiem ar PMWS, var konstatgt
gan celularas, gan humoralas imunitates trauc€jumus. Lidz ar to p&catskirSanas
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multisistémiskas novajésanas sindroms sivéniem kopuma ir organisma
vispargja imindeficita saslim$ana (Segales et al., 2004a; Ellis, 2014;
Karuppannan, Opriessnig, 2017).

LimfocTtu samazinasanas c€lonis, slimiem ar PMWS sivéniem, ir viens
no galveniem jautdjumiem, kas joprojam nav lidz galam izprasts. TieSi
limfocitu samazinasanas iemesls varétu izskaidrot $is slimibas patogengzi un
PCV2 ietekmi uz sivénu organismu. Uzskatam, ka limfocTtu zudumam var biit
divi iemesli. Tie ir - pastiprinata limfocTtu apoptoze un, otrais, — samazinata
Stnu veidosanas aktivitate. Li et al. (2013), vert§jot citokinu sint€zi ar PCV2
klatbiitni, uzskata, ka teorgtiski PCV2 var ietekmét Stnu apoptozi. Vairaki
autori pieradijusi, ka apoptozei nav bijis bitiskas ietekmes uz limfocitu
daudzuma samazinasanos limfmezglos ciikam ar PCV2 (Kiupel et al., 2005;
Resendes et al., 2004; Resendes et al., 2011; Zhou et al, 2015). Tikai viena
pétnieku grupa atrada pozitivu korelaciju starp PCV2 daudzuma pieaugumu
audos un §tnu apoptozi limfmezglos (Lin et al., 2011).

Turprett ir Joti maz p&tfjumu, kas saistiti ar PCV2 ietekmes izpéti uz
§inu vairoSanas sp&jam. Tapec viens no §1 darba uzdevumiem bija §inu
vairoSanas pétisana, t.i. limfocttu proliferacijas aktivitates izmail'u noteikSana
limfmezglos ar datadu ctku cirkovirusa-2 klatbiitni tajos. Ka jau mingts, $tinu
dzivescikla aktivitati atspogulo ta saucamais proteins Ki67, jeb Stnu
proliferacijas indekss (Scholzen, Gerdes, 2000; Booth et al., 2014).
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Ki67 proteinu saturo$o Siinu daudzuma izmainas limfmezglos
ar cirkovirusa-2 antigéna klatbaitni un bez ta

Analizgjam Ki67 proteinu saturoSo Siinu vidgjo skaitu limfmezglos
sivéniem saistiba ar datadu PCV2 antigéna daudzumu limfmezglos (13. un
14. att.).
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m Folikulu vizualais izskats - 1 balle limfmezglos ar PCN'2 7 Iisualization of the follicle - 1 score
in lymph nodes with PC172
@ Folikulu vizualais izskats - 2 balles limfmezglos ar PCN'2 7 I'isualization of the follicle - 2 score
in lymph nodes with PC172

m Folikulu vizualais izskats - 3 balles limfmezglos ar PCN'2 ' Iisualization of the follicle - 3 score
in lymph nodes with PC'1"2

O Limfmezglos nav PCN'2 / Lymph nodes without PC'12

13. att. Ki67 proteinu saturo$o $iinu daudzums limfmezglos ar dazadas pakapes
folikulu vizualajam izmainam un ar (parsvara) nelielu (+) PCV2 antigéna
daudzumu tajos. 4 - p<0,05
Fig.13. Number of Ki67 positive cells in lymph nodes with different score of follicle
visualization and mild (+) quantity of PCV2 antigen. <4-- p<0.05

Izradijas, ka lidz ar PCV2 daudzuma pieaugumu limfmezglos, Stnu
proliferacijas aktivitate to folikulos stipri samazinas, bet tas pieaug limfiezglu
parakortikalaja slant un sinusu apvida (sk. 13. un 14. att.). Lidzigu tendenci,
kaut ta nav bijusi statiskisti biitiska, atzZim&jusi arT citi autori (Lin et al., 2011).
Miusu pétijuma pieradijam, ka PCV2 bitiski ietekm& S$tinu proliferacijas
aktivitates samazinasanos limfmezglu folikulos (p<0,05). Ta ka limfmezglu
folikulu zona prevalé B limfoctti, tas nozimé, ka tiesi ar §tinu vairoSanas sp&jas
samazinasanos saistita kopg&a B limfocitu daudzuma samazinaSanas
limfmegzlos.
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14. att. Stinu skaits ar Ki67 proteinu limfmezglos ar vidéju (++) un lielu (+++)
PCV?2 antigéna daudzumu. 3~ - p<0,05
Fig.14. Number of Ki67 positive cells in lymph nodes with moderate (++) and severe
(+++) quantity of PCV2 antigen. 4-- p<0.05

Mgs art pieradijam, ka Iidz ar PCV2 antigéna daudzuma palielinasanos
limfmezglos, palielinas arT Stnu proliferacija ta parakortikalaja slani, ipasi
sinusu apvidii (sk. 14.att.). Jaatgadina, ka Ki67 proteinu var saturét jebkura
$tina, tapec nav iesp&jams precizi noteikt, kadas Slinas tiesi iesaistitas daliSanas
procesa. Zinams, ka parakortikalais slanis ir T limfocttu atkariga zona. Ka
ieprieks$ bija paradits, PCV2 ietekmé histiocitu proliferaciju limfmezgla, tapéc
parakortikalaja slani konstatétas Ki67 pozitivas Stinas vargja but, ka T limfociti,
ta ar1 histiociti. Jaatzime, ka lidz ar PCV2 antigéna daudzuma palielinasanos
limfmezglos, kopgjais limfocitu daudzums samazinds, turprett histiocTtu
daudzums pieaug. Tapec iesp&jams, ka Ki67 proteina pozitivas Siinas bijuSas
tiesi histioctti.

Jaatgadina, ka Ki67 proteinu konstaté visas aktivas Stnas fazgs, t.i.
interfazé G1, S, G2 un mitoze. Toties Stnu ,klusaja” fazé GO, proteinu Ki67
nenoveéro nemaz (Scholzen, Gerdes, 2000; Booth et al., 2014).

Tas nozimé, ja PCV2 antigéna ietekm& samazinas §tinu skaits ar Ki67
proteinu, tad PCV2 neaizkave Siinu daliSanos kada noteikta etapa, bet stimulé
§Ts $Unas parieSanu tie$i neakfivaja forma (GO fazg). Sada forma $inas var
atrasties ilgu laiku, lai nepiecieSamibas gadijjuma atkal var€tu iesaistities
daliSanas procesa. Tomer Siinas GO faz€ var arT novecot un pat neatjaunot savu
dzives ciklu (Scholzen, Gerdes, 2000; Booth et al., 2014). Quan et al. (2016) in
vitro pétijums liecina, ka PCV?2 izraisita $tinas dzivescikla apstasanas GO fazg,
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var nodrosinat labveligus apstaklus virusa proteina ekspresijai un virusa
replikacijai. Paslaik paliek jautajums, vai PCV2 aizkavé §tnu dzives ciklu GO
faze, vai izraisa DNS bojajumu, Iidz ar to paatrinot §linu novecosanas procesu.
Lai noskaidrotu 8o jautajumu, nepiecieSsams veikt papildus in vitro
izmeklgjumus §tinu kultiira.

In vitro pétijuma konstatgja, ka PCV2 ietekmé Ca™ piecaugumu 3inu
citoplazma (Gu et al., 2016). Tas nozim&, ka PCV2, iesp€jams, izraisa Stinu
nekrozi, jo Ca jonu palielinaSanas citoplazma aktivizé vairakus fermentus
(endonukleaze, proteaze, ATF-aze), kas izraisa §inu bojaeju (Zachary,
McGavin, 2012). Ja PCV2 vienlaikus ietekm& S$tnu proliferaciju un S$tnu
nekrozi, tas var izskaidrot tik smagu imiindeficitu un limfopéniju slimiem ar
PMWS sivéniem. Lidz ar to virusa patogen€z€ joprojam paliek neatrisinati
jautajumi. Pieméram, kap&c vieni sivéni ar PCV2 klatbiitni paliek veseli, bet
citiem sivéniem attistas kliniskas pazimes un parasti nave.

Tatad kopuma, izvertgjot visus darba rezultatus, varam secinat, ka ciuku
cirkovirus-2 Latvija ir visai plasi izplatits, un ka arT seroprevalence ir augsta
visos regionos. Tas palielina pécatSkirSanas novajéSanas sindroma
uzliesmojuma risku Latvijas ctiku saimniecibas. Sava pétijuma, no potenciali
slimiem ar PMWS sivéniem, p&catskir§anas novajésanas sindroms apstiprinajas
38 % gadijumu. So sivénu limfmezglos novérojam vairakas likumsakaribas.
Izradijas, ka jo lielaks PCV2 antigéna daudzums konstatéts limfmezgla, jo
stiprak izmainas ta folikulu struktira, un — lidz ar limfocitu daudzuma
samazinasanos limfmezglos, tajos vienlaicigi paaugstinas histiocttu daudzums.
PCV2 limfmezgla izplatas noteikta virziena — no limfmezgla garozas uz
medularo slani, kas atbilst limfas plismas celam.

