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KOPSAVILKUMA LIETOTIE SAISINAJUMI

AP Anaplasma phagocytophilum

BB Borrelia burgdorferi sensu lato genogrupa

BC Babesia canis canis

PKR polimerazes k&des reakcija

EDTA etilendiamintetraetikskabe

EPS €réu parnésatas slimibas

IgG, IgM imiinglobulins G, imiinglobulins M

THK imtnhistokimija

IMHA imiinmedi€ta hemolitiska an€mija

P Ixodes persulcatus izplatibas areals

IR Ixodes ricinus izplatibas areals

KI konfidences intervals 95%

M areals, kur sastopamas |. ricinus un I. persulcatus érces
nPKR polimerazes k&des reakcija ar iek§€jo praime&Sanu
PKR konvencionala polimerazes k&des reakcija

SGA sunu granulocitara anaplazmoze

PSGL-1 P selektina glikoproteina ligands 1

RNS ribonukleinskabe
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IEVADS

Cilvekiem Latvija ir aktudlas vairakas éréu parnésatas slimibas (EPS) (Bormane,
2007), tomer l1dz Sim tas nebija petitas nevienai no dzivnieku sugam Latvija. Ta ka
literatiira tiek uzsverts, ka biezi So slimibu izplatiba ir lidziga gan cilvékiem, gan
supiem, izvélgjamies petit tiesi So dzivnieku sugu.

Disertacijas kopsavilkuma ir apkopota promocijas darba izsstrades laika iegiita
informacija par Latvija sastopamajam EPS supiem - supu granulocitaro
anaplazmozi, boreliozi un babeziozi.

Promocijas darbs balstits uz publikacijam, kas kopsavilkuma teksta ir noraditas
ar romieSu cipariem (I-V). Originalie raksti publicéti ar izdev&ju un lidzautoru
atlaujam.

Darba aktualitate un merkis

1927.gada Latvijas presé ir public€ta ifnormacija par govju babeziozi, kas ir
pirma Latvija aktuala EPS dzivniekiem (Pakuls, 1927).

Er&u encefalits un Laimas slimiba Latvija atzitas par nozimigam &réu parnésatam
cilveku infekcijas slimibam un kop$ 2000. gada diagnosticéti ari cilvéku
granulocitaras anaplazmozes gadijumi (Bormane et al., 2004; Ranka et al., 2004;
Bormane, 2007; Siiss, 2011). Lidz §im, Latvija EPS dzivniekiem nav pétitas, tatu
praks€ veterinararsti tas diagnosticé (Buivide — Zvidrina, 2009). Suniem Latvija ir
bieza saskare ar rcém, bet veterinararstiem lidz §im trika informacijas tiesi, kadas
suniem bistamas slimibas érces Latvija parnésa. Ta, ka EPS kliniskas pazimes biezi
vien ir nespecifiskas, tad Tpasi nozimigi ir, ka veterinararstiem ir pieejama lokali
iegtita informacija par Latvija sastopamajam EPS (Carrade et al., 2009).

Insektu parnésatas slimibas, to epidemiologijas pétijumi ir aktuali
veterinararstiem visa pasaulé (Parola un Raoult, 2001; Beal et al., 2008; Nicholson
et al., 2010; Chomel, 2011; Bowman et al., 2012). Balstoties uz faktu, ka suni ar
ércém saskaras biezak neka cilveki, lokali ieglitu informaciju par seroprevalenci pret
attiecigam EPS suniem var izmantot ka indikatoru, kas norada, ka cilvéki konkrétaja
regiona varétu biit vairak paklauti EPS (Beal et al., 2008; Carrade et al., 2009, Day,
2011).

Sakot petijumus, izvirzijam sekojosas hipotezes:

e [idzigi ka cilvékiem, arT supiem Latvija ir sastopamas EPS — granulocitara
anaplazmoze, borelioze;
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e &rCu parnésatas slimibas biezak noveéro suniem ar attiecigam kliniskajam
pazimém, ka ari suniem, kuri biezak saskaras ar &rcém (medibu, lauku
suni);

e secroprevalence pret &ru parnésatam slimibam nav atkariga no &rcu sugas,
kura preval€ konkrétaja Latvijas regiona;

e sunu granulocitara anaplazmoze ir saistita ar adas problémam suniem.

Si darba mérki bija noteikt Latvijas suniem sastopamo &réu parnésato slimibu
izplatibu un to ietekmé&joSos faktorus, ka ar1 analizét no kliniski slimiem suniem
izolGtos ierosinatajus un ierosinataju izraisitas patologiskas parmainas.

Promocijas darba uzdevumi:

1. Sunu asins paraugu izmekléSana uz sekojoSiem &rcu parnésatu slimibu
ierosinatajiem: A. phagocytophilum, B. burgdorferi s.l., Ehrlichia canis un
Babesia spp. kliniski veseliem istabas suniem, kliniski veseliem medibu supiem
un sunpiem ar &rcu parnésatu slimibu raksturigajam kliniskajam pazimém.

2. Korelacijas noteik8ana starp seropozitivitati pret A. phagocytophilum,
B. burgdorferi s.1. un I. ricinus un L.persulcatus &r¢u izplatibu Latvija.

3. Korelacijas noteikSana starp A. phagocytophilum un B. burgdorferi s.L
lietoSanu, zinam par &rcu piesiik§anos.

4. Analizg&t &rcu parnesatu slimibu kliniskos gadijumus suniem Latvija un veikt no
slimajiem supiem izol&to etiologisko ierosinataju molekularbiologisku analizi.

5. Ar  molekularbiologiskam un imanhistokimiskam metodém noteikt
A.  phagocytophilum  klatbutni  bojatas  adas  biopsiju  materiala
A. phagocytophilum seropozitiviem suniem.

Petijuma zinatniska novitate

1. Pirmais pétijums par supu granulocitards anaplazmozes, boreliozes un
babeziozes sastopamibu suniem Latvija.

2. Aprakstiti autohtoni sunu granulocitaras anaplazmozes un babeziozes gadijjumi
Latvija, starptautiskaja GenBank datubaze ievietotas no Latvijas supiem izdalito
ierosinataju génu sekvences.

3. Konstatéta augstaka seropozitivitate pret A. phagocytophilum suniem Latvijas
regionos, kur izplatitas |. ricinus &rces.

4. Konstatéti riska faktori augstakai A. phagocytophilum seropozitivitatei:
dzivesvieta laukos un &rcu piestkSanas rudent.

5. Pirmo reizi no seropozitivu sunu adas biopsijam izoléta A. phagocytophilum
DNS.
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Péetijuma rezultatu aprobacija starptautiskas zinatniskas konferences

. LBerzina, I. Petersone, I.Matise. Tick-borne diseases: case analysis. Research for
rural development, 19-21.maijs 2010.gads, Jelgava, LLU, Latvija. (Mutiska
prezentacija)

. LBerzina, I. Matise. Sakotngjie dati par &rcu parn€satu slimibu sastopamibu
supiem Latvija. LLU VMF zinatniska konference 29.oktobris. 2010.gads,
Jelgava, Latvija. (Mutiska prezentacija)

. LBerzina, A. Bormane, I. Matise. Association between A. phagocytophilum in
ticks and anaplasmosis in dogs in Latvia. International Meeting on Emerging
Diseases (IMED), 4-7.februaris, 2011.gads, Vine, Austrija. (Postera prezentacija)
. LBerzina, I.Matise. Tick-borne diseases in dogs in Latvia. International Jena
Symposium on Tick-borne diseases, 24-26.marts, 2011.gads, Veimara, Vacija.
(Postera prezentacija)

. LBerzina, N. Miiller, C. Krudewig, C. Silaghi, [.Matise, R.Ranka, M. Welle.
PCR based detection of A. phagocytophilum DNA in paraffin embeded skin
biopsies from dogs seropositive against A. phagaocytophilum. European Society
of Veterinary Clinical Pathology & International Society of Animal Clinical
Pathology konference, 3-7.julijs, 2012.gads, Lublana, Slovénija. (Mutiska
prezentacija)

. LBerzina, 1. Matise. Eréu parnésatas slimibas supiem Latvija: anaplazmoze,
borelioze, babezioze. LLU VMF zinatniska konference 22-23.novembris
2012.gads, Jelgava, Latvija. (Mutiska prezentacija)

. LBerzina, C. Krudewig, [.Matise, M. Welle. Histopathological changes in the
skin associated with persistent canine granulocytic anaplasmosis. American
College of Veterinary Internal Medicine Forum, 12-15.jalijs, 2013, Sietla,
Vasingtona, ASV. (Mutiska prezentacija).

13



LITERATURAS APSKATS

Latvijas @rces un tajas sastopamie slimibu izraisitaji

Latvija ka epidemiologiski nozimigas ir aprakstitas divas Ixodidae dzimtas,
Ixodes gints &réu sugas - |. ricinus un I. persulcatus (Bormane, 2007). Eréu sugu
izplatiba Latvija kop$ 1995.gada ir saméra nemainiga |. ricinus &rces atrodamas
Latvijas centralaja un rietumu dala, bet I. persulcatus sastopamas austrumu dala.
Starp Siem regioniem ir vietas, kur sastopamas abu augstakmin€to sugu &rces
(Bormane, 2007, Karelis et al., 2012). Abu sugu &rces konstateti vairaki slimibu
ierosinataji, kas bistami gan cilvékiem, gan suniem un citiem dzivniekiem
(1. tabula).

1. tabula
Slimibu ierosinataju prevalence Latvijas erces (% inficetas/testetas) (Bormane,
2007)
Suga AP* BB Babesia spp*
l. ricinus ~10% (28/289) 32.3% (40/124) ~10.1% (22/219)
B. microti, B. bovis
I. persulcatus 0 34.6% (53/153) ~ 8.9% (7/78)
B.microti, B. divergens

*izmekl&jums veikts &rcu pulos (viena pula 10 imago &rces)
Ercu parnesatas slimibas cilvékiem Latvija
1941.gada vairakos Latvijas PSR preses izdevumos publicéta informacija par
padomju zinatnieku neatlaidigo darbu, meklgjot c€loni bistamai nervu slimibai, kas

skar taigas medniekus, bet 1957.gada laikraksta “Cina” lasam, ka &rcu encefalits
tiek diagnosticets art Latvija (Vitolina, 1957).

Latvijas un citu bijusa padomju bloka valstu unikala vesture bija pamats
vairakiem pétfjumiem, kas liecina, ka &rcu encefalita izplatibu cilvékiem Saja
regiona bitiski ietekm& socialekonomiskie faktori, piemé&ram, bezdarba Iimenis
(Godfrey un Randolph, 2011). Bitiski augstaka inficétiba ar &rcu encefalitu Latvija
un Baltijas valstis konstatéta 90-to gadu vidi, ka ari pédgjas krizes gados (Sumilo et
al., 2007; Kovalcuka et al., 2012).

Cilvekiem Latvija endémiskas ir divas &réu parnésatas slimibas — &rcu encefalits
(morbiditate uz 100 000 iedzivotaju ir 6.2- 22.3) un Laimas slimiba jeb borelioze
(morbiditate 14 - 36.9 uz 100 000 cilvékiem).

Kops 2001. gada Latvija diagnosticéti 26 cilvéku granulocitaras anaplazmozes
gadijumi (2001. —2010. gadu dati, A. Bormane, personiga komunikacija).
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Erces, patogéna un saimnieka attiecibas

EPS raksturo unikdla mijiedarbiba starp patogénu, €rci un saimnieka (suna)
organismu. Patogéni spgj izmainit éréu fiziologiju (atsevisku génu ekspresiju tajas)
un uzvedibu, lai nodro$inatu to nonaksanu uz saimnieka organisma. Savukart, ercei
pieslicoties sunim, ta izdala siekalas ar loti specigiem imunomodulatoriem u.c.
vielam, kas kave patogéna tulit€ju iznicinaSanu un veicina ta izplatibu saimnieka
audos, ka arT nodroSina ta uzpemsSanu citas &rc@s, kuras piestkus$as tam pasam
sunim.

Sugu granulocitaras anaplazmozes (SGA), boreliozes un babeziozes izraisitaju
nokl@iSana supa organisma galvenokart notiek caur €rces kodumu. Tomér ir arl
aprakstiti bab&ziju un anaplazmu infekciju gadijumi, kad infic€Sanas notikusi pec
citu asinssiicgju koduma, p€c asinsparlieSanas, ar inficéta supa kodumu, ar
kontamingtu aprikojumu vai transplacentari (Carrade et al., 2009; Solano — Gallego
un Baneth, 2011).

Patogénu ieklisanu saimnicka organisma un ta sp&ju izraisit slimibu ietekmé
dazadi faktori — €rces piestikSanas ilgums, patogéna aktivitate, koncentracija un
lokalizacija €rcg, ka arT saimnieka imunitate (Kidd et al., 2003; Granquist et al.,
2010). Literatiira mingti vairaki riska faktori saslim$anai ar EPS:

e gadalaiks, kad novero augstaku nimfu (pavasari) un pieauguso &rcu (rudent)

aktivitati;

vienlaiciga infekcija ar vairakiem &réu parngsatiem patogéniem,;

patogénus saturo$o &réu daudzums dzivesvietas tuvuma;

sunu izmanto$ana medibam vai ganiSanai;

€rces piestks$anas ilgums;

sunu vecums — vidgjais ar SGA slima suna vecums ir 6-8 gadi (Carrade et

al., 2009). Eksperimentalas infekcijas gadijumos, boreliozes kliniskas

pazimes biezak noverotas kuc€niem, turpreti pieaugusiem suniem novero

serokonvertaciju bez kliniskam slimibas izpausmém (Straubinger 2011).

Babeziozi biezak diagnosticE jauniem pieaugusiem suniem (1-4 gadi)

(Solano-Gallego un Baneth, 2011);

e splencktomija — babeziozes kliniskas izpausmes ir smagakas (Hunfeld et
al., 2008).

EPS inkubacijas periods, patogéna cirkulacija asinis un slimibas kliniskas
pazimes ir saistitas, gan ar paSu patog€nu izraisTtdm izmainam supa organisma
(babézijas), gan ar sekundaram imunmediétam izmainam (borelioze, SGA)
(2.tabula).
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2. tabula
EPS ierosinataju parnesei nepiecieSamais erces piesiikSanas laiks, slimibas
inkubacijas periods un cirkulacija asinis

Patogens AP BB BC
Erces piesiik§anas (stundas) 24-48 24-72 48-72
Inkubacijas periods (nedélas) 1-2 8-20%* 1-3
Cirkulacija asinis (dienas) <28 0 30-1000"

Dati no Carrade et al., 2009, Kohn et al., 2008; Straubinger 2000; Homer et al., 2000; Ayoob
et al., 2010; Kirtz, et al., 2012.
* eksperimentali infic€tiem suniem, * atkariba no §tinu un humoralas imunitates.

Sunu granulocitara anaplazmoze

A. phagocytophilum ir obligata intracelulara riketsija. Slimiba diagnosticéta visa
pasaulé (Egenvall et al., 2000a; Melter et al., 2007; Carrade et al., 2009; Kybicova et
al., 2009; Kohn et al., 2011), bet Eiropa ta ir vispladak izplatita EPS dzivniekiem
(Stuen, 2007). Ta ir diagnosticéta plasam majdzivnieku (liellopi, zirgi, suni, aitas)
lokam, kamér dazadi savvalas dzivnieki (sikie grauzgji, briezi un iesp&ams arl
putni) kalpo ka AP rezervuars (Billeter et al., 2007; Stuen, 2007; Carrade et al.,
2009).

Kop§ 2001. gada, pamatojoties uz molekular-biologiskiem pétijjumiem par 16S
ribosomalas RNS, groESL un citu génu struktiiru, ar AP saprot agrak tiTs atseviski
izdalitas riketsiju sugas: Ehrlichia equi, E. phagocytophila un cilvéku granulocitaras
anaplazmozes ierosinataju (Dumler et al., 2001).

Eiropa galvenas AP parnesgjas ir Ixodes ricinus (l. ricinus) &rces, bet
Lpersulcatus &rces tiek uzskatitas par galvenajam anaplazmu parnesgjam Azija
(Carrade et al., 2009; Paulauskas et al., 2009). Abas ieprickSming&tas &rcu sugas ir
sastopamas Latvija (Bormane et al., 2004, Karelis et al., 2012), bet A.
phagocytophilum Iidz $im ir konstatétas tikai I. ricinus &rcés (Bormane,2007). Tapéc
miisu petijuma izvirzijam uzdevumu, noskaidrot ne tikai AP seroprevalenci, bet arT
tas saistibu ar Latvija izplatitajam &réu sugam. Suni, tapat ka cilveki, ir nejausi AP
saimnieki un tie nav nozimigi anaplazmu talaka izplatiSana, jo bakterémija ir Tsa (2.
tabula).

Patogenéze un kliniska aina

Anaplazmozes patogenéze nav pilniba skaidra (Carrade et al., 2009). In vitro
petijumos noskaidrots, ka ieklaSanai Stinas AP izmanto PSGL-1 un citus neitrofilu
virsmas proteinus, kas nodrosina kaveolu mediétu endocitozi un pasarga anaplazmas
no nokltsanas fagolizosomas. Kaveolas ir proteiniem un lipidiem bagati regioni
Stinu citoplazmatiskaja membrana, kas veic signalizacijas funkcijas. Izmantojot
AnkA proteinu, kas saimnieka S$iinas kodola izmaina saimnieka S$iinas génu
regulaciju, AP akflvi izmaina infic€tas Siinas ieksgjo vidi, inhib&jot superoksida

16




razoSanu, mazinot fagocitozes spgjas, kavjot apoptozi un mazinot neitrofilu
kustigumu, tadgjadi traucgjot to migraciju uz audiem.

AP inficé ne tikai neitrofilos leikocitus, bet ari CD34 saturoSas $iinas kaulu
smadzen@s (megakariocitu linijas $tinas, endotélija §tnas), kam iesp&jams ir nozime
infekcijas saglabasana (persistence), ka ar1 infekcijas parnesana no S§tinas uz $iinu.
Infic€to Siinu citoplazma notiek riketsiju vairoSanas daloties un veidojas bakteriju
kolonijas — morulas (Kohn et al., 2008).