PCV2 antigéna daudzums limfmezglos iectekmé PMWS saslimSanai
raksturigo virusalo iesléguma kermeln un multinuklearo gigantisko S$tnu
paradiSanos. JaatzZimé gan, ka vienlaicigi abas §is strukttiras limfmezglos netika
konstatetas. Izradijas, ka limfmezglu strukturalas izmail'as bitiski ietekm& ne
tikai PCV2 klatbiitne, bet arT baktriju klatbiitne limfmezglos. Sivéniem,
slimiem ar PMWS, baktériju klatbutne limfmezglos palielina cuku
cirkovirusa-2 ietekmi uz organisma atbildes reakcijas aktivitati, zinama meéra
pastiprinot to.

Analizgjot limfocttu zudumu limfmezglos, sivéniem ar PMWS
konstatgjam, ka tieSi B limfocTtu daudzums ir tas, kur§ samazinas sakuma, tikai
pec tam novéro T limfocttu zudumu. Turklat pieradijam, ka B limfocitu
samazinasanas ir tiesi saistita ar So $linu vairo$anas sp&ju samazinasanos.

Kopuma jautajums par limfocitu zudumu limfmezglos, slimiem ar
PMWS sivéniem, paliek aktuals p&tijumiem ka Latvija, ta arT pasaulg.
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SECINAJUMI

. Latvija PCV2 ir visai plasi izplatits. PCV2 seropozitivo ciiku daudzums
Kurzemes regiona sasniedza 75,3%, Zemgales — 76,1% un Vidzemes
regiona 83,4%. PCV2 seropozitivo ciiku daudzums loti lielas (79,7%),
lielas (76,1%), vidgjas (76,9%), mazas (77,3%) un loti mazas (70,0%)
ctiku saimniecibas ir [idzigi augsts (p>0,05).

. Jo lielaks PCV2 antigéna daudzums konstatéts limfmezgla, jo stiprak
izmainas ta folikulu struktiira. Lidz ar limfocttu daudzuma
samazinasanos limfmezglos, tajos vienlaicigi paaugstinas histiocitu
daudzums.

. Sivéniem, slimiem ar PMWS, viens no specifiskiem izmailu
parametriem ir multinuklearo gigantisko $tnu (MGS) paradiSanas
limfmezglos.

. Ar PMWS slimiem dzivniekiem sekundari var pievienoties arl
nepatogéniec bakterialie ierosinataji, turklat, $adiem dzivniekiem
limfmezglos statistiski bietak konstaté vairak neka vienu bakterialo
ierosinataju.

. Multinuklearas gigantiskas Stinas, ar PMWS slimiem sivéniem, paradas
tikai limfmezglos, kuros ir viens vai vairaki bakterialie ierosinataji.
Pieaugot PCV2 antigéna daudzumam limfmezglos, samazinas MGS
paradiSanas bietu ms tajos.

. PCV2 citoplazmatisko iesléguma kermelu paradiSanas histiocitos ir
cieSi saistita ar PCV2 antigéna daudzuma pieaugumu limfmezgla.
Samazinoties PCV2 antigéna daudzumam limfmezglos, samazinas
citoplazmatisko iesléguma kermel'u paradiSanas bietums tajos, un
otradi.

. Sivéniem ar PMWS sakuma samazinas B limfocitu daudzums, p&c tam
novéro T limfocitu zudumu. B limfocTtu samazinasanas saistita ar So
$linu vairo$anas spg&ju pazeminasanos.

. Lidz ar PCV2 Kklatbiitni limfmezglos, biutiski samazinas S$inu
proliferacijas aktivitate folikulos, kas ir B limfocttu atkariga zona. PCV2
aizkaveé B limfocttu daliSanas procesu.
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AIZSTAVESANAI IZVIRZAMAS TEZES

. Majas ciiku populacija PCV2 ir plasi izplatits visa Latvijas teritorija.

. PCV2 izraisa limfocitu zudumu limfmezglos, ietekmgjot to
proliferacijas aktivitati.

. PCV2 daudzums un sekundara bakteriala infekcija ietekme limfmezglu
morfologisko stavokli.

. Sivéniem, slimiem ar PCV2 infekciju, bieti pievienojas vairaki
bakterialie, arT nepatogenie saslim$anas ierosinataji.

IETEIKUMI PRAKSEI

. Lemot véra, ka PCV2 izplatiba Latvijas regionos ir visai plasa ar augstu
tas seroprevalenci, ieteicams ciiku ganampulku vakcingt, jo
pecatskirSanas novajéSanas sindroma arst€Sana ir neefektiva un rada
lielus ekonomiskos zaud&jumus.

. Ta ka pecatskirSanas novajéSanas sindroma kliniskas pazimes un
patologanatomiskas izmailas ir nespecifiskas, ieteicams krituSiem
sivéniem vienmer nolemt limfmezglu paraugus, lai tos paraléli
izmekl&tu uz PCV2 klatbitni.

. Vértgjot MGS paradidanos limfmezglos, dzivniekam noteiki jaizmekle
vairakas limfmezglu grupas — vismaz Inn. inguinales superficiales, Inn.
jejunales un Inn. tracheobronchales.
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INTRODUCTION
Topicality of the research

An outbreak of post-weaning multisystemic wasting syndrome (PMWS)
was first detected in Canada in 1991. The cause of this disease was found much
later, only in 1998, when the porcine circovirus-2 (PCV2) was isolated form
piglets affected by PMWS (Mankertz et al., 1998; Meehan et al., 1998). First
cases of PMWS in pigs in Europe appeared in the middle of the 1990s; France
and Spain in 1997. The first report about PCV2 infection in Lithuania and
Latvia was published in 2007 (Stankevicius et al., 2007).

The virus mainly affects piglets which are 5-15 weeks of age, it cause
mortality of piglets or chronic wasting and slimming. Consequently, post-
weaning multisystemic wasting syndrome causes significant economic losses in
pig farming (Segales, Domingo, 2002; Karuppannan, Opriessnig, 2017),
therefore the study was launched around the world for the PCV2 prevalence,
the pathogenesis of the disease, the morphological changes in the tissues, and
control of the disease.

The confirmation of PMWS is complicated, because clinical
manifestation and gross lesions associated with PMWS are non-specific. Only
lymph nodes microscopic lesions show specific changes of PCV2, therefore this
virus replicates in monocyte/macrophage lineage cells, which during the
disease proliferated directly in the lymph nodes in large quantities (Rosell et al.,
1999; Sanchez et al., 2003; Rodriguez-Carifio et al., 2011; Ellis, 2014).
Following lymphocytes are ,,replaced” by histiocytes in lymph nodes. Thereby
piglets affected with PMWS have cellular and humoral immunity disorders.
Consequently, the post-weaning multisystemic wasting syndrome in piglets is
considered by a general immune deficiency disease (Segales et al., 2004a;
Ferrari et al., 2014).

It is still unknown why piglets with PMWS have severe loss of
lymphocytes in lymphoid tissues and in blood.

Some human and animal viruses can cause lymphoid tissue apoptosis
(Benedict, Banks, Ware, 2003; Irusta et al., 2003; Neumann et al., 2015).
Apoptosis is a programmed cell death and is developed by activation of specific
enzyme caspases (Hengartner, 2000; Lockshin, Zakeri, 2002; Neumann et al.,
2015). However, the latest results reveal that apoptosis has no significant
impact on lymphocyte depletion in lymph nodes of pigs infected by PCV2
(Resendes et al., 2004; Kiupel et al., 2005; Resendes et al., 2011).
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Hypothesis of the research

The hypothesis of the study was: lymphocyte depletion occurs due to
lymphocyte life-cycle delay in pigs infected by PCV2. The activity of cell life-
cycle is attributed to nuclear protein Ki67, which is found in all active phases of
the cell, like interphase G1, S, G2 and mitoses. However, protein Ki67 is not
observed, at all, in the cell’s "quiet" phase GO.

Aim of the research

The aim of our work was to investigate the lymph node reactivity of pigs
infected by PCV2.

Objective of the research

1. To investigate the distribution of PCV2 in domestic pigs of Latvia.

2. To investigate impact to the PCV2 number in lymph node on the
morphological changes in lymph nodes.

3. To investigate bacterial co-infection in the piglets lymph nodes infected
with PCV2.

4. To investigate the effect of the bacterial infection on the morphological
changes of lymph nodes in pigs with and without PCV2.

5. To investigate the effect of the PCV2 on appearance of the multinucleate
giant cell and viral cytoplasmic inclusions bodies in lymph nodes.

6. To detect number of the mature T and B lymphocytes in lymph nodes
with different number of PCV2.

7. To detect number of Ki67 positive cells in lymph nodes with different
number of PCV2.

8. To investigate the connection between changes of Ki67 positive cells
and lymphocytes number in lymph nodes with different number of
PCV2 antigen.
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Scientific novelty of the research

. Original data of PCV2 prevalence of domestic pigs was obtained in
different region in Latvia in different-scale farms.

. New data was obtained on effect of bacterial co-infection to the severity
of morphological changes in lymph nodes of pigs with PMWS.

. Original data of the effect of secondary bacterial infections on
multinucleate giant cells and viral cytoplasmic inclusion body
appearances in lymph nodes of piglets with PMWS were obtained.

. New data was obtained on frequency occurrence of multinucleate giant
cells and viral cytoplasmic inclusions bodies in lymph nodes of pigs
naturally infected by PCV2.

. New data was obtained on PCV2 impact on the lymphocytes
proliferation activity.
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PERSONAL CONTRIBUTION

1. Research design.

2. Visiting the pig farm, evaluation of the epidemiological situation
according to clinical manifestation of pigs.

3. Selection of dead piglets for necropsy according to PMWS specific
gross pathology.

4. Necropsy of dead piglets and sampling for histological,
immunohistochemical, bacteriological and serological testing.

5. Histological and immunohistochemical samples preparation and
microscopy.

6. Collection and analysis of anamnesis data for live pigs, which were
serologically investigated to the PCV2 antibody.

7. Analysis and statistical processing of histological,
immunohistochemical, bacteriological and serological investigations
data.

STRUCTURE AND VOLUME OF THE DOCTORAL
THESIS

The doctoral thesis consist of: 128 pages, 62 figures, 33 tables, an
introduction, personal contribution, approbation of the study results, review of
literature, materials and methods, research results, discussion, conclusions,
thesis defense, recommendations for practice and literature references with
229 literature sources.
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MATERIALS AND METHODS
Carry out of study, source and characteristic of samples

Sampling and investigation are carried out in two phases. In the first
research phase, from 2008 to 2011, samples were obtained from five pig farms
in Latvia - Latgale, Vidzeme and Kurzeme regions. During this period we
obtained samples from three relatively large pig farms (a total number of
animals above 7000 in farm) and from two relatively medium-size farms (a
total number of animals between 1000 and 7000 in farms). The clinical
manifestation of PMWS and mortality of piglets was reported in all
investigated farms at different mortality ranges. Such PMWS clinical
manifestations as weight loss, diarrhoea or respiratory disorder, pale or icteric
mucuses were observed before the death of piglets (Clark, 1997; Rosell et al.,
1999; Segales et al., 2004a; Ellis, 2014). The age of investigated pigs being that
of 5-15 weeks.

Testing of samples were carried out at the Animal Disease Diagnostic
Laboratory of Institute of Food Safety, Animal Health and Environment BIOR.
Data analysis and interpretation of results were in the Laboratory of
Parasitology and Histology Department of Ecology Daugavpils University
Institute of Life sciences and technology and in the Preclinical Institute of the
Faculty of Veterinary Medicine the Latvia University of Agriculture.

In total, 42 pig carcasses were collected. All dead piglets had been
vaccinated from respiratory reproductive syndrome. Pig necropsy was
performed in 12 hours after pigs’ death. Samples of blood were taken for the
serological investigation. Samples of lymph nodes — Inn. inguinales
superficiales, Inn. jejunales and Inn. tracheobronchaleswere taken for
histological, immunohistochemical (IHC), and bacteriological investigation.

Lnn. inguinales superficiales consists of two lymph nodes, which are
located in subcutaneous of the right and leftgroin region (Inn. inguinales
superficiales sinister et dexter). Lnn. inguinales superficiales are relatively
large and in adult pigs reached length of 5-8 cm (Braveris, 2007), therefore,
three cross-sections were selected from each lymph node with a distance of
0.5t0 1.0 cm.

Lnn. jejunales is located in mesentery, along the small intestine. The
number of Inn. jejunalescould reach up to 40 lymph nodes. Samples were taken
from cranial, middle and caudal part of Inn. jejunales. One cross-section was
selected from each of three Inn. jejunales.

Lnn. tracheobronchales are the lymph nodes, locate near the trachea and
the bronchi. There are Inn. tracheobronchales dextri, sinistri and medii.
Additionally pig has Inn. tracheobronchales craniales, which is located near
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Inn. tracheobronchales dextri andhave difficult visualization, therefore only
three lymph nodes are selected for the study— Inn. tracheobronchales dextri,
sinistri and medii. The length of these lymph nodes is relatively small, for adult
pigs it is about 0.3-3.5 cm (Braveris, 2007), so from each Inn.
tracheobronchales only one cross-section was selected.

Totally 42 pigs and 336 lymph nodes were investigated; two Inn.
inguinales superficiales, three Inn. tracheobronchales and three Inn. jejunales
of each animal and 504 cross-sections of lymph nodes.

In accordance with the tasks of study, histological and
immunohistochemical investigations of lymph node samples were used to
determine the number of PCV2-antigen in the lymph node, to determine the
location of the virus in the lymph node, and to determine the morphological
changes of the lymph node.

In the second research phase, from 2006 to 2016, we've investigated
PCV2 prevalence in Latvia. Blood samples were sent for surveillance to the
Institute BIOR. In general, 963 blood samples of domestic living pigs were
serologically tested. Samples were obtained from 58 farms of different regions
of Latvia. Out of the 58 farms included in the study, there were nine huge-scale
farms with more than 5001 animals, nine large farms with 1001 to
5000 animals, eight medium-scale farms with 101 to 1000 pigs, 14 small farms
with 11 to 100 pigs and 18 very small-scale farms with 1 to 10 pigs (Table 1).
The blood samples had been collected from clinically sick animals of different
sexes and ages. Data of routine investigations from Institute of Food Safety,
Animal Health and Environment BIOR were used for the results of study.

Methods used the research
Histological investigation and immunohistochemistry of lymph node

At first, paraffin blocks were prepared from each lymph node (n=336)
for histological and immunohistochemical investigations.Tissue samples were
prepared and stained by immunohistochemistry for PCV2 antigen detection and
classical histology methods, which were adapted and validated in the Animal
disease diagnostic laboratory of Institute BIOR. PCV2 antigen positive and
negative reference tissue samples of paraffin blocks and stained slides were
used for the validation of the method. The reference tissue samples were
received from Poland, Pulava National Institute of Veterinary Research in
2007.

Preparation of samples carried out by conventional method. It includes
fixation of the tissues, dehydration and degreasing, embedding in paraffin wax
and cutting of samples.

53



Lymph node samples were fixed by neutral-buffered 10% formalin. This
solution is one of the most widely used fixing solutions (Bancroft, Gamble,
2007), which have approximately 6.8 pH. One little fixation solution contains
100 ml of 36-38% formaldehyde, 900 ml of distilled water, 4 g of monobasic
sodium phosphate (NaH,PO4*H,0) and 6.5 g of dibasic sodium phosphate
(Na,HPOy,). 24-30 hours at room temperature is necessary for complete fixation
of the tissues in the fixation solution, furthermore the lymph node sample
thickness not more than 5 mm (Boensch, 2001; Singh, 2003; Bancroft, Gamble
2007).The time of fixation of samples was strictly observed, because prolonged
(several day) tissue fixation causes protein denaturation, which significantly
changes results of the immunohistochemical investigation (Boensch, 2001;
Bancroft, Gamble, 2007).

Next, the lymph node samples were dehydrated and degreased using a
Leica TP1020 automated tissue processor (made in Germany), where the tissue
samples were processed in tap water, "alcohol row", xylene and liquid paraffin
at 1-2 hours in each solution. As known, water rinses formalin solution from
the sample. After that, the lymph node tissue is transferred to the “alcohol
row”, sequentially from 70%, 80%, 96% ethanol and three 100% denatured
alcohol stages. It is proved that the sample dehydration and degreasing by
alcohol liquids using from lower to higher concentrations is necessary to
exclude tissue post-mortal autolysis. Then followed sample is "cleansed" in
xylene, which removes alcohol and provides better paraffin absorption in the
tissues (Singh, 2003; Bancroft, Gamble, 2007). In our work, we used two
xylene for the tissue sample and then sample was moved in two containers with
paraffin.

Embedded paraffin sample sectioned at 4 pm by microtome Leica RM
2255 (made in Germany). Of each lymph node sample was prepared at least
five slides:

1. One slide was applied for histological staining, it was dried at +58 °C,
20 minutes in a Binder 140KB 53 thermostat (made in Germany). Next,
the slide of sample is treated with xylene and alcohol (starting with
100% denatured alcohol, then 96% ethanol, 90% and 70% ethanol) for
degrease and remove the paraffin. After that, slide was stained by
hematoxylin and eosin. Then, slide was clarified with 96% alcohol and
xylene.In the end, we put a glue with a coverslip and evaluated the
general morphological condition of the lymph node.

2. Four slides were applied for immunohistochemistry staining. Tissue
sample was floated onto specific permanent positive charge slide
SuperfrostPlus (Menzel-Glasser, Germany) and it was dried at +37 ° C,
15 hours in a Binder 140KB 53 thermostat. Four slides from each lymph
node were stained by immunohistochemistry for PCV2 antigen, CD3,
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CD79a and Ki67 protein detection. CD3 protein is T lymphocyte co-
receptor. B lymphocyte contains CD79a protein. Ki67 protein describes
cell proliferation activity.

Immunohistochemistry staining for PCV2 antigen detection. In order
to detect PCV2 antigen, an immunohistochemical technique (IHC) was carried
out on the lymph nodes’ tissue sections by using an avidine-biotin-peroxidase
method described previously (Szczotka, Stadejek, Pejsak, 2011). IHC for PCV2
antigen detecting is one of the best investigation method, because its sensitivity
is equivalent to the polymerase chain reaction (PCR) and in situ hybridization
(McNeilly et al., 1999; Ha, Jung, Chae, 2005; Szczotka, Stadejek, Pejsak,
2011). Although some authors believe that this method may show a false
negative result with very low PCV2 concentration in the tissues (Kim, Chae,
2003; Khaiseb et al., 2011). Immunohistochemistry staining to detect location
of PCV2 antigen in lymph node, is not possible by PCR (Ha, Jung, Chae, 2005;
Khaiseb et al., 2011). Moreover, compared with other methods, IHC is cheaper
and faster method of PCV2 antigendetection (Szczotka, Stadejek, Pejsak,
2011). Therefore, we chose avidine-biotin-peroxidase immunohistochemical
method for PCV2 antigen detection.