Akiita SGA parasti ir asimptomatiska vai saistita ar nespecifiskam kliskam
pazimém: drudzi, letargiju, apetites trikumu, locitavu sapeém (Melter et al., 2007;
Carrade et al., 2009; Granick et al., 2009). Visizplatitakas laboratoriski konstatétas
novirzes ir trombocitopénija, an€mija un paaugstinata aknu fermentu aktivitate
(Carrade et al., 2009). P&tijjumos ar eksperimentali inficEtiem jériem noskaidrots, ka
atseviski anaplazmu celmi izraisa smagaku klinisku saslimSanu, bet attieciba uz
SGA $adu datu triikst (Stuen et al., 2003; Poitout et al., 2005; Morissette et al., 2009;
Canelas Domingos et al., 2011; Kohn et al., 2011).

Supiem, jeriem, zirgiem un govim Kkonstat€ta arT persistenta granulocitara
anaplazmoze (Pusterla et al., 1997; Egenvall et al., 2000b; Stuen et al., 2008;
Franzen et al., 2009; Granquist et al., 2010). Sada diagnoze tiek noteikta balstoties
uz pozittvu PKR reakciju un atkartotu riketseémiju (Stuen et al., 2008). Kliniskas
pazimes nenovero, vai arT tas ir loti vieglas. Riketsiju persistence organisma ir pétita
vairakos eksperimentalos pétijumos un ada ir minéta ka potenciala riketsiju
persistences vieta (Granquist et al., 2010). Mikroskopiski izmeklgjot, audus, kas
ieghiti no eksperimentali un dabiga cela inficétiem jériem, noskaidrots, ka &rces
piesiikSanas vieta AP infekcija ada saistita ar epidermas hiperplaziju un iekaisuma
stinu infiltratiem derma (Granquist et al., 2010). Tadél m&s izvelgjamies pétit sunu
adas biopsiju materialu, lai noskaidrotu vai adas bojajumi suniem varétu bt saistiti
ar A. phagocytophilum persistenci.

Diagnostika
SGA diagnozi iesaka balstit uz vairakiem parametriem:

morulas neitrofilajos leikocTtos;

atkartota serologiska testa augoss antivielu titrs;

pozitiva PKR reakcija (asinis);

kliniskas pazimes un laboratoriskas izmainas — letargija, anoreksija, sapigas
locitavas, drudzis, nezinamas izcelsmes trombocitop€nija, an€mija
(Carrade et al., 2009; Ravnik et al., 2011).

Visbiezak izmantota diagnostikas metode ir asins uztriepju mikroskopiska
izmekleSana un morulu identific€Sana neitrofilajos leikocitos. Tomér janem véra, ka
AP un E.canis veidotas morulas morfologiski nav atskiramas, bez tam, riketsémija
SGA gadijumos ir relativi 1sa (<28 dienas) (Melter et al., 2007; Granick et al., 2009;
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Canelas Domingos et al., 2011). Tad&] diagnozes apstiprinasanai lieto PKR un/vai
serologiju. Molekulara AP diagnostika visbiezak balstita uz 16S ribosomalas RNS
kodgjosa géna fragmentu amplificéSanu. (Kybicova et al., 2009; Canelas Domingos
et al., 2011). PKR konstate AP nukleinskabes esamibu asinis vai audos, bet ar tas
palidzibu nevar noteikt vai riketsijas ir dzivotspgjigas vai neé. Tade] ir svarigi
novertet art kliniskas pazimes.

Serologiski parasti nosaka IgG klases antivielas, kuras akiitas infekcijas
gadjjuma (< 8 dienas p&c infic€Sanas) var neblt pietickama daudzuma. P&c
parslimosanas antivielas saglabajas apméram 6-8 ménesus, tadel, vél jo nozimigak,
ir veikt atkartotus serologiskos testus: SGA gadijuma novéro vismaz 4x paaugstinatu
antivielu titru (Carrade et al., 2009).

Literatiira aprakstitie kriteriji SGA diagnosticEsanai tika pemti vera misu
pétijuma ietvaros izmekl&tajiem suniem.

Arstésana
SGA arrstésanai visbiezak izmanto doksiciklinu Smg/kg katras 12 stundas 2

ned€las pec kartas per os. Kliniska stavokla uzlaboSanas ir sagaidama apmé&ram
diennakts laika p&c arst€Sanas uzsaksanas (Carrade et al., 2009).

Sunu borelioze

Latvija cilvekiem boreliozes ierosinatajas ir vairaku sugu borélijas, kas
apvienotas genogrupa B.burgdorferi sensu lato (BB) (Ranka et al. 2004). BB ir
spirohetas — kustigas, Sauras, garas spiralveida baktgrijas. To garums vari€ no 15-30
pm un platums no 0.2-0.3 um (Straubinger 2000). Borelioze ir konstatéta supiem,
kakiem, zirgiem un liellopiem. Visbistamakas $is infekcijas parnes€jas sunpiem un
cilvékiem ir pieaugusas &rces. Tomer, lidzigi ka AP gadijuma, supiem un cilvekiem
nav nozimigas lomas boréliju izplati$ana, jo €rces borélijas biezak iegiist no sikajiem
grauzgjiem vai putniem.

Interesanti, ka valstis, kuras cilvéki slimo ar boreliozi saméra biezi, pieméram
Zviedrija un ASV, BB seroprevalence suniem ir parsteidzosi zema, pie tam kltniski
saslimSanas gadijumi supiem tiek diagnosticéti vél retak (Egenvall et al., 2000a;
Pejchalova et al., 2006, Pantchev et al., 2009; Kovalcuka et al., 2011).

Latvija BB konstatétas, gan |. ricinus, gan I. persulcatus &rcés, un borelioze tiek
biezi diagnosticeta cilvekiem visa valsts teritorija (Bormane, 2007, Ranka et al.,
2004), tadel viens no miisu pétfjuma uzdevumiem bija noskaidrot sunu
seroprevalenci pret BB un tas saistibu ar Latvija izplatitajam &rc¢u sugam.

Patogenéze un kliniska aina
Ercei piesiicoties un uzpemot asinis, izmainas tas iek$&ja temperatiira. Tiek

uzskatits, ka §1s izmainas aktivizé viduszarna esosas borélijas, kas migré caur zarnu
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epitéliju un ar hemolifmu noklust erces siekalu dziedzeros, no kurienes tas noklist
7iditaja organisma. Erces koduma vieta notiek boréliju vairo$anas un sakas to
migracija uz audiem (Bormane, 2007), detaliz€ta informacija par inkubacijas
periodu noradita 2.tabula.

Dabigi inficetiem suniem borelioze var izpauzties ka artrits, samazinata &stgriba
un drudzis (Skotarczak et al., 2003). Retak tiek nove€rotas nieru, sirds un
neirologiskas problémas (Agudelo et al., 2011). Eksperimentali inficétiem suniem
lidz $im vieniga noverota kliniska parmaina ir artrits (Halperin, 2011; Straubinger,
2011).

Svarigi pieminét, ka lielaka dala dabigi infic€to sunu paSizarst€jas un kliniski
nesaslimst; kliniskas izpausmes veicino$ie faktori nav zinami (Straubinger, 2011).
Tomér retumis noverojama boreliozes nefropatija ir atri progresgjosa un letala
(Gerber et al., 2007, Gerber et al., 2009). Boreliozes nefropatijai raksturigs
iminmediéts glomerulonefrits, limfoplazmacitars intersticials nefiits, un nieru
kanalinu nekroze ar regeneraciju. Boreliozes nefropatijas kliniska aina saistita ar
nieru mazsp&ju un tai raksturigam pazimém — dehidrataciju, vemsanu, letargiju,
polidiriju, polidipsiju, svara zudumu. Boreliozes sirds forma ir loti reta un saistita ar
impulsu vadiSanas anomalijam, bradikardiju. Neirologiskajai slimibas formai
raksturiga sejas paralize, krampji, agresija. Eritema migrans (adas izsitumi, kurus
novéro 50% gadijumu ar boreliozi inficétiem cilvékiem) supiem nenovéro
(Straubinger 2000, Bormane, 2007).

Diagnostika

Diagnozes noteik$ana ir sarezgita, jo kliniskas pazimes ir nespecifiskas. Papildus
kliniskas ainas un epidemiologiskas situacijas noveértéSanai visbiezak veiktie
izmekl&umi boreliozes diagnostikai ir pilna asinsaina, asins biokimija, serologija,
urina analizes, rentgenologiska izmekl&Sana un locitavu $kidrumu izmeklé$ana.
Janem véra, ka antivielu konstaté$ana seruma nenozimé aktivu infekciju, bet var biit
saistita ar vakcinaciju pret boreliozi. Lai gan borélijas un antivielas pret tam persiste
organisma pat vairakus gadus, aktiva imunitate p&c parslimoSanas ir Tslaiciga
(Straubinger 2000). Izveloties serologisko testu, janem véra, ka tikai C6 antigénu
nosakoS$ie testi ir specifiski dabigai infekcijai un tie nereagé ar vakcinacijas
raditajiem antigéniem. Misu izvél&tais serologiskais tests (IDEXX Canine SNAP
4Dx test) ir viens no C6 nosakoSajiem testiem.

Ta ka boreliozes kliniskas izpausmes atgadina SGA kliiskas pazimes, tad
pétijuma mérkiem sunus ar attiecigajam kliniskajam pazim&€m apvienojam viena,
slimo sunu grupa.

ArstéSana
Boreliozes klinisko pazimju samazina$anai iesaka lietot antibiotikas no
tetraciklinu grupas (pieméram, doksiciklinu), penicilinu grupas (pieméram,
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amoksicilinu, ceftriaksonu), vai makrolidu grupas (pieméram, azitoromicinu), tomer
nevienas no $Im antibiotikdm nenodroSina pilnigu bor€liju iznicinaSanu suna
organisma (OIE). Lenas boréliju vairosanas dg| antibiotiku kursu iesaka turpinat 3-4
ned€las. Nereti nepiecieSama ari simptomatiska arstéSana ar kortikosteroidiem,
pretiekaisuma Iidzekliem, omega-3 taukskabém, di€tas modificeSanu u.c. Tomer
kortikosteroidi japielieto uzmanigi, jo ir aprakstiti gadijumi, kad prednizolona
lietoSanas laika rodas akiits boreliozes recidivs (Straubinger, 2000).

Sunu babezioze

Babgzijas ir babéziju gintij piedero$i viensini, kas inficg eritrocitus (Hunfeld et
al., 2008; Ayoob et al., 2011; Solano — Gallego un Baneth, 2011). Atkariba no
izm@ra babgzijas iedala liclajas (2.5-5.0pm) un mazajas (1.0-2.5um). Suniem Eiropa
saslim$anu visbiezak izraisa lielas babézijas — B. canis canis (BC), B. canis vogeli,
B.canis gibsoni.

Lidz misu pétijjuma uzsaksanai 2009.gada veterinararsti no vairakam Latvijas
klinikam bija zinojusi par babeziozes gadijumiem suniem, tomér nebija skaidrs, vai
suni inficgjusies Latvija un kadas bab&ziju sugas izraisija saslim$anu (Buivide-
Zvidrina,2009). Patogéno babéziju sugu diferencéSanai ir ipasa nozime, jo p&dgjos
gados, pateicoties molekularbiologiskam metodém tiek konstatétas arvien jaunas
patogénas babéziju sugas, jaunos geografiskos regionos (Hunfeld et al., 2008; Gines
et al., 2010). BC izraisita babezioze ir aprakstita Krievija, Norvégija, Polija, Vacija,
Niderlandg, ka arT vairakas Dienvideiropas valstis (Solano — Gallego un Baneth,
2011, Qines et al., 2010; Adaszek et al., 2011). Pargjas divas liclo babéziju sugas
parsvara lokalizétas dienvidos, kur atrodas tas parn€sajoSo &réu izplatibas areali
(Solano — Gallego un Baneth, 2011).

Izmeklgjot €rces Latvija konstatétas sekojoSas babéziju sugas — |. persulcatus
ércés — B.divergens, kas 1pasi patogéna cilvékiem; Lricinus &rcés — B.bovis; bet B.
microti izoléta no abu sugu ércém (Bormane, 2007). Babesia canis canis lidz §im
nav konstateta neviena no Latvija izmekl&tajam &rcém (Bormane, 2007).

Babéziju dzives cikls ir labi izpétits - erces asinsmaltite aktivizé babéziju
sporozoitus, kuri ar &rces siekalam nokllist suni. Sporozoiti caur eritrocttu
membranam iekliist citoplazma un attistas par trofozottiem. Eritrocita notiek parazita
daliSanas un merozoitu veidoSanas — S§1 tipiska bumbierveida forma ir viegli
konstatéjama izmeklgjot asins uztriepes ar gaismas mikroskopu (Hunfeld, et al.,
2008; Ayoob et al, 2010). Detalizé€ta informacija par babg&ziju parnesei
nepiecieSamo &rces piesiikSanas ilgumu, slimibas inkubacijas periodu un parazitu
cirkulaciju asinis atrodama 2.tabuld. Erces, siicot asinis, uzsiic arl babgziju
merozoTtus un €rc€ notiek sporogonija, péc kuras paraziti sasniedz &rces siekalu
dziedzerus un oocitus. Babgziju attistiba saimnieka organisma notiek tikai eritrocitu
ieksieng (Ayoob, et al., 2010).
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Patogenéze un kliniska aina

Babeziozes patogenéze ir atkariga no bab&ziju sugas un saimnieka imiinsisteémas
stavokla. B. canis rossi izraisitie gadfjumi ir smagaki neka B. canis vogeli un BC
izraisitie. Babeziozes kliniskas pazimes saistitas ar hemolitisko anémiju un
sistémiska iekaisuma reakcijas sindromu, kas var radit parenhimatozo organu
funkcionalus bojajumus (Solano — Gallego un Baneth, 2011).

Hemolitiskas anémijas c€loni babeziozes gadijuma ir vairaki:

e mehaniski, bab&ziju izraisiti eritrocitu membranas bojajumi;

e antieritrocitu antivielu veidoSanas, komplementa saistiSanas reakcija un tai
sekojosa eritrocttu lize;

e critrocTtu vielmainas traucgjumi, kas noved pie samazinatas to membranas
izturibas (Solano — Gallego un Baneth, 2011).

Nozimiga loma babeziozes patogenéze ir audu hipoksijai, kas rodas saistiba ar
anémiju, hipotensivo Soku, asins stazi, oglskabas gazes parprodukciju (Ayoob, et al.,
2010).

Babeziozes kliniska aina varié no vieglas Iidz smagai un ta nekorel€ ar
parazit€mijas smagumu. Babg&ziju izraisita hemolitiska an€mija kliniski izpauzas ka
drudzis, balums, anoreksija, nomakums, splenomegalija, tahikardija (Solano —
Gallego un Baneth, 2011). Lielakajai dalai slimo sunu, veicot laboratorisku asinu un
seruma izmekl€Sanu, novero ar1 trombocitopeniju, hiperfibrinogenémiju, vieglu Iidz
vidgji smagu neregenerativu anémiju, hemolizi, neitropéniju, hemoglobintriju (Kirtz
et al., 2012; Ayoob et al., 2010).

Diagnostika

Visbiezak praksé izmanto tieSu diagnostikas metodi — bab&ziju mikroskopisku
vizualizaciju periféro asinu uztriepé (Ayoob et al., 2010). Sis metode ir specifiska,
bet tas jutiba ir zema, ja inficto eritrocitu skaits ir zems. Bitiski veikt pilnu
hematologisko izmeklgsanu (Kirtz et al., 2012). Ka minéts public€taja zinatniskaja
literatfira, izmantojot molekularbiologijas metodes var vieglak uzstadit diagnozi
zemas parazit€mijas gadijumos, ka ar1 atSkirt atseviskas lielo bab&ziju sugas, kas
morfologiski nav iesp&jams (Kirtz et al., 2012). ArT més sava darba izmantojam gan
tieSu babéziju diagnostiku mikroskopg&jot asins uztriepes, gan veicam no asinim
izdalito bab&ziju molekularbiologisku analizi.

Arstesana
BC izraisitas babeziozes arsteéSanai iesaka vienreiz&ju imidokarba diproprionata
devu 5-6.6 mg/kg intramuskulari, injekciju var atkartot pé€c 14 dienam. P&c
arst€Sanas uzsakSanas kliniskas pazimes parasti mazinas diennakts laika. BieZzi
papildus specifiskai arsteéSanai jalieto arT simptomatiska arst€Sana — 1pasi nozimiga ir
Skidumu terapija, asins parlieSana, pretiekaisuma lidzeklu lietoSana. Gadijumos, kad
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specifiskai arst€Sanai nav rezultatu, jaizsledz IMHA iesp&jamiba. Vieglas slimibas
formas gadijumos var notikt paSizarstesanas (Ayoob et al., 2010).

EPS profilakse supiem

EPS profilakses noliikos javeic dazadi pasakumi, gan apkartejas vides izmainas,
gan sunu apstrade ar akaricidiem preperatiem, ka ar1 piestikusos €rcu péc iespgjas
atraka nopemsSana (Straubinger, 2000; Foil et al., 2004; Randolph 2010). Ercu
optimalai attistibai nozimigi ir vairaki apkartgjas vides faktori: mazo savvalas
ziditaju skaits, kuri izbaro &rcu jaunakas attistibas stadijas (kapurus un nimfas) ka ar1
apkartgjas vides temperatiira un mitrums. L1dz ar to tiek uzskatits, ka stradajosiem
(piem@ram, medibu, robezsardzes u.c.) vai laukos dzivojoSiem supiem ir augstaks
risks saslimt ar EPS (Rand et al., 1991; Krupka et al., 2007; Carrade et al., 2009; Wu
et al., 2009). Biezi vides faktoru ietekmes noskaidrosanai tiek izmantota saimnieku
anket€S$ana ar paraléli ievaktu sunu asins paraugu izmekl&$anu. ArT mes izvélgjamies
izmantot abas $is metodes, kaut arT tam piemit trikumi — piem&ram, dzivnieku
ipasnieki nezin tieSi kadus preperatus lieto €rcu atbaidiSanai vai nogalinasanai,
piestikusas &rces suna kazoka ir griuti pamanit u.c. (Wu et al., 2009; Kohn et al.,
2011). Vakcinacija pret EPS tiek vérteta neviennozimigi, tomer tiek veikts aktivs
petnieciskais darbs vakcinu radiSanai (Straubinger 2000; Schuijt et al., 2011).
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MATERIALI UN METODES

P&tljuma izmantota metodologija tika saskanota ar Partikas un Veterinara
Departamenta Etikas Padomi. Sikaka informacija par izmantotajiem reagentiem un
laboratorijas protokoliem atspogulota pielikuma Nr. 1.