Reference control positive and negative samples of PCV2 antigen were
stained simultaneously with the study included samples.

PCV2 detection protocol included tissue blocking with 3% hydrogen
peroxide for 30 min, after which proteinase K was used for epitope demasking
for 3 min. Proteinase K was diluted 1:50 with Tris-buffered saline (TBS,
pH=7.55). Primary antibody (Ingenasa 36A9) was diluted 1:250 with TBS and
albumin; primary antibody was incubated for 45 min at +4 °C, for 15 hours.
Secondary antibody Policlonal Goat-Anti Mouse Immunoglobulin Biotinylated
was diluted 1:200 with TBS and applied at room temperature for one hour.
Then avidin peroxidase conjugated kit was applied to the tissue slide and
incubated for two hours at room temperature. After that the chromogen-
substrate (AEC) was added, stained by hematoxylin, and covered by mounting
media with coverslip.

Immunohistochemistry (IHC) staining for T and B lymphocyte
detection and visualization of cell proliferation activity protein. Other three
slides of each lymph node were stained by IHC for specific protein
visualization. This [HC have one common investigation procedure (protocol),
where changes only primary antibody. CD3 protein is T lymphocyte co-
receptor. B lymphocyte contains CD79a protein. Ki67 protein describes cell
proliferation activity.

Dako EnVision®+ System-HRP kit K4007 (Denmark) was used for
investigation. Enzymes horseradish peroxidase (HRP) was used as labels for
protein detection. At first, sample was deparaffinized and dehydrated with
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xylene and decreasing concentrations of ethanol. After that the slide was rinsed
with buffer solution Dako EnVision™ FLEX Wash Buffer (K8007).
Microwave was used for epitope demasking (incubation for 15 minutes by
350 watts and 7 minutes by 750 watts). After, endogene peroxidase of tissues
was blocked with 3% hydrogen peroxide for 10 min. Each slide from one
lymph node was applied to by three different primary antibodies (Dako):

1. one slide was applied to by primary antibody Monoclonal Mouse Anti-
Rat Ki-67Antigen, Clone MIB-5 for Ki67 protein detection, which is a
specific protein of cell life activity (Polacek et al., 2007; Debeer et al.,
2013);

2. to the second slide a primary antibody Monoclonal Mouse Anti-Human
CD3, Clone F7.2.38 was added for CD3 positive cell visualization,
which is a T lymphocyte (Polacek et al., 2007; Garcia-Nicolas et al.,
2015);

3. third slide was applied to by primary antibody Monoclonal Mouse Anti-
Human CD790, Clone JCB117 for CD79a protein, which is
B lymphocyte specific protein (Polacek et al., 2007; Debeer et al., 2013;
Garcia-Nicolas et al., 2015).

It should be noted that all primary antibodies were produced for the
visualization of human proteins. Other studies show that the primary antibody
for human proteins, especially T and B lymphocytes, have a cross-reactivity
with pig proteins (Polacek et al., 2007; Cino-Ozuna et al., 2012; Garcia-Nicolas
et al. 2015). Therefore, human primary antibodies often used for visualization
of pig protein (Rekiel et al., 2010; Debeer et al., 2013).

Primary antibodies were rinsed by Dako EnVision™ FLEX Wash
Buffer (K8007). After that all slides were incubated in DakoEnVision polymer-
HRP at room temperature for 45 minutes. DakoEnVision polymer-HRP
conjugated to Polyclonal Goat Anti-Mouse Immunoglobulins and it was used
undiluted form. At the end, they were washed by TBS, added chromogen-
substrate (DAB), stained by hematoxylin and covered by mounting media with
coverslip. CD3 and CD79a positive cells had brown cell membrane. Ki67
positive cells had brown nucleus.

Serological investigation of blood samples for the detection of PCV2
antibodies

All blood samples of domestic pigs (963 blood samples from live pigs
and 42 samples from dead piglets) were investigated for the PCV2 antibodies
detection with blocking ELISA Synbiotics, Serelisa PCV2 Ab Mono Blocking
kit (France). For each test, positive and negative, control included in the
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commercial kit was used. Samples were tested according to the manufacturer’s
instructions. Each serum sample was diluted 1:100, using commercial diluent,
and added in the wells of a microplate, coated withanti-PCV2 antibodies bound
specifically to purified PCV2 antigen. The plate was incubated at +37°C for
one hour in the incubator Labsystems iEMS Incubator/Shaker (Finland).
Following incubation the plate was washed in the specific washing equipment
Bio-Rad PW41 (France). We used this washer system after each application of
the reagent. After that 100 pl of conjugate (anti-PCV2 Mab with peroxidase)
were added to each well. Plate was incubated again for one hour at +37°C.
After that, plate was washed again. Then 100 pl of peroxidase buffered
substrate was added to each well and plate was incubated at +20°C for
20 minutes shielded from light. The reaction was stopped with Stop solution.
The optical density (OD) of the investigated samples was determined using a
monochromatic ELISA reader (Thermo Labsystems Multiskan Ascent) with
450 nm filter. The presence of PCV2 antibodies was expressed by optical
density (S/N value) and calculated according to the following formula: OD
sample / OD negative control. The cut-off determination by the commercial kit
was applied for the interpretation of the S/N value, results were divided into
positive, negative or suspicious, respectively.

If S/N value was less than cut-off, this sample was PCV2-seropositive. If
S/N value was higher than cut-off, this sample was PCV2-seronegative. During
of the research, cut-off value was changed several times. There was two cut-off
value from 2006 to 2008: low cuf-off was 0.15 and high — 0.2. Samples with
S/N value <0.15 were PCV2 seropositive, samples with S/N value >0.2 were
PCV2 seronegative, but samples with S/N value from 0.15 to 0.2 were PCV2
serosuspicious. From 2008 there was only one cut-off, which divided results
into positive or negative. From 2008 cut-off was 0.5, but from 2010 — 0.4.

Bacteriological investigation of the lymph node samples

PMWS is considered as a general immune deficiency disease in piglets
(Segales et al., 2004a; Ferrari et al., 2014), moreover one or more secondary
bacterial infection join to the pig with PMWS (Chae, 2004; Gu et al., 2014;
Opriessnig et al., 2017). Clinical manifestation of PMWS for naturally infected
pigs usually associated with combination of PCV2 and other viruses or/and
bacterial infection (Albina et al., 2001; Bolin et al., 2001; Ladekjaer-Mikkelsen
et al., 2002; Okuda et al., 2003; Hasslung et al., 2005; Ellis, 2014). Only 15%
of pigs with PMWS did not observe secondary infection (Kim et al., 2002),
therefore according with task of research, bacteriological investigation was
carried out for all lymph nodes of piglets.

During necropsy of each piglet carcases (n=42) sample of two Inn.
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inguinales superficiales, three Inn. tracheobronchales and three Inn. jejunales
were taken. Each sample was tested by three diagnostic methods:
microorganisms growing of media, native microscopy and mouse inoculation
test.

Native microscopy. At first the surface of lymph node was cauterised
with a spatula; a tissue piece from the cauterised surface was cut out by sterile
scissors or a sterile scalpel. Then immediately after tissue cutting, the tissue
piece with cut surface was imprinted to the sterile slide. After that we kept the
slide with a smear on top and pulled out the slide through the flame 3-4 times
for the smear fixation. Then the slide was stained with methylene blue and
microscoped.

Microorganisms growing of media. Each sample of the lymph nodes
from 42 piglets was carried out culture on the six media (made in Italy, Biolife):
Blood agar, Nutrient agar, EMB agar, XLD agar MacConkey agar and Brain
Heart Infusion agar with blood. These media were selected for cultivating the
widest range of bacteria, which are most commonly caused the disease of pigs
(Markey et al., 2013). Each lymph node was cut with sterile scissors and this
cut lymph node surface was applied to the media. This media was incubated at
temperature of +37 C° from 24 to 72 hours. Anaerobic environment was used
for Brain Heart Infusion agars incubation. The pure cultures of isolated bacteria
were stained by the Gram method and microscopy. In order to identify type of
bacteria, we cultured pure bacteria in the additional biochemical tests (AP testi,
BioMerieux (France) and BBL crystal testi, Becton Dickinson (USA)).

Mouse inoculation test. Lymph nodes of each animal were cut to small
pieces, physiological fluid 1:10 was added, and put in the mixing equipment
Stomacher for emulsion preparing. This emulsion (0.5 ml) injected to
subcutaneous of two white laboratory mice. If the mouse died within 10 days
after the injection, the samples from the mouse's internal organs were examined
by culture medium and by native microscopy. Mouse inoculation test carried
out by the accredited method DC-RI-M-323 of BIOR.

Sample microscopic evaluation

Samples microscopy carried out by Nicon light microscope in
Preclinical Institute of the Faculty of Veterinary Medicine the Latvia University
of Agriculture and by Zeissa light microscope in Animal Disease Diagnostic
Laboratory of Institute of Food Safety, Animal Health and Environment BIOR.