Promocijas darba shéma attélota 1. attela.
Epidemiologiskais pétijums

Klmisko gadijumu
apraksti

p S

1. att. Promocijas darba shéma.

Promocijas darbs sastav no tris dalam - visplasaka ir epidemiologiska dala, no kuras
rezultatiem vadijamies veicot padzilinatus p&tijumus par &r¢u parnésatu slimibu kliniskajam
izpausmém un patogenezi.

Materialu un metozu sadala vispirms aprakstitas metodes un materiali, kas
izmantoti epidemiologiska pétijjuma veikSanai, talak aprakstitas metodes un
materiali, kas pielietoti Latvijas supiem diagnostic€to &ru parn€sato slimibu
klnisko gadifjumu analizei (I — IV publikacijas). Meterialu un metozu sadalas
nobeiguma aprakstitas metodes, kas tika izmantotas A. phagocytophilum
patogenézes pétijumam (V publikacija).

Suni (I-I'Vpublikacijas)

Pétijuma epidemiologiskaja un kliniskaja dala ieklauti 473 Latvija dzivojosi
suni, kas petfjuma vajadzibam tika sadaliti sekojosas grupas:

e  Kliniski veseli istabas suni (n=400);

e  Kkliniski veseli medibu suni (n=41);

e suni ar SGA/boreliozes kliniskajam pazimém (n=29). Saja grupa ieklauti
suni, kuriem novéroja sekojosas kliniskas pazimes un laboratorijas testu
izmainas - drudzi, letargiju, anoreksiju, sapes locitavas, klibumu, anémiju,
trombocitopéniju;

e suni, kuriem laboratoriski diagnosticéta babezioze un kuri pedgjos
6 ménesus nav bijusi arpus Latvijas teritorijas (n=3). Informaciju par Siem
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supiem, ka ar asins paraugus misu p&tfjumam nepiecieSamajiem testiem
ieguvam sadarbojoties ar veterinarajam klinikam un laboratorijam Latvija.
Paraugu nemsanas vietas un paraugu skaits att€lots 2. attela.

Number of samples taken:
« <10 e 25-40
0 10-25 ® > 100

2. att.. Pétijjuma izmantoto sunu asins paraugu nemsanas vietas (ércu izplatibas
dati no A. Bormane, 2007).

Karté tumsi peléka- I. ricinus, balta -I. persulcatus izplatibas zona, gaisi pelekajos regionos
sastop abu sugu &rces. Ar punktiem atzZim&tas paraugu nemsanas vietas un panemto paraugu
skaits.

Klmiski veselie sunpi tika piesaistiti pétjjumam veterinarajas klinikas un
izbraukumos Latvijas pagastos. Asins paraugu nemsanu no kliniski veseliem istabas
un medibu supiem veicam gan laukos (n=321/441), gan pilsétas (n=120/441) un tris
dazados &rcu izplatibas regionos Latvija (2. attgls).

Sadarbiba ar vairakam veterinarajam klinikam Latvija tika ieguti paraugi no
supiem ar EPS kliniskajam pazimém. P&tfjuma ieklauti dazadu vecumu, skirpu un
abu dzimumu, gan pils€tas gan laukos dzivojosi suni.

Aptaujas anketas (II publikacija)

Pétijuma ieklauto kliniski veselo istabas un medibu sunu saimnieki (n=400)
aizpildija aptaujas anketas (2.pielikums). Anketu dati tika izmantoti, lai noskaidrotu
misu iepriek$ noteiktas A. phagocytophilum un B. burgdorferi s.l. seropozitivitates
saistibu ar sekojosiem faktoriem:

e dzivesvieta — lauki vai pilséta;
e  sunu skaits majsaimnieciba;
e sunu apstrade ar akaricidiem (ja/ng, kadi lidzekli, cik bieza apstrade);
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e ¢&rcu piestkSanas (ja/ng, daudzums viena reizé, gadalaiks, kad novéro
vairak piesiikusos ercu).

Dati par ércu izplatibu Latvija (I, I1I, IV publikacijas)

Dati par Latvija sastopamajam &réu sugam un to izplatibu tika ieglti no
Dr. A. Bormanes disertacijas “Ixodes ricinus L. un Ixodes persulcatus P.Sch. (Acari:
Ixodidae) izplatiba, to parnsato infekcijas slimibu nozime un molekulara
epidemiologija Latvija” (Bormane, 2007). Atkariba no &réu sugu izplatibas
izdalijam tris Latvijas regionus, kuros attiecigi bija izplatitas galvenokart I. ricinus,
(IR) I. persulcatus (IP) vai abu min&to sugu &rces (M). Kliniski veselo sunu asins
paraugu nemsana tika planota, ieklaujot trTs augstakminétos regionus: IR regiona
(n=272), IP regiona (n=93), M regiona (n=76).

Hematologija un serologija (I-1V publikacijas)

Suniem (n=473) tika nemti 2-5 ml venozo asinu antikoagulantu EDTA saturo$os
stobrinos. Uzreiz péc asins parauga nemsanas tika pagatavota asins uztriepe (Zavéta
gaisa, krasota ar modificEtu Wrights Giemsa krasu).

Ar asins analizatoru tika noteikts kopgjais leikocttu, eritrocttu un trombocitu
skaits. Mikroskopiski izmekl€jot asins uztriepes, tika novértéta $anu morfologija
(200 leikocttu diferencialformula), asins §tinu parazitu un morulu klatbiitne, inficgto
Stinu procentualais daudzums.

Serologiska izmeklé$ana tika veikta visiem pétijuma ieklautajiem supiem
(n=473), EDTA stabilizetas asinis ar SNAP 4Dx testu, izmantojot, razotaja ieteikto
metodologiju. Sis cietfizes enzimu iminsorbences jeb ELISA tests nosaka IgG un
IgM pret AP virsmas proteinu p44/msp2, Erlichia canis proteinus p30 un p30-1, ka
ari BB C6 peptidu. Tests nosaka arT Dirofilaria immitis antigénu. Izmantota testa
jutiba un specifiskums ir augsti pret visiem patogéniem (Beall et al., 2008; Pantchev
et al., 2009; Chandrashekar et al., 2010; Couto et al., 2010; Carrade et al., 2011).

Polimerazes kédes reakcija ar iek§ejo praimesanu A. phagocytophilum un B.
canis canis noteikSanai sunu asins paraugos (I, IV publikacija)

Pétijuma ieklauto sunu periféras asinis, etiologiskas diagnozes precizéS$anai,
izmeklgjam ar polimerazes kédes reakciju ar iek$€jo praimeSanu (nPKR). Ar So
metodi tika izmekleti kliniski slimie suni ar sekojosam laboratorisko parametru
izmainam:

e AP 16S rRNS geéna amplificéSana veikta supiem ar trombocitopeniju
(trombocitu skaits <50x10"9/L) un vai morulam neitrofilajos leikocTtos
(n=10);

e BC 18S rRNS gena amplifikacija suniem, kuriem mikroskopiski
konstatetas babgzijas eritrocitos (n=3).
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Veikta ari amplificEto materialu sekvenéSana un sekvencu salidzinasana ar
datubanka (GenBank) pieejamajam un zinatniskaja literatira publicétajam AP un
BC sekvencem.

Adas biopsijas (V publikacija)

Lai paplaSinatu izpratni par patogenézi un noteiktu, vai AP var persistét un izraisit
parmainas ada, izmantojam sugu adas biopsijas (n=65) no arhiva Vetsuisse
Fakultates Berng, Sveicg. Biopsijas iegiitas no sekojosam sunu grupam:

e  Suni ar kltniskam adas problémam un zinamu serologisku statusu:
o  seropozitivi, pozitivi reag€ja uz arstéSanu ar doksiciklinu, histologiski
adas bojajumu iemesls nav atrasts (52 biopsijas no 12 suniem)
o seronegativi, pozitivi reaggja uz arsté$anu ar doksiciklinu, histologiski
adas bojajumu iemesls nav atrasts (2 biopsijas no 2 suniem)
e Suni ar tipiskam makroskopiskam un histologiskam ér¢u koduma pazimém
adas biopsijas, seropozitivitates statuss nav zinams (11 biopsijas no 10
suniem).

Polimerizes kédes reakcija A. phagocytophilum noteik§anai formalinizétos sunu
adas paraugos (V publikacija)

Polimerazes kédes reakcija (PKR) tika pielietota, lai p&titu AP saistibu ar adas
bojajumiem seropozitiviem suniem to adas biopsiju materiala (metodes apraksts
pirmaja pielikuma). Petfjuma izdalitas slimibu ierosinataju génu sekvences tika
salidzinatas ar Génu banka pieejamajam sekvencém.

Imunhistokimija A. phagocytophilum noteik§anai formalinizétos sunu adas
paraugos (V publikacija)

Metode tika pielietota, lai pieraditu AP lokalizacijas vietu, AP seropozitivu un
PKR pozitivu sunu adas biopsiju materiala (n=8). Tika izmantotas monoklonala
(peles-anti-MSP2) un poliklonala (truSa — anti- A. phagocytophilum) antivielas un
3- amino-9-etilkarbazola substrats (AEC) antivielu-antigéna kompleksa noteikSanai.

Statistiska datu apstrade

Statistisko datu apstradi veicam ar NCSS programmatiiru (NCSS, 2007, Jita,
ASV). Nemot véra tuvakajas valstis konstatéto EPS seroprevalenci, sunu skaitu
Latvija un iesp&jamo EPS prevalenci Latvija noteicam, ka n=441 ir adekvats
izmekl&jumu skaits, lai iegiitie dati biitu statistiski ticami un atainotu p&tamo slimibu
seroprevalenci.

Datu analizé pielietoti parametriskie testi (Stjiidenta tests) un neparametriskie
testi (mediana un amplitida, Manna-Vitneja U tests, FiSera tieSais tests, krusteniska
attieciba ar 95% KI). Statistiska nozimiba konstat&ta, ja p<0.05.
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REZULTATI UN DISKUSIJA

Anaplasma phagocytophilum un B. burgdorferi s.I. seroprevalence suniem (I,
III publikacija)

P&tijuma rezultati liecina, ka Latvijas suni ir saskaruSies gan ar AP, gan BB, jo
konstatgjam antivielas pret abiem Siem ierosinatajiem (3. tabula). Salidzino$i augsta
AP seroprevalence (11%) liecina, ka AP infekcija ir samera biezi sastopama Latvijas
sunu populacija. Konstatgjam, ka AP seroprevalence nav bitiski augstaka suniem,
kam ir SGA/boreliozes kliniskas pazimes (p>0.05) un ka kliniski veseliem medibu
suniem seropozitivitate nav augstaka salidzinot ar kliniski veseliem istabas supiem
(p=0.833).

Latvijas sunu seroprevalence pret A. phagocytophilum un B. burgdorf(zr.it:ﬁ.ula
Kliniski veseli (n=441) Slimi (n=29)
istabas (n=400) medibu (n=41)
AP 11% (44) 12.2% (5) 17.2% (5)
BB 2.7% (11) 0% (0) 0% (0)

Klmiski veseliem suniem konstatéta AP seropozitivitate Latvija ir lidziga
tuvakajas valstis aprakstitajai: Zviedrija ir 17%, bet Polija 21% seropozitivu sunu
(Egenvall et al, 2000a; Engvall un Egenvall 2002; Welc-Faleciak et al., 2009).
Statistiski nozimigas atskiribas triikums seropozitivitate starp veselo un slimo sunu
grupam ir konstatets art citu p&tnieku darbos (Jensen et al., 2007; Kohn et al., 2011)
un tiek skaidrots ar antivielu ilgstosu saglabasanos p&c anaplazmozes parslimosanas,
ka ar ar faktu, ka slimo sunu grupa vargja tikt ieklauti akiiti slimi suni, kuriem
antivielas v€l bija zem izmantota testa nosakamibas robezas (Carrade et al., 2011;
Egenvall et al., 2000a; Pantchev et al., 2009; Rand et al., 2011; Poitout et al., 2005).
Slimos sunus, kuriem konstatgjam trombocitopeniju, izmekl&jam ar PKR (n=10). Sis
tests bija pozitivs tikai vienam kltniski slimam sunim, kuram neitrofilajos leikocitos
tika konstatétas morulas. Ta ka nevienam citam sunim ar trombocitopéniju PKR
tests nebija pozitivs tad uzskatam, ka misu pielietota serologiska testa rezultati
slimo sunu grupa ir ticami un AP seroprevalence nav augstaka kliniski slimiem
suniem salidzinajuma ar kliski veselajiem.

TreSaja tabula atspogulotie BB seropozitivitates raditaji ir negaiditi zemi, nemot
vera augsto cilveku saslimstibu Latvija (Ranka et al., 2004). Tomér Latvijas suniem
konstateta seropozitivitate lidzinas tuvakajas valstls novérotajai 3.9% Zviedrija,
6.5% Cehija, 1.09% Francija (Egenvall et al., 2000a; Pejchalova et al., 2006;
Pantchev et al., 2009). Interesanti, ka 36% (4/11) BB seropozitivo sunu konstatgjam

27




antivielas arT pret AP (3. attéls). Kopuma, secinam, ka BB seropozitivitate suniem
Latvija ir zema, ta nav augstaka suniem ar SGA/boreliozes kliniskajam pazimém un
seropozitiviem suniem biezi novéro AP antivielu ko-ekspresiju.

Kliniski veseliem supiem, ierosinataju klatbtitni ar PKR neparbaudijam.
Koinfekcijas un antivielu koekspresija ir aprakstita zinatniskaja literatira un tiek
skaidrota ar to, ka patogeni nokl@iSanai ziditajos izmanto vienas sugas &rci (Gal et
al., 2007; Beall et al., 2008; Pantchev et al., 2009).

Kopuma, secinam, ka no divam EPS, kuras ierosina baktérijas, un kurdm ir
lidzigas kliniskas pazimes, Latvijas suniem biezak satopama ir anaplazmoze.
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3 att. B. burgdorferi s. 1. seropozitivu sunu izplatiba un antivielu ko-ekspresija
pret A. phagocytophilum.

Kartg I. ricinus areals — tumsi peleks (IR), |. persulcatus areals — balts (IP), abu sugu &rces
sastopamas gaisi peleki atzimé&tajos regionos (M).

I. ricinus un I. persulcatus éré¢u izplatiba (LIII publikacija)

Latvija sastopamas divu sugu &rces ar izteiktiem un noturigiem izplatibas
arealiem (Bormane et al., 2004; Bormane 2007; Karelis et al., 2012). So faktu
izmantojam, lai noskaidrotu vai EPS seroprevalence supiem ir saistita ar IR un IP
&r¢u sugu izplatibu, kas atpogulota 4. attéla. Konstatgjam, ka IP areala 12.5%
(34/272) klmiski veselu sunu bija AP seropozitivi, bet IP aredla seropozitivitate bija
butiski zemaka — 2.2% (2/93) (p=0.003). M regionos antivielas pret AP tika
konstatétas 17.1% (13/76) kliniski veselo sunu, kas butiski atskiras no AP
seroprevalences IP regiona (p=0.0005), bet neatsSkiras no IR regiona konstatétas
(p>0.05).
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4.att. A. phagocytophilum seropozitivitate kliniski veseliem istabas un medibu
sunpiem.

I. ricinus areals (tumsi peleks), |. persulcatus areals (balts), areals, kur sastopamas abu sugu
erces (gaisi peleks).

(18.8%, 3/16) un Limbazi (18.5%, 5/27) (4. att). P&tot pieejamo zinatnisko literatiiru
par sunu AP seroprevalenci saistiba ar &ru sugu izplatibu konkréta valsti,
konstatéjam, ka miisu iegiitic dati ir unikali, jo lidzigus pé&tjjumus neatradam.
Informacija par augstas seroprevalences vietam var noderét arT humanajiem arstiem,
jo tiek uzskatits, ka suni kalpo par humanas granulocitaras anaplazmozes
sastopamibas indikatoriem (Carrade et al., 2009).

Lidzigu salidzinagjumu veicam ari attieciba uz BB seropozitivo sunu geografisko
izplatibu saistiba ar IR un IP izplatibas arealiem. Lai arT BB seropozitivo sunu skaits
bija zems, tomér noveérojam lidzigu tendenci ka AP gadijuma — vairak seropozitivo
sunu ir regionos, kur sastopamas |. ricinus &rces (3. attgls).

Dzivesvietas tips, ércu piesukSanas, akaricidu lietoSana (II publikacija)

Salidzinot miisu pétijuma iegttos serologiskas izmekl&sanas rezultatus ar datiem,
kas iegiiti anketgjot sunu saimniekus, noskaidrojam iesp&amos riska faktorus, kas

bija bitiski augstaka:
e laukos dzivojosiem suniem (p<0.05);
e suniem, kuriem &rces piestkusas rudent (p<0.05).
Savukart, izmekletie faktori:
e sunu skaits majsaimnieciba;
e akaricidu lietoSana;
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e piesiikuSos ercu skaits (< 10 vai >10 vienlaicigi piesiikuSos &r¢u) nebija
saistiti ar butiski augstaku seropozitivitati pret AP.

Augstaka AP seroprevalence laukos dzivojoSiem suniem salidzinajuma ar pilsStas
suniem tiek skaidrota ar lauku sunu biezaku saskarsmi ar ércém (Rand et al. 1991;
Krupka et al. 2007; Carrade et al. 2009, Wu et al. 2009). Sis fakts ir pretruna ar
miisu iepriek§ konstateto butiskas atskiribas trikumu starp kliniski veseliem istabas
un medibu suniem. So nesakritibu var skaidrot ar iesp&jamibu, ka rezultatus ietekmé
salidzinosi nelielais miisu petijuma izmekl&to medibu sunu skaits. Seropozitivitates
saistibu ar &rc¢u piesiikS§anos rudeni var saistit ar faktu, ka rudenos aktivakas ir
pieaugusas &rces kamér pavasaros aktivakas ir nimfas (Carrade et al., 2009).
Akaricidu pielietoSanas saistiba ar seropozitivitati ir neviennozimiga: literatira ir
aprakstita gan aizsargajosa ietekme (Blagburn et al. 2005), gan tas trikums (Wu et
al. 2009; Kohn et al. 2011; Rand et al. 2011). Jagem veéra, ka rezultati ieguti
anket€jot dzivnieku ipasniekus, kuri ne vienmer ir informéti par pielietoto preperatu
darbibas mehanismiem, pieméram, vai konkrétais preperats darbojas pret &rcém vai
tikai pret blusam u.c. (Hamer et al., 2009). Analizgjot So faktoru jagpem véra ka
nepartraukti tiek veikti p&tfjumi un notiek jaunu produktu ieviesSana tirgl kas

vides faktoriem.
EPS Kliniskie gadTjumi supiem Latvija
Sunu granulocitara anaplazmoze (I publikacija)

P&tijuma gaita diagnosticgjam pirmo SGA klinisko gadijumu Latvija. Suns bija
astonus gadus veca, bezSkirnes kuce, Foksa. Uz veterinaro kliniku ta tika atvesta ar
sekojosam kliniskam pazimém: drudzis (rektala temperatira 41°C), letargija,
anoreksija. Veicot laboratorisku asinu izmekléSanu tika konstatéta vidEji smaga
leikocitoze 23.2 (6-17x109/L) un smaga trombocitop&nija 40 (200-500 x 109/L),
kopgjais eritrocitu skaits bija normals 6.26 (5.5-8.5 x 1012/L). Hematologijas
analizatora dati tika apstiprinati mikroskopiski izmeklgjot asins uztriepi.
Mikroskopgjot periféras asinis pieci procenti neitrofilo leikocitu citoplazma saturgja
zilganas apalas baktériju kolonijas jeb morulas (5. att.). Serologiski tika konstatgtas
antivielas pret AP un Ehrlichia canis.
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5. att. A. phagocytophilum morula
neitrofila leikocita citoplazma.
Eritrociti un neitrofilais leikocits ar zilganu,
nedaudz graudainu citoplazmas ieslégumu A.
phagocytophilum morulu (bulta).

Veicot nPKR tika amplificéts 546 bazu parus gar§ AP 16S r RNS géna segments
un tadgjadi apstiprinata tikai pirma no abam infekcijam, E. canis DNS netika
amplificéta (6. att.). Ka aprakstits literatira, uzskatam, ka arT miisu aprakstitaja
gadijuma E. canis seropozitivitate bija saistita ar krosreakciju starp AP antivielam
supa asinis un E. canis antigénu testa (Bormane, 2007; Carrade et al., 2009; Carrade
etal., 2011; Pantchev et al., 2009)

6. att. Agarozes gels ar
amplificéto A phagocytophilum
16 S rRNS géna produktu.

M — molekularais markieris, slejas 1-
11 —sunu asins paraugi (5.linijja —
o $464p | pozitivs paraugs), Nc — negativa
konrole, Pc- pozitiva kontrole.

9 10 11 Nec Pc

No klmiski slima supa izdalitas DNS sekvences rezultati sakrita ar G€nubanka
pieejamo AP 16S rRNS géna sekvences prototipu, kas izoléts no cilvéka (U02521).
A1T AP izolats, kas bija izdalits no MeZaparka iegtita |. ricinus tévina bija genétiski
identisks AP izolatam, kas iegiits no kliniski slima supa misu pétjjuma. Izolatu
genétiska Iidziba att€lota 7. Attela, AP izolati no &rcém Latvija iegfiti no
A. Bormanes pétijumiem (Bormane, 2007), suns Foksa (dog-Foksa) ir izolats no
kltiski slima suna Foksa (7.att.).
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7. att. No Kkliniski ar SGA slima supa (Dog-Foksa) izolétas AP sekvences
filogenetiska saistiba ar AP sekvencém, kas izdalitas no Latvija izmeklétam
eércém. Rm — |. ricinus matite; Rt- . ricinus tevins.

Suns tika arstéts ar doksiciklinu un tre$aja diena novéroja klinisko pazimju
uzlabo$anos. Izdalita sekvence ievietota Génu banka ar numuru JQ966109 (izraksts
no GenBank datubazes 3. pielikuma)

Sunu babezioze (1IV publikacija)

Latvijas veterinararsti maisu p&tjjuma vajadzibam iesiitija informaciju un asins
paraugus no tris kliniski slimiem suniem, kuriem laboratorijas vai veterinarajas
kliikas, mikroskopiski izmeklgjot asinis, eritrocitos tika konstatetas lielas babg&zijas.

Misu pétjjuma ietvaros, veicam iesitito asins paraugu hematologisku,
serologisku un molekularu izmekléSanu, ka ari atsttitas informacijas (kliniskas
pazimes, laboratoriskas izmainas, arsté$ana, iznakums) analiz€Sanu un salidzinasanu
ar zinatniskaja literatiira pieejamo informaciju.

Visiem tris suniem eritrocitos konstatéjam lielas babézijas un veicot 18S rRNS
géna amplifikaciju un izolata sekven&Sanu apstiprinajam, ka etiologiskais agents
visos tr1s gadijumos ir B.canis canis. Visiem tris suniem konstatetas kliniskas
pazimes, kas detaliz&ti atainotas 4.tabula, sakrit ar ieprieks literatira aprakstitajam
BC izraisitas babeziozes kliniskajam pazim&€m (Ayoob et al., 2010). Vienam no
suniem (suns 1) babezioze tika diagnosticéta novéloti (11 dienas p&c pirmas vizites),
l1dz ar to klniska aina diagnozes noteikSanas bridi bija smagaka, kam iesp&jams bija
ietekme letalaja iznakuma.
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Kopuma, secinam, ka supiem Latvija babezioze izpauzas ka vidgji smaga lidz
smaga slimiba, un ka aprakstits literatlira ir iespgjami gan letali gadijumi (suns 1),
gan izveselosanas pielietojot tikai simptomatisku arstésanu (suns 3). Sada slimibas
iznakumu dazadiba pastiprina konkrétas diagnozes noteik$anas nozimibu, jo uzsakot
savlaicigu arst€Sanu iesp&jas izvairities no slimibas komplikacijam ir lielakas
(Ayoob et al., 2010).

4. tabula
Anamngéze, kliniska aina, arstéSana un iznakums tris Latvijas suniem ar
babeziozi

Suns 1 Suns 2 Suns 3
Suga, vecums, Darthars, 7, Vir Zelta retrivers, 4, bezskirnes, 3, vir
dzimums siev
Dzivesvieta/ éréu suga Liepaja/ IR Riga /IR Riga/IR
Kliniskas pazimes
Drudzis ja ja ja
Letargija ja ja
Anoreksija ja - ja
Laboratorijas testi
Anémia vidgja viegla smaga
Trombocitopénija smaga smaga smaga
Hemolize ja ja ja
AST,ALT viegla 1 viegla 1 vidgja 1
Papildus informacija
Arstesana asins parliesana, imidokarba simptomatiska

simptomatiska diproprionats,
simptomatiska
Komplikacijas iesp€&jama nav nav
hemoglobina
nefrotoksicitate

Iznakums nomira izveselojas izveselojas

11- raditajs pazeminats vai paaugstinats; - pazime nav novérota, tests nav veikts; AST —
aspartata aminotransferaze, ALT — alanina aminotransferaze*

No Latvijas supiem izolétie BC celmi 98-100% atbilst citviet Eiropa no
suniem izolétajiem BC celmiem (Solano — Gallego un Baneth, 2011, Qines et al.,
2010). Viena no izdalitajam BC sekvencém (suns 3) 150-taja pozicija konstatéjam
AG—GA inversiju, salidzinot ar pargjam divam sekvencém no Latvijas suniem.
Sada nukleotidu maina ir aprakstita ari BC izolatam Polija. Paslaik nav skaidrs, vai
§1s izmainas ietekmé ar1 BC patogenitati (Adaszek et al., 2011).

Génu banka no trim Latvijas supiem izolétas BC sekvences ievietotas ar
sekojosiem numuriem JX227980 (1.suns) JX227981 (3.suns). 2.suna sekvence bija
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vienada ar 1.suna sekvenci, bet Tsaka, tade] ta netika nosttita Génu bankai. Izraksti
no GenBank datubazes pievienoti 3. pielikuma.

Ta ka Latvijas ercés BC lidz $im nav konstatétas, nav iesp&jams pateikt
tiesi kada veida suni inficEjusies. Literatiira mingti vairaki iesp&jamie infic€Sanas
veidi teritorijas, kuras 11dz $im tika uzskatitas par babeziozes brivam:

e infic€tas erces imports (piem&ram ar parlidojosSiem putniem)

e BC parnésgjoso Dermacentor reticulatus @&réu izplatibas areala
paplasinasanas

e BC adaptacija parnesei ar IR vai IP &rcém (Rar et al., 2005; Cieniuch et al.,
2009; Menn et al., 2010; Qines et al., 2010; Lempereur et al., 2011).

Kopuma uzskatam, ka EPS supiem Latvija varétu tikt nepietieckami
diagnosticétas, galvenokart, nespecifisko klinisko pazimju dél, vai ar laboratorisku
klidu del. Balstoties uz 8o tris gadijumu analizi, iesakam praktiz&josiem
veterinararstiem babeziozes aizdomu gadijumos, veikt bieZzu un atkartotu asins
uztriepju mikroskopiju, ka arT izmeklgt periféras asinis (pieméram no auss
skrimstalas), kas uzlabo diagnostikas metodes jutibu (Ayoob, et al., 2010).

A. phagocytophilum saistiba ar adas bojajumiem seropozitiviem supiem (V

publikacija)

Latvija suniem visaugstako seroprevalence konstat€jam pret AP. Ziemeleiropa
konstateta seroprevalence ir Iidziga musu konstatetajai (Egenvall et al., 2000b),
turklat $aja regiona aktivi tick pétita AP persistence organisma (Egenvall et al.,
2000a; Granquist et al., 2010), tadel ari més izlémam pieversties Sai jomai.

Ar PKR metodes palidzibu AP DNS izol&jam astonas no 65 biopsijam, visi suni
ar pozitivu adas PKR bija ari seropozitivi. PKR tika veikta izmantojot formalina
fiks&tu, parafina iegulditu materialu. PKR pozitivo sunu amplikonu sekvence (n=3)
sakrita ar génu banka atrodamo, no cilvéka izdalito AP géna sekvenci (U02521).
Izdalitas sekvences tika ievietotas GenBank datubazeé ar sekojoSiem numuriem
KC119573, KC119574 un KC119575, izraksti no GenBank datubazes pievienoti 3.
pielikuma.

Serologijas titri visiem PKR pozitivajiem suniem bija augstaki par 1:40
(literattira aprakstitais zemakais antivielu titrs, kas tiek uzskatits par pozitivu; Ebani
et al., 2008) - 1:320, 1:800, 1: 200 un 1:2048. Sie titri ir saméra augsti un lidzigi
literattira aprakstitajiem titriem, kas konstatéti suniem ar SGA un adas problémam
(1:128 1idz 1:1024) (Ravnik et al., 2011).

PKR pozitivo sunu adas paraugos konstateétas makroskopiskas parmainas bija
dazadas (5. Tabula).
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S.tabula
PKR pozitivo sunu adas bojajumi

Nr.  Adas bojajumu veids Morfologiska diagnoze

1 Eritrémas, Vaskulopatija, multifokali nekrotiski perékli derma un
pustulas, epiderma. Dermatits, neitrofils, limfocitisks, plazmas $tinu,
mezglini virspusgjs, perivaskulars 11dz intersticials, viegls.

2 Zemadas tiiska Matu folikulu cikla arrests ar folikularu atropiju, dermas

tuska, vidgja
3 Eritrémas, Vaskulpatija ar dzilu dermas tiisku un fokalam
zvinas hemoragijam. Dermatits, neitrofils, plazmas $tinu, tuklo
stinu fokali eozinofilie leikociti, perivaskulars lidz
intersticials, vidgjs.

4 Eritrémas, Dermatits, neitrofils, eozinofils, limfocitisks, perivaskulars

makulas lidz intersticials, vidgjs ar smagu leikocitostazi.

Neliela PKR pozitivo paraugu skaita un makroskopisko parmainu dazadibas de]

nevaram secinat vai pozitivajiem paraugiem ir tendence but lokalizEtiem kada
konkréta vieta vai arT tos raksturo kadas konkrétas makroskopiskas izmainas.

PKR pozitivo sunu adas paraugos konstatetas mikroskopiskas parmainas bija

dazadas un nespecifiskas. Histologiskajos adas griezumos konstatéjam epidermas
hiperplaziju, vieglu lidz smagu tisku un subepidermalas hemoragijas. Multifokalus
ickaisuma $tinu infiltratus konstatéjam, gan virsgja derma, gan ap matu sviedru un
tauku dziedzeriem tie sastavéja no neitrofilajiem leikocitiem, histiocitiem,
limfocitiem, plazmas §inam, makrofagiem un eozinofilajiem leikocitiem (8.att.).

35




2

8. att. A. phagocytophilum seropoiitiva un PKR l;ozitiva suna adas biof)sijas
histologiskais griezums.

Derma redzams vidgji smags perivaskulars ickaisuma $inu infiltrats ar plazmas $tnam,
limfocitiem, nelielu skaitu eozinofilo leikocitu, tuklo $Gnu un retiem neitrofilajiem
leikocitiem. Derma vidgji izteikta tiska. Asinsvadu endotélijs ir aktivizets un tajos ir daudz
neitrofilo leikocttu. H&E, 200x.

Ar THK metodes palidzibu, pielietojot, gan monoklonalas, gan poliklonalas
antivielas, méginajam atrast AP antigénu PKR pozitivajos adas audos, tomér tas bija
nesekmigi — visi krasojumi bija negativi. Negativs IHK rezultats ar pozitivu PKR
(periferajas asinis) tika konstatéts arT humanas granulocitaras anaplazmozes
pacientei ar Sweets sindromu jeb akiito febrilo neitrofilo dermatozi (Halaz et al.,
2005). Savukart jeriem akitas AP infekcijas gadijjuma aprakstitas pozitivas adas
biopsiju PKR un IHK. Negativo IHK rezultatu musu pétfjuma var skaidrot ar
mazaka apjoma adas materiala izmekléSanu ar IHK metodi, salidzinot ar PKR ka arT
ar nelielu skaitu morulu parauga.

Uzskatam, ka AP izolé$ana no sunu adas biopsijam ir unikals fakts un liecina par
AP iesp&jamu persistenci seropozitivu sunu ada un sp&ju izraisit adas problémas.
Balstoties uz ieglitajiem rezultatiem secinam, ka AP var tikt izol&ta no seropozitivu
supu adas biopsiju paraugiem un S§is ierosinatdjs var€tu bt saistits ar adas
problémam, ka arT persistét ada.
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NOBEIGUMS

Pateicoties miisu pétfjumiem ir noskaidrojies, ka pasSreiz supiem Latvija ir
aktualas sekojosas &rCu parnésatas slimibas — sunu granulocitara anaplazmoze,
borelioze un babezioze. Latvija konstatéta seroprevalence pret A. phagocytophilum
un B. burgdorferi s.l. lidzinas citas Ziemeleiropas/Austrumeiropas valstis
konstatStajai. Saja pétijuma konstatéta seroprevalences saistiba ar dazadiem
apkartgjas vides faktoriem (€réu sugu konkrétaja regiona, supa dzivesvietu,
gadalaiku u.c.) palidz8s veterinararstiem, analiz&jot ievaktos anamné&zes datus,
izslegt vai ieklaut EPS diferencidldiagnozu saraksta. Pateicoties §im pétfjumam
daudzi veterinararsti un sunu Tpasnieki Latvija tika informé&ti par EPS, to izplatibu,
arst€Sanu u.c. aktualiem jautadjumiem. Tomér, meés apzinamies, ka $ads p&tniecibas
darbs nekad nav pabeigts un petijumu gaita ir raduSies daudzi jautdjumi, kurus
planojam pétit nakotng. Paslaik tick veikta molekularbiologiska no suniem ievakto
éréu analize, lai noskaidrotu, kadus slimibu ierosinatajus tas satur. Nakotné
planojam turpinat arT slimibu patogengzes pétijumus.

SECINAJUMI

1. Latvija dzivojosiem kliniski veseliem supiem visbiezak konstatStais &rcu
parnésatu slimibu ierosinatajs bija A. phagocytophilum (seroprevalence 11.1%).
Supiem ar A. phagocytophilum infekcijai raksturigam kliniskajam pazimém
konstatéta seroprevalence bija augstaka (17.2%), bet ta butiski neat3kiras no
seroprevalences veseliem supiem. Latvijas supiem daudz retak konstatStas
antivielas pret B. burgdorferi s.l. (seroprevalence 2.5%). B. burgdorferi s.L
netika atrastas nevienam sunim ar boreliozes kliniskajam pazimém. E. canis
antivielas Latvijas suniem netika konstatgtas.

2. Regionos, kur ir izplatitas I. ricinus &rces (Rietumu un Centrala Latvija), suniem
konstatéta butiski augstaka (p=0.003) A. phagocytophilum seropozitivitate
salidzinot ar |. persulcatus izplatibas regioniem (Austrumlatvija). Neliela B.
burgdorferi s.l. seropozitivo gadijumu skaita d€] nevaram spriest par §1
ierosinataja saistibu ar éréu sugu izplatibu Latvija.

3. Butiski augstaka A. phagocytophilum seropozitivitate konstatéta laukos
dzivojoSiem supiem un gadijumos, ja €rce sunim piesiikusies rudeni. Misu
pétijuma sunu skaits majvieta, piestikusos &rCu skaits, medibas un akaricidu
Latvija. B. burgdorferi s.l. seropozitivo sunu neliela skaita d&] nevaram spriest
vai paaugstinata seropozitivitate pret So bakteriju ir saistita ar kadu no pétitajiem
faktoriem.

4. Latvijas supiem diagnosticeta un aprakstita kliniska saslimSana ar sunu
granulocitaro anaplazmozi (ierosinatajs A. phagocytophilum) un babeziozi,
(ierosinatajs B. canis canis). No Latvijas suna izoléta A. phagocytophilum bija
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100% homologa A. phagocytophilum sekvencei, kas izoléta no &rces Mezaparka,
ka armT Geénu banka ievietotajai no cilvékiem izolétajai sekvencei.  Latvijas
suniem konstat€tajos babeziozes gadijumos apstiprinata autohtona slimibas
izcelsme, kas norada uz vektora klatbttni Latvija vai ierosinataja B. canis canis
pielago$anos Latvija sastopamam vektoram (Ixodes &rcu sugam). No Latvijas
suniem izol&tie ierosinataji bija 98-100% homologi Génu banka ievietotajam B.
canis canis sekvencém no dazadam Eiropas valstim.