First of all, we evaluated hematoxylin and eosin slides to the
morphological changes of the lymph node.
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For each histological slide, three structural parameters of lymph nodes
were detected. These parameters were evaluated by score ranges from 0 to
3 (Opriessing et al., 2004):

e visualization of the follicle structure (0 — normal, no changes, 1 —
visualization of the follicle structure a little deplete, 2 — the follicle
structure poorly visualized, 3 — loss of the lymphoid follicle structure);

e number of lymphocyte depletion for full lymph nodes (0 — normal, no
changes, 1 — a mild number of lymphocyte depletion, 2 — a moderate
number of lymphocyte depletion, 3 — a severe number of lymphocyte
depletion);

e number of histiocytic cells (0 — histiocytic cells not detected in tissues,
1 - a mild number of histiocytic cells, 2 — a moderate number of
histiocytic cells, 3 — a severe number of histiocytic cells).

In each histological slide the multinucleate giant cell and viral
cytoplasmic inclusions bodies were evaluated. It is additional specific
histological structures, which show presence of PCV2 in tissue. It was detected
in different structure of lymph node — in cortex, in paracortex, in medulla, as
well in sub-capsular and trabecular sinuses. We investigated 10 fields with
magnification x200 in each region of lymph node.

Furthermore, we evaluated PCV2 antigen in IHC slides. PCV2 antigen
was recognised as brown, homogeneous and different sizes granules, which
located in cell cytoplasm or intercellular space. The tissue evaluation was done
according to the common system, quantity of PCV2 antigen was expressed by
plus system:

e mild quantity of PCV2 antigen (+) was observed in less than 10% of the
follicles (Opriessnig, Meng, Halbur, 2007) or lymph node parenchyma;

e moderate quantity of PCV2 antigen (++) was observed in 10% to 50%
of the follicles (Opriessnig, Meng, Halbur, 2007) or lymph node
parenchyma;

e severe quantity of PCV2 antigen (+++) was observed in more than 50%
of the follicles (Opriessnig, Meng, Halbur, 2007) or lymph node
parenchyma.

In addition, PCV2 antigen was evaluated in percentages, where
measured immunohistochemical positive and negative stained lymph nodes
tissues in the field of microscope were observed. Measurements were done with
the computer program Pannoramic DensitoQuant (3DHISTECH). We made the
analysis in Daugavpils University Institute of Life Sciences and Technologies,
Department of Ecology, Laboratory of Parasitology and Histology. In each
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immunohistochemical slide was estimated number of PCV2 antigen in different
regions of lymph node — in follicle, paracortex near follicle area, paracortex
near sinus area and medulla. Five fields (200 um on 200 pm) were detected
from each region of lymph node. Today, it widely uses computer programs for
immunohistochemically slide estimation, it accelerate and facilitate sample
analysis (Tuominen et al., 2010; Schuffler et al., 2013).

At last, we evaluated IHC slides for presence of CD3 protein (which is
specific T lymphocyte protein), CD79a protein (which is specific B cell
protein), and Ki67 protein (which is present in all active phases of cell life
cycle). CD3 and CD79a positive cells had brown cell membrane. Ki67 positive
cells had brown nucleus.

According to data of the literature, IHC positive cell counting and
analysis is one of the most Complicated and debatable topics (Fedchenko,
Reifenrath, 2014). There is a not one permanent counting and analysis system.
Each pathologist chooses the most appropriate cell analysis and counting
technique, based on their individual experience. Generally researchers
recommend using simpler and easier understandable counting systems
(Fedchenko, Reifenrath, 2014). Therefore in our study, we used one of the most
frequently described methods for CD3, CD79a and Ki67 positive cells analysis.
It is the quantitative calculation of immunohistochemically positive cells to the
total number of cells per sample (Louis et al., 1991; Muskhelishvili et al., 2003;
Bologna-Molina et al, 2011; Fedchenko, Reifenrath, 2014). In each
immunohistochemical slide was estimated number of CD3, CD79a and Ki67
positive cells in different regions of lymph node — in follicle, paracortex near
follicle area, paracortex near sinus area and medulla. Five randomly selected
fields were investigated from each region of lymph node. We counted 100 cells
in the each field. Microscope Zeiss Axiolab with counting program Zeiss
version 4.10 was used for cells analysis. We used a "grid system" for easier cell
counting. We put a grid by computer program Zeiss version 4.10 on each field
and counted 100 cells in the appropriate direction (Bologna-Molina et al.,
2011).

Statistical processing of data

Data of PCV2 seropositive pigs was calculated using 95% confidence
interval for binomial populations (Wilson, 1927; Newcombe, 1998). This
confidence interval, with probability of 95%, determined the number of PCV2
seropositive pigs in different farms, regions of Latvia and in different years of
testing. The interpretation of serological test results was performed using a
Collection of JavaScript E-labs Learning Objects (open source calculator).
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We also used the t-test, which is the most commonly used method,
which determine statistically significant differences between the two arithmetic
means of the samples (Paura, Arhipova, 2002). Microsoft Excel t-test was
applied to determine statistically significant differences number of PCV2-
seropositive pigs from different scale of farms, from different Latvian regions
and between different years of investigation.

The data were statistically calculated by Microsoft Excel t-test Two-
Sample Assuming Unequal Variance for comparing the mean index of
structural parameters in lymph node with different number of PCV2 antigen in
lymph nodes (p<0.05). The result of this test allowed to conclude significant
effect of different levels of PCV2 antigen on structural changes in the lymph
nodes.

T-test was used to determine the statistical differences in the structural
changes of the lymph nodes with and without bacterial infection in pig with
PMWS. This analysis show, how bacteria impact on the structural changes of
the lymph node in pig with PMWS. Additionally, was determined the
correlation between structural changes of the lymph node and quantity of
bacteria in lymph node.

The average quantity and standard deviation was used for CD3, CD79a
and Ki67 positive cells. T-test was used to detect significant differences for
CD3, CD79a and Ki67 positive cell quantity in different layers of the lymph
node with and without PCV2.

To determine the correlation between number of CD3, CD79a and Ki67
positive cells in different layers of the lymph node and quantity of PCV2
antigen, Spearman's rank correlation coefficient of SPSS Statistics version
22 (IBM Corporation, Chicago, Illinois) was used.
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RESULTS AND DISCUSSION
Seroprevalence of porcine circovirus-2 in Latvia (ELISA
analysis)

In first phase of the study, seroprevalence was carried of porcine
circovirus-2 in Latvia and in different regions of Latvia. During of period
2006-2016, blood samples of 963 domestic pigs from 58 farms were examined
for the PCV2 antibodies by serological test ELISA. In totally, PCV2-
seroprevalence was 75.9% in all tested pigs (Table 2).

Our results are comparable to those of other studies that have performed
in many countries of the world like Canada, France, Germany, New Zealand,
UK and USA, revealing that seroprevalence of PCV2 in the domestic pig
population reaches almost 100% (Tischer et al., 1982; Tischer et al., 1986;
Dulac, Afshar, 1989; Horner, 1991; Allan et al, 1994; Tischer et al., 1995a;
Tischer et al., 1995b; Edwards, Sands, 1994; Hines, Lukert, 1995; Magar et al.,
2000; Walker et al., 2000; Reiner, Hofmeister, Willems, 2015; Xiao et al.,
2016; Karuppannan, Opriessnig, 2017).

The highest numbers of PCV2-seropositive pigs were found in
2009 (94.8%) and 2010 (89.9%). Interestingly, also the numbers of investigated
samples were the highest during these two years. This could be associated with
an outbreak of PMWS. In turn, in 2011 the lowest number of pigs with PCV2-
specific antibodies were detected (38.1%), and during this year, also the lowest
number of samples was tested (Table 2). This probably shows a decreasing
orders interest in PCV2 investigation, therefore improved biosafety, herd
management and start of vaccination program to the PCV2.

Our test results revealed that seroprevalence of PCV2 in pigs was
relatively high in all regions of Latvia (Fig. 3).

It should be noted that large numbers of PCV2 seropositive pigs can be
found not only in farms with PMWS manifestation, but also in farms without
PMWS (Allan, Ellis, 2000; Sibila et al., 2004; Segales et al., 2005;
Karuppannan, Opriessnig, 2017). However, the highest seroprevalence of
PCV2 in pigs was observed in farms with PMWS manifestation (Sibila et al.,
2004; Dvorak et al., 2016). Therefore, it cannot be excluded that the high
PCV2-seroprevalence of 75.3%, 76.1% and 83.4% that we have found in the
regions of Kurzeme, Zemgale and Vidzeme present outbreaks of Postweaning
Multisystemic Wasting Syndrome in the pig population (Fig. 3).

In conclusion, PCV2-specific antibodies in pigs are widespread within
the territory of Latvia. This is evidenced large number of seropositive pigs in
the regions of Latvia (69.0% - 83.4%).
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Our study has shown no significant difference in the number of PCV2-
seropositive animals (p>0.05) from different size of farms (79.7% and 70%),
(Table 3).