. A.phagocytophilum DNS var tikt izoléta no seropozitivu sunu bojatas adas
biopsijam, $is fakts atbilst hipotézei par adu ka vienu no A. phagocytophilum
persistences vietam.

IETEIKUMI PRAKSEI

Supiem ar drudzi, letargiju, trombocitopéniju diferencialdiagnozu saraksta
icklaut er¢u parnésatas slimibas — granulocitaro anaplazmozi un boreliozi.
Supiem ar iminmediétu hemolitisko anémiju, trombocitopéniju, anémiju,
letargiju izslégt babeziozi.

Pret A. phagocytophilum seropozitiviem supiem ar dermatologiskam problémam
diferencialdiagnozu saraksta ieklaut persistentu granulocitaro anaplazmozi.

EPS diagnozu noteik$anai izmantot kompleksu pieeju, nemot véra kliniskas
pazimes, anamnézes datus un veicot vairakus laboratoriskos testus (taja skaita
asinu mikroskopisku izmeklgsanu).

Ievacot anamn@zes datus ieglit informaciju par &rcu piesiik§anos sunim, par pret
&rcu preparatu lietoSanu sunim un par vidi, kura suns dzivo.

Gan veterinararstiem, gan humanajiem arstiem iesakam nemt veéra faktu par A.
phagocitophilum augstaku sastopamibu |. ricinus izplatibas regionos un
atseviskas augstakas seroprevalences zonas (T€rvete, Limbazi, Skrunda).

38



AP
BB
BC
PCR
EDTA
TBD
IgG, IgM
IHC
IMHA
1P

IR

OR

CI

nPCR
cPCR
CGA
PSGL-1
RNA
op

PP

ABBREVIATIONS
Anaplasma phagocytophilum
Borrelia burgdorferi sensu lato genogroup
Babesia canis canis
polymerase chain reaction
ethylendiaminetetraacetic acid
tick-borne disease
immuneglobuline G, immuneglobuline M
immunehistochemistry
immunemediated hemolytic anemia
Ixodes persulcatus tick habitat
Ixodes ricinus tick habitat
odds ratio
confidence interval 95%
areas inhabited by both . ricinus and I. persulcatus ticks
nested polymerase chain reaction
conventional polymerase chain reaction
canine granulocytic anaplasmosis
P selectin glykoproteine ligand 1
ribonucleic acid
oral presentation

poster presentation
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PhD theses are composed of five original, scientific, peer reviewed publications
that have been published or are accepted for publication. In this summary they will
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INTRODUCTION

Several tick-borne diseases (TBD) are commonly diagnosed in humans in Latvia
(Bormane, 2007). However, up to now, in Latvia these diseases have not been
studied in animals. A literature review revealed similar distribution of several TBD
between humans and dogs, therefore we opted to study TBD in this particular animal
species.

This summary contains information on three TBD that we analyzed in dogs in
Latvia — canine granulocytic anaplasmosis (CGA), borreliosis and babesiosis.

These PhD theses are based on five original publications. In this summary the
papers and manuscripts will be denoted with Roman numericals I-V. Original
publications have been used with permission of co-authors and publishers.

Relevance and aim of the study

Bovine babesiosis was the first TBD in animals that was described in
Latvian press (Pakuls, 1927). Up to now TBD have not been studied in animals in
Latvia, but they have been diagnosed and treated by practitioners (Buivide —
Zvidrina, 2009). Latvian dogs are frequently infested by ticks; however, without
knowledge on the specific TBD in Latvia it is difficult for veterinarians to choose
the right diagnostic methods and provide their patients with an evidence based
treatment. Taking into account that clinical signs of several TBD are nonspecific, it
is essential to have locally acquired information (Carrade et al., 2009).

On the other hand several researcher groups are actively working on the research
of human tick-borne encephalitis and borreliosis that both are endemic in humans in
Latvia. During the last decade increasing numbers of granulocytic anaplasmosis
cases have been diagnosed in humans in Latvia (Bormane et al., 2004; Ranka et al.,
2004; Bormane, 2007; Siiss, 2011).

Vector borne infectious diseases are actively researched all over the world
(Parola un Raoult, 2001; Beal et al., 2008; Nicholson et al., 2010; Chomel, 2011;
Bowman et al., 2012). Information on the seroprevalence in dogs in a particular area
can be used to assess the risk of TBD in human population in the same area (Beal et
al., 2008; Carrade et al., 2009, Day, 2011).

At the beginning of our work we hypothesized that:

e dogs in Latvia suffer from several TBD- granulocytic anaplasmosis,
borreliosis;

e tick borne diseases are more common in dogs with clinical signs associated
with these diseases;

e tick borne diseases are more common in dogs that are in frequent contact
with ticks (hunting dogs, dogs in rural areas);
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e tick borne disease seroprevalence in dogs is not associated with tick species
in Latvia;

e Anaplasma phagocytophilum has a potential to cause skin lesions in
persistently infected dogs.

The aims of this study were: (1) to establish the seroprevalence of TBD and the
associated epidemiological factors in Latvian dogs; (2) to describe the clinical TBD
cases and isolated organisms; (3) to describe the pathological changes associated
with TBD.

Objectives

1. To detect the following organisms: A. phagocytophilum, B. burgdorferi s.1.,
Ehrlichia canis and Babesia spp. in the peripheral blood of clinically healthy
Latvian pet and hunting dogs and in dogs with clinical signs of tick-borne
diseases.

2. To evaluate the association between the tick species |. ricinus and I. persulcatus
habitat regions and A. phagocytophilum, B. burgdorferi s.1. seropositivity in dogs
in Latvia.

3. To -evaluate the possible association between antibodies against
A. phagocytophilum and B. burgdorferi s.l. in clinically healthy dogs and the
factors: use of acaricides, household type, and history of tick bites

4. To describe the clinical cases of tick-borne diseases in dogs in Latvia and by the
molecular methods to define to species level the the isolated causative
organisms.

5. To assess the presence of A. phagocytophilum within the lesional skin biopsies
from seropositive dogs by employing the polymerase chain reaction and
immunohistochemistry methods.

Novelty of the study

1. This was the first study on canine granulocytic anaplasmosis, borreliosis and
babesiosis in dogs in Latvia.

2. We have described the first autochtonous canine granulocytic anaplasmosis and
babesiosis cases in dogs in Latvia and have deposited the sequences of the
isolated agents in the GenBank.

3. We have reported a higher A. phagocytophilum seroprevalence in dogs that
resided in I. ricinus tick habitat.

4. Dogs in rural areas and tick bite in autumn were at higher risk to be seropositive
for A. phagocytophilum.

5. For the first time we isolated A. phagocytophilum DNA from the lesional skin
biopsies from seropositive dogs.
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Approbation of the results at the international scientific conferences
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. L. Berzina, A. Bormane, 1. Matise. Association between A. phagocytophilum in
ticks and anaplasmosis in dogs in Latvia. International Meeting on Emerging
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(PP)
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PCR based detection of A. phagocytophilum DNA in paraffin embeded skin
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. L. Berzina, C. Krudewig, [.Matise, M. Welle. Histopathological changes in the
skin associated with persistent canine granulocytic anaplasmosis. American
College of Veterinary Internal Medicine Forum, 12-15.July, 2013, Seattle, WA,
USA, (OP).
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LITERATURE REVIEW

Tick species and tick-borne pathogens in Latvia

In Latvia there are two epidemiologically important tick species - I. ricinus and I.
persulcatus that belong to the Ixodidae family, genus Ixode (Bormane, 2007). The
distribution of the tick habitat has been uniform since 1995 — I. ricinus reside in the
Central and Western areas, while I. persulcatus mainly reside in Eastern part of
Latvia. Between these two areas there are regions were both tick species have been
found (Bormane, 2007, Karelis et al., 2012). Both tick species carry several human
and animal TBD agents (Table 1.).

Table 1
Pathogens in Latvian ticks (% infested/ analyzed) (Bormane, 2007)
Tick species AP* BB Babesia spp*
1. ricinus ~10% (28/289) 32.3% (40/124) ~10.1% (22/219)
B. microti, B. bovis
I. persulcatus 0 34.6% (53/153) ~8.9% (7/78)
B.microti, B. divergens

*pooled samples analyzed (10 imago ticks in one pooled sample)

Tick-borne diseases in humans in Latvia

In 1941several newspapers informed people of Latvia SSR that dangerous neural
disease has affected taiga hunters and about Soviet scientists struggle with
discovering the cause of this devastating disease, but in 1957 newspaper “Cina”
informed the readers that the human tick-borne encephalitis has been diagnosed in
Latvia (Vitolina, 1957).

Former Soviet republics, after the regaining the independence have experienced
common problems in the reformation of the social and economical structure. As it
turned out, these socioeconomic factors (for example, unemployment level) played a
significant role in the epidemiology of the TBD (Godfrey and Randolph, 2011).
Significant increase in tick-borne encephalitis cases in the Baltic states has been
noted during 1990-ties and in years of the last crisis (Sumilo et al., 2007; Kovalcuka
etal., 2012).

Two TBD are endemic for humans in Latvia — tick-borne encephalitis (morbidity
6.2-22.3 per 100 000 inhabitants and borreliosis (morbidity 14-36.9 per 100 000
inhabitants).

In last decade 26 cases of human granulocytic anaplasmosis have been diagnosed
in Latvia (data from years 2001. to 2010, personal communication A. Bormane).
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Relationship among ticks, pathogens and host animal

Any existing TBD requires a unique relationship between the tick, pathogen and
the host animal. By modulating the gene expression pathogens are able to change
physiology and behaviour of the tick, thus achieving more active questing (Carrade
et al, 2009). Engourged tick releases saliva that contains powerful
immunomodulators and other substances that protect the pathogen from the immune
system of the host animal and promotes its distribution within the host tissues
(Carrade et al., 2009).

Tick bite is the main route of canine granulocytic anaplasmosis (CGA),
borreliosis and babesiosis. Babesiosis and anaplasmosis have also been transmitted
through blood sucking parasites other than ticks, such as via infected dog bite or
transplacentary (Carrade et al., 2009; Solano — Gallego and Baneth, 2011).

Multiple factors affect the ability of the pathogen to cause the disease within the
host animal — length of the time that the tick has been attached to the host, activity
and concentration of the pathogen, its localization within the tick and host’ immune
system (Kidd et al., 2003; Granquist et al., 2010). Several TBD risk factors have
been published:

e season with higher nymphal or imago tick activity, spring or autumn,
respectively;
coinfection with several tick-borne pathogens;
percentage of ticks carrying the pathogens in the particular neighborhood;
working dogs (hunting, herding);
length of the tick attachment to the host;
age — mean age for CGA patient is 6-8 years (Carrade et al., 2009). In
experimentally infected dogs the clinical signs of borreliosis are more
prominent in puppies, while adult dogs seroconvert without showing any
clinical signs (Straubinger 2011). Babesiosis is more frequently diagnosed
in young or young adult dogs (1-4 years) (Solano-Gallego un Baneth,
2011);

e splenectomy — associated with more severe clinical signs of babesiosis

(Hunfeld et al., 2008).

Incubation period, pathogen circulation in the blood and clinical signs of
particular TBD are associated with the changes caused by pathogen itself (babesia
disrupt the erythrocytes) and with secondary immunemediated response (CGA,
borreliosis) (Table 2).
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Table 2
Anaplasma phagocytophilum, B. burgdorferi s.l. and B. canis canis transmission
time, incubation period and circulation in canine blood

Pathogen AP BB. BC
Tick attachment (hours) 24-48 24-72 48-72
Incubation period (weeks) 1-2 8-20* 1-3
Blood circulation (days) <28 0 30-1000"

(Carrade et al., 2009, Kohn et al., 2008; Straubinger 2000; Homer et al., 2000; Ayoob et al.,
2010; Kirtz, et al., 2012)
* experimentally infected dogs, ** depending on acitivity of humoral immunity.

Canine granulocytic anaplasmosis

Anaplasma phagocytophilum is an obligatory intracellular ricketsia. The disease
granulocytic anaplasmosis has been diagnosed worldwide (Egenvall et al., 2000a;
Melter et al., 2007; Carrade et al., 2009; Kybicova et al., 2009; Kohn et al., 2011),
but in Europe it is the most widespread TBD in animals (Stuen, 2007). It affects
multiple animal species — cattle, horses, dogs, sheep, while several wild animals,
including small rodents, deer and possibly birds, that serve as reservoirs for
A. phagocytophilum (Billeter et al., 2007; Stuen, 2007; Carrade et al., 2009).

Since 2001 when a complete genome of AP was sequenced the term AP
comprises three previously separate species: Ehrlichia equi, E. phagocytophila and
human granulocytic anaplasmosis agent (Dumler et al., 2001).

Ixodes ricinus ticks are the main AP vectors in Europe, while |. persulcatus is
considered the main vector in Asian countries (Carrade et al., 2009; Paulauskas et
al., 2009). In Latvia both of the above mentioned tick species have been detected
(Bormane et al., 2004, Karelis et al., 2012), however, A. phagocytophilum have been
found only in I. ricinus (Bormane, 2007). Therefore we chose to investigate if there
is any difference between the seroprevalence in dogs residing in different tick
habitat areas. Dogs are considered to be accidental hosts with short ricketsiemic
phase, thus they are not important as reservoir animals (2. table).

Pathogenesis and clinical signs

Pathogenesis is not fully understood (Carrade et al., 2009) but in vitro studies
have found that AP uses membrane proteins such as PSGL-1 and others to enter the
host cells via caveolae mediated endocytosis that prevents them from being
phagocytosed (Lin and Rikihisa, 2003). By employing the AnkA gene AP actively
modifies the environment of the host cell and specifically it is able to inhibit the
production of superoxide that results in impaired fagocytic ability of the cell, lower
motility that hampers the movement to the tissue (Rikishisa, 2011).

AP most frequently infects neutrophil leukocytes, but within the bone marrow
CD34 positive cells (endothelial cells, megacaryocyte lineage cells) also have been
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found to be infected, these cells might be associated with the persistence of the CGA
as well as cell to cell infection (Carrade et al., 2009). Rickettsial organisms multiply
forming colonies or morulae within the cytoplasm of the infected cell (Kohn et al.,
2008).

Acute CGA mostly goes undetected or is associated with unspecific clinical
signs: fever, lethargy, anorexia, painful joints (Melter et al., 2007; Carrade et al.,
2009; Granick et al., 2009). In naturally infected dogs the most commonly noted
laboratory abnormalities are thrombocytopenia, anemia and increased liver enzymes
(Carrade et al., 2009). In studies with experimentally infected lambs was discovered
that some of the AP strains are associated with more severe clinical disease than
others, such data are not available for dogs (Stuen et al., 2003; Poitout et al., 2005;
Morissette et al., 2009; Canelas Domingos et al., 2011; Kohn et al., 2011).

In dogs, sheep, horses and cattle persistent granulocytic anaplasmosis has been
diagnosed (Pusterla et al., 1997; Egenvall et al., 2000b; Stuen et al., 2008; Franzen
et al., 2009; Granquist et al., 2010). This infection has been diagnosed based on high
antibody titer, positive PCR and recurrent ricketsiemia after the resolution of the
clinical signs associated with the acute phase of the disease (Egenvall et al., 2000b;
Stuen et al.,, 2008). Persistent disease is not characterized with clinical signs.
Persistence of the AP has been studied in several experimental studies and skin has
been suggested as one of the potential sites of the persistence (Granquist et al.,
2010). AP infection in the skin has been characterized by epidermal hyperplasia and
inflammatory cell infiltrate within the dermis (Granquist et al., 2010). Therefore we
opted to investigate if skin lesions in seropositive dogs could be associated with the
persistence of AP.

Diagnostic methods

Diagnosis of CGA should be based on several of the following criteria:

morulae within the neutrophil leukocytes;

four fold increase in antibody titer;

positive PCR from peripheral blood;

typical clinical signs and laboratory abnormalities (Carrade et al., 2009;
Ravnik et al., 2011).

Most commonly employed method of diagnosis is the microscopy of the
peripheral blood smear and observation of the morulae within the cytoplasm of the
neutrophils. It should be noted, that morphology of the morulae is not specific for
AP and that ricketsemia is relatively short (<28 days) (Melter et al., 2007; Granick et
al., 2009; Canelas Domingos et al., 2011). More specific diagnosis can be obtained
with PCR and/or serology. To identify AP the most commonly amplified gene is the
16S rRNA gene (Kybicova et al., 2009; Canelas Domingos et al., 2011). It should be
noted that by PCR proves the presence of AP DNA that is not sufficient to prove an
active infection or disease, therefore the presence of the clinical signs is important.

47



Serology most often detects IgG antibodies, that in acute infections (< 8 days)
can be below the detection limit of the test. Antibody titer remains high for
6-8 months after the infection. Acute infection would be characterized by at least
4x increase in the antibody titer (Carrade et al., 2009).

In our study of the clinical CGA we employed several of the above mentioned
criteria.

Treatment

CGA is successfully treated with doxycycline 5Smg/kg every 12 hours for
2 weeks. Clinical signs improve within the next 24 hours after treatment (Carrade et
al., 2009).

Borreliosis

Borreliosis in Latvia is caused by several species of borrelia that are combined
under the genogroup B.burgdorferi sensu lato (BB) (Ranka et al. 2004). BB are
motile, thin spirochetes, 15-30 pm in length and 0.2-0.3 pm in thickness
(Straubinger 2000). Borreliosis has been diagnosed in dogs, cats, horses, cattle. The
most potent vectors are adult ticks that mostly acquire borrelia from feeding on
small rodents or birds; dogs and humans, like with CGA are considered accidental
hosts.

It is noteworthy that in countries where human borreliosis is endemic (Sweeden,
USA) relatively low number of dogs are seropositive, even more so, clinical disease
is quite rarely observed (Egenvall et al., 2000a; Pejchalova et al., 2006; Pantchev et
al., 2009; Kovalcuka et al., 2011).

In Latvia BB have been detected in |. ricinus and I. persulcatus ticks and human
borreliosis is frequently diagnosed throughout the country (Ranka et al., 2004;
Bormane, 2007).

Pathogenesis and clinical signs

The temperature of the tick increases after a blood meal, this change activates
borrelia in the midgut of the tick and they start to migrate through the gut epithelium
to the salivary glands of the tick and thereafter to the organism of the host
(Straubinger, 2000). Borrelia multiply at the tick-bite site and then spread into the
tissue (Bormane, 2007). The detailed information on the incubation period is
included in the Table 2.