The widespread of PCV2 seropositive pigs in Latvia and world can
depend on PCV2 presence in the different body excretions, and easily
transmitted by aerogene, alimentary and horizontal way (Madson et al., 2009;
Eddicks et al., 2016). Previous studies showed that PCV2 can be detected by
polymerase chain reaction in faeces, urine and saliva samples as well as in
mucosal samples of the eyes, nose and tonsils from pigs with and without
clinical PMWS manifestation (Hamel et al., 2000; Krakowka et al., 2000;
Larochelle et al., 2000; Magar et al., 2000; Kim et al., 2001; Celer, Carasova,
2002; Segales et al., 2005; Kim, Chae, 2003; Shibata et al., 2003; Yang et al.,
2003; Caprioli et al., 2006). PCV2 was also found in the semen (Larochelle et
al., 2000; Kim et al., 2003), amniotic fluid (Rodriguez-Arrioja et al., 2002),
oocysts (Bielanski et al., 2004a; Bielanski, Larochelle, Magar, 2004b), foetal
and aborted foetal tissue (Pensaert et al., 2004) of experimentally and naturally
infected pigs. Horizontal transmission of PCV2 has been proven experimentally
(Albina et al., 2001; Bolin et al., 2001; Shibata et al., 2003), and it has been
shown that PCV?2 is able to pass the placental barrier and infiltrate the foetus
(Park et al., 2005; Eddicks et al., 2016).

However, there might be other transmission routes. Recently, extensive
PCV2 DNA was detected from water samples in Brazil, farm air in Canada,
house flies in UK, and even in Culex (a kind of mosquito) (6.78%,
4/59 sampling) collected in China (Verreault et al., 2010; Blunt et al., 2011;
Garcia et al., 2012; Yang et al., 2012; Zhai et al., 2014). In addition, PCV2 is
quite stable following exposure to a wide range of temperatures (O'Dea et al.,
2008) and various pH conditions (Kim, Lyoo, Joo, 2009). This could explain
the high prevalence of PCV2 in the pig population worldwide.

Good management practice and vaccination decrease PCV2 outbreak in
farm, but it cannot fully eliminate the presence of the virus in the farm pigs
(Madec et al., 2000; Lopez-Soria et al., 2005). It should be noted that even the
herd vaccination does not fully protect the pigs from PCV2 infection
(Karuppannan, Opriessnig, 2017). Circovirus-2 can also proliferate in organism
of the vaccinated pigs (Reiner, Hofmeister, Willems, 2015; Xiao et al., 2016).
This means that the PCV2 outbreak may recur if preventive action in farms is
not used.
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Morphological characteristics of piglets lymph nodes with and
without circovirus-2 antigen in lymph nodes

In second phase of the study, we investigated dead piglets with
suspicion of PMWS disease. In total, 42 pig carcasses were tested and only
38% of them had PCV2 antigen in lymph nodes (Table 4). It could be due to
non-specific clinical manifestation and gross lesions associated with PMWS
(Harding, 2004; Opriessnig et al, 2017).

PMWS diagnosis is confirmed, if the piglet has wasting, deplete of the
follicle structure, loss lymphocytes and increase hystiocytes in lymph node, as
well PCV2 antigen detected in lymph node tissue (Sorden, 2000; Quintana et
al., 2001; Segales, 2012). All piglets with PCV2 (38%) had wasting and
specific microscopical changes in lymph nodes, therefore 38% cases from
42 investigated pigs had PMWS.

We observed lymphadenopathy of animals with PCV2, and cutting
surface of lymph nodes they were homogeneous and grey. There were changes
detected by other authors too (Segales, 2012; Ellis, 2014). Some authors
reported that 9.9% pigs with PMWS had multifocal and coalescing necrosis of
lymph nodes (Segales et al, 2004b; Kim, Chae, 2005; Opriessnig, Janke,
Halbur, 2006b). In piglets with PMWS, the formation of necrosis in the lymph
nodes is associated with small blood vessels thrombosis, however the
pathogenesis of thrombosis is still unclear (Opriessnig, Janke, Halbur, 2006b;
Segales, 2012). In our research, we did not find necrotic lesions in the lymph
nodes in piglets with PCV2. Apparently, necrosis of lymph nodes in piglets
with PMWS is an atypical symptom.

Next task was to detect structural changes of lymph nodes with different
number of PCV2. At first, we investigated number of PCV2 in lymph nodes.
The tissue evaluation was done according to the common system, quantity of
PCV2 antigen (Opriessnig, Meng, Halbur, 2007) with small correction. Usually
number of PCV2 antigen determine only in follicles of lymph node.

After that, structural changes in lymph node with different number of
PCV2 were observed. Average structural changes with different number of
PCV2 were compared (Table 4).

Out results show, that increasing amount of PCV2 antigen in pig lymph
nodes, mostly changes the follicles structure in lymph node, significantly
decreases the number of lymphocytes and increases the number of histiocytes
in them. A similar tendency is observed in other authors (Darwich et al., 2004;
Segales et al, 2004b; Ostanello et al., 2005; Opriessnig, Meng, Halbur, 2007;
Ellis, 2014).
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We believe that in lymph nodes with a mild quantity of PCV2 antigen
(+) and all structural changes were generally mild (1 point of changes), the
PCV2 infection was more acute, but there was already a severe structural
changes (3 points of changes)in lymph nodes, then the disease was more
chronicle.

Other specific morphological changes in lymph nodes were also
observed in lymph nodes with PCV2 antigen, it was multinucleate giant cells
and PCV2 cytoplasmic inclusions body. The inclusions body were spherical,
eosinophils, homogeneous and it can present large numbers in the cell
cytoplasm. Multinucleate giant cells are large macrophages, which occur by
join of macrophages (Mdst et al., 1997; Cheville, 1999; Zachary, McGavin,
2012; Milde et al., 2015). Lymph Lymph nodes with PCV2 antigen was
observed at macrophages or histocytes proliferation, which also become a
source of multinucleate giant cells (MGC).

Besides multinucleate giant cells and PCV2 cytoplasmic inclusions, no
lymph nodes without PCV2 antigen were determined in body. The same
frequency, at 18.6%, multinucleate giant cells and PCV2 cytoplasmic
inclusions were found in lymph nodes with PCV2 antigen (Fig. 5).

Similar results were also described by other authors; they found MGC in
21.2% causes (Krakowka et al., 2005). But there are also studies that describe
the appearance of MGC of lymph nodes in 28.8% (Segales et al, 2002) and in
27.1% (Segales et al, 2004b) cases.

It should be noted that MGC was not found in all lymph nodes of pigs
with PMWS. MGC was detected in 45.45% pigs.

In general, we conclude that MGC is one specific change, which
associated with PCV2 infection in piglets. However, it should examined several
lymph nodes - at least Inn. inguinales superficiales, Inn. jejunales and Inn.
tracheobronchales for MGC evaluation.

The appearance of MGC in our research was a similar to other authors’
reports. MGC had more 10 nucleuses, which were located in the periphery of
the cell.One author showed, that MGC was observed in periphery of the lymph
node and has from 5 to 20 nucleuses (Chae, 2004; Ellis, 2014).

MGC located in the follicles, paracortex and sinus of the lymph node
(Clark, 1997; Rosell et al, 1999; Segales et al, 2004b; Ellis, 2014). We believe
that MGS localization is closely related with the PCV2 antigen location in the
lymph node. At first, porcine circovirus-2 appears in follicles of the lymph
node, then follicles loss, and then PCV2 antigen moved into the paracortex and
also in the sinus.
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It is unknown, how PCV2 ceased MGC formation. If PCV2 directly
impacts the MGC appearances, then MGC formation could associate with virus
pathogenesis. But, if MGC formation is depended on indirect PCV2 impact (for
example, through secondary mediators of inflammation), then MGC formation
could associate with reactivity of animal organism. One, in vitro study of cell
culture show that porcine circovirus-2 stimulate the release of cytokines and
macrophage proliferation (Tsai et al., 2010; Li et al., 2013).

In our study, there was correlation, then number of PCV2 antigen was
higher in the lymph nodes, then MGC was reduced (Fig. 6). This could indicate
as the indirect effect of porcine circovirus-2 on the MGC formation in tissues.
As we mentioned, severe quantity of PCV2 antigen (+++) in the lymph nodes
was associated with more chronicle disease and severe tissue damage. Chronic
lesion to change the qualitative and quantitative composition of secondary
inflammatory mediators, which may also affect the MGC formation in the
lymph nodes (Fig. 7).

It is unknown, which factors impact the PCV2 cytoplasmic inclusions
body formation. Although, lymphoid tissues response on different pig breeds of
to circovirus-2 can be variable (Opriessnig et al., 2009). It could explain our
low result of PCV2 cytoplasmic inclusions body occurrence in the lymph
nodes — only 18.6% cases (Fig. 5). Previous studies showed that PCV2
cytoplasmic inclusions body was detected in 27,8% (Kim et al., 2002), 33,3%
(Krakowka et al., 2005) and 34,6% cases (Segales et al, 2004b) of PCV2
infected pigs.

It should be noted that PCV2 viral cytoplasmic inclusion bodies and
multinucleate giant cells in the lymph nodes were not detected simultaneously.

Pig lymph node and blood samples investigation to the
bacterial infection, PCV2 antibodies and antigen detection

The next task of our study was to investigate blood and lymph node
samples of 5-15 weeks old piglets, which are in suspicion of PMWS disease.
There 42 dead pigs were investigated (Table 5).

A largest number of pigs (33.3%) has PCV2 antibody without PCV2
antigen in lymph nodes. It was also expected because PCV2 seroprevalence of
pig population is widespread.

It should be noted that not all of piglets with the PCV2 antigen were
detected with virus antibodies in the blood. This result was surprised by us. We
did not find reason of this phenomenon, because it is known, that PCV2 is
chronicle infection and if the animal is dead from PMWS, then PCV2 antibody
could be present in pig blood. Blood samples were obtained no more than
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12 hours after pigs' death; it minimized the risk of antibody post-mortem
decomposition.