In naturally infected dogs borreliosis mostly is associated with arthritis,
anorexia and fever (Skotarczak et al., 2003). In rare cases kidney, heart and nervous
system can be affected (Agudelo et al., 2011). In experimentally infected animals
only arthritis has been noted (Halperin, 2011; Straubinger, 2011).
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It is important to note, that most of the naturally infected dogs are able to resolve
the infection without showing any clinical signs. The factors that affect clinical
manifestation of the disease are not known (Straubinger, 2011). Although rare,
borrelial nephropathy is lethal, it is characterized by immunemediated
glomerulonephritis, lymphoplasmacytic interstitial nephritis and necrosis of the
canaliculi (Gerber et al., 2007, Gerber et al., 2009). Clinically dogs show signs of
renal insufficiency — dehydration, vomiting, lethargy, polyuria, polydipsia, weight
loss. The cardiac form of the disease is very rare and associated with the impaired
impulse conduction and bradycardia. The neurological form has been characterized
by facial paralysis, aggression and fits (Straubinger, 2011). Eritema migrans skin
lesions observed in 50% of human borreliosis cases have not been observed in dogs
(Straubinger 2000, Bormane, 2007).

Diagnostic methods

Diagnosis of borreliosis is difficult since clinical signs are unspecific. Multiple
of factors need to be assessed including the epidemiological situation in the
particular area and additional laboratory testing might be necessary (complete blood
count, serum biochemistry, serology, urine analysis, x-ray and synovial fluid
analysis).

It is important to remember, that the presence of speciffic antibodies is not an
evidence of an active infection, and can also be related to a vaccination. Both
borrelia and antibodies have been known to persist within the organism for several
years, but active immunity that follows the infection is rather short (Straubinger
2000). Upon choosing the serological test, one should note, that only those that
detect C6 antigen are able to distinguish between infection and vaccination
(Straubinger, 2011). The test that we used in our study (IDEXX Canine SNAP 4Dx
test) detects C6 antigen. Since clinical signs of borreliosis and CGA overlap we
opted to combine these dogs in the sick dog group.

Treatment

Several antibiotics can be chosen to treat borreliosis (doxycycline, amoxiciline,
ceftriaksone, azitoromycine), but none can guarantee complete eradication of the
borrelia (OIE). Due to the slow reproduction antibiotics should be continued for
3-4 weeks (Littman et al., 2006). Symptomatic treatment with corticosteroids, anti-
inflammatory agents or omega-3 fatty acids might be necessary in some cases
(Littman et al., 2006). The use of corticosteroids should be monitored closely, since
in rare cases prednisolone treatment was associated with recidive of the acute
borreliosis (Straubinger, 2000).

Babesiosis

Babesia are protozoans belonging to the genus babesiae (Hunfeld et al., 2008;
Ayoob et al., 2011; Solano — Gallego and Baneth, 2011). The parasites are defined
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according to the size of the sporozoites as large (2.5-5.0um) and small babesia
(1.0-2.5um). Dogs in Europe mostly get infected with three species of large babesia
— B. canis canis (BC), B. canis vogeli, B. canis gibsoni.

Untill the beginning of our study in 2009, veterinarians in Latvia did diagnose
babesiosis, but it was not clear whether dogs were infected in Latvia or while
travelling and what species of babesia was causing the disease (Buivide-Zvidrina,
2009).

Lately by employing PCR methods new babesial species have been found in
geographical areas that have been considered free of this disease previously
(Hunfeld et al., 2008; Qines et al., 2010). Canine babesiosis caused by BC have been
diagnosed in Norway, Russia, Poland, Germany, Netherlands and in several
countries in Sauthern Europe (Solano — Gallego and Baneth, 2011, @ines et al.,
2010; Adaszek et al., 2011). Other two large babesia species mostly infect dogs in
Sauthern countries (Solano — Gallego and Baneth, 2011).

Ticks in Latvia contain the following babesia species: B. divergens, that is
especially pathogenic to humans was noted in I. persulcatus ticks, B. bovis was
noted only in I .ricinus ticks, but B. microti was isolated from both tick species
(Bormane, 2007). Babesia canis canis up to date has not been isolated from either of
thee tick species in Latvia (Bormane, 2007).

The life cycle of babesia is well studied, during a blood meal babesial
sporozoites are activated and enter the host animal with the tick saliva (Irwin, 2010).
Sporozoites infect erythrocytes and develop into trofozoites that form into
merozoites whose typical tear-shaped form is easily recognizable under the
microscope (Hunfeld, et al., 2008; Ayoob et al., 2010). Information on the
incubation period, circulation in the blood and other detailed information is included
in Table 2. Via blood meal ticks acquire infected erythrocytes and babesia enters
ticks salivary glands and oocytes. In the host animal babesia infect exclusively
erythrocytes (Ayoob, et al., 2010).

Pathogenesis and clinical signs

Clinical signs vary with the species of babesia and activity of the host immune
system. BC and B. canis vogeli are associated with mild clinical signs, while B.
canis rossi causes severe disease. Clinical signs of babesiosis are related to the
hemolytic anemia and systemic inflammatory reaction syndrome that can result in
damage of multiple internal organs (Solano—Gallego and Baneth, 2011). Hemolytic
anemia in babesiosis results from:

e mechanical damage to the erythrocyte membrane;
e formation of antierythrocyte antibodies and compliment binding and
subsequent lysis of the erythrocytes;
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e changes in the metabolism of the infected erythrocytes, that result in
decreased membrane stability (Solano—Gallego and Baneth, 2011).

Anemia, hypotension, blood stasis and increased concentration of carbon dioxide
result in hypoxia that plays an important role in the pathogenesis of babesiosis
(Ayoob, et al., 2010).

Clinical signs of babesiosis vary from mild to severe and there is no
correlation with the degree of parasitemia (Ayoob, et al., 2010). Hemolytic anemia
due to babesiosis clinically is presented with fever, pallor, anorexia, lethargy,
splenomegaly, tachycardia (Solano—Gallego and Baneth, 2011). In the majority of
sick dogs laboratory analysis reveal thrombocytopenia, hyperfibrinogenemia,
nonregenerative anemia of variable severity together with hemolysis, neutropenia
and hemoglobinuria (Kirtz et al., 2012; Ayoob et al., 2010).

Diagnostic methods

Microscopy and the direct identification of the babesia in the stained peripheral
blood smear is the most commonly used method of diagnosis (Ayoob et al., 2010).
This method is specific, but it has low sensitivity in cases of low parasitemia,
therefore it is imperative to perform a complete blood count and analysis (Kirtz et
al., 2012). PCR testing can aid in diagnosing cases with low parasitemia and to
distinguish between different species of babesia (Kirtz et al., 2012). In our study we
performed both direct identification of the babesia and molecular methods to obtain
information on the species of the isolated babesia.

Treatment

The recommended treatment of BC babesiosis consists of single dose 5-6.6
mg/kg of imidocarb diproprionate via intra-muscular injection; that if necessary can
be repeated after 14 days. Clinical signs in most of the cases declain within 24 hours
of the treatment. Freequently symptomatic treatment is needed to support the dog,
especially important is the fluid therapy, blood transfusion and anti-inflammatory
drugs. In cases where specific treatment is not effective immune mediated hemolytic
anemia should be ruled out. In some cases dogs can overcome the disease without
specific treatment (Ayoob et al., 2010).

Prophylaxis of the tick borne diseases

Prophylaxis is a complex task that involves cutting the lawn and bruswood,
accaricide use on the dogs and removal of the ticks among other measures
(Straubinger, 2000; Foil et al., 2004; Randolph 2010). Several environmental factors
play an important role in the optimal development of the ticks: number of the small
mammals (small rodents for example) that feed the nymphs and larvae, temperature
and humidity. It is now accepted that the climate changes (longer summers, higher
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humidity etc) benefits the ticks and also makes the contact between the tick,
pathogen and host more common (Gray et al., 2009).

Being a working dog or outdoor dog is considered an increased risk of TBD
(Rand et al., 1991; Krupka et al., 2007; Carrade et al., 2009; Wu et al., 2009). Dog
owners are surveyed in order to assess the impact of the environmental factors on
the seropositivity of their dogs (Wu et al., 2009; Kohn et al., 2011).

Vaccination against TBD, is non-existant (CGA) or provides limited or poor
protection in cases of borreliosis and babesiosis; however, this is an active field of
research (Straubinger 2000; Schuijt et al., 2011).
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MATERIALS AND METHODS

Methodology and sample collection plan was approved by the Ethics Comitte of
the Latvian Food and Veterinary Service. Detailed information on the reagents and
laboratory protocols can be obtained from the original publications. General
structure of the thesis can be seen in Figure 1.

Figure 1. The structure of the study.

Study has three parts: (1) epidemiological study, (2) analysis of the clinical cases and
causative agents, (3) study on the pathogenesis of CGA.

Throughout this summary section materials and methods will be described in the
following order- firstly those used in the epidemiological study, followd by those
used to study the clinical diseases and their pathology. Publication that contains the
specific methodology will be denoted by Roman numericals (I-V publication).

Study population - dogs (I-1VVpublication)

In the epidemiological study that was carried out in 2009-2011, we included
473 dogs from Latvia, they were divided into the following subgroups:

clinically healthy pet dogs (n=400);

clinically healthy hunting dogs (n=41);

dogs with clinical signs of CGA and/or borreliosis (n=29). The clinical
signs and laboratory test abnormalities observed in these dogs consisted of:
fever, lethargy, anorexia, painful joints, lameness, anemia,
thrombocytopenia;

dogs that have been diagnosed with babesiosis and have not been outside
Latvia in the last 6 months (n=3). Information on these dogs as well as
blood sample was submitted by the veterinarians or laboratories in Latvia.
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Sampling locations and number of dogs sampled in each site are included in the
Figure 2.
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Fig.2. Localization and number of samples analyzed.

Dark grey — 1. ricinus, white — I. persulcatus habitat, light gray — areas with both tick species.
(Tick habitat information from Bormane, 2007).

Samples from clinically healthy dogs were taken in collaboration with
veterinarians throughout Latvia or during field trips by the researcher (IB).
Clinically healthy pet and hunting dogs were sampled, both in rural (N=321/441)
and urban areas (N=120/441) and in three different tick habitats (Figure 2).

In collaboration with small animal veterinarians we obtained samples from the
dogs that had clinical signs of TBD or were diagnosed with babesiosis. Dogs of
various breeds, age groups, both male and female dogs were included in the study.

Survey (11 publication)

Owners (n=400) of the clinically healthy pet and hunting dogs filled the survey
(appendix 2). The data obtained was used to correlate the various environmental
factors with the previously detected AP and BB seroprevalence data. We evaluated
if the following factors affected the seroprevalence:

household in rural or urban area;
number of dogs in the household;
use of the accaricide (yes/no, type of accaricide, frequency of the use);

tick bite (yes/no, number of ticks (at one time point), season when tick bites
are the most common).
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Data on the tick species habitat (1, 111, 1V publication)

Data on the tick species residing in Latvia were obtained from the PhD thesis
(Bormane, 2007). Depending on the tick species we devided Latvia in three regions:
I ricinus region (IR) where the majority of ticks are of this species; I. persulcatus
region (IP) and mixed region (M), where both species of ticks have been found.
Sampling of clinically healthy dogs was planned to cover all three of these tick
regions: IR region (N=272/441), IP region (N=93/441), M region (N=76/441).

Hematology and serology (I-1V publication)

Two to five milliliters of peripheral blood from 473 dogs was drawn into
anticoagulant EDTA tubes. Immidiately after the blood collection a blood smear was
prepared, air dried and stained with modified Wrights Giemsa stain.

Hematology analyzer was used to detect total white blood cell, erythrocyte and
thrombocyte count. Blood smears were evaluated microscopically, 200 white blood
cell differential was performed as well as morphology and presence of blood
parasites was assessed.

All the dogs involved in the study (n=473) were evaluated serologically. Whole
blood was used in the SNAP 4Dx test according to the manufacturers instructions.
This test is an enzyme linked immunosorbent assay that detects [gM and IgG against
AP membrane protein p44/msp2, Ehrliciha canis proteins p30 and p30-1, BB C6
protein. This test also detects antigen of Dirofilaria immitis. The sensitivity and
specificity of this test is high for all the pathogens (Beall et al., 2008; Pantchev et al.,
2009; Chandrashekar et al., 2010; Couto et al., 2010; Carrade et al., 2011).

Nested PCR for detection of A. phagocytophilum and B. canis in the blood
samples from sick dogs (I, IV publication)

Etiological diagnosis was obtained by the use of nested PCR (nPCR). The dogs
that confined to the following criteria were analyzed:

e AP 16S rRNS gene was amplified in the sick dogs (n=10) with
thrombocytopenia (platelets <50x1079/L) and or morulae within the
neutrophile leukocytes;

e BC 18S rRNS gene was amplified in dogs that were microscopically
diagnosed with babesiosis (n=3).

We performed sequencing of the isolates and compared our sequences with

those deposited in the GenBank and subsequently deposited our sequences in the
GenBank (addendum 3).

Skin biopsies (V publication)

Our aim was to gain more information on the pathogenesis of CGA and to
investigate if AP can be isolated from the lesional skin biopsies from AP
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seropositive dogs. We selected formalin fixed, paraphine embeded skin biopsies
(n=65) from the archive at the Vetsuisse Faculty, Bern, Switzerland.

Skin biopsies were taken from three groups of dogs:

e dogs with clinical skin problems and known serological status:

o AP seropositive dogs that responded to treatment with doxycycline,
histolopathologically the skin lesions did not correspond to any known
entity (52 biopsies from 12 dogs);

o AP seronegative dogs that responded to treatment with doxycycline,
histolopathologically the skin lesions did not correspond to any known
entity (2 biopsies from 2 dogs);

e dogs with histologically diagnosed tick bite, the serological status of these
dogs is unknown (11 biopsies from 10 dogs).

cPCR for detection of A. phagocytophilum in formalinized skin biopsies (V
publication)

Conventional PCR (cPCR) was used to amplify 16S rRNA encoding gene of AP
from the formalinized skin biopsies. Laboratory protocol has been described in
detail in the V publication. The isolated sequences of AP we compared to those
deposited in the GenBank.

Immunehistochemistry for detection of A. phagocytophilum in formalinized
skin biopsies (V publication)

Immunohistochemistry was used to show the exact localization of AP within the
the cPCR positive skin biopsies (n=8). We used monoclonal (mouse-anti-MSP2) and
polyclonal (rabbit — anti- A. phagocytophilum) antibodies and 3-amino-9-
etylcarbazole substrate (AEC) for antigen-antibody complex detection

Statistical analysis
NCSS software was used for statistical analysis (NCSS, 2007, Jutah, USA).

The number of healthy dogs to be included in the study we established by
analyzing the seroprevalence in the neighbouring countries and the expected
seroprevalence in the dogs in Latvia. The number 441 was adequate to reach the
statistical significance of 95%.

We used both parametrical (Student test) and nonparametrical tests (median,
mean, Mann-Whitney U test, Fisher exact test, odds ratio (OR) with the confidence
interval (CI) of 95%). Statistical difference was set at p<0.05.
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RESULTS AND DISCUSSION

Seroprevalence against A. phagocytophilum and B. burgdorferi s.l. (I, 111
publication)

The examined dogs in Latvia had seroconverted and had antibodies against AP
and BB (Table 3). Relatively high AP seroprevalence (11%) indicates that AP
infection is quite common in Latvian dogs. We observed that AP seroprevalence
was not higher in dogs with clinical signs of TBD (p>0.05) and there was no
difference between hunting and pet dogs (p=0.833).

Table 3
Anaplasma phagocytophilum and B. burgdorferi s.l. seroprevalence in Latvian
dogs
Clinically healthy Sick
pet hunting

(n=400) (n=41) (n=29)

AP 11% (44) 12.2% (5) 17.2% (5)
BB 2.7% (11) 0% (0) 0% (0)

Seropositivity in clinically healthy dogs in Latvia is similar to that detected in
neighbouring countries: in Sweeden 17% in Poland 21% of dogs were seropositive
(Egenvall et al, 2000a; Engvall and Egenvall 2002; Welc-Faleciak et al., 2009).
Lack of difference in seropositivity among clinically healthy and sick dogs was also
noted in other studies (Jensen et al., 2007; Kohn et al., 2011). It can be explained by
the long persistence of the antibodies after the resolution of the clinical signs of
CGA or with the fact that in the sick dog group acutely infected dogs might be
included and in those dogs antibody titers might be below the detection limit
(Carrade et al., 2011; Egenvall et al., 2000a; Pantchev et al., 2009; Rand et al., 2011;
Poitout et al., 2005). Sick dogs with thrombocytopenia we evaluated with the nPCR
(n=10), this test was positive in one dog that also had morulac within the
neutrophils. Thus we can assume that our detected seroprevalence in the sick dogs
was accurate and none of the dogs had acute disease.

BB seroprevalence (Table 3) is unexpectedly low, given that borreliosis is
endemic in humans in Latvia (Ranka et al., 2004). Seroprevalence is similar to that
detected in Sweeden (3.9%), Chech rebpublic (6.5%) and France (1.09%) (Egenvall
et al., 2000a; Pejchalova et al., 2006; Pantchev et al., 2009). It is noteworthy that
36% of BB seropositive dogs also had antibodies against AP (Figure 3). Overall we
conclude that BB seroprevalence in dogs in Latvia is low and seropositive dogs
frequently co-express antibodies with AP.
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Fig. 3. B. burgdorferi seropositive dogs and dogs that co-express antibodies
against B.burgdorferi and A. phagocytophilum.
I. ricinus habitat (dark grey, IR), I. persulcatus habitat (white, IP), both tick species reside in
(M) light grey areas.

We did not perform nPCR in clinically healthy dogs. Co-expression of the
antibodies against several of the TBD agents has been described and it is explained
by the fact that ticks can carry several pathogens (Gal et al., 2007; Beall et al., 2008;
Pantchev et al., 2009).

Overall we conclude that the most commonly encountered TBD in dogs in
Latvia is granulocytic anaplasmosis caused by A. phagocytophilum.

Factors affecting the seroprevalence of A. phagocytophilum and B.
burgdorferi s.I.