One of study tasks was to investigate bacterial infection in lymph nodes.
Totally from all investigated animals, bacterial infection in the lymph nodes
was detected in 73.8% cases - 31 pigs (Table 5). However, not all of piglets
with PCV2 antigen were found with bacteria in the lymph nodes (Table 6).

Our result showed that one pig lymph nodes could contain from one to
four bacterial infections (Table 7). In the lymph nodes with PCV2 antigen often
was observed two, three and four bacterial infections (54,5% cases), but instead
in the lymph nodes without PCV2 antigen more often was detected only one
bacterial infection (in 90% cases). Consequently, more than one bacterial
infection significant frequently were detected in lymph nodes with PCV2
antigens, but only one bacterial infections significant frequently were detected
in lymph nodes without PCV2 antigen (p>0.05). Reason for that could be the
general immunodeficiency from PCV2, therefore more bacterial infections can
infect sick pigs. It should be noted that other research of bacterial infections
number in lymph nodes in piglets with PMWS was not found.

Generally, more frequently we detected four infections of bacteria in
lymph nodes with and without PCV2 antigen — those are Streptococcus spp.,
Staphylococcus spp., Salmonella spp. and Escherichia coli. Thebacteria are
widespread in environment, which also explain their presence in piglets lymph
nodes. Other authors observed Mycoplasma hyopneumoniae, Pasteurella
multocida, Actinobacillus  pleuropneumoniae, Haemophilus parasuis,
Streptococcus suis, Arcanobacterium pyogenes and Bordetella bronchiseptica
bacterial co-infection in pigs with PCV2 (Halbur, 1997; Brogden, Guthmiller,
2002; Savic et al., 2015). Besides, in few pigs lymph nodes with PCV2 non
pathogenic bacteria Citrobacter freundii and Corynebacterium sppwere
detected. Only in rare cases Corynebacterium species could be conditionally
pathogenic bacteria. We believe that the appearance of a non-pathogenic
bacteria in the lymph nodes of piglets with PCV2 associated with general
immunodeficiency, which is caused by PCV2.

The effects of bacterial infections on the lymph node structure
in post-weaning multisystemic wasting syndrome (PMWS)
affected piglets

The one task of our study was to determine impact of bacteria to the
lymph nodes morphological changes. First of all, in the lymph nodes of pigs
with PMWS and bacterial co-infection was observed multinucleate giant cells
MGC (Fig. 7). Apparently, PCV2 indirectly affected the MGC formation,
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because the bacteria presence in the tissue stimulated production of secondary
mediators of inflammation. It should be noted that we did not find similar study
about the bacterial infections on multinucleate giant cells appearances in lymph
nodes of piglets with PMWS.

After we determined impact of bacteria on the PCV2 cytoplasmic
inclusions body formation in cells of the lymph nodes. PCV2 cytoplasmic
inclusions body were found equally (p> 0.05) in lymph nodes with and without
bacteria (Fig. 7). In addition, the increasing number of PCV2 antigen caused
the increase of PCV2 cytoplasmic inclusions body in lymph nodes (Fig. 6). In
conclusion, the appearance of PCV2 cytoplasmic inclusions in histiocytes is not
related to bacterial infection in the lymph nodes, but is closely related to the
increasing of PCV2 antigen number in the lymph node.

The next, average score of structural parameters in lymph nodes with
and without bacterial infection in pigs with PMWS was compared (Table 8).
Structural parameters of lymph nodes with bacterial infection have significant
difference than without bacteria (p<0.05) (Table 8). Other authors also indicate
that PCV2 causes more severe structural changes in the lymph nodes, when it is
combined with other infections (Segales et al, 2004b; Gu et al., 2014;
Niederwerder et al., 2016). It should be noted that bacteria usually causes
suppurative inflammation with neutrophil infiltration into tissues (Zachary,
McGavin, 2012). We believe that the presence of bacteria in the lymph nodes
increases the effect of porcine circovirus-2 on the body's response activity,
intensifying its effect to certain extent.

Localization of circovirus-2 antigen in the lymph node

Generally, the PCV2 antigen was detected in macrophage cytoplasm of
lymph node, although a small amount of PCV2 antigen was also observed in
the interstitial space. We detected circovirus-2 antigens in all lymph node areas
— follicles, paracortex and medulla.

During the study, we noticed that the amount of PCV2 antigens is highly
variable in the lymph nodes with severe structural changes, when lymph nodes
loss of the lymphoid follicle structure. Percentage of PCV2 antigen was
evaluated in follicles and parenchyma. Measurements were done with the
computer program Pannoramic DensitoQuant (3DHISTECH).

The study showed that PCV2 antigen attained the largest amount in the
lymph nodes (+++) and caused severe structural changes (changes in 3 points),
the process does not stop. After that number of PCV2 antigen in the lymph
nodes slightly decreased (Table 8).
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The percentage of PCV2 antigen in lymph nodes one animal can reach
up to 75% (pig No.3), but in other animal up to 15% (pig No.15), (Table 8).

Thus, it demonstrates that circovirus-2 at first was located in lymph
nodes follicles, after that ’goes outside’ the follicle into the paracortex near
follicle area and near sinus area, and finally — into medulla. In lymph nodes
PCV2 starts from cortical layer to medulla, from where it could enter into the
organism lymphatic system. It should be noted that we did not find similar
study about the percentage number of PCV2 antigen in the different lymph
node layers.

Changes of T and B lymphocyte number in the lymph nodes
with and without circovirus-2 antigen

The next task was to determine number of CD79a positive cells —
B lymphocyte in the lymph nodes with different number of porcine
circovirus-2. Reminding that the mature B lymphocyte has CD79a surface
protein, which was visualized by immunohistochemical investigation (IHC
positive cells).

It should be noted that the number of B lymphocytes were significantly
reduced in all layers lymph node with PCV2 antigen (Fig. 9 and 10). Critical
low number of B lymphocytes were appeared in the lymph node follicles.

We found an average 32.8 of B lymphocytes in the lymph nodes with
little depleted of the follicle structure (1 point of changes) and mild quantity (+)
of PCV2 antigen (Fig. 9). Though the number of B lymphocytes decreased to
3.4 cells then number of PCV2 antigen increased in lymph nodes (Fig. 10).
Besides the severe quantity of PCV2 antigen (+++) in the lymph nodes was
associated with full loss of the lymphoid follicle structure (Fig. 10). It should be
noted that some authors have not detected CD79a positive cells in the lymph
node with moderate and severe quantity of PCV2 antigen (Chianini et al.,
2003). Other authors investigated 10 fields with x200 magnification and
detected mean 25 CD79a positive cells (approximately from 1000 cells) in the
lymph node with severe quantity of PCV2 antigen (Shibahara et al., 2000). One
study shown that B lymphocytes can completely disappear or critical decrease
in lymph nodes with PCV2 antigen (Segales et al., 2004a; Ellis, 2014).
Furthermore, some authors used the three cross-system for B and T lymphocyte
analysis in the lymph nodes, but others used quantitative cell counting. It
should be noted that analysis of lymphocytes number in each lymph node layer
separately was not done yet. Our study was focused to the changes of
lymphocyte number in the different lymph node layers, this was assist better to
describe changes of the lymphocytes number. Considering that the beginning
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PCV2 antigen appeared exactly in the follicles of lymph node, then lesion in
the follicles was detected at first. Therefore we can conclude that at the
beginning PCV2 effect directly on the reduction of B lymphocyte population in
the lymph nodes, which is coincide with other authors research (Lin et al.,
2008). In addition, B lymphocytes are decreased in the blood of piglets with
PMWS (Darwich et al., 2002; Ferrari et al., 2014).

It is known that B lymphocytes are associated with a humoral immune
response on parasitic, bacterial, viral infections, inflammations and
autoimmune lesions (Kitamura et al., 1991, Jakobovits et al., 1993; Maxie,
2016). Thereby, PCV2 effect on the antibody reduction in the organism and
piglet become more susceptible to infections.

Next, T lymphocytes were analyzed in different layers of lymph node,
with and without PCV2 antigen (Fig. 11 and 12). We remind that
T lymphocytes were recognized by CD3 surface protein staining in them.

T lymphocytes were significantly decreased in the paracortex and
medulla in the lymph nodes with moderate and severe quantity of PCV2
antigen (Fig. 12) as well in the lymph nodes with mild quantity of PCV2
antigen then the follicle structure poorly visualized or lost of the lymphoid
follicle structure (Fig. 11). For example, decreasing an average to 32.7 CD3
positive cells in the paracortex near the sinus were detected. Some other
researchers also found a similar trend (Segales et al., 2004a; Segaless, 2012;
Kekarainen, Segales, 2015). However, it should be noted that one study showed
a relatively similar (p> 0.05) number of CD3 positive cells (T lymphocytes) in
lymph nodes with and without PCV2 antigen (Shibahara et al., 2000).
Presumably this is associated with randomly selected fields for T lymphocytes
counting, but it was not counted in each layers of lymph node separately, as we
done it.

It should be mentioned that T lymphocytes has begun to move in the
B cells-dependent area (in the follicle), then increased number of PCV2 antigen
in the lymph node. This, possibly, depends on irreversible structural changes in
the follicles of lymph node.

Another studies shown that T lymphocytes were decreased also in the
blood and this lymphopenia is associated with helper and cytotoxic T cells
reduction (Darwich et al., 2002; Ferrari et al., 2014). Klausmann et al. (2015)
study observed that PCV2 affects to the T lymphocyte selection process in the
thymus.