I. ricinus and 1. persulcatus tick habitat (1,111 publication)

Two tick species are epidemiologically important and for years have had a
distinct habitats within the country (Bormane et al., 2004; Bormane 2007; Karelis et
al., 2012). We used this information to analyze if seroprevalence in dogs against AP
and BB could be affected by the tick species that reside in the particular area. The
tick habitat and obtained seropositivity against AP is depicted in Figure 4.
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Fig. 4. Dogs seropositive against A. phagocytophilum in 1. ricinus (dark grey), 1.
persulcatus (white) and mixed tick species regions (light grey).

The AP seroprevalence in dogs from IR region was 12.5% (34/272), while that in
IP region it was significantly lower 2.2% (2/93) (p=0.003). In the M regions 17.1%
(13/76) dogs were AP seropositive, that was significantly different from the
seroprevalence noted in the IP region (p=0.0005), but was not different from the
seroprevalence in IR region (p>0.05).

We detected several areas of very high seropositivity in Tervete 39.4% (13/33),
Skrunda 18.8% (3/16) and Limbazi 18.5% (5/27) of clinically healthy dogs had
antibodies against AP (Figure 4).

Our finding that seroprevalence against AP is more common in IR versus
IP habitat is unique. Information on the places where expecially large number of
dogs are seropositive could be useful to the human health specialists, since dogs are
a sentilel of human granulocytic anaplasmosis (Carrade et al., 2009).

Due to low numbers of BB seropositive dogs, we could not obtain similar
statistically significant results. But it is easy to see similar trend for these cases to be
located in the IR or M regions (Figure 3).

Household, tick attachment, accaricide use (11 publication)

By analyzing the survey results we observed that AP seropositivity is higher with
the following factors:

e rural household and tick bite in the autumn (p<0.05);
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The following factors were not significantly associated with the higher odds of
being AP seropositive:

e housecholds with two or more dogs (OR 0.33, 95% CI=0.15-0.74). In our
study all such households were in the rural areas;
e attached more than 10 ticks at once (OR 0.13, 95% CI= 0.007-2.34).

Statistical analysis of our data revealed that the use of accaricides on the dogs
did not affect the AP seropositivity. Higher seroprevalence in rural dogs has been
explained by the increased contacts with the ticks (Rand et al. 1991; Krupka et al.
2007; Carrade et al. 2009, Wu et al. 2009). This fact contradicts our previous results
that similar percentage of hunting and pet dogs had antibodies against AP. This
discrepancy might be associated with relatively low number of evaluated hunting
dogs. Association between the seropositivity and tick attachment in autumn can be
explained by the greater adult tick activity in this particular season (Carrade et al.,
2009). The association of acaricide use and the seropositivity is equivocal since both
protective (Blagburn et al. 2005) and no effect have been described in the literature
(Wu et al. 2009; Kohn et al. 2011; Rand et al. 2011). It should be noted, that this
information might be biased or incorrect, since it was obtained in the dog owner
survey (Hamer et al., 2009).

Due to the low number of BB seropositive dogs we could not perform
statistically robust analysis for these dogs.

Clinical cases of tick-borne diseases
Canine granulocytic anaplasmosis (I publication)

We diagnosed first CGA case in 8§ years old, female, mixed breed dog Foksa. It
was brought to the veterinarian with complaints of fever (rectal temperature 41°C),
lethargy, anorexia. Hematology analysis revealed moderate leukocytosis 23.2 (6-
17x109/L), severe thrombocytopenia 40 (200-500 x 109/L) and normal erythrocyte
count 6.26 (5.5-8.5 x 1012/L). Upon microscopy of the blood smear it was
discovered that 5% of neutrophils had intracellular morulae (Figure 5). Serologically
dog had AP and Ehrichia canis antibodies.

Fig.5. Erythrocytes and neutrophil
with intracytoplasmic
A. phagocytophilum (arrow) inclusion.
Wrights  Giemsa, 10x100. (Foto
Blueperlvet)
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Ehrlichia canis seropositivity was caused by crossreactivity between the AP
antibodies in the serum and E. canis antigen on the test pad (Bormane, 2007;
Carrade et al., 2009; Carrade et al., 2011; Pantchev et al., 2009). By nPCR we
amplified 546 base pair long segment of AP 16Sr RNA gene and thus we confirmed
that only AP infection was the cause of the disease (Firure 6).

9 10 11 Ne Pc Fig.6. Agarose gel with
amplified A.
phagocytophilum 16S r
RNS gene product.

M - molecular marker, 1-
11 —canine blood samples,
line 5 — positive sample,
Nc- negative control, Pc-
positive control.

The AP sequence isolated from the sick dog Foksa was 100% similar to that isolated
from human and deposited in the GenBank (accession number U02521). It was also
genetically identical to that isolated from I. ricinus male in Mezaparks, Riga, Latvia
(Figure 7). Isolates from ticks were obtained from A. Bormane

0.09 1.2703 29 A phagoc.MezapRt
O@ﬁ L2708 33.A phagoc.PlakancRt

13625 30.A.phagoc. MezapRt

0.2508

1.2058

79.A.phagoc. LiepajaRt
—| 1.2058
0.2526 45 A.phag.LimbaziRm
1.3734
0.2473 | 27 A.phag.MezapRt
15134 Dog-Foksa
3] T g 39.A.phag.MezapRm

1 0.7877 46 A phag.LimbaziRt
1.1445

0.4863 | 22.A.phag.VK
11445 40.A.phag.MezapRm

0.3897

0.8330

0.1319

28 A.phag. MezapRt
12411 L0387 44 A phag.LimbaziRm

1?5 1?0 0;5 OFO
Fig. 7. Phylogenetic relationshop of AP isolate from dog with CGA and ticks in

Latvia. Rm — I. ricinus female, Rt — I. ricinus male. Tick isolates from A. Bormane,
2007.
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The dog was treated with doxycycline and on the tird day clinical signs
improved. The isolated sequence was deposited in the GenBank under the accession
number JQ966109 (reprint from the GenBank in the 3. adendum)

Babesiosis ( 1V publication)

In this study we evaluated 3 dogs that had not travelled outside Latvia and were
diagnosed with babesiosis. We performed hematological, serological and molecular
analysis as well as compared information on the clinical signs, laboratory
abnormalities, treatment and outcome in these three cases with that published in the
scientific literature.

Erythrocytes of all three dogs contained large babesia, by cPCR we amplified
18S r RNA gene of the B. canis canis after the sequencing the isolates proved to be
98-100% identical to those deposited in the GenBank.

Clinical signs and laboratory abnormalities observed in the 3 Latvian dogs are
similar to those described in the literature (Table 4) (Ayoob et al., 2010).

Table 4
Signalment, clinical signs, treatment and outcome in three Latvian dogs with
babesiosis
Parameters Dog 1 Dog 2 Dog 3
Breed, age (years), sex Darthar, 7, M Golden Retriever, 4,  Mongrel, 3, M
F
Location/ tick species Liepaja/ |. ricinus Riga / |. ricinus Riga/l. ricinus
Clinical signs
Fever yes yes yes
Lethargy yes yes -
Anorexia yes - yes
Laboratory abnormalities
Anemia moderate mild severe
Thrombocytopenia severe severe severe
Hemolysis yes yes yes
AST, ALT mild 1 mild 1 moderate 1
Additional information
Treatment blood transfusion, imidocarb symptomatic
symptomatic diproprionate,
symptomatic
Complications possible hemoglobin No No
nephrotoxicity

Outcome died recovered recovered

11- decrease or increase of the analyte; - not observed or test not performed; AST — aspartat
aminotransferase, ALT — alanine aminotransferase*
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BC isolates from Latvian dogs were similar to those isolated from dogs
elsewhere in Europe (Solano—Gallego and Baneth, 2011, Qines et al., 2010). Isolate
from Dog 3 had AG—GA inversion in the position 150, when compared to other
two isolates. Similar nucleotide inversion was described in BC isolated from a dog
in Poland, it is unclear if this inversion has any effect on the pathogenicity of the
babesia(Adaszek et al., 2011).

BC isolates from the Latvian dogs were deposited in the GenBank with the
following accession numbers JX227980 (dog 1), JX227981 (dog 3). The sequence
of Dog 2 was similar to that of dog 1, but shorter, thus we did not submit it to the
GenBank (reprints from the GenBank are in 3.adendum).

Since BC has not been isolated from ticks in Latvia we can only speculate on the
routes of the infection in these three dogs:

e import of the infected tick (for example with migrating birds);

e the expansion of the typical vector Dermacentor reticulatus;

e BC adaptation to the IR or IP (Rar et al., 2005; Cieniuch et al., 2009; Menn
et al., 2010; Gines et al., 2010; Lempereur et al., 2011).

Overall we conclude that babesiosis in dogs in Latvia is characterized as mild to
severe disease, such a variation in the clinical picture should be kept in mind and
babesiosis should be included in the diferential list in all the dogs with relevant
clinical signs.

To summarize the results of the second part of the study we can state that TBD
are present in dogs in Latvia and possibly are misdiagnosed due to the unspecific
clinical signs or laboratory errors.

A. phagocytophilum in seropositive dogs with skin lesions (V publication)

The highest seroprevalence in dogs in Latvia was against AP. In addition it is an
interesting infection that has been studied in Northern Europe (Egenvall et al.,
2000b; Egenvall et al., 2000a; Granquist et al., 2010), thus we chose to perform a
study on the pathogenesis of this disease.

We amplified AP 16S r RNA gene in 8/65 biopsies from 24 dogs, all of the PCR
positive dogs were also seropositive. Sequences of the AP isolates were 100%
identical to the prototype AP isolate from human (U02521). Our sequences were
deposited in the GenBank with the following accession numbers KC119573,
KC119574 and KC119575 (reprints from the GenBank in the 3.adencum).

All PCR positive dogs has high serology titers 1:320, 1:800, 1: 200 un 1:2048,
they are similar to those observed in dogs with CGA and skin lesions (Ravnik et al.,
2008).
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Histological changes observed in the PCR positive skin biopsies are listed in the
Table 5.

Table 5.
Skin lesions in PCR positive dogs
Nr. Skin lesion Morphological diagnosis
1 Erythema, Vasculopathy, multifocal, necrotic foci within dermis and
pustules, epidermis. Dermatitis, neutrophilic, lymphocytic,
macules plasmacytic, superficial, perivascular to interstitial, mild.
2 Edema Hair follicle arrest with follicular atrophy, dermal edema,
moderate.
3 Erythema, Vasculopathy with deep dermal edema and focal
scaling hemorrhages. Dermatitis neutrophilic, plasmacytic, with
focal mast cells and eosinophils, perivascular to interstitial,
moderate.
4 Erythema, Dermatitis, neutrophilic, eosinophilic, lymphocytic,
macules perivascular to interstitial with severe leukocytostasis.

Due to the low number of PCR positive biopsies we could not associate
positivity with any specific macroscopic or microscopic change. Histopathologically
the changes in the PCR positive biopsies were variable. Freequently epidermal
hyperplasia, mild to severe edema and subepidermal hemorrhages were observed
along with multifocal infiltrates of the inflammatory cells around the adnexal
structures of the dermis (Figure 8).
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s e+ .il. r w2 AT
Fig.8. Histological appearance of a skin biopsy from A. phagocytophilum
seropositive and PCR positive dog.

Note the moderate perivascular inflammatory infiltrate in the dermis which is composed of
plasma cells and lymphocytes with fewer numbers of eosinophils, mast cells and rare
neutrophils. Blood vessels are lined by activated endothelial cells and filled with numerous
neutrophils. Moderate dermal edema is also present. Hematoxylin and eosin, magnification
200x.

The use of either monoclonal or polyclonal antibodies with our IHC protocol did
not result in positive AP staining. Negative IHC with positive PCR from the skin
biopsies was obtained in a human granulocytic anaplasmosis case (Halaz et al.,
2005). But in naturally infected lambs both tests PCR and ITHC were positive
(Granquist et al., 2010). Negative IHC result can be explained by the smaller amount
of tissue examined by IHC compared to PCR.

We conclude that AP isolation from the skin biopsies supports the hypothesis
that it could persist in the skin.

CLOSING REMARKS

Our study revealed that TBD and granulocytic anaplasmosis, borreliosis and
babesiosis in particular, are important infectious diseases in dogs in Latvia.
Seroprevalence against AP and BB is similar to that in Northern and Eastern Europe.
The information on the factors that are associated with increased seroprevalence will
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be useful for veterinarians in the veterinary clinics and will help to evaluate the
public health risk of TBD. Thanks to this study many dog owners and veterinarians
are better informed on the TBD. During this study we have generated several ideas
that could be studied in the future. Now we work on the evaluation of the ticks that
have been collected from dogs.

CONCLUSIONS

1. Highest seroprevalence indogs in Latvia was detected against
A. phagocytophilum (11.1%). Dogs with clinical signs of granulocytic
anaplasmosis had seroprevalence of 17%, that was not significantly different
from healthy dogs. Less frequently antibodies against B. burgdorferi s.l. were
detected (2.5%). Antibodies against B. burgdorferi s.1. were not observed in dogs
with clinical signs of TBD.

2. In regions inhabited by I. ricinus ticks (Western and Central Latvia)
A. phagocytophilum seropositivity was significantly higher (p=0.003) than in
I. persulcatus regions (Eastern Latvia). Due to low number of B. burgdorferi s.1.
seropositive dogs we could not assess the association with the tick species.

3. Rural household is a risk factor for A. phagocytophilum seropositivity. Risk was
also higher if ticks were attached in the autumn. Number of dogs in the
household, number of attached ticks and hunting were not associated with
increased seropositivity Due to low number of B. burgdorferi s.l. seropositive
dogs we could not assess the association with the tick species.

4. Clinical cases of canine granulocytic anaplasmosis and babesiosis were
diagnosed and described. The sequences of the isolated agents were deposited in
the GenBank. Autochtonous babesiosis cases have been diagnosed in dogs in
Latvia. Thus we can suspect that B. canis canis has adapted to be transmitted by
Ixodes ticks in Latvia.

5. A.phagocytophilum DNA can be isolated from lesional skin biopsies of
seropositive dogs. This fact supports the hypothesis of the skin as a site of
persistence of anaplasma.

RECOMMENDATIONS FOR PRACTITIONERS

1. Dogs presenting with fever, lethargy, thrombocytopenia should be tested for
granulocytic anaplasmosis, babesiosis and borreliosis.

2. In dogs with immune mediated hemolytic anemia and lethargy babesiosis should
be excluded.
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. In A. phagocytophilum seropositive dogs with skin lesions and response to
doxycycine persistent canine granulocytic anaplasmosis should be considered.

. TBD should be diagnosed based on the complex approach including clinical
signs, anamnesis, hematology, serology and molecular testing, hematology is
especially useful and cost effective way of diagnosing TBD.

. We encourage the veterinarians to inform their clients on the complex measures
needed to lower the tick burden.

. Veterinarians and human health specialists should make note on the areas with
high presence of A. phagocytophilum seropositive dogs within the I. ricinus
habitat (Tervete, Limbazi, Skrunda).
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Pielikums 1

Izmantotie reagenti un aparatiira

Reagenti un materiali | Razotajs Pielietojums
Rapid  Differential | VetOne, USA Asins uztriepju krasoSana
Stain Kit
AP, BB, E. canis antivielu un D. immitis
antigéna noteikSana
BC-2800VET Diamond diagnostics, | Leikocitu, eritrocitu, trombocitu skaita
USA noteikSana
NCSS 2007 Utah, USA Datorprogramma datu statistiskai apstradei
Spektrofotometrs NanoDrop Izoletas DNS kvantitativa noteikSana
ND-1000 UV-VIS Technologies, USA
Reagenti DNS | Fermentas Life | DNS izdaliSanai no asins paraugiem AP

izdaliSanai no asins
paraugiem AP 16S

Sciences, Lithuania

16S rRNS géna amplifikacijai

rRNS geéna

amplifikacijai

Termalais  saikleris | Eppendorf, Germany PCR veiksSana

Mastercycler

epgradie

Praimeri AP 16S r | Metabion International | AP 16S r RNS géna amplifikacijai
RNS gena | AG, Germany

amplifikacijai

ABI  Prism 3100 | Perkin-Elmer, USA AP 16S r RNS sekvencu analize
Genetic Analyzer

GenBank datubaze - Izdalito ierosinataju sekvencu analize

QIAamp DNA FFPE | Qiagen, Switzerland AP 16S r RNS izdaliSanai no adas

Tissue Kit biopsijam

Histo-clear National Diagnostics, | Parafina §kidinasanai

Atlanta, USA

HotStarTaq Master | Qiagen, Switzerland AP 16S r RNS izdalisanai no audu

Mix Kit biopsijam

Apl16sF and | Mycrosynth,

Apll6sRev Switzerland

UDG Kontaminaciju izslégsanai no ieprieks
veiktam PKR reakcijam.

UTP Kontaminaciju izslégSanai no ieprieks
veiktam PKR reakcijam.

Termalais  saikleris | Witec AG cPKR veiksana

Techne TC-512

6x Loading dye Promega, USA Elektroforézei

RedSafe iNtRON Elektroforézei

Biotechnology, Korea
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Horizon 58 Life Technologies, | Elektroforézei
Gibco BRL
U:Genius Syngene,  Frederick, | DNS visualzacija UV gaisma
USA
Monoklonala Prof. S. Dumler, | IHK veikSanai
antiviela(peles-anti- Division of Medical
MSP2) Microbiology
Department of
Pathology, The Johns
Hopkins University
School of Medicine,
Baltimore, USA
Poliklonala antiviela | Prof. S. Dumler, | IHK veikSanai
(trusa — anti- A. | Division of Medical
phagocytophilum) Microbiology
Department of
Pathology, The Johns
Hopkins University
School of Medicine,
Baltimore, USA
Streptavidina biotina | Dako, USA IHK veik$ana
komplekss

Izmantoto laboratorijas metozu protokoli

Metodes nosaukums
(publikacijas nr.)

Protokols

AP, BB, EC antivielu
noteikSana, D. immitis
antigénu noteikSana

Izmantotais protocols ir pemts no razotdja sniegtas SNAP 4Dx
testa lietoSanas pamacibas (IDEXX Laboratories, Westbrook,
Maine, USA), S§is tests ir ELISA tipa tests. Izmekl&jamais
materials antikoagulétas asinis vai asins serums. Divas piles
asinu tiek ar pipeti iepilinatas stobrina un pievienots viens
piliens 4Dx reagenta, maisijumu sajauc 10x un iepilina testa
kaseté, tam paredzEtaja iedob& un nospiez testa Kkasetes
palaidéjmehanismu. Asinim (serumam) pliistot pa testa reakcijas
strémeli antivielas pret konkréto ierosinatdju saistas ar ta
antigénu, kas iestradats testa pamatné un 10 mintsSu laika,
antigéna-antivielu  saistiSanas  aktiviz€ testa  iestradato
hromogénu un antig€na-antivielas komplekss redzams ka zils
punkts. Zils punkts paradas arT pozitivas kontroles lauka. Tests
nosaka AP msp4 (membranas virsmas proteinu 4)  ar
specifiskumu  94%.; BB C6 proteinu ar jutibu 94%,
specifiskumu 99.5% .