It is proven that T lymphocytes are the main component of cellular
immunity, which provides the anti-infective and anti-tumor immune response
(Kitamura et al., 1991, Jakobovits et al., 1993, Maxie, 2016). It is concluded
that piglets with clinical PMWS has cellular and humoral immunity disorders.
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Consequently, the post-weaning multi-systemic wasting syndrome caused the
general immune deficiency disease in piglets (Segales et al., 2004a; Ellis, 2014;
Karuppannan, Opriessnig, 2017).

It is still unknown why piglets with PMWS have severe loss of
lymphocytes in lymphoid tissues and in the blood. The cause of lymphocytes
decrease could explain the pathogenesis of this disease and PCV2 effect on the
piglet organism. It is possible there are two reasons of lymphocytes loss. These
are increased lymphocyte apoptosis, and reduced cell proliferation activity. Li
et al. (2013) in vitro evaluating the cytokine synthesis for the presence of
PCV2, take the view that theoretically PCV2 can have an effect on the cell
apoptosis. Several authors shown that apoptosis has not significant effect on the
lymphocytes reduction of lymph nodes in pigs with PCV2 (Kiupel et al., 2005;
Resendes et al., 2004; Resendes et al., 2011; Zhou et al, 2015). Only one team
of researchers found a positive correlation between the number of PCV2 in
tissue and cells apoptosis in the lymph nodes (Lin et al., 2011). On the contrary,
there are very few studies related with PCV2 effect on the cells proliferation
activity. Therefore, one of the tasks in our study was to investigate lymphocytes
proliferative activity in lymph nodes with different number of porcine
circovirus-2 in them. As already mentioned, cell lifecycle activity was
recognized by visualization of Ki67 protein (Scholzen, Gerdes, 2000; Booth et
al., 2014).

Changes of Ki67 positive cells number in the lymph nodes
with and without circovirus-2 antigen

It was analyzed the mean number of Ki67 positive cells in the piglets
lymph nodes with different PCV2 antigen amount in nodes (Fig. 13 and 14).

It turned out that quantity of PCV2 antigens was increasing in the lymph
nodes, but cell proliferation activity in the follicles was greatly reduced, but it
was increased in paracortex and in the sinus area of the lymph node (Fig. 13
and 14). Similar trend, but not statistically significant, was noted by other
authors (Lin et al., 2011). Our research showed that PCV2 has significant effect
on the reduction of cell proliferation activity in the follicles (p<0.05). The
follicle of lymph node is B cells-dependent area, it means that B lymphocytes
decreasing associated with reduction of cell proliferation activity.

We also evidenced that quantity of PCV2 antigens was increasing in the
lymph nodes, but cell proliferation activity in the paracortex and especially near
sinus area was increased (Fig. 14). It should be reminded that Ki67 protein can
contain any cell, so it is not possible to precisely determine which cells are
directly involved in the division process. Known, that paracortex is T cells-
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dependent area. As previously shown, PCV2 affects histiocytes proliferation in
the lymph node, thereof Ki67 positive cells detected in the paracortex could be
T lymphocytes as well as histiocytes. Besides, quantity of PCV2 antigens was
increasing in the lymph nodes, affect to the lymphocytes decreased and
histiocytes number increased. Therefore, it is possible that Ki67 positive cells
in paracortex were precisely histiocytes.

Ki67 protein is present in all active phases of cell life cycle: interphase
G1, S, G2 and mitosis. However, protein Ki67 is not observed at all in the cell’s
“quiet” phase GO (Scholzen, Gerdes, 2000; Booth et al., 2014). Thereby, our
study showed that PCV2 did not stop cell life cycle, but PCV2 stimulated these
cells to come directly to inactive form (GO phase). A cell in GO phase can stay
for a long time, but if it is necessary, the cell is able to return again in the active
phases. However, cells in GO phase may also become old and never renew their
life cycle (Scholzen, Gerdes, 2000; Booth et al., 2014). Quan et al. (2016) in
vitro study shows that GO/G1 cell cycle arrest induced by PCV2 may provide
favourable conditions for viral protein expression and virus replication.

Currently, the question remains: does PCV2 delay cell cycle in GO
phase, or does PCV2 cause DNA damage, thereby, accelerating ageing process
of cells? Therefore, investigations in vitro by cell culture are necessary to
understand PCV2 impact on the cell life cycle.

In vitro study shows, that PCV2 impacts the increase of cytosolic Ca™
in cells (Gu et al., 2016). This means that PCV2 possibly causes cell necrosis
because of Ca™ ion increase in the cytoplasm to activate several enzymes
(endonuclease, protease, ATPase), which leads to cell death (Zachary,
McGavin, 2012). If PCV2 simultaneously impacts the ability of cell
proliferation and cell necrosis, this can explain such a severe immunodeficiency
and lymphopenia.

The pathogenesis of the virus still remains unresolved. For example,
why one of pigs remains healthy in the presence of PCV2 and others go on to
develop clinical disease that typically results in death.

Evaluating all results of the study, it is concluded that PCV2 is
widespread in Latvia and the seroprevalence is high in all regions. Therefore it
increases the risk of PMWS outbreak in pig farms in Latvia. In our study
suspicions of PMWS in piglets was confirmed in 38% of the cases. We
observed several regularities in these piglet lymph nodes. It turned out that the
higher the quantity of PCV2 antigen was observed in the lymph node, as the
severer changes in the follicles structure. In addition, as the higher the quantity
of PCV2 antigen was observed in the lymph node, as severer the reduction of
lymphocytes in the lymph nodes and simultaneously increase histiocytes
number. PCV2 distribution in lymph nodes is from cortical layer to medulla, it
is corresponds to the lymph flow.
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PCV2 antigen affects to the multinucleate giant cells and PCV2
cytoplasmic inclusions body appearance in the lymph nodes, which is PMWS
specific changes in tissues. It should be noted, that both of these changes were
not observed in the lymph nodes simultaneously. It turned out that the structural
changes of the lymph nodes are significantly affected not only PCV2, but also
presence of bacteria in the lymph nodes. Bacterial infection in the lymph nodes
increases porcine circovirus-2 effect to the activity of organism response in
piglets with PMWS.

Analyzing the loss of lymphocytes in the lymph nodes in piglets with
PMWS, we concluded that B lymphocyte population had been reduced at first
in the lymph node with PCV2, but the number of T lymphocytes decreased
later. In addition, the evidence that reduction of B lymphocyte depends on cell
proliferation activity.

In general, the lymphocytes loss of lymph nodes in piglets with PMWS
still now is the actual question of research in Latvian and in the world.
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CONCLUSIONS

. PCV2 is widespread in Latvia. PCV2 seropositive pigs in the Kurzeme
region reached 75.3%, in Zemgale - 76.1%, and in the Vidzeme region -
83.4%. There was no statistically significant difference regarding PCV2-
seroprevalence in pigs from different size farms (p>0.05). PCV2-
seroprevalence was similarly high in very large (79.7%), large (76.1%),
medium (76.9%), small (77.3%) and very small (70.0%) pig farms.

. Higher the quantity of PCV2 antigen was observed in the lymph node,
as the severer changes are in the follicles structure. In addition, as the
higher the quantity of PCV2 antigen was observed in the lymph node,
severer the reduction of lymphocytes in the lymph nodes and
simultaneously increase histiocytes number.

. Appearance of multinucleate giant cells (MGC) in the lymph nodes is
one of specific changes in piglets with PMWS.

. Non-pathogenic bacterial infections can also added to pigs with PMWS,
and more than one bacterial infection was statistically more frequently
observed in these lymph nodes.

. Multinucleate giant cells appear only in lymph nodes, which have one or
more bacterial infections of piglets with PMWS. If the quantity of PCV2
in the lymph node increases, then decrease frequency of MGC
appearance in the lymph node.

. The appearance of PCV2 cytoplasmic inclusions body in histiocytes is
closely related to the increase of PCV2 antigens quantity in the lymph
node. Then the reduced quantity of PCV2 antigen in the lymph node,
decreases appearance of cytoplasmic inclusions body and conversely.

. B lymphocyte population had been reduced at first in the lymph node
with PCV2, but the number of T lymphocytes decreased later. Reduction
of B lymphocyte depends on cell proliferation activity.

. The presence of PCV2 in the lymph nodes significantly effects the
reduction of cell proliferation activity in the follicles, which is B
lymphocyte-dependent area. PCV2 delays B-lymphocyte division
process.
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THESIS DEFENSE

. PCV2 in domestic pig population is widespread all over in Latvia
territory.

. PCV2 causes lymphocyte loss in lymph nodes, affecting their
proliferation activity.

. The amount of PCV2 and secondary bacterial infection affect the lymph
nodes morphology.

. Piglets, infected with PCV2 infection, are often affected with several
bacterial and non-pathogenic agents.

RECOMMENDATIONS FOR PRACTICE

. Considering the high seroprevalence of PCV2 in pigs are widespread
within the territory of Latvia, it is recommended to vaccinate pigs,
therefore PMWS treatment is not effective and causes significant
economic losses.

. Since the clinical manifestation and pathological lesion of PMWS is
non-specific, we recommend that lymph nodes of dead piglets samples
always investigate to the presence of PCV2 antigen.

. It should investigate several lymph nodes for MGC observation, at least
Inn. inguinales superficiales, Inn. jejunales and Inn. tracheobronchales.
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