AP DNS izdalisana no
EDTA stabilizétam asinim

Asinis uzglabatas -20°C. CentrifugéSana 1 (4000 rpm 15
miniites, 4°C). Sediments lizéts 4x tilpuma lize€Sanas buferi
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@

(0.32 M sukroze, 10 mM Tris-HCI1 [pH=7.6], 5 mM MgCl12, 1%
Triton-X-100) 15 minttes 4°C. CentrifugéSana 1. Sediments
skalots vienada tilpuma liz€Sanas bufera. CentrifugéSana I.
Sediments $kaidits 5 ml $tnu suspensijas Skidruma (25 mM
EDTA [pH=8.0], 75 mM NaCl) + 0.5 ml 10% Na dodecilsulfata
un $inu sagremoSanai pievienots 4.5 pl proteinazes K (600
U/ml, 20 mg/ml) 1 h 50°C tdens vanna. DNS ekstrakcija veikta
vienu reizi vienada tilpuma buferéta fenola (pH=8.0) un vienu
reizi hloroforma. DNS precipitacijai pievienots 0.6 ml
izopropanola un veikta centrifugéSana 4000 rpm 10 minites
4°C. Sediments skalots ledus auksta 70% etanola, izzavéts un
atskaidits 100 pl 1x TE-bufers (10 mM Tris-Cl, ImM EDTA,
pH=8.0) uzglabats -20°C Iidz lietots DNS amplificéSanai.

AP 16S r RNS gena
amplifikacija (I, V)

Vadoties péc Liz et al (2000) publikacijas ar nelielam
modifikacijam. PKR reakcija veikta 50 ul (1x Taq Buferis ar
(NH4)2S04, 1.5 mM MgCl2 , 200uM no katra nukleotida,
0.5uM argjo praimeru primarajai reakcijai vai 0.2uM ieksgjo
praimeru iekSgjai reakcijai, 1.5 U of Taq DNS polimerazes
(rekombinanta), 2ul DNS materiala primarajai reakcijai vai 2pl
primaras PKR produkta ieks€jai reakcijai. Reakciju cikli ka
aprakstits Liz et al (2000) publikacija, iznpemot saistiSanas tika
veikta 58 oC. Pozitiva kontrole (AP Webster strain), negativa
kontrole — DNS brivs tdens. DNS vizualizéta ultravioletaja
gaisma péc elektroforézes 2% agarozes Zeleja ar 0.2 pg etidija
bromida.

AP 16S r RNS gena
sekvengsana un
filogenétiska analize (I)

Amplificetie AP 16S r RNS geéna framgenti tika sekvenéti
izmantojot tieSo praimeri ge9f. SekveneSana veikta 25 ciklos
sekojoSos apstaklos (940C 30-s, 580C 15-s, un 600C 4 min).
Sekvengtais materials analiz&éts ar standarta metodém. Sekvence
salidzinata ar AP prototipu GenBank datubazg.

DNS ekstrakcijai izmantoti 3-5 griezumi no parafina ieslégta
sunu adas biopsiju materiala. DNS ekstrakcija veikta ar QlAamp
DNA FFPE Tissue Kit sekojot razotaja instrukcijam ar
sekojo$am izmainam — parafina SkidinaSanai izmantots Histo-
clear un tika lietots dubults proteinazes K apjoms. DNS tika
Skidinata 50 pl bufera.

AP DNS izdaliSsana no
parafina  fiksétam  adas
biopsijam (V)

AP 16S rRNS géna
amplifikacija (V)

cPKR reakcijas galejais tilpums 50 pl:25 pl Master Mix, 10
pmol katra praimera, 1 pl DNS materiala, 0.25 pl UDG, 1 pl
UTP un 20.75 pl adens. Reagenti tika inkubg&ti ar UDG 1 stundu
istabas temperatiira. cPKR protokols ka publicéts (Canelas
Domingos et al., 2011). P&c elektroforézes 2% agarozes gela ar
0.2 pg RedSafe, DNS vizualizeta ultravioletaja gaisma. AP
pozitiva kontrole no §tnu kulttiras, negativa kontrole destiléts
tidens. Amplikoni sekvencéti ka aprakstits (Ranka et al., 2004).
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AP iminhistokimiska

noteik§ana adas
materiala (V)

biopsiju

No biopsiju blokiem nogriezti 3pm biezi griezumi.
Deparafinizacija un rehidracija veikta, attiecigi, ksilola un
alkohola. Endogénas peroksidazes inhib&Sanai izmantots 1%
tdenraza peroksidazes S$idums metanola (15min). Antigénu
atgliSanai lietots citrata buferis (pH 6.0) mikrovilpu krasni,
95°C, 20 min. Inkubacija ar normalu kazas serumu atskaidijuma
1:50 5% BSA/PBST 20 min. Primaras antivielas monoklonala
un poliklonala tika lietotas attiecigi 1:400 un 1:600
atSkaidfjumos 1% BSA/PBST uz nakti 4°C (Granquist et al.,
2010). Tika lietota vienadu atskaidijumu, sugai un antivielas
izotipam atbilsto$a negativa kontrole. Parauga skaloSana veikta
PBST bufer, kam sekoja 30 min ilga inkubacija ar sugai
specifisku sekundaro antivielu, kas saistita ar Streptavidina
biotina kompleksu. P&c skaloSanas stiklini apstradati ar 3-
amino-9-etilkarbazola substratu (AEC) 3-5 min, noskaloti krana
tdent, krasoti ar hematoksilinu. Pozitiva un negativa kontrole —
dabigi inficétu aitu adas biopsijas.
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Pielikums Nr. 2
EKTOPARAZITU KONTROLES APTAUJA dzivnieku Ipasniekiem

Kadi ok Jums pieder? 5 i (R

U pilséta,
Kur dzivo dzivnieki? dzivoklt U laukos

U pilséta maja

U ara netick U laukos U pa arpilsetas celu
Atzimgjiet divas biezakas U pilseta pa U meza U izlaists majas
pastaigu vietas. ielu U plava pagalma

U pilsétas parka

U ja - gan pretblusu, gan pretéréu
U tikai pret blusam

S = 9
Vai lietojat pretblusu un pretércu Iidzeklus? O tikai pret ercém

U né

U pavasari, vasara un rudent
Ja lietojat, tad cik biezi? U tikai vasara

4 visu gadu

U nepatik blusas, &rces
Kadg] lietojat pretblusu un pretércu Iidzeklus? U vetarsts ieteica

U lai izvairitos no slimibam
Ve_u. 11612_0]_ '51'[ pret-blu_su un pret-eréu lidzeklus ari Qja O ne
majas tiriSanas laika?

U kaklasiksnas - U efektivs
Kada veida preparatus esat lietojis/usi? Un kurus O pilienus - - - - U efektivs
uzskatat par efektiviem? 3 pasamos - - - - U efektivs

U sampanus - - - U efektivs

4 puderus -- - - - O efektivs

Ja zinat, lidzu, uzrakstiet
NOSAUKUITIUL ...

U pilniba apmierinats/a
Vai esat apmierinats/a ar So preparatu darbibu? U dalgji apmierinats/a
U neapmierinats/a

Vai Jusu dzivniekam kadreiz

. Uneé U lidz 10 U vairak par 10
ir piestikusies érce?
Kada gadalaika tas notika? 3 pavasaris - “?dens U neatceros
U vasara 4 ziema
U &érci iznémam majas apstaklos
Kada bija Jasu riciba? U &rci iznéma veterinaraja klinika

U @rce pati nokrita péc laika

O virusus O viensinus

Kurus no zemak mingtajiem slimibu D bakierijas O riketsijas

ierosinatajiem, jusuprat, parnésa erces?

Vai zinat, kuras no zemak nosauktajam ir Anaplazmoze Qir Qnav O
eréu parnésatas infekcijas slimibas supiem? nezinu
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Pielikums Nr. 2

Laima slimiba
(borelizoe)

Babezioze - - - - - - - -
Erlihioze - --------

Listerioze - - - - - - - -

Eréu encefalits- - - - - -

O ir Qnav
nezinu
U ir O nav
nezinu
4 ir O nav
nezinu
4 ir O nav
nezinu
U ir O nav
nezinu

O 0O 0O O O

Paldies par sadarbibu!
Inese Bérzina, Veterinararste,
LLU VMF doktorante

inese.berzina@gmail.com

2z ESF

EIROPAS SOCIALAIS
FONDS
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* B

* *
* *
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3. pielikums

Anaplasma phagocytophilum isolate Lv-dogl 16S ribosomal RNA
gene, partial sequence

GenBank: JQ966109.1

LOCUS  JQ966109 255bp DNA linear
DEFINITION Anaplasma phagocytophilum isolate Lv-dogl 16S ribosomal RNA gene,
partial sequence.
ACCESSION JQ966109 VERSION  JQ966109.1 GI:387965631
SOURCE  Anaplasma phagocytophilum
ORGANISM Anaplasma phagocytophilum

Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae;
Anaplasma; phagocytophilum group.
REFERENCE 1 (bases 1 to 255)
AUTHORS Berzina,l., Capligina,V., Bormane,A., Pavulina,A., Baumanis,V.,
Ranka,R., Granta,R. and Matise,l.
TITLE Association between Anaplasma phagocytophilum seroprevalence in dogs and
distribution of Ixodes ricinus and Ixodes persulcatus ticks in Latvia
JOURNAL Ticks Tick Borne Dis (2012) In press
PUBMED 23043871
REFERENCE 2 (bases 1 to 255)
AUTHORS Berzina,l., Capligina,V., Bormane,A., Pavulina,A., Baumanis,V.,
Ranka,R., Granta,R. and Matise,l.
TITLE Direct Submission
JOURNAL Submitted (22-APR-2012) Latvian Biomedical Research and Study
Center, Ratsupites Str. 1, Riga LV-1067, Latvia
ORIGIN
1 taatgcatag gaatctacct agtagtatgg gatagccact agaaatggtg ggtaatactg
61 tataatccct gcgggggaaa gatttatcge tattagatga gectatgtta gattagetag
121 ttggtagggt aaaggcctac caaggegatg atctataget ggtetgagag gatgatcage
181 cacactggaa ctgagatacg gtccagactc ctacgggagg cageagtggg gaatattgga
241 caatgggcgce aagec

85


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=948
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Babesia canis canis isolate Lv-dog2 18S ribosomal RNA gene,
partial sequence
GenBank: JX227980.1

LOCUS  JX227980 263bp DNA linear
DEFINITION Babesia canis canis isolate Lv-dog2 18S ribosomal RNA gene, partial
sequence.
ACCESSION JX227980 VERSION  JX227980.1 GI:401063426
SOURCE  Babesia canis canis
ORGANISM Babesia canis canis
Eukaryota; Alveolata; Apicomplexa; Aconoidasida; Piroplasmida; Babesiidae;
Babesia.
REFERENCE 1 (bases 1 to 263)
AUTHORS Berzina,l., Capligina,V., Baumanis,V., Ranka,R., Cirule,D. Matise,l.
TITLE  Autochthonous babesiosis caused by Babesia canis in dogs in Latvia
REFERENCE 2 (bases 1 to 263)
AUTHORS Berzina,l., Capligina,V., Baumanis,V., Ranka,R., Cirule,D. and
Matise,l.
ORIGIN
1 geaagtctgg tgccageage cgeggtaatt ccagetccaa tagegtatat taaacttgtt
61 gcagttaaaa agctcgtagt tgtatttttg cgttageggt ttgaccattt ggttggttat
121 ttegtttteg cttttgggaa tttcectttt tactttgaga aaattagagt gtttcaagea
181 gacttttgte ttgaatactt cagcatggaa taatagagta ggactttggt tetattttgt
241 tggttattga accttagtaa tgg

Babesia canis canis isolate Lv-dog3 18S ribosomal RNA gene,
partial sequence

GenBank: JX227981.1

LOCUS JX227981 272bp DNA linear
DEFINITION Babesia canis canis isolate Lv-dog3 18S ribosomal RNA gene, partial

sequence.


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=167443

ACCESSION JX227981 VERSION  JX227981.1 GI:401063427
SOURCE  Babesia canis canis
ORGANISM Babesia canis canis
Eukaryota; Alveolata; Apicomplexa; Aconoidasida; Piroplasmida; Babesiidae;
Babesia.
REFERENCE 1 (bases 1 to 272)
AUTHORS Berzina,l., Capligina,V., Baumanis,V., Ranka,R., Cirule,D. Matise,l.
TITLE Autochthonous babesiosis caused by Babesia canis in dogs in Latvia
REFERENCE 2 (bases 1 to 272)
AUTHORS Berzina,l., Capligina,V., Baumanis,V., Ranka,R., Cirule,D. Matise,l.
JOURNAL Submitted (24-JUN-2012) Latvian Biomedical Research and Study
Center, Ratsupites Str. 1, Riga, Riga LV-1067, Latvia
ORIGIN
1 attggagggc aagtctggtg ccagcageeg cggtaattce agetccaata gegtatatta
61 aacttgttge agttaaaaag ctcgtagttg tatttttgcg ttgacggttt gaccatttgg
121 ttggttattt cgttttcget tttgggaatt teccttttta ctttgagaaa attagagtgt
181 ttcaagcaga cttttgtctt gaatacttca gecatggaata atagagtagg actttggtte
241 tattttgttg gttattgaac cttagtaatg gg

Anaplasma phagocytophilum isolate dog_3743 16S ribosomal
RNA gene, partial sequence

GenBank: KC119573.1

LOCUS  KCI119573 208bp DNA linear
DEFINITION Anaplasma phagocytophilum isolate dog 3743 16S ribosomal RNA gene,
partial sequence.
ACCESSION KCI119573 VERSION KC119573.1 GI:440337825
SOURCE  Anaplasma phagocytophilum
ORGANISM Anaplasma phagocytophilum

Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae;
Anaplasma; phagocytophilum group.
REFERENCE 1 (bases 1 to 208)
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AUTHORS Berzina,l., Muller,N., Krudewig,C., Silaghi,C., Matise,l., Ranka,R. Welle,M.

TITLE Persistent Anaplasma phagocytophilum infection associated with skin lesions in
seropositive dogs
JOURNAL Unpublished
REFERENCE 2 (bases 1 to 208)
AUTHORS Ranka,R.
JOURNAL Submitted (01-NOV-2012) Latvian Biomedical Research and Study
Center, Latvian Biomedical Research and Study Center, Ratsupites
Str. 1, Riga LV-1067, Latvia
ORIGIN
1 gggtaatact gtataatcce tgegggggaa agatttatcg ctattagatg agectatgtt
61 agattagcta gttggtaggg taaaggecta ccaaggegat gatctatage tggtetgaga
121 ggatgatcag ccacactgga actgagatac ggtccagact cctacgggag geageagtgg
181 ggaatattgg acaatgggcg caagectg

Anaplasma phagocytophilum isolate dog_246 16S ribosomal RN
gene, partial sequence

GenBank: KC119574.1

LOCUS KC119574 253 bp DNA linear
DEFINITION Anaplasma phagocytophilum isolate dog 246 16S ribosomal RNA gene,
partial sequence.
ACCESSION KC119574 VERSION KC119574.1 GI:440337826
SOURCE  Anaplasma phagocytophilum
ORGANISM Anaplasma phagocytophilum

Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae;
Anaplasma; phagocytophilum group.
REFERENCE 1 (bases 1 to 253)

A

AUTHORS Berzina,l., Muller,N., Krudewig,C., Silaghi,C., Matise,l., Ranka,R. Welle,M.

TITLE Persistent Anaplasma phagocytophilum infection associated with skin lesions in
seropositive dogs

JOURNAL Unpublished
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REFERENCE 2 (bases 1 to 253)
AUTHORS Ranka,R.
JOURNAL Submitted (01-NOV-2012) Latvian Biomedical Research and Study
Center, Latvian Biomedical Research and Study Center, Ratsupites
Str. 1, Riga LV-1067, Latvia
ORIGIN
1 gcataggaat ctacctagta gtatgggata gecactagaa atggtgggta atactgtata
61 atccctgegg gggaaagatt tatcgetatt agatgagcect atgttagatt agctagttgg
121 tagggtaaag gcctaccaag gegatgatct atagetggte tgagaggatg atcagecaca
181 ctggaactga gatacggtcc agactcctac gggaggeage agtggggaat attggacaat
241 gggcgcaagce ctg

Anaplasma phagocytophilum isolate dog_246 16S ribosomal RN
gene, partial sequence
GenBank: KC119574.1

LOCUS KC119574 253 bp DNA linear
DEFINITION Anaplasma phagocytophilum isolate dog 246 16S ribosomal RNA gene,
partial sequence.
ACCESSION KC119574 VERSION KC119574.1 GI:440337826
SOURCE  Anaplasma phagocytophilum
ORGANISM Anaplasma phagocytophilum

Bacteria; Proteobacteria; Alphaproteobacteria; Rickettsiales; Anaplasmataceae;
Anaplasma; phagocytophilum group.
REFERENCE 1 (bases 1 to 253)

A

AUTHORS Berzina,l., Muller,N., Krudewig,C., Silaghi,C., Matise,l., Ranka,R. Welle,M.

TITLE Persistent Anaplasma phagocytophilum infection associated with skin lesions in
seropositive dogs

REFERENCE 2 (bases 1 to 253)

AUTHORS Ranka,R.

JOURNAL Submitted (01-NOV-2012) Latvian Biomedical Research and Study

Center, Latvian Biomedical Research and Study Center, Ratsupites
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Str. 1, Riga LV-1067, Latvia
ORIGIN
1 gcataggaat ctacctagta gtatgggata gccactagaa atggtgggta atactgtata
61 atccctgegg gggaaagatt tatcgetatt agatgagect atgttagatt agctagttgg
121 tagggtaaag gcctaccaag gegatgatct atagetggte tgagaggatg atcagecaca
181 ctggaactga gatacggtcc agactcctac gggaggeage agtggggaat attggacaat
241 gggcgcaagce ctg
